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Title: Compositions and Methods for Treatment of Cancer

PRELIMINARY AMENDMENT

Prior to examination on the merits, kindly amend the above-identified
application without prejudice, as follows. Please charge any applicable fees to deposit

account number 50-4364.
AMENDMENT TO THE SPECIFICATION begins on page 2.
AMENDMENT TO THE CLAIMS begins on page 3.

REMARKS begin on page 7.
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Preliminary Amendment
U.S. Patent Application No. To be assigned
Attorney Docket No. 046483-6001US13(01088)

Amendment to the Specification

On page 1, line 2, please replace the title of the invention with the following title:

--“COMPOSITIONS AND METHODS FOR TREATMENT OF CANCER”--

On page 1, line 5 of the specification; please replace the paragraph with the

following:

-- CROSS-REFERENCE TO RELATED APPLICATION
This application is a continuation of U.S. Patent Application No. 13/992,622,
filed June 7, 2013, which is a U.S. national phase application filed under 35 U.S.C. § 371
claiming benefit to International Patent Application No. PCT/US2011/064191, filed on
December 9, 2011, which is entitled to priority under 35 U.S.C. § 119(e) to U.S. Provisional
Patent Application No. 61/421,470, filed on December 9, 2010 and U.S. Provisional Patent
Application No. 61/502,649, filed on June 29, 2011, each of which application is hereby

incorporated herein by reference in its entirety.

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT
This invention was made with government support under grant numbers K24
CA11787901, RO1CA120409, IRO1CA105216, RO1AI057838 and RO11113482 awarded
by the National Institutes of Health. The Government therefore has certain rights in the

invention. --
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Preliminary Amendment
U.S. Patent Application No. To be assigned
Attorney Docket No. 046483-6001US13(01088)

Amendment to the Claims

The listing of the claims will replace all prior versions, and listings, of the

claims in the application.

1-89. (canceled)

90. (New) A pharmaceutical composition comprising an anti-tumor effective amount of a
population of human T cells, wherein the T cells comprise a nucleic acid sequence encoding
a chimeric antigen receptor (CAR), wherein the CAR comprises a CD19 antigen binding
domain comprising, from the amino to the carboxy terminus, a light chain variable region
and a heavy chain variable region, wherein the CAR further comprises a transmembrane

domain, a 4-1BB costimulatory signaling region, and a CD3 zeta signaling domain.

91. (New) The composition of claim 90, wherein the anti-tumor effective amount of T cells

is 10* to 10” cells per kg body weight of a human in need of such cells.

92. (New) The composition of claim 90, wherein the anti-tumor effective amount of T cells

is 10” to 10° cells per kg body weight of a human in need of such cells.

93. (New) The composition of claim 90, wherein said antigen binding fragment is a scFv.

94. (New) The composition of claim 93, wherein the scFv comprises the amino acid

sequence of SEQ ID NO:20.

95. (New) The composition of claim 90, wherein the transmembrane domain is CD8a.

transmembrane domain.

96. (New) The composition of claim 95, wherein the CD8a transmembrane domain
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Preliminary Amendment
U.S. Patent Application No. To be assigned
Attorney Docket No. 046483-6001US13(01088)

comprises the amino acid sequence of SEQ ID NO: 22.

97. (New) The composition of claim 90, wherein the CAR further comprises a hinge

domain.

98. (New) The composition of claim 97, wherein the hinge domain is a CD8a hinge domain.

99. (New) The composition of claim 98, wherein the CD8a hinge domain comprises the

amino acid sequence of SEQ ID NO:21.

100. (New) The composition of claim 90, wherein the 4-1BB costimulatory signaling region

comprises the amino acid sequence of SEQ ID NO:23.

101. (New) The composition of claim 90, wherein the CD3 zeta signaling domain comprises

the amino acid sequence of SEQ ID NO: 24.

102. (New) The composition of claim 90, wherein the CD19 antigen binding domain is
encoded by a nucleic acid sequence comprising SEQ ID NO: 14.

103. (New) The composition of claim 95, wherein the CD8a transmembrane domain is

encoded by a nucleic acid sequence comprising SEQ ID NO: 16.

104. (New) The composition of claim 99, wherein the CD8a hinge domain is encoded by a
nucleic acid sequence comprising SEQ ID NO: 15.

105. (New) The composition of claim 100, wherein the 4-1BB costimulatory signaling

region is encoded by a nucleic acid sequence comprising SEQ ID NO: 17.

106. (New) The composition of claim 101, wherein the CD3 zeta signaling domain is
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Preliminary Amendment
U.S. Patent Application No. To be assigned
Attorney Docket No. 046483-6001US13(01088)

encoded by a nucleic acid sequence comprising SEQ ID NO: 18.

107 (New) The composition of claim 90, wherein the CAR comprises the amino acid

sequence of SEQ ID NO:12.

108. (New) The composition of claim 107, wherein the CAR is encoded by a nucleic acid
sequence comprising SEQ ID NO:8.

109 (New) The composition of claim 90, wherein the CAR further comprises a CD28

costimulatory signaling region.

110. (New) The composition of claim 90, wherein the T cells are T cells of a human having

a cancer.

111. (New) The composition of claim 110, wherein the cancer is a hematological cancer.

112. (New) The composition of claim 90, wherein the T cells comprise a vector that

comprises the nucleic acid sequence.

113. (New) The composition of claim 112, wherein the vector is a lentiviral vector.

114. (New) The composition of claim 112, wherein the vector further comprises a promoter.

115. (New) The composition of claim 114, wherein the promoter is an EF-1a promoter.

116. (New) The composition of claim 90, wherein the pharmaceutical composition further

comprises a pharmaceutically acceptable carrier, diluent or excipient.

117. (New) The composition of claim 90, wherein the pharmaceutical composition
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Preliminary Amendment
U.S. Patent Application No. To be assigned
Attorney Docket No. 046483-6001US13(01088)

comprises a buffer.

118. (New) The composition of claim 117, wherein the buffer is neutral bufter saline or

phosphate buffered saline.

119. (New) The composition of claim 90, wherein the pharmaceutical composition further

comprises a carbohydrate.
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Preliminary Amendment
U.S. Patent Application No. To be assigned
Attorney Docket No. 046483-6001US13(01088)

REMARKS

The present application is a continuation of U.S. Patent Application No.
13/992,622, filed June 7, 2013, a national phase application of PCT/US2011/064191, filed on
December 9, 2011, which is entitled to priority to U.S. Provisional Patent Application No.
61/421,470, filed on December 9, 2010 and U.S. Provisional Patent Application No.
61/502,649, filed on June 29, 2011.

Amendment to the Specification

The specification is amended herein to properly reflect the priority
information of the present application.

The specification is also amended herein to provide the statement regarding
federally sponsored research or development.

No new matter is introduced by way of these amendments to the specification.

Amendment to the Claims

Claims 1-89 have been canceled herein and new claims 90-118 have been
added. Referring to US 2013/0287748, the publication of parent U.S. Patent Application No.
13/992,622, support for new claims 90-118 is found in the application as follows:

Claim 90 - support for the recited cells comprising the recited CAR is found
throughout the specification, in the Examples and in SEQ ID NO:20.

Claims 91-92 - Support for “anti-tumor effective amount” is found throughout
the specification and for example, in paragraph [0224].

Claim 93 - Support for “CD19 antigen binding fragment is an scFV” is found
throughout the specification and for example, in paragraph [0135].

Claims 94 and 102 — Support for “SEQ ID NO: 20” and “SEQ ID NO: 14” is
found throughout the specification and for example, in paragraph [0135] and in Table 5.
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Preliminary Amendment
U.S. Patent Application No. To be assigned
Attorney Docket No. 046483-6001US13(01088)

Claims 95, 96 and 103 — Support for “CD8a transmembrane domain” and
“SEQ ID NO: 22” and “SEQ ID NO: 16” is found throughout the specification and for
example, in paragraph [0139] and in Table 5.

Claims 97, 98, 99 and 104 — Support for “hinge domain,” “CD8a hinge
domain,” “SEQ ID NO: 21” and “SEQ ID NO: 15” is found throughout the specification and
for example, in paragraph [0140] and in Table 5.

Claims 100 and 101 - Support for “SEQ ID NO: 23” and “SEQ ID NO: 24” is
found throughout the specification and for example, in paragraph [0151] and in Table 5.

Claims 105 and 106 - Support for “SEQ ID NO: 17” and “SEQ ID NO: 18” is
found throughout the specification and for example, in paragraph [0150] and in Table 5.

Claims 107 and 108 - Support for “SEQ ID NO: 12” and “SEQ ID NO: 8” is
found throughout the specification and for example, in paragraph [0154] and in Table 5.

Claim 109 — Support for “wherein the CAR further comprises a CD28
costimulatory signaling region is found in paragraphs [0055] and [0149].

Claim 110 - Support for “wherein the T cells are T cells of a human having a
cancer” is found throughout the Examples.

Claim 111 - Support for the “hematological cancer” is found throughout the
specification and for example, in paragraphs [0200] and [0201].

Claims 112 and 113- Support for “wherein the T cells comprise a vector” and
“the vector is a lentiviral vector” is found throughout the specification and at least in Figure
1.

Claims 114 and 115 — Support for a promoter and an EF-1a promoter is found
throughout the specification and at least in Figure 1.

Claims 116, 117, 118 and 119- Support for a pharmaceutically acceptable

carrier, diluent or excipient, buffer and carbohydrate is found at least in paragraph [0222].

No new matter is added by way of the addition of these claims.
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Preliminary Amendment

U.S. Patent Application No. To be assigned

Attorney Docket No. 046483-6001US13(01088)

Summary

Applicants respectfully submit that the pending claims are fully supported in

the specification as filed, and that no new matter has been added by way of the present

Preliminary Amendment.

Favorable examination and allowance of the claims is hereby requested.

January 15. 2016
Date

Respectfully submitted,

CARL H. JUNE, ET AL.
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Philadelphia, PA 19102
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Attorney Docket No. 046483-6001US13(01088)

TITLE OF THE INVENTION
USE OF CHIMERIC ANTIGEN RECEPTOR-MODIFIED T CELLS TO TREAT
CANCER

CROSS-REFERENCE TO RELATED APPLICATION

This application claims priority to U.S. Provisional Application No.
61/421,470, filed December 9, 2010, and U.S. Provisional Application No.
61/502,649, filed June 29, 2011, all of which are hereby incorporated hersin by

reference in their entireties.

BACKGROUND OF THE INVENTION

The large majority of patients having B-cell malignancies, including
chronic lymphocytic leukemia {CLL), will die from their disease. One approach to
ireating these patients 1s 1o genetically modify T celis to target antigens expressed on
tumor cells through the expression of chimeric antigen receptors ({CARs}) CARs are
antigen receptors that are designed to recognize cell surface antigens in a human
teukocyie antigen-imdependent manner. Atlemnpts in using genetically modified cells
expressing CARs to treat these types of patients have met with very hmited success.
See for example, Brentjens et al., 2010, Molecular Therapy, 18:4. 666-668; Morgan et
ai., 2010, Molecular Therapy, published online February 23, 2010, pages 1-9; and.
Till et al., 2008, Blood, 112:2261-2271.

In most cancers, tumor-spectfic antigens are not vet well defined, but
i B cell malighancies, CD19 is an attractive tumor target. Expression of CE¥ 19 is
restricied to normal and malignant B cells (Uckun, et al. Blood, 1988, 71:13-29), so
that CD19 1s a widely accepted target to safely test CARs. While CARs can trigger
T-cell activation in a manner similar o an endogenous T-cell receptor, a major
impediment to the clinical application of this technology to date has been lumuted in
vivo expansion of CAR+ T cells, rapid disappearance of the cells after infusion, and
disappointing chinical activity (Jena, et al., Blnod, 2010, 116:1035-1044; Uckun, et al.
Biood, 1988, 71:13-29).

Thug, there 1s an urgent need in the art for compositions and methods
for treatment of cancer using CARs that can expand in vivo. The present invention

addresses this need.
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SUMMARY OF THE INVENTION

The present invention provides an isolated nucleic acid sequence
encoding a chimeric antigen receptor {CAR), wherein the CAR comprises an antigen
binding domain, a transmembrane domain, a costimulatory signaling region, and a
(D3 zeta signaling domain, wherein the CD3 zeta signaling domain comprises the
amino acid sequence of SEQ ID NO: 24,

In one embodiment, the nucleic acid sequence encodes a CAR
comprising the anuno acid sequence of SEQ 1D NO: 12,

In one embodiment, the nucleic acid sequence encoding a CAR
comprises the nucleic acid sequence of SEQ ID NO: 8,

I one ernbodiruent, the antigen binding domain in the CAR 1s an
antibody or an antigen-binding fragment thereof. Preferably, the antigen-binding
fragment 1s a Fab or a scFv.

In one embodiment, the antigen binding domain in the CAR binds to a
tumor antigen. In one embodiment, the tumor antigen is associated with a
hematologic malignancy. In another embodiment, the tumor antigen is associated
with a solid tumor. In vet another embodiment, the tumor antigen is selected from the
group consisting of CD1Y, CD20, CD22, RORI, mesothelin, CD33/1L3Ra, ¢-Met,
PSMA, Glycolipid F77, EGFRvIl, GD-2 NY-ESO-1 TCR, MAGE A3 TCR, and any
combination thereof.

In one embodiment, the costirnulatory signaling region in the CAR
comprises the intraceliular domain of a costimulatory molecule selected from the
group consisting of CD27, CD28, 4-1BB, OX4¢, CD30, CD4¢, PD-1, ICOS,
tymphocyte function-associated antigen~1 (LFA-1), CD2, CD7, LIGHT, NRKG2C, B7-
H3, a ligand that specifically binds with CD83, and any combination thereof.

I one embodiment, the CD3 zeta signaling domain in the CAR 1s
encoded by the nucleic acid sequence of SEQ 1D NG: 18,

The mvention also provides an isolated CAR comprising an antigen
binding domain, a transmembrane domain, a costimulatory signaling region, and a
€3 zeta signaling domain, wherein the CD3 zeta sighaling domain comprises the
amino acid sequence of SEQ ID NG: 24,

The mvention also provides a cell comprnising a nucleic acid sequence

encoding a CAR, wherein the CAR comprises an antigen binding domain, a

3
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transmembrane domain, a costimulatory signaling region, and a CD3 7zeta signaling
domain comprising the amino acid sequence of SEQ 1D NQ: 24,

In one embodiment, the cell comprising the CAR is selected from the
group consisting of a T cell, a Natural Killer (NK) cell, a cvtotoxic T lymophocyte
{CTL), and a regulatory T cell.

In one embodiment, the cell comprising the CAR extubits an anti-
tumor inrnunity when the antigen binding dorsain of the CAR binds to its
corresponding antigen.

The invention also provides a vector comprising a nucleic acid
sequence encoding a CAR, wherein the CAR comprises an antigen binding domain, a
costimulatory signaling region, and a CD3 zeta signaling domain, wherein the CD3
zeta signaling domain comprises the amino acid sequence of SEQ 1D NO: 24,

The invention also provides a method for stimulating a T cell-mediated
inune response to a target cell population or tissue in a mammal. fn one
embodiment, the method comprises administering to a mammal an effective amount
of a cell genetically modified to express a CAR wherein the CAR comprises an
antigen binding domain, a costimulatory signaling region, and a CD3 reta signaling
domain comprising the amino acid sequence of SEQ 1D NO: 24, wherein the antigen
binding domain is selected to specifically recognize the target celi population or
tissue.

The invention also provides a method of providing an anti-tumor
mmmunity in a mammal. In one embodiment, the method comprises administering to
a mammal an effective amount of a cell genetically modified o express a CAR
wherein the CAR comprises an antigen binding dowmain, a costimulatory signaling
region, and a CD3 zeta signaling domain coraprising the amino acid sequence of SEQ
1D NOG: 24, thereby providing an anti-tumor inununity in the mammal.

The mvention also includes a method of reating a mammal having a
disease, disorder or condition associated with an elevated expression of a tumor
antigen. In one embodiment, the method comprises administering to a mammal an
effective amount of a cell genetically modified to express a CAR whergin the CAR
comprises an antigen binding domain, a costimulatory signaling region, and a €03
zeta signaling domain comprising the arnino acid sequence of SEQ 1D NG: 24,
thereby treating the mammal.

In one embodiment, the cell is an autologous T cell.

UPenn Ex. 2047
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In one embodiment, the tumor antigen is selected from the group
consisting of D19, CD20, CD22, ROR1, mesothelin, CD33/IL3Ra. ¢-Met, PSMA,
Glveolipid F77, EGFRVEL GD-2, NY-ESG-1 TCR, MAGE A3 TCR, and any
combination thereof.

The invention also provides a method of treating a human with chronic
lvmphocytic leukemia. In one embodiment, the method comprises administering to a
human a T cell genetically engineered to express a CAR wherein the CAR comprises
an antigen binding domain, a costimulatory signaling region, and a (D3 zeta
signaling domain comprising the amino acid sequence of SEQ ID NQO: 24

In one embodiment, the human 1s resistant 1o at least one
cherotherapeutic agent

Irr one embodiment, the chronic lymphocytic leukemia is refractory
CD19+ leukemia and lvmphoma,

The invention also includes a method of generating a persisting
population of genetically engineered T cells in a human diagnosed with cancer. In
one embodiment, the method comprises administering to a human a T cell genetically
engingered to express a CAR wherein the CAR comprises an antigen binding domain,
a costirnulatory signaling region, and a CD3 zeta signaling domain comprising the
amino acid sequence of SEQ 1D NO: 24, wherein the persisting population of
genetically engineered T cells persists in the human for at least one month after
administration.

In one embodiment, the persisting population of genetically engineered
T cells comprises at least one cell selected from the group consisting of a T cell that
was administered to the human, a progeny of a T cell that was administered to the
human, and a combination thereof

In one embodiment, the persisting population of genetically engineerad
T cells comprises a memory T cell.

In one embodiment, the persisting population of genetically engineered
T cells persists in the human for at least three months after administration. In another
embodiment, the persisting population of genetically engineered T cells persists in the
human for at least four months, five months, six months, seven months, eight months,
nine months, ten months, eleven months, twelve months, two vears, or three years
after administration.

In one embodiment, the chronic lvmphocytic leukenna is treated.
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The invention also provides a method of expanding a population of
genetically engineered T cells in a human diagnosed with cancer. In one
embodiment, the method comprises admimistering to a human a T cell genetically
engineered to express a CAR wherein the CAR comprises an antigen binding dorain,
a costimulatory signaling region, and a CD3 zeta signaling domain comprising the
amino acid sequence of SEQ D NO: 24, wherein the administered genetically
engineered T cell produces a population of progeny T celis in the human,

In one embodiment, the progeny T cells in the human comprise a
memory T cell.

In one embodiment, the T cell is an autologous T cell.

In another embodiment, the human 1s resistant o at least one
chemotherapeutic agent.

In one embodiment, the cancer 1s chronic lymphocytic leukemia. In
another erobodirnent, the chronic lyrmphocytic leukerma is refractory CD19+ leukernia
and lymphoma.

In one embodiment, the population of progeny T cells persists in the
human for at least three months after adminisiration. In another embodiment, the
population of progeny T cells persist in the human for at least four months, five
months, six months, seven months, eight months, nine months, ten months, eleven
months, twelve months, two vears, or three years after administration.

In one embodiment, the cancer is treated.

BRIEF DESCRIPTION OF THE DRAWINGS

The following detailed description of preferred embodiments of the
mvention will be better understood when read in conjunction with the appended
drawings. For the purpose of llustrating the invention, there are shown in the
drawings embodiments which are presently preferred. It should be understood,
however, that the invention is not limited to the precise arrangements and
mstrumentalities of the embodiments shown in the drawings.

Figure 1, comprising Figuwres 1A through 1C, is a series of images of
the schematic representations of the gene-transfer vector and transgene, gene
modified T cell manufacturing and clinical protocol design. Figure 1A depicts the
fentiviral vectors and transgene that show the major functional elements. A vesicular

stomatitis virus protein G pseudoiyped clinical grade lentiviral vector {(designated
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pELPs 19BBz) directing expression of anti-CD19 scFv dertved from FMC63 murine
monocional antibody, human CD8q hinge and transmembrane domain, and human 4-
IBB and CD3reta signaling domains was produced. Constitutive expression of the
transgene was directed by inclusion of an EF-1u (elongation factor-1a promoter);
LTR, long terminal repeat, RRE, rev response element. (¢cPPT) and the central
termination sequence {(CTS). Figure is not to scale. Figure 1B depicis T cell
manufacturing. Awtologous cells were obtained via an apheresis, and T cells were
enriched by mononuclear cell elutriation, washed and residual leukemia cells depleted
by addition of anti-CD3/CD28 coated paramagnetic beads for positive selection and
activation of T cells. Lentiviral vector was added at the time of cell activation and
was washed out on day 3 post culture imitiation. Cells were expanded on a rocking
platform device (W AVE Bioreactor System) for 8-12 days. On the final day of
culture the beads were removed by passage over a magnetic field and the CARTIOT
cells harvested and cryopreserved i infusible medium. Figure 1C depicts the clinical
protocol design. Patients were given lvmphodepleting chemotherapy as described,
followed by CART19 infusion #1 by 1.v. gravity flow drip over a period of 15-20
minutes. The infusion was given using a sphit dose approach over 3 days (10%, 30%,
6%} beginrung 1 to 5 days after completion of chemotherapy. Endpoint assays were
conducted on study week 4. At the conclusion of active monitoring, subjects were
transferred to a destination protocol for long term follow up as per FDA guidance.
Figure 2, comprising Figures 2A through 2F, is a series of images
demonstrating sustained in vive expansion and persistence in blood and marrow of
CART19 cells. DNA isolated from whole blood as depicted in Figure 2A through 2C
or marrow as depicted in Figure 2D through 2F, samples obtained from UPN 01 as
depicted in Figure 2A and 2D, UPN 02 as depicted in Figure 2B and 2E and UPN 03
as depicted in Figure 2C and 2F was subjected in bulk to (3-PCR analysis using a
qualified assay to detect and quantify CARTI19 sequences. Each data point represents
the average of triphcate measurements on 100-200 ng genomic DNA, with maximal
% CV less than 1.56%. Pass/fail parameters for the assay included pre-established
ranges for slope and efficiency of amplification, and amplification of a reference
sample. The lower limit of guantification for the assay established by the standard
curve range was 2 copies transgene/nucrogram genomic DNA; sample values below
that number are considered estimates and presented if at {east 2/3 replicates generated

a Ct value with 9% CV for the values 15%. CART19 cells were infused at day 0, 1, and

6
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2 for UPN 01 and UPN 03, and days 0, 1, 2 and 11 for UPN 02,

Figure 3, comprising Figures 3A through 3D, is a sertes of images
demonstrating serum and bone marrow cytokines before and afier CAR T cell
mfusion; longitudinal reasurements of changes in serum cytokines, chemokines and
cytokine receptors in UPN 01 as depicted in Figure 3A, UPN 02 as depicted in Figure
3B and UPN (3 as depicted in Figure 3C, on the indicated day after CART19 cell
mfusion and serial assessments of the sarve analytes in the bone marrow from UPN 03
as depicted in Figure 313, Samples were subjected multiplex analysis using Luminex
bead array technology and pre-assembled and validated multiplex kifs. Analytes with
a >=3 fold change are indicated, and plotied as relative change from baseline as
depicted in Figure 3A through 3C or as absolute values as depicted in Figure 3D.
Absolute values for each analvte at each time-point were derived from a recombinant
protein-based standard curve over a 3-fold &-point dilution series, with upper and
fower limits of quantification (ULOQ, LLOQ) determined by the 80-120%
observed/expected cutoff values for the standard curves. Each sample was evaluated
in duplicate with average values calculated and % CV in most cases less than 10%.
To accommodate consolidated data presentation in the context of the wide range for
the absolute values, data are presented as fold-change over the baseline value for each
analyte. In cases where baseline values were not detectable, half of the lowest
standard curve value was used as the baseline value. Standard curve ranges for
analytes and baseline {(day 0) values (listed in parentheses sequentially for UPNOI, 02
and 03), all in pg/ml: IL1-Ra: 35.5-29,318 (689, 301, 287); IL-6: 2.7-4,572 (7. 10.1,
8.7y IFN-y: 11.2-23,972 (2.8, ND, 4.2 }: CXCL10: 2.1-5.319 (481, 115, 287 }; MIP-
1B: 3.3-7,233 (99.7, 371, 174 3, MCP-1: 4.8-3,600 (403, 560, 828y, CXCL9: 48.2-
3.700 (1,412, 126, 177y, IL2-Ro: 13.4-34.210 (4.319, 9.477, 610); 1L-8: 2.4-5.278
(15.3,14.5, 14.6): IL-10: 6.7-13.874 (8.5, 5.4. 0.7), MIP-1a 7.1-13,778 (57.6, 57.3,
48.1).

Figure 4, comprising Figures 4A through 4D, 15 a series of images
depicting prolonged surface CART19 expression and establishment of functional
memory CARs in vivo. Figure 4A depicts detection of CAR-expressing D3+
tymphocyvies and absence of B cells in peniphery and marrow. Freshly processed
peripheral blood or marrow mononuclear cells obtained from UPN 03 at day 169
post-CART19 cell infusion were evaluated by flow-cytometry for swrface expression

of CAR1Y (top) or presence of B cells (bottom}; as a control, PBMU obtained from a

~J

UPenn Ex. 2047
Miltenyi v. UPenn
IPR2022-00855
Page 18



U

10

20

30

healthy donor NID365 were stained. The gating strategy for the CD3+ and B cell
populations is presented in Figure 9. To evaluate CAR19 expression in CD3+
tymphocytes, samples were co-stained with antibodies to CD14-PE-Cy7 and CD16-
PE-Cy7 {(dump channel) and CD3-FITC, positively gated on CD3+, and evaluated for
CARI19 expression in the CD8+ and CD8-lvmphocyte compartiments by co-staining
with CD8a-PE and the anti-CAR19 idiotype antibody conjugated to Alexa-647. Data
in plots are gated on the durop channel-negative/CD3-positive cell population. To
evaluate the presence of B cells, samples were co-stained with antibodies to C14-
APC and CD3-FITC (dump channels) and evaluated for the presence of B cells in the
dump channel-negative fraction by co-staining with antibodies to CD20-PE and
CD19-PE-Cy-7. In all cases, negative gate quadrants were established on no-stain
controls as depicted in Figures 4B and 4C. T cell immunophenotyping of CD4+
{(Figure 4B) and D&+ (Figure 4C) T cell subsets is shown. Frozen peripheral blood
samples from UPN 03 obtained by apheresis at dav 56 and 169 post T cell infusion
were rested overnight in culture medium with no added factors, washed, and subjected
to multi-parametric immunophenoty ping for expression of markers of T cell memory,
activation, and exhaustion. The gating strategy, as depicted in Figure 8, involved an
mitial gating on dump channel (CD14, CD16, Live/Dead Aquaynegative and CD3-
positive cells, followed by positive gates on CD4+ and CD8+ cells. Gates and
quadrants were established using FMO controls (CAR, CD4SRA, PD-1, CD25,
CD127, CCR7) or by gating on positive cell populations (CD3, CD4, CD¥) and
clearly delineated subsets (CD27, CD28, CD37); data were displayed after bi-
exponential transformation for objective visualization of events. Figure 4D depicts
functional competence of persisting CAR cells. Frozen peripheral blood samples
from UPN 03 obtained by apheresis at day 56 and 169 post T cell infusion were rested
ovemnight in culture medium with no added factors, washed, and evaluated directly ex-
vivo for the ability to recognize CD19-expressing target cells using CD107
degranulation assays. Following a two-hour incubation in the presence of anti-CD28,
anti-C149d, and CDI0O7-FITC, cell mixtures were harvested, washed, and subjected
to multi-parametric flow cviometric analysis to evaluaie the ability of CART19 cells
to de~granulate in response to CD9-expressing targets. The gating strategy involved
an mitial gate on dump channels (CD14-PE-Cy7, CD16-PE-Cy7, Live/Dead Aqua)-
negative and CD3-PE-positive cells, followed by gating on CD8&-PE-Texas Red-

positive cells; presented data is for the CD8+ gated population. In all cases, negative
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gate quadrants were established on no-stain controls.

Figure 5, comprising Figures SA through 5C, is series of images
depicting the results of experiments evaluating clinical responses after infusion of
CARTI9 cells. Figure SA depicts that UPN 02 was treated with two cycles of
rituximab and bendamusting with minimal response (R/B, arrow). CARTIO T cells
were infused beginning 4 days after bendamustine only (B, arrow). The rituximab
and bendamustine-resistant leukemia was rapidly cleared from blood, as mdicated by
a decrease in the absolute lvmphocyte count (ALC) from 60,600/ul 1o 200/ud within
18 days of the infusion. Corticosteroid treatment was started on day 18 post infusion
due to malaise and non-infectious {ebrile syndrome. The reference ling (dotted)
mdicates upper lumt of normal for ALC. Figure 5B depicts the resulis of example
experiments staining sequential bone marrow biopsy or clot specimens from patient
UPN 01 and 03 for CD20. Pretreatment infiltration with leukemia present in both
patients was absent on post freatment specimens accompanied by normalization of
cellularity and trilineage hematopoiesis. UPN 01 has not had any CLL cells detected
as assessed by flow cviometry, cylogenetics and fluorescence in-situ hybridization or
normal B cells detected by flow cytometry in bone marrow or blood. UPN 03 had 5%
residual normal CD5S-negative B cells confirmed by flow cytometry on day +23,
which also showed them to be polvclonal; no normal B cells were detected at day
+176. Figure 5C depicts the results of experiments using sequential CT imaging to
assess the rapid resolution of chemotherapy-resistant generalized lymphadenopathy.
Bilateral axillary masses resolved by 83 (UPN 01} and 31 (UPN 03) days post
nfusion, as indicated by arrows and circle.

Figure 6, comprising Figures 6A through 6C, is a series of images
depicting absolute lvmphocvte counts and total CART 19+ cells in circulation for
UPN 01, 02, 03. The total number of lvmphocytes {Total normal and CLL cells}) vs.
Total CARTIO9+ cells in circudation 15 plotied for all 3 subjects using the absolute
ymphocyte count from CBC values, and assuming a 5.0 L volume of blood. The total
number of CART19 cells in circulation was calculated by using the tandem CBC
values with absolute lvmphocvte counts and the G-PUR marking values as depicied in
Figure 2, converling copies/pig DNA to average 9% marking as described elsewhere
herein. The Q-PCR % marking was found to correlate clogely (<2 fold varation) with
the flow cytometric characterization of the infusion products and with data from

samples where concomitant flow cytometry data was available to directly enumerate
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CART19 cells by staining.

Figure 7, comprising Figuwres 7A through 7D is a series of images
depicting experiments involving the direct ex vivo detection of CART19-positive cells
i UPN-01 PBMC 71 days post-T cell infusion. UPN-01 PBMC collected either fresh
post-apheresis on day71 day post infusion, or frozen at the time of apheresis for
manufacture of the T cell produci{baseling) and viably thawed prior to the staining,
were subjected to flow-cytometric analysis to detect the presence of CARTI9 cells
that express the CAR19 moiety on the surface. To evaluate the expression of CARIS
in lvmphocyies, samples were co-stained with CD3-PE and the anti-CAR19 1diotype
antibody conjugaled to Alexa-647, or co-stained with CD3-PE alone (FMO for
CAR19). Figure 7A depicts that an imitial lvmphocyte gate was established based on
forward and side scatter (FSC vs S8C), followed by gating on CD3+ cells. Figure 7B
depicts CD3+ lymiphocyte gate; Figure 7C depicts CAR idiotype stain; Figure 7D
depicts CAR 1diotype FMO. The CAR19-positive gate was established on the
CARI19 FMO samples.

Figure 8, comprising Figures 8A through 8C, is a series of images
depicting the gating strategy {o identify CART1Y expression by using polychromatic
flow cytometry in UPN 03 blood specimens. The gating strategy for Figure 8C 15
shown for the UPN 03 Day 56 sample and is representative of the sirategy used on the
UPN 03 Day 169 sample. Figure 8A depicts primary gate: Dump {CD14, CD16,
LIVE/dead Aqua) negative, CI33-positive. Figure 8B depicts secondary gates: CD4-
posttive, CD8positive. Figure 8C depicts tertiary gates: CAR19-positive and CAR19-
negative, established on CAR FMO samples (right-most panels).

Figure 9 depicts the gating strategy to directly identify CART19
expression and B cells in blood and marrow specimens. The gating strategy for Figure
4A, which shows detection of CAR-expressing CD3+ lymphocvies and absence of B
cells in periphery and marrow: Lefiplot: Cell gate; Upper panel: positive gate for
CD3+ cells, Lower panel: negative gate (CD14-negative, CD3-negative) for B cells.
NC365, peripheral blood control cells from a healthy donor

Figure 10 is an image summarizing the patient demographics and
rESponse.

Figure 11 depicts the manufacturing process of CART-19 cells

Figure 12, comprising Figures 12A through 12D, is a series of images

depicting the clinical response in a patient. Figure 12A shows the lentiviral vector

10

UPenn Ex. 2047
Miltenyi v. UPenn
IPR2022-00855
Page 21



U

10

20

30

used to infect T cells from the patient. A pseudotyped. clinical-grade lentiviral vector
of vesicular stomatitis virus protein G {pELPs 19-BB-7} directing expression of anti-
CD19 seFv derived from FMCG3 murine monoclonal antibody, human CD8qa hinge
and transmembrane domain, and human 4-1BB and CD3{ signaling domains was
produced. Details of the CAR19 transgene, at the bottom of Figure 12ZA, show the
major functional elements. The figure is not 1o scale. 3'LTR denotes 3 long terminal
repeat; S'LTR, 5" long terminal repeat; Amp R, ampicillin resistance gene; Bovine GH
Poly A, bovine growth hormone with polyadenylation tail; cPPT/CTS, central
polypurine tract with central termination sequence; EF-1a, elongation factor I-alpha;
env, envelope; gag, group-specific antigen; pol, HIV gene encoding polymerase and
reverse transcriptase; R, repeat; RRE, rev response element; scFv, single-chain
variable fragment; TM, transmembrane; and WPRE, woodchuck hepatitis virus post-
transeriptional regulatory element. Figure 12B shows serum creatinine, uric acid, and
lactate dehvdrogenase (LDH) levels from day 1 to day 28 after the first CART19~cell
mnfusion. The peak levels coincided with hospitalization for the tumor lysis syndrome,
Figure 12C shows bone marrow--biopsy specimens obtained 3 days after
chemotherapy (day —1, before CART19-cell infusion) and 23 days and 6 months after
CART19-cell infusion (hematoxyhn and eosin}. The baseline specimen shows
hvperceliular bone marrow (60%) with irilineage hematopoiesis, infiltrated by
predominantly interstitial aggregates of small, mature lymphocytes that account for
40% of total cellularity. The specimen obtained on day 23 shows residual lymphoid
ageregates {10%) that were negative for chronic lymphoid leukemia (CLL), witha
mixture of T cells and CD3-negative B cells. The specimen obtained 6 months after
mfusion shows trilineage hematopoiesis, without lymphoid aggregates and continued
absence of CLL. Figure 12D shows contrast-enhanced CT scans obtained before the
patient was enrolled in the study and 31 days and 104 days after the first infusion. The
preinfusion CT scan reveals -10-3-cm bilateral masses. Regression of axillary
Ivmphadenopathy occurred within 1 month after infusion and was sustained. Arrows
highlight various enlarged lymph nodes before therapy and lymph-node responses on
comparable {T scans afier therapy.
Figure 13, comprising Figures 13A through 13E, is a series of imnages

depicting serurm and bone marrow cytokines before and after chimeric antigen
eceptor T-cell infusion. Serial measurements of the cytokine interferon~y (Figure

13A), the interferon-y-stinmilated chemokines C-X-C motif chemokine 10 {CXCL10)
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(Figure 13B) and C-X-C motif ligand 9 (CXCL9) (Figure 13(), and mterleukin-6
(Figure 13D) were measured at the indicated time points. The increases in these
mflammatory cytokines and chemokines coincided with the onset of the tumor lysis
syndrome. Low levels of interleukin-6 were detected at baseline, whereas interferon-
v, CXCLY, and CXCL10 were below the limits of detection at baseline. Standard-
curve ranges for the analytes and baseling values in the patient, given in parentheses,
were as follows: interferon-y, 11.2 to 23,972 pg per mulliliter (1.4 pg per mulliliter);
CXCL10, 2.1 to 5319 pg per nulliliter (274 pg per millilitery; CXCLY, 48.2 t0 3700
pg per milliliter (177 pg per mulliliter); interleukin-6, 2.7 to 4572 pg per nulliliter (8.3
pg per milliliter); tumor necrosis factor o (TNF-a), 1.9 to 4005 pg per nallihter (not
detectable}; and soluble interleukin-2 receptor, 13.4 to 34,210 pg per milliliter (644 pg
per millititer). Figure 13E shows the induction of the immune response in bone
marrow. The cviokines TNF-g, interleukin-6, interferon~y, chemokine CXCL9, and
soluble interleukin-2 receptor were measured in supernatant fluids obtained from bone
marrow aspirates on the indicated days before and after CART19-cell infusion. The
mncreases in levels of interleukin-6, interferon-y, CXCLY, and soluble mterleukin-2
receplor coincided with the tumor lysis syndrome, peak chimeric antigen recepior T-
cell mfiltration, and eradication of the leukemic infilirate.

Figure 14, comprising Figures 14A through 14, is a series of images
depicting expansion and persistence of chimeric antigen receptor T cells in vivo.
Genornie DNA (gDNA) was isolated from samples of the patient's whole blood
(Figure 14A) and bone marrow aspirates (Figure 14B) coliected at serial time poinis
before and after chimeric antigen receptor T-cell infusion and used for quantiiative
real-time polymerase-chain-reaction (PCR) analysis. As assessed on the basis of
transgenic DNA and the percentage of lymphocytes expressing CAR19, the chimeric
antigen receptor T cells expanded to levels that were more than 1000 times as high as
mutial engrafiment levels in the peripheral blood and bone marrow. Peak levels of
chimeric antigen receptor T cells were temporally correlated with the tumor lvsis
syndrome. A blood sample obtained on dav 0 and a bone marrow sample obtained on
day 1 had no PCR signal at baseline. Flow-cytometsic analysis of bong marrow
aspirates at baseline (Figure 14C) shows predominant infiltration with CB19+CD35+
cells that were clonal, as assessed by means of immunoglobulin kappa light-chain
starning, with a paucity of T cells. On day 31 after infusion, CD3+ T cells were

present, and no normal or malignant B cells were detected. The mumbers indicate the
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relative frequency of cells in each quadrant. Both the x axis and the v axis show a
log10 scale. The gating strategy involved an mitial gating on CD19+ and CDS+ cells
in the boxes on the left, and the subsequent identification of immumoglobulin kappa

and larmbda expression on the CD19+CD5+ subset (boxes on the right)
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DETAILED DESCRIPTION
The invention relates to compositions and methods for treating cancer
mcluding but not limited to hematologic malignancies and solid fumors. The present
mvention relates to a strategy of adoptive cell transfer of T cells transduced to express
10 achimeric antigen receptor {CAR). CARs are molecules that combine antibody-
based specificity for a desired antigen {e.g., tumor antigen) with a T cell receptor-
activating mtracellular domain to generate a chimeric protein that exhibits a specific
anti~tumor celhular immune activity.
The present invention relates generally 1o the use of T cells genetically
15 modified to stably express a desired CAR. T cells expressing a CAR are referred to
herein as CAR T cells or CAR modified T cells. Preferably, the cell can be
genetically modified to stably express an antibody binding domain on its surface,
conferring novel antigen specificity that is MHC independent. In some instances, the
T cell 1s genetically modified 1o stably express a CAR that combines an anfigen
20 recogmiion domain of a specific antibody with an intracellular domain of the CD3-
zeta chain or FoyRI protein into a single chumeric protein.
In one embodiment, the CAR of the invention comprises an
extraceliular domain having an antigen recognifion domatin, a transmernbrane domain,

and a cytoplasmic domain. In one embodiment, the transmembrane domain that

25  naturally is associated with one of the domains in the CAR is used. In another
embodiment, the transmembrane domain can be selected or modified by amino acid
substitution to avoid binding of such domains to the {ransmembrane domains of the
same or different surface membrane proteins to mininuze interactions with other
members of the receptor complex. Preferably, the transmembrane domain s the CD8¢

30 hinge domain,

With respect to the cvioplasmic domain, the CAR of the invention can
be designed to comprise the CD28 and/or 4-1BB signaling domain by itself or be
combined with anv other desired cytoplasmic domain(s) useful in the context of the

CAR of the mvention. In one embodiment, the cytoplasmic domain of the CAR can
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be designed to further comprise the signaling domain of C[33-zeta. For example, the
cytoplasmic domain of the CAR can include but is not himited to CD3-zeta, 4-1BB
and CD28 signaling modules and combinations thereof. Accordingly, the mnvention
provides CAR T cells and methods of their use for adoptive therapy.

In one embodiment, the CAR T cells of the invention can be generated
by introducing a lentiviral vector comprising a desired CAR, for example a CAR
comprsing anti-C19, CDRa hinge and transmembrane domaim, and human 4-1BB
and CD3zeta signaling domains, into the cells. The CAR T cells of the invention are
able to replicate in vivo resulting in long-term persistence that can lead to sustained
tumor control.

I one ernbodiruent the invention relates to adrministering a genetically
modified T cell expressing a CAR for the treatment of a patient having cancer or at
risk of having cancer using Iyraphocyte infusion. Preferably, auiologous lvmphocyie
mfusion is used in the treatment.  Autologous PBMCs are collected from a patient in
need of treatment and T cells are activated and expanded using the methods described
heretn and known in the art and then infused back into the patient.

In vet another embodiment, the invention relates generally to the
treatment of a patient at risk of developing CLL. The invention also includes treating
a malignancy or an autotmmune disease in which chemotherapy and/or
immunotherapy in a patient resulfs i significant immunosuppression in the patient,
thereby increasing the risk of the patient of developing CLL.

'The invention includes using T cells expressing an anti-CD19 CAR
including both UD3-zeta and the 4-1BB costimulatory domain (also referred to as
CARTIO T cells). The CARTI9 T cells of the invention can undergo robust in vive T
cell expansion and can establish CD 19-specific memory cells that persist at high
levels for an extended amount of time in blood and bone marrow. In some instances,
the CARTI9 T cells of the invention infused inio a patient can eliminate leukemia
cells in vivo 1n patients with advanced chemotherapy-resistant CLL. However, the
mvention is not linmited to CARTI9 T celis. Rather, the invention includes any
antigen binding moiety fused with one or more intracelluiar domaing selected from
the group of a CD137 (4-1BB) signaling domain, a CD28 signaling domain, a

CD3zeta signal domain, and any combination thereof.

Definitions
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Unless defined otherwise, all technical and scientific terms used herain
have the same meaning as commonly understood by one of ordinary skill in the art to
which the invention pertains. Although any methods and materials similar or
equivalent to those described herein can be used in the practice for testing of the

present invention, the preferred matenals and methods are described herein. In

escribing and claiming the present imvention, the following terminology will be used.

It is also to be understood that the terminology used herein 1s for the
purpose of describing particular embodiments only, and is not intended to be himiting,

The articles “a” and “an” are used herein to refer {o one or to more
than one (i.e., 1o at least one) of the grammatical object of the article. By way of
exarnple, “an element” roeans one element or more than one element.

“About” as used herein when referring to a measurable value such as
an amount, a temporal duration, and the like, 13 meant to encompass vanations of
+20% or =10%, more preferably =5%, even more preferably 1%, and still more
preferably +0.1% from the specified value, as such variations are appropriate {o
perform the disclosed methods.

“Activation”, as used herein, refers 1o the state of a T cell that has been
sufficiently stimulated to induce detectable cellular proliferation. Activation can also
be associated with induced cytokine production. and detectable effector functions.
The term “activated T cells” refers to, among other things, T celis that are undergoing
cell division.

The term “antibody.” as used herain, refers to an immunoglobulin
molecule which specifically binds with an antigen. Antibodies can be intact
immunoglobuling derived from natural sources or from recombinant sources and can
be inwnunoreactive portions of ttact immunoglobulins. Antibodies are typically
tetramers of immunoglobulin molecules. The antibodies in the present invention may
exist in a variety of forms including, for example, polyclonal antibodies, monoclonal
antibodies, Fv, Fab and F{ab),, as well as single chain antibodies and humanized
antibodies (Harlow et al., 1999, In: Using Antibodies: A Laboratory Manual, Cold
Spring Harbor Laboratory Press, NY: Harlow et al., 1989, In: Antibodies: A
Laboratory Manual, Cold Spring Harbor, New York: Houston et al., 1988, Proc. Natl.
Acad. Sci. USA 85:5879-5883; Bird et al., 1988, Science 242:423-426).

The term “antibody fragment” refers to a portion of an intact antibody
and refers to the antigenic defermining variable regions of an intact antibody.

i3
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Examples of antibody fragments mclude, but are not limited to, Fab, Fab', F{ab")2, and
Fv fragments, linear antibodies, scFv antibodies, and multispecific antibodies formed
from antibody fragments.

An “antibody heavy chain,” as used herein, refers to the larger of the
two types of polypeptide chains present in all antibody moleciles in their naturally
occurring conformations.

An “antibody light chain,” as used herein, refers to the smaller of the
two tvpes of polypeptide chains present in all antibody molecules in their naturally
occurring conformations. k and A light chains refer to the two major antibody light
chain isotypes.

By the term “synthetic antibody™ as used herein, is meant an antibody
which 15 generated using recombinant DNA technology, such as, for example, an
antibody expressed bv a bacteriophage as described herein. The term should also be
construed to mean an antibody which has been generated by the synthesis of a DNA
molecule encoding the antibody and which DNA molecule expresses an antibody
protein, or an amino acid sequence specifving the antibody, wherein the DNA or
arnino acid sequence has been obtained using svothetic DNA or anino acid sequence
technology which is available and well known in the art.

The term “antigen” or “Ag” as used herein is defined as a molecule
that provokes an immune response. This imroune response may involve etther
antibody production, or the activation of specific immunologically-competent cells, or
both. The skilled artisan will understand that any macromolecule, including virtually
all proteins or peptides, can serve as an antigen. Furthermore, antigens can be derived
from recombinant or genomic DNA. A skilled artisan will understand that any DNA,
which comprises a nucleotide sequences or a partial nucleotide sequence encoding a
protetn that elicits an immune response therefore encodes an “antigen” as that term is
used herein. Furthermore, one skilled in the art will understand that an antigen need
not be encoded solely by a full length nuclectide sequence of a gene. It is readily
apparent that the present invention includes, but is not limited 1o, the use of partial
nucleotide sequences of more than one gene and that these nucleotide sequences are
arranged i various combinations to elicit the desired immoune response. Moreover, a
skilled artisan will understand that an antigen need not be encoded by a “gene” at all.

it 1s readily apparent that an antigen can be generated synthesized or can be derived
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from a biological sample. Such a biclogical sample can include, but is not limited to a
tissue sample, a tomor sample, a cell or a biological fluid.

The term “anti~tumor effect” as used herein, refers (o a biological
effect which can be manifested by a decrease in tumor volume, a decrease in the
number of tumor cells, a decrease in the number of metastases, an increase in life
expectancy, or amelioration of various physiological svmptoms associated with the
cancerous condition. An “anti-tumor effect” can also be manifested by the ability of
the peptides. polynucleotides, cells and antibodies of the invention in prevention of
the occwrrence of tumor in the first place.

The term “auto-anfigen” means, in accordance with the present
mvention, any self-antigen which is nustakenly recognized by the inwoune system as
being foreign. Auto-antigens comprise, but are not limited to, cellular proteins,
phosphoproteins, cellular surface proteins, cellular lipids, nucleic acids, glvcoproteins,
mcluding cell surface receptors.

The term “autoimmune disease” as used herein is defined as a disorder
that results from an autcimimune response. An autoimimine disease is the result of an
mappropriate and excessive response to a self-antigen. Examples of autoimumune
diseases include but are not linuted to, Addision's disease, alopecia greata, ankylosing
spondylitis, autoimmume hepatitis, autoimmume parotitis, Crohn's disease, diabetes
{Tvpe 1), dystrophic epidermolysis bullosa, eptdidymitis, glomerulonephritis, Graves'
disease, Guillain~Barr syndrome, Hashimoto's disease, hemolytic anerma, systemic
fupus ervthematosus, multiple sclerosis, myasthenia gravis, pemphigus vulgaris,
psoriasis, rheumnatic fever, rheumatoid arthritis, sarcoidosis, scleroderma, Sjogren's
syndrome, spondyloarthropathies, thyroiditis, vasculitis, vitihigo, myxedema,
pernicious aneria, ulcerative colitis, among others.

As used herein, the term “autologous™ is meant to refer to any material
dertved {tom the same individual to which 1t 15 1ater to be re-introduced inlo the
mdividual.

“Allogeneic” refers to a gratt derived from a different animal of the
same species.

“Kenogeneic” refers to a graft denved from an animal of a different
species.

The term “cancer” as used herein is defined as disease characterized by

the rapid and uncontrollied growth of aberrant cells. Cancer cells can spread locally or
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through the bloodstream and Iymphatic system to other parts of the body. Examples
of various cancers include but are not limited to, breast cancer, prostate cancer,
ovarian cancer, cervical cancer, skin cancer, pancreatic cancer, colorecial cancer,
renal cancer, hiver cancer, brain cancer, lvmphoma, leukenua, lung cancer and the
like.

“Co-stimulatory ligand,” as the term is used herein, includes a
molecule on an antigen presenting cell (2.g.. an aAPC, dendritic cell, B cell, and the
like) that specifically binds a cognate co-stinulatory molecule on a T cell, thereby
providing a signal which, i addition to the primary signal provided by, for instance,
binding of a TCR/CD3 complex with an MHC molecule loaded with peptide,
mediates a T cell response, mcluding, but not limited to, proliferation, activation,
differentiation, and the like. A co-stimulatory ligand can include, but is not limited to,
CD7, B7-1 (CD80)Y, B7-2(CD36), PD-L1L, PD-L2, 4-1BBL, OX40L, inducible
costimulatory higand (JCOS-L), mtercellular adhesion molecule (JCAM), CD30L,
CD40, CD70, CDR3, HLA-G, MICA, MICB, HVEM, lymphotoxin beta receptor,
3/TR6, ILT3, ILT4, HVEM, an agonist or anitbody that binds Toll ligand receptor and
a ligand that specifically binds with B7-H3. A co-stimulatory ligand also
encompasses, inter alia, an antibodv that specifically binds with a co-stimulatory
molecule present on a T cell, such as, bt not limited to, CD27, CD24, 4-1BB, 0X40,
D30, CD40, PD-1, ICOS, lvmphocyie function-associated antigen-1 (LFA-1), CD2,
CD7, LIGHT, NKG2C, B7-H3, and a ligand that specifically binds with CDg3,

A “co-stimulatory molecule” refers to the cognate binding partner on a
T cell that specificaily binds with a co-stimulatory ligand, thereby mediating a co-
stimulatory response by the T cell, such as, but not limited to, proliferation. Co-
stimulatory molecules include, but are not hinuted to an MHC class I molecule, BTLA
and a Toll ligand receptor.

A “co~-stimulatory signal”, as used herein, refers to a signal, which in
combination with a primary signal, such as TCR/CD3 ligation, leads to T cell
proliferation and/or upregulation or downregulation of key molecules.

A “disease” is a state of health of an animal wherein the animal cannot
maintain homeostasis, and wherein 1f the disease 15 not amehiorated then the animal’s
health continues to deteriorate. In contrast, a “disorder” i an antmal is a state of
health in which the animal is able to maintain homeostasis, but in which the animal’s

state of health 1s less favorable than it would be in the absence of the disorder. Left
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untreated, a disorder does not necessarily cause a further decrease in the animal’s state
of health.

An “effective amount” as used herein, means an amount which
provides a therapeutic or prophylactic benefit.

“Encoding” refers to the inherent property of specific sequences of
nucleotides in a polynucleotide, such as a gene, a cDNA, or an mRNA, 1o serve as
templates for synthesis of other polyruers and macromolecules in biological processes
having etther a defined sequence of nucleotides (7.e., fRNA, tRNA and mRNAjora
defined sequence of amino acids and the biological properties resulting therefrom.
Thus, a gene encodes a protein if transcription and translation of mRNA
corresponding to that gene produces the protein in a cell or other biological systern.
Both the coding strand, the nucleotide sequence of which is identical 1o the mRNA
sequence and is usually provided in sequence listings, and the non-coding strand, used
as the template for transcription of a gene or ¢cDNA, can be referred 1o as encoding the
protein or other product of that gene or cDNA.

As used herein “endogenous™ refers 1o anv material from or produced
mnside an organism, cell, tissue or system.

As used herein, the term “exogenous™ refers to any material introduced
from or produced outside an organism, cell, tissue or system.

The term “expression” as used herein is defined as the transcription
and/or translation of a particular nucleotide sequence driven by iis promoter.

“Expression vector” refers to a vector comprising a recombinant
polynucleotide comprising expression control sequences operatively linked to a
nucleotide sequence to be expressed. An expression vector comprises sufficient ¢is-
acting elements for expression; other elernents for expression can be supphied by the
host cell or in an in vitro expression system. Expression vectors include all those
known in the art, such as cosmuds, plasmids {e.g., naked or contained in liposomes)
and viruses {e.g., lenfiviruses, refroviruses, adenoviruses, and adeno-associated
viruses) that incorporate the recombinant polynucleotide.

“Homologous™ refers to the sequence similarity or sequence identity
between two polypeptides or between two nucleic acid molecules. When a position in
both of the two compared sequences 1s occupied by the same base or amino acid
monomer subunit, e g, if a position in each of two DNA molecules is occupied by

adenine, then the molecules are homologous at that position. The percent of homology
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between two sequences is a function of the number of matching or homologous
positions shared by the two sequences divided by the number of positions compared
X 100. For example, tf 6 of 10 of the positions in two sequences are matched or
homologous then the two sequences are 60% homologous. By way of example, the
DNA sequences ATTGCC and TATGGC share 50% homology. Generally, a
comparison is made when two sequences are aligned to give maximum homology.

>

The term “immunoglobulin™ or “lg,” as used herein is defined as a
class of proteins, which function as antibodies. Antibodies expressed by B cells are
sometimes referred io as the BCR (B cell receptor) or antigen receptor. The five
members included in this class of proteins are IgA, 1gG, IgM, IgD, and IgE. IgA 1s the
primary antibody that is present in body secretions, such as saliva, tears, breast mulk,
gastrointestinal secretions and mucus secretions of the respiratory and genitourinary
tracts. IgG 1s the most common circulating antibody. IgM 13 the main immunoglobulin
produced in the primary tmmune response in most subjects. It 1s the moost efficient
imomnoglobulin in agglutination, complement fixation, and other antibody responses,
and s important in defense against bacteria and viruses. IgD 1s the immunoglobulin
that has no known antibody function, but may serve as an antigen receptor. IgF is the
mmumoglobulin that mediates immediate hypersensitivity by causing release of
mediators from mast cells and basophils upon exposure to allergen.

As used herein, an “instructional material” includes a publication, a
recording, a diagram, or any other roedium of expression which can be used to
communicate the usefulness of the compositions and methods of the invention. The
mnstructional material of the kit of the invention may, for example, be affixed o a
container which contains the nucleic acid, peptide, and/or composition of the
mvention or be shipped together with a container which contains the nucleic acid,
peptide, and/or composition. Alternatively, the instructional material may be shipped
separately from the container with the intention that the instructional material and the
compound be used cooperatively by the recipient.

“Isolated” means altered or removed from the natural state. For
example, a nucleic acid or a peptide naturally present in a living animal is not
“isolated,” but the same nucleic acid or peptide partially or completely separated from
the coexisting materials of its natural state 15 “isolated.” An isolated nucleic acid or
protein can exist in substantially purified formy, or can exist in a non-native

environment such as, for example, a host cell.
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In the context of the present invention, the following abbreviations for
the commoniy occurring nucleic acid bases are used. “A” refers to adenosine, “C”
refers (o cytosing, “G7 refers to guanosine, “T7 refers to thymidine, and “U” refers {o
uridine.

Unless otherwise specified, a “nucleotide sequence encoding an amino
acid sequence” includes all nucleotide sequences that are degenerate versions of each
other and that encode the same amino acid sequence. The phrase nucleotide sequence
that encodes a protein or an RNA may also include introns to the extent that the
nucleotide sequence encoding the protein may in some version contain an infron(s}.

A “lentivirus” as used herein refers o a genus of the Retroviridae
fanuly. Lentiviruses are unigque among the retroviruses in being able to infect non-
dividing cells; they can deliver a significant amount of genetic information into the
DNA of the host cell, so they are one of the most efficient methods of a gene delivery
vector. HIV, STV, and FIV are all examples of lentiviruses. Vectors derived from
fentiviruses offer the means to achieve significant levels of gene transfer in vivo.

By the term “modulating,” as used herein, is meant mediating a
detectable increase or decrease in the level of a response 1n a subject compared with
the level of a response in the subject in the absence of a treatment or corapound,
and/or compared with the level of a response in an otherwise identical but untreated
subject. The term encompasses perturbing and/or affecting a native signal or response
thereby mediating a beneficial therapeutic response in a subject, preferably, a human.

Unless otherwise specified, a “nucleotide sequence encoding an amino
acid sequence” includes all nucleotide sequences that are degenerate versions of each
other and that encode the same amino acid sequence. Nucleotide sequences that
encode proteins and RN A may include introns.

The term “operably linked” refers to functional linkage between a
regilatory sequence and a heterologous nucleic acid sequence resuliing in expression
of the latter. For example, a first nucleic acid sequence is operably linked with a
second nucleic acid sequence when the first nucleic acid sequence is placed in a
functional relationship with the second nucleic acid sequence. For instance, a
promoter 1s operably hinked to a coding sequence if the promoter affects the
transcription or expression of the coding sequence. Generally, operably linked DNA
sequences are contiguous and, where necessary 1o join two protein coding regions, in

the same reading frame.
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The term “overexpressed”™ tumor antigen or “overexpression” of the
tumor antigen is intended to indicate an abnormal fevel of expression of the tumor
antigen in a cell from a disease area like a solid tumor within a specific tissue or organ
of the patient relative to the level of expression in a normal cell from that tissue or
organ. Patients having solid tumors or a hematological malignancy characterized by
overexpression of the tumor antigen can be determined by standard assays known in
the art.

“Parenteral” administration of an immunogenic composition includes,
e.g., subcutaneous {s.c.}, intravenous (1.v.), imtramuscular (i.m.}, or intrasternal
mjection, or nfusion techniques.

2 &Cl

subject,” “individual,” and the like are used

2% (<

The terms “patient,
terchangeably herein, and refer fo any animal, or cells thereof whether in vitro or in
situ, amenable to the methods described herein. In certain non-limiting embodiments,
the patient, subject or individual 1s a human.

The term “polynucleotide” as used herein is defined as a chain of
nucleotides. Furthermore, nucleic acids are polymers of nucleotides. Thus, nucleic
acids and polynucleotides as used herein are interchangeable. One skilled in the art
has the general knowledge that nucleic acids are polynucleotides, which can be
hydrolyzed into the monomeric “nuclectides.” The monomeric nucleotides can be
hydrolyzed into nucleosides. As used herein polynucleotides inchude, but are not
hmited to, all nucleic acid sequences which are obtained by any means available in
the art, including, without limitation, recombinant means, i.e., the cloning of nucleic
acid sequences from a recombinant library or a cell genome, using ordinary cloning
technology and PCR™, and the like, and by synthetic means,

29 ¢

As used herein, the terms “peptide,” “polvpeptide,” and “protein” are
used interchangeably, and refer to a compound comprised of amino acid residues
covalently linked by peptide bonds. A protein or peptide must contain at least two
arnino acids, and no limitation is placed on the maximum number of amino acids that
can comprise a protein’s or peptide’s sequence. Polypeptides include any peptide or
protein comprising two or more amino acids joined to each other by peptide bonds.

As used herein, the term refers {o both short chains, which also commonly are referred
to in the art as peptides, oligopeptides and oligomers, for example, and to longer
chains, which generally are referred to in the art as proteins, of which there are many

tvpes. “Polypeptides™ include, for example, biologically active fragments,
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substantially homologous polvpeptides, oligopeptides, homodimers, heterodimers,
varianis of polvpeptides, modified polypeptides, derivatives, analogs, fusion proteins,
among others. The polypeptides imchude natural peptides, recombinant peptides,
synthetic peptides, or a corabination thereof.

The term “promoter” as used herein is defined as a DNA sequence
recognized by the synthetic machinery of the cell, or introduced synthetic machinery,
required 1o initiate the specific transcrption of a polvnucleotide sequence.

As used herein, the term “promoter/regulatory sequence” means a
nucleic acid sequence which is required for expression of a gene product operably
linked to the promoter/regulatory sequence. In some instances, this sequence may be
the core promoter sequence and in other instances, this sequence may also include an
enhancer sequence and other regulatory elements which are required for expression of
the gene product. The promoter/regulatory sequence may, for example, be one
which expresses the gene product in a tissue specific manner.

A “constitutive” promoter is a nucleotide sequence which, when
operably linked with a polyvnucleotide which encodes or specifies a gene product,
causes the gene product to be produced in a cell under most or all physiological
conditions of the cell.

An “inducible” promoter s a nucleotide sequence which, when
operably linked with a polynucleotide which encodes or specifies a gene product,
causes the gene product to be produced in a cell substantially only when an inducer
which corresponds to the promoter is present in the cell.

A “tissue-specific” promoter is a nucleotide sequence which, when
operably linked with a polvnucleotide encodes or specified by a gene, causes the gene
product to be produced in a cell substantially only if the cell is a cell of the {issue type
corresponding to the promoler.

By the term “specifically binds,” as used herein with respect fo an
antibody, is meant an antihody which recognizes a specific antigen, but does not
substantialiy recognize or bind other molecules in a sample. For example, an antibody
that specifically binds to an antigen from one species may also bind to that antigen
from one or more species. But, such cross-specias reactivity does not itself alter the
ciassification of an antibody as specific. In another example, an antibody that
spect{ically binds to an antigen may also bind to different allelic forms of the antigen.

However, such cross reactivity does not itself alter the classification of an antibody as
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spectfic. In some instances, the terms “specific binding” or “specifically binding,” can
be used in reference 1o the interaction of an antibody, a protein, or a peptide with a
second chemical species, 1o mean that the interaction is dependent upon the presence
of a particular structure {e.g., an antigenic deternunant or epitope) on the chemical
species; for example, an antibody recognizes and binds to a specific protein structure
rather than o proteins generally. If an antibody is specific for epitope “A”, the
presence of a molecule containing epitope A (or free, unlabeled A), in a reaction
containing labeled “A”™ and the antibody, will reduce the amount of fabeled A bound
to the antibody.

By the term “stimulation,” 1s meant a primary response induced by
binding of a stimulatory molecule {e.g.. a TCR/CD3 complex) with its cognate ligand
thereby mediating a signal transduction event, such as, but not limited to, signal
iransduction via the TCR/CD3 complex. Stimulation can mediate altered expression
of certain molecules, such as downregulation of TGF-f, and/or reorganization of
cytoskeletal structures, and the like,

A “stinmdatory molecule,” as the term is used herein, means a
molecule on a T cell that specifically binds with a cognaie stimulatory ligand present
on an antigen presenting cell.

A “stimulatory ligand,” as used herein, means a ligand that when
present on an antigen presenting cell {(e.g., an aAPC, a dendritic cell, a B-cell, and the
like} can specifically bind with a cognate binding partner (referred fo herein as a
“stimuiatory molecule™ on a T cell, therebv mediating a primary response by the T
cell, inciuding, but not limited {o, activation, intiiation of an immune response,
proliferation, and the like. Stimulatory higands are well-known n the art and
encompass, infer alia, an MHC Class I molecule loaded with a peptide, an anti-CD3
antibody, a superagonist anti-CID28 antibody, and a superagonist anti-CD2 antibody.

The term “subject” ts mtended to inchude living organisms in which an
mmune response can be glicited {e.g., mammals). Examples of subjects include
humans, dogs, cats, mice, rats, and transgenic spacies thereof,

As used herein, a “substantially purified” cell is a cell that is
esseniially free of other cell types. A substantially purified cell also refers to acell
which has been separated from other cell types with which it 1s normally associated in
its naturally occurring state. In some instances, a population of substantially purified

cells refers o a homogenous population of cells. In other instances, this term refers
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simply 1o cell that have been separated from the cells with which they are naturally
associated in their natural state. In some embodiments, the cells are culiured in vifro.
In other embodiments, the cells are not cultured in vitro,

The term “therapeutic” as used herein means a freatment and/or
prophylaxis. A therapeutic effect is obtained by suppression, remission, or

eradication of a disease state.

The term “therapeutically effective arnount” refers to the amount of the

subject compound that will elicit the biological or medical response of a tissue,
system, or subject that is being sought by the researcher, veterinanian, medical doctor
ot other clinician. The term “therapeutically effective amount” includes that amount
of a compound that, when administered, 1s sufficient to prevent development of, or

alleviate to some extent, one or more of the signs or symptoms of the disorder or

disease being treated. The therapeutically effective amount will vary depending on the

compound, the disease and its severity and the age, weight, eic., of the subject to be
treated.

To “treat”™ a disease as the term is used herein, means to reduce the
frequency or severity of at least one sign or symptom of a disease or disorder
expernenced by a subject.

The term “transfected” or “transformed™ or “transduced” as used
herein refers to a process by which exogenous nucleic acid is transferred or
mitroduced into the host cell. A “transfected” or “transformed” or “transduced” cell is
one which has been transfected, transformed or transduced with exogenous nucleic
acid. The cell includes the primary subject cell and its progeny.

The phrase “under transcriptional control” or “operatively linked” as
used herein means that the promoter is 1n the correct location and ornentation in
relation to a polynucleotide to control the imitiation of transcription by RNA
polvmerase and expression of the polymucleotide.

A “vector” is a composition of matter which comprises an isolated
nucleic acid and which can be used to deliver the isolated nucleic acid to the mterior
of a cell. Numerous vectors are known in the art including, but not lirmited to, finear
polynuclectides, polynuclectides associated with ionic or amphiphilic compounds,
plasmuds, and viruses. Thus, the term “vector” includes an autonomously replicating
plasmid or a virus. The term should also be construed to include non-plasmid and

non-viral compounds which facilitate transfer of nucleic acid into cells, such as, for

25

UPenn Ex. 2047
Miltenyi v. UPenn
IPR2022-00855
Page 36



U

10

20

30

example, polylysine compounds, liposomes, and the like. Examples of viral vectors
include, but are not limited to, adenoviral vectors, adeno-associated virus vectors,
retroviral vectors, and the like.

Ranges: throughout this disclosure, various aspects of the invention
can be presented in a range format. It should be understood that the description in
range format i1s merely for convenience and brevity and should not be construed as an
mflexible limitation on the scope of the invention. Accordingly, the description of a
range should be considered to have specifically disclosed all the possible subranges as
well as individual nomerical values within that range. For example, description of a
range such as from 1 to 6 should be considered to have specifically disclosed
subranges such as from 1 to 3, from 1 to 4, from 1 10 5, from 2 to 4, from 2 to 6, from
3 to 6 etc., as well as individual numbers within that range, for example, 1, 2, 2.7, 3,

4, 5,53, and 6. This applies regardless of the breadth of the range.

Description

The present invention provides composttions and methods for treating
cancer among other diseases. The cancer may be a hematological malignancy, a solid
tumor, a primary or a metatastizing tumor. Preferably, the cancer is a hematological
malignancy, and more preferably, the cancer is Chronic Lymphocytic Leukemia
{CLL). Other diseases ireatable using the compositions and methods of the invention
mclude viral, bacterial and parasitic infections as well as avioinumune diseases.

In one embodiment, the invention provides a cell {e.g., T cell)
engineered o express a CAR wherein the CAR T cell exhibits an antitumor property.
The CAR of the invention can be engineered o comprise an extracellular domain
having an antigen hinding domain fused to an intracellular signaling domain of the T
cell antigen receptor complex zeta chain (e.g.. CD3 zeta). The CAR of the invention
when expressed in a T cell 15 able to redirect antigen recognition based on the antigen
binding specificity. An exemplary antigen is CD 9 because this antigen is expressed
on malignant B cells. However, the invention is not limited to targeting 1319,
Rather, the invention includes any antigen binding moiety that when bound to its
cognate antigen, affects a fumor cell so that the timor cell fails to grow, 1s prompted
to die, or otherwise 15 affected so that the tumor burden m a patient is dimirushed or
eliminated. The antigen binding moiety is preferably fused with an intracellular

domain from one or more of a costimulatory molecule and a zeta chain. Preferably,
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the antigen binding moiety is fused with one or more intracellular domains selected
from the group of a CD137 (4-1BB} signaling domain, a CD28 signaling domain, a
CD3zeta signal domain, and any combination thereof.

I one ernbodiruent, the CAR of the invention comprises a CD137 (4-
1BB) signaling domain. This is because the present invention is partly based on the
discovery that CAR-mediated T-cell responses can be further enhanced with the
addition of costimulatory domains. For example, inclusion of the CD137 (4-1BB)
signaling domain significantly increased anti-tumor activity and iz vive persistence of
CAR T cells compared 1o an otherwise identical CAR T cell not enginesred {0 express
CI3 37 (4-18BB).

Composition

The present invention provides chimeric antigen receptor (CAR)
comprising an extracellular and mtracellular domain. The extracellular domain
comprises a target-specific binding element otherwise referred to as an antigen
binding motety. The miracellular domain or otherwise the cyioplasmic domain
comprises, a costimulalory signaling region and a zeta cham portion. The
costirnulatory signaling region refers to a portion of the CAR comprising the
miracellular domain of a costimulatory molecule. Costimulatory molecules are cell
surface molecules other than antigens receptors or their ligands that are required for
an efficient response of lvimphocvies to antigen.

Between the extraceliular domain and the transmembrane domain of
the CAR, or between the cytoplasmic domain and the transmembrane domain of the
CAR, there may be incorporated a spacer domain. As used herein, the term “spacer
domain” generally means any oligo-~ or polyvpeptide that functions to link the
transmembrane domain to, either the extracellular domain or, the cytoplasmic domain
in the polypeptide chain. A spacer domain may comprise up to 300 amino acids,

preferably 10 to 100 amino acids and most preferably 25 to 50 amano acids.

Anticen binding motety

In one embodiment, the CAR of the invention comprises a target-
specific binding element otherwise referred to as an antigen binding moiety. The
choice of motety depends upon the type and number of ligands that define the surface

of a target cell. For example, the antigen binding domain may be chosen to recognize
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a ligand that acts as a cell swrface marker on target cells associated with a particular
disease state. Thus examples of cell surface markers that may act as ligands for the
antigen moiety domain in the CAR of the invention include those associated with
viral, bacterial and parasitic infections, autoimmune disease and cancer cells,

In one embodiment, the CAR of the invention can be engineered to
target a tumor antigen of interest by way of engineering a desired antigen binding
motety that specifically binds to an antigen on a turnor cell. In the context of the
prasent invention, “fumor antigen” or “hyperporoliferative disorder antigen™ or
“antigen associated with a hyperproliferative disorder,” refers to antigens that are
common to specific hyperproliferative disorders such as cancer. The antigens
discussed herein are merely included by way of example. The list is not intended to
be exclusive and further examples will be readily apparent to those of skili in the art.

Tumor antigens are protemns that are produced by tumor cells that elicit
an ianune response, particularly T-cell mediated imyoune responses. The selection
of the antigen binding moiety of the invention will depend on the particular type of
cancer 1o be treaied. Tumor antigens are well known in the art and include, for
exarmple, a glioma-associated antigen, carcinoernbryonic antigen (CEA), f-human
chorionic gonadotropin, alphafetoproten (AFP), lectin-reactive AFP, thvroglobulin,
RAGE-1, MN-CA IX, human telomerase reverse transcriptase, RUT, RU2Z (AS),
intestinal carboxyl esterase, mutd hsp70-2, M-CSF, prostase, prostate-specific antigen
(PSA), PAP, NY-ESO-1, LAGE-ia, p53, prostein, PSMA, Her2/neu, survivin and
telomerase, prostate-carcinoma tumor antigen-1 (PCTA-1), MAGE, ELF2ZM,
neutrophil elastase, ephrinB2, CD22, insulin growth factor (IGF)-1, IGF-H, 1GF-I
recepior and mesothelin,

I one ernbodiruent, the turnor antigen comprises one or mMore
antigenic cancer epitopes associated with a malignant tumor. Malignant tumors
express a number of proteins that can serve as target antigens for an immune attack.
These molecules inchude but are not imited to tissue-specific antigens such as
MART-1, tyrosinase and GP 100 in melanoma and prostatic acid phosphatase (PAP}
and prostate-specific antigen {(PSA) in prostale cancer. (ther target molecules belong
to the group of ransformation-relaied molecules such as the oncogene HER-
Z/NewErbB-2. Yet another group of target antigens are onco-fetal antigens such as
carcinoembryonic antigen (CEA). In B-cell lvmphoma the tumor-speacific idiotype

immunoglobulin constifutes a truly tumor-specific immunoglobulin antigen that is
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unique to the individual tumor. B-cell differentiation antigens such as CD19, CD20
and CD37 are other candidates for target antigens in B-cell lvimphoma. Some of these
antigens (CEA, HER-2, CD19, CD20, idiotype) have been used as {argets for passive
inwnunotherapy with monoclonal antibodies with hinuted success.

The type of tumor antigen referred to in the mmvention may also be a
tumor-specific antigen (TSA} or a tumor-associated antigen {TAA). A TSA is unique
to tumor cells and does not occur on other cells in the body. A TAA associated
antigen is not unique to a tfumor cell and instead 1s also expressed on a normal cell
under conditions that fail to induce a state of immumnologic tolerance to the antigen.
The expression of the antigen on the tumor may occur under conditions that enable
the immune system to respond fo the antigen. TAAs may be antigens that are
expressed on normal cells during fetal development when the immune system is
immature and unable to respond or they may be antigens that are normally present at
extremely low levels on normal cells but which are expressed at much higher levels
on tumor cells.

Non-limiting examples of TSA or TAA antigens include the following:
Differentiation antigens such as MART-1/MelanA (MART-I}, gpl00 (Pmel 17),
tvrosinase, TRP-1, TRP-2 and tumor-specific moultilineage antigens such as MAGE-1,
MAGE-3, BAGE, GAGE-1, GAGE-2, p13; overexpressed embryonic antigens such
as CEA; overexpressed oncogenes and mutated tumor-suppressor genes such as p53,
Ras, HER-2/neu; unique turnor antigens resulting from chromosomal translocations;
such as BCR-ABL, EZA-PRL, H4-RET, IGH-IGK, MYL-RAR; and viral antigens,
such as the Epstein Barr virus antigens EBV A and the human papillomavirus (HPV)
antigens E6 and E7. Other large, protemn-based antigens inclade TSP-180, MAGE-4,
MAGE-5, MAGE-6, RAGE, NY-ESQ, pi85erbB2, pl80erbB-3, c-met, nm-23H1,
PSA, TAG-72, CA19-9 CA72-4, CAM 17.1, NuMa, K-ras, beta-Catenin, CDK4,
Mum-1, p 15, p 16, 43-9F, 5T4, 791 Tgp72, alpha-fetoprotein, beta-HCG, BCA22S,
BTAA, CA 125. CA 15-3\CA 27.29\BCAA, CA 195, CA 242, CA-50, CAM43,
CD68\P1, CO-029, FGF-5, G250, Ga733\EpCAM, HTgp-175, M344, MA-50, M{G7-
Ag, MOV 18, NB/70K, NY-CO-1, RCASI, SDCCAG16, TA-90\Mac-2 binding
protein\cyclophilin C-associated protein, TAALS, TAG72, TLP, and TPS.

In a preferred embodiment, the antigen binding moiety portion of the

CAR targets an antigen that includes but is not himited to CD19, CD20, CD22, ROR],
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Mesothelin, CD33/IL3Ra, ¢-Met, PSMA, Glycolipid F77, EGFRVIIL GD-2, MY-
ESO-1 TCR, MAGE A3 TCR, and the like.

Depending on the desived antigen {o be targeted, the CAR of the
mvention can be engineered to include the appropriate antigen bind moiety that is
specific to the desired antigen target. For example, if CD19 1s the desired antigen that
is to be targeted, an antibody for CI} 19 can be used as the antigen bind moiety for
mcorporation into the CAR of the invention.

In one embodiment, the antigen binding motety portion of the CAR of
the invention targets CD19. Preferably, the antigen binding moiety portion in the
CAR of the invention is anti~-CD19 scFV, wherein the nuclete acid sequence of the
anti-CD 19 scFV comprises the sequence set forth in SEQ D 14, In one embodiment,
the anti-CD19 scFV comprise the nucleic acid sequence that encodes the amino acid
sequence of SEQ ID NO: 20, In another emnbodiment, the anti-CD19 scFV portion of
ithe CAR of the mvention comprises the amino acid sequence set forth in SEQ ID NO:

20.

Transmembrane domain

With respect to the transmermbrane domain, the CAR can be designed
to comprise a transmembrane domain that is fused to the extracellular domain of the
CAR. In one embodiment, the transmembrane domain that naturally is associated
with one of the domains in the CAR 1s used. In some instances, the transmembrane
domain can be selected or modified by amino acid substitution to avoid binding of
such domains to the transmembrane domains of the same or different surface
membrane proteins to minimize interactions with other members of the receptor
complex.

The transmembrane domain may be derived either from a natural or
from a synthetic source. Where the source is natural, the domain may be denved
from anv membrane-bound or transmembrane protein. Transmembrane regions of
particular use in this invention may be denved from (i.e. comprise at least the
transmembrane region{s) of} the alpha, beta or zeta chain of the T-cell receptor,
CD28, CD3 epsilon, CD45, CD4, CD5, CD§, CDY, CD16, CD22, CD33, CD37,
CDod, CDRO, CD86, CD134, CDI137, CD154. Alternatively the transmembrane
domain may be synthetic, in which case it will comprise predominantly hydrophobic

esidues such as leucine and valine. Preferably a triplet of phenylalanine, tryptophan
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and valine will be found at each end of a synthetic fransmembrane domain.
Optionally, a short oligo- or polypeptide linker, preferably between 2 and 10 amino
acids in length may form the linkage between the transmernbrane domain and the
cytoplasnuc signaling domamn of the CAR. A glvcine-serine doublet provides a
particularly suitable linker.

Preferably, the transmembrane domain in the CAR of the invention 1s
the CI3R transmembrane domain. In one embodiment, the CD¥ transmembrane
domain comprises the nucleic acid sequence of SEQ D NO: 16, In one embodiment,
the CD8 transmembrane domatn comprises the nucleic acid sequence that encodes the
amino acid sequence of SEQ ID NG: 22. In another embodiment, the CD8
transmembrane domain comprises the amuno acid sequence of SEQ D NO: 22.

In some instances, the transmembrane domain of the CAR of the
mvention comprises the CD8a hinge domain. In one embodiment, the CDE hinge
domain cornprises the nucleic acid sequence of SEQ ID NO: 15, In one embodiment,
the CD8 hinge domain comprises the nucleic acid sequence that encodes the amino
acid sequence of SEQ ID NG 21. In another embodiment, the CD8 hinge domain

comprises the amino acid sequence of SEQ ID NO: 21

Cytoplasmic domain

The cvtoplasmic domain or otherwise the intracellular signaling
domain of the CAR of the mnvention is responsible for activation of at least one of the
normal effector functions of the immune cell in which the CAR has been placed in.
The term “effector function” refers (o a specialized function of a cell. Effector
function of a T cell, for example, may be cytolytic activity or helper activity including
the secretion of cytokines. Thus the term “intracellular signaling domain”™ refers to
the portion of a protein which transduces the effector function signal and directs the
cell to perform a specialized function. While usually the entire intracellular signaling
domain can be emploved, in many cases it 1s not necessary 1o use the entire chain. To
the extent that a truncated portion of the intraceliular signaling domain is used, such
truncated portion may be used in place of the intact chain as long as it transduces the
effector function signal. The term intracellolar signaling domain 1s thus meant o
mmclude any truncated portion of the intracellular signaling domain sufficient to

transduce the effector function signal.
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Preferred examples of intracellular signaling domains for use in the
CAR of the invention include the cytoplasmic sequences of the T cell recepior {TCR)
and co-receptors that act in concert to wnitiate signal transduction following antigen
receptor engagement, as well as any derivative or variant of these sequences and any
synthetic sequence that has the same functional capability.

It is known that signals generated through the TCR alone are
msufficient for full activation of the T cell and that a secondary or co-stimulatory
signal 1s also required. Thus, T cell activation can be said to be mediated by two
distinct classes of cytoplasmic signaling sequence: those that initiate antigen-
dependent primary activation through the TCR (primaary cytoplasmic signaling
sequences) and those that act in an antigen-independent manner 1o provide a
secondary or co-stimulatory signal (secondary cytoplasmic signaling sequences).

Primary cyioplasmic signaling sequences regulate primary activation
of the TCR complex either in a stimulatory way, or in an inhibitory way. Prirary
cytoplasmic signaling sequences that act in a stimulatory manner may contain
signaling motifs which are known as immunoreceptor tyrosine-based activation
motifs or ITAMs.

Examples of ITAM contaiming primary cvtoplasmic signaling
sequences that are of particular use in the invention include those derived from TCR
zeta, FcR gamma, FcR beta, CD3 gamma , UD3 delta, CO3 epsilon, CD3, CD22,
CD79a, CD79b, and CD66d. It is particularly preferred that cytoplasmic signaling
molecule in the CAR of the invention comprises a cyvtoplasmic signaling sequence
derived from CD3 zeta.

In a preferred embodiment, the cytoplasmic domain of the CAR can be
designed to comprise the CD3-zeta signaling domain by itself or combined with any
other desired cvioplasmic domain(s} useful in the context of the CAR of the
mvention. For example, the cyloplasmic domain of the CAR can comprise a CD3
zeta chain portion and a costimudatory signaling region. The costimudatory signaling
region refers to a portion of the CAR comprising the intraceliular domain of a
costimulatory molecule. A costimulatory molecule s a cell surface molecule other
than an antigen receptor or their ligands that is required for an efficient response of
lvmphocytes to an antigen. Examples of such molecules include CD27, CD28, 4-1BB
(CD137), OX40, CD30, CD40, PD-1, ICOS, lvmphocyte funciion-associated antigen-
1{LFA-1), CD2, CD7, LIGHT, NKG2C, B7-H3, and a ligand that specifically binds
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with CD83, and the like. Thus, while the invention in exemplified primartly with 4-
1BB as the co-stimulatory signaling element, other costimulatory elements are within
the scope of the invention.

The cytoplasmuc signaling sequences within the cytoplasmic signaling
portion of the CAR of the invention may be linked to each other in a random or
specified order. Optionally, a short oligo- or polypeptide linker, preferably between 2
and 10 amuno acids in length mav formo the inkage. A glveine-serine doublet
provides a particularly suitable linker.

In one embodiment, the cytoplasmic domain is designed to comprise
the signaling domain of CD3-zeta and the signaling domain of CD2Z8. In another
embodiment, the cvtoplasmic domain 1s designed to comprise the signaling domain of
CD3-7eta and the signaling domain of 4-1BB. In vet another embodiment, the
cytoplasmic domain 15 designed to comprise the signaling domain of CDB3-7ela and
the signaling domain of CD28 and 4-1BB.

In one embodiment, the cytoplasmic domain in the CAR of the
invention is designed to comprise the signaling domain of 4-1BB and the signaling
domain of CD3-zeta, wherein the signaling domain of 4-1BB comprises the nucleic
acid sequence setf forth in SEQ 1D NG 17 and the signaling domain of CD3-zeta
comprises the nucleic acid sequence set forth in SEQ 1D NO: 18

In one embodiment, the cytoplasmic domain in the CAR of the
mvention is designed to comprise the signaling domain of 4-1BB and the signaling
domain of CD3-zeta, wherein the signaling domain of 4-1BB comprises the nucleic
acid sequence that encodes the amino actd sequence of SEQ ID NO: 23 and the
signaling domain of CD3-2¢eta comprises the nucleic acid sequence that encodes the
amino acid sequence of SEQ 1D NO: 24,

Irr one embodiment, the cytoplasmic domain in the CAR of the
mvention is designed to comprise the signaling domain of 4-1BB and the signaling
domain of CD¥3-zeta, wherein the signaling domain of 4-1BB comprises the amino
acid sequence set forth in SEQ I NO: 23 and the signaling domain of CD3-zeta
comprises the amino acid sequence set forth in SEQ 1D NO: 24,

Yectors
The present invention encompasses a DNA construct comprising

sequences of a CAR, wherein the sequence comprises the nucleic acid sequence of an
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antigen hinding moiety operably hinked to the nucleic acid sequence of an intracellular
domain. An exemplary intracellular domain that can be used in the CAR of the
mvention includes but 18 not lumied 1o the iracellular doman of CD3-rsta, CD2E,
4-1BRB, and the like. In some instances, the CAR can comprise any combination of
{D3-zeta, CD28, 4-1BB, and the like.

In one embodiment, the CAR of the invention comprises anti-CD19
scFv, human CD¥ hinge and transmembrane domain, and human 4-1BB and CD3zeta
signaling domains. In one embodiment, the CAR of the invention comprises the
nucleic acid sequence sei forth in SEQ D NG 8. In another embodiment, the CAR
of the invention comprises the nucleic acid sequence that encodes the amino acid
sequence of SEQ 1D NG: 12, In another embodiment, the CAR of the invention
comprises the amino acid sequence set forth in SEQ ID NO: 12,

The nucleic acid sequences coding for the desired molecules can be
obtained using recombinant methods known in the art, such as, for example by
screening libraries from cells expressing the gene, by deriving the gene from a vector
known o inciude the same, or by isolating directly from celis and tissues containing
the same, using standard techniques. Aliernatively, the gene of interest can be
produced synthetically, rather than cloned.

The present invention also provides vectors in which a DNA of the
present invention is inserted. Vectors derived from retroviruses such as the lentivirus
are suitable tools to achieve long-term gene transfer since they allow long-term, stable
mitegration of a transgene and its propagation in daughter cells. Lentiviral vectors
have the added advantage over vectors derived from onco-retroviruses such as murine
teukemia viruses in that they can fransduce non-proliferating cells, such as
hepatocytes. They also have the added advantage of low immunogenicity.

In brief summary, the expression of natural or synthetic nucleic acids
encoding CARs is typically achieved by operably linking a nucleic acid encoding the
CAR polypeptide or portions thereof to a promoter, and mcorporating the construct
nto an expression vector. The vectors can be suitable for replication and integration
eukarvotes. Typical cloning vectors contain transcription and translation terminators,
mitiation sequences, and promoters useful for regulation of the expression of the
desired nucleic acid sequence.

The expression consiructs of the present invention may also be used

for nucleic acid immunization and gene therapy, using standard gene delivery
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protocols. Methods for gene delivery are known in the art. See, e.g., U.S. Pat. Nos.
5,399,346, 5,580,859, 5,589,466, incorporated by reference herein in their entireties.
In another embodiment, the mvention provides a gene therapy vector.

The nucleic acid can be cloned into a number of types of vectors. For
example, the nucleic acid can be cloned mto a vector including, but not limited o a
plasmid, a phagemid, a phage derivaiive, an animal virus, and a cosmid. Vectors of
particular interest include expression vectors, replication vectors, probe generation
vectors, and sequencing vectors.

Further, the expression vector may be provided to a cell in the form of
aviral vector. Viral vector technology is well known 1n the art and is described, for
exampie, in Sambrook et al. (2001, Molecular Cloning: A Laboratory Manual, Cold
Spring Harbor Laboratory, New York), and in other virology and molecular biology
manuals. Viruses, which are useful as vectors include, but are not hinmited to,
retroviruses, adenoviruses, adeno- associated viruses, herpes viruses, and lentiviruses.
In general, a suitable vector contains an origin of replication functional in at least one
organism, a promoter sequence, convenient restriction endonuclease sites, and one or
more selectable markers, (e.g., WO 01/96584, WO 01/29058; and U.S. Pat. No.
6.326,193).

A number of viral based systems have baen developed for gene
transter into mammalian cells. For example, retroviruses provide a convenient
platform for gene delivery systems. A selected gene can be inserted info a vector and
packaged in retroviral particles using techniques known in the art. The recombinant
virus can then be isolated and delivered to cells of the subject etther in vivo or ex vivo.
A number of retroviral systems are known i the art. In some ermbodiments,
adenovirus vectors are used. A murober of adenovirus vectors are known in the art. In
one embodiment, lentivirus vectors are used.

Additional promoter elements, e.g., enhancers, regulate the frequency
of transcriptional imtiation. Typically, these are located in the region 30-110 bp
upstream of the start site, although a number of promoters have recently been shown
to contain functional elements downstream of the start site as well. The spacing
between promoter elements frequently 1s flexible, so that prometer function is
preserved when elements are inverted or moved relative to one another. In the
thymidine kinase (tk) promoter, the spacing between promoter elements can be

increased to SO bp apart before activity begins to decline. Depending on the
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promoter, it appears that individual elements can function either cooperatively or
independently {o activate transcription.

One example of a suitable promoter is the immediate early
cvtomegalovirus (CMV) promoter sequence. This promoter sequence 18 a strong
constitutive promoter sequence capable of dnving high levels of expression of any
polvnucleotide sequence operatively linked thereto. Another example of a suitable
promoter 15 Elongation Growth Factor -lo (EF-1a). However, other constitutive
promoter sequences may also be used, including, but not limited to the simian virus
40 (8V40) early promoter, mouse mammary tumor virus (MMTV}, human
immunodeficiency virus (HIV) long terminal repeat (ILTR) promoter, MoMul.V
promoter, an avian leukenua virus promoter, an Epstein-Barr virus immediate early
promoter, a Rous sarcoma virus promoter, as well as human gene promoters such as,
but not limited to, the actin promoter, the myosin promoter, the hemoglobin promoter,
and the creatine kinase promoter. Further, the invention should not be hinited to the
use of constitutive promoters. Inducible promoters are also contemplated as part of
the invention. The use of an inducible promoter provides a molecular switch capable
of turning on expression of the polynucleotide sequence which il 1s operatively linked
when such expression is desired, or turning off the expression when expression 15 not
destred. Examples of inducible promoters include, but are not limited to a
metallothionine promoter, a glucocorticoid promoter, a progesterone promoter, and a
tetracycline promoter.

In order to assess the expression of a CAR polvpeptide or portions
thereof, the expression vector to be introduced into a cell can also contain either a
selectable marker gene or a reporter gene or both {0 facilitate identification and
selection of expressing cells from the population of cells sought to be transfected or
nfected through viral vectors. In other aspects, the selectable marker may be carried
on a separate piece of DNA and used in a co- transfection procedure. Both selectable
markers and reporier genes may be flanked with appropriate regulatory sequences to
enable expression in the host cells. Useful selectable markers include, for example,
antibiotic-resistance genes, such as neo and the like.

Reporier genes are used for identifving potentially transfected cells and
for evaluating the functionality of regulatory sequences. In general, a reporter gene 1s
a gene that is not present in or expressed by the recipient organism or tissue and that

encodes a polypeptide whose expression is manifested by some easily detectable
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property, e.g., enzymatic activity. Expression of the reporter gene is assayed at a
suitable time after the DINA has been introduced into the recipient cells. Swuitable
reporter genes may include genes encoding luciferase, beta~galactosidase,
chioramphenicol acety! transferase, secreted alkaline phosphatase, or the green
fluorescent protein gene {e.g., Ui-Tei et al., 2000 FEBS Letters 479: 79-82). Suitable
expression systems are well known and may be prepared using known techniques or
obtained commercially. In general, the construct with the mimimal 5' flanking region
showing the highest level of expression of reporter gene is identitied as the promoter.
Such promoter regions may be linked to a reporter gene and used to evaluate agents
for the ability to modiulate promoter- driven transcription.

Methods of introducing and expressing genes ito a cell are known in
the art. In the context of an expression vector, the vector can be readily introduced
mto a host cell, e.g., mammalian, bacterial, yeast, or insect cell by any method in the
art. For example, the expression vector can be transferred into a host cell by physical,
chemical. or biological means.

Physical methods for introducing a polynucleotide into a host cell
mclude caleium phosphate precipiiation, lipofection, particle bombardment,
microinjection, electroporation, and the like. Methods for producing cells comprising
vectors and/or exogenous nucleic acids are well-known in the art. See, for example,
Sambrook et al. (2001, Maolecular Cloning: A Laboratory Manual, Cold Spring
Harbor Laboratory, New York). A preferred method for the infroduction of a
polynucleotide into a host cell is calcium phosphate transfection.

Biological methods for introducing a polvnucleotide of interest info a
host cell inchude the use of DNA and RNA veclors. Viral vectors, and especially
retroviral vectors, have become the most widely used method for inserting genes to
mammalian, e g, human cells. Other viral vectors can be derived from lentivirus,
poxviruses, herpes simplex virus I, adenoviruses and adeno-associated viruses, and
the like. See, for example, U.S. Pat. Nos. 5,350,674 and 5,585,362,

Chemical means for introducing a polynuciectide into a host cell
nciude colloidal dispersion systems, such as macromolecule complexes,
nanocapsules, microspheres, beads, and ipid-based systems imcluding oil-in-water
emulisions, micelles, mixed micelles, and iposomes. An exemplary colloidal svstem
for use as a delivery vehicle in vitro and in vivo 1s a liposome {e.g., an artificial

membrane vesicle).

37

UPenn Ex. 2047
Miltenyi v. UPenn
IPR2022-00855
Page 48



I

U

0

20

(8]

In the case where a non-viral delivery system is utilized, an exemplary
delivery vehicle is a liposome. The use of lipid formulations is contemplated for the
miroduction of the nucletc acids into a host cell (in vifro, ex vivo or in vive). In
another aspect, the nucleic acid may be associated with a hipid. The nucleic acid
associated with a fipid may be encapsulated in the agueous interior of a liposome,
mterspersed within the lipid bilayer of a liposome, attached to a liposome viaa
hinking molecule that 1s associated with both the liposome and the oligonucleotide,
entrapped in a liposome, complexed with a liposome, dispersed in a solution
containing a liptd, mixed with a lipid, combined with a lipid, contained as a
suspension in a hpid, contained or complexed with a micelle, or otherwise associated

with a lipid. Lipid, liptd/DNA or lipid/expression vector associated compositions are

not Himited to any particular structure in solutionn. For example, they may be present in

a bilayer structure, as micelles, or with a “collapsed” structure. They may also simply
be mterspersed in a solution, possibly forming aggregates that are not uruform in size
or shape. Lipids are fatty substances which may be naturally occurring or synthetic
lipids. For example, lipids inchude the fatty droplets that naturally occur in the
cytoplasm as well as the class of compounds which contain tong-chain aliphatic
hvdrocarbons and their derivatives, such as fatty acids, alcohols, amines, amino
alcohols, and aldehydes.

Lipids suitable for use can be obtaimed from commercial sources. For
example, dimyristyl phosphatidylcholine ("DMPC™) can be obtained from Sigma, St.
Louis, MO; dicetyl phosphate ("DCP”} can be obtained from K & K Laboratories
(Plainview, NY). cholesterol (“Chot™) can be obtained from Calbiochem-Behring;
dimyristyl phosphatidylglyveerol (“"DMPG™) and other lipids may be obtained from
Avanti Polar Lipids, Inc. (Birmingham, AL). Stock solutions of lipids in chloroform
or chlorofornv/methano! can be stored at about -20°C. Chloroform is used as the only
solvent since it 15 roore readily evaporated than roethanol. “Liposome” is a generic

term encompassing a variety of single and nwildtilamelar lipid vehicles formed by the

generation of enclosed lipid bilayers or aggregates. Liposomes can be characterized as

having vesicular structures with a phospholipid bilaver membrane and an inner
aqueous medium. Multilamellar iposomes have multiple lipid lavers separated by
aqueous medium. They form spontaneously when phospholipids are suspended in an

excess of aqueous solulion. The hipid components undergo setf-rearrangement before
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the formation of closed structures and entrap water and dissolved solutes between the
fipid bilavers (Ghosh et al., 1991 Glycobiology 5: 505-103. However, compositions
that have different structures in solution than the normal vesicular structore are also
encompassed. For example, the lipids may assume a macellar structure or merely exist
as nonuniform aggregates of lipid molecules. Also contemplated are lipofectamine-
nucleic acid complexes.

Regardless of the method used to introduce exogenous nucleic acids
mito a host cell or otherwise expose a cell to the inhibitor of the present invention, in
order to confirm the presence of the recombinant DNA sequence in the hostcell, a
variety of assavs may be performed. Such assays include, for exarmple, “molecular
biological” assays well known fo those of skill in the art, such as Southem and
Northern blotting, RT-PCR and PCR; “biochemical” assays, such as detecting the
presence or absence of a particular peptide, e.g., by immunological means (ELISAs
and Western blots) or by assavs described herein to wdentify agents falling within the

scope of the invention.

Sources of T cells

Prior to expansion and genetic modification of the T cells of the
mvention, a source of T cells is obtained from a subject. T cells can be obtained from
a number of sources, including peripheral blood mononuciear cells, bone marrow,
hyraph node tissue, cord blood, thymus tissue, tissue from a site of infection, ascites,
pleural effusion, spleen tissue, and tumors. In certain embodiments of the present
invention, any number of T cell lines available in the art, may be used. In certain
embodiments of the present invention, T cells ¢an be oblained from a unit of blood
collected from a subject using any number of technigues known to the skilled artisan,
such as Ficoll™ separation. In one preferred embodiment, cells from the circulating
blood of an mdividual are obtained by apheresis. The apheresis product typiecally
contains lymphocytes, inclading T cells, monocytes, granulocvtes, B cells, other
nucleated white blood cells, red blood cells, and platelets. In one embodiment, the
cells collected by apheresis mav be washed {6 remove the plasma fraction and to place
the cells in an appropnate buffer or media for subsequent processing steps. In one
embodiment of the invention, the cells are washed with phosphate buffered saline
{(PBS). In an altemative embodiment, the wash solution lacks calcium and may lack

magnesium or may lack many if not all divalent cations. Again, surprisingly, initial
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activation steps in the absence of calcium lead to magnified activation. As those of
ordinary skill in the art would readily appreciate a washing step may be accomplished
by methods known 1o those in the art, such as by using a semi-automated “flow-
through” centrifuge (for exarple, the Cobe 2991 cell processor, the Baxter CyvtoMate,
or the Haemonetics Cell Saver 5) according to the manufacturer’s instructions. After
washing, the cells may be resuspended in a variety of biocompatible buffers, such as,
for example, Ca’’~free, Mg”'-free PBS, PlasmaLyte A, or other saline solution with or
without buffer. Alternatively. the undesirable components of the apheresis sample
may be removed and the cells directly resuspended in culture media.

In another embodiment, T cells are 1sclated from peripheral blood
lvmphocytes by lysing the red blood cells and depleting the monocytes, for example,
by centrifugation through a PERCOLL™ gradient or by counterflow centrifugal
elutriation. A specific subpopulation of T cells, such as CD3", CD28", CD4', CD3",
CD45RA", and CD4SROT cells, can be further isolated by positive or negative
selection techniques. For example, in one embodiment, T cells are isolated by
ncubation with anti-CD3/anti-CD28 (e, 3x28}-conjugated beads, such as
DYNABEADS® M-450 CD3/CD28 T, for a timne period sufficient for positive
selection of the desired T cells. In one embodiment, the time period is about 30
minutes. In a further embodiment, the time period ranges from 30 munutes to 36
hours or longer and all integer values there between. In a further embodiment, the
fime pertod is at least 1, 2, 3, 4. 5, or 6 hours. In yet another preferred embodiment,
the time period is 10 to 24 hours. In one preferred embodiment, the incubation time
period is 24 hours. For isolation of T cells from patients with leukemia, use of longer
mncubation fimes, such as 24 hours, can increase cell yvield Longer incubation fimes
may be used to 1solate T cells in any situation where there are few T cells as
compared to other cell types. such in isolating tumor mfiltrating Fymphocytes (TIL)
from tumor tissue or from immune-compromised individoals. Further, use of longer
imcubation times can increase the efficiency of capture of CD8&+ T cells. Thus, by
simply shortening or fengthening the time T cells are allowed to bind to the
CD3/CD28 beads and/or by increasing or decreasing the ratio of beads to T cells (as
described further herein}, subpopulations of T cells can be preferentially selected for
or against at culture initiation or at other time points during the process. Additionally,
by increasing or decreasing the ratio of anti-CD3 and/or anti-CD28 antibodies on the

beads or other surface, subpopulations of T cells can be preferentially selected for or
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against at culture initiation or at other desired time points. The skilled artisan would
recognize that multiple rounds of selection can also be used in the context of this
mvention. In certain embodiments, it mav be desirable to perform the selection
procedure and use the “unselected” cells in the activation and expansion process.
“Unselected” cells can also be subjected to further rounds of selection.

Enrichment of a T cell population by negative selection can be
accomplished with a combination of antibodies directed to surface markers unigue to
the negatively selected cells. One method is cell sorting and/or selection via negative
magnetic immunoadherence or flow cvtometry that uses a cocktall of monocional
antibodies directed to cell surface markers present on the cells negatively selected.
For example, to enrich for €147 cells by negative selection, a monoclonal antibody
cocktail typically includes antibodies to CD14, CD20, CD11b, CD16, HLA-DR, and
CD8. In certain embodiments, it may be desirable to enrich for or positively select for
regulatory T cells which typically express CD4", CD25", CD62L", GITR', and
FoxP3'. Altematively, in certain embodiments, T regulatory cells are depleted by
anti-C25 conjugated beads or other similar method of selection.

For isolation of a desired population of cells by positive or negative
selection, the concentration of cells and surface (e. g, particles such as heads) can be
varied. In certain embodiments, it may be desirable 1o significantly decrease the
volume in which beads and cells are mixed together (7.e., increase the concentration of
cells), to ensure maximum contact of cells and beads. For example, in one
embodiment, a concentration of 2 billion cells/mil is used. In one embodiment, a
concentration of 1 billion cells/ml is used. In a further embodiment, greater than 100
mitlion cells/ml 15 used. In a {urther embodiment, a concentration of ¢cells of 10, 13,
20, 25, 30, 35, 40, 45, or 50 multhion cells/mi 15 used. In vet another embodiment, a
concentration of cells from 75, 80, 85, 90, 95, or 100 million cells/mi is used. In
further embodiments, concentrations of 125 or 150 million cells/ml can be used.
Using high concentrations can resulf in increased cell vield, cell activation, and cell
expansion. Further, use of high cell concentrations allows more efficient capture of
cells that may weakly express target antigens of interest, such as CD¥28-negative T
cells, or from samples where there are many tumor cells present (7. e., leukemic blood,
tumor tissue, efc.). Such populations of cells may have therapeutic value and would
be desirable o obtain. For example, using high concentration of cells allows more

efficient selection of CD8' T cells that normally have weaker CD28 expression.
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In a related embodiment, 1t mav be desirable to use lower
concentrations of cells. By significantly diluting the mixture of T cells and surface
{e.g., particles such as beads), interactions between the particles and cells 15
mimimized. This selects for cells that express high amounts of desired antigens to be
bound to the particles. For example, CD4" T cells express higher levels of CD28 and
are more efficiently captured than CD8' T cells in dihute concentrations. In one
embodiment, the concentration of cells used is 5 X 10%ml. In other embodiments. the
concentration used can be from about 1 X 10°/ml to 1 X 10%ml, and any integer value
in between.

In other embodiments, the cells may be incubated on a rotator for
varving lengths of time at varying speeds at either 2-10°C or at room temperature.

T cells for stimulation can also be frozen after a washing step.
Wishing not to be bound by theory, the freeze and subsequent thaw siep provides a
more uniform product by removing granulocyies and to some extent monocytes in the
cell population.  After the washing step that removes plasma and platelets, the cells
may be suspended in a freezing solution. While many freezing solutions and
parameters are known in the art and will be useful 1n this context, one method
mvolves using PBS containing 20% DMSO and 8% human serum albumin, or culture
media containing 10% Dextran 40 and 5% Dexirose, 20% Human Serum Albumin
and 7.5% DMS(, or 31.25% Plasmalyvte-A, 31.25% Dextrose 5%, 0.45% Na{l, 10%
Dexiran 40 and 5% Dexirose, 20% Human Serum Albumin, and 7.5% DMSO or other
suitable cell freezing media containing for example, Hespan and Plasmalyte A, the
cells then are frozen to -80°C at a rate of 1° per minute and stored in the vapor phase
of a hquid nitrogen storage tank. Other methods of controlled freezing may be used
as well as uncontrolled freezing immediately at -20°C or in liguid mitrogen.

In certain embodiments, cryopreservead cells are thawed and washed as
described herein and allowed 1o rest for one hour at room temperature prior {o
activation using the methods of the present invention.

Also contemplated inn the context of the mvention is the collection of
blood samples or apheresis product from a subject at a time period prior o when the
expanded cells as described herein might be needed.  As such, the source of the celis
to be expanded can be collected at any time point necessary, and desired cells, such as
T cells, isolated and frozen for later use in T cell therapy for any number of diseases

or conditions that would benefit from T cell therapy, such as those described herein.
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In one embodiment a bicod sample or an apheresis is taken from a generally healthy
subject. In certain embodiments, a blood sample or an apheresis is taken from a

generallv healthy subject who 1s at nsk of developing a disease, but who has not vet
developed a disease, and the cells of interest are isolated and frozen for later use. In

certain embodiments, the T cells may be expanded, frorzen, and used at a later time.

In certain embodiments, samples are coliected from a patient shortly after diagnosis of

a particular disease as described herein but prior to any treatments. In a further
embodiment, the cells are isolated from a blood sample or an apheresis from a subject
prior to any number of relevant treatment modalities, including but not limited to
treatment with agents such as natalizumab, efalizumab, antiviral agents,
chermotherapy, radiation, 1mymunosuppressive agents, such as cyvclosporin,
azathioprine, methotrexate, mycophenolate, and FK506, antibodies, or other
immunocablative agents such as CAMPATH, anti-CD3 antibodies, cytoxan,
fludarabine, cyclosporin, FKS06, rapamycin, mycophenolic acid, steroids, FRO01228,
and irradiation. These drugs inhibit either the calcium dependent phosphatase
calcineurin {cyclosporine and FK506) or inhibit the p7086 kinase that is important for
growth factor induced signaling (rapamycin} (Liu et al., Cell 66:807-815, 1991,
Henderson et al., Immun. 73:316-321, 1991; Bierer et al., Curr. Opin. Immun. 3:763-
773, 1993). In a further embodiment, the cells are 1solated for a patient and frozen for
fater use in conjunction with (e g., before, sinnitaneously or following) bone marrow
or stem cell transplantation, T cell ablative therapy using either chemaotherapy agents
such as, fludarabine, external-beam radiation therapy (XRT), cyclophosphamide, or
antibodies such as OKT3 or CAMPATH. In another embodiment, the cells are
isolated prior {0 and can be frozen for tater use for {reatment following B-cell ablative
therapy such as agents that react with CD20, e g, Rituxan.

In a turther embodiment of the present invention, T cells are obtained
from a patient directly following treatrent. In this regard, it has been observed that
following certain cancer treatments, in particular treatments with drogs that damage
the immune system, shortly after ireatment during the period when patients would
normatly be recovering from the treatment, the quality of T cells obtained may be
optiraal or improved for their ability to expand ex vive. Likewise, following ex vivo
marnipulation using the methods described herein, these cells may be in a preferred
state for enhanced engraftment and in vive expansion. Thus, it is contemplated within

the context of the present invention to collect blood cells, including T cells, dendritic
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cells, or other cells of the hematopoietic lineage, during this recovery phase. Further,
i certain embodiments, mobilization {for example, mobilization with GM-CSF) and
conditioning regimens can be used to create a condition in a subject wherein
repopulation, recirculation, regeneration, and/or expansion of particular cell types 15
favored, especially during a defined window of time following therapy. Hlustrative
cell types include T cells, B cells, dendritic cells, and other cells of the immune

systerm.

Activation and Expansion of T Celis

Whether prior to or after genetic modification of the T cells to express
a desirable CAR, the T cells can be activated and expanded generally using methods
as described, for example, in U.S. Patents 6,352.694; 6,534,055, 6,905 ,680;
6,692,964 5,838 358: 6,887.466; 6,905,681: 7.144,575: 7.067.318; 7.172,869:
7,232,566, 7,175,843 5.883.223: 6,905.874: 6.797,514: 6.867.041; and U.S. Patent
Application Publication No. 20060121005,

Generally, the T cells of the invention are expanded by contact with a
surface having attached thereto an agent that stimulaies a CD3/TCR complex
associated signal and a ligand that stimulates a co-stimulatory molecule on the surface
of the T cells. In particular, T cell populations may be stimulated as described herain,
such as by contact with an anti-UD3 antibody, or antigen-binding fragment thereof, or
an anti-CDH2 antibody tmimobilized on a surface, or by contact with a protein kinase C
activator {e.g., bryostating in conjunction with a calcium ionophora. For co-
stimulation of an accessory molecitde on the surface of the T cells, a ligand that binds
the accessory molecule is used. For example, a population of T cells can be contacted
with an anti-CD3 antibody and an anti-CD28 antibody, under conditions appropriate
for stimulating proliferation of the T cells. To stimulate proliferation of either CD4"
T cells or CD8' T cells, an anti-CD3 antibody and an anti-CD28 antibody. Examples
of an anti-CD28 antibody include 9.3, B-T3, XR-CD28 (Diaclone, Besangon, France)
can be used as can other methods commonly known in the art (Berg et al |, Transplant
Proc. 30(8):3975-3977, 1998; Haanen et al., J. Exp. Med. 190(9):13191328, 1999,
Garland et al., . Immunol Meth, 227(1-2):53-63, 1999),

In certain embodiments, the primary stimulatory signal and the co-
stinmulatory signal for the T cell may be provided by different protocols. For example,

the agents providing each signal may be in solution or coupled to a surface. When

44

UPenn Ex. 2047
Miltenyi v. UPenn
IPR2022-00855
Page 55



U

10

20

30

coupled to a surface, the agents mayv be coupled to the same surface {i.e , in “cis”
formation} or to separate surfaces {i.¢., in “trans” formation). Alternatively, one agent
may be coupled {0 a surface and the other agent in solution. In one embodiment, the
agent providing the co~stimulatory signal is bound to a cell surface and the agent
providing the primary activation signal 1s in solution or coupled to a surface. In
certain embodiments, both agents can be in solution. In another embodiment, the
agents may be in soluble form, and then cross-linked 1o a surface, such as a cell
expressing Fo receptors or an antibody or other binding agent which will bind to the
agents. In this regard, see for example, U.S. Patent Application Publication Nos.
20040101519 and 20060034810 for artificial antigen presenting cells (aAPCs) that are
contemplated for use in activating and expanding T cells in the present invention.

In one embodiment, the two agents are immobilized on beads, either
on the same bead, i.e., “cis,” or {o separate beads, i.e., “trans.” By way of example,
the agent providing the primary activation sigoal 1s an anti-CD3 antibody or an
antigen-binding fragment thereof and the agent providing the co-stimulatory signal is
an anti-CE28 antibody or antigen-binding fragment thereof, and both agents are co-
mmobilized to the same bead in equivalent molecular amounts. I one embodiment,
a 1:1 ratio of each antibody bound to the beads for (D4 T cell expansion and T cell
growth is used. In certain aspects of the present invention, a ratio of antt CD3:CD2Z8
antibodies bound to the beads is used such that an increase in T cell expansion is
observed as coropared to the expansion observed using a ratio of 1:1. In one
particular embodiment an increase of from about 1 1o about 3 fold is observed as
compared to the expansion observed using a ratio of 1:1. In one embodiment, the
ratio of CD3:CD28 antibody bound to the beads ranges from 100:1 to 1:100 and all
mieger values there between. In one aspect of the present invention, more anti-CD28
antibody is bound to the particles than anti-CD3 antibody, i.e., the ratio of CD3:CD28
is tess than one. In certain embodiments of the invention, the ratio of anti CD28
antibody to anti CD3 antibody bound to the beads is greater than 2:1. Tn one
particular embodiment, a 1:100 CD3:CD28 ratio of antibody bound to beads is used.
in another embodiment, a 1:75 CD3:CDB28 ratio of antibody bound to beads is used.
In a further embodiment, a 1:50 CD3:CD28 ratio of antibody bound to beads is used.
In another embodiment, a 1:30 CD3:CD28 ratio of antibody bound to beads is used.
iIn one preferred embodiment, a 1:10 CD3:CD28 ratio of antibody bound to beads is

used. In another embodiment, a 1.3 CDB3:CD28 ratio of antibody bound {0 the beads
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is used. In yet another embodiment, a 3:1 CD3:CD28 ratio of antibody bound to the
beads is used.

Ratios of particles 1o cells from 1:500 10 500:1 and any integer values
in between may be used to stimulate T cells or other target cells. As those of ordinary
skill in the art can readily appreciate, the ratio of particles to cells may depend on
particle size relative to the target cell. For example, small sized beads could only bind
a few cells, while larger beads could bind many. In certain embodiments the ratio of
cells to particles ranges from 1:100 to 100:1 and any integer values in-between and in
further embodiments the ratio comprises 1:9 to 9:1 and any integer values in between,
can also be used to stimudate T cells. The ratio of anti-CD3- and anii-CD28-~coupled
particles to T cells that result in T cell stimulation can vary as noted above, however
certain preferred values include 1:100, 1:50, 1:40, 1:30, 1:20. 1:10, 1.9, 118, 1.7, 1.6,
L5 14,13, 102, 11,201,310, 41 81,61, 701, &1,9:1,10:1, and 15:1 with one
preferred ratio being at least 1:1 particles per T cell. In one embodiment, a ratio of
particles to cells of 1:1 or less is used. In one particular embodiment, a preferred
particle: cell ratio 1s 1.5, In further embodiments, the ratio of particles to cells can be
varied depending on the day of stimulation. For example, in one embodiment, the
ratio of particles to cells is from 1:1 1o 10:1 on the {irst dav and additional particles
are added 1o the cells every day or every other day thereafier for up to 10 davs, at final
ratios of from 1.1 to 110 (based on cell counts on the day of addition). Inone
particular ernbodiment, the ratio of particles to cells 15 1:1 on the first day of
stimudation and adjusted to 1:5 on the third and fifth days of stinmilation. In another
embodiment, particles are added on a daily or every other day basis to a final ratio of
1:1 on the first day, and 1.5 on the third and fifth days of stimulation. In another
embodiment, the ratio of particles to cells 1s 2:1 on the first day of stimulation and
adjusted to 1:10 on the third and fifth davs of stimulation. In another embodiment,
particles are added on a daily or every other day basis 1o a final ratio of 1:1 on the first
day, and 1:10 on the third and fifth days of stimulation. One of skill in the art will
appreciate that a variety of other ratios may be suitable for use in the present
mvention. In particular, ratios will vary depending on particle size and on cell size
and type.

In further embodiments of the present invention, the cells, such as T
cells, are combined with agent-coated beads, the beads and the cells are subsequently

separated, and then the cells are cultured. In an alternative embodiment, prior to
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culture, the agent-coated beads and cells are not separated but are cultured together.
in a further embodiment, the beads and cells are first concentrated by application of a
force, such as a magnetic force, resulting in increased higation of cell surface markers,
thereby inducing cell siimulation.

By way of example, cell surface proteins may be higated by allowing
paramagnetic beads to which anti-CD3 and anti-CD28 are attached (3x28 beads} to
contact the T cells. In one embodiment the cells (for example, 10* to 10° T cells) and
beads (for example, DYNABEADS® M-450 CD3/CD28 T paramagnetic beads at a
ratio of 1:1) are combined in a buffer, preferably PBS (without divalent cations such
as, calcium and magnesium). Again, those of ordinary skill in the art can readily
appreciate any cell concentration may be used. For example, the target cell mayv be
very rare in the sample and comprise only 0.01% of the sample or the entire sample
{i.e., 100%) may comprise the target cell of intevest. Accordingly, any cell number i3
within the context of the present invention. In certain embodiments, it mayv be
desirable to significantly decrease the volume m which particles and cells are mixed
together {i.¢., increase the concentration of ceils}, to ensure maximum contact of celis
and particles. For example, in one embodiment, a concentration of about 2 billion
cells/ml 1s used. In another embodiment, greater than 100 roillion cells/ml is used. In
a further embodiment, a concentration of cells of 10, 15, 20, 25, 30, 35, 40, 45, or 50
miilion cells/ml is used. In vet another embodiment, a concentration of cells from 75,
R0, BS, 90, 95, or 100 muilion cells/mi 1s used. In further embodiments,
concentrations of 125 or 150 mullion cells/md can be used. Using high concentrations
can result in increased cell vield, cell activation, and cell expansion. Further, use of
high cell concentrations allows more efficient capture of cells that may wealkly
express target antigens of interest, such as CD28-negative T cells. Such populations
of cells may have therapeutic value and would be desirable to obtain in certain
emnbodiments. For example, using high concentration of cells allows more efficient
selection of CD8&+ T cells that normally have weaker CD28 expression.

In one embodiment of the present invention, the mixture may be
cultured for several hours (about 3 hours) to about 14 days or any hourly integer value
in between, Tn anocther embodiment, the mixture may be cultured for 21 days. In one
embodiment of the invention the beads and the T cells are cultured together for about
eight davs. In another embodiment, the beads and T cells are cultured together for 2-3

days. Several cycles of stimulation may also be desired such that culture time of T

47

UPenn Ex. 2047
Miltenyi v. UPenn
IPR2022-00855
Page 58



U

10

20

30

cells can be 60 days or more. Conditions appropriate for T cell culture include an
appropriate media (¢.g., Minimal Essential Media or RPMI Media 1640 or, X-vivo
15, {(Lonza)) that may contain factors necessary for proliferation and viability,
mcluding serum {e.g., fetal bovine or human serum), interleukin-2 (1L-2), insulin,
IFN-y, IL-4, [L-7, GM-CSF, 1L-10, IL-12, 1L-15, TGFB, and TNF-u or any other
additives for the growth of cells known to the skilled artisan. Other additives for the
growth of cells mclude, but are not limited to, surfactant, plasmanate, and reducing
agenis such as N-acetyl-cysteine and 2-mercaptoethanol. Media can include RPMI
1640, AIM-V, DMEM, MEM, o-MEM, F-12, X-Vivo 15, and X-Vivo 20, Optimizer,
with added armino acids, sodiom pyruvale, and vitanuns, either serum-free or
supplemented with an appropriate amount of serum {or plasma) or a defined set of
hormones, and/or an amount of cytokine(s) sufficient for the growth and expansion of
T cells. Antibiolics, e.g., penicillin and streptomycin, are included only in
experimental cultures, not 1in cultures of cells that are to be infused into a subject. The
target cells are maintained under conditions necessary to support growth, for example,
an appropriate temperature (e.g., 377 {} and atmosphere (e.g., air plus 5% C03).

T cells that have been exposed to varied stimuldation times may exhubit
different characteristics. For example, typical blood or apheresed peripheral blood
mononuclear cell products have a helper T cell population (T, CD4") that is greater
than the cytotoxic or suppressor T cell population (Te, CD8"). Ex vivo expansion of T
cells by stimulating CD3 and CD28 receptors produces a population of T cells that
prior to about days 8-9 consists predominately of Ty cells, while after about days 8-9,
the population of T cells comprises an increasingly greater population of Tp cells.
Accordingly, depending on the purpose of treatment, infusing a subject witha T cell
population comprising predominately of Ty cells may be advantageous. Sumlarly, if
an antigen-specific subsat of T¢ cells has been isolated it may be beneficial {0 expand
this subset {0 a greater degree.

Further, tn addition to CD4 and CDBR8 markers, other phenotypic
markers vary significantly, but in large part, reproducibly during the course of the cell
expansion process. Thus, such reproducibility enables the ability to tailor an activated

T cell product for specific purposes.

Therapeutic Application
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The present invention encompasses a cell {e g, T cell} transduced with
a lentiviral vector (LV). For example, the LY encodes a CAR that combines an
antigen recognition domain of a specific antibody with an miracellalar domain of
CD3-zeta, CD28, 4-18B, or any combinations thereof. Therefore, in some instances,
the transduced T cell can elicit a CAR-mediated T-cell response.

The invention provides the use of a CAR 1o redirect the specificity of a
primnary T cell 1o a tumor antigen. Thus, the present invention also provides a method
for stimulating a T celi-mediated immune response {o a target cell population or tissue
in a mammal comprising the step of administering to the mammal a T cell that
expresses a CAR, wherein the CAR comprises a binding motety that specifically
mieracts with a predeternuned target, a zeta chain portion comprising for example the
miracelhular domain of human CD3zeta, and a costimulatory signaling region,

In one embodiment, the present mvention includes a type of cellular
therapy where T cells are genetically modified to express a CAR and the CAR T cell
1s infused to a recipient in need thereof. The infused cell is able to kill tumor cells in
the recipient. Unlike antibody therapies, CAR T cells are able to replicate in vivo
resulting in long~term persistence that can lead to sustained tumor control.

In one embodiment, the CAR T cells of the invention can undergo
robust i vivo T cell expansion and can persist for an extended amount of time. In
another embodiment, the CAR T cells of the invention evolve into specific memory T
cells that can be reactivated to inhibit any additional tumor formation or growth. For
example, it was unexpected that the CART19 cells of the invention can undergo
robust in vive T cell expansion and persist at high levels for an extended amount of
time in blood and bone marrow and form specific memory T cells. Without wishing
to be bound by any particular theory, CAR T cells may differentiate in vivo into a
central memory-like state upon encounter and subsequent elimination of target cells
expressing the surrogate anfigen.

Without wishing to be bound by any particular theory, the anti-tumor
oty response elicited by the CAR-modified T cells may be an active ora
passive immune response. In addition, the CAR mediated immune response may be
part of an adoptive immunotherapy approach in which CAR-modified T cells induce
an iynune response specific to the antigen binding moiety in the CAR. For example,

a CARTI9 cells elicits an immune response specific agamnst cells expressing CD19.
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While the data disclosed herein specifically disclose lentiviral vector
comprising anti-CD19 scFv derived from FMC63 murine monoclonal antibody,
human CD8w hinge and transmembrane domain, and human 4-1BB and CD3z¢eta
signaling domains, the invention should be construed to include any number of
variations for each of the components of the construct as described elsewhers herein.
That is, the invention includes the use of anv antigen binding moiety in the CAR {0
generate a CAR-mediated T-cell response specific to the antigen binding moiety. For
example, the antigen binding moiety in the CAR of the invention can target a fumor
antigen for the purposes of treat cancer.

Cancers that may be ireated include tumors that are not vascularized,
or not vet substantially vascularized, as well as vascularized tumors. The cancers may
comprise non-solid tumors {such as hematological tumors, for example, leukemias
and lymphomas) or may comprise solid fumors. Types of cancers 1o be treated with
the CARs of the mvention include, but are not houted 1o, caranema, blastoma, and
sarcoma, and certain leukemia or lvmphoid malignancies, benign and malignant
tumors, and malignancies e. g, sarcomas, carcinomas, and melanomas. Adult
tumors/cancers and pediatric tumors/cancers are also included.

Hematologic cancers are cancers of the blood or bone marrow.
Examples of hematological (or hematogenous) cancers include leukemias, including
acute leukemias (such as acute lvmphocyiic leukemia, acuie myelocyiic leukemia,
acute mvelogenous leukemia and mveloblastic, promyvelocytic, myvelomonocyiic,
monocviic and erythroleukenna), chronic leukemias (such as chronic myelocyiic
(granulocytic) leukemia, chronic myelogenous leukemia, and chronie lymphocytic
teukemia), polveythemia vera, lymphoma, Hodglan's disease, non-Hodgkin's
lvmphoma (indolent and high grade forms), multiple mveloma, Waldenstrom's
macroglobulinemia, heavy chain disease, myelodysplastic syndrome, hairy cell
leukemia and myelodysplasia.

Solid turmsors are abnormal masses of tissue that vsually do not contain
cysts or liguid areas. Solid twmors can be benign or malignant. Different types of
solid tumors are named for the type of cells that form them (such as sarcomas,
carcinomas, and lymphomas). Examples of solid tumnors, such as sarcomas and
carcinomas, include fibrosarcoma, myxosarcoma, liposarcoma, chondrosarcoma,
osteosarcoma, and other sarcomas, synovioma, mesothelioma, Ewing's tumor,

feiomyosarcoma, rhabdomyosarcoma, colon carcinoma, lymphoid malignancy,

50

UPenn Ex. 2047
Miltenyi v. UPenn
IPR2022-00855
Page 61



U

10

20

30

pancreatic cancer, breast cancer, lung cancers, ovarian cancer, prosiate cancer,
hepatocellular carcinoma, squamous cell carcinoma, basal cell carcinoma,
adenocarcinoma, sweat gland carcinoma, medaliary thyroid carcinoma, papillary
thyroid carcinoma. pheochromocvtomas sebaceous gland carcinoma, papillary
carcinoma, papiliary adenocarcinomas, medullary carcinoma, bronchogenic
carcinoma, renal cell carcinoma, hepatoma, bile duct carcinoma, choriocarcinoma,
Wilms' tumor, cervical cancer, testicular tumor, seminoma, bladder carcinoma,
melanoma, and CNS tumors (such as a glioma (such as brainstem glioma and mixed
gliomas), ghioblastoma {(also known as glioblastoma multiforme) astrocyioma, UNS
tymphoma, germinoma, medulioblastoma, Schwannoma craniopharyogioma,
ependymoma, pinealoma, hemangioblastoma, acoustic neuroma, oligodendroglioraa,
menangioma, neuroblastoma, retinoblastoma and brain metastases).

In one embodiment, the antigen bind moiety portion of the CAR of the
mvention is designed to treat a particular cancer. For example, the CAR designed to
target C219 can be used to treat cancers and disorders including but are not limited to
pre-B ALL {(pediatric indication}, aduit ALL, mantle cell lvimphoma, diffuse iarge B-
cell tvmphoma, salvage post allogenic bone marrow transplantation, and the hike.

In another embodiment, the CAR can be designed fo target CD22 to
treat diffuse large B-cell lymphoma.

In one embodiment, cancers and disorders include but are not limited
o pre-B ALL (pediatric indication), adult ALL, mantle cell iymphoma. diffuse large
B-cell lymphoma, salvage post allogenic bone marrow transplantation, and the like
can be treated using a combination of CARs that target CD19, CB20, CB22, and
RORIL

I one ernbodiruent, the CAR can be designed to target mesothelin to
treat mesothelioma, pancreatic cancer, ovarian cancer, and the like.

In one embodiment, the CAR can be designed (o target CD33/IL3Ra o
ireat acute myelogenous leukemia and the like.

In one embodiment, the CAR can be designed to target c-Met to treat
triple negative breast cancer, non-small cell fung cancer, and the like.

In one embodiment, the CAR can be designed to target PSMA o {reat
prostate cancer and the hike.

In one embodiment, the CAR can be designed o target Glycolipid F77

1o ireat prostate cancer and the like.
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In one embodiment, the CAR can be designed to target EGFRvill to
treat gliobastoma and the like.

In one embodiment, the CAR can be designed to target GD-2 to treat
neuroblastoma, melanoma, and the like.

In one embodiment, the CAR can be designed o target NY-ES(-1
TCR to treat myeloma, sarcoma, melanoma, and the like.

In one embodiment, the CAR can be designed to target MAGE A3
TCR to treat myeloma, sarcoma, melanoma, and the like.

However, the invention should not be construed to be limited to solely
to the antigen targets and diseases disclosed herein. Rather, the invention should be
construed fo include any antigenic target that 1s associated with a disease where a
CAR can be used to treat the disease.

The CAR-modified T cells of the mvention may also serve as a type of
vaccine for ex vive immunization and/or i vive therapy 1o a manunal. Preferably, the
mammal is a human,

With respect to ex vive immunization, at least one of the following
occurs i vitro prior to admimstering the cell into a mammal: 1} expansion of the cells,
11} introducing a nucleic acid encoding a CAR to the cells, and/or 1) crvopreservation
of the cells.

Lx vive procedures are well known in the art and are discussed more
fully below. Brefly, cells are isolated from a mammal (preferably a human) and
genetically modified (i.e., transduced or transfected in vitro) with a vector expressing
a CAR disclosed herein. The CAR-modified cell can be administered to a
mammalian recipient to provide a therapeutic benefit. The maromalian recipient may

¢ a human and the CAR-modified cell can be autologous with respect to the
ecipient. Alternatively, the cells can be allogeneic, syngeneic or xenogeneic with
respect to the recipient.

The procedure for ex vivo expansion of hematopoietic stem and
progenitor cells is described in U.S. Pat. No. 5,199,942, incorporated herein by
reference, can be applied to the cells of the present invention. Other suitable methods
are known 1n the art, therefore the present invention is not limnited to any particular
method of ex vivo expansion of the cells. Briefly, ex vivo culture and expansion of T
cells comprises: (1) collecting CD34+ hematopoietic stem and progenitor cells from a

mammal from peripheral blood harvest or bone marrow explants; and (2) expanding
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such cells ex vivoe. In addition to the cellular growth factors described in U.S. Pat. No.
5,199,942, other factors such as fii3-L, HL-1, IL-3 and c-kit ligand, can be used for
culturing and expansion of the cells,

In addition to using a cell-based vaccine in terms of ex vive

U

imimunization, the present invention also provides compositions and methods for in
vive immunization to ehicit an immune response direcied against an antigen in a
patient.

Generally, the cells activated and expanded as described herein may be
utilized in the treatment and prevention of diseases that arise in individuals who are
10 wmmunocompromised. In particular, the CAR-modified T cells of the invention are

used in the treatment of CCL. In certain embodiments, the cells of the mveniion are

used in the treatment of patients at risk for developing CCL. Thus, the present

mvention provides methods for the treatment or prevention of CCL comprising

admiristering 1o a subject in need thereof, a therapeutically effective amount of the
15  CAR-modified T cells of the invention.

The CAR-modified T cells of the present mmvention may be
adrministered either alone, or as a pharmaceutical composition in combination with
diluents and/or with other componenis such as 1L-2 or other cyvtokines or cell
populations. Briefly, pharmaceutical compositions of the present invention may

20 comprise a target cell population as described herein, in combination with one or
more pharmaceutically or physiologically acceptable carriers, diluents or excipients.
Such compositions may comprise buffers such as newtral buffered saline, phosphate
butfered saline and the like; carbohvdrates such as glucose, mannose, sucrose or
dexirans, manntiol; proteins: polypeptides or amino acids such as glyeime;

25  antioxidants; chelating agents such as EDTA or glutathione; adjuvants (e.g.,
aluminum hydroxide); and preservatives. Compositions of the present invention are
preferably formulated for intravenous administration,

Pharmaceutical compositions of the present invention may be

administered in a manner appropriate to the disease to be treated (or prevented). The
30 quantity and frequency of administration will be determined by such factors as the
condition of the patient, and the type and severity of the patient’s disease, although
appropriate dosages may be deternuned by clinical trals.

When “an immunologically effective amount”™, “an anti-tumor
effective amount”™, “an tumor-inhibiting effective amount™, or “therapeutic amount™ is
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mndicated, the precise amount of the compositions of the present invention to be
adminisiered can be determined by a physician with consideration of individual
differences in age, weight, tumor size, extent of infection or metastasis, and condition
of the patient (subject). It can generally be stated that a pharmaceutical composition
comprising the T cells described herein may be administered at a dosage of 10 to 10°
cells/kg body weight, preferably 107 to 10° cells/kg body weight, including all integer
values within those ranges. T cell compositions may also be admirnistered multiple
times at these dosages. The cells can be administered by using infusion techniques
that are commonly known in immunotherapy (see, e.g., Rosenberg et al., New Eng. 1.
of Med. 319:1676, 1988). The optimal dosage and treatment regime for a particular
patient can readily be determuned by one skilled in the art of medicine by monitoring
the patient for signs of disease and adjusting the treatment accordingly.

In certain embodiments, 1t may be desired to admunister activated T
cells to a subject and then subsequently redraw blood {or have an apheresis
performed), activate T cells therefrom according to the present invention, and reinfuse
the patient with these activaied and expanded T cells. This process can be carried owt
multiple times every few weeks. In certain embodiments, T cells can be activated
from bleood draws of from 10c¢ 1o 400¢c. In certamn embodiments, T cells are
activated from blood draws of 20c¢c, 30cc, 40cc, 50cc, 60cc, 70cc. 80¢c, 90cc, or
100cc. Mot to be bound by theory, using this multiple blood draw/multipie reinfusion
protocol may serve to select out certain populations of T cells.

The administration of the subject compositions may be carried out in
any convenient manner, including by aerosol inhalation, injection, ingestion,
transfosion, implantation or transplantation. The composttions described herein may

e administered to a patient subcutaneously, intradermally, intratumorally,
miranodally, intramedullary, intramuscularly, by intravenous {i.v.) injection, or
mtraperitoneatly. In one embodiment, the T cell compositions of the present
mvention are adnunistered 1o a patient by mtradermal or subcutanecus injection. In
another embodiment, the T cell compositions of the present invention are preferably
administered by i.v. injection. The compositions of T cells may be mjected directly
mio a tumor, lymaph node, or site of infection.

Inn certain embodiments of the present invention, cells activated and
expanded using the methods described herein, or other methods known in the art

where T cells are expanded to therapeuiic levels, are administered to a patient in
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conjunciion with {e.g, before, simultaneously or following) any number of relevant
treatment modalities, including but not limited to treatment with agents such as
antiviral therapy, cidofovir and interleukin-2, Cytlarabine {also known as ARA-C) or
natalizumab treatment for M8 patients or efalizomab treatment for psoriasis patients
or gther treatments for PML patients. In further embodiments, the T cells of the
mveniion may be used in combination with chemotherapy, radiation,
onunosuppressive agents, such as cyclosporin, azathioprine, methotrexate,
mycophenolate, and FK506, antibodies, or other immumoablative agents such as CAM
PATH, anti-CD3 antibodies or other aniibody therapies, cvtoxin, fludaribine,
cyclosporin, FK506, rapamycin, myvcophenolic acid, steroids, FRO012238, cytokines,
and wrradiation. These drugs inhibit either the calcium dependent phosphatase
calcineurin {cyclosporine and FK 306} or inhibit the p7086 kinase that is important for
growth factor induced signaling (rapamyein) (Liv et al., Cell 66:807-815, 1991;
Henderson et al., Tmmun. 73:316-321, 1991; Bierer et al., Curr. Opin. Imuwnun, 3:763-
773, 1993). In a further embodiment, the cell compositions of the present invention
are administered {o a patient in conjunction with {(e.g., before, simultaneousiy or
following) bone marrow transplaniation, T cell ablative therapy using either
cherotherapy agents such as, fludarabine, external-beam radiation therapy (XRT),
cyclophosphamide, or antibodies such as GKT3 or CAMPATH. In another
embodiment, the cell compositions of the present invention are administered
following B-cell ablative therapy such as agents that react with CD20, e.g., Rituxan.
For example, in one embodiment, subjects may undergo standard treatment with high
dose chemotherapy followed by peripheral blood stem cell transplantation. In certain
embodiments, following the transplant, subjects recetve an infusion of the expanded
inwnune cells of the present invention. fn an additional embodiment, expanded cells
are administered before or following surgery.

The dosage of the above treatments {0 be administiered (o a patient will
vary with the precise nature of the condition being treated and the recipient of the
treatment. The scaling of dosages for human administration can be performed
according to art-accepted practices. The dose for CAMPATH, for example, will
generally be i the range 1 to about 100 mg for an adult patient, usually administered
daily for a period between 1 and 30 davs. The preferred daily dose 1s | to 10 mg per
day although in some instances larger doses of up to 40 mg per day may be used

{described in 1.5, Patent No. 6,120,766}
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EXPERIMENTAL EXAMPLES

The nvention is further described in detail by reference {0 the
following experimental examples. These examples are provided for purposes of
iHustration onlv, and are not intended to be limting uniess otherwise specified. Thus,
the invention should in no way be construed as being limited to the following
examples, but rather, should be construed to encompass any and all variations which
become evident as a result of the teaching provided herein.

Without further description, it is believed that one of ordimary skill in
the art can, using the preceding description and the following illustrative examples,
make and utilize the compounds of the present invention and practice the claimed
methods. The following working examples therefore, specifically point out the
preferred embodiments of the present invention, and are not to be construed as

himiting in any way the remainder of the disclosure.

Example 1. T cells expressing chimeric receptors establish memory and potent

antitumor effects in patients with advanced leukenua

Lymphocytes engineered to express chimeric antigen receptors (CARs)

have demonstrated minimal /7 vivo expansion and antitumor effects in previous
clinical trials. The results presented herein demonstrate that that CAR T cells
containing CD137 have potent non-cross resistant chirucal activity following imfusion

in three of three patients treated with advanced chronic lvmphocytic leukemia (CLL).

The engineered T cells expanded more than a thousand-fold in vive, trafficked to bone

marrow and continoed to express functional CARs at high levels for at least 6 months.
On average, each mfused CAR+ T cell eradicated at least 1000 CLL cells. A CD319
specific immune response was demonstrated in the blood and bone marrow,
accompanied by complete remission in two of three patients. A portion of the cells
persist as memory CAR+ T cells, mdicating the potential of this non-MHC restricted

approach for the effective treatment of B cell malignancies.

The materials and methods emploved in these experiments are now

described.

Materials and Methods
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(eneral laboratory statement

Research sample processing, freezing, and laboratory analyses were
performed in the Translational and Correlative Studies Laboratory at the University of
Peonsylvania which operates under principles of Good Laboratory Practice with

established SOP and/or protocols for sample receipt, processing

o0

freezing, and
analysis. Assay performance and data reporting conforms with MIATA guidelines

(Janetzki et al., 2009, homunity 31:527-528).

Protocol Desion

The clinical trial (NCT01029366) was conducted as diagramed in
Figure §. Patients with CI319 posttive hematologic malignancy with persistent
disease following at least two prior treatment regimens and who were not eligible for
allogeneic stem cell transplantation were ghigible for the tnial. Following tumor
restaging, peripheral blood T cells for CART19 manufacturing were collected by
apheresis and the subjects given a single course of chemotherapy as specified in
Figure 10 during the week before infusion. CART19 cells were administered by
miravenous mfusion using a 3 day split dose regimen (10%, 30% and 60%) at the
dose indicated m Figure 10 and if available, a second dose was admimistered on day
10; only patient UPN 02 had sufficient cells for a second infusion. Subjects were
assessed for toxicity and response at frequent intervals for at feast 6 months. The
protocol was approved by the US Food and Drug Adnumstration, the Recombinant
DNA Advisory Commuttee and the Institutional Review Board of the University of

Pennsvivania. The first day of infusion was set as study Day 0.

Subjects: clinical summary

The clinical summmaries are outlined i Figure 10 and detailed histortes
are provided elsewhere herein. Patient UPN 01 was first diagnosed with stage i B
cell CLL atage 55. The patient was asymptomatic and observead for approximately 1-
1/2 vears until requining therapy for progressive lvmphocyiosis, thrombocviopenia,
adenopathy, and splenomegaly. Over the course of time, the patient received prior
lines of therapy. The most recent therapy was 2 cycles of pentostatin,
cyclophosphamide and rituximab 2 months prior to CART19 cell infusion with a

minimal response. The patient then recetved one cvcle of bendamustine as
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fymphodepleting chemotherapy prior to CART-19 cell infusion.

Patient UPN 02 was first diagnosed with CLL at age 68 when the
patient was presented with fatigue and leukocytosis. The patient was relatively stable
for 4 vears when the patient developed progressive leukocytosis (195,000/ul), anenua
and thrombocviopenia requiring therapy. Karvotypic analvsis showed that the CLL
cells had deletion of chromosome 17p. Because of progressive disease, the patient
was treated with alemtuzumab with a partial response but within one and a half years
the patient had progressive disease. The patient was retreated with alemtuzumab for
18 weeks with a partial response and a 1 year progression free interval. The patient
then received 2 cvcles of bendamusiime with rituximab without a significant response
(Figure 5A). The patient received single agent bendamustine as lvmphodepleting
chemotherapy prior to CART-19 cell infusion.

Patient UPN 03 presented al age 50 with asymptomatic stage I CLL
and was followed with observation for years. The patient had progressive
teukocytosis (white blood count 92,000/ul) and progressive adenopathy requiring
therapy. The patient received 2 cycles of rituximab with fludarabine that resulied in
normalization of blood counts and significant improvement though not complete
resolution in adenopathy. The patient had an approxamately 3 year progression free
mterval. Karyotypic testing showed cells to contain deletion of chromosome 17p with
FISH demonstrating a 753 deletion n 170 of 200 cells. Over the next vears the
patient required 3 different lines of therapy (Figure 10) for progressive leukocytosis
and adenopathy, last receiving alemtuzumab with a partial response 6 months prior
CART19 cell infusion. The patient received pentostatin and cyclophosphamide as

tymphodepleting chemotherapy prior to CART-19 cell infusion.

Yector Production
The CD19-BB-z transgene {GeMCRIS 0607-793) was designed and

constructed as described (Milone et al., 2009, Mol Ther. 17:1453-14643. Leniiviral

vector was produced according to current good manufacturing practices using a three-
plasmid production approach at Lentigen Corporation as described (Zufferey et al.,

1997, Nature biotechnol 15:871-875).

Preparation of CART19 cell product

Methods of T cell preparation using paramagnetic polystyrene beads
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coated with anti-CD3 and anti-CD28 monoclonal antibodies have been described
{Laport et al., 2003, Blood 102: 2004-2013). Lentiviral transduction was performed
as described (Levine et al., 2006, Proc Natl Acad Sci U S A 103:17372-17377).

Methods for tumor burden calculation

CLL burden at baseline was estimaied as shown in Figure 10. The
amount of CLL cells were calculated mn bone marrow, blood, and secondary lymphoid
tissues as described below.

Bone marrow: In healthy adults, the bone marrow represents
approximately 5% of total body weight (Woodard et al., 1960, Phys Med Biol, 5.57-
39; Bigler et al., 1976, Health Phyvs 31:213-218). The bone marrow in iliac crest
samples has an increasing percentage of inactive (fatty) marrow with age, rising from
20% of the total marrow at age 5 to about 50% by age 35, when i remains stable until
age 63, and then rises to about 67% nactive marrow by age 75 (Hartsock et al., 1963,
Am J Chin Path 43:326-331). The international reference value for the total skeletal
weight of active {red) and inactive (fatty) marrow for males at age 35 is currenily set
at 1170g and 2480¢, respectively (Basic anatomical and physiological data for use in
radiological protection: The Skeleton 1n Annals of the ICRP, Vol. 25 (ed. Smith, H.)
58-68 (A report of a Task Group of Committee 2 of the Intemational Commnussion on
Radiological Protection, Oxford, 1995)). Adult males between ages 35 to 65 have
marrow that represents 5.0% total of body weight, comprised of 1.6% as active (red)
marrow and 3.4% as inactive {fatty) marrow (Basic anatomical and physiological data
for use in radiological protection: The Skeleton in Annals of the ICRP, Vol. 25 (ed.
Saith, H.) 58-68 (A report of a Task Group of Committee 2 of the International
Commussion on Radiological Protection, Oxford, 1995)). Based on the bone marrow
biopsy and aspirate specimens, the weight of CLL cells for the three patients at
baseline was calculated as shown in the Table 1. These estimates of total CLL
marrow mass were then converted {o total CLL cell number in the marrow using 1Kg
= 10" cells, and the resulting numbers are shown in Figure 10. These calculations are
based on the assumption that the CLL has a uniform distribution in the bone marrow.
For patient UPN 01, calculations are shown for a marrow biopsy that was obtained
before bendamustine chemotherapy, and for an aspirate obtained after bendamustine
and pre-CART19 infusion. The numbers are less precise for the day-1 aspirate

compared to the day -14 biopsy specimen due to technical limitations of the day-1
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aspirate. Patient UPN 02 had a single pre-treatment biopsy specimen showing
complete replacement of marrow by CLL. This patient had an unchanged specimen
on day 30 post CART19. The marrow burden for patient UPN 03 was calculated

based on a post-chemotherapy and pre-CART19 biopsy.

Table 1: Marrow Mass

U

Wiof .&cﬁw Marrow W of inactive Marrow Tmﬁb BTN
&gl (kg g}

2]
G
27

RO nutiadany Fi8 EE S

Wi of CLL (5g

Blood: Only patient UPN 02 had substantial CLL turoor burden in the

blood pre-C ART19 infusion. Flow cytometry showed that the cells had a typical
phenotype as a clonal population with a dim surface kappa-restricted CB5+ CD10-
10 CDIo+ CD20(dim)y+ CD23(vaniable)+ IgM-B cell population. Approximately 35%
of the CLL cells coexpressed CD38. The CLL burden did not clear with 3 cycles of
bendamustine chemotherapy and was present af the time of CARTI9 infusions. At
the time of CART19 infusion, the CLL count in blood was 55,000 cells/uL.
Assuming a blood volume of 5.0 L, patient UPN 02 had 2.75x10"'CLL cells in blood
15  onday 0. Given the normal overall WBC in patients UPN 01 and 03, the circulating
disease burden in these patients was not calculated, which would lead to a shght
underestimate of total body burden.
Secondary lymphoid fissues. The volume of lymphadenopathy and
splenomegaly was quantified on axial CT scans using FD'A-approved software. The
28 volumes are for chest, abdomen and pelvis only. Masses from the T1 veriebral body
to the level of the bifurcation of the conwmon femoral artery were measured i all
patients, and in some, the nodes in the inguinal area were also included. Nodes in the

head/meck and extremities were excluded from analysis and excluded from the
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baseline CLL target cell number, which would also lead to a slight underestimate of
total body burden. Patients UPN 01 and 03 have had sustained complete remissions
beyond 6 months, and thus the formula (baseline volume -month 3 volume) was used
to deternmine the reduction in tumor burden from baseline; patient UPN 02 had stable

disease in adenopathy, and thus the baseline tumor mass is estimated by subtracting

U

the reference spienic volume from age matched healthy males (Harris et al., 2010, Eur

J Radiol 75:e97-2101). Baseline tumor mass was converted to CLL cells using a

density approach {1 Kg/L density, and 1 Kg = 1012cells) cells or a volume approach

(CLL cells are 10 uM diameter or 600 fL, assuming spherical shape}, and both values
10 presented in Figure 10, The tumor volumes in secondary lymphotd tissues in the

three patients are shown below in Table 2 as calculated from the available CT scans.

Tuble 2: Tumor Volumes

LN volume Spleen volume Total volumm

Patient  Study Day tmm3) {mm3} {mmad}

1 month 111525 AT1200 483728

The baseline CT scan for patient UPN 01 was performed 8 days after 2
15 cveles of pentostatin/ cvclophosphamide/ rituximab, and showed no response to this
chernotherapy regimen compared to the previous CT scan. The patient had one cycle
of bendamustine before CARTI9, and thus, the change in tumor volume from Day -
37 to Day +31 for UPN 01 cannot exclude the potential contribution of the
bendamustine as well as CART19. Similarly, the change in turnor volume for UPN
20 03 reflects the combined effect of 1 cycle of pentastatin/ cvclophosphamide and

CARTI9.

Method for estiimating effective 1n viveo E:T ratio in patients
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The E:T ratio of infused CAR T cells to the number of tumor cells
kilied was calculated using the number of tumor cells present at the time of CAR T
cell injection and the number of CAR T cells injected (Carpenito et al., 2009, Proc
Natl Acad Sci U 8 A 106:3360-3365). For the present invention, the number of
CART1I9+ T cells injected as shown on Figure 10 was used because ii is not possible
to determine the absolute number of CART19+ T cells present in vive with sufficient
accuracy or precision. The available data on CARTIY expansion in blood and
marrow 1S robust as depicted i Figure 2 and Figure 6. Howaver it was not possible to
determine the trafficking of CART19 to other sites such as secondary lymphoid
tissues, creating substantial uncertainty on the total number of CARTIY celis achieved
in vive at the time of maximal tumor reduction. The calculated values from Table 3

were used to derive the effective E:T ratios.

Table 3: Calculated CART 19 E: T ratios achieved in vivo

B rrarow
Rasedion

1 = average of density and volume method

2 = Patient UPNOZ did not respond in bone marrow and had a partial reduction in
adenopathy (3. 1E+11 cells) in the tumor masses measured by CT in spleen and lymph
nodes. See Figure 5A for response in blood.

Sample processing and freczing

Samples {peripheral blood, marrow) were collected in lavender top
(KZEDTA,) or red top (no additive} vacutainer tubes {(Becton Dickinson) and
delivered to the TCSL within 2 howrs of draw. Samples were processed within 30
mirutes of receipt according to established laboratory SOP. Peripheral blood and
marrow mononuclkear cells were purified via Ficoll density gradient centrifugation
using Ficoll-Paque (GE Health care, 17-1440-03} and frozen in RPMI (Gibco 11875-
135} supplemented with 4% human serum altbumin (Gemint Bio-Products, 800-120),

2% Hetastarch (Novaplus, NDC0409-7248-49), and 10% DMSO (Sigma, D2650)
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using 5100 Cryo 1° freezing containers; after 24-72 hours at -80° C, cells were
transferred to liquud Nitrogen for long-term storage. Apheresis samples were obtained
through the Hospital of the Umiversity of Penmsylvania Blood Bank and processed in
the CVPF by Ficoll gradient purification and frozen as above. Viability immediately
post-thaw was greater than 85% when assessed. For serum isolation, samples were
allowed to coagulate for 1.5-2 hours at room temperature; serum isolated by
centrifugation, and single use 100 pl aliquots frozen at -80° C.

Cell lines

K362 (CML, CD19-negative) was obtained from ATCC (CCL-243).
KS562/CD19, a generous gift of Carmine Carpenito, and is K562 lentivirally
transduced at 100% frequency to express the CD19 molecule. NALM-6, a CD19-
positive non-1, non-B ALL precursor B cell line (Hurwitz et al., 1979, Int J Cancer
23:174-180), and confirmed to express the CD19 antigen was a generous gift of
Laurence Cooper. The above cell lines were maintained in R10 medium (RPMI 1640
{Gibeco, 11875) supplemented with 10% fetal bovine serum (Hvclone), and 1% Pen-
Strep (Gibeo, 15140-122). Peripheral mononuclear cells (ND365} from a healthy
donor were obtained by apheresis from the Haman Immumology Core at the

University of Pennsylvania, processed, and frozen as above,

DNA isolation and O-PCR analvsis

Whole-blood or marrow samples were collected in lavender top
{(K3EDTA) BD vacutainer tubes {(Becton Dickinson). Genomic DNA was 1solated
directly from whole-blood using QlAamp DNA blood midi kits (Qiagen) and
established laboratory SOP, quantified by spectrophotometer, and stored at ~80°C. Q-
PCR analysis on genomic DNA samples was performed 1o bulk using 123-200 ng
genomic DNA/time-point, ABI Tagman technology and a validated assay to detect the
mtegrated CD19 CAR transgene sequence. Pass/{ail parameter ranges, including
standard curve slope and r* values, ability to accurately quantify a reference sample
(1000 copies/plasmid spike) and no amplification in healthy donor DNA samiple were
calculated from the qualification studies and pre-established acceptance ranges.
Primer/probes for the CD 19 CAR transgene were as described (Milone et al., 2009,
Mol Ther 17:1453-1464). To determine copy number/unit DNA an 8-point standard
curve was generated consisting of 10°-3 copies lentivirus plasmid spiked into 100 ng

non-transduced control genomic DNA. Each data-point (samples, standard curve,
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reference samples} was evaluated in triplicate with average values reported. For
patient UPW 01, all reported values were derived from a positive Ct value in 3/3
replicates with % CV less than 0.46%. For patient UPN 02, with the exception of the
dav +177 sample (2/3 replicates positive, hugh % CV), all reported values were
derived from a positive Ct value in 3/3 replicates with % CV less than 0.72%. For
patient UPN 03, with the exception of the day +1 sample (2/3 replicates positive,
0.8% CV) and the dav +3 sample (2/3 replicates positive, 0.67% CV), all reported
values were derived from a posttive Ct value in 3/3 replicates with % CV less than
1.56%. The lower limat of guantification (LLOQ) for the assay was determined from
the standard curve at 2 copies/microgram DNA (10 copies/200 ng mput DNAY,
average values below LLOQ (i.e. reportable not quantifiable) are considered
approximate. A parallel amplification reaction to control for the quality of
mterrogated DNA was performed using 12-20 ng input genomic DNA, a primer/probe
combination specific for non-transcribed genomic sequence upstream of the
CDKNIA gene (GENEBANK: Z85996 ) (sense primer:
GAAAGCTGACTGCCCCTATTTG; SEQ ID NQ. 235, antisense primer:
GAGAGGAAGTGCTGGGAACAAT: SEQ ID NG 26, probe: VIC- CTC CCC AGT
CYC TTT: SEQ ID NO. 27), and an 8 point standard curve created by dilution of
control genonic DNA; these amplification reactions produced a correction factor
{CF) {(ng detected/ng inpui}. Copies transgene /microgram DNA were calculated

according to the formula: copies calculated from CDN9 standard curve/input DNA

(ng) x CF x 1000 ng. Accuracy of this assay was deternuned by the ability to quantify

marking of the infused cell product by Q-PCR according to the formula: Average
marking = detected copies/input DNA < 6.3 pg DNA/male somatic cell x CF versus
transgene positivity by flow cvtometry using CAR-specific detection reagents. These
blinded determinations generated 22 68% marking for the UPN Olinfusion product
(22.6% by flow cytometry}, 32.33% marking for UPN 02 infusion product (23% by
flow cytometry), and 4.3% marking for the UPN 03 infusion product (4.7% marking

by flow cytometrv).

Cyvtokine analyses

Quantification of soluble cytokine factors was performed using
Lununex bead array technology and kits purchased from Life technologies

{Invitrogen). Assays were performed as per the manufacturer protocol with an 8 point
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standard curve generated using a 3-fold dilution series. Fach standard point and
sample was evaluated in duplicate at 1.3 dilution; calculated % CV for the duplicate
measures were less than 15%. Data were acquired on a Bioplex 200 and analyzed
with Bioplex Manager version 5.0 software using S-parameter logistic regression
analysis. Standard curve quantification ranges were defermined by the 86-120%
{observed/expected value) range. Individual analvte quantification ranges are

reported m the Figure legends.

Cellular assay to detect CAR funchion

Cells were evaluated for functionality after thaw and overnight rest in
TCM by measuring CB107 degranulation in response to target cells. Degranulation
assays were performed using 1 x 10°PBMC and 0.25 x 10° target cells in a final
volume of 500 ul in 48-well plates for 2 hours at 37°C in the presence of CD349d
{Becton Dickinson), anti-CD28, monensin {e-Bioscience) and CD107a-FITC antibody
{eBiosciences) essentially as described (Betts et al., 2003, § Immunol Methods
281:6578).

Antibody reagents

The following antibodies were used for these studies: MDA-CAR, a
murine antt CD19 CAR antibody conjugated to Alexa647 was a generous gift of Drs,
Bipulendu Jena and Laurence Cooper (MD Anderson Cancer Center). For multi-
parametric immunophenotyping and finctional assays: anti-CD3-A700, anti-CDS-PE-
Cv7, anft-PD-1-FITC anti-CD25-AF488, anti-CD28-PercP-{y5.5, anti-CD57-eF450,
anti-CD27-APC-eF780, anti-CD17-APC-eF780, anti-CID45R A-eFG0SNC, CD107a-
FITC (@l from e-Bioscience), anti~-CD4-PE-Texas Red and Live/Dead Aqua (from
Life Technologies) and anti-CD14-V500, anti-CD16-V 300 (from Becton Dhckinson}.
For general immunophenotyping: CD3-PE, CD14-APC, CD14-PE-Cy7, CDI6-FITC,
CD16PE-Cy7, CDI19-PE-Cy7, CD20-PE, all from Becton Dickinson,

Multi-parameter flow cviometrv

Cells were evaluated by flow cvtometry either fresh after Ficoll-Paque
processing or, if frozen, after overnight rest at a density of 2 x 10°cells/mi in T cell
medium (TCM) (X-vivo 15 (Lonza, 04-418Q) supplemented with 5% human AB
serum {Gem{all, 100-512), 1% Hepes {Gibeo, 15630-0803, 1% Pen-Strep (Gibeo,
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15140-122), 1% Glutamax (Gibco, 35050-061), and 0.2% N-Acetyl Cysteine
{American Regent, ND{0517-7610-03). Multi-parametnc immunophenotyping was
performed on 4 x 10°total cells/condition, using FMO stains as described in the text.
Cells were stained at a density of 1 x 10° cells/100 1l PBS for 30 minutes on ice using
antibody and reagent concentrations recommended by the manufacturer, washed, re-
suspended in 0.5% paraformaldehyde and acquired using a modified LSRII (BD
Immunocytometry svstems) equipped with Blue (488 nm) Violet (405 nm), Green
(532}, and Red (633 nm) lasers and appropriate filter sets for the detection and
separation of the above antibody combinations. A minimum of 100,000 CD3+ cells
were acquired) for each stain. For functional assays, cells were washed, siained for
surface markers, re-suspended in 0.5% paraformaldebvde and acquired as above; a
minimum of 50,000 CD3+ events were collected for each staining condition,
Compensation values were established using single antibody stains and BD
compensation beads (Becton Dickinson) and were calculated and applied
automatically by the instrument. Data were analyzed using FlowJo software {Version
8.8.4, Treestar). For general immunophenotyping cells were acquired using an Accuri
C6 cvtometer equipped with a Blue (488) and Red (633 nm) laser. Compensation
values were established using single antibody stains and BD compensation heads
{Becton Dickinson) and were calculated manually. Data were analvzed using C-Flow

software analvsis package {version 1.0.264.9, Accuri cytometers).

Patient past medical histories and response to therapy

The chinical treatment summarnes are outlined in Figure 10. Patient
UPN 01 was first diagnosed with stage I B cell CLL at age 55. The patient was
asymptomatic and observed for approximately 1-1/2 vears until requiring therapy for
progressive lymphocytosis, thrombocytopenia, adenopathy, and splenomegaly. After
4 cycles of fludarabine the patient had complete normalization of blood counts and a
complete response by CT scans. Progression was noted within 5 months with
asymptomatic lymphocviosis, thrombocviopenia, and increasing adenopathy. The
patient was observed without symptoms for approximately 3 vears, and later required
treatment with Rituwimab and fludarabine for progressive leukocytosis, anemia, and
thrombocytopenia. The patient was treated with 4 cycles of nituximab with
fludarabine with partial improvement in blood counts. The patient again had

progression within one vear requiring therapy manifested by leukocyiosis (WBC
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150,000/uly and thrombocytopenia {platelets 30,000/ul} and was treated with
alemtuzumab with normalization of blood counts. Progression was noted within 13
months. The patient then received single agent rituximab without a significant
response and followed by nitwamab, cyclophosphamide, vincnstine, and prednisone
{R-CVP) for 2 cycles with minimal response and followed by lenalidomide.
Lenalidomide was discontinued because of toxicity. The patient recetved 2 cveles of
pentostatin, cvclophosphanude and rituximab with a miramal response.

Later, the patient received bendamustine as lymphodepleting
chemotherapy 4 days prior to CARTI9 cell infusion. Prior to therapy, WBC was
14,200/ul, hemoglobin 11.4 gwv/dl, platelet count 78,000/ul and ALC was 8000/ul.
The CT scan showed diffuse adenopathy and bone marrow was extensively infiltrated
with CLL (67% of cells). The patient received 1.6 x 10’ CART-19 cells/kg (1.13 x
10" total CARTIY cells as assessed by FACS). There were no infusional toxicities.
The patient became neutropenic approxirnately 10 days after bendamustine and 6 days
after CART19 cell infusions, and beginning 10 days after the first CART19 infusion,
the patient developed fevers, rigors and transient hvpotension. At the same time, a
chest X-ray and CT scan demonstrated a left upper lobe pneumonia treated with
antibiotics. The fevers persisted for approximatelv 2 weeks and resolved when there
was neutrophil recovery. The patient has had no further infectious or constitutional
symptoms.

The patient achieved a rapid and complete response as depicted in
Figure 5. Between 1 and 6 months after infusion no circulating CLL cells have been
detected in the blood by flow cytometry. Bone marrow at 1, 3 and 6 months after
CART-19 cell infusions shows susiained absence of the lymphocytic imfiltrate by
morphology and flow cytometry testing. The CT scans at 1 and 3 months after
mfusion show complete resolution of abnormal adenopathy. The patient has had a
persistent leukopenia (WBC 1000-3900/ul} and thrombocytopenia (plateleis
~100,000/ul), and mild hypogammaglobulinia (IgG 525 mg/dL, normal 650-2000
mg/dL) but no infectious complications.

Patient UPN 02 was treated with CART19 cells at age 77. The patient
had a relevant history of coronary artery disease and was first diagnosed with CLL in
2000 at age 68 when the patient presented with fatigue and leukocytosis. The patient
was relatively stable for 4 years when the patient developed progressive leukocytosis

{195,000/ul}, anemia and thrombocyvtopenia requiring therapy. Genetic testing at that
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time showed that the CLL cells had deletion of chromosome 17p. Because of
progressive disease, the patient was treated with a 12 week course of alemtuzumab
with a partial response and improvement in blood counts. Within one and a half vears
the patient had progressive leukocytosts, anemia, thrombocytopenia, and
splenomegaly. Karyotyvpic analysis confirmed defetion of chromosome 17p now with
a deletion of chromosome 13g. The patient was retreated with alemivzumab for 18
weeks with iraprovernent of leukocytosis and stabilization of anenua and
splenomegaly. The patient had evidence of progressive leukocytosis, anemia, and
thrombocytopenta within one year. Treatment included 2 cycles of bendamustine
with rituximab resulling in stable disease but no significant improvement as shown in
Figure 5A.

The patient received bendamustine alone as lymphodepleting
chemotherapy prior to CART-19 cell infusion. The patient received 4.3 x 10°
CART19 cells/kg (4.1 x 10%total cells) in 3 split infusions corplicated by transient
fevers as high as 102° degrees for 24 hours. On day 11 after the first infusion, the
patient received a boost of 4.1x10% (4.3x10%kg) CARTI9 cells and this infusion was
complicated by {evers, rigors and shortness of breath without hypoxia requiring a 24
hour hospitalization. There was no evidence for cardiac ischemia, and the symptoms
resolved. On day 15 after the first CART-19 infusion and day 4 after the boost
CARTI9 cell infusion the patient was admitted to the hospital with high fevers {(up to
104° F), chills and nigors. Extensive testing with blood and urine cultures and CXR
failed to identify a sowrce of infection. The patient complained of shortness of breath
but had no hypoxia. An echocardiogram showed severe hypokinesis. Ejection
fraction was 20%. The patient received prednisone 1 mg per kilogram for one day
and 0.3 mg per kilogram for approximately one week. This resulted in rapid
resolution of fevers and cardiac dyvstinction.

Coincident with the onset of high fevers, the patient had a rapid
drop in lymphocytes from peripheral blood as depicted in Figure SA. Although the
patient had normalization of white blood count, the patient had persistent
circulating CLL, stable moderate anenuia and thrombocytopenia. Bone marrow
showed persistent extensive infiltration of CLL one month afler therapy despite
dramatic peripheral blood cytoreduction, and C'T scans showed a partial reduction
of adenopathy and splenomegaly. Five months after CART19 cell infusions the

patient developed progressive lvmphocyiosis. Nine months after infusions the
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patient has lymphocytosis (16,500/ul) with stable modest anemia and
thrombocytopenia with stable adenopathy. The patient remains asvmptomatic and
has not had further therapy.

Patient UPN 03 was diagnosed with asymptomatic stage I CLL at
age SO and was followed with observation for 6 vears. Later, the patient had
progressive leukocviosis (white blood count 92,000/ul} and progressive
adenopathy requiring therapy. The patient received 2 cyvcles of rituximab with
fludarabine that resulted in normalization of blood counts and significant
improvement though not complete resolution in adenopathy. The patient had
approximately a3 vear progression free interval followed over the next 6 months
by rapidly progressive leukocytosis (WBC 163,000/ul) and progressive
adenopathy requiring therapy. The patient received one cvcle of fludarabine and 3
cycles of nituximab with fludarabine with normalization of blood counts and
resolution of palpable adenopathy. The patient had an approximate 20 month
progression free interval until the patient again developed rapidiy prograssing
feukocyiosis and adenopathy. At this time, bone marrow was extensively
miiltrated with CLL and karvotypic analysis showed cells to contain deletion of
chromosorae 17p with FISH demonstrating a 7253 deletion in 170/200 cells. The
patient received one cyele of rituximab with bendamustine followed by 4 cycles of
bendamustine only {due {0 a severe allergic reaction to rituximab). The patient had
mmitial normalization of blood counts but shortly after discontinuation of therapy
had progressive leukocyiosis and adenopathy.

Autologous T cells were collected by apheresis and cryopreserved
from Patient UPN3. The patient was then treated with alemtuzurmab for 11 weeks
through with an excellent hematologic response. There was tmprovement though
not complete resolwtion in adenopathy. The patient had active but stable disease
over the next 6 months. Later, the patient received pentostatin and
cyclophosphamide as Ivmphodepleting chemotherapy prior to CARTIY cell
mfusion.

Three days after chemotherapy but prior to cell infusion, the bone
marrow was hypercellular (60%) with approsimately 40% involvement by CLL.
Because of manufacturing lumitations inherent i apheresis collections from CLL
patients as depicted in Table 3 and (Bonvhadi et al., 2005, ] Immunol 174:2366-
2375), the patient was infused with a total of 1.46 x 10°CART19+ cells per kg
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(1.42 x 10 total CART19+ cells) over 3 days. There were no infusional toxicities.
Fourteen davs after the first infusion, the patient began having chills, fevers as high
as 102°F, rigors, nausea and diarrhea treated symptomatically. The patient had no
respiratory or cardiac sympioms. By day 22 after infusion, a tumor lysis syndrome
was diagnosed manifested by an elevated LDH, uric acid, and complicated by
renal insufficiency. The patient was hospitalized and treated with fluid
resuscitation and rashuricase with rapid normalization of uric acid and renal
function. A detailed clinical evaluation with a CXR, blood., urine, and stool
cultures were performed and were all negative or normal.

Within 1 month of CART-19 infusions, the patient had clearance of
circulating CLL from the blood and bone marrow by morphology, flow cytometry,
cytogenetic, and FISH analvysis and CT scans showed resolution of abnormal
adenopathy (Figure 5C). The patient’s remission has been sustained bevond 8 months
from the mitial CARTI® cell infusion.

The results of the experiments are now described.

Chinical protocol

Three patients with advanced, chemotherapy-resistant CLL were
enrolled on a pilot chinical trial as depicted in Figure 1. All patients were extensively
pretreated with various chemotherapy and biologic regimens as shown in Figure 10.
Two of the patients had p53 deficient CLL, a deletion that portends poor response to
conventional therapy and rapid progression {(Dohner et al., 1995, Blood, 851580-
1589). Each of the patients had farge tumor burdens following the preparative
chemotherapy, inchuding exienstve marrow infiltration (40 to 95%) and
lvmphadenopathy; patient UPN 02 also had significant peripheral lymphocvtosis.

The CARTIO T cells were prepared as depicted in Figure 1B and details of the cell
manufacturing and product characterization for each patient are shown in Table 4. All
patients were pretreated 1-4 davs before CARTIY T cell infusions with
fymphodepleting chemotherapy. A split dose cell infusion schedule was used because
the trial testing 8 CAR incorporating a 4-1BB costimulatory signaling domain as

depicted in Figure 1A,

Table 4. Apheresis products and CARTI9 product release criteria
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n vive expansion and persistence

of CARTI® and raffickine to bone marrow

CAR~+ T cells expanded using CD3/CD2¥ beads and expressing a 4-

IBB signaling domain is believed to be in improvement to CARs lacking 4-1BB. A

(3-PCR assay was developed to enable quantitative tracking of CART19 cells in blood

and bone marrow. All patients had expansion and persistence of the CART19-cells in

blood for at least 6 months as depicted in Figures 2A and 2C. Notably, patients UPN

Ol and UPN O3 had a

1,000 to 10,000 fold expansion of CAR+ T cells in blood during

the first month post infusion. The peak expansion levels coincided with ouset of the

post-infusion clinical symptoms in patient UPN 01 (day 15) and patient UPN 03 {day

23}, Furthermore, {ollowing an initial decay that can be modeled with first order

kinetics, the CART19 T cell levels stabilized 1n all 3 patients from day 90 to 180 post
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mfusion. Significantly, the CARTIO T cells also trafficked to bone marrow in all
patients, albeit at 5-to 10-fold lower levels than observed i blood as depicted in
Figures 213 through 2F. Patients UPN 01 and 03 had a log linear decay in the

marrow, with a disappearance T2 of ~35 days.

Induction of specific immune responses in the blood and bone marrow compartments

following CART19 mfusion

Serum samples from all patients were collected and batch analvzed
to quantitatively determine cyiokine levels, assessing a panel of cvickines,
chemolanes, and other soluble factors to assess potential toxicities and to provide
evidence of CARTI19 cell function as depicted in Figure 3. Of thirty analvtes tested,
eleven had a 3-fold or more change from baseline, including 4 cytokines (JL-6, INF-
v, TL-8 and TL-10), S chemokines (MIP-1g, MIP-15, MCP-1, CXCLS, CXCLIO)
and soluble receptors for {L~1Ra and IL-2Ra. Of these, interferon~y had the largest
relative change from baseline. Interestingly, the peak time of cytokine elevation in
UPN 01 and UPN 03 correlated temporally with the previously described clinical
syraptoms and the peak levels of CART1Y cells in the blood i each patient. Only
modest changes were noted in patient UPN 02, perhaps as a result of corticosteroid
treatment given to this patient. Elevation of soluble IL-2 was not detected in the
serum of the patients, even though one of the pre-clinical rationales for developing
CAR+ T cells with 4-1BB signaling domains was the reduced propensity to trigger
1L-2 secretion compared to CD28 signaling domains (Milone et al., 2009, Mol Ther.
17:1453-1464). This may be relevant to sustained chnical activity as previous
studies have shown that CAR+ T cells are potentially suppressed by regulatory T
cells (Lee et al., 2011, Cancer Res 71:2871-2881), cells that could be ehicited by
CARs that secrete substantial amounts of IL-2 or by the provision of exogenous IL-
2 post-infusion. Finally, a robust induction of cytokine secretion in the supernatants
from bone marrow aspirates of UPN 03 was observed as depicted n Figure 3D that
also coincided with the development of tumor lysis syndrome and complete

remission.

Prolonged expression and establishment of a population of memory CART19 cells

in blood

A central question in CAR-mediated cancer immumotherapy is
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whether optimized cell manufactunng and costimulation domains enhance the
persistence of genetically modified T cells and permit the establishment of CAR+
memory T cells in patients. Previous studies have not demnonstrated robust
expansion, prolonged persistence and/or expression of CARs on T cells after
infusion (Kershaw et al., 2006, Clin Cancer Res 12:6106-6113; Lamers et al., 2006,
J Clin Oncol 24:e20-e22; Till et al, 2008, Blood, 112, 2261-227%; Savoldo et al |
2011, J Clin Invest do1:10.1172/3C146110). Flow-cytometric analvsis of samples
from both blood and marrow at 169 davs post infusion revealed the presence of
CARI9 expressing cells in UPN 03 (Figures 4A and 4B}, and an absence of B cells
as depicted in Figure 4A. Notably, by Q-PCR assay, all three patients have
persisting CAR+ cells at 4 months and bevond as depicted in Figures 2 and Figures
6. The in vive frequency of CAR+ cells by flow cytometry closely matched the
values obtained from the PCR assay for the CARTI9 transgene. Tmportantly, in
patient UPN 03, only CD3+ cells expressed the CAR19, as CARI9+ cells were not
detectable in CD16-or CD14-positive subsets as depicted in Figure 4A. CAR
expression was also detecied on the surface of 4.2% of T cells in the blood of
patient UPN 01 on dav 71 post infusion as depicted in Figure 7.

Next, polychromatic flow cyvtometry was used to perform detailed
studies to further characterize the expression, phenotype, and function of CARTI9
cells in UPN 03 using an anti-CAR idiotype antibody (M A-647) and a gating
strategy shown in Figure 8. Notable differences in the expression of memory and
activation markers in both CD8+ and CD4+ cells based on CARI19 expression was
observed. Atday 56, CART19 CD8+ cells displaved primarily an effector memory
phenotype (CCRT7-CD27-CD28-) consistent with prolonged and robust exposure to
antigen as depicted in Figure 4C. In contrast, CAR-negative CD8+ cells consisted
of mixtures of effector and central memory cells, with CCR7 expression in a subset
of cells, and substantial numbers in the CD27+/CD28-and CD27+/CD28&+ fractions,
While both CART19 and CAR-negative cell populations substantially expressed
CD57, this molecule was uniformly co-expressed with PD-1 in the CART19 cells, a
possible reflection of the extensive replicative history of these celis. In contrast to
the CAR-negative cell population, the entirety of the CARTI19 CD8&+ population
tacked expression of both CD25 and CD127. By day 169, while the phenotype of
the CAR-negative cell population remained similar to the day 56 sample, the

CART19 population had evolved to contain a minority population with features of
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central memory cells, notably expression of CCR7, higher levels of CD27 and
CD28, as well as CAR+ cells that were PD-1-negative, L5 7-negative and CD127-
positive.

I the CD4+ compartment, at day 56 CARTI9 cells were
characterized by uniform lack of CCR7 and a predominance of CD27+/CD28+/PD-
1+ cells distributed within both CB37+ and -compartmenis, and an essential
absence of CD2S and CD127 expression as depicted in Figure 48, In contrast,
CAR-negative cells at this time-point were heterogeneous in CCR7, CD27 and PD-
1 expression, expressed CD127 and also contained a substantial CD25+/CD127-
(potential regulatory T cell} population. By dav 169, while CD28 expression
remained uiformly positive in all CAR+CD4+ cells, a fraction of the CARTI9
D4+ cells had evolved toward a central memory phenotvpe with expression of
CCR7, a higher percentage of CD27-cells, the appearance of a PD-1-negative
subset, and acquisition of CD127 expression. CAR-negative cells remaimed
reasonably consistent with their day 56 counterparts, with the exception of a

reduction in {D27 expression a decrease in the percentage of CD25+/CD127-cells.

CARTI19 cells can retain effector function after 6 months n blood

In addition to short persistence and madequate in vivo proliferation, a
Himitation of previous trials with CAR+ T cells has been the rapid loss of functional
activity of the infused T cells in vivo. The high level CART19 cell persistence and
surface exprassion of the CAR19 molecule in patient UPN 01 and 03 provided the
opportunity to directly test anii-CD19-specific effector functions in cells recovered
from cryopreserved peripheral blood samples. PBMC from patient UPN 03 were
cultured with target cells that were either positive or negative for CD19 expression
{Figure 4d}. Robust CD19-specific effector function of CART19 T cells was
demonstrated by specific degranulation against CD19-positive but not CD19-
negative targel cells, as assessed by surface CD107a expression. Notably, exposure
of the CART19 population to UI»19-positive targets mnduced a rapid mternalization
of surface CAR-19 as depicted in Figure 8 for surface expression of CAR1Y in the
same effector cells in standard flow-cytometric staining. The presence of
costimulatory molecules on target cells was not required for triggering CARTI9 cell
degranulation because the NALM-6 line does not express CD80 or CD86 (Brentjens

et al., 2007, Clin Cancer Res 13:5426-5435). Effector function was evident at day
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56 post infusion and was retained at the day 169 time-point. Robust effector
function of CAR+ and CAR-T celis could also be demonstrated by pharmacologic

stimulation.

Chinical activity of CART19 cells

There were no significant toxicities observed during the four days
following the infusion m any patient, other than transient febrile reactions.
However, all patients subsequently developed significant clinical and laboratory
toxicities between day 7 and 21 following the first infusion. These toxicities were
short-term and reversible. Of the three patients treaied to date, there are 2 CRs and
1 PR at >6 months post CART19 infusion according to standard criteria (Hallek et
al.. 2008, Blood 111:5446). Details of past medical history and response to therapy
for each patient are depicted in Figure 10.

In brief, patient UPN 01 developed a febrile syndrome, with rigors
and transient hypotension beginning 10 days after infusion. The fevers persisted for
approximately 2 weeks and resolved; the patient has had no further constitutional
sympioms. The patient achieved a rapid and complete response as depicted in
Figure 5. Between 1 and 6 months after infusion, no circulating CLL cells have
been detected in the blood by flow cvtometry. Bone marrow at 1, 3, and 6 months
after CART19 cell infusions shows sustained absence of the lvmphocviic infiltrate
by morphology and flow cytometric analysis as depicted in Figure SB. CT scans at
1 and 3 months after infusion show resolution of adenopathy as depicted in Figure
5C. Complete remussion was sustained for 10+ months at the time of this report.

Patient UPN 02 was treated with 2 cycles of bendamustine with
rtusimab resulting in stable disease as depicted in Figure 5A. The patient received
a third dose of bendamustine as lymphodepleting chemotherapy prior to CARTIOT
cell mfusion. The patient developed fevers {0 40°C, rigors and dyspnea requiting a
24 hour hospitalization on day 11 after the {irst infusion and on the day of the
second CART19 cell boost. Fevers and constitutional symptoms persisted and on
day 15, the patient had transient cardiac dvsfunction; all symptoms resolved after
corticosieroid therapy was mitiated on day 18, Folowing CARTI9 infusion, and
coincident with the onset of high fevers, the patient had rapid clearance of the p53-
deficient CLL cells from peripheral blood as depicted in Figure 5A and a partial

reduction of adenopathy, bone marrow showed persistent extensive infiliration of
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CLL one month after therapy despite dramatic peripheral blood cytoreduction. The
patient remains asymptomatic.

Patient UPN 03 received peniostatin and cyclophosphamide as
lvmphodepleting chemotherapy prior to CARTI9 cell infusion. Three days after
chemotherapy but prior to cell infusion, bone marrow was hypercellular (60%) with
approximately 50% involvement by CLL. The patient received a low dose of
CART19 cells (1.3x10° CAR+ T celis/kg divided over 3 days). Again, there were
no acute infusional toxicities. However, 14 days after the first infusion, the patient
began having rigors, fevers, nausea and diarthea. By dav 22 after infusion, tumor
tysis syndrome was diagnosed requiring hospitalization. The patient had resolution
of constitutional symptorns, and within 1 month of CART19 mfusions, the patient
had clearance of circulating CLL from the blood and bone marrow by morphology,
flow cytometry, cytogenetic, and FISH analysis. T scans showed resolution of
abnormal adenopathy as depicted in Figures 5B and 5C. Complete remission was

sustained bevond 8 months from the initial CART19 cell infusion.

Constderations of in vive CARTI19 effector to CLL targei cell ratio

Pre-clinical studies showed that large tumors could be ablated. and
that the infusion of 2.2x10'C ARs could eradicate tumors comprised of 1x10° cells,
for an in vivo E:T ratio of 1:42 in humanized mice {Carpenito et al., 2009, Proc Natl
Acad Sci U § A 106:3360-3365), although these calculations did not take into
account the expansion of T cells after injection. Estimation of CLL tumor burden
over time permitted the calculation of tumor reduction and the estimated CART19
E:Tratios achieved in vivo in the three subjects based on number of CAR+ T cells
mfused. Tumor burdens were calculated by measuring CLL load in bone marrow,
blood and secondary lymphoid tissues. The baseling tumor burdens as shown in
Figure 10 indicate that each patient had on the order of 10" CLL cells (i.e. |
kilogram tumor load) before CART19 infusion. Patient UPN 03 had an estimnated
baseline tumor burden of 8.8x10" CLL cells in the bone marrow on day -1 (i.e. post
chemotherapy and pre-CART1Y infusion), and a measured tumor mass in secondary
lymphoid tissues of 3.3 -5.5x 10" CLL cells, depending on the method of volumetric
CT scan analysis. Given that UPN 03 was infused with only 1.4x10"CART19 cells,
using the estimate of initial total tumor burden (1.3x10" CLL cells), and that no

CLL cells are detectable post ireatment, a striking 1:93,000 E.T ratio was achieved.
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By similar calculations, an effective E:T ratio in vivo of 1:2200 and 1:1000 was
calculated for UPN (1 and UPN 02 as shown in Table 3). In the end, a contribution
of serial kitling by CARTI9 T cells, combined with in vivo CART 19 expansion of
>1,000-fold likely contributed to the powerful anti-leukenuc effects mediated by

CARTIO cells.

T cells expressing chimernc receptors establish memory and potent antitumor effects

in patients with advanced leukenua

Limited in vivo expression and effector function of CARs has been a
central hnitation in the tnals testing first generation CARs (Kershaw et al., 2006, Chn
Cancer Res 12:6106-6115; Lamers et al., 2006, J Clin Oncol 24:e20-¢22; Till et al.,
2008, Blood, 112, 2261-2271; Park et al., 2007, Mol Ther 15:825833; Pule et al.,
2008, Nat Med 14:1264-1270). Based on pre-chinical modeling demonstrating
enhanced persistence of CARs containung a 4-1BB signaling module (Milone et al,
2009, Mol Ther. 17:1453-1464; Carpentto et al., 2009, Proc Natl Acad Sat U S A
106:3360-3365), experiments were designed to develop a second generation of CARs
engingered with lentiviral vector technology. This second generation of CARs was
found to be safe in the setting of chronic HIV infection (Levine et al., 2006, Proc Natl
Acad Sci U S A 103:17372-17377). 'The present results show that when this second
generation CAR was expressed in T cells and cultured under conditions designed to
promote engrafiraent of central roemory T cells (Rapoport et al., 2005, Nat Med
11:1230-1237; Bondanza et al., 2006, Blood 107:1828-1836), improved expansion of
CAR T cells after infusion was observed compared to previous reports. CARTIS
cells established CD19-specific cellular memory, and killed tumor cells at E:T ratios
in vivo not previously achieved.

CART19 1s the first CAR trial to incorporate a 4-1BB signaling
domain and the first to use lentiviral vector technology. The present results
demonstrate efficient tracking of CARs to sites of tumor, with the de facto
establishment of “tumor infilirating lymphocytes” that exhibited CD19 specificity.
The pronounced 17 vivo expansion permitied the first demonstration that CARs
directly recovered from patients can retain effector function in vive for months, A
previous study had suggested that introduction of a first generation CAR into virus
specific T cells is preferable to primary T cells (Pule et al., 2008, Nat Med 14:1264-

1270}, however the results with second generation CARS infroduced into optimally
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costimulated primary T cells calls this notion into question. Without wishing to be
bound by any particular theory, a cautionary note is raised that the clinical effecis
were profound and unprecedented with the lvsis of kilogram sized tumor burdens in
all three patients accompanied with the delayed release of potentially dangerously
high levels of cytokines in two of the patients. Classical cytokine storm effects were
not observed. However, the present study was designed to mitigate this possibility by
deliberate infusion of CARTIY over a period of three days.

It was found that very low doses of CARs can elicit potent clinical
responses. This was a ptlot study that demonstrated safety of the CARTI9 vector
design. The observation that doses of CARTI19 cells several orders of magnitude
below those tested in previous trials can have chinical benefit may have important
implications for future implementation of CAR therapv on a wider scale, and for the
design of irials testing CARs direcied against targets other than CDI19.

The present studies further indicate that CART19 is expressed in
both central memory and effector T cells, and this likely contributes to their fong
term survival compared {0 previous reports. Without wishing to be bound by any
particular theory, CAR T cells may differentiate in vivo into a central memory-like
state upon encounter and subsequent elinmination of target cells {e.g. CLL tumor
cells or normal B cells) expressing the surrogate antigen. Indeed signaling of 4-1BB
has been reporied to promote the development of memory in the context of TCR
signaling {Sabbagh et al., 2007, Trends fromunol 28:333-339).

The extended proliferation and survival of CART19 has revealed
aspects of the pharmacokinetics of CAR T cells that have not previously been
reported. It was observed that the kinetics of cytokine release in serum and marrow
correlated with peak CART19 levels, so that 1t is possible that the decay 1s mitiated
when cellular targets expressing CD19 become limiting. The mechanism of the
extended survival of CART9 may relate to the aforementioned mcorporation of the
4-1BB domain or to signaling through the natural TCR and/or CAR. An iniriguing
possibility is that the extended survival is related to the population of CART19 that
has been identified in marrow specimens, raising the hypothesis that CD19 CARs
could be maintained by encounter with B cell progenitors in the bone marrow.
Related to this question 1s what drives the imitial expansion of CART19 cells in
viva? With rare exceptions (Savoldo et al ., 2011, J Clin Invest

doi:10.1172/JCI46110; Pule et al., 2008, Nat Med 14:1264-1270), the present study
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is the only trial to have omutted 1L-2 infusions, so that the CART19 cells likely
either expanded in response to homeostatic cytokines or more likely, to CD19
expressed on teukemic targets and/or normal B cells. In the latter case, this could be
an attractive feature for CARs directed agaimst targets on normal APCs such as
D19 and €20, as it is possible that self renewal of CART19 occurs on the normal
cells, providing a mechanism for CAR memory by means of “self
vaccination/boosting” and therefore, long term tumor imonumosurveillance. The
mechanisms of CART19 homeostasis may require further study to elucidate cell
intrinsic and extrinsic mechanisms of persistence. Previous to these results, most
mvestigators have viewed CAR therapy as a transient form of immunotherapy,
however CARs with optimized signaling domains mav have a role in both rernission
mduction and consolidation as well as for long term immumosurveillance.

Potent anti-leukemic effects have been observed in all three patients,
mcluding two patients with p53 deficient leukernia. Previous studies with CARs
have had difficulty separating antitiimor effects from lyvmphodepleting
chemotherapy. However, the delaved cytokine release combined with the kinetics
of tumor lysis in fludarabine-refraciory patients that was coincident, and possibly
dependent on i vive CAR expansion in the present study, indicate that CART1Y
mediates potent antitumor effects. The present results do not exclude a role for
chemotherapy in potentiating the effects of CARs.

A thorough comparison of the vector, transgene and cell
manufacturing procedures with results from ongoing studies at other centers may be
required to gain a full understanding of the key features required to obtain sustainad
function of CAR T cells in vive. Unlike antibody therapies, CAR-modified T cells
have the potential to replicate in vive, and long-term persistence could lead to
sustained tumor control. The availability of an off the shelf therapy comprised of
non-cross resistant killer T cells has the potential to improve the outcome of patients
with B cell malignancies. A imitation of antibody therapy, as for example, with
agents such as rituximab and bevicizumab, is that the therapy requires repeated
antibody infusions, that 1s inconvenient and costly. The delivery of prolonged
antibody therapy (in this case {or at least 6 months in 3 of 3 patients treated {o date)
with anti-CD 9 scFv expressed on T cells following a single infusion of CARTI9

cells has a number of practical advantages, including conveniences and cost savings.
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Exampie 2: Chumernic Antigen Receptor-Modified T Cells in Chronic Lvmphoid

Leukernia

A lentiviral vector expressing a chimeric antigen receptor with
spectficity for the B-cell antigen CD19, coupled with CD137 (a costimulatory
receptor in T cells [4-1BR]) and C3-7eta (a signal-transduction component of the T~
cell antigen receptor) signaling domains, was designed. It was observed that a low
dose (approximately 1.5x10° cells per kilogram of body weight) of autologous
chimeric antigen receptor—modified T cells reinfused into a patient with refractory
chronic lymphocytic leukerma (CLL) expanded to alevel that was more than 1000
times as high as the initial engrafiment level in vive. It was also observed that the
patient exhibited delayed development of the tumor lysis syndrome and with complete
FeIMISsion,

Apart from the tumor lysis syndrome, the only other grade 3/4 toxic
effect related to chimeric antigen receptor T cells was lvmphopenia. Engineered cells
persisted at high levels for at least 6 months in the blood and bone marrow and
continued fo express the chimeric antigen receptor. A specific imnuune response was
detected in the bone marrow, accompanied by loss of normal B cells and leukemia
cells that express CD19. Remission was ongoing 10 months after treatment.

Hypogamaglobulinenua was an expected chronic toxic effect.

The materials and methods employed in these experiments are now

described,

Materials and Methods

Studv Procedures

A self-inactivating lentiviral vecior {GeMCRIS 0607-793) was
esigned, which was subjected to preclinical safety testing, as reported previously
{Milone et al., 2009, Mol Ther, 17; 1453-64). Methods of T-cell preparation have also
been described previously (Porter et al, 2006, Blood, 107:1325-31). Quantitative
polvmerase~-chain-reaction (PCR) analvsis was performed to detect chimenc antigen
receptor T cells inn blood and bone marrow. The lower imit of quantification was
determined from the standard curve, average values below the lower limit of

guantification (i.e., reporiable but not gquantifiable) are considered approximale. The
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fower limit of quantification of the assay was 25 copies per microgram of genomic
DNA.

Soluble-factor analysis was performed with the use of seram from
whotle blood and bone marrow that was separated into aliguots for single use and
stored at —80°C. Quantification of soluble cytokine factors was performed with the

use of Luminex bead-array technology and reagents (Life Technologies).

Apheresig #1

A 12-15 liter apheresis procedure s carried out at the apheresis center.
Peripheral blood mononuclear cells (PBMC) are obtained for CART-19 T cell
generation during this procedure. From a single leukapheresis, at least 50 x 107 white
blood cells are harvested to manufacture CART-19 T cells. Baseline blood leukocytes

are also obtained and cryopreserved.

Cviroreductive Chemotherapy

Chemotherapy is started approximately 5-10 dayvs before infusion so
that CART-19 cells may be given 1-2 days after cornpletion of the chemotherapy. The
timing of chemotherapy mitiation therefore depends on the length of the regimen. The
purpose of the chemotherapy is 1o induce lymphopenia in order to facilitate
engraftment and homeostatic expansion of CART-19 cells. The chemotherapy may be
chosen also to reduce disease tumor burden. The cyvtoreductive chemotherapy is
chosen and administered by community oncologists. The choice of chemotherapy
depends on the patients underlying disease and prior therapies. Fludarabine (30
mg/m2/day x 3 days) and cyclophosphamide (300 mg/m2/day x 3 days) are the agents
of choice, as there 15 the most experience with the use of these agents in facilitating
adoptive immmnotherapy. Several other acceptable regimens using FDA-approved
drugs are appropriate, including CHOP, HyperCVAD, EPOCH, DHAP, ICE or other

regumens.

Restaging assessiment

A limited restaging is performed at the completion of chemotherapy in
order to provide haseline tumor burden measurements. This includes imaging,
physical examination, and minimal residual disease (MRD) agsessments. Subjects

undergo the following for pre-infusing testing: physical exam, documentation of
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adverse events and blood draws for hematology, chemistrv and pregnancy testing (if

applicable).

Preparation of CART-19 T cellg

Autologous T cells are engineered to express an extraceliular single
chain antibody (scFv} with spectficity for CD19. The extracellular scFv can redirect
spectficity of the transduced T cells for cells that express CD19, a molecule that 1s
restricted in expression on the surface of the malignant cells and on normal B cells. In
addition to CD19 scFv, the cells are transduced to express an intracelivlar signaling
molecule comprised of etther the TCR( chain or a tandem signaling domain
comprised of 4-1BB and TCR{ signaling modules. The scFv is derived from a mouse
monoclonal antibody, and thus contains mouse sequences, and the signaling domains
are entively of the native homan sequences. CART-19 T cells are manufactured by
isolating the T cells by apheresis, and using lentiviral vector technology (Dropulic et
al, 2006, Human Gene Therapy, 17: 377-88; Naldini et al., 1996, Science, 272: 263-
7. Dull et al., 1998, J Virol, 72: 8463-71) o infroduce the scFv:TCR{ 4-1BB into
CD4 and CDE T cells. In some patients, a control s¢FviTCRE 15 introduced into a
portion of the cells for a competitive repopulation experiment. These receptors are
“universal” in that they bind antigen in an MHC-independent fashion, thus, one
receptor construct can be used to treat a population of patients with CE¥19 antigen-
positive turors.

The CAR constructs were developed at the University of Pennsylvania,
and the clinical grade vector was manufactured at Lentigen Corporation. The CART-
19 cells are manufactured in the Clinical Cell and Vaccine Production Facility at the
Urnaversity of Pennsylvania according to the process shown in Figure 11, At the end of
cell cultures, the cells are cryopreserved in infusible crvomedia. A single dose of
CART-19 transduced T cells comprising of the infusion of 2.5 x 10”0 5 x 107 {otal
cells, are admumnistered in etther 1 or 2 bags. Each bag contams an aliquot {volume
dependent upon dose) of crvomedia containing the following infusible grade reagents
(%o v/vy: 31.25 plasmalyie-A, 31.25 dextrose (5%;), 0.45 Na{'l, up to 7.50 DMSG, 1.00
dexiran 40, 5.00 human serum alburin with approximately 2.5-5 x 10” autologous T
cells per bag. For increased safety, the first dose 15 given as a split dose on davs 0,1

and 2, with ~10% of the cells on day 0. 30% on day 1, and 60% on day 2.
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Storage
Bags {10 to 100 mi capacity} contaming CART-19-transduced T cells
are stored in blood bank conditions in a monitored -135°C freever. Infusion bags are

stored in the freczer until needed.

After logging the cells in the investigational pharmacy, frozen celis are
transported in dry ice to the subject’s bedside. The cells are thawed at the bedside one
bag at a time using a water bath maintained at 36°C to 38°C. The bag is gently
massaged until the cells have just thawed. There should be no frozen clumps left in
the container. If the CART-19 cell product appears to have a damaged or leaking bag,

or otherwise appears 1o be compromised, it should not be infused.

Premedication

Side effects following T cell infusions may include transient fever,
chiils, and/or nausea. It is recommended that the subject be pre-medicated with
acetaminophen 650 mg by mouth and diphenhvdramine hvdrochloride 25-50 mg by
mouth or IV, prior to the infusion of CART-19 cells. These medications may be

epeated every six hours as needed. A course of non-steroidal anti-inflammatory

medication may be prescribed if the patient continues to have fever not relieved by
acetaninophen. It is reconwnended that patients not recetve svstenuc corticosteroids
such as hydrocortisone, prednisone, prednisolone (Solu-Medrol) or dexamethasone
(Decadron) at any time, except in the case of a life-threatening emergency, since this
may have an adverse effect on T cells. If corticosteroids are required for an acute

mfusional reaction, an initial dose of hvdrocortisone 100 mg is recommended.

Administraton/infusion

Infusions begin 1 to 2 days after completion of chemotherapy. The day
of the first infusions, patients have a CBC with differential, and assessment of C[3,
CD4 and CDE counts since chemotherapy is given in part to induce fvmphopenia.
Without wishing to be bound by any particular theory, it 1s believed that an nitial 1.v.
dose of 2.3-5x10° CART-19 cells is optimal for this protocol. Because there are about
1x 10" T cells in a healthy adult, the proposed total dose is equivalent to about 0.5%

of the total body mass of T cells (Roederer, 1995, Nat Med, 1; 621-7; Macallan et al |
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2003, Fur J Immunol, 33: 2316-26). The first dose 1s administered using a split dose
on davs 0 (10%), 1 (30%;) and Z {60%:). Subjects receive infusion in an isolated room.
The cells are thawed af the patient’s bedside as described elsewhere herein. The
thawed cells are given at an infusion rate as quickly as tolerated so that the duration of
the infusion is approximately 10-15 minutes. The transduced T cells are administered
by rapid intravenous infusion at a flow rate of approximately 10mL to 20mL per
minute through an 18-gauge latex free Y-type blood set with a 3~way stopcock. The
duration of the infusion is approximately 15 minutes. One or two bags of CART-19
modified cells are delivered on ice, and the cells are administered o the subject while
cold. In subjects receiving mixtures of CART-19 cells, i order to facilitale mixing,
the cells are admiristered simultaneously using a Y-adapter. Subjects are mnfused and
premedicated as described elsewhere herein. Subjects” vital signs are assessed and
pulse oximetry 1s done prior to dosing, at the end of the infusion and every 15 mimutes
thereafter for 1 hour and until these are stable and satisfactory. A blood sample for
determination of baseline CART-19 level is obtained before infusion and 20 minutes
post infusion. Patients experiencing toxicities from their preceding cvtoreductive
chermotherapy have their infusion schedule delayed until these toxicities have
resolved. The specific toxicities warranting delay of T cell infusions include: 1)
Pulmonary: Reguirement for supplemental oxygen to keep saturation greater than
95% or presence of radiographic abnormalities on chest x-ray that are progressive; 2)
Cardiac: New cardiac arrhythmia not controlled with medical management. 3)
Hypotension requiring pressor support. 4) Active Infection: Positive blood cultures
for bacteria, fungus, or virus within 48-hours of T cell infusion. A serum sample for
potassium and uric actd 18 collected before the first infusion as well as two hours afier

each subsequent infusion.

Postunfusion Iaboratoriss 1o assess grafiment and persistencs

Subjects retum at day 4 and 10 after the initial CART-19 cell infusion
to have blood drawn for serum cytokine levels, and CART-19 PCR in order {o
evaluate the presence of CART-19 cells. Subjects return once a week for three weeks
to undergo the following: physical exam, documentation of adverse events and blood
draws for hematology, chemistry, engraftroent and persistence of CART-19 cells and

research labs.
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Second mfusion

Without wishing to be bound by any particular theory, it is believed
that a second dose of CART-19 cells can be given on day 11 to patients, provided that
they exhubit adequate tolerance to the first dose and sufficient CART-19 cells were
manufactured. The dose is 2-5 x 107 total cells. A serum sample for potassium and

uric acid can be collected two hours after the infusion.

Second apheresis

A 2 hiter apheresis procedure is carried out at the apheresis center.
PBMC are obtained for research and cryopreserved. Subjects undergo the {ollowing:
physical exam, docurnentation of adverse events and blood draws for hematology,
chemistry, engrafiment and persistence of CART-19 cells and research labs. In
addition restaging is done in order to provide tumor burden measurements. Restaging
iesting is determuned by disease type and 1includes imaging, MRD assessments, bone

marrow aspirate and biopsy and/or lymph node biopsy.

Monthlv evaluations 2 10 6 months postinfusion

Subjects return on a monthly basis during months 2 to 6 post CART-19
cell infusion. At these study visits, subjecis undergo the following: concomitant
medication, physical exam, documentation of adverse events and blood draws for
hematology, chemustry, engraftment and persistence of CART-19 cells and research
fabs. The HIV DNA assay s performed at months 2-6 post CART-19 cell infusion to

exclude the presence of detectable RCL.

Quarterly evaluations up 1o 2 vears postinfusion

Subjects are evaluated on a quarterly basis until 2 years post infusion.
At these study visits, subjects undergo the following: concomitant medication,
physical exam, documentation of adverse events and blood draws for hematology,
chemistry, engraftment and persistence of CART-19 cells and research labs. The HIV
DNA assay s performed at months 3 and 6 post CART-19 cell infusion to exclude the

presence of detectable RCL.

The results of the expeniments are now described
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Patient history

The patient received a diagnosis of stage [ CLL in 1996, He first
required treatment afier 6 years of observation for progressive leukocytosis and
adenopathy. Tn 2002, he was treated with two cycles of nituximab plus fludarabine;
this treatment resulted in normalization of blood counts and partial resoiution of
adenopathy. In 2006, he received four cveles of rituximab and fludarabine for diseass
progression, again with normalization of blood counts and partial regression of
adenopathy. This response was followed by a 20-month progression-free interval and
a 2-vear treatment-{ree interval. In February 2009, he had rapidly progressive
feukocytosis and recurrent adenopathy. His bone marrow was extensively infiltrated
with CLL. Cytogenetic analvsis showed that 3 of 153 cells contained a deletion of
chromosome 17p, and fluorescence in situ hvbndization (FISH) testing showed that
170 of 200 cells had a deletion involving 7733 on chromosome 17p. He received
rtuximab with bendamustine for one cvele and three additional cvcles of
bendamustine without rituximab (because of a severe allergic reaction). This
treatment resulted in only transient improvement in lymphocviosis. Progressive
adenopathy was documented by means of computed tomography (CT) afier therapy.

Autologous T cells were collected by means of leukapheresis and
cryopreserved. The patient then received alemtuzumab {an anti-CD352, mature-
lvmphocyvte, cell-surface antigen} for 11 weeks, with improved hematopoiesis and a
partial resolution of adenopathy. Over the next 6 months, he had stable disease with
persistent, extensive marrow involvement and diffuse adenopathy with multiple 1-to
3-cm lymph nodes. In July 2010, the patient was enrolled in a phase 1 clinical trial of

chimeric antigen receplor—modified T cells.

Cell Infusions

Autologous T cells from the patient were thawed and transduced with
fentiviras to express the CD19-specific chimerte antigen receptor (Figure 12A);
sequence identifiers for the lentiviral vector and relevant sequences are depicted in
Tabie 5. Four days before cell infusion, the patient received chemotherapy designed
for depletion of lymphocytes {pentostatin at a dose of 4 mg per square meier of body-
surface area and cyclophosphamide at a dose of 600 mg per square meter) without
rituximab (Lamanna et al | 2006, J Chin Oncol, 24: 1575-81). Three days after

chemotherapy but before cell infusion, the bone marrow was hypercellular with
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approximately 40% involvement by CLL. Leukemia cells expressed kappa light chain

and CDS, CD19, CD20, and CD23. Cyiogenetic analysis showed two separate clones,

both resulting in loss of chromosome 17p and the 7755 locus

(46, XY .del(1 )P D[51/46,XY .der(1 (1 7.2 D(q 1 0:q10)[51/46,XY[14]). Four days

after chemotherapy, the patient received a total of 3x10° T cells, of which 5% were

transduced, for a total of 1.42x107 transduced cells (1.46x10° cells per kilogram) split

into three consecutive daily intravenous infusions (10% on day 1, 30% on day 2, and

60% on day 3). No postinfusion cytokines were admunistered. No toxic effects of

mfusions were noted.

Table 5: Sequence dentifiers for pELPS-CD19-BBz transfer vector

SEQGIDNG: # IDENTITY

SEGIDNO: pELPS-CD19-BBZ transfer vector {nucleic acid sequence)
SEQIDNG: 2 RSV’s U3 {nucleic acid sequence)

SEQ IDNG: 3 HIV R repeat (nucleic acid sequence)
SEQIDNO: 4 HIV U3 Repeat (nucleic acid sequence)
SEQIDNG: S Partial Gag/Pol {nucleic acid sequence)
SEGIDNO: 6 cPPT (nucleic acid sequence)

SEQIDNO: 7 EF1 alpha Promoter (nucleic acid sequence)
SEQIDNG: 8 CD19-BBzeta CAR (nucleic acid sequence)
SEQIDNO: 9 Hu Woodchuck PRE (nucleic acid sequence)
SEQ I NG: 10 R Repeat (nucleic acid sequenceit
SEGIDNO: 11 U35 Repeat (nucleic acid sequence)

SEQ IDNO: 12 CD19-BBreta CAR (amino acid sequence)
SEQ D NO: 13 CD#¥ Leader (nucleic acid sequence)

SEQ ID NG 14 Anti-CER19scFy (nuclete acid sequence)
SEQ IDNG: 15 CD8 Hinge (nucleic acid sequence)

SEQ ID NG 16 CD¥ Transmembrane {nucleic acid sequence)
SEQ ID NO: 17 4-18B (nucleic acid sequence)

SEQ D NG: 18 CD3zeta (nucleic acid sequence)

SEQ ID NG 19 D8 Leader {(amino acid sequence)

SEQ IDNO: 20 Anti-CD19scFv {(amino acid sequence)

SEQ D NO: 21 CD¥ Hinge {anuno acid sequence)
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SEQ D NG: 22 CD8 Transmembrane {(amino acid sequence)

SEQ I NG: 23 4-1BB (amino acid sequence)

SEQ ID NO: 24 CD3zeta (amino acid sequence}

Chinical Response and Evaluations

Fourteen days after the first infusion, the patient began having chills
and low-grade fevers associated with grade 2 fatigue. Over the next 5 days, the chulls
mntensified, and his temperature escalated to 39.2°C (102.5°F), associated with rigors,
diaphoresis, anorexia, nausea, and diarthea. He had no respiraiory or cardiac
sympioms. Because of the fevers, chest radiography and blood, urine, and stool
cultures were performed, and were all negative or normoal. The tumor lysis syndrome
was diagnosed on day 22 after infusion (Figure 12B). The uric acid fevel was 10.6 mg
per deciliter (630.5 pmol per liter}, the phosphorus level was 4.7 mg per deciliter (1.5
miol per liter) (normal range, 2.4 to 4.7 mg per deciliter [0.8 to 1.5 munol per liter}),
and the lactate dehvdrogenase level was 1130 U per liter (normal range, 98 to 192).
There was evidence of acute kidney injury, with a creatinine level of 2.60 mg per
deciliter (229.8 umol per liter) (baseline level, <1.0 mg per deciliter {<88.4 pmol per
liter]). The patient was hospitalized and treated with fluid resuscitation and
rasburicase. The uric acid level returned to the normal range within 24 hours, and the
creatinine fevel within 3 days; he was discharged on hospital day 4. The lactate
dehvdrogenase level decreased gradually, becoming normal over the following
month.

By day 28 after CART19-cell infusion, adenopathy was no longer
palpable, and on day 23, there was no evidence of CLL i the bone marmrow (Figure
12C). The karyotype was now normal in 15 of 15 cells (46, XY}, and FISH testing was

egative for deletion 7753 in 198 of 200 cells examined; this is considered to be
within normal linits in negative controls. Flow-cytometric analysis showed no
residual CLL, and B cells were not detectable {(<1% of cells within the CD5S+CDI0-
CD19+CD23+ lyrophocyte gate). CT scanming performed on day 31 after infusion
showed resolution of adenopathy (Figure 120

Three and 6 months after CART19-cell infusion, the physical
exarmination rernained unremarkable, with no palpable adenopathy, and CT scanning

performed 3 months after CART19-cell infusion showed sustained remission (Figwre
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1212}, Bone marrow studies at 3 and 6 months also showed no evidence of CLL by
means of morphologic analysis, karvotype analvsis (46, XY), or flow-cytometric
analysis, with a continued lack of normal B cells as well. Remission had been

sustaned for at least 10 months.

Toxicity of CARTI19 Cells

The cell infusions had no acute toxic effects. The only serious {grade 3
or 4} adverse event noted was the grade 3 tumor lysis syndrome described above. The
patient had grade 1 lvmphopenia at baseline and grade 2 or 3 lymphopenia beginning
on day 1 and continuing through af least 10 months after therapy. Grade 4
lvmphopenia, with an absolute lymphocyte count of 140 cells per cubic nullimeter,
was recorded on dav 19, but from day 22 through at least 10 months, the absolute
Ivmphocvte count ranged between 390 and 780 cells per cubie millimeter (grade 2 or
3 lvmphopenia). The patient had transient grade | thrombocviopenia (platelet count,
98,000 to 131,000 per cubic millimeter) from day 19 through day 26 and grade 1 or 2
neutropenia {(absolute neutrophil count, 1090 1o 1630 per cubic millimeter) from day
17 through day 33, Other signs and symptoms that were probably related to the study
treatment included grade 1 and 2 elevations in anunotransferase and alkaline
phosphatase levels, which developed 17 days afier the first infusion and resolved by
day 33. Grade 1 and 2 constituiional symptoms consisted of fevers, chills, diaphoresis,
myalgias, headache, and fatigue. Grade 2 hypogaramaglobulinerma was corrected

with infusions of intravenous immune globulin,

Analvsis of Serum and Bone Marrow Cyviokines

The patient's chinical response was accompanied by a delayed increase
in levels of inflammatory cvtokines (Figure 13A through Figure 13D), with levels of
imterferon-~y, the interferon-y—responsive chemokines CXCLS and CXCL10, and
imterleukin-6 that were 160 tirnes as high as baseline levels. The temporal nse in
cytokine levels paralleled the clinical symptoms, peaking 17 to 23 days after the first
CART19-cell infusion.

The supernatants from serial bone marrow aspirates were measured for
cvtokines and showed evidence of immune activation {Figure 13E). Significant
mcreases in interferon-y, CXCL9Y, interleukin-6, and soluble interleukin-2 receptor

were noted, as compared with the baseline levels on the day before T-cell infusion;
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the values peaked on day 23 after the first CART19-cell infusion. The increase in
bone marrow cytokines coincided with the elimination of leukemia cells from the

marrow. Serum and marrow tumor necrosis factor o remained unchanged.

Expansion and Persistence of Chimeric Antigen Receptor T Cells

Real-time PCR detected DNA encoding anti-CIM 9 chimeric antigen
receptor {CAR19) beginning on day | after the first infusion (Figure 14A) More than
a 3-log expansion of the cells i vivo was noted by day 21 after infusion. At peak
fevels, CARTI19 cells in blood accounted for more than 20% of circulating
tymphocytes; these peak levels coincided with the occurrence of constitutional
syraptoms, the tumor lysis syndrome (Figure 12B), and elevations in serum cvtokine
levels (Figure 13A through Figure 13D). CART19 cells remained detectable at high
levels 6 months after the infusions, though the values decreased by a factor of 10 from
peak levels. The doubling time of chimeric antigen receptor T cells in blood was

approximately 1.2 days, with an elimination half-life of 31 days.

Chimeric Antigen Receptor T Cells i Bone Marrow

CART1Y celis were identified in bone marrow specimens beginning 23
davs after the first infusion (Figure 14B) and persisted for at least 6 months, with a
decay half-life of 34 days. The highest levels of CART19 cells in the bone marrow
were identified at the first assessment 23 days after the first infusion and coincided
with induction of an immune response, as indicated by cytokine-secretion profiles
(Figure 13E). Flow-cviometric analysis of bone marrow aspirates indicated a clonal
expansion of CDS+CD19+ cells at baseline that was absent 1 month after infusion and
in a sarople obtained 3 months atter infusion {data not shown). Normal B cells were

not detected atier treatment {Figure 14C).

Treatment with autologous genetically modified CART1Y ¢celis

Described herein is the delayed development of the tumor lysis
syndrome and a complete response 3 weeks after treatment with autologous T cells
genetically modified to target CD19 through transduction with a lentivirus vector
expressing anti~-CD19 linked to CD3-7zeta and CD137 (4-1BB) signaling domains.
Genetically moditied cells were present at high levels in bone marrow for at least 6

months after infusion. The generation of a CD 1 9-specific immune response in bone
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marrow was demonstrated by temporal release of cvtokines and ablation of leukemia

cells that coincided with peak infiltration of chimeric antigen receptor T cells.

Development of the tumor lysis syndrome after cellular immmumotherapy has not been

reported previously {Baeksgaard et al., 2003, Cancer Chemaother Pharacol, 51 187-
2).

Genetic manipulation of autologous T cells to target specific tumor
antigens is an atfractive sirategy for cancer therapy (Sadelain et al., 2009, Curr Opin
Immunel, 21: 215-23; Jena et al., 2010, Blood, 116 1035-44). An important feature
of the approach described herein is that chimeric antigen receptor T cells can
recognize tumor targets in an HL A-unrestricted manner, so that “off-the-shelt”
chimeric antigen receptors can be constructed for tumors with a wide variety of
histologic features. HIV-derived lentiviral vectors were used for cancer therapy, an
approach that may have some advantages over the use of retroviral vectors (June et
al., 2009, Nat Rev Immunol, 9: 704-16).

In previous trials of chimeric antigen receptor T cells, objective tumor
responses have been modest, and in vive proliferation of modified cells has not been
sustained (Kershaw et al., 2006, Clin Cancer Res, 12: 6106-15; Till et al |, 2008,
Blood, 112: 2261-71; Pule et al., 2008, Nat Med, 14: 1264-70). Brentjens and
colieagues reporied preliminary results of a clinical trial of CDI9-targeted chimeric
antigen receptors linked to a CD28 signaling domain and found transient tumor
responses in two of three patients with advanced CLL (Brentjens et al., 2010, Mol
Ther, 18: 666-8); however, the chimeric antigen receptors rapidly disappeared from
the circulation.

It was unexpected that the very low dose of chimeric antigen receptor
T cells that were infused would result in a clinically evident antitumor response.
Indeed, the infused dose of 1.5x10° chimeric antigen receptor T cells per kilogram
was several orders of magnitude below doses used in previous studies of T cells
modified to express chimeric antigen receptors or transgenic T-cell receptors
{Kershaw et al , 2006, Clin Cancer Res, 12: 6106-13; Brentjens et al., 2010, Mol Ther,
18: 666-8; Morgan et al., 2010, Mol Ther, 18: 843-51. Johnson et al., 2009, Blood,
114: 535-46). Without being held to any particular theory, it is speculated that the
chernotherapy may potentiate the effects of chimeric antigen receptor.

The prolonged persistence of CARTIY cells in the blood and bone

marrow of the patient results from inclusion of the 4-1BB signaling domain. It is

91

UPenn Ex. 2047
Miltenyi v. UPenn
IPR2022-00855
Page 102



U

10

20

30

likely that the CART19-cell-mediated elimination of normal B cells facilitated the
nduction of immunologic tolerance o the chimeric antigen receptor, since the
CARTIO cells that express the single-chain Fv antibody fragment containing murine
sequences were not rejected. Given the absence of detectable CD19-positive leukemia
cells in this patient, and without being held to any particular theory, it is possible that
homeostasis of the chimeric antigen receptor T cells was achieved at least in part from
stimulation delivered by early B-cell progenitors as thev began to emerge i the bone
marrow. The invention relates to the discovery that a new mechanism may exist to
maintain “memory” chimeric antigen receptor T cells.

Although CD19 13 an aftractive tumor target, with expression limited (o
normal and malignant B cells, there is concern that persistence of the chimeric antigen

eceptor T cells may mediate long-term B-cell deficiency. In fact, in the patient, B
cells were absent from the blood and bone marrow for at feast 6 months after infusion.
This patient did not have recurrent infections. Targeting B cells through CD20 with
rituximab s an effective and relatively safe strategy for patients with B-cell
neoplasms, and long-term B-cell lvmphopenia is manageable (Molina, 2008, Ann Rev
Med, 39: 237-50). Patients treated with rittbamab have been reporied o have a retum
of B cells within months after discontinuation of therapy. It 1s not vet clear whether
such recovery occurs in patients whose anti-B-cell T cells persist in vivo.

Patients who have CLL with 7753 deletions have short remissions
after standard therapies (Dohner et al, 1995, Blood, 85: 1580-9). Allogeneic bone
marrow transplantation has been the only approach that has induced long-term
remissions in patients with advanced CLL {Gribben et al., 2011, Biol Blood Marrow
Transplant, 17 Suppl:863-870). However, the resulting potent graft-versus-tumor
effect is associated with considerable morbidity because of the high frequency of
chronic grafi-versus-host disease, which is often especially severe in older patients —
those who are typieally affected by CLL (Gribben et al, 2011, Biol Blood Marrow
Transplant, 17: Suppl:S63-870; Sorror et al., 2008, Blood, 111 446-52). The data
prasented herein suggests that genetically modified autologous T cells may
circumvent this limitation.

The delayed onset of the tumor lysis syndrome and cyiokine secretion,
combined with vigorous in vivo chimeric anfigen receptor T-cell expansion and
prominent antileukemia activity, points to substantial and sustained effector functions

of the CART19 cells. Experiments described herein highlights the potency of this
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10

therapy and provides support for the detailed study of autologous T cells genetically
modified to target CD19 (and other targets) through transduction of a chimeric
antigen receptor linked to potent signaling domains. Unlike antibodyv-mediated
therapy, chumeric antigen receptor—modified T cells have the potential to replicate in
vive, and long-term persistence could lead to sustained tumor control. Two other
patients with advanced CLL have also received CARTIY mfusions according to this
protocol, and all three have had tumor responses. These findings warrant continuec

study of CD19-redirected T cells for B-cell neoplasms.

The disclosures of each and every patent, patent application, and
publication cited herein are hereby incorporated herein by reference in their entirety.
While this invention has been disclosed with reference to specific embodiments, it is
apparent that other embodiments and variations of this invention may be devised by
others skilled in the art without departing from the true spirit and scope of the
mvention. The appended claims are intended to be construed to include all such

ernbodiments and equivalent vanations.
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Attorney Docket No. 046483-68601US10(00854)

CLAIMS

What 18 claimed is:

I An isolated nucleie acid sequence encoding a chimeric antigen
receptor (CAR), wherein the CAR comprises an antigen binding domain, a
transmembraneg domain, a costimulatory signaling region, and a UD3 zeta signaling
domain, wherein the CD3 zeta signaling domain comprises the amino acid sequence

of SEQ 1D NO: 24,

2. The tsolated nucleic acid sequence of claim 1, wherein the

CAR comprises the anino acid sequence of SEQ 1D NO: 12,

3 The 1solated nucleic acid sequence of claim 1 comprising the

nucleic acid sequence of SEQ 1D NG 8,

4 The 1solated nucleic acid sequence of claim 1, wherein the

antigen binding domain is an antibody or an antigen-binding fragment thereof.

5. The isolated nucleic acid sequence of claim 4, wherein the

antigen-binding {ragment is a Fab or a scFv.

G. The 1solated nucleic acid sequence of claim 1, wherein the

antigen binding domain binds o a tumor antigen.

7. The 1solated nucleic acid sequence of claim 6, wherein the

tumor antigen is associated with a hematologic malignancy.

3 The 1solated nucleic acid sequence of claim 6, wherein the

tumor antigen is associated with a solid tumor.

9. The 1solated nucleic acid sequence of claim 6, wherein the
tumor antigen is selected from the group consisting of €S, CD20, CD22, RORI,
mesothelin, CD33/IL3Ra, ¢-Met, PSMA, Glycolipid F77, EGFRvIHL GDB-2, NY-
ESO-1 TCR, MAGE A3 TCR, and any combination thereof.
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10. The 1solated nucleic acid sequence of claim 1, wherein the
costimuldatory signaling region comprises the intracellular domain of a costimulaiory
molecule selecied from the group consisting of CD27, CD28, 4-1BB, OX40, CD30,
CD40, PD-1, ICOS, lvmphocyte function-associated antigen-1 (LFA-1), CD2, CD7,
LIGHT. NKG2C, B7-H3, a ligand that specifically binds with CB83, and any

combination thereof

it The 1solated nucleic acid sequence of claim 1, wherein the CD3

zeta signaling domain is encoded by the nucleic acid sequence of SEQ ID NO: 18,

i2. An isolated chirneric antigen receptor (CAR) comprising an
antigen binding domain, a transmembrane domain, a costimulatory signaling region,
and a CD3 zeta signaling domain, wherein the CD3 zeta signaling domain comprises

the amino acid sequence of SEQ 1D NQO: 24,

13 The isolated CAR of claim 12, wherein the CAR comprises the

amino acid sequence of SEQ ID NG: 12,

14. The 1solated CAR of claim 12, wherein the antigen binding

domain 1s an antibody or an antigen-binding fragment thereof.

1S, The isolated CAR of claim 14, wherein the antigen binding

fragment 1s a Fab or a scFv.

16, The 1solated CAR claim 12, wherein the antigen binding

domain binds fo a tumor antigen.

17. The 1solated CAR of claim 16, wherein the tumor antigen is

associated with a hematologic malignancy.

18. The 1solated CAR of claim 16, wherein the tumor antigen is

associated with a solid tumor.

19, The tsolated CAR of claim 16, wherein the tumor antigen is

selected from the group consisting of CD19, CD20, CD22, ROR1, mesothelin,
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CID33/H.3Ra, c-Met, PSMA, Glveolipid F77, EGFRvHE GD-2, NY-ESO-1 TCR,
MAGE A3 TCR, and any combination thereof.

20 The isolated CAR of claim 12, wherein the costimulaiory
signaling region comprises the mtracellular domain of a costimulatory molecule
selected from the group consisting of CD27, CD2E, 4-1BB, OX40, CD30, CD40, PD-
1, ICOS, lymphocyte function-associated antigen-1 (LFA-1), CD2, CD7, LIGHT,
NEG2ZC, B7-H3, a ligand that specifically binds with CD83, and any combination

thereof.

21 A cell comprising a nucleic acid sequence encoding a chimeric
antigen receptor {CAR), the CAR comprising an antigen binding domain, a
transmembrane domain, a costimulatory signaling region, and a CD3 zeta signaling

domain comprising the amino acid sequence of SEQ 1D NG: 24,

22. The cell of claim 21, wherein the CAR comprises the amino

acid sequence of SEQ ID NG: 12,

23, The cell of claim 21, wherein the nucleic acid comprises the

nucleic acid sequence of SEQ D NG: §.

24, The cell of claim 21, wherein the antigen binding domain is an

antibody or an antigen-binding fragment thereof.

25. The cell of claim 24, wherein the antigen-binding fragment is a
Fab or a scFv.
26. The cell of claim 21, wherein the antigen binding domain binds

{0 a turoor antigen.

27. The cell of claim 26, whearein the tumor antigen is associated

with a hematologic malignancy.

28, The cell of claim 26, wherein the tumor antigen s associated

with a solid tumor.
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29. The cell of claim 26, wherein the tumor antigen is selected
from the group consisting of CD19, CD20, CD22, ROR1, mesothelin, CD33/IL3Ra,
c-Met, PSMA, Glyveolipid F77, EGFRvIH, GD-2, NY-ESG-1 TCR, MAGE A3 TCR,

and any combination thereof,

30.  The cell of claim 21, wherein the costimulatory signaling
region comprises the intracellular domain of a costimulatory molecule selected from
the group consisting of CD27, CD28, 4-1BB, 0X40, CD30, CD40, PD-1, ICOS,
ymphocyte function-associated antigen-1 {LFA-1), CD2, CD7, LIGHT, NKG2C, B7-

H3, a ligand that specifically binds with CD83, and any combination thereof.

31, The cell of claim 21, wherein the CD3 zeta signaling doroain is

encoded by the nucleic acid sequence of SEQ 1D NO: 18,

32, The cell of claim 21, wherein the cell is selected from the group
consisting of a T cell, a Natural Killer {NK} cell, a cytotoxic T lymphocvie (CTL),

and a regulatory T cell.

33, The cell of claim 21, wherein the cell exhibits an anti-tumor

inwnunity when the antigen binding domain binds to s corresponding antigen.

34. A vector comprising a nucleic acid sequence encoding a
chimeric antigen recepior {CAR), wherein the CAR comprises an anfigen binding
domain, a costinnilatory signaling region, and a CD3 reta signaling domain, wherein
the CD3 zeta signaling domain comprises the amino acid sequence of SEQ 1D NO:

24.

35 The vector of claim 34, wherein the CAR comprises the amino

acid sequence of SEQ D NO: 12,

36. The vector of claim 34, wherein the isolated nucleic acid

sequence encoding a CAR comprises the nucleic acid sequence of SEQ ID NO: 8.

37 The vector of claim 34, wherein the antigen binding domain is

an aniibody or an antigen-binding fragment thereof
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38 The vector of claim 37, wherein the antigen-binding fragment

1s aFab or a scFv.

39. The vector of claim 34, wherein the antigen binding domain

binds fo a tumor antigen.

40, The vector of claim 39, wherein the tumor antigen 1s associated

with a hematologic malignancy.

41. The vector of claim 39, wherein the tumor antigen 1s associated

with a solid tumor,

42, The vector of claim 39, wherein the tumor antigen is selected

from the group consisting of CD19, CD20, CD22, RORI, mesothelin, CD33/IL3Ra,

and any combination thereof.

43, The vector of claimn 34, wherein the costimulatory signaling
region comprises the intraceliular domain of a costimulatory molecule selected from
the group consisting of CD27, CD28, 4-1BB, 0X40, CD30, CD40, PD-1, ICOS,
tymphocyte function-associated antigen~1 (LFA-1), CD2, CD7, LIGHT, NRKG2C, B7-

H3, a ligand that specifically binds with CD83, and any combination thereof.

44, The vector of claim 34, wherein the CD3 zeta signaling domain

is encoded by the nucleic acid sequence of SEQ 1D NG: 18

45. A method for simulating a T cell-mediated iramune response
1o a target cell population or tissue in a mammal, the method comprising
administering to a mamrual an effective amount of a cell genetically modified to
express a4 CAR wherein the CAR comprises an antigen binding domain, a
costimulatory signaling region, and a CD3 zeta signaling domain comprising the
aming acid sequence of SEQ ID NG: 24, wherein the antigen binding domain is

selected to specifically recognize the target cell population or tissue.
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46. A method of providing an anti-fumor immunity in a mammal,
the method comprising administering 1o the mammal an effective amount of a cell
genetically modified to express a CAR wherein the CAR comprises an antigen
binding domain, a costimulatory signaling region, and a CD3 zeta signaling domain
comprising the amino acid sequence of SEQ ID NO: 24, thereby providing an anti-

tumor imnmunity in the mammal.

47, A method of treating a mammal having a disease, disorder or
condition associated with an elevated expression of a tumor antigen, the method
comprising administering to the mammal an effective amount of a cell genetically
modified to express a CAR wherein the CAR comprises an antigen binding domain, a
costimnulatory signaling region, and a CD3 zeta signaling domain comprising the

amino acid sequence of SEQ 1D NO: 24, thereby treating the mammal.

48.  The method of claim 47, wherein the cell is an awtologous T

cell.

49, The method of claim 47, wherein the tumor antigen is selected
from the group consisting of CD19, CD20, D22, RORI, mesothelin, CD33/IL3Ra,
c-Met, PSMA, Glycolipid F77, EGFRyIH, GD-2, NY-ESO-1 TCR, MAGE A3 TCR,

and any combination thereof.

30. A method of treating a human with chronic lvmaphocytic
feukemia, the method comprising administering to the human a T cell genetically
engineered {0 express a CAR wherein the CAR comprises an antigen binding domain,
a costimnulatory signaling region, and a CD3 zeta signaling domain comprising the

amuno acid sequence of SEQ 1D NO: 24,

51. The method of claim 30, wherein the human is resistant to at

least one chemotherapeutic agent.

52 The method of claim 50, wherein the chronic lyvmphocytic

feukemia is refractory CD19+ leukemia and lvmphoma.
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53, A method of generating a persisting population of genetically
engineered T cells i a human diagnosed with cancer, the method comprising
administering to the human a T cell geneticallv engineered to express a CAR wherein
the CAR comprises an antigen binding domain, a costimulatory signaling region, and
a {UD3 zeta signaling domain comprising the amino acid sequence of SEQ 1D NG: 24,
wherein the persisting population of genetically engineered T celis persists in the

human for at least one month after admunistration.

54, The method of claim 53, wherein the persisting population of
genetically engineered T cells comprises at least one cell selected from the group
consisting of a T cell that was administered to the homan, a progeny of a T cell that

was administered to the human, and a combination thereof.

55. The method of claim 53, wherein the persisting population of

genetically engineered T cells comprises a memory T cell.

56. The method of claim 53, wherein the cancer 1s chromc

lvmphocytic leukemia.

57. The method of claim 56, wherein the chronic lymphocytic

feukemia 1s refractory CD19+ leukemia and lvmphoma.

58, The method of claim 33, wherein the persisting population of
genetically engineered T cells persists in the human for at feast three months after

administration.

59, The method of claim 53, wherein the persisting population of
genetically engineered T cells persists in the human for at least four months, five
months, six months, seven months, eight months, nine months, ten months, eleven

months, twelve months, two vears, or three vears after admmnistration.

60. The method of claim 56, wherein the chronic lymphocytic

feukemia s treated.
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61. A method of expanding a population of genetically engineered

T cells in a human diagnosed with cancer, the method comprising adminisfering to the

human a T cell genetically engineered 1o express a CAR wherein the CAR comprises
an antigen binding domain, a costimulatory signaling region, and a CD3 zeta
signaling domain compiising the amino acid sequence of SEQ ID NGO: 24, wherein
the administered genetically engineered T cell produces a population of progeny T

cells in the human,

62. The method of claim 61, wherein the progeny T cells in the

human comprise a memory T cell.

63.  The method of claim 61, wherein the T cell 1s an autologous T
cell.
64. The method of claim 61, wherein the human is resistant to at

least one chemotherapeutic agent.

65, The method of ¢laim 61, wherein the cancer is chronic

tymphocytic leukemia,

66, The method of claim 65, wherein the chronic lymphocytic

teukemia 1s refractory CD 19+ leukenua and lymphoma.

67, The method of claim 61, wherein the population of progeny T

cells persists in the human for at least three months after adnunistration.

68, The method of claim 61, wherein the population of progeny T
cells persist in the human for at least four months, five months, six months, seven
months, eight months, nine months, ten months, eleven months, twelve months, two

vears, ot three years after administration.

69. The method of claim 61, wherein the cancer 15 treated.
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U

ABSTRACT
The present invention provides compositions and methods for treating
cancer in a human, The invention includes relates (o administering a genetically
modified T cell to express a CAR wherein the CAR comprises an antigen binding
domain, a transmembrane domain, a costimulatory signaling region, and a CD3 zeta

signaling domain.
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SEQUENCE LISTING

<110> The Trustees of the University of Pennsylvania
June, carl H
Porter, David L
Kalos, Michael
Levine, Bruce L
Milone, Michael C.
<120> COMPOSITIONS AND METHODS FOR TREATMENT OF CANCER
<130> 046483-6001Us13
<150> 13/992,622
<151> 2013-07-09
<150> PCT/US2011/064191
<151> 2011-12-09
<150> 61/421,470
<151> 2010-12-09
<150> 61/502,649
<151> 2010-06-29
<160> 27
<170> PatentIn version 3.5
<210> 1
<211> 9174
<212> DNA
<213> Artificial sequence
<220>
<223> Chemically Synthesized
<400> 1
gcgcgctcac tggccgtcgt tttacaacgt cgtgactggg aaaaccctgg
cttaatcgcc ttgcagcaca tccccctttc gccagctggc gtaatagcga
accgatcgcc cttcccaaca gttgcgcage ctgaatggcg aatgggacgce
ggcgcattaa gcgcggcggg tgtggtggtt acgcgcagcg tgaccgctac
gccctagege ccgetecttt cgetttectte ccttectttc tcgecacgtt
ccccgtcaag ctctaaatcg ggggctccct ttagggttcc gatttagtgce
ctcgacccca aaaaacttga ttagggtgat ggttcacgta gtgggccatc
acggtttttc gccctttgac gttggagtcc acgttcttta atagtggact
actggaacaa cactcaaccc tatctcggtc tattcttttg atttataagg
atttcggcct attggttaaa aaatgagctg atttaacaaa aatttaacgc
aaaatattaa cgcttacaat ttaggtggca cttttcgggg aaatgtgcgc
tttgtttatt tttctaaata cattcaaata tgtatccgct catgagacaa
aaatgcttca ataatattga aaaaggaaga gtatgagtat tcaacatttc
Page 1

cgttacccaa
agaggcccgc
gccctgtagce
acttgccagc
cgccggettt
tttacggcac
gccctgatag
cttgttccaa
gattttgccg
gaattttaac
ggaaccccta
taaccctgat

cgtgtcgecc

60
120
180
240
300
360
420
480
540
600
660
720
780
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ttattccctt
aagtaaaaga
acagcggtaa
ttaaagttct
gtcgccgeat
atcttacgga
acactgcggc
tgcacaacat
ccataccaaa
aactattaac
aggcggataa
ctgataaatc
atggtaagcc
aacgaaatag
accaagttta
tctaggtgaa
tccactgagc
tgcgcgtaat
cggatcaaga
caaatactgt
cgcctacata
cgtgtcttac
gaacgggggy
acctacagcg
atccggtaag
cctggtatct
gatgctcgtc
tcctggectt
tggataaccyg
agcgcagcga
ccgcgegttyg

gcagtgagcg

ttttgcggca
tgctgaagat
gatccttgag
gctatgtggc
acactattct
tggcatgaca
caacttactt
gggggatcat
cgacgagcgt
tggcgaacta
agttgcagga
tggagceggt
ctccegtatc
acagatcgct
ctcatatata
gatccttttt
gtcagacccc
ctgctgcttg
gctaccaact
tcttctagtg
cctcgetctg
cgggttggac
ttcgtgcaca
tgagctatga
cggcagggtc
ttatagtcct
aggggggcygg
ttgctggect
tattaccgcc
gtcagtgagc
gccgattcat

caacgcaatt

ttttgccttc
cagttgggtyg
agttttcgcc
gcggtattat
cagaatgact
gtaagagaat
ctgacaacga
gtaactcgcc
gacaccacga
cttactctag
ccacttctgce
gagcgtgggt
gtagttatct
gagataggtg
ctttagattg
gataatctca
gtagaaaaga
caaacaaaaa
ctttttccga
tagccgtagt
ctaatcctgt
tcaagacgat
cagcccagct
gaaagcgcca
ggaacaggag
gtcgggtttc
agcctatgga
tttgctcaca
tttgagtgag
gaggaagcgg
taatgcagct

aatgtgagtt

ctgtttttgc
cacgagtggg
ccgaagaacg
cccgtattga
tggttgagta
tatgcagtgc
tcggaggacc
ttgatcgttg
tgcctgtagce
cttcccggca
gctcggcect
ctcgcggtat
acacgacggyg
cctcactgat
atttaaaact
tgaccaaaat
tcaaaggatc
aaccaccgct
aggtaactgg
taggccacca
taccagtggc
agttaccgga
tggagcgaac
cgcttcccga
agcgcacgag
gccacctctyg
aaaacgccag
tgttctttcc
ctgataccgc
aagagcgccc
ggcacgacag

agctcactca

tcacccagaa
ttacatcgaa
ttttccaatg
cgccgggcaa
ctcaccagtc
tgccataacc
gaaggagcta
ggaaccggag
aatggcaaca
acaattaata
tccggetggce
cattgcagca
gagtcaggca
taagcattgg
Ttcatttttaa
cccttaacgt
ttcttgagat
accagcggtg
cttcagcaga
cttcaagaac
tgctgccagt
taaggcgcag
gacctacacc
agggagaaag
ggagcttcca
acttgagcgt
caacgcggcc
tgcgttatcc
tcgccgcagce
aatacgcaaa
gtttcccgac

ttaggcaccc

Page 2

acgctggtga
ctggatctca
atgagcactt
gagcaactcg
acagaaaagc
atgagtgata
accgcttttt
ctgaatgaag
acgttgcgca
gactggatgg
tggtttattg
ctggggccag
actatggatg
taactgtcag
tttaaaagga
gagttttcgt
cctttttttc
gtttgtttgc
gcgcagatac
tctgtagcac
ggcgataagt
cggtcggget
gaactgagat
gcggacaggt
gggggaaacg
cgatttttgt
tttttacggt
cctgattctg
cgaacgaccg
ccgcctctec
tggaaagcgg
caggctttac

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
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actttatgct
gaaacagcta
agctggagct
aacgatgagt
ggaagtaagg
tggacgaacc
cataaacggg
gaacccactg
tctgttgtgt
ctctagcagt
cgacgcagga
agtacgccaa
agtattaagc
aagaaaaaat
gttaatcctyg
ccatcccttc
tattgtgtgc
gaagagcaaa
aggaggagat
tgaaccatta
agcagtggga
cgcagcgtca
gcagaacaat
gggcatcaag
gctcctggyag
tgctagttgyg
ggacagagaa
ccagcaagaa
ttggtttaac
cttggtaggt
atattcacca

aggaatagaa

tccggetegt
tgaccatgat
gcaagcttaa
tagcaacatg
tggtacgatc
actgaattgc
tctctctggt
cttaagcctc
gactctggta
ggcgcccgaa
ctcggettgce
aaattttgac
gggggagaat
ataaattaaa
gcctgttaga
agacaggatc
atcaaaggat
acaaaagtaa
atgagggaca
ggagtagcac
ataggagctt
atgacgctga
ttgctgaggyg
cagctccagg
atttggggtt
agtaataaat
attaacaatt
aagaatgaac
ataacaaatt
ttaagaatag

ttatcgtttc

gaagaaggtg

atgttgtgtg
tacgccaagc
tgtagtctta
ccttacaagg
gtgccttatt
cgcattgcag
tagaccagat
aataaagctt
actagagatc
cagggacttg
tgaagcgcgc
tagcggaggc
tagatcgcga
acatatagta
aacatcagaa
agaagaactt
agagataaaa
gaccaccgca
attggagaag
ccaccaaggc
tgttccttgy
cggtacaggc
ctattgaggc
caagaatcct
gctctggaaa
ctctggaaca
acacaagctt
aagaattatt
ggctgtggta
tttttgctgt

agacccacct

gagagagaga

gaattgtgag
gcgcaattaa
tgcaatactc
agagaaaaag
aggaaggcaa
agatattgta
ctgagcctgyg
gccttgagtyg
cctcagaccc
aaagcgaaag
acggcaagag
tagaaggaga
tgggaaaaaa
tgggcaagca
ggctgtagac
agatcattat
gacaccaagg
cagcaagcgg
tgaattatat
aaagagaaga
gttcttggga
cagacaatta
gcaacagcat
ggctgtggaa
actcatttgc
gatttggaat
aatacactcc
ggaattagat
tataaaatta
actttctata
cccaaccccyg

cagagacaga
Page

cggataacaa
ccctcactaa
ttgtagtctt
caccgtgcat
cagacgggtc
tttaagtgcc
gagctctctg
cttcaagtag
ttttagtcag
ggaaaccaga
gcgaggggcg
gagatgggtg
ttcggttaag
gggagctaga
aaatactggg
ataatacagt
aagctttaga
ccgctgatct
aaatataaag
gtggtgcaga
gcagcaggaa
ttgtctggta
ctgttgcaac
agatacctaa
accactgctg
cacacgacct
ttaattgaag
aaatgggcaa
ttcataatga
gtgaatagag
aggggacccg

tccattcgat
3

tttcacacag
agggaacaaa
gcaacatggt
gccgattggt
tgacatggat
tagctcgata
gctaactagg
tgtgtgcccyg
tgtggaaaat
ggagctctct
gcgactggtyg
cgagagcgtc
gccaggggga
acgattcgca
acagctacaa
agcaaccctc
caagatagag
tcagacctgyg
tagtaaaaat
gagaaaaaag
gcactatggg
tagtgcagca
tcacagtctg
aggatcaaca
tgccttggaa
ggatggagtg
aatcgcaaaa
gtttgtggaa
tagtaggagyg
ttaggcaggyg
acaggcccga

tagtgaacgg

2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
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atctcgacgg
agaaggaaaa
aattccagca
gccagtaaaa
cgcctgttgg
aggagtaata
ggctgaacat
aggggggatt
acaaactaaa
ggacagcaga
gcagagcgca
ggtgcctaga
ctttttcccy
tttcgcaacyg
ggcctcttta
gtgattcttg
taaggagccc
gtgcgaatct
Taaaattttt
ggccaagatc
gcgtcccagce
cgggggtagt
gccccgeect
ccgcttceccyg
gcgggtgagt
gactccactg
acgtcgtctt
gtggagactg
tttgagtttg
ccatttcagg
ccgctggect

tccctgtctyg

tatcgattag
gttatcttgg
gagacagggc
acagtacata
tgggcgggga
gaatctatga
cttaagacag
ggggggtaca
gaattacaaa
gatccagttt
catcgcccac
gaaggtggcg
agggtggggag
ggtttgccgce
cgggttatgg
atcccgaget
cttcgecteg
ggtggcacct
gatgacctgc
tgcacactgg
gcacatgttc
ctcaagctgg
gggcggcaag
gccctgcetge
cacccacaca
agtaccgggc
taggttgggg
aagttaggcc
gatcttggtt
tgtcgtgatc
tgctgctcca

cctctctggg

actgtagccc
tagcagttca
aagaaacagc
cagacaatgg
tcaagcagga
ataaagaatt
cagtacaaat
gtgcagggga
aacaaattac
ggctgcattyg
agtccccgag
cggggtaaac
agaaccgtat
cagaacacag
cccttgegtyg
tcgggttgga
tgcttgagtt
tcgcgectgt
tgcgacgctt
tatttcggtt
ggcgaggcgy
ccggcctgcet
gctggcccgg
agggagctca
aaggaaaagg
gccgtccagyg
ggaggggttt
agcttggcac
cattctcaag
tagaggatcc
cgccgccagyg

agacagagtc

aggaatatgg
tgtagccagt
atacttcctc
cagcaatttc
atttggcatt
aaagaaaatt
ggcagtattc
aagaatagta
aaaaattcaa
atcacgtgag
aagttggggag
tgggaaagtg
ataagtgcag
gtaagtgccg
ccttgaatta
agtgggtggag
gaggcctggce
ctcgctgett

tttttctggc

tttggggccyg
ggcctgcgag
ctggtgcctyg
tcggcaccag
aaatggagga
gcctttccgt
cacctcgatt
tatgcgatgg
ttgatgtaat
cctcagacag
atggccttac
ccggacatcc

accatcagtt
Page

cagctagatt
ggatatatag
ttaaaattag
accagtacta
ccctacaatc
ataggacagg
atccacaatt
gacataatag
aattttcggg
gctccggtgce
gaggggtcgg
atgtcgtgta
tagtcgccgt
tgtgtggttc
cttccacctyg
agagttcgag
ctgggcgctyg
tcgataagtc
aagatagtct
c€gggcggcga
cgcggccacc
gcctcgegec
ttgcgtgagc
cgcggegetc
cctcagccgt
agttctcgag
agtttcccca
tctccttgga
tggttcaaag
cagtgaccgc
agatgacaca

gcagggcaag
4

gtacacattt
aagcagaagt
caggaagatg
cagttaaggc
cccaaagtca
taagagatca
ttaaaagaaa
caacagacat
tttattacag
ccgtcagtgg
caattgaacc
ctggctccgce
gaacgttctt
ccgcgggect
gctgcagtac
gccttgeget
gggccgccgce
tctagccatt
tgtaaatgcg
cggggcccgt
gagaatcgga
gccgtgtatc
ggaaagatgg
gggagagcgyg
cgcttcatgt
cttttggagt
cactgagtgg
atttgccctt
Ttttttctt
cttgctcctyg
gactacatcc

tcaggacatt

4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
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agtaaatatt
catacatcaa
gattattctc
cagggtaata
ggtggctcgg
ggacctggcc
tcattacccyg
ctgggagtaa
accatcatca
gatgacacag
gactactggg
ccaccaacac
cggccagegy
atctgggcgc
tactgcaaac
gtacaaacta
ggatgtgaac
cagaaccagc
aagagacgtg
ggcctgtaca
aaaggcgagc
accaaggaca
caacctctgg
tttacgctat
gctttcattt

cccgttgtca

tggggcattg
gccacggcgg

ggcactgaca
tgtgttgcca
ccagcggacc

cttcgccctc

taaattggta
gattacactc
tcaccattag
cgcttccgta
gcggtggtgg
tggtggcgec
actatggtgt
tatggggtag
aggacaactc
ccatttacta
gccaaggaac
cggcgcccac

€ggggggcygce
ccttggcegg

ggggcagaaa
ctcaagagga
tgagagtgaa
tctataacga
gccgggaccc
atgaactgca
gccggagggyg
cctacgacgc
attacaaaat
gtggatacgc
Ttctcctectt
ggcaacgtgg
ccaccacctg
aactcatcgc
attccgtggt
cctggattct
ttcctteecy

agacgagtcg

tcagcagaaa
aggagtccca
caacctggag
cacgttcgga
gtcgggtggce
ctcacagagc
aagctggatt
tgaaaccaca
caagagccaa
ctgtgccaaa
ctcagtcacc
catcgcgtcyg
agtgcacacg
gacttgtggg
gaaactcctg
agatggctgt
gttcagcagg
gctcaatcta
tgagatgggg
gaaagataag
caaggggcac
ccttcacatg
ttgtgaaaga
tgctttaatg
gtataaatcc
cgtggtgtgc
tcagctcctt

cgcctgectt

gttgtcgggy
gcgcgggacy
cggcctgctyg

gatctccctt

ccagatggaa
tcaaggttca

caagaagata

ggggggacca

ggcggatctg
ctgtccgtca

cgccagcectc
Ttactataatt
gttttcttaa
cattattact
gtctcctcaa
cagcccctgt
agggggctgg
gtccttctec
Ttatatattca
agctgccgat
agcgcagacg
ggacgaagag
ggaaagccga
atggcggagg
gatggccttt
caggccctgce
ttgactggta
cctttgtatc
tggttgctgt
actgtgtttg
tccgggactt
gcccgetget
aagctgacgt
tccttctget
ccggctctge

tgggccgect

ctgttaaact
gtggcagtgg
ttgccactta
agctggagat
aggtgaaact
catgcactgt
cacgaaaggyg
cagctctcaa
aaatgaacag
acggtggtag
ccacgacgcc
ccctgegecc
acttcgcctyg
tgtcactggt
aacaaccatt
ttccagaaga
cccccgcgta
aggagtacga
gaaggaagaa
cctacagtga
accagggtct
cccctcgcta
ttcttaacta
atgctattgc
ctctttatga
ctgacgcaac
tcgcttteccc
ggacaggggc
cctttccatg
acgtcccttc
ggcctcttcc

ccccgectgg

Page 5

cctgatctac
gtctggaaca
cttttgccaa
cacaggtggc
gcaggagtca
ctcaggggtc
tctggagtgg
atccagactg
tctgcaaact
ctatgctatg
agcgccgcga
agaggcgtgc
tgatatctac
tatcaccctt
tatgagacca
agaagaagga
caagcagggc
tgttttggac
ccctcaggaa
gattgggatg
cagtacagcc
agtcgacaat
tgttgctcct
ttcccgtatyg
ggagttgtgg
ccccactggt
cctccctatt
tcggctgttyg
gctgctcgec
ggccctcaat
gcgtcttcgce

aattcgagct

6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
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cggtaccttt
aaaagggggg
gtactgggtc
acccactgct
tgttgtgtga
ctagcagtag
tatcagagag
gcatcacaaa
aactcatcaa
cccgccccta
tatttatgca
cttttttgga
<210> 2

<211> 228
<212> DNA
<213>

<220>
<223>

<400> 2

aagaccaatg
actggaaggg
tctctggtta
taagcctcaa
ctctggtaac
tagttcatgt
tgagaggaac
tttcacaaat
tgtatcttat
actccgccca
gaggccgagg
ggcctaggga

acttacaagg
ctaattcact
gaccagatct
taaagcttgc
tagagatccc
catcttatta
ttgtttattg
aaagcatttt
catgtctggc
gttccgccca
ccgcctcggce

cgtacccaat

Artificial Sequence

Chemically synthesized

atgtagtctt atgcaatact cttgtagtct

gccttacaag gagagaaaaa gcaccgtgca

cgtgccttat taggaaggca acagacgggt

ccgcattgca gagatattgt atttaagtgc

<210> 3
<211> 98
<212> DNA
<213>
<220>
<223>
<400> 3

Artificial Sequence

Chemically synthesized

cagctgtaga
cccaacgaag
gagcctggga
cttgagtgct
tcagaccctt
ttcagtattt
cagcttataa
tttcactgca
tctagctatc
ttctcegecce
ctctgagcta

tcgccctata

tgcaacatgyg
tgccgattgg
ctgacatgga

ctagctcgat

tcttagccac
acaagatctg
gctctctggc
tcaagtagtg
ttagtcagtg
ataacttgca
tggttacaaa
ttctagttgt
ccgcccctaa
catggctgac
ttccagaagt

gtgagtcgta

taacgatgag
tggaagtaag
ttggacgaac

acataaac

tttttaaaag
ctttttgctt
taactaggga
tgtgcccgtc
tggaaaatct
aagaaatgaa
taaagcaata
ggtttgtcca
ctccgcccat
Taattttttt
agtgaggagg
ttac

ttagcaacat
gtggtacgat

cactgaattg

gggtctctct ggttagacca gatctgagcc tgggagctct ctggctaact agggaaccca

ctgcttaagc ctcaataaag cttgccttga gtgcttca

<210> 4
<211> 85
<212> DNA
<213>

<220>

Artificial Sequence

Page

6

8520
8580
8640
8700
8760
8820
8880
8940
9000
9060
9120
9174

60
120
180
228

60
98
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<223>
<400> 4

Chemically synthesized

agtagtgtgt gcccgtctgt tgtgtgactc tggtaactag agatccctca gaccctttta

gtcagtgtgg aaaatctcta gcagt

<210> 5

<211> 1377
<212> DNA
<213>

<220>
<223>

<400> 5
cgaacaggga

ttgctgaagc
tgactagcgyg
gaattagatc
taaaacatat
tagaaacatc
gatcagaaga
ggatagagat
gtaagaccac
gacaattgga
gcacccacca
gctttgttcc
ctgacggtac
agggctattg
caggcaagaa
ggttgctctyg
aaatctctgg
aattacacaa
gaacaagaat
aattggctgt
atagtttttg

tttcagaccc

ggtggagaga

cttgaaagcg
gcgcacggca
aggctagaag
gcgatgggaa
agtatgggca
agaaggctgt
acttagatca
aaaagacacc
cgcacagcaa
gaagtgaatt
aggcaaagag
ttgggttctt
aggccagaca
aggcgcaaca
tcctggctgt
gaaaactcat
aacagatttg
gcttaataca
tattggaatt
ggtatataaa
ctgtactttc
acctcccaac

gagacagaga

Artificial Sequence

Chemically synthesized

aaagggaaac
agaggcgagyg
gagagagatg
aaaattcggt
agcagggagc
agacaaatac
ttatataata
aaggaagctt
gcggcecegetyg
atataaatat
aagagtggtg
gggagcagca
attattgtct
gcatctgttyg
ggaaagatac
ttgcaccact
gaatcacacg
ctccttaatt
agataaatgg
attattcata
tatagtgaat

cccgagggga

cagatccatt

cagaggagct
ggcggcgact
ggtgcgagag
taaggccagg
tagaacgatt
tgggacagct
cagtagcaac
tagacaagat
atcttcagac
aaagtagtaa
cagagagaaa
ggaagcacta
ggtatagtgc
caactcacag
ctaaaggatc
gctgtgcctt
acctggatgg
gaagaatcgc
gcaagtttgt
atgatagtag
agagttaggc
cccgacaggc

cgattagtga

Page

ctctcgacgc
ggtgagtacg
cgtcagtatt
gggaaagaaa
cgcagttaat
acaaccatcc
cctctattgt
agaggaagag
ctggaggagg
aaattgaacc
aaagagcagt
tgggcgcagc
agcagcagaa
tctggggcat
aacagctcct
ggaatgctag
agtgggacag
aaaaccagca
ggaattggtt
gaggcttggt
agggatattc
ccgaaggaat

acggatctcg

aggactcggc
ccaaaaattt
aagcggggga
aaatataaat
cctggcctgt
cttcagacag
gtgcatcaaa
caaaacaaaa
agatatgagg
attaggagta
gggaatagga
gtcaatgacg
caatttgctg
caagcagctc
ggggatttgg
ttggagtaat
agaaattaac
agaaaagaat
taacataaca
aggtttaaga
accattatcg
agaagaagaa

acggtat

60
85

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1377
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<210> 6

<211> 547
<212> DNA
<213>

<220>
<223>

<400> 6

Artificial Sequence

Chemically synthesized

tagactgtag cccaggaata tggcagctag

tggtagcagt
ggcaagaaac
atacagacaa
ggatcaagca
tgaataaaga
cagcagtaca
acagtgcagg
aaaaacaaat
tttggct

<210> 7

<211>

<212>
<213>

DNA
<220>
<223>

<400> 7
gctccggtgc

gaggggtcgg
atgtcgtgta
tagtcgcegt
tgtgtggttc
cttccacctg
agagttcgag
ctgggcgetg
tcgataagtc
aagatagtct
cgggcggcga
cgcggccacc

gcctcgegec

1178

tcatgtagcc
agcatacttc
tggcagcaat
ggaatttggc
attaaagaaa
aatggcagta
ggaaagaata

Tacaaaaatt

ccgtcagtgg
caattgaacc
ctggctccgce
gaacgttctt
ccgcgggect
gctgcagtac
gccttgeget
gggccgecegce
tctagccatt
tgtaaatgcg
cggggccegt
gagaatcgga

gccgtgtatc

agtggatata
ctcttaaaat
ttcaccagta
attccctaca
attataggac
ttcatccaca
gtagacataa

caaaattttc

Artificial Sequence

Chemically synthesized

gcagagcgca
ggtgcctaga
ctttttcccg
tttcgcaacg
ggcctcttta
gtgattcttg
taaggagccc
gtgcgaatct
Taaaattttt
ggccaagatc
gcgtcccagc
cgggggtagt

gccccgcect

attgtacaca
tagaagcaga
tagcaggaag
ctacagttaa
atccccaaag
aggtaagaga
attttaaaag
tagcaacaga

gggtttatta

catcgcccac
gaaggtggcg
agggtggggag
ggtttgccgce
cgggttatgg
atcccgaget
cttcgecteg
ggtggcacct
gatgacctgc
tgcacactgg
gcacatgttc

ctcaagctgyg

gggcggcaag

tttagaagga
agtaattcca
atggccagta
ggccgcctgt
tcaaggagta
tcaggctgaa
aaaagggggy
catacaaact

cagggacagc

agtccccgag
cggggtaaac
agaaccgtat
cagaacacag
cccttgegtyg
tcgggttgga
tgcttgagtt
tcgcgectgt
tgcgacgcett
tatttcggtt
ggcgaggcgg
ccggectget

gctggcccgg

Page 8

aaagttatct
gcagagacag
aaaacagtac
tggtgggcgy
atagaatcta
catcttaaga
attggggggt
aaagaattac

agagatccag

aagttggggag
tgggaaagtg
ataagtgcag
gtaagtgccg
ccttgaatta
agtgggtggag
gaggcctggce
ctcgctgett

tttttctggc

tttggggccy
ggcctgcgag
ctggtgectg

tcggcaccag

60
120
180
240
300
360
420
480
540
547

60
120
180
240
300
360
420
480
540
600
660
720
780
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ttgcgtgagc
cgcggcegctc
cctcagccgt
agttctcgag
agtttcccca
tctccttgga
tggttcaaag
<210> 8

<211>

<212>
<213>

DNA

<220>
<223>

<400> 8

1459

ggaaagatgg
gggagagcgg
cgcttcatgt
cttttggagt
cactgagtgg
atttgccctt

tttttttctt

ccgcttececcyg
gcgggtgagt
gactccactg
acgtcgtctt
gtggagactg
tttgagtttg

ccatttcagg

Artificial Sequence

Chemically synthesized

atggccttac cagtgaccgc cttgctcctg

ccggacatcc
accatcagtt
ccagatggaa
tcaaggttca

caagaagata

ggggggacca

ggcggatctg
ctgtccgtca

cgccagcectc
Ttactataatt
gttttcttaa
cattattact
gtctcctcaa
cagcccctgt
agggggctgg
gtccttctec
Ttatatattca
agctgccgat

agcgcagacg

agatgacaca

gcagggcaag
ctgttaaact
gtggcagtgg
ttgccactta
agctggagat
aggtgaaact
catgcactgt
cacgaaaggyg
cagctctcaa
aaatgaacag
acggtggtag
ccacgacgcc
ccctgegecc
acttcgcctyg
tgtcactggt
aacaaccatt
ttccagaaga

cccccgcgta

gactacatcc
tcaggacatt
cctgatctac
gtctggaaca
cttttgccaa
cacaggtggc
gcaggagtca
ctcaggggtc
tctggagtgg
atccagactg
tctgcaaact
ctatgctatg
agcgccgcga
agaggcgtgc
tgatatctac
tatcaccctt
tatgagacca
agaagaagga

caagcagggc

gccctgcetge
cacccacaca
agtaccgggc
taggttgggg
aagttaggcc
gatcttggtt

tgtcgtga

ccgctggect
tccctgtctyg
agtaaatatt
catacatcaa
gattattctc
cagggtaata
ggtggctcgg
ggacctggcc
tcattacccyg
ctgggagtaa
accatcatca
gatgacacag
gactactggg
ccaccaacac
cggccagegy
atctgggcgc
tactgcaaac
gtacaaacta
ggatgtgaac

cagaaccagc
Page

agggagctca
aaggaaaagg
gccgtccagg
ggaggggttt
agcttggcac

cattctcaag

tgctgctcca
cctctctggg
taaattggta
gattacactc
tcaccattag
cgcttccgta
gcggtggtgg
tggtggcgec
actatggtgt
tatggggtag
aggacaactc
ccatttacta
gccaaggaac
cggcgcccac

€ggggggcygce
ccttggcegg

ggggcagaaa
ctcaagagga
tgagagtgaa

tctataacga
9

aaatggagga
gcctttccgt
cacctcgatt
tatgcgatgg
ttgatgtaat

cctcagacag

cgccgccagyg
agacagagtc
tcagcagaaa
aggagtccca
caacctggag
cacgttcgga
gtcgggtggce
ctcacagagc
aagctggatt
tgaaaccaca
caagagccaa
ctgtgccaaa
ctcagtcacc
catcgcgtcyg
agtgcacacg
gacttgtggg
gaaactcctg
agatggctgt
gttcagcagg

gctcaatcta

840
900
960
1020
1080
1140
1178

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
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ggacgaagag
ggaaagccga
atggcggagg
gatggccttt
caggccctgc
<210> 9

<211> 591
<212> DNA
<213>

<220>
<223>

<400> 9
atcaacctct

cttttacgct
tggctttcat
ggcccgttgt
gttggggcat
ttgccacggc
tgggcactga
cctgtgttgce
atccagcgga
gccttcgecc
<210> 10

<211> 98

<212> DNA
<213>

<220>
<223>

<400> 10

aggagtacga tgttttggac
gaaggaagaa ccctcaggaa
cctacagtga gattgggatg

accagggtct cagtacagcc

cccctegcet

Artificial Sequence

Chemically synthesized

ggattacaaa atttgtgaaa

atgtggatac
tttctcctcc
caggcaacgt
tgccaccacc
ggaactcatc
caattccgtyg
cacctggatt
ccttccttec

tcagacgagt

gctgctttaa
ttgtataaat
ggcgtggtgt
tgtcagctcc
gccgcctgec
gtgttgtcgg
ctgcgcggga
cgcggcectgce

cggatctccc

Artificial Sequence

Chemically Ssynthezied

aagagacgtg
ggcctgtaca
aaaggcgagc

accaaggaca

gattgactgg
tgcctttgta
cctggttgct
gcactgtgtt
tttccgggac
ttgcccgetyg
ggaagctgac
cgtccttctyg
tgccggctct

tttgggccgce

gccgggaccc tgagatgggg

atgaactgca gaaagataag

gccggagggg caaggggceac

cctacgacgc ccttcacatg

tattcttaac tatgttgctc
tcatgctatt gcttcccgta
gtctctttat gaggagttgt
tgctgacgca acccccactg
tttcgctttc cccctcccta
ctggacaggg gctcggctgt
gtcctttcca tggctgctcg
ctacgtccct tcggccctca
gcggcctctt ccgecgtcttc

ctccccgect g

gggtctctct ggttagacca gatctgagcc tgggagctct ctggctaact agggaaccca

ctgcttaagc ctcaataaag cttgccttga gtgcttca

<210> 11
<211> 84
<212> DNA
<213>
<220>
<223>

Artificial Sequence

Chemically synthesized

Page 10

1260
1320
1380
1440
1459

60
120
180
240
300
360
420
480
540
591

60
98
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<400>

agtagtgtgt gcccgtctgt tgtgtgactc tggtaactag agatccctca gaccctttta

11

gtcagtgtgg aaaatctcta gcag

<210>
<211>
<212>

12
486
PRT

<213> Artificial sequence

<220>
<223>

<400>

Met Ala
1

His Ala

Ser Ala

Asp Ile

50

val Lys

65

Ser Arg

Ser Asn

Asn Thr

Gly Gly

val Lys

145

Leu Ser

val Ser

Chemically synthesized

12

Leu

Ala

Ser

35

Ser

Leu

Phe

Leu

Leu

115

Gly

Leu

val

Trp

Pro

Arg

20

Leu

Lys

Leu

Ser

Glu

100

Pro

Gly

Gln

Thr

Ile
180

val

5

Pro

Gly

Tyr

Ile

Gly

85

Gln

Tyr

Ser

Glu

Cys

165

Arg

Thr

Asp

Asp

Leu

Tyr

70

Ser

Glu

Thr

Gly

Ser

150

Thr

Gln

Ala

Ile

Arg

Asn

55

His

Gly

Asp

Phe

Gly

Gly

val

Pro

Leu

Gln

val

40

Trp

Thr

Ser

Gly

Gly

Pro

Ser

Pro

Leu

Met

25

Thr

Tyr

Ser

Gly

Ala

105

Gly

Gly

Gly

Gly

Arg

Leu Pro Leu
10

Thr Gln Thr

Ile Ser Cys

Gln GIn Lys

Arg Leu His
75

Thr Asp Tyr
90

Thr Tyr Phe

Gly Thr Lys

Ser Gly Gly

Leu val Ala

155

val Ser Leu
170

Lys Gly Leu

Page 11

Ala

Thr

Arg

45

Pro

Ser

Ser

Cys

Leu

125

Gly

Pro

Pro

Glu

Leu

Ser

30

Ala

Asp

Gly

Leu

Gln

110

Glu

Gly

Ser

Asp

Trp

Leu

15

Ser

Ser

Gly

val

Thr

95

Gln

Ser

Gln

Tyr

175

Leu

Leu

Leu

Gln

Thr

Pro

80

Ile

Gly

Thr

Glu

Ser

160

Gly

Gly
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val

Arg

Met

225

Thr

Thr

Ala

Phe

305

val

Lys

Thr

Glu

Pro

385

Pro

Tyr

Ile

Leu

210

Asn

Tyr

Ser

Pro

Cys

290

Ala

Leu

Lys

Thr

Gly

Ala

Arg

Glu

Asn

Trp

Thr

Ser

Tyr

val

Ala

275

Arg

Cys

Leu

Leu

Gln

355

Gly

Tyr

Arg

Met

Glu
435

Gly

Leu

Tyr

Thr

260

Pro

Pro

Asp

Leu

Leu

340

Glu

Cys

Lys

Glu

Gly

Leu

Ser

Ile

Gln

Thr

Ala

Ile

Ser

325

Tyr

Glu

Glu

Gln

Glu

405

Gly

Gln

Glu

Lys

Thr

230

Gly

Ser

Ile

Ala

Tyr

310

Leu

Ile

Asp

Leu

Gly

Tyr

Lys

Lys

Thr

Asp

Asp

Ser

Ser

Ala

val

Phe

Gly

Arg

Gln

Asp

Pro

Asp

Thr

200

Asn

Asp

Tyr

Thr

Ser

280

Gly

Trp

Lys

Cys

360

val

Asn

val

Arg

Lys

Tyr

Ser

Thr

Ala

Thr

265

Gln

Ala

Ala

Thr

Gln

345

Ser

Lys

Gln

Leu

Tyr Ash

Lys Ser

Ala Ile
235

Met Asp
250

Thr Pro

Pro Leu

val His

Pro Leu
315

Leu Tyr
330

Pro Phe

Cys Arg

Phe Ser

Leu Tyr

395

Asp Lys
410

Lys Ash

Ala Glu

Ser

Gln

220

Tyr

Tyr

Ala

Ser

Thr

300

Ala

Cys

Met

Phe

Arg

Asn

Arg

Pro

Ala

Page 12

Ala

205

val

Tyr

Trp

Pro

Leu

285

Arg

Gly

Lys

Arg

Pro

365

Ser

Glu

Arg

Gln

Tyr
445

Leu

Phe

Cys

Gly

Arg

Arg

Gly

Thr

Arg

Pro

350

Glu

Ala

Leu

Gly

Glu

430

Ser

Lys

Leu

Ala

Gln

255

Pro

Pro

Leu

Cys

Gly

val

Glu

Asp

Asn

Glu

Ser

Lys

Pro

Glu

Asp

Gly

Arg

Gln

Glu

Ala

Leu

400

Asp

Leu

Ile
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Gly Met Lys Gly Glu Arg Arg Arg Gly Lys Gly His Asp Gly Leu Tyr
450 455 460

Gln Gly Leu Ser Thr Ala Thr Lys Asp Thr Tyr Asp Ala Leu His Met
470

465

Gln Ala Leu Pro Pro Arg

485

Artificial Sequence

Chemically synthesized

475

480

atggccttac cagtgaccgc cttgctcctg ccgctggcct tgctgctcca cgccgccagg

<210> 13
<211> 63
<212> DNA
<213>
<220>
<223>
<400> 13
ccg

<210> 14
<211> 726
<212> DNA
<213>
<220>
<223>
<400> 14
gacatccaga
atcagttgca
gatggaactg
aggttcagtg
gaagatattg
gggaccaagc
ggatctgagg
tccgtcacat
cagcctccac
tataattcag
ttcttaaaaa
tattactacg
tcctca
<210> 15
<211> 135

tgacacagac
gggcaagtca
ttaaactcct
gcagtgggtc
ccacttactt
tggagatcac
tgaaactgca
gcactgtctc
gaaagggtct
ctctcaaatc
tgaacagtct

gtggtagcta

Artificial Sequence

Chemically synthesized

tacatcctcc
ggacattagt
gatctaccat
tggaacagat
ttgccaacag
aggtggeggt
ggagtcagga
aggggtctca
ggagtggctyg
cagactgacc
gcaaactgat

tgctatggac

ctgtctgect
aaatatttaa
acatcaagat
tattctctca
ggtaatacgc
ggctcgggcg
cctggcctgg
ttacccgact
ggagtaatat
atcatcaagg
gacacagcca

tactggggcc

ctctgggaga
attggtatca
tacactcagg
ccattagcaa
ttccgtacac
gtggtgggtc
tggcgccectc
atggtgtaag
ggggtagtga
acaactccaa
tttactactg

aaggaacctc

Page 13

cagagtcacc
gcagaaacca
agtcccatca

cctggagcaa

gttcggaggg
gggtggcggc
acagagcctg
ctggattcgc
aaccacatac
gagccaagtt
tgccaaacat

agtcaccgtc

60
63

60
120
180
240
300
360
420
480
540
600
660
720
726
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<212>
<213>

DNA

<220>
<223>

<400> 15

Artificial Sequence

Chemically synthesized

accacgacgc cagcgccgcg accaccaaca ccggcgccca ccatcgcgtc gcagcccctg

tccctgecgec cagaggcgtg ccggccagcg gcggggggeg cagtgcacac gagggggctg

atctacatct gggcgccctt ggccgggact tgtggggtcc ttctcctgtc actggttatc

gacttcgcct gtgat

<210> 16

<211> 72

<212> DNA

<213> Artificial sequence
<220>

<223> Chemically Synthesized
<400> 16

accctttact gc

<210> 17

<211> 126

<212> DNA

<213> Artificial sequence
<220>

<223> Chemically Synthesized

<400> 17

aaacggggca gaaagaaact cctgtatata ttcaaacaac catttatgag accagtacaa

actactcaag aggaagatgg ctgtagctgc cgatttccag aagaagaaga aggaggatgt

gaactg

<210> 18

<211> 336
<212> DNA
<213>

<220>
<223>

<400> 18
agagtgaagt

tataacgagc
cgggaccctyg
gaactgcaga
cggaggggca

tacgacgccc

tcagcaggag
tcaatctagg

agatgggggg

aagataagat

aggggcacga

ttcacatgca

Artificial Sequence

Chemically synthesized

cgcagacgcc
acgaagagag
aaagccgaga
ggcggaggcec
tggcctttac

ggccctgecc

cccgcgtaca
gagtacgatg
aggaagaacc
tacagtgaga
cagggtctca

cctcgce

agcagggcca
ttttggacaa
ctcaggaagyg
ttgggatgaa

gtacagccac

Page 14

gaaccagctc
gagacgtggc
cctgtacaat
aggcgagcgc

caaggacacc

60
120
135

60
72

60
120
126

60
120
180
240
300
336
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<210>
<211>
<212>
<213>

<220>
<223>

<400>

19
21
PRT

Artificial Sequence

Chemically synthesized

19

Met Ala Leu Pro val Thr Ala Leu Leu Leu Pro Leu Ala Leu Leu Leu
1 5

His Ala Ala Arg Pro

<210>
<211>
<212>
<213>

<220>
<223>

<400>
Asp Ile
1
Asp Arg
Leu Ash
Tyr His
50
Ser Gly
65
Glu Asp
Thr Phe

Gly Gly

Ser Gly

20
242
PRT

20

Artificial Sequence

Chemically synthesized

20

Gln

val

Trp

35

Thr

Ser

Met Thr Gln
5

Thr

20

Tyr

Ser

Gly

Ala

Gly

Gly

Gly

Ile

Gln

Arg

Thr

Thr

85

Gly

Ser

Leu

Ser

Gln

Leu

Asp

70

Tyr

Thr

Gly

val

Thr Thr Ser

Cys Arg Ala
25

Lys Pro Asp
40

His Ser Gly
55

Tyr Ser Leu
Phe Cys Gln
Lys Leu Glu

105

Gly Gly Gly
1

Ala Pro Ser
135

Ser Leu Ser
10

Ser Gln Asp

Gly Thr val

val Pro Ser
60

Thr Ile Ser
75

Gln Gly Asn
90

Ile Thr Gly

Ser Glu val

Gln Ser Leu
140
Page 15

Ala

Ile

Arg

Asn

Thr

Gly

Ser

Ser

30

Leu

Phe

Leu

Leu

Gly

110

Leu

val

Leu

15

Lys

Leu

Ser

Glu

Pro

95

Gly

Gln

Thr

Gly

Tyr

Ile

Gly

Gln

80

Tyr

Ser

Glu

Cys

UPenn Ex. 2047
Miltenyi v. UPenn
IPR2022-00855
Page 167



Thr val ser Gly val Ser Leu Pro Asp Tyr Gly val Ser Trp Ile Arg
145 150 155 160

Gln Pro Pro Arg Lys Gly Leu Glu Trp Leu Gly val Ile Trp Gly Ser
165 170 175

Glu Thr Thr Tyr Tyr Asn Ser Ala Leu Lys Ser Arg Leu Thr Ile Ile
180 185 190

Lys Asp Asn Ser Lys Ser Gln val Phe Leu Lys Met Asn Ser Leu Gln
195 200 205

Thr Asp Asp Thr Ala Ile Tyr Tyr Cys Ala Lys His Tyr Tyr Tyr Gly
210 215 220

Gly Ser Tyr Ala Met Asp Tyr Trp Gly Gln Gly Thr Ser val Thr val

225 230 235 240
Ser Ser

<210> 21

<211> 47

<212> PRT

<213> Artificial sequence

<220>
<223> Chemically Synthesized

<400> 21
Thr Thr Thr Pro Ala Pro Arg Pro Pro Thr Pro Ala Pro Thr Ile Ala
1 5 10 15

Ser Gln Pro Leu Ser Leu Arg Pro Glu Ala Cys Arg Pro Ala Ala Gly
20 25 30

Gly Ala val His Thr Arg Gly Leu Asp Phe Ala Cys Asp Ile Tyr
35 40 45

<210> 22
<211> 22
<212> PRT

<213> Artificial sequence

<220>
<223> Chemically Synthesized

<400> 22

Ile Trp Ala Pro Leu Ala Gly Thr Cys Gly val Leu Leu Leu Ser Leu
1 5 10 15
Page 16
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val Ile Thr Leu Tyr Cys
20

<210>
<211>
<212>
<213>

<220>
<223>

<400>

23
42
PRT

Artificial Sequence

Chemically synthesized

23

Lys Arg Gly Arg Lys Lys Leu Leu Tyr
1 5

Arg Pro val Gln Thr Thr GIn Glu Glu

20

Pro Glu Glu Glu Glu Gly Gly Cys
40

<210>
<211>
<212>
<213>

<220>
<223>

<400>

24
112
PRT

Artificial Sequence

Chemically synthesized

24

Arg val Lys
1

Gln

Asp

Pro

Asp

65

Arg

Thr

Asn

val

Arg

50

Lys

Arg

Lys

Gln

Leu

35

Arg

Met

Gly

Asp

Phe

Leu

20

Asp

Lys

Ala

Lys

Thr
100

Ser Arg Ser Ala

5

Tyr

Lys

Asn

Glu

Gly

85

Tyr

Asn

Arg

Pro

Ala

70

Asp

Glu

Arg

Gln

55

Tyr

Asp

Ala

Leu

Gly

40

Glu

Ser

Gly

Leu

25

Glu

Asp

Asn

25

Arg

Gly

Glu

Leu

His
105

Ile Phe Lys Gln Pro Phe Met

10

15

Asp Gly Cys Ser Cys Arg Phe
30

Leu

Ala Pro Ala
10

Leu Gly Arg

Asp Pro Glu

Leu Tyr Ash
60

Ile Gly Met
75

Tyr Gln Gly
90

Met Gln Ala

Page 17

Tyr

Arg

Met

45

Glu

Lys

Leu

Leu

Lys Gln
15

Glu Glu
30

Gly Gly

Leu GIn

Gly Glu

ser Thr

95

Pro Pro
110

Gly

Tyr

Lys

Lys

Arg

80

Ala

Arg
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<210>
<211>
<212>
<213>

<220>
<223>

<400>

25

22

DNA

Artificial Sequence

Chemically synthesized
25

gaaagctgac tgcccctatt tg

<210>
<211>
<212>
<213>

<220>
<223>

<400>

26

22

DNA

Artificial Sequence

Chemically synthesized
26

gagaggaagt gctgggaaca at

<210>
<211>
<212>
<213>

<220>
<223>

<400>

27

15

DNA

Artificial Sequence

Chemically synthesized
27

ctccccagtc tcttt

Page 18
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Doc Code: TRACK1.REQ
Document Description: TrackOne Request

PTO/SB/424 (12-11)

CERTIFICATION AND REQUEST FOR PRIORITIZED EXAMINATION
UNDER 37 CFR 1.102{e} (Page 1 of 1)

First Named Nonprovisional Application Number (if
Inventor: Carﬂ H JU?T%, et aE- known}:

Title of .

vortion: Compositions and Methods for Treatment of Cancer

APPLICANT HEREBY CERTIFIES THE FOLLOWING AND REQUESTS PRIORITIZED EXAMINATION FOR
THE ABOVE-IDENTIFIED APPLICATION.

1. The processing fee set forth in 37 CFR 1.17(3), the prioritized examination fee set forth in 37
CFR 1.17(c), and if not already paid, the publication fee set forth in 37 CFR 1.18(d) have been
filed with the request. The basic filing fee, search feg, examination fee, and any reguired
excess claims and application size fees are filed with the request or have been already been
paid.

2. The application contains or is amended to contain no more than four independent claims and
no moere than thirty total claims, and no muliple dependent claims.

3. The applicable box is checked below:

oy
P
PR

Ly Original Application {Track One) - Prioritized Examination under § 1.102{e}{1}

. {a) The application is an original nonprovisional ulility application filed under 35 U.S.C. 111(a).
This certification and request is being filed with the ulility application via EFS-Web.
OO
{(b) The application is an original nonprovisional plant application filed under 35 U.5.C. 111(a).
This certification and request is being filed with the plant application in paper.

. An executed oath or declaration under 37 CFR 1.63 is filed with the application.

. U Reguest for Continued Examination -~ Prioritized Examination under § 1.102{e}{ 2}

i. A request for continued examination has been filed with, or prior to, this form.

i, If the application is a utility application, this certification and request is being filed via EFS-Web.

iii. The application is an original nonprovisional utility application filed under 35 U.5.C. 111(a), oris
a national stage entry under 35 U.S.C. 371.

iv. This certification and request is being filed prior to the mailing of a first Office action responsive
o the reguest for continued examination.

v. No prior request for continued examination has been granted prioritized examination status
under 37 CFR 1.102(e){(2).

sanatare | eathryn Doyle/ sae d@NUANY 15, 2016
E\i;iizi'rypcd) Kaﬁhr‘yn m@ya@, th? JE} ;i;:agizizg?ii; Number 36331?

Note: Signatures of all the invenfors or assignees of record of the entire interest or their representalive(s} are required in accordance with
37 CFR 1.33 and 11.18. Pleass see 37 CFR 1.4{d} for the form of the signature. If necessary, submit muitiple forms for more than one
signature, see below™

forms are submitted,

D *Totat of

LI,

O

Fx. 2047
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Privacy Act Statement

The Privacy Act of 1974 {FP.L. 83-8579) requires thatl you be given certain information in connection with your
submission of the attached form related to a palent application or patent. Accordingly, pursuant {o the requirements of
the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(0)(2); (@)
furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information is used by the
.S, Patent and Trademark Office is to process and/or examing your submission related {o a patent application or
patent. If you do not furnish the requested information, the U.S. Pateni and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or abandonment of the
application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

-~

The information on this form will be treated confidentially 1o the exdent allowed under the Freedom of
information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 5524). Records from this system of records may
be disclosed o the Depariment of Justice {0 delermine whether disclosure of these records is required by the
Freedom of Information Acl.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
{0 a court, magistrate, or adminisirative fribunal, including disclosures 1o opposing counseal in the course of
settiement negotliations.

Arecord in this system of records may be disclosed, as a routine use, {0 a Member of Congress submitling a
request involving an individual, to whom the record pertains, when the individual has requested assistance from
the Member with respect {o the subject matier of the record.

Arecord in this system of records may be disclosed, as a routine use, {0 a coniracior of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act 0f 1874, as amended, pursuant {o 5 U.8.C. 552a(m).

A record related 1o an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, {o the Infernational Bureau of the World inteliectual Property
Organization, pursuant {o the Patent Cooperation Treaty,

A record in this system of records may be disclosed, as a routine use, 1o another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Alomic Energy Act (42 1U.5.C.
218{c)}.

A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducied by GSA as part of that agency's
responsibility 1o recommend improvements in records management practices and programs, under authority of
44 U.S.C. 2904 and 2906. Such disclosure shail be made in accordance with the GSA regulations governing
inspection of records for this purpose, and any other relevant (l.e., GSA or Commaerce) directive. Such
disclosure shall not be used {0 make delsrminations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public afier either publication of
the application pursuant to 35 U.8.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151, Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, {0 the public if the record
was filed in an application which became abandoned or in which the proceedings were terminated and which
application is referenced by either a published application, an application open 1o public inspaction or an issusd
patent.

A record from this sysiem of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential viclation of law or regulation.
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DECLARATION FOR PATENT APPLICATION
U.S. DBPARTMENT OF COMMERCE
Pafent and Trademark Office

ATTORNBY DOCKET NO.  046483-6001-00-U8.602564

As a bolow nanted Inventor, T hereby deolave that:

Use of Chlmerle Anfigon Receptor-Modified T-Cells to Treat Cancer

The speoification of whiol:
{s altached herelo] or

was file as United States application Sertal No,_{3/992,622 on June 7, 2013 1 and
was filed as PCT international application Number PCT/US2011/06419] on December 9, 2011,

I leraby state that 1 have roviewed and undersiand the contents of the above-Identlfied speolfication, lncluding the olaimsg, as
amended by any nmendment roferved to above,
i

The above-Identlficd application was made or anlhorized to be made by me,
1 bolleve I nm the origlnal Inventor or an original Joint Inventor of a clalmed Invention In the application,

Lhereby ncknowledge that any willful false siatetent mado in this declaration Is punishablo under 18 U.S.C, 1001 by fine or
imprisonment of not more than five (5) yenrs, or both,

1 noknowledge the duly (o disolose to the U.S. Patent and Trademark Offlce all information known to me to be materlal to
patentablilty as defined in Titlo 37, Code of Federal Regulations Section 1.56,

Thereby claim forelgn priority bonefits undor Title 35, United States Codle, Scotion L19(n)-(c) or Section 365(b) of any forelgn
application(s) for patent or Inventor’s certificate or Seotlon 365(s) of auy PCT international application(s) deslgnating af lenst
one country othor than the Unlied States of Amorlca Hsted below and have also Idontiffed bolot any forelgn applicatlons(s) for
pntent or fnventor’s certificate or any PCT international application(s) doslgnatitrg al least one country other than the Untted
Stales of Amerlea filed by me on the same subject mattor having a filing dato before that of the appfication(s) of which piiority

Is clatimed,

.

PRIOR FOREION APPLICATION(S):

COUNTRY DATE OF FILING

(If PCT, indloate PCT) APPLICA'TION NUMBER (dny, month, year) PRIORITY

CLAIMED
[1Yes [JNo
[dYes [ONo
[JYes [ No
' OYes []No

Page | of 4

UPenn|Ex. 2047
Miltenyik. UPenn
IPR2022-00855
Page 173




Declaration for Patont Application - (Continued)
(Includos Reference to PCT International Applications)

ATTORNEY DOCKET NO.: 046483-6001-00-U8.602564

1 hiereby olaim the bonofits wndar Title 35, Uniled Stales Code Section 119(e) of any United States provistonal
application(s) listed below:, '

U.S, PROYISIONAL APPLICATIONS

U.S, PROVISIONAL APPLICATION NO. U.8. FILING DATE;
61/421,470 - December 9, 2010 .
61/502,649 June 29, 2011

+

T hereby olaim the beneflt under Title 35, Unlled States Code, Sectlon 120 of any United States appiloatlon(s) or
Seclion 365(¢) of any PCT International application(s) desiguating the United States of Amerles that ls/ave llsted below
and, Insofar gs the subject maiter of each of the clalms of this applcation Is not disofosed in that/those prior
application(s) In the manner provided by the flest paragraph of Tltlo 35, United States Code, Sectlon 12,7
acknowledge the duly to disclose (o the U.S, Patent and Trademark Offioe all Information knovwn to mo to bo matetinl
to patentabllily as deflned in Title 37, Code of Federal Regulallons, Seotion 1.56 which became avallablo belweon the
filing dnte of tho prior application(s) and the nailonal or PCT internatlonal filing dato of this application:

PRIOR U.S. APPLICATIONS OR PCT INTERNATIONAL APPLICATIONS DESIGNATING THE U.S, FOR

BENETFIT:
U.S. OR PCT INTERNATIONAL
APPLICATIONS STATUS (Check One)
APPLICATION NO, FILING DATE PATBNTED PENDING ABANDONED
‘ L]

Direct Telephone Calls To:
- Kathryn Doyle, Ph.D., J.D,
Rogistration No, 36,317 at

215-268-3888

Page 2 of 4

t
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Declaratlon for Patent Application ~ (Continued)
(Includes Reference to PCT International Applicalions)

ATTORNEY DOCKET NO,; 046483-6001.00-U8.602564

I horoby declare that afl statemonts made herelt of my own knowledgo nra truo and that all statements made ot
information and bellef are bolleved to bo truo; and further that thosoe statoments wevre mads avith the knowledge that
willful falso statements and the liko so mado are pundshable by flne or Imprisonment, or both, under Seetlon 1001 of
Title 18 of the United States Code, and that such willfu! false stalements may jeoprrdize the vafidity of {he

applloation or any patent Issulng thereon,

FULL NAME OF SOLE Carl H, JUNE

OR PIRST INVENTOR

RESIDENCB & Metion Statlon, Pennsylvania | COUNTRY OF

CITIZENSHIP CITIZENSHIP
Us

POST OFFICE 409 Baltd Road

ADDRESS Merlon Station, PA 19066

United States of Ametlca

FIRSTOR SOL@Q’I‘?US SIGNATURE

DA% /) /’Z,OL}

RULL NAME OF N Bruce L. LEVINE
SECOND INVENTOR
RESIDENCE & Cherry Hill, New Jersey COUNTRY OF
CITIZEBNSHIP CITIZENSHIP
Us
POST OFFICE 1258 Liberty Bell Drive
ADDRESS Chetty Hill, NJ 08003
Utited States of Amerlca
DATR / /
FULL NAME OF David L, PORTER
THIRD INVENTOR
RESIDENCE & Springfield, Pennsylvania COUNTRY OF
CIT1ZENSHIP CITIZBNSHIP
Us
POST OFFICE 821 Crum Creek Road
ADDRESS Spiingfield, PA 19064
United States of America
THIR@%,,,,,,.,. DATE
g R .

Listing of Tnventors Continued on attached page(s): Yos [] No

Page3 of' 4
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Deotaration for Patent Application - (Coutinued)
{Includes Reference to PCT International Applcations)

ATTORNRY DOCKETNO.: 046483-6001-00-US.602564

[ hereby dectare that all statements made hereln of my own kuowledge are true and that all statements niads on
tuformation aud bellef' are belleved to be true; and further that these stalements were made with the knowledge that
wiillul false statements and the Jike so made are punishable by fing or imprisomnent, or both, under Section 1001 of
Title 18 of the United States Code, and that suoh wilitul false statements may Jeopnrdize the valldity of the

application or any palent issulng (horcon,

PULL NAME OF FOURTH Michael D. KALOS

INVENTOR

RESIDENCE & Philadslphia, Pennsylvania COUNTRY OF

CITIZENSHIP CITIZENSHIP
us

POST OFFICE 716 Carpenter Lane

ADDRESS Philadelphia, PA 19119

Uhnited States of Amerion

FOURTH INVENTOR goumux&_ﬂ‘\
et Al

DATE .
Thive A 2017

=%

FULL NAME O, Michael C, MILONB
FIFTH INVBNTOR
RESIDENCE & Cherry Hill, New Jorsey COUNTRY OF
CITIZENSHIP CITIZENSHIP
us
POST OFFICEB 314 Surrey Road
ADDRESS Chetry Hill, NJ 08002
United States of America
FIFTH INVENTOR'S SIGNATURE DATE
y AEY/ I had 2o 2o
RULLARAME OF 77 U
SIXTH INVENTOR
RESIDENCE & COUNTRY OF
CITIZENSHIT CITIZENSHIP
POST OFFICE
ADDRESS

SIXTH INVENTOR'S SIGNATURE

DATB

Listing of Tnventors Continued on aftached page(s): {] Yos [XINo

Page 4 of 4
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Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention:

Compositions and Methods for Treatment of Cancer

First Named Inventor/Applicant Name:

CarlH. June

Filer:

Kathryn R. Doyle/Lisa Sapovits

Attorney Docket Number:

046483-6001US13(01088)

Filed as Large Entity

Filing Fees for Track | Prioritized Examination - Nonprovisional Application under 35 USC 111(a)

Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Basic Filing:
Utility application filing 1011 1 280 280
Utility Search Fee 1111 1 600 600
Utility Examination Fee 1311 1 720 720
Request for Prioritized Examination 1817 1 4000 4000
Pages:
Claims:
Claims in Excess of 20 1202 10 80 800
Miscellaneous-Filing: UPenn Ex.
Miltenyi v.

2047
Penn

IPR2022-00855
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Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Miscellaneous:
Total in USD ($) 6400

UPenn Ex. 2047
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Electronic Acknowledgement Receipt

EFSID: 24641752

Application Number: 14997136

International Application Number:

Confirmation Number: 4164
Title of Invention: Compositions and Methods for Treatment of Cancer
First Named Inventor/Applicant Name: CarlH. June
Customer Number: 78905
Filer: Kathryn R. Doyle/Lisa Sapovits

Filer Authorized By:

Kathryn R. Doyle

Attorney Docket Number:

046483-6001US13(01088)

Receipt Date: 15-JAN-2016
Filing Date:
Time Stamp: 17:27:52

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $6400

RAM confirmation Number 4593

Deposit Account 504364

Authorized User

DOYLE, KATHRYN

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 CFR 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 CFR 1.17 (Patent application and reexamination processing fees)

UPenn Ex.|2047
Miltenyi v. UPenn

1PR2022 00855
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Charge any Additional Fees required under 37 CFR 1.19 (Document supply fees)

Charge any Additional Fees required under 37 CFR 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 CFR 1.21 (Miscellaneous fees and charges)

File Listing:
Document .. . File Size(Bytes Multi Pages
Document Description File Name ( y i . . 9
Number Message Digest | Part/.zip| (ifappl.)
046483-6001US13_Applicati 1823607
N - _Application
1 Application Data Sheet _Data_Sheet.pdf no 10
6a6f9aBe440caB32a0cc90b9bded604cfcdd|
Warnings:
Information:
046483-6001US13_Prelimi 188228
2 Preliminary Amendment . —rreiminary no 9
_Amendment.pdf
2af6a3ff59227cf24766345b373bfe5c33d0d|
834
Warnings:
Information:
046483-6010US13 ificati 1526646
3 Specification i —speciiicatio no 102
n.pdf
7784f0813ea7c71f7ea34aed8d7b11a7550
d56dc
Warnings:
Information:
. ) . 1454540
4 Drawings-other than black and white 046483_6001US13_drawings. no %
line drawings pdf
a83af818a%afff2493378aaf70e82f89863e00]
Warnings:
Information:
) ) 134031
5 Information Disclosure Statement (IDS) | 046483-6001US13_IDS_Suppor no )
Form (SBO8) t_Statement.pdf
309f3acad03e31f270d606534143e8c6b479
cdbb
Warnings:
Information:
This is not an USPTO supplied IDS fillable form
478587
6 Information Disclosure Statement (IDS) | 046483-6001US13_IDS_form_1 no 10
Form (SBO8) 449 pdf
1e387032b4024feabf16a1238e073d8ff2d2|
e82d
Warnings:
Information:
This is not an USPTO supplied IDS fillable form
130365
7 CRF Statement Paper and CRF are the | 046483-6001US13_Sequence_s| no 1
same upport_statement.pdf
7c59b4703587491bc9597957e9ad81df4be
3%e4c
Warnings: UPenn Ex.

Information:

A A4 . I
IVITITTITYT V. 4

IPR2022-

2047
Penn
0855
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046483_6001US13_Sequence._|

33255

8 Sequence Listing istingPAPER pdf no 18
11ad8507e094b98afe99a9264c2a07b43da|
0d899
Warnings:
Information:
939415
046483_6001US13_Power_of _
9 Power of Attorney no 1
Attorney.pdf
354d8a54a2e8092f03f4e066084a50c038f0
1dct
Warnings:

The page size in the PDF is too large. The pages should be 8.5 x 11 or A4. If this PDF is submitted, the pages will be resized upon entry into the

Image File Wrapper and may affect subsequent processing

Information:

74916
. . 046483-6001US13_Statement_|
10 Miscellaneous Incoming Letter under 37 CFR_3_73b.pdf no 2
df453791812283d14d 1baB861852eal24d5d|
Ocba2
Warnings:
Information:
046483-6001US13_Track_O 136110
11 TrackOne Request N — rack_Une no 2
Certification_and_Request.pdf
ddfsfb3bc9d15ab7cas57954a95346256d20
Warnings:
Information:
046483_6001US13_S [ 34202
- ) _ _Sequence_
12 Sequence Listing (Text File) isting. TEXT txt no 0
Warnings:
Information:
046483_6001US13_declarati 143636
13 QOath or Declaration filed - o —cdeclaration no 4
p 556eb72e3acfocdf025839dd786d8fabe502)
bb23
Warnings:
Information:
38169
14 Fee Worksheet (SB06) fee-info.pdf no 2
c6dc7c7a9bect15e63e6212e09964a23368
456ae
Warnings:
Information:
Total Files Size (in bytes): 7135707
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/AIA/4 (11-15)
Approved for use through 04/30/2017. OMB 0651-0032
U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid CMB control number.

Attorney Docket Number | 046483-6001US13(01088)

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Compositicns and Methods for Treatment of Cancer

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2:

[ Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)
Inventor Information:
Inventor |1
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
| kan H. Hune [+
Residence Information (Select One) e US Residency Non US Residency Active US Military Service
City | [Merion Station State/Province | PA | Country of Residencd | IS
Mailing Address of Inventor:
Address 1 09 Baird Road
Address 2
City | I\/Ien'on Station State/Province | FA
Postal Code 19066 Countryi | us
Inventor 2
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
-] Bruce L. | evine |
Residence Information (Select One) (@) US Residency Non US Residency Active US Military Service
City | [Cherry Hill State/Province | NJ Country of Residencd | S
Mailing Address of Inventor:
Address 1 258 Liberty Bell Drive
Address 2
City Cherry Hill State/Province | k\IJ
Postal Code 08003 Countryi | |US
Inventor 3
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
-] pavid = Porter Updnn Hx|2047
Residence Information (Select One) (@ US Residency Non US Residency Active US Military Servigbenyi v. UPenn
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Application Data Sheet 37 CFR 1.76

Attorney Docket Number | 046483-6001US13(01088)

Application Number

Title of Invention

Compositions and Methods for Treatment of Cancer

City | Ppringfield

State/Province

PA

Country of Residence

LS

Mailing Address of Inventor:

Address 1 B21 Crum Creek Road

Address 2

City | Springfield State/Province | FA

Postal Code 19064 Countryi | |US

Inventor ¥

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
| I\Ilichael D. Kalos <

Residence Information (Select One) (@ US Residency Non US Residency Active US Military Service

City | Philadelphila State/Province | PA Country of Residencd | s

Mailing Address of Inventor:

Address 1 716 Carpenter Lane

Address 2

City | Philadelphia State/Province | FA

Postal Code 19119 Countryi | s

Inventor |5

Legal Name

Prefix| Given Name Middle Name Family Name Suffix
v Ivlichael C. I\llilone v

Resﬁience Information (Select One) (@ US Residency

Non US Residency

Active US Military Service

City | [Chermry Hill

State/Province

NJ Country of Residencd | IS

Mailing Address of Inventor:

Address 1 314 Surrey Road

Address 2

City Cherry Hill State/Province | k\IJ
Postal Code 08002 Countryi | |us

All Inventors Must Be Listed - Additional Inventor Information blocks may be
generated within this form by selecting the Add button.

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

UPenn Ex.|2047

[ ] An Address is being provided for the correspondence Information of this application.
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Application Data Sheet 37 CFR 1.76

Attorney Docket Number

046483-6001US13(01088)

Application Number

Title of Invention | Compositions and Methods for Treatment of Cancer

Customer Number

/8905

Email Address

IPGroupMailbox@sau

l.com

Add Email | |Remove Email

Application Information:

Title of the Invention

[Compositions and Methods for Treatment of Cancer

Attorney Docket Number| [046483-6001US13(01088) Small Entity Status Claimed [ ]
Application Type Nonprovisional
Subject Matter Ltility

Total Number of Drawing Sheets (if any)

26

Suggested Figure for Publication (if any)

Filing By Reference:

Only complete this section when filing an application by reference under 35 U.S.C. 111(c} and 37 CFR 1.57{a). Do not complete this section if
application papers including a specification and any drawings are being filed. Any domestic benefit or foreign priority information must be
provided in the appropriate section(s) below (i.e., “Domestic Benefit/National Stage Information” and “Foreign Priority Information”).

For the purposes of a filing date under 37 CFR 1.53(b}, the description and any drawings of the present application are replaced by this
reference to the previously filed application, subject to conditions and requirements of 37 CFR 1.57(a).

Application number of the previcusly

filed application

Filing date {YYYY-MM-DD)

Intellectual Property Authority or Country -

Publication Information:

[ ] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Req uest Not to Publish. | hereby request that the attached application not be published under
35 U.S.C. 122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires

publication at eightee

n months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer
Number will be used for the Representative Information during processing.

Please Select One:

e Customer Number

US Patent Practitioner

O Limited Recognition (37 CFR 11.9)

Customer Number

|78905
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Application Data Sheet 37 CFR 1.76

Attorney Docket Number

046483-6001US13(01088)

Application Number

Title of Invention

Compositions and Methods for Treatment of Cancer

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 U.S.C. 119(e), 120, 121, 365(c), or 386(c) or indicate
National Stage entry from a PCT application. Providing benefit claim information in the Application Data Sheet constitutes

the specific reference required by 35 U.S.C. 119(e) or 120, and 37 CFR 1.78.

When referring to the current application, please leave the “Application Number” field blank.

Prior Application Status | Pending v Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

[Continuation of

13992622

4

2013-07-09

Prior Application Status | Expired - Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)
13992622 A 371 of international ~] PCT/US2011/064191 2011-12-09
Prior Application Status | [Expired ~
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

PCT/US2011/064191 [Claims benefit of provisional | 61421470 2010-12-09
Prior Application Status | Expired v Remove
Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

PCT/US2011/064191

[Claims benefit of provisional

~}] 61502649

2011-06-29

Additional Domestic Benefit/National Stage Data may be generated within this form

by selecting the Add button.

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.8.C. 119(b) and 37 CFR 1.55. When pricrity is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX)I the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(i)(1) and (2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g)(1).

Application Number

Cc>untryi

Filing Date (YYYY-MM-DD)

Remove

Access Codé (if applicable)

Additional Foreign Priority Data may be generated within this form by selecting the

Add button.
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L Attorney Docket Number
Application Data Sheet 37 CFR 1.76

046483-6001US13(01088)

Application Number

Title of Invention | Compositions and Methods for Treatment of Cancer

Statement under 37 CFR 1.55 or 1.78 for AIA (First Inventor to File) Transition

Applications

This application (1) claims priority to or the benefit of an application filed hefore March 16, 2013 and (2) also
contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March

[] 18, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March
16, 2013, will be examined under the first inventor to file provisions of the AlA.
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Application Number

Title of Invention | Compositions and Methods for Treatment of Cancer

Authorization or Opt-Out of Authorization to Permit Access:

When this Application Data Sheet is properly signed and filed with the application, applicant has provided written
authority to permit a participating foreign intellectual property {IP) office access to the instant application-as-filed (see
paragraph A in subsection 1 below) and the European Patent Office {(EPO) access to any search results from the instant
application (see paragraph B in subsection 1 below).

Should applicant choose not to provide an authorization identified in subsection 1 below, applicant must opt-out of the
authorization by checking the corresponding box A or B or both in subsection 2 below.

NOTE: This section of the Application Data Sheet is ONLY reviewed and processed with the INITIAL filing of an
application. After the initial filing of an application, an Application Data Sheet cannot be used to provide or rescind
authorization for access by a foreign IP office(s). Instead, Form PTO/SB/39 or PTO/SB/69 must be used as appropriate.

1. Authorization to Permit Access by a Foreign Intellectual Property Office(s)

A. Priority Document Exchange (PDX) - Unless box A in subsection 2 (opt-out of authorization) is checked, the
undersigned hereby grants the USPTO authority to provide the European Patent Office (EPQ), the Japan Patent Office
{(JPO), the Korean Intellectual Property Office (KIPQ), the State Intellectual Property Office of the People’s Republic of
China (SIPQO)}, the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTO in a bilateral or multilateral priority document exchange agreement in which a foreign
application claiming priority to the instant patent application is filed, access to: (1) the instant patent application-as-filed
and its related bibliographic data, (2) any foreign or domestic application to which priority or benefit is claimed by the
instant application and its related bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)

(1).

B. Search Results from U.S. Application to EPO - Unless box B in subsection 2 {opt-out of authorization) is checked,
the undersigned hereby grants the USPTO authority to provide the EPO access to the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
application is filed. See 37 CFR 1.14(h)(2).

The applicant is reminded that the EPO’s Rule 141(1) EPC (European Patent Convention) requires applicants to submit a
copy of search results from the instant application without delay in a European patent application that claims priority to
the instant application.

2. Opt-Out of Authorizations to Permit Access by a Foreign Intellectual Property Office(s)

A. Applicant DOES NOT authorize the USPTO to permit a participating foreign IP office access to the instant
[ ] application-as-filed. If this box is checked, the USPTO will not be providing a participating foreign IP office with
any documents and information identified in subsection 1A above.

B. Applicant DOES NOT authorize the USPTO to transmit to the EPO any search results from the instant patent
[ ] application. If this box is checked, the USPTO will not be providing the EPO with search results from the instant
application.
NOTE: Once the application has published or is otherwise publicly available, the USPTO may provide access to the
application in accordance with 37 CFR 1.14.
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Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Compositions and Methods for Treatment of Cancer

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

Applicant {1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
applicant under 37 CFR 1.46 {(assignee, person to whom the inventor is obligated to assign, or person who otherwise shows sufficient
proprietary interest) together with one or more joint inventors, then the joint inventor or inventors who are also the applicant should be

identified in this section.

® Assignee Legal Representative under 35 U.S.C. 117 Joint Inventor

Person to whom the inventor is obligated to assign. Person who shows sufficient proprietary interest

If applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

vI

Name of the Deceased or Legally Incapacitated Inventor:

If the Applicant is an Organization check here. X

Organization Name

Ifhe Trustees of the University of Pennsylvania

Mailing Address Information For Applicant:

Address 1 Center for Technology Transfer

Address 2 3160 Chestnut Street, Suite 200

City Philadelphia State/Province PA
Country | s Postal Code 19104
Phone Number Fax Number

Email Address

Additional Applicant Data may be generated within this form by selecting the Add button. Add

Assignee Information including Non-Applicant Assignee Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title
37 of CFR to have an assighment recorded by the Office.
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Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Compositions and Methods for Treatment of Cancer

Assignee 1

Complete this section if assighee information, including non-applicant assignee information, is desired to be included on the patent
application publication. An assignee-applicant identified in the "Applicant Information™ section will appear on the patent application
publication as an applicant. For an assighee-applicant, complete this section only if identification as an assignee is also desired on the
patent application publication.

If the Assignee or Non-Applicant Assignee is an Organization check here. []

Prefix Given Name Middle Name Family Name Suffix
Mailing Address Information For Assignee including Non-Applicant Assignee:

Address 1

Address 2

City State/Province

Countryi Postal Code

Phone Number Fax Number

Email Address

Additional Assignee or Non-Applicant Assignee Data may be generated within this form by 2

selecting the Add button.

Signature:

NOTE: This Application Data Sheet must be signed in accordance with 37 CFR 1.33(b). However, if this Application
Data Sheet is submitted with the INITIAL filing of the application and either box A or B is not checked in
subsection 2 of the “Authorization or Opt-Out of Authorization to Permit Access” section, then this form must
also be signed in accordance with 37 CFR 1.14(c).

This Application Data Sheet must be signed by a patent practitioner if one or more of the applicants is a juristic
entity (e.g., corporation or association). If the applicant is two or more joint inventors, this form must be signed by a
patent practitioner, all joint inventors who are the applicant, or one or mare joint inventor-applicants who have been given
power of attorney (e.g., see USPTO Form PTO/AIA/81) on behalf of all joint inventor-applicants.

See 37 CFR 1.4(d) for the manner of making signatures and certifications.

Signature |/Kathryn Doyle/ Date (YYYY-MM-DD)| [2016-01-15
First Name | Kathryn Last Name | Doyle Registration Number | [36,317
Additional Signature may be generated within this form by selecting the Add button. Add
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Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | Compositions and Methods for Treatment of Cancer

This collection of information is required by 37 CFR 1.76. The information is required to obtain or retain a benefit by the public which
is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This
collection is estimated to take 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to
complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandna, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the attached form related tc a patent
application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection of this information
is 35 U.5.C. 2(b}(2); {2) furnishing of the informaticn solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested information, the U.S.
Patent and Trademark Office may not be able to process and/or examine your submission, which may result in termination of proceedings or abandonment of
the application or expiration of the patent.

The information provided by you in this form will be subject tc the following routine uses:

1 Theinformation on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.5.C. 552) and the Privacy
Act (5 US.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine whether the Freedom of
Information Act requires disclosure of these records.

2. Arecord from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or administrative
tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

3 Arecord in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an individual, to whom
the record pertains, when the individual has requested assistance from the Member with respect tc the subject matter of the record.

4,  Arecord in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the information in order to perform
a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C.
552a(m).

5. Arecord related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed, as a routine use,
to the Internaticnal Bureau of the World Intellectual Property Organization, pursuant to the Patent CooperationTreaty.

6.  Arecord in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security review (35 U.S.C. 181)
and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee, during an
inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records management practices and
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations geverning inspection of
records for this purpose, and any other relevant (i.e,, GSA or Commerce) directive. Such disclosure shall not be used to make determinations about
individuals.

8.  Arecord from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant to 35 U.5.C.
122(b) or issuance of a patent pursuant to 35 US.C. 151. Further, a record may be disclesed, subject to the limitations of 37 CFR 1.14, as a routine use,
to the public if the record was filed in an application which became abandoned cr in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

9. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the USPTO becomes
aware of a violation or potential viclation of law or regulation.

UPenn Ex.
Miltenyi v. U
IPR2022-(

2047
Penn
0855

EFS Web 2.2.12 Page 192



PTOISBGD (1108

Approved for us t~-rcwh 1302011, ONIB DBS1-0U2E

LS. Patentznd Trademark O .5 DEPARTMENT OF COMMERCE

Under the Papsnwork Reduction Ast.of 1898, no persons are reguires 16 respand 16 5 soliastion of information unless & diaplays avalid OME contrl numbar.

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORE THE USPTO

{ heraby revoke all previous powers of altornay given in the application identified ir the altached stalement under
37 CER 3.73(b}.

| hareby appoint

!\f E Practitioners assaciated with the Customer Mumber: 78ads
QR

[j Practitioner(s) namad below {if more than ten patent practitioners are to be named, then 3 customsar number must be used):

Name Regiatration
Numiner

Mame Regisiration
Number

5 attorney(s) of ager't s) 1o represent the undersigned before the United btatee. Patent and Trademark Office (USPTOY) in connactian with
any and aft patent applications assignad grily 16 the undersigned according to the USPTO assignment records or assigriment documaiits
attached {0 this form inaccordance with 37 CFR 3.73(b).

Please chiange the corespondance address Tor the application identified in ihe attached statermnent under 37 CFR 3.73(b) to!

|
»-Vf The address associated with Custamsr Number 78905
(IR
i Figrn or ~ .
’——J tadividual Name Saul Ewing, LLP
Address
1500 Market Street

ity . . State L2 ~ - .
Gty Fhiladelphia St PA P ig102-2186
Couniry us
Telephone 215-872-7734 ST ngrounmaithox@saut com

Assignee Mame and Address:

The Trustees of the University of Pennsylvania
2160 Chestriut Strest, Suilte 200

Philadelphia, PA 19104

A copy of this form, together with a ststement under 37 OFR 3.73(0} (Form PTOISRISS or squivalent) is reguired o be
fited in each application in which this form is used. The statement under 37 CFR 3.73(b} may be completad by oneg of
the practitioners appointed in this form if the appointed practitionsr is autborized (o act o behalf of the assignes,
and must eniify the application in which this Power of Altorney is to be filed,

SIGNATURE of Assignee of Record
The individual whose sipua iiore amd title i supp Hed below is anthorized to act on behalf of the assignee

Signature _ Daie P e o
Name Jeanjfer Langenberqe{ Telephone  215-573-4508
Title Director of intellectus! Property, Tf"e Tru%teeo of the University of Pennsvivania

This collaction of information is required by 37 GFR 1.31, 1.32 and 1.33. The information i3 required to oblain or retain.a benefit by the public which i 1o file (and
by the UBPTQ to process) an apphication. Confiderntiality is govermned by 35 11.5.C. 122 and 37 CFR 117 and 1.14. This collzelion is estimaled to teke 3 mimstes
1o complete, including gathering, prepaiing, and submitiing the completed application form 1o the UEPTQ. Time will vary depending upen he individual case. Any
comments on the amaunt of time you requife © complate this form andfor suggestions for reducing this burden, should be sant o the Chief infermaten Oficsr,
1.5, Patent and Trademark Offics, U.S. Depariment of Commerce, P.O. Box 1450, Alexandiia, VA 22313-1450. 1O NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Commissivner for Patents, P.O. Box 1450, Alexandeia, VA 233131450,

i you nead gssistance i cormpiating the form, call 1-B00-PT(G-919Q and select option 2.
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STATEMENT UNDER 37 CFR 3.73(

Applicant/Patent Owner: 1 e Trustees of the University of Pennsylvania

Application No./Patent No., 18D Filed/lssue Date: Herewith
Titled:

Compositions and Methods for Treatment of Cancer

The Trustees of the University of Pennsylvania 5 university

{(Name of Assignee) {Type of Assignee, e.g., corporation, paitnership, university, government agency, etc.
states that it is:

1. [)2] the assignee of the entire right, title, and interest in;

2. [_J an assignee of less than the entire right, title, and interest in
{The exdent (by percentage) of its ownership inferest is %), or
3. D the assignee of an undivided interest in the entirety of (a compilete assignment from one of ihe joint inventors was made)
the patent application/patent identified above, by virtue of either:
A, [:i An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in

the United States Patent and Trademark Office at Reel ,Frame , or for which a
copy therefore is atiached.

OR
B. A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. Erom: [Inventors June, Levine, Porter and Kalos To: The Trustees of the University of Pennsylvania

The document was recorded in the United States Patent and Trademark Office at
Reel 028482 ,  Frame 0357 . or for which a copy thereof is attached.

2 From: Inventor Milone To: The Trustees of the University of Pennsylvania

The document was recorded in the United States Patent and Trademark Office at

Reel 030530 . Frame 0519 or for which a copy thereof is attached.

3. Fromy: To:

The document was recorded in the Uniled States Palent and Trademark Office at

Reei , Frame or for which a copy thereof is attached.

[_J Additional documents in the chain of titie are lisied on a supplemenial sheet(s).
XK As required by 37 CFR 3.73(b)(13{}), the documentary evidence of the chain of title from the original owner {0 the assignee was,
""" or concurrently is being, submitted for recordation pursuant o 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment Division in
accordance with 37 CFR Part 3, 1o record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose titie is supplied below) is authorized to act on behalf of the assignee.

/Kathryn Dovle/ January 15, 2018
Signature Date

Kathryn Dovie, Ph.D., J.D., Reg No. 36317 Patent Attorney
Prirted or Typad Name Title

This collection of informaltion is required by 37 CFR 3.73(b). The information is required to obtain or refain 3 benedit by the public which is to file {and by the USPTO 10

process) an application. Confidentiality is governad py 35 U.8.C. 122 and 37 CFR 1.11 and 1.14. This coliection is estimated to take 12 minutes to complete, including

gathering, preparing, and submitting the completed application form to the USPTQ. Time will vary depending upen the individual case. Any comments on the amount of time

you raquire 1o complete this form and/or suggestions for reducing this burden, should be sent to the Chief information Officer, U.S. Patent and Trademark Cffice Benn Ex. 2047

Department of Commerce, P.O. Box 1450, Alexandiia, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND Tk M{[ﬁfgﬁﬁo{;aﬁpenn

for Patents, P.O. Box 1458, Alexandria, VA 22313-1450. .
IPR2022-00855
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Privacy Act Statement

The Privacy Act of 1874 (P.L. 83-878) requires that you be given cerfain information in connection
with your submission of the attached form relaled o a patent application or patent. Accordingly,
pursuant io the requiremenis of the Act, please be advised that: {1} the general authority for the
collection of this information is 35 U.S.C. Z(b)(2); (2) furnishing of the information solicited is voluntary;
and (3} the principal purpose for which the information is used by the U.S. Palent and Trademark

Office is 1o process and/or examineg your submission related to a patent application or patent. If you do
not fumish the requested information, the U.S. Pateni and Trademark Office may not be able to
process and/or examine your submission, which may resull in termination of proceedings or
abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the
Fraedom of Information Act (5 U.8.C. 552} and the Privacy Act (6 U.8.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure of these records is required by the Freedom of Information Acl.

2. A record from this sysiem of records may be disclosed, as a routine use, in the course of
presenting evidence o a courl, magisirate, or adminisirative tribunal, including disclosures to
opposing counsel in the course of setllement negotiations.

3. A record in this system of records may be disclosed, as a routine use, {0 8 Member of
Congress submitting a request involving an individual, to whom the record periains, when the
individual has requested assistance from the Member with respect 1o the subject matier of the
record.

4. Arecord in this system of records may be disclosed, a5 a routine use, {o a contractor of the
Agency having need for the information in order {o perform a contract. Recipientis of
information shali be required ic comply with the requirements of the Privacy Act 0f 1974, as
amended, pursuant to 5 U.S.C. 852a(m).

5. A record relaied to an International Application filed under the Patent Cooperation Trealy in
this system of records may be disclosed, as a routine use, to the international Bureau of the
World intellectual Property Organization, pursuant to the Palent Cooperation Treatly.

6. A record in this sysiem of racords may be disclosed, as a routine use, 1o another federal
agency for purposes of National Securily review (35 U.S.C. 181} and for review pursuani {o
the Atomic Energy Act (42 U.S.C. 218(¢)).

7. Avrecord from this system of records may be disclosed, as a routing use, to the Administraior,
General Services, or his/her designee, during an inspection of records conducted by G8A as
pari of that agency's responsibility to recommend improvemenis in records management
practices and programs, under authorily of 44 U.5.C. 2804 and 2206. Such disclosure shall
be made in accordance with the GSA regulations governing inspeclion of records for this
purpose, and any other relevant (e, GSA or Commerce) directive. Such disclosure shall not
ba used to make determinations about individuals.

8. A record from this system of records may be disclosaed, as a routing use, to the public afier
either publication of the application pursuant fo 35 U.8.C. 122(b) or issuance of a patent
pursuant io 35 U.8.C. 151, Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, 1o the public if the record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open 1o public inspection or an
issued patent.

9. A record from this sysiem of records may be disclosed, as a routine use, 10 g Federal, Stale,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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Document code: WFEE

United States Patent and Trademark Office
Sales Receipt for Accounting Date: 02/19/2016

VVANT1 SALE #00000055  Mailroom Dt: 01/15/2016 504364 14997136
01 FC : 1830 140.00 DA
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Sequence Listing was accepted.

See attached Validation Report.

If yvou need help call the Patent Electronic Business Center at (866)
217-9197 (toll free).

Reviewer: Saleem, Syed (ASRC)

Timestamp: [year=2016; month=2; day=3; hr=8; min=47; sec=39; ms=277; ]
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Validated By CRFValidator v 1.0.4

Application No: 14997136

Input Set:

Output Set:

Version No:

Started: 2016-01-15 17:28:21.412

Finished: 2016-01-15 17:28:22.256

Elapsed: 0 hr(s) 0 min(s) 0 sec(s)
Total Warnings: 27
Total Errors: 1
No. of SeqIDs Defined: 27
Actual SeqID Count: 27
Error code Error Description
E 201 Mandatory field data missing in <140>
w 213 Artificial or Unknown found in <213> in SEQ
w213 Artificial or Unknown found in <213> in SEQ
w 213 Artificial or Unknown found in <213> in SEQ
w 213 Artificial or Unknown found in <213> in SEQ
w213 Artificial or Unknown found in <213> in SEQ
w 213 Artificial or Unknown found in <213> in SEQ
w 213 Artificial or Unknown found in <213> in SEQ
w213 Artificial or Unknown found in <213> in SEQ
w 213 Artificial or Unknown found in <213> in SEQ
w 213 Artificial or Unknown found in <213> in SEQ
w213 Artificial or Unknown found in <213> in SEQ
w 213 Artificial or Unknown found in <213> in SEQ
w 213 Artificial or Unknown found in <213> in SEQ
w213 Artificial or Unknown found in <213> in SEQ
w 213 Artificial or Unknown found in <213> in SEQ
w 213 Artificial or Unknown found in <213> in SEQ
w213 Artificial or Unknown found in <213> in SEQ
w 213 Artificial or Unknown found in <213> in SEQ
w 213 Artificial or Unknown found in <213> in SEQ

1.0
844 ms
ID (1)
ID (2)
ID (3)
ID (4)
ID (5)
ID (6)
ID (7)
ID (8)
ID (9)
ID (10)
ID (11)
ID (12)
ID (13)
ID (14)
ID (15)
ID (16)
ID (17)
ID (18)
ID (19)
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Input Set:

Output Set:
Started: 2016-01-15 17:28:21.412
Finished: 2016-01-15 17:28:22.256
Elapsed: 0 hr(s) 0 min(s) 0 sec(s) 844 ms
Total Warnings: 27
Total Errors: 1
No. of SeqIDs Defined: 27
Actual SeqID Count: 27
Error code Error Description
W 213 Artificial or Unknown found in <213> in SEQ ID (20)

This error has occured more than 20 times,

will not be displayed

UPenn Ex. 2047
Miltenyi v. UPenn
IPR2022-00855
Page 199



COMPOSITIONS AND METHODS FOR TREATMENT OF CANCER

<110> The Trustees of
June, Carl H
Porter, David L
Kalog, Michael
Levine, Bruce L
Milone, Michael
<120>
<130> 046483-6001U513
<140> Us 14/997,136
<141> 2016-01-15
<150> 13/992,622
<151> 2013-07-09
<150> PCT/US2011/0641
<151> 2011-12-09
<150> 61/421,470
<151> 2010-12-09
<150> 61/502,649
<151> 2010-06-29
<160> 27
<170> PatentIn versio
<210> 1
<211> 9174
<212> DNA
<213> Artificial Sequ
<220>
<223> Chemically Synt
<400> 1
gegegetecac tggecegtegt
cttaatcgecce ttgcagcaca
accgatcgeccec cttcecccaaca
ggcgcattaa gcgeggeggyg
gccctagege ccogetecttt

cccecgtcaag

ctcgacccca

acggttttte

ctctaaatcg

aaaaacttga

gccctttgac

SEQUENCE LISTING

the University of Pennsylwvania

91

n 3.5

ence

hesized

tttacaacgt

tccceoccttte

gttgcgcagce

tgtggtggtt

cgetttette

ggggctccct

ttagggtgat

gttggagtcce

cgtgactggg

gccagcetgge

ctgaatggcecg

acgcgecagcg

coctteccecttte

ttagggttcc

ggttcacgta

acgttecttta

aaaaccctgg

gtaatagcga

aatgggacgc

tgaccgectac

tcgeccacgtt

gatttagtgce

gtgggeccatce

atagtggact

cgttacccaa

agaggcccgce

gccctgtage

acttgeccage

cgccggettt

tttacggcac

gececctgatag

cttgttccaa

60

120

180

240

300

420

480
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actggaacaa

atttcggect

aaaatattaa

tttgtttatt

aaatgcecttca

ttattcccectt

aagtaaaaga

acagcggtaa

ttaaagttct

gtcgccgeat

atcttacgga

acactgcgge

tgcacaacat

ccataccaaa

aactattaac

aggcggataa

ctgataaatc

atggtaagcc

aacgaaatag

accaadgttta

tctaggtgaa

tccactgage

tgegegtaat

cggat caaga

caaatactgt

cgcectacata

cgtgtettac

gaacggggdgyg

acctacageg

cactcaaccc

attggttaaa

cgcttacaat

tttctaaata

ataatattga

ttttgcggca

tgctgaagat

gatccttgag

gctatgtgge

acactattct

tggcatgaca

caacttactt

gggggatcat

cgacgagegt

tggcgaacta

agttgcagga

tggagcecggt

ctcccegtate

acagatcgcect

ctcatatata

gatcettttt

gtcagacccce

ctgetgettg

gctaccaact

tcttctagtg

cctegetetg

cgggttggac

ttcgtgcaca

tgagctatga

tatctecggtce

aaatgagcetg

ttaggtggca

cattcaaata

aaaaggaaga

ttttgectte

cagttgggtyg

agttttegece

gcggtattat

cagaatgact

gtaagagaat

ctgacaacga

gtaactcgcce

gacaccacga

cttactetag

ccacttectge

gagcgtgggt

gtagttatct

gagataggty

ctttagattg

gataatctca

gtagaaaaga

caaacaaaaa

ctttttecga

tagccgtagt

ctaatcctgt

tcaagacgat

cagcccagcet

gaaagecgcca

tattcttttyg

atttaacaaa

cttttecgggyg

tgtatccgcet

gtatgagtat

ctgtttttge

cacgagtggyg

ccgaagaacdg

ccegtattga

tggttgagta

tatgcagtgce

tcggaggacce

ttgatcgttyg

tgecctgtage

cttceccecggea

gctecggecoct

ctcgecggtat

acacgacggg

cctcactgat

atttaaaact

tgaccaaaat

tcaaaggatc

aaccaccgcet

aggtaactgg

taggccacca

taccagtggce

agttaccgga

tggagcgaac

cgcttececga

atttataagyg

aatttaacgc

aaatgtgcgce

catgagacaa

tcaacattte

tcacccagaa

ttacatcgaa

ttttcecaatg

cgacgggeaa

ctcaccagtc

tgccataacc

gaaggagcta

ggaaccggag

aatggcaaca

acaattaata

tcecggetgge

cattgcagceca

gagtcaggca

taagcattgyg

tcatttttaa

ccettaacgt

ttcttgagat

accageggtg

cttcagcaga

cttcaagaac

tgctgeccagt

taaggcgcag

gacctacacc

agggagaaag

gattttgccg

gaattttaac

ggaaccccta

taaccctgat

cgtgtegeccee

acgctggtga

ctggatctca

atgagecactt

gagcaactcg

acagaaaagc

atgagtgata

accgettttt

ctgaatgaag

acgttgecgcea

gactggatgg

tggtttattg

ctggggccag

actatggatg

taactgtcag

tttaaaagga

gagttttcgt

ccttttttte

gtttgtttge

gcgcagatac

tctgtagcac

ggcgataagt

cggteggget

gaactgagat

geggacaggt

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220
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atccggtaag

cctggtatct

gatgctcgte

tcctggeett

tggataaccg

agcegcagcga

ccgegegttyg

gcagtgagcyg

actttatget

gaaacagcta

agctggaget

aacgatgagt

ggaagtaagg

tggacgaacc

cataaacggg

gaacccactg

tctgttgtgt

ctctagecagt

cgacgcagga

agtacgccaa

agtattaagce

aagaaaaaat

gttaatcctg

ccatccecectte

tattgtgtgce

gaagagcaaa

aggaggagat

tgaaccatta

cggcagggte

ttatagtcct

adggggggcedgg

ttgetggecet

tattaccgcce

gtcagtgage

gccecgattcat

caacgcaatt

tceggetegt

tgaccatgat

gcaagcttaa

tagcaacatg

tggtacgatc

actgaattgce

tctectetggt

cttaagecte

gactctggta

ggcgeecgaa

ctcggettge

aaattttgac

gggggagaat

ataaattaaa

gcecctgttaga

agacaggatc

atcaaaggat

acaaaagtaa

atgagggaca

ggagtagcac

ggaacaggag

gtcgggtttce

agcctatgga

tttgctcaca

tttgagtgag

gaggaagcedg

taatgcagct

aatgtgagtt

atgttgtgtg

tacgccaagce

tgtagtctta

ccttacaagg

gtgccttatt

cgcattgcag

tagaccagat

aataaagcectt

actagagatc

cagggacttg

tgaagcgcge

tagcggaggce

tagatcgecga

acatatagta

aacatcagaa

agaagaactt

agagataaaa

gaccaccgca

attggagaag

ccaccaaggc

agcgcacgag

gccacctcectg

aaaacgccag

tgttectttce

ctgataccgce

aagagcgecc

ggcacgacag

agctcactca

gaattgtgag

gcgcaattaa

tgcaatactc

agagaaaaag

aggaaggcaa

agatattgta

ctgagecctgg

gccttgagtyg

cctcagaccce

aaagcgaaag

acggcaagag

tagaaggaga

tgggaaaaaa

tgggcaagca

ggctgtagac

agatcattat

gacaccaagg

cagcaagcgyg

tgaattatat

aaagagaaga

ggagcttcca

acttgagcgt

caacgcggec

tgcgttatce

tcgeccgecage

aatacgcaaa

gtttceccgac

ttaggcaccce

cggataacaa

ccctcactaa

ttgtagtctt

caccgtgcecat

cagacgggtce

tttaagtgcce

gagctectectg

cttcaagtag

ttttagtcag

ggaaaccaga

gcgaggggceg

gagatgggtyg

ttcggttaag

gggagctaga

aaatactggyg

ataatacagt

aagctttaga

ccgctgatct

aaatataaag

gtggtgcaga

gggggaaacg

cgatttttgt

tttttacggt

cctgattetg

cgaacgaccyg

ccgectetee

tggaaagcgg

caggctttac

tttcacacag

agggaacaaa

gcaacatggt

geecgattggt

tgacatggat

tagctcgata

gctaactagg

tgtgtgcccg

tgtggaaaat

ggagectcectcet

gegactggtyg

cgagagcecgtce

gccaggggga

acgattcgca

acagctacaa

agcaacccte

caagatagag

tcagacctgg

tagtaaaaat

gagaaaaaag

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

UPenn Ex. 2047
Miltenyi v. UPenn
IPR2022-00855
Page 202



agcagtggga

cgcagegtceca

gcagaacaat

gggcatcaag

gctecetgggyg

tgctagttgg

ggacagagaa

ccagcaagaa

ttggtttaac

cttggtaggt

atattcacca

aggaatagaa

atctcgacgg

agaaggaaaa

aattccagca

gccagtaaaa

cgectgttgg

aggagtaata

ggctgaacat

aggggggatt

acaaactaaa

ggacagcaga

gcagagcgca

ggtgcctaga

ctttttcececyg

tttecgecaacg

ggcctecttta

gtgattcttg

taaggagccce

ataggagectt

atgacgectga

ttgetgaggg

cagctccagg

atttggggtt

agtaataaat

attaacaatt

aagaatgaac

ataacaaatt

ttaagaatag

ttatecgttte

gaagaaggtg

tatcgattag

gttatcttgg

gagacagggc

acagtacata

tgggcegggga

gaatctatga

cttaagacag

ggggggtaca

gaattacaaa

gatccagttt

catcgececcac

gaaggtggcg

agggtggggy

ggtttgeccge

cgggttatgg

atcccgagcet

cttegeecteg

tgttcecttgyg

cggtacaggce

ctattgaggce

caagaatcct

gctetggaaa

ctectggaaca

acacaagctt

aagaattatt

ggctgtggta

tttttgectgt

agacccacct

gagagagaga

actgtagccce

tagcagttca

aagaaacagc

cagacaatgg

tcaagcagga

ataaagaatt

cagtacaaat

gtgcagggga

aacaaattac

ggctgecattyg

agtccecgag

cggggtaaac

agaaccgtat

cagaacacag

ccettgegtg

tcgggttgga

tgettgagtt

gttcttggga

cagacaatta

gcaacagcat

ggctgtggaa

actcatttge

gatttggaat

aatacactcc

ggaattagat

tataaaatta

actttctata

cccaaccccyg

cagagacaga

aggaatatgg

tgtagccagt

atacttccte

cagcaatttc

atttggecatt

aaagaaaatt

ggcagtattc

aagaatagta

aaaaattcaa

atcacgtgag

aagttggggyg

tgggaaagtg

ataagtgcag

gtaagtgcecg

ccttgaatta

agtgggtggy

gaggecctgge

gcagcaggaa

ttgtctggta

ctgttgcaac

agatacctaa

accactgetg

cacacgacct

ttaattgaag

aaatgggcaa

ttcataatga

gtgaatagag

aggggacccyg

tccattcgat

cagctagatt

ggatatatag

ttaaaattag

accagtacta

ccctacaatce

ataggacagg

atccacaatt

gacataatag

aattttcggg

gcteccggtge

gaggggtcgg

atgtcgtgta

tagtcgccgt

tgtgtggtte

cttccacctg

agagttcgag

ctgggcgetg

gcactatggg

tagtgcagca

tcacagtctg

aggatcaaca

tgeccttggaa

ggatggagtg

aatcgcaaaa

gtttgtggaa

tagtaggagg

ttaggcaggg

acaggcccga

tagtgaacgg

gtacacattt

aagcagaagt

caggaagatg

cagttaaggce

cccaaagtca

taagagatca

ttaaaagaaa

caacagacat

tttattacag

cecgtecagtgg

caattgaacc

ctggetcecege

gaacgttctt

ccgegggect

gctgecagtac

gccttgeget

gggccgccgce

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400

5460
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gtgcgaatcet

taaaattttt

ggccaagatce

gcgtcecccage

cgggggtagt

gceccegececet

ccgetteceg

gcgggtgagt

gactccactg

acgtegtett

gtggagactg

tttgagtttg

ccatttcagg

ccgctggect

tcectgtetg

agtaaatatt

catacatcaa

gattattctce

cagggtaata

ggtggctcgyg

ggacctggec

tcattacceg

ctgggagtaa

accatcatca

gatgacacag

gactactggg

ccaccaacac

cggccagcdg

ggtggcacct

gatgacctgce

tgcacactgg

gcacatgttce

ctcaagctgg

gdgcggecaag

gcecetgetge

cacccacaca

agtaccggge

taggttgggg

aagttaggcc

gatcttggtt

tgtegtgatce

tgctgectecca

cctetetggg

taaattggta

gattacactc

tcaccattag

cgecttceccegta

gcggtggtgy

tggtggegec

actatggtgt

tatggggtag

aggacaactc

ccatttacta

gccaaggaac

cggegeccac

cgdggggcgce

tcgegectgt

tgcgacgett

tattteggtt

ggcgaggcdgg

ccggectget

gctggececgg

agggagctca

aaggaaaagg

gcegtecagg

ggaggggttt

agcttggecac

cattctcaag

tagaggatcc

cgccgecagyg

agacagagtc

tcagcagaaa

aggagtccca

caacctggag

cacgttegga

gtcgggtgge

ctcacagagce

aagctggatt

tgaaaccaca

caagagccaa

ctgtgeccaaa

ctcagtcacc

catcgegteg

agtgcacacg

ctegetgett

tttttectggce

tttggggeceg

ggcctgegag

ctggtgcctyg

tcggcaccag

aaatggagga

gccectttecaogt

cacctecgatt

tatgcgatgg

ttgatgtaat

cctcagacag

atggccttac

ccggacatce

accatcagtt

ccagatggaa

tcaaggttca

caagaagata

ggggggacca

ggcggatcetyg

ctgtcegtceca

cgeccagecte

tactataatt

gttttecttaa

cattattact

gtctccectcaa

cagccectgt

agggggctgyg

tcgataagte

aagatagtct

cgggcggcega

cgaggeocaca

gcctecgegece

ttgegtgagce

cgeggegete

cctcagecgt

agttctcgag

agtttcccca

tctecttgga

tggttcaaag

cagtgaccgce

agatgacaca

gcagggcaag

ctgttaaact

gtggcagtgg

ttgccactta

agctggagat

aggtgaaact

catgcactgt

cacgaaaggg

cagctctcaa

aaatgaacag

acggtggtag

ccacgacgcc

ccctgegecece

acttcgectyg

tctageccatt

tgtaaatgcg

cggggeccgt

gagaat cgga

gceccecgtgtatce

ggaaagatgg

gggagagcgg

cgcttcatgt

cttttggagt

cactgagtgg

atttgccctt

tttttttett

cttgetcectg

gactacatcc

tcaggacatt

cctgatctac

gtctggaaca

cttttgccaa

cacaggtgge

gcaggagtca

ctcaggggte

tectggagtgg

atccagactg

tctgecaaact

ctatgectatg

agcgecogega

agaggcegtge

tgatatctac

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900

6960

7020

7080

7140

7200

7260

7320
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atctgggecge

tactgcaaac

gtacaaacta

ggatgtgaac

cagaaccagc

aagagacgtg

ggcctgtaca

aaaggcgagce

accaaggaca

caacctctgyg

tttacgctat

gctttcattt

ccecgttgtca

tggggecattg

gecacggegyg

ggcactgaca

tgtgttgcca

ccagcggacc

cttcgecceccte

cggtacecttt

aaaagggggg

gtactgggtc

acccactget

tgttgtgtga

ctagcagtag

tatcagagag

gcatcacaaa

aactcatcaa

ccecgeeccta

ccttggecegg

ggggcagaaa

ctcaagagga

tgagagtgaa

tctataacga

gceogggacceco

atgaactgca

gecggagggg

cctacgacge

attacaaaat

gtggatacge

tctcctcoett

ggcaacgtgg

ccaccacctg

aactcatcge

attcecgtggt

cctggattcet

ttcetteceg

agacgagtcg

aagaccaatg

actggaaggg

tctectggtta

taagcctcaa

ctctggtaac

tagttcatgt

tgagaggaac

tttcacaaat

tgtatcttat

actccgecceca

gacttgtggyg

gaaactecctg

agatggctgt

gttcagcagyg

gctcaatcta

tgagatgggg

gaaagataag

caaggggcac

ccttcacatg

ttgtgaaaga

tgectttaatg

gtataaatcc

cgtggtgtge

tcagctectt

cgcctgectt

gttgtcgggy

gcgegggacyg

cggectgetg

gatctccectt

acttacaagg

ctaattcact

gaccagatct

taaagecttge

tagagatccce

catcttatta

ttgtttattg

aaagecatttt

catgtctgge

gttccecgecca

gtccttcectcece

tatatattca

agctgecgat

agcgcagacg

ggacgaagag

ggaaagccga

atggcggagy

gatggecettt

caggcccectge

ttgactggta

cctttgtate

tggttgetgt

actgtgtttyg

tcegggactt

gcccgetget

aagctgacgt

tcettetget

ccggetetge

tgggccgect

cagctgtaga

cccaacgaadg

gagcctggga

cttgagtgcet

tcagaccctt

ttcagtattt

cagcttataa

tttcactgca

tctagctatce

ttetecegece

tgtcactggt

aacaaccatt

ttccagaaga

ccecceccgegta

aggagtacga

gaaggaagaa

cctacagtga

accagggtet

ccectegeta

ttcttaacta

atgctattgce

ctetttatga

ctgacgcaac

tegetttece

ggacaggggce

cctttceccatg

acgtcecctte

ggcctettce

ccececgectgyg

tecttagecac

acaagatctg

gctctetgge

tcaagtagtg

ttagtcagtyg

ataacttgca

tggttacaaa

ttctagttgt

ccgecccctaa

catggctgac

tatcaccctt

tatgagacca

agaagaagga

caagcagggc

tgttttggac

cecctcaggaa

gattgggatg

cagtacagcce

agtcgacaat

tgttgctcct

tteccegtatg

ggagttgtgg

cccoccactggt

cctecectatt

tcggetgttg

gctgctecgece

ggccctcaat

gcecgtettacge

aattcgagcect

tttttaaaag

ctttttgett

taactaggga

tgtgecegte

tggaaaatct

aagaaatgaa

taaagcaata

ggtttgtcca

ctccgeccat

taattttttt

7380

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400

8460

8520

8580

8640

8700

8760

8820

8880

8940

9000

9060
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tatttatgca

cttttttgga

<210> 2

<211> 228
<212> DNA

gaggccgagg ccgcectcegge ctcectgagceta ttcecagaadt agtgaggadgg

ggcctaggga cgtacccaat tcgccctata gtgagtcgta ttac

<213> Artificial Sedquence

<220>

<223>» Chemically Synthesized

<400> 2
atgtagtctt

gcecttacaag

cgtgececttat

ccgcattgca

atgcaatact

gagagaaaaa

taggaaggca

gagatattgt

cttgtagtct tgcaacatgg

gcaccgtgca tgccgattgg

acagacgggt ctgacatgga

atttaagtge ctagctcgat

taacgatgag ttagcaacat

tggaagtaag gtggtacgat

ttggacgaac cactgaattg

acataaac

<210> 3
<211> 98
<212> DNA

<213> Artificial Segquence

<220>
<223>» Chemically Synthesized

<400> 3
gggtctctcet ggttagacca gatctgagcce tgggagctct ctggctaact agggaaccca

ctgcttaage ctcaataaag cttgeccttga gtgcettca

<210> 4
<211> 85
<212> DNA

<213> Artificial Sequence

<220>
<223> Chemically Synthesized

<400> 4
agtagtgtgt gcccegtetgt tgtgtgacte tggtaactag agatccecctca gaccctttta

gtcagtgtgg aaaatctcta gcagt

<210> 5
<211> 1377
<212> DNA

<213> Artificial Sedquence

9120

9174

60

120

180

228

60

98

60

85
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<220>

<223> Chemically Synthesized

<400> 5

cgaacaggga cttgaaagcg aaagggaaac cadgaggagct ctcectcgacge aggactcgge 60
ttgctgaage gcocgcacggca agaggcgagg ggcggcgact ggtgagtacg ccaaaaattt 120
tgactagegg aggctagaag gagagagatg ggtgcgagag cgtcagtatt aagcecggggga 180
gaattagatc gcgatgggaa aaaattcggt taaggccagg gggaaagaaa aaatataaat 240
taaaacatat agtatgggca agcagggagc tagaacgatt cgcagttaat cctggectgt 300
tagaaacatc agaaggctgt agacaaatac tgggacagcet acaaccatcce cttcagacag 360
gatcagaaga acttagatca ttatataata cagtagcaac cctctattgt gtgcatcaaa 420
ggatagagat aaaagacacc aaggaagctt tagacaagat agaggaagag caaaacaaaa 480
gtaagaccac cgcacagcaa gcecggcecgcetg atcttcagac ctggaggagg agatatgagg 540
gacaattgga gaagtgaatt atataaatat aaagtagtaa aaattgaacc attaggagta 600
gcacccacca aggcaaagag aagagtggtg cagagagaaa aaagagcagt gggaatagga 660
getttgttee ttgggttett gggagcagca ggaagcacta tgggcecgcage gtcaatgacg 720
ctgacggtac aggccagaca attattgtcet ggtatagtge agcagcagaa caatttgetg 780
agggctattg aggcgcaaca gcatctgttyg caactcacag tctggggcat caagcagetce 840
caggcaagaa tcctggetgt ggaaagatac ctaaaggatc aacagcetcecct ggggatttgg 900
ggttgectctg gaaaactcat ttgcaccact gcectgtgecctt ggaatgctag ttggagtaat 960
aaatctctygyg aacagatttg gaatcacacg acctggatgg agtgggacag agaaattaac 1020
aattacacaa gcttaataca ctceccttaatt gaagaatcge aaaaccagca agaaaagaat 1080
gaacaagaat tattggaatt agataaatgg gcaagtttgt ggaattggtt taacataaca 1140
aattggctgt ggtatataaa attattcata atgatagtag gaggcttggt aggtttaaga 1200
atagtttttg ctgtacttte tatagtgaat agagttagge agggatattc accattatcg 1260
tttcagacce acctcecccaac cccgagggga ccoccgacaggce ccgaaggaat agaagaagaa 1320
ggtggagaga gagacagaga cagatccatt cgattagtga acggatctcecg acggtat 1377
<210> 6

<211> 547

<212> DNA

<213> Artificial Segquence
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<223>

<400> 6
tagactgtag

tggtagcagt

ggcaagaaac

atacagacaa

ggatcaageca

tgaataaaga

cagcadgtaca

acagtgcagg

aaaaacaaat

tttggcect

<210> 7

<211> 1178

<212> DNA

<213>

<220>
<223>

<400> 7
gctcecggtge

gaggggtcgg

atgtcegtgta

tagtcgcecgt

tgtgtggtte

cttceccacctyg

agagttcgag

ctgggegetg

tcgataagtce

aagatagtct

cgggcggcega

cgocggecacc

cccaggaata

tcatgtagcec

agcatacttce

tggcagcaat

ggaatttgge

attaaagaaa

aatggcagta

ggaaagaata

tacaaaaatt

ccgtcagtgg

caattgaacc

ctggectcecege

gaacgttctt

ccgegggect

gctgecagtac

gccttgeget

gggccgccgce

tctageccatt

tgtaaatgcg

cggggeecgt

gagaatcgga

Chemically Synthesized

tggcagctag

agtggatata

ctcttaaaat

ttcaccagta

attccctaca

attataggac

ttcatccaca

gtagacataa

caaaatttte

Artificial Sequence

Chemically Synthesized

gcagagcgca

ggtgcctaga

ctttttececg

tttcgcaacyg

ggcctettta

gtgattcttg

taaggagccce

gtgcgaatct

taaaattttt

ggccaagatc

gcgtcececage

cgggggtagt

attgtacaca

tagaagcaga

tagcaggaag

ctacagttaa

atccccaaag

aggtaagaga

attttaaaag

tagcaacaga

gggtttatta

catcgecccac

gaaggtggeg

agggtggggyg

ggtttgccge

cgggttatgg

atcccgagcet

cttcgecteg

ggtggecacct

gatgacctgce

tgcacactgg

gcacatgttce

ctcaagctgg

tttagaagga

agtaattcca

atggccagta

ggccgectgt

tcaaggagta

tcaggctgaa

aaaaggggdgyg

catacaaact

cagggacaga

agtcceccgag

cggggtaaac

agaaccgtat

cagaacacag

ceccttgegtg

tcgggttgga

tgcttgagtt

tecgegectgt

tgcgacgett

tatttcggtt

ggcgaggcgg

ccggectget

aaagttatct

gcagagacag

aaaacadgtac

tggtgggcgyg

atagaatcta

catcttaaga

attggggggt

aaagaattac

agagat ccag

aagttggggyg

tgggaaagtg

ataagtgcag

gtaagtgccg

ccttgaatta

agtgggtggyg

gaggcctggce

ctecgetgett

tttttetggce

tttggggccyg

ggcctgecgag

ctggtgectg

60

120

180

240

300

360

420

480

540

547

60

120

180

240

300

360

420

480

540

600

660

720
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gcctecgegeco

ttgcgtgage

cgcggegete

cctcagcegt

agttctcgag

agtttcccca

tctececttgga

gccegtgtate

ggaaagatgg

gggagagcgg

cgcttcatgt

cttttggagt

cactgagtgg

atttgccctt

gccceccecgecact

ccgetteceg

gcgggtgagt

gactccactg

acgtcecgtett

gtggagactg

tttgagtttyg

gggcggcaag

gcectgetge

cacccacaca

agtaccgggce

taggttgggyg

aagttaggcce

gatcttggtt

gctggececgy

agggagectca

aaggaaaagqg

gcegtecagyg

ggaggggttt

agcttggecac

cattctcaag

tcggcaccag

aaatggagga

gcctttecegt

cacctcgatt

tatgegatgg

ttgatgtaat

cctecag

780

840

900

960

1020

1080
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
14/997,136 01/15/2016 1653 2400 046483-6001US13(01088) 30 1
CONFIRMATION NO. 4164
78905 FILING RECEIPT

A Pt Dot o) 0L K

Centre Square West
1500 Market Street, 38th Floor
Philadelphia, PA 19102-2186

Date Mailed: 02/23/2016

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Carl H. June, Merion Station, PA;
Bruce L. Levine, Cherry Hill, NJ;
David L. Porter, Springfield, PA;
Michael D. Kalos, Philadelphila, PA;
Michael C. Milone, Cherry Hill, NJ;
Applicant(s)
The Trustees of the University of Pennsylvania, Philadelphia, PA;

Power of Attorney: The patent practitioners associated with Customer Number 78905

Domestic Priority data as claimed by applicant
This application is a CON of 13/992,622 07/09/2013
which is a 371 of PCT/US2011/064191 12/09/2011
which claims benefit of 61/421,470 12/09/2010
and claims benefit of 61/502,649 06/29/2011

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes

page 1 of 4

UPenn Ex. 2047
Miltenyi v. UPenn
IPR2022-00855

Page 210



Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 02/04/2016

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/997,136

Projected Publication Date: To Be Determined - pending completion of Corrected Papers
Non-Publication Request: No

Early Publication Request: No
Title

Compositions and Methods for Treatment of Cancer
Preliminary Class
435
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,

this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
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technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 14/997,136
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 OFR 1.16(a), (5), or (6)) N/A N/A N/A N/A 280
SEARCH FEE
(37 CFR 1.16(K), (i), or (m)) N/A N/A N/A N/A 600
EXAMINATION FEE
(37 CFR 1.16(0), (p), or (a)) N/A N/A N/A N/A 720
TOTAL CLAIMS ] *
(37 CFR 1.16(i)) 30 minus 20= 10 OR |« 80 = 800
INDEPENDENT CLAIMS ] *
(37 CFR 1.16(h)) 1 minus 3 = x 420 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 2400
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
| Total . i - =
s (37 CF% ?.16(i)) Minus = OR |« =
a Independent * Minus | *** =
E (37 CFR 1.16(h)) = OR |« =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR |x =
% Independent * Minus | *** = = OR |x =
L (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.

UPenn Ex. 2047
Miltenyi v. UPenn
IPR2022-00855
Page 214



UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/997,136 01/15/2016 Carl H. June 046483-6001US13(01088)
CONFIRMATION NO. 4164
78905 FORMALITIES LETTER
Saul Ewing LLP (Philadelphia)
Attn: Patent Docket Clerk RN R

Centre Square West
1500 Market Street, 38th Floor
Philadelphia, PA 19102-2186

Date Mailed: 02/23/2016

NOTICE TO FILE CORRECTED APPLICATION PAPERS
Filing Date Granted

An application number and filing date have been accorded to this application. The application is informal since
it does not comply with the regulations for the reason(s) indicated below. Applicant is given TWO MONTHS
from the date of this Notice within which to correct the informalities indicated below. Extensions of time may be
obtained by filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

The required item(s) identified below must be timely submitted to avoid abandonment:

+ Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121(d) are required. The drawings
submitted are not acceptable because:
* Numbers, letters, and reference characters on the drawings must measure at least 0.32 cm (1/8 inch) in
height. See Figure(s) 4A-4D, 5A, 6A-6C, 7A-7D, 8A-8C, 9, 10, 11.
+ The drawings submitted to the Office are not electronically reproducible because portions of figures 4A-4D,
5A, 6A-6C, 7A-7D, 8A-8C, 9, 10, 11 are missing and/or blurry.

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to

exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required
application size fee.

page 1 of 2

UPenn Ex. 2047
Miltenyi v. UPenn
IPR2022-00855
Page 215



Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more
information and a suggested format, see Form PTO/SB/92 and MPEP 512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web, including a copy
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice".
https:/sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http.//www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

lygizaw/

page 2 of 2

UPenn Ex. 2047
Miltenyi v. UPenn
IPR2022-00855
Page 216



Second Preliminary Amendment
U.S. Patent Application No. 14/997,136
Attomey Docket No. 046483-6001US13(01088)

Electronically Filed

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re: Patent Application Of . Group Art Unit:
Carl H. June, et al. o 1653
Serial No..  14/997.136 . Examiner:
. Not Yet Assigned
Filed: January 15, 2016

Confirmation No. 4164

For:  Compositions and Methods for Treatment of Cancer . Attorney Docket No.:
. 046483-6001US13(01088)

SECOND PRELIMINARY AMENDMENT

Prior to examination on the merits, kindly amend the above-identified
application without prejudice, as follows. Please charge any applicable fees to deposit

account number 50-4364.
AMENDMENT TO THE CLAIMS begins on page 2.

REMARKS begin on page 6.
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Amendment to the Claims

The listing of the claims will replace all prior versions, and listings, of the

claims in the application.

1-89. (canceled)

90. (Currently amended) A pharmaceutical composition comprising an anti-tumor effective
amount of a population of human T cells, wherein the T cells comprise a nucleic acid
sequence encoding a chimeric antigen receptor (CAR), wherein the CAR comprises a CD19
antigen binding domain comprising, from the amino to the carboxy terminus, a light chain

variable region and a heavy chain variable region of SEQ ID NO:20, wherein the CAR

further comprises a transmembrane domain, a 4-1BB costimulatory signaling region, and a

CD3 zeta signaling domain.

91. (Previously presented) The composition of claim 90, wherein the anti-tumor effective

amount of T cells is 10* to 10” cells per kg body weight of a human in need of such cells.

92. (Previously presented) The composition of claim 90, wherein the anti-tumor effective

amount of T cells is 10° to 10° cells per kg body weight of a human in need of such cells.

93. (Previously presented) The composition of claim 90, wherein said antigen binding

fragment is a scFv.

94. (Previously presented) The composition of claim 90, wherein the scFv comprises the

amino acid sequence of SEQ ID NO:20.
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95. (Previously presented) The composition of claim 90, wherein the transmembrane domain

is CD8q transmembrane domain.

96. (Previously presented) The composition of claim 95, wherein the CD8a transmembrane

domain comprises the amino acid sequence of SEQ ID NO: 22.

97. (Previously presented) The composition of claim 90, wherein the CAR further comprises

a hinge domain.

98. (Previously presented) The composition of claim 97, wherein the hinge domain is a

CD8a hinge domain.

99. (Previously presented) The composition of claim 98, wherein the CD8a hinge domain
comprises the amino acid sequence of SEQ ID NO:21.

100. (Previously presented) The composition of claim 90, wherein the 4-1BB costimulatory
signaling region comprises the amino acid sequence of SEQ ID NO23.

101. (Previously presented) The composition of claim 90, wherein the CD3 zeta signaling

domain comprises the amino acid sequence of SEQ ID NO: 24.

102. (Previously presented) The composition of claim 90, wherein the CD19 antigen binding

domain is encoded by a nucleic acid sequence comprising SEQ ID NO: 14.

103. (Previously presented) The composition of claim 95, wherein the CD8a transmembrane

domain is encoded by a nucleic acid sequence comprising SEQ ID NO: 16.

104. (Previously presented) The composition of claim 99, wherein the CD8a hinge domain
is encoded by a nucleic acid sequence comprising SEQ ID NO: 15.
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105. (Previously presented) The composition of claim 100, wherein the 4-1BB costimulatory

signaling region is encoded by a nucleic acid sequence comprising SEQ ID NO: 17.

106. (Previously presented) The composition of claim 101, wherein the CD3 zeta signaling

domain is encoded by a nucleic acid sequence comprising SEQ ID NO: 18.

107 (Previously presented) The composition of claim 90, wherein the CAR comprises the

amino acid sequence of SEQ ID NO:12.

108. (Previously presented) The composition of claim 107, wherein the CAR is encoded by

a nucleic acid sequence comprising SEQ ID NO:=8.

109 (Previously presented) The composition of claim 90, wherein the CAR further

comprises a CD28 costimulatory signaling region.

110. (Previously presented) The composition of claim 90, wherein the T cells are T cells of

human having a cancer.

111. (Previously presented) The composition of claim 110, wherein the cancer is a

hematological cancer.

112. (Previously presented) The composition of claim 90, wherein the T cells comprise a

vector that comprises the nucleic acid sequence.

113. (Previously presented) The composition of claim 112, wherein the vector is a lentiviral

vector.

114. (Previously presented) The composition of claim 112, wherein the vector further
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comprises a promoter.

115. (Previously presented) The composition of claim 114, wherein the promoter is an EF-

la promoter.

116. (Previously presented) The composition of claim 90, wherein the pharmaceutical

composition further comprises a pharmaceutically acceptable carrier, diluent or excipient.

117. (Previously presented) The composition of claim 90, wherein the pharmaceutical

composition comprises a buffer.

118. (Previously presented) The composition of claim 117, wherein the buffer is neutral
buffer saline or phosphate buffered saline.

119. (Previously presented) The composition of claim 90, wherein the pharmaceutical

composition further comprises a carbohydrate.
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REMARKS

Claim 90 has been amended herein to include recitation of SEQ ID NO:20.

Referring to US 2013/0287748, the publication of parent U.S. Patent Application No.
13/992,622, support for this amendment is found throughout the specification and for
example, in paragraph [0135] and in Table 5.

No new matter is added by way of this amendment to claim 90.
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Summary
Applicants respectfully submit that the pending claims are fully supported in

the specification as filed, and that no new matter has been added by way of the present

Preliminary Amendment.

Favorable examination and allowance of the claims is hereby requested.

Respectfully submitted,

CARL H. JUNE, ET AL.

«‘“
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Jrscepn” L aert
February 29, 2016 By: ,’é%‘ -~
Date Kathryn Doyfe, Ph.D., J. b

Registration No. 36,3 17

SAUL EWING, LLP

Centre Square West

1500 Market Street, 38th Floor
Philadelphia, PA 19102
Phone: 215.972.7734

Fax: 215.972.1818

Email: kdoyle@saul.com
Attorney for Applicant
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ELECTRONICALLY FILED
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re: Patent Application Of : Group Art Unit:
Carl H. June, et al. . 1653
Serial No.: 14/997,136 - Examiner:
. Not Yet Assigned
Confirmation No. 4164
Filed: January 15, 2016
. Attorney Docket No.:
For: Compositions and Methods for Treatment of . 046483-6001US13(01088)
Cancer :

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

SUPPLEMENTAL INFORMATION DISCLOSURE UNDER 37 CFR 1.97(b)

The attention of the Patent and Trademark Office is hereby directed to the
documents listed on the attached Form PTO-1449. One copy of each of these documents is
attached, if required.

No fee or certification is required in connection with this Information Disclosure,
since it is being submitted prior to the issuance of a first Office Action on the merits, or
expiration of the three-month period following filing of the above-identified application.

It is respectfully requested that the information be considered by the Examiner
and that a copy of the attached Form PTO-1449 be returned indicating that such information has
been considered.

The references listed in this Information Disclosure Statement comprise the most
pertinent prior art known to Applicants and their attorneys as of the date hereof. This
Information Disclosure Statement should not be construed as a representation that the cited

references are material or that no better art exists.

In the event any fees are required in connection with this paper, please charge

Deposit Account No. 50-4364
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U.S. Patent Application No. 14/997,136
Attorney Docket No. 046483-6001US13(01088)

Applicants’ undersigned attorney may be reached by telephone at (215) 972-7734.

All correspondence should be directed to the below-listed address.

Respectfully submitted,
CARL H. JUNE, ET AL.

.-9‘21"" Y

( «\»2:}‘ "\ .,:‘« @\ﬁ- ,-"' {;,‘

Dated: February 29, 2016 ~ / i
Kathryn Doyle, Ph.D., JD.
Registration No. 36,317

Saul Ewing LLP

Centre Square West

1500 Market Street, 38" Floor
Philadelphia, PA 19102
Telephone:  (215) 972-7734
Fax: (215)972-1818
Email: kdoyle(@saul.com
Attorney for Applicant
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Chimeric Receptors with 4-1BB Stimulatory Signaling Domain

Government Interest
This invention was made in part with U.S. Government support under National
Institutes of Health grant no. CA 58297. The U.S. Government may have certain rights in

this invention.

Field of the Invention
This invention relates to chimeric cell membrane receptors, particularly chimeric T-

cell receptors.

Background

Regulation of cell activities is frequently achieved by the binding of a ligand to a
surface membrane receptor comprising an extracellular and a cytoplasmic domain. The
formation of the complex between the ligand and the extracellular portion of the receptor
results in a conformational change in the cytoplasmic portion of the receptor which results in
a signal transduced within the cell. In some instances, the change in the cytoplasmic portion
results in binding to other proteins, where other proteins are activated and may carry out
various functions. In some situations, the cytoplasmic portion is autophosphorylated or
phosphorylated, resulting in a change in its activity. These events are frequently coupled with
secondary messengers, such as calcium, cyclic adenosine monophosphate, inositol phosphate,
diacylglycerol, and the like. The binding of the ligand to the surface membrane receptor
results in a particular signal being transduced.

For T-cells, engagement of the T-cell receptor (TCR) alone is not sufficient to induce
persistent activation of resting naive or memory T cells. Full, productive T cell activation
requires a second co-stimulatory signal from a competent antigen-presenting cell (APC). Co-
stimulation is achieved naturally by the interaction of the co-stimulatory cell surface receptor
on the T cell with the appropriate counter-receptor on the surface of the APC. An APC is
normally a cell of host origin which displays a moiety which will cause the stimulation of an
immune response. APCs include monocyte/macrophages, dendritic cells, B cells, and any
number of virally-infected or tumor cells which express a protein on their surface recognized
by T cells. To be immunogenic APCs must also express on their surface a co-stimulatory
molecule. Such APCs are capable of stimulating T cell proliferation, inducing cytokine

production, and acting as targets for cytolytic T cells upon direct interaction with the T cell.
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See Linsley and Ledbetter, Ann. Rev. Immunol. 4:191-212 (1993); Johnson and Jenkins, Life
Sciences 55:1767-1780 (1994); June et al., Immunol. Today 15:321-331 (1994); and
Mondino and Jenkins, J. Leuk. Biol. 55:805-815 (1994).

Engagement of the co-stimulatory molecule together with the TCR is necessary for
optimal levels of IL-2 production, proliferation and clonal expansion, and generation of
effector functions such as the production of immunoregulatory cytokines, induction of
antibody responses from B cells, and induction of cytolytic activity. More importantly,
engagement of the TCR in the absence of the co-stimulatory signal results in a state of non-
responsiveness, called anergy. Anergic cells fail to become activated upon subsequent
stimulation through the TCR, even in the presence of co-stimulation, and in some cases may
be induced to die by a programmed self-destruct mechanism.

In certain situations, for example where APCs lack the counter-receptor molecules
necessary for co-stimulation, it would be beneficial to have the co-stimulatory signal induced
by virtue of employing a ligand other than the natural ligand for the co-stimulatory receptor.
This might be, for example, the same ligand as that recognized by the TCR (i.e., the same
moiety, such that if one signal is received, both signals will be received), or another cell
surface molecule known to be present on the target cells (APCs).

Several receptors that have been reported to provide co-stimulation for T-cell
activation, including CD28, OX40, CD27, CD2, CD5, ICAM-1, LFA-1 (CD11a/CD18), and
4-1BB. The signaling pathways utilized by these co-stimulatory molecules share the
common property of acting in synergy with the primary T cell receptor activation signal.

Previously the signaling domain of CD28 has been combined with the T-cell receptor
to form a co-stimulatory chimeric receptor. See U.S. Patent No. 5,686,281; Geiger, T.L. ef
al., Blood 98: 2364-2371 (2001); Hombach, A. et al., J Iimmunol 167: 6123-6131 (2001);
Mabher, J. et al. Nat Biotechnol 20: 70-75 (2002); Haynes, N.M. et al., J Immunol 169: 5780-
5786 (2002); Haynes, N.M. et al., Blood 100: 3155-3163 (2002). These co-stimulatory
receptors provide a signal that is synergistic with the primary effector activation signal, i.e.
the TCR signal or the chimeric effector function receptor signal, and can complete the
requirements for activation under conditions where stimulation of the TCR or chimeric
effector function receptor is suboptimal and might otherwise be detrimental to the function of
the cell. These receptors can support immune responses, particularly of T cells, by permitting
the use of ligands other than the natural ligand to provide the required co-stimulatory signal.

Chimeric receptors that contain a CD19 specific single chain immunoglobulin

extracellular domain have been shown to lyse CD19+ target cells and eradicate CD19+ B cell
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lymphomas engrafted in mice [Cooper LJ, et al., Blood 101:1637-1644 (2003) and Brentjens
RJ, et al., Nature Medicine 9:279-286 (2003)]. Cooper et al. reported that T-cell clones
transduced with chimeric receptors comprising anti-CD19 scFv and CD3{ produced
approximately 80% specific lysis of B-cell leukemia and lymphoma cell lines at a 1:1 effector
to target ratio in a 4-hour Cr release assay; at this ratio, percent specific lysis of one primary
B-lineage ALL sample tested was approximately 30%. Brentjens et al. reported that T-cells
bearing anti-CD19 scFv and CD3({ chimeric receptors could be greatly expanded in the
presence of exogenous IL-15 and artificial antigen-presenting cells transduced with CD19
and CD80. The authors showed that these T cells significantly improved the survival of
immunodeficient mice engrafted with the Raji B-cell lymphoma cell line. Their results also
confirmed the importance of co-stimulation in maximizing T-cell-mediated anti-leukemic
activity. Only cells expressing the B7 ligands of CD28 elicited effective T-cell responses.
This could be a major obstacle in the case of B-lineage ALL because leukemic lymphoblasts
typically do not express B7 molecules.

In addition to T cell immune responses, natural killer (NK) cell responses appear to be
clinically relevant. While T cells recognize tumor associated peptide antigen expressed on
surface HLA class I or class II molecules, antigen nonspecific immune responses are
mediated by NK cells that are activated by the failure to recognize cognate "self" HLA class I
molecules. The graft-versus-tumor effect of transplants using HLLA matched donors is
mediated by antigen specific T cells, while transplantation using HLA mismatched donors
can also lead to donor NK cells with potent antitumor activity. HLA mismatched haplo-
identical transplants can exert a powerful anti-leukemia effect based on expansion of antigen
nonspecific donor NK cells.

Immunotherapy with NK cells has been limited by the inability to obtain sufficient
numbers of pure NK cells suitable for manipulation and expansion. The established methods
for cell expansion favor T cell expansion and even after T cells are depleted, residual T cells
typically become prominent after stimulation. Thus there is a need for better methods to

expand NK cells from a population without expanding T cells.

Summary of the Invention
The present invention provides a chimeric receptor containing a co-stimulatory signal
by incorporation of the signaling domain of the 4-1BB receptor. The chimeric receptor
comprises an extracellular ligand binding domain, a transmembrane domain and a

cytoplasmic domain wherein the cytoplasmic domain comprises the signaling domain of 4-
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1BB. In one embodiment of the invention the signaling domain of 4-1BB used in the
chimeric receptor is of human origin. In a preferred embodiment, human 4-1BB consists of
SEQ ID NO:2. In another embodiment the signaling domain comprises amino acids 214 —
255 of SEQ ID NO:2.

In another embodiment of the invention the cytoplasmic domain of the chimeric
receptor comprises the signaling domain of CD3( in addition to the signaling domain of 4-
1BB. In another embodiment the extracellular domain comprises a single chain variable
domain of an anti-CD19 monoclonal antibody. In another embodiment the transmembrane
domain comprises the hinge and transmembrane domains of CD8a. In a most preferred
embodiment of the invention the extracellular domain comprises a single chain variable
domain of an anti-CD19 monoclonal antibody, the transmembrane domain comprises the
hinge and transmembrane domain of CD8a, and the cytoplasmic domain comprises the
signaling domain of CD3{ and the signaling domain of 4-1BB.

Other aspects of the invention include polynucleotide sequences, vectors and host
cells encoding a chimeric receptor that éomprises the signaling domain of 4-1BB. Yet other
aspects include methods of enhancing T lymphocyte or natural killer (NK) cell activity in an
individual and treating an individual suffering from cancer by introducing into the individual
a T lymphocyte or NK cell comprising a chimeric receptor that comprises the signaling
domain of 4-1BB. These aspects particularly include the treatment of lung cancer,
melanoma, breast cancer, prostate cancer, colon cancer, renal cell carcinoma, ovarian cancer,
neuroblastoma, thabdomyosarcoma, leukemia and lymphoma. Preferred cancer targets for
use with the present invention are cancers of B cell origin, particularly including acute
lymphoblastic leukemia, B-cell chronic lymphocytic leukemia and B-cell non-Hodgkin's
lymphoma.

A different but related aspect of the present invention provides a method for
obtaining an enriched NK cell population suitable for transduction with a chimeric receptor
that comprises the signaling domain of 4-1BB. This method comprises the expansion of NK
cells within a mixed population of NK cells and T cells by co-culturing the mixed population
of cells with a cell line that activates NK cells and not T lymphocytes. This NK activating
cell line is composed of cells that activate NK cells, but not T lymphocytes, and which
express membrane bound interleukin-15 and a co-stimulatory factor ligand. In a particular
embodiment the NK activating cell line is the K562 myeloid leukemia cell line or the Wilms
tumor cell line HFWT. In another embodiment of the invention the co-stimulatory factor
ligand is CD137L.
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Description of the Sequence Listing

SEQ ID No. 1 is the nucleotide sequence for human 4-1BB mRNA. The coding
sequence for the human 4-1BB protein begins at position 129 and ends at position 893.

SEQ ID No. 2 is the amino acid sequence of human 4-1BB. The signaling domain
begins at position 214 and ends at position 255.

SEQ. ID. No. 3 is the nucleotide sequence for murine 4-1BB mRNA. The coding
sequence for the murine 4-1BB protein begins at position 146 and ends at position 916.

SEQ ID. No. 4 is the amino acid sequence of murine 4-1BB. The signaling domain
begins at position 209 and ends at position 256.

Description of the Figures

Figure 1 is a schematic representation of the CD19-truncated, CD19-( , CD19-28-C
and CD19-BB-{ receptor constructs. '

Figure 2 shows the percent of CD19-positive leukemia cell recovery in four different
cell lines (380, 697, KOPN-57bi and OP-1) after 24 hours of culture with NK cells with or
without a chimeric receptor at a 1:1 ratio relative to cultures with no NK cells. The bars
represent each of the 4 cell lines that are co-cultured with NK cells containing either "vector"
which is MSCV-IRES GFP only; "trunc." which is vector containing truncated anti-CD19;
"¢" which is vector containing anti-CD19- CD3(; "28 {" which is vector containing anti-
CD19-CD28a~ CD3{; or "BB- {" which is vector containing anti-CD19- 4-1BB intracellular
domain- CD3{. This figure shows that chimeric receptors confer anti-ALL activity to NK
cells which is improved by the addition of the co-stimulatory molecules CD28 or 4-1BB.

Detailed Description of the Invention

Definitions

4-1BB: The term “4-1BB” refers to a membrane receptor protein also termed CD137,
which is a member of the tumor necrosis factor receptor (TNFR) superfamily expressed on
the surface of activated T-cells as a type of accessory molecule [Kwon et al., Proc. Natl.
Acad. Sci. USA 86:1963 (1989); Pollok et al., J. Immunol. 151:771 (1993)]. 4-1BB has a
molecular weight of 55 kDa, and is found as a homodimer. It has been suggested that 4-1BB
mediates a signal transduction pathway from outside of the cell to inside [Kim et al., J.

Immunol. 151:1255 (1993)].
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A human 4-1BB gene (SEQ ID NO:1) was isolated from a cDNA library made from
activated human peripheral T-cell mRNA [Goodwin et al., Eur. J. Immunol. 23:2631
(1993);]. The amino acid sequence of human 4-1BB (SEQ ID NO: 2) shows 60% homology
to mouse 4-1BB (SEQ ID NO:4)[Kwon et al., Proc. Natl. Acad. Sci. USA 86:1963 (1989);
Gen Bank No: NM_011 612] which indicates that the sequences are highly conserved. As
mentioned supra, 4-1BB belongs to the TNFR superfamily, along with CD40, CD27, TNFR-
I, TNFR-II, Fas, and CID30 [Alderson et al., Eur. J. Immunol. 24:2219 (1994)]. When a
monoclonal antibody is bound to 4-1BB expressed on the surface of mouse T-cells, anti-CD3
T-cell activation is increased many fold [Pollok et al., J. Immunol. 150:771 (1993)].

4-1BB binds to a high affinity ligand (4-1BBL, also termed CD137L) expressed on
several antigen-presenting cells such as macrophages and activated B cells [Pollok et al., J.
Fmmunol. 150:771 (1993) Schwarz et al., Blood 85:1043 (1995)]. 4-1BBL is claimed and
described in US Patent 5,674,704. The interaction of 4-1BB and its ligand provides a co-
stimulatory signal leading to T cell activation and growth [Goodwin et al., Eur. J . Immunol.
23:2631 (1993); Alderson et al., Eur. J. Immunol. 24:2219 (1994); Hurtado et al., J. Immunol.
155:3360 (1995); Pollock et al., Eur. J. Immunol. 25:488 (1995); DeBenedette et al., J. Exp.
Med. 181:985 (1995)]. These observations suggest an important role for 4-1BB in the
regulation of T cell-me diated immune responses [Ignacio et al., Nature Med. 3:682 (1997)].

The term IL-15 (interleukin 15) refers to a cytokine that stimulates NK cells [Fehniger
TA, Caligiuri MA. Blood 97(1):14-32 (2001)]. It has become apparent that IL-15 presented
through cell to cell contact has a higher NK stimulating activity than soluble IL-15 [Dubois S,
et al., Immunity 17(5):537-547 (2002); Kobayashi H, et al., Blood (2004) PMID: 15367431;
Koka R, et al., J Immumiol 173(6):3594-3598 (2004); Burkett PR, et al., J Exp Med
200(7):825-834 (2004)]. To express membrane-bound IL-15 a construct consisting of human
TL-15 mature peptide (INM172174) was fused to the signal peptide and transmembrane
domain of human CD8 a..

To specifically expand NK cells means to culture a mixed population of cells that
contains a small number of NK cells so that the NK cells proliferate to numbers greater than
other cell types in the population.

To activate T cells and NK cells means to induce a change in their biologic state by
which the cells express activation markers, produce cytokines, proliferate and/or become
cytotoxic to target cells. All these changes can be produced by primary stimulatory signals.
Co-stimulatory signals amplify the magnitude of the primary signals and suppress cell death
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following initial stimulation resulting in a more durable activation state and thus a higher
cytotoxic capacity.

The terms T-cell and T lymphocyte are interchangeable and used synonymously
herein.

The term "chimeric receptor" as used herein is defined as a cell-surface receptor
comprising an extracellular ligand binding domain, a transmembrane domain and a
cytoplasmic co-stimulatory signaling domain in a combination that is nof naturally found
together on a single protein. This particularly includes receptors wherein the extracellular
domain and the cytoplasmic domain are not naturally found together on a single receptor
protein. The chimeric receptors of the present invention are intended primarily for use with T
cells and natural killer (NK) cells.

The term "host cell" means any cell of any organism that is selected, modified,
transformed, grown, used or manipulated in any way, for the production of a substance by the
cell, for example the expression by the cell of a gene, a DNA or RNA sequence, a protein or
an enzyme. Host cells of the present invention include T cells and NK cells that contain the
DNA or RNA sequences encoding the chimeric receptor and express the chimeric receptor on
the cell surface. Host cells may be used for enhancing T lymphocyte activity, NK cell
activity, treatment of cancer, and treatment of autoimmune diseases.

The terms "express” and "expression" mean allowing or causing the information in a
gene or DNA sequence to become manifest, for example producing a protein by activating
the cellular functions involved in transcription and translation of a corresponding gene or
DNA sequence. A DNA sequence is expressed in or by a cell to form an "expression product”
such as a protein. The expression product itself, e.g. the resulting protein, may also be said to
be "expressed"” by the cell. An expression product can be characterized as intracellular,
extracellular or transmembrane. The term "intracellular” means something that is inside a
cell. The term "extracellular”" means something that is outside a cell. The term transmembrane
means something that has an extracellular domain outside the cell, a portion embedded in the
cell membrane and an intracellular domain inside the cell.

The term "transfection" means the introduction of a foreign nucleic acid into a cell
using recombinant DNA technology. The term "transformation" means the introduction of a
"foreign” (i.e. extrinsic or extracellular) gene, DNA or RNA sequence to a host cell, so that
the host cell will express the introduced gene or sequence to produce a desired substance,
typically a protein or enzyme coded by the introduced gene or sequence. The introduced gene

or sequence may also be called a "cloned" or "foreign'" gene or sequence, may include
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regulatory or control sequences, such as start, stop, promoter, signal, secretion, or other
sequences used by a cell's genetic machinery. The gene or sequence may include
nonfunctional sequences or sequences with no known function. A host cell that receives and
expresses introduced DNA or RNA has been ""transformed" and is a "transformant” or a
"clone." The DNA. or RNA introduced to a host cell can come from any source, including
cells of the same genus or species as the host cell, or cells of a different genus or species.

The term "transduction" means the introduction of a foreign nucleic acid into a cell
using a viral vector.

The terms "vector", "cloning vector”" and "expression vector" mean the vehicle by
which a DNA or RNA sequence (e.g. a foreign gene) can be introduced into a host cell, so as
to transform the host and promote expression (e.g. transcription and translation) of the
introduced sequence. Vectors include plasmids, phages, viruses, etc.

Description of the Invention

In accordance with the present invention there may be employed conventional
molecular biology, microbiology, and recombinant DNA techniques within the skill of the
art. Such techniques are explained fully in the literature. See, e.g., Sambrook et al,
"Molecular Cloning: A Laboratory Manual" ( 1989); "Current Protocols in Molecular
Biology" Volumes I-III [Ausubel, R. M., ed. (1994)]; "Cell Biology: A Laboratory
Handbook" Volumes I-III [J. E. Celis, ed. (1994))]; "Current Protocols in Immunology”
Volumes I-IIT [Coligan, J. E., ed. (1994)]; "Oligonucleotide Synthesis" (M.J. Gait ed. 1984);
"Nucleic Acid Hybridization" [B.D. Hames & S.J. Higgins eds. (1985)]; "Transcription And
Translation" [B.D. Hames & S.J. Higgins, eds. (1984)]; "Animal Cell Culture" [R.I.
Freshney, ed. (1986)]; "Immobilized Cells And Enzymes" [IRL Press, (1986)]; B. Perbal, "A
Practical Guide To Molecular Cloning" (1984); CURRENT PROTOCOLS IN
IMMUNOLQGY (J. E. Coligan, A. M. Kruisbeck, D. H. Margulies, E. M. Shevach and W.
Strober, eds., 1991); ANNUAL REVIEW OF IMMUNOLOGY; as well as monographs in
journals such as ADVANCES IN IMMUNOLOGY. All patents, patent applications, and
publications mentioned herein are hereby incoxrporated herein by reference.

Primary T cells expressing chimeric receptors specific for tumor or viral antigens
have considerable therapeutic potential as immunotherapy reagents. Unfortunately, their
clinical value is limited by their rapid loss of function and failure to expand in vivo,
presumably due to the lack of co-stimulator molecules on tumor cells and the inherent

limitations of signaling exclusively through the chimeric receptor.
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The chimeric receptors of the present invention overcome this limitation wherein they
have the capacity to provide both the primary effector activity and the co-stimulatory activity
upon binding of the receptor to a single ligand. For instance, binding of the anti-CD19-BB-{
receptor to the CD19 ligannd provides not only the primary effector function, but also a
proliferative and cytolytic effect.

T cells transduced with anti-CD19 chimeric receptors of the present invention which
contain co-stimulatory molecules have remarkable anti-ALL capacity. However, the use of
allogenic receptor-modified T cells after hematopoietic cell transplantation might carry the
risk of severe graft-versus—-host disease (GvHD). In this setting, the use of CD3-negative NK
cells is attractive because they are not expected tocause GvHD.

Studies suggest an anti-tumor effect of NK cells and Zeis et al., Br ] Haematol 96:
757-61 (1997) have shown in mice that NK cells contribute to a graft-versus-leukemia effect,
without inducing GvHD.

Obtaining an enriched population of NK cells for use in therapy has been difficult to
achieve. Specific NK cell expansion has been problematic to achieve with established
methods, where CD3+ T cells preferentially expand. Even after T cell depletion, residual T
cells typicélly become prominent after stimulation. However, in accordance with the
teachings of the present invention NK cells may be expanded by exposure to cells that lack or
poorly express major histocompatibility complex I and/or II molecules and which have been
genetically modified to express membrane bound IL-15 and 4-1BB ligand (CD137L). Such
cell lines include, but are not necessarily limited to, K562 [ATCC, CCL 243; Lozzio et al.,
Blood 45(3): 321-334 (1975); Klein et al., Int. J. Cancer 18: 421-431 (1976)], and the Wilms
tumor cell line HFWT. [Fehniger TA, Caligiuri MA. Int Rev Immunol 20(3-4):503-534
(2001); Harada H, et al., Exp Hematol 32(7):614-621 (2004)], the uterine endometrium tumor
cell line HHUA, the melanoma cell line HMV-II, the hepatoblastoma cell line HuH-6, the
lung small cell carcinoma cell lines Lu-130 and Lu-134-A, the neutoblastoma cell lines NB19
and NB69, the embryonal carcinoma cell line from testis NEC14, the cervix carcinoma cell
line TCO-2, and the bone marrow-metastated neuroblastoma cell line TNB1 [Harada H., et
al., Jpn. J. Cancer Res 93: 313-319 (2002)]. Preferably the cell line used lacks or poorly
expresses both MHC I and IT molecules, such as K562 and the HFWT cell lines.

Expanding NK cells which can then be transfected with chimeric receptors according

to this method represents another aspect of the present invention.

UPenn Ex. 2047
Miltenyi v. UPenn
IPR2022-00855
Page 236



10

15

20

25

30

WO 2005/044996

The chimeric receptors of the present invention comprise an extracellular domain, a
transmembrane domain and a cytoplasmic domain. The extracellular domain and
transmembranc domain can be derived from any desired source for such domains.

As described in U.S. Patents Nos. 5,359,046, 5,686,281 and 6,103,521, the
extracellular domain may be obtained from any of the wide variety of extracellular domains
or secreted proteins associated with ligand binding and/or signal transduction. The
extracellular domain may be part of a protein which is monomeric, homodimeric,
heterodimeric, or associated with a larger number of proteins in a non-covalent complex. In
particular, the extracellular domain may consist of an Ig heavy chain which may in turn be
covalently associated with Ig light chain by virtue of the presence of CH1 and hinge regions,
or may become covalently associated with other Ig heavy/light chain complexes by virtue of
the presence of hinge, CH2 and CH3 domains. In the latter case, the heavy/light chain
complex that becomes joined to the chimeric construct may constitute an antibody with a
specificity distinct from the antibody specificity of the chimeric construct. Depending on the
function of the antibody, the desired structure and the signal transduction, the entire chain
may be used or a truncated chain may be used, where all or a part of the CH1, CH2, or CH3
domains may be removed or all or part of the hinge region may be removed.

Wherein an antitumor chimeric receptor is utilized, the tumor may be of any kind as
long as it has a cell surface antigen which may be recognized by the chimeric receptor. Ina
specific embodiment, the chimeric receptor may be for any cancer for which a specific

monoclonal antibody exists or is capable of being generated. In particular, cancers such as

neuroblastoma, small cell lung cancer, melanoma, ovarian cancer, renal cell carcinoma, colon

cancer, Hodgkin's lymphoma, and childhood acute lymphoblastic leukemia have antigens
specific for the chimeric receptors.
The transmembrane domain may be contributed by the protein contributing the

multispecific extracellular inducer clustering domain, the protein contributing the effector

function signaling domain, the protein contributing the proliferation signaling portion, or by a

totally different protein. For the most part it will be convenient to have the transmembrane
domain naturally associated with one of the domains. In some cases it will be desirable to
employ the transmembrane domain of the .zeta., .eta. or Fc.epsilon.R1.gamma. chains which
contain a cysteine residue capable of disulfide bonding, so that the resulting chimetic protein
will be able to form disulfide linked dimers with itself, or with unmodified versions of the
.zeta., .eta. or Fc.epsilon.R1.gamma. chains or related proteins. In some instances, the

transmembrane domain will be selected or modified by amino acid substitution to avoid
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binding of such domains to the transmembrane domains of the same or different surface
membrane proteins to minimize interactions with other members of the receptor complex. In
other cases it will be desirable to employ the transmembrane domain of .zeta., .eta.,
Fc.epsilon.R1-.gamma. and -.beta., MB1 (Ig.alpha.), B29 or CD3-.gamma., .zeta., or
.epsilon., in order to retain physical association with other members of the receptor complex.

The cytoplasmic domain of the chimeric receptors of the invention will comprise the
4-1BB signaling domain by itself or combined with any other desired cytoplasmic domain(s)
useful in the context of this chimeric receptor type. In a most preferred embodiment of the
mvention the extracellular domain comprises a single chain variable domain of an anti-CD19
monoclonal antibody, the transmembrane domain comprises the hinge and transmembrane
domain of CD8a, and the cytoplasmic domain comprises the signaling domain of CD3€ and
the signaling domain of 4-1BB. The extracellular domain of the preferred embodiment
contains the anti-CD19 monoclonal antibody which is described in Nicholson IC, et al., Mol
Immunol 34:1157-1165 (1997) plus the 21 amino acid signal peptide of CD8a. (translated
from 63 nucleotides at positions 26-88 of GenBank Accession No. NM_001768). The CD8a.
hinge and transmembrane domain consists of 69 amino acids translated from the 207
nucleotides at positions 815-1021 of GenBank Accession No. NM_001768. The CD3(
signaling domain of the preferred embodiment contains 112 amino acids translated from 339
nucleotides at positions 1022-1360 of GenBank Accession No. NM_000734.

Antigen-specific cells can be expanded in vitro for use in adoptive cellular

- immunotherapy in which infusions of such cells have been shown to have anti-tumor

reactivity in a tumor-bearing host. The compositions and methods of this invention can be
used to generate a population of T lymphocyte or NK cells that deliver both primary and co-
stimulatory signals for use in immunotherapy in the treatment of cancer, in particular the
treatment of lung cancer, melanoma, breast cancer, prostate cancer, colon cancer, renal cell
carcinoma, ovarian cancer, neuroblastoma, thabdomyosarcoma, leukemia and lymphoma.
Immunotherapeutics, generally, rely on the use of immune effector cells and molecules to
target and destroy cancer cells. The effector may be a lymphocyte carrying a surface
molecule that interacts, either directly or indirectly, with a tumor cell target. Various effector
cells include cytotoxic T cells and NK cells. The compositions and methods described in the
present invention may be utilized in conjunction with other types of therapy for cancer, such
as chemotherapy, surgery, radiation, gene therapy, and so forth.

In adoptive immunotherapy, the patient's circulating lymphocytes, or tumor infilirated

lymphocytes, are isolated in vitro, activated by lymphokines such as IL-2 or transduced with
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genes for tumor necrosis, and readministered [Rosenberg et al., N. Engl. J. Med. 319:1767
(1988)]. To achieve this, one would administer to an animal, or human patient, an
immunologically effective amount of activated lymphocytes genetically modified to express a
tumor-specific chimeric receptor gene as described herein. The activated lymphocytes will
most preferably be the patient's own cells that were earlier isolated from a blood or tumor
sample and activated and expanded in vitro. In aspects of the present invention T
lymphocytes or NK cells from a patient having a cancer of B cell origin such as
lymphoblastic leukemia, B-cell chronic lymphocytic leukemia or B-cell non-Hodgkin's
lymphoma would be isolated and tranduced with the CD19-BB-{ polynucleotide so that a
chimeric receptor containing 4-1BB in the cytoplasmic domain is express on the cell surface
of the T cell or NK cell. The modified cells would then be readministered into the patient to
target and kill the tumor cells.

As shown in one Example infra, primary T-cells were transduced with the anti-CD19-
BB-L receptor of the present invention. One week after transduction the T -cells had expanded
3-4 fold in contrast to cells that were transduced with a chimeric receptor that lacked 4-1BB.
After 3 weeks in culture the T-cells had expanded by more than 16 fold.

T-cells that were transduced with the anti-CD19-BB-{ receptor and cultured in 200
TU/mL of TL-2 for two weeks, then removed from IL-2 and exposed to irradiated OP-1 cells
underwent apoptosis. However, cells cultured in 10 IU/mL of IL-2 and exposed to irradiated
OP-1 cells for two weeks after transduction remained viable. T-cells that were transduced
with CD19 chimeric receptors that lacked 4-1BB underwent apoptosis under these same
conditions. These resulis show that 4-1BB co-stimulation confers a survival advantage on
Iymphocytes, which overcomes a major obstacle with current chimeric receptors used in
immunotherapy.

To determine if T-cells transduced with the anti-CD19-BB-{ receptor exhibited
cytotoxic activity under conditions necessary for immunotherapy, their cytotoxic activity at
low effector:target (B:T) ratios were measured. As described in the Example infra, T-cells
transduced with the anti-CD19-BB-{ receptor and control vectors were expanded in vitro for
two weeks and mixed with OP-1 cells at various E:T ratios (1:1, 0.1:1, and 0.01:1). Viable
leukemic cells were counted after one week of culture. T-cells expressing the anti-CD19-BB-
¢ receptor exhibited cytotoxic activity at the 1:1 and 0.1:1 ratios against all CD19" cell lines
tested. The anti-CD19-BB-{ receptor was not effective at the 0.01:1 ratio. The CD19
chimeric receptor that lacked 4-1BB showed cytotoxic activity at the 1:1 ratio, but at the

0.1:1 ratio the results were inferior to the anti-CD19-BB-{ receptor.
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A surprising result obtained with the anti-CD19-BB-{ receptor was that the T-cells
transduced with the receptor exhibited cytotoxic activity toward CD19" leukemic cells at a
ratio of 0.01:1 when the leukemic cells were co-cultured with bone marrow-derived
mesenchymal cells. This result shows that T-cells transduced with the anti-CD19-BB-( l
receptor exhibit cytotoxic activity in an environment critical for B-lineage leukemic cell
growth. Another unexpected result was that expression of the anti-CD19-BB-{ receptor
caused higher levels of TRAIL stimulation.

Furthermore, IL-2, which causes CD8" cells to expand more vigorously, levels in cells
expressing the anti-CD19-BB-( receptor were higher than in cells expressing the other
receptors tested. These results further support the use of the anti-CD19-BB-{ receptor for
immunotherapy.

Construction of the anti-CD19-BB-{ receptor

The present invention provides a chimeric receptor construct which contains the
signaling domain of 4-1BB and fragments thereof. In a preferred embodiment of the
invention, the genetic fragments used in the chimeric receptor were generated using splicing
by overlapping extension by PCR (SOE-PCR), a technique useful for generating hybrid
proteins of immunological interest. [Warrens AN, et al. Gene 20;186: 29-35 (1997)]. Other
procedures used to generate the polynucleotides and vector constructs of the present
invention are well known in the art.

Transduction of T-cells

As shown in the Examples, infra, a polynucleotide expressing a chimeric
receptor capable of providing both primary effector and co-stimulatory activities was
introduced into T-cells and NXK cells via retroviral transduction. References describing
retroviral transduction of genes are Anderson et al., U.S. Pat. No. 5,399,346; Mann et al., Cell
33:153 (1983); Temin et al., U.S. Pat. No. 4,650,764; Temin et al., U.S. Pat. No. 4,980,289;
Markowitz et al., J. Virol. 62:1120 (1988); Temin et al., U.S. Pat. No. 5,124,263;
International Patent Publication No. WO 95/07358, published Mar. 16, 1995, by Dougherty
et al.; and Kuo et al., Blood 82:845 (1993). International Patent Publication No. WO
95/07358 describes high efficiency transduction of primary B lymphocytes.

Expansion of NK cells

The present invention shows that human primary NK cells may be expanded in the
presence of a myeloid cell line that has been genetically modified to express membrane
bound IL-15 and 4-1BB ligand (CD137L). A cell line modified in this way which does not
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have MHC class I and IT molecules is highly susceptible to NK cell lysis and activates NK
cells.

For example, K562 myeloid cells can be transduced with a chimeric protein construct
consisting of human IL-15 mature peptide fused to the signal peptide and transmembrane
domain of human CD8o. and GFP. Transduced cells can then be single-cell cloned by limiting
dilution and a clone with the highest GFP expression and surface IL-15 selected. This clone
can then be transduced with human CD137L, creating a K562-mb15-137L cell line.

Peripheral blood mononuclear cell cultures containing NK cells are cultured with a
K 562-mbl5-137L cell line in the presence of 10IU/mL of IL-2 for a period of time sufficient
to activate and enrich for a population of NK cells. This period can range from 2 to 20 days,
preferably about 5 days. Expanded NK cells may then be transduced with the anti-CD19-BB-
€ chimeric receptor.

Administration of Activated T Cells and NK Cells

Methods of re-introducing cellular components are known in the art and include
procedures such as those exemplified in US Patent Nos. 4,844,893 and 4,690,915. The
amount of activated T cells or NK cells used can vary between in vitro and in vivo uses, as
well as with the amount and type of the target cells. The amount administered will also vary
depending on the condition of the patient and should be determined by considering all

appropriate factors by the practitioner.

EXAMPLES
Example 1
INTRODUCTION

In approximately 20% of children and 65% of adults with acute lymphoblastic
leukemia (ALL), drug-resistant leukemic cells survive intensive chemotherapy and cauise
disease recurrence. [Pui CH et al, Childhood acute lymphoblastic leukemia - Current status
and future perspectives. Lancet Oncology2:597-607 (2001); Verma A, Stock W.
Management of adult acute lymphoblastic leukemia: moving toward a risk-adapted approach.
Curr Opin Oncol 13:14-20T (2001)] lymphocyte-based cell therapy should bypass cellular
mechanisms of drug resistance. Its potential clinical value for leukemia is demonstrated by
the association between T-cell-mediated graft-versus-host disease (GvHD) and delay or
suppression of leukemia recurrence after allogeneic stem cell transplantation. [Champlin R.

T-cell depletion to prevent graft-versus-host disease after bone marrow transplantation.
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Hematol Oncol Clin North Am 4:687-698 (1990); Porter DL, Antin JH. The graft-versus-
leukemia effects of allogeneic cell therapy. Annu Rev Med 50:369-86.:369-386 (1999);
Appelbaum FR. Haematopoietic cell transplantation as immunotherapy. Nature 411:385-389
(2001)] Manipulation of GvHD by infusion of donor lymphocytes can produce a measurable
anti-leukemic effect. [Porter DL, et al. Induction of graft-versus-host disease as ‘
immunotherapy for relapsed chronic myeloid leukemia. N Engl J Med 330:100-106 (1994);
Kolb HJ, et al. Graft-versus-leukemia effect of donor lymphocyte transfusions in marrow
grafted patients. Blood 6:2041-2050 (1995); Slavin S, et al. Allogeneic cell therapy with
donor peripheral blood cells and recombinant human interleukin-2 to treat leukemia relapse
after allogeneic bone marrow transplantation . Blood 87:2195-2204 (1996); Collins RH, et al.
Donor leukocyte infusions in 140 patients with relapsed malignancy after allogeneic bone
marrow transplantation. J Clin Oncol 15:433-444 (1997)] However, in patients with ALL this
effect is often limited, [Kolb HJ, et al. Graft-versus-leukemia effect of donor lymphocyte
transfusions in marrow grafted patients. Blood 86:2041-2050 (1995); Verdonck LF, et al.
Donor leukocyte infusions for recurrent hematologic malignancies after allogeneic bone
marrow transplantation: impact of infused and residual donor T cells. Bone Marrow
Transplant 22:1057-1063 (1998); Collins RH, Jr., et al. Donor leukocyte infusions in acute
lymphocytic leukemia. Bone Marrow Transplant 26:511-516 (2000)] possibly reflecting
inadequate T-cell stimulation by leukemic lymphoblasts.

T lymphocyte specificity can be redirected through expression of chimeric immune
receptors consisting of an extracellular antibody-derived single-chain variable domain (scFv)
and an intracellular signal transduction molecule (e.g., the signaling domain of CD3( or
FcyRII). [Geiger TL, Jyothi MD. Development and application of receptor-modified T
lymphocytes for adoptive immunotherapy. Transfus Med Rev 15:21-34 (2001); Schumacher
TN. T-cell-receptor gene therapy. Nat Rev Immunol. 2:512-519 (2002); Sadelain M, et al.
Targeting tumours with genetically enhanced T lymphocytes. Nat Rev Cancer 3:35-45
(2003)] Such T lymphocytes can be activated by cell surface epitopes targeted by the scFv
and can kill the epitope-presenting cells. The first requirement to redirect T cells against ALL
cells is the identification of target molecules that are selectively expressed by leukemic cells.
In B-lineage ALL, CD19 is an attractive target, because it is expressed on virtually all
leukemic lymphoblasts in almost all cases. [Campana D, Behm FG. Immunophenotyping of
leukemia. J Immunol Methods 243:59-75 (2000)] It is not expressed by‘normal non-
hematopoietic tissues, and among hematopoietic cells, it is expressed only by B-lineage

lymphoid cells. [Campana D, Behm FG. Immunophenotyping of leukemia. J Immunol

15

UPenn Ex. 2047

Miltenyi v. UPenn

IPR2022-00855
Page 242



10

15

20

25

30

WO 2005/044996 PCT/US2004/037032

Methods 243 :59-75 (2000); Nadler LM, et al. B4, a human B lymphocyte-associated antigen
expressed on normal, mitogen-activated, and malignant B lymphocytes. J Immunol 131:244-
250 (1983)] Recent studies have shown that T-cells expressing anti-CD19 scFv and CD3C
signaling domain can proliferate when mixed with CD19" cells and can lyse CD19" target
cells. [Cooper LI, et al. T-cell clones can be rendered specific for CD19: toward the selective
augmentation of the graft-versus-B-lineage leukemia effect. Blood 101:1637-1644 (2003);
Brentjens RJ, et al. Eradication of systemic B-cell tumors by genetically targeted human T
lymphocytes co-stimulated by CD80 and interleukin-15. Nat Med 9:279-286 (2003)]

A prerequisite for the success of T-cell therapy is the capacity of the engineered T
lymphocytes to expand and produce a vigorous and durable anti-leukemic response in vivo.
The engagement of the TCR, although necessary, is not sufficient to fully activate T cells; a
second signal, or co-stimulus, is also required. [Liebowitz DN, et al. Costimulatory
approaches to adoptive immunotherapy. Curr Opin Oncol 10:533-541 (1998); Allison IP,
Lanier LL. Structure, function, and serology of the T-cell antigen receptor complex. Annu
Rev Immunol 5:503-540 (1987); Salomon B, Bluestone JA. Complexities of CD28/B7:
CTLA-4 costimulatory pathways in autoimmunity and transplantation. Annu Rev Immunol
19:225-52.:225-252 (2001)] This could be a major obstacle for chimeric receptor-based
therapy of B-lineage ALL, because B-lineage leukemic lymphoblasts generally lack B7
molecules that bind to CD28 on T-lymphocytes and trigger the CD28-mediated co-
stimulatory pathway. [Cardoso AA, et al. Pre-B acute lymphoblastic leukemia cells may
induce T-cell anergy to alloantigen. Blood 88:41-48 (1996)] This limitation might be
overcome by incorporating the signal transduction domain of CD28 into chimeric receptors.
[Eshhar Z, et al. Functional expression of chimeric receptor genes in human T cells. J
Immunol Methods 2001;248:67-76 (2001); Hombach A, et al. Tumor-specific T cell
activation by recombinant immunoreceptors: CD3 zeta signaling and CD28 costimulation are
simultaneously required for efficient IL-2 secretion and can be integrated into one combined
CD28/CD3 =zeta signaling receptor molecule. J Immunol 167:6123-6131 (2001); Geiger TL,
et al. Integrated src kinase and costimulatory activity enhances signal transduction through
single-chain chimeric receptors in T lymphocytes. Blood 98:2364-2371 (2001); Maher J, et
al. Human T-lymphocyte cytotoxicity and proliferation directed by a single chimeric
TCRzeta /CID28 receptor. Nat Biotechnol 20:70-75 (2002)] Murine T cells bearing such
receptors have shown a greater capacity to inhibit cancer cell growth and metastasis in mice
than those with chimeric receptors lacking this domain. [Haynes NM, et al. Rejection of

syngeneic colon carcinoma by CTLs expressing single-chain antibody receptors codelivering

16

UPenn Ex. 2047

Miltenyi v. UPenn

IPR2022-00855
Page 243



10

15

20

25

30

WO 2005/044996 PCT/US2004/037032

CD28 costimulation. J Immunol 169:5780-5786 (2002); Haynes NM, et al. Single-chain
antigen recognition receptors that costimulate potent rejection of established experimental
tumors. Blood 100:3155-3163 (2002)]

A second co-stimulatory pathway in T cells, independent of CD28 signaling, is
mediated by 4-1BB (CD137), a member of the tumor necrosis factor (TNF) receptor family.
[Sica G, Chen L. Modulation of the immune response through 4-1BB. In: Habib N, ed.
Cancer gene therapy: past achievements and future challenges. New York: Kluwer
Academic/Plenum Publishers; 355-362 (2000)] 4-1BB stimulation significantly enhances
survival and clonal expansion of CD8" T-lymphocytes, and CD8" T-cell responses in a
variety of settings, including viral infection, allograft rejection, and tumor immunity.
[Shuford WW, et al. 4-1BB costimulatory signals preferentially induce CD8+ T cell
proliferation and lead to the amplification in vivo of cytotoxic T cell responses. J Exp Med
186:47-55 (1997); Melero 1, et al. Monoclonal antibodies against the 4-1BB T-cell activation
molecule eradicate established tumors. Nat Med 3:682-685 (1997); Melero I, et al.
Amplification of tumor immunity by gene transfer of the co-stimulatory 4-1BB ligand:
synergy with the CD28 co-stimulatory pathway. Eur J Immunol 28:1116-1121 (1998);
Takahashi C, et al. Cutting edge: 4-1BB is a bona fide CD8 T cell survival signal. J Immunol
162:5037-5040 (1999); Martinet O, et al. T cell activation with systemic agonistic antibody
versus local 4-1BB ligand gene delivery combined with interleukin-12 eradicate liver
metastases of breast cancer. Gene Ther 9:786-792 (2002); May KF, Jr., et al. Anti-4-1BB
monoclonal antibody enhances rejection of large tumor burden by promoting survival but not
clonal expansion of tumor-specific CD8+ T cells. Cancer Res 62:3459-3465 (2002)]
However, the natural ligand of 4-1BB is weakly and heterogeneously expressed in B-lineage
ALL cells (C. Imai, D. Campana, unpublished observations). Therefore, it is likely that this
important co-stimulatory signal, like CD28, can become operational only if 4-1BB is added
to chimeric receptors. However, it is not known whether such receptors would help deliver
effective T-cell responses to cancer cells and, if so, whether these would be equivalent to
those elicited by receptors containing CD28.

We constructed a chimeric T-cell receptor specific for CD19 that contains a 4-1BB
signaling domain. We determined whether T cells transduced with these receptors could
effectively destroy B-lineage ALL cell lines and primary leukemic cells under culture
conditions that approximate the in vivo microenvironment where leukemic cells grow. We
compared the properties of T-cells expressing the 4-1BB-containing receptor to those of T-

cells expressing an equivalent receptor lacking 4-1BB or containing CD28 instead.
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MATERIALS AND METHODS
Cells

Available in our laboratory were the human B-lineage ALL cell line OP-1, developed
from the primary leukemic cells of a patient with newly diagnosed B-lineage ALL with the
t(9;22)(q34;q11) karyotype and the BCR-ABL gene fusion; [Manabe A, et al. Interleukin-4
induces programmed cell death (apoptosis) in cases of high-risk acute lymphoblastic
leukemia. Blood 83:1731-1737 (1994)] the B-lineage ALL cell lines RS4;11, [Stong RC, et
al. Human acute leukemia cell line with the t(4;11) chromosomal rearrangement exhibits B
lineage and monocytic characteristics. Blood 1985;65:21-31 (1985)] and REH [Rosenfeld C,
et al. Phenotypic characterisation of a unique non-T, non-B acute lymphoblastic leukaemia
cell line. Nature 267:841-843 (1977)]; the T-cell lines Jurkat [Schneider U, et al.
Characterization of EBV-genome negative "null" and "T" cell lines derived from children
with acute lymphoblastic leukemia and leukemic transformed non-Hodgkin lymphoma. Int J
Cancer 1977;19:621-626 (1977)] and CEM-C7 [Harmon JM, et al. Dexamethasone induces
irreversible G1 arrest and death of a human lymphoid cell line. J Cell Physiol 98:267-278
(1979)]; and the myeloid cell lines K562 [Koeffler HP, Golde DW. Acute myelogenous
leukemia: a human cell line responsive to colony-stimulating activity. Science 200:1153-
1154 (1978)] and U-937. [Sundstrom C, Nilsson K. Establishment and characterization of a
human histiocytic lymphoma cell line (U-937). Int J Cancer 1976;17:565-577 (1976)] Cells
were maintained in RPMI-1640 (Gibco, Grand Island, NY) with 10% fetal calf serum (FCS;
BioWhuittaker, Walkersville, MD) and antibiotics. Human adenocarcinoma HelLa cells and
embryonic kidney fibroblast 293T cells, maintained in DMEM (MediaTech, Herndon, VA)
supplemmented with 10% FCS and antibiotics, were also used.

We used primary leukemia cells obtained from 5 patients with newly diagnosed B-
lineage ALL with the approval of the St. Jude Children’s Research Hospital Institutional
Review Board and with appropriate informed consent. The diagnosis of B-lineage ALL was
unequivocal by morphologic, cytochemical, and immunophenotypic criteria; in each case,
more than 95% of leukemic cells were positive for CD19. Peripheral blood samples were
obtained from 7 healthy adult donors. Mononuclear cells were collected from the samples by
centrifugation on a Lymphoprep density step (Nycomed, Oslo, Norway) and were washed
two times in phosphate-buffered saline (PBS) and once in AIM-V medium (Gibco).

Plasmids

The plasmid encoding anti-CD19 scFv was obtained from Dr. I. Nicholson (Child

Health Research Institute, Adelaide, Australia). [Nicholson IC, et al. Construction and
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characterisation of a functional CD19 specific single chain Fv fragment for immunotherapy
of B lineage leukaemia and lymphoma. Mol Immunol 34:1157-1165 (1997)] The pMSCV-
IRES-GFP, pEQPAM3(-E), and pRDF were obtained from Dr. E. Vanin at our institution.
Signal peptide, hinge and transmembrane domain of CD8a, and intracellular domains of 4-
1BB, CD28, CD3{ and CD19 were subcloned by polymerase chain reaction (PCR) using a
human spleen ¢cDNA library (from Dr. G. Neale, St. Jude Children’s Research Hospital) as a
template. Figure 1 shows a schematic representation of the anti-CD19-{, anti-CD19-BB-{,
anti-CD19-28-¢ . and anti-CD19-truncated (control) constructs. We used splicing by
overlapping extension by PCR (SOE-PCR) to assemble several genetic fragments. [Warrens
AN, et al. Splicing by overlap extension by PCR using asymmetric amplification: an
improved technique for the generation of hybrid proteins of immunological interest. Gene
20;186:29-35 (1997)] The sequence of each genetic fragment was confirmed by direct
sequencing. The resulting expression cassettes were subcloned into EcoRI and Xhol sites of
MSCV-IRES-GFP.

To transduce CD19-negative K562 cells with CD19, we constructed a MSCV-IRES-
DsRed vector. The IRES and DsRed sequences were subcloned from MSCV-IRES-GFP and
pDsRedN1 (Clontech, Palo Alto, CA), respectively, and assembled by SOE-PCR. The IRES-
DsRed cassette was digested and ligated into A0l and Norl sites of MSCV-IRES-GFP. The
expression cassette for CD19 was subsequently ligated into £coRI and Xhol sites of MSCV-
IRES-DsRed vector.

Virus production and gene transduction

To generate RD114-pseudotyped retrovirus, we used calcium phosphate DNA
Pprecipitation to transfect 3 x 10° 293T cells, maintained in 10-cm tissue culture dishes
(Falcon, Becton Dickinson, Franklin Lakes, NJ) for 24 hours, with 8 pg of one of the vectors
anti-CD19-(, anti-CD19-BB-{, anti-CD19-28-C or anti-CD19-truncated, 8 pg of pEQ-
PAM3(-E) and 4 pg of pRDF. After 24 hours, medium was replaced with RPMI-1640 with
10% FCS and antibiotics. Conditioned medium containing retrovirus was harvested 48 hours
and 72 hours after transfection, immediately frozen in dry ice, and stored at —80 °C until use.
HelLa cells were used to titrate virus concentration.

Peripheral blood mononuclear cells were incubated in a tissue culture dish for 2 hours
to remove adherent cells. Non-adherent cells were collected and prestimulated for 48 hours
with 7 pg/mL PHA-M (Sigma, St. Louis, MO) and 200 IU/mL human IL-2 (WNational Cancer
Institute BRB Preclinical Repository, Rockville, MD) in RPMI-1640 and 10% FCS. Cells
were then transduced as follows. A 14-mL polypropylene centrifuge tube (Falcon) was
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coated with 0.5 mL of human fibronectin (Sigma) diluted t0100 pg/mL for 2 hours at room
temperature and then incubated with 2% bovine serum albumin (Sigma) for 30 minutes.
Prestimulated cells (2 x 10°) were resuspended in the fibronectin-coated tube in 2-3 mL of
virus-conditioned medium with polybrene (4 pg/mL; Sigma) and centrifuged at 2400 x g for
2 hours. The multiplicity of infection (4 to 8) was identical in each experiment comparing the
activity of different chimeric receptors. After centrifugation, cells were left undisturbed for
24 hours in a humidified incubator at 37 °C, 5% CO. The transduction procedure was
repeated on two successive days. Cells were then washed twice with RPMI-1640 and
maintained in RPMI-1640, 10% FCS, and 200 IU/mL of IL-2 until use.

A similar procedure was used to express chimeric receptors in Jurkat cells, except that
cells were not prestimulated. K562 cells expressing CD19 were created by resuspending 2 x
10° K562 cells in 3 mL of MSCV-CD19-IRES-DsRed virus medium with 4 pg/mL
polybrene in a fibronectin-coated tube; the tube was centrifuged at 2400 x g for 2 hours and
left undisturbed in an incubator for 24 hours. Control cells were transduced with the vector
only. These procedures were repeated on 3 successive days. After confirming CD19 and
DsRed expression, cells were subjected to single-cell sorting with a fluorescence-activated
cell sorter (MoFlo, Cytomation, Fort Collins, CO). The clones that showed the highest
expression of DsRed and CD19 and of DsRed alone were selected for further experiments.
Detection of chimeric receptor expression

Transduced Jurkat and peripheral blood cells were stained with goat anti-mouse
(Fab), polyclonal antibody conjugated with biotin (Jackson Immunoresearch, West Grove,
PA) followed by streptavidin conjugated to peridinin chlorophyll protein (PerCP; Becton
Dickinson, San Jose, CA). Patterns of CD4, CDS, and CD28 expression were also analyzed
by using anti-CD4 and anti-CD28 conjugated to PE and anti-CD8 conjugated to PerCP
(antibodies from Becton Dickinson, and Pharmingen, San Diego, CA). Antibody staining was
detected with a FACScan flow cytometer (Becton Dickinson).

For Western blotting, 2 x 107 cells were lysed in 1 mL RIPA buffer (PBS, 1% Triton-
X100, 0.5% sodium deoxycholate, 0.1% SDS) containing 3 pg/mL of pepstatin, 3 pg/mL of
leupeptin, 1 mM of PMSF, 2mM of EDTA, and 5 pg/mL of aprotinin. Centrifuged lysate
supernatants were boiled with an equal volume of loading buffer with or without 0.1 M DTT,
then were separated by SDS-PAGE on a precast 12% acrylamide gel (BioRad, Hercules,
CA)). The proteins were transferred to a PVDF membrane, which was incubated with primary
mouse anti-human CD3{ monoclonal antibody (clone 8D3; Pharmingen), 1pg/mL for 12

hours at 4 °C. Membranes were then washed, incubated with a 1:500 dilution of goat anti-
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mouse IgG horseradish peroxidase-conjugated second antibody for 1 hour, and developed by
using the ECP kit (Pharmacia, Piscataway, NJ).
Changes in gene expression and cytokine production after receptor ligation

Jurkat cells transduced with the chimeric receptors were cocultured with OP-1 leukemic
cells fixed with 0.5% paraformaldehyde at an effector : target (E : T) ratio of 1 : 1. RNA was
extracted using Trizol Reagent (Invitrogen, Carlsbad, CA). Gene expression of Jurkat cells was
analyzed using HG-U133A GeneChip microarrays (Affymetrix, Santa Clara, CA) as previously
described. [ Yeoh EJ, et al. Classification, subtype discovery, and prediction of outcome in
pediatric acute lymphoblastic leukemia by gene expression profiling. Cancer Cell 2002;1:133-
143 (2002); Ross ME, et al. Classification of pediatric acute lymphoblastic leukemia by gene
expression profiling. Blood. May 2003; 10.1182/blood-2003-01-0338 (2003)] Arrays were
scanned using a laser confocal scanner (Agilent, Palo Alto, CA) and analyzed with Affymetrix
Microarray suite 5.0. We used an arbitrary factor of 2 or higher to define gene overexpression.
IL-2, TNF-related apoptosis-inducing ligand (TRAIL), OX40, IL-3 and B-actin transcripts were
detected by semi-quantitative reverse transcriptase-polymerase chain reaction (RT-PCR) using
Jurkat cells stimulated as above; primers were designed using the Primer3 software developed

by the Whitehead Institute for Biomedical Research.

For cytokine production, Jurkat cells and primary lymphocytes (2 x 10° in 200 pi)
expressing chimeric receptors were stimulated with OP-1 cells at a 1:1 E:T ratio for 24 hours.
Levels of TL-2 and IFNy in culture supernatants were determined with a Bio-Plex assay
(BioRad). Lymphocytes before and after stimulation were also labeled with anti-TRAIL-PE

(Becton Dickinson).

Expansion and purification of receptor-transduced primary T cells

Receptor-transduced lymphocytes (3 x 10°) were co-cultured with 1.5 x 10° irradiated
OP-1 cells in RPMI-1640 with 10% FCS with or without exogenous IL-2. Cells were pulsed
weekly with irradiated target cells at an E ; T ratio of 2 : 1. Cells were counted by Trypan-blue
dye exclusion and by flow cytometry to confirm the presence of GFP-positive cells and the
absence of CD19-positive cells. To prepare pure populations of CD8" cells expressing chimeric
receptors, we labeled cells with a PE-conjugated anti-CD8 antibody (Becton Dickinson) that had
been previously dialyzed to remove preservatives and then sterile-filtered. CDS8" GFP" cells

were isolated using a fluorescence-activated cell sorter (MoFlo).
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Cytotoxicity assays

The cytolytic activity of transductants was measured by assays of lactate
dehydrogenase (LDH) release using the Cytotoxicity Detection Kit (Roche, Indianapolis, IN)
according to the manufacturer’s instructions. Briefly, 2 x 10* target cells were placed in 96-
well V-bottom tissue culture plates (Costar, Cambridge, MA) and cocultured in triplicate in
RPMI-1640 supplemented with 1% FCS, with primary lymphocytes transduced with
chimeric receptors. After 5 hours, cell-free supernatant was harvested and immediately
analyzed for LDH activity. Percent specific cytolysis was calculated by using the formula:
(Test — effector control — low control / high control — low control) x 100, in which “high
control” is the value obtained from supernatant of target cells exposed to 1% Triton-X-100,
“effector control” is the spontaneous LDH release value of lymphocytes alone, “low control”
is the spontaneous LDH release value of target cells alone; background control (the value

obtained from medium alone) was subtracted from each value before the calculation.

The anti-leukemic activity of receptor-transduced lymphocytes was also assessed in 7-
day cultures using lower E : T ratios. For this purpose, we used bone marrow—derived
mesenchymal cells to support the viability of leukemic cells. [Nishigaki H, et al. Prevalence
and growth characteristics of malignant stem cells in B-lineage acute lymphoblastic
leukemia. Blood 89:3735-3744 (1997); Mihara K, et al. Development and functional
characterization of human bone marrow mesenchymal cells immortalized by enforced
expression of telomerase. Br J Haematol 120:846-849 (2003)] Briefly, 2 x 10* human
mesenchymal cells immortalized by enforced expression of telomerase reverse transcriptase
were plated on a 96-well tissue culture plate precoated with 1% gelatin. After 5 days, 1 x 10*
CD19" target cells (in case of cell lines) or 2 x 10° CD19" target cells (in case of primary
ALL cells) were plated on the wells and allowed to rest for 2 hours. After extensive washing
to remove residual IL-2-containing medium, receptor-transduced primary T cells were added
to the wells at the proportion indicated in Results. Cultures were performed in the absence of
exogenous IL-2. Plates were incubated at 37°C in 5% CO, for 5-7 days. Cells were
harvested, passed through a 19-gauge needle to disrupt residual mesenchymal-cell
aggregates, stained with anti-CD19-PE antibody, and assayed by flow cytometry as
previously described. [Ito C, et al. Hyperdiploid acute lymphoblastic leukemia with 51 to 65
chromosomes: A distinct biological entity with a marked propensity to undergo apoptosis.
Blood 93:315-320 (1999); Srivannaboon K, et al. Interleukin-4 variant (BAY 36-1677)
selectively induces apoptosis in acute lymphoblastic leukemia cells. Blood 97:752-758
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(2001)] Expression of DsRed served as a marker of residual K562 cells. Experiments were
done in triplicate.

RESULTS

Transduction of primary human T lymphocytes with anti-CD19-BB-{ chimeric
receptors

In preliminary experiments, transduction of lymphocytes stimulated with PHA (7
pg/mL) and IL-2 (200 IU/mL) for 48 hours, followed by centrifugation (at 2400 x g) of the
activated lymphocytes with retroviral supernatant in tubes coated with fibronectin,
consistently yielded a high percentage of chimeric receptor and GFP expression; this method
was used in all subsequent experiments. In 75 transduction experiments, 31% to 86%
(median, 64%) of mononuclear cells expressed GFP. In experiments with cells obtained from
6 donors, we tested the immunophenotype of the cells transduced with anti-CD19-BB-(
receptors. Fourteen days after transduction a mean (& SD) of 89.6% + 2.3% (n = 6) of GFP*
cells also expressed CD3; 66.2% + 17.9% of CD3" T lymphocytes were transduced. Among
GFP" cells, 21.1% =t 8.8% (n = 6) were CD4", 68.1% =+ 8.1% (n = 6) were CD8", 38.1% %
16.1% (n = 3) were CD28" and 24.2% = 11.6% (n = 3) were CD8"CD28". These proportions
were similar to those obtained with the anti-CD19- receptors lacking 4-1BB. In this case,
85.4% = 11.0% (n = 6) of GFP" cells expressed CD3; 60.8% = 10.1% of CD3" cells were
transduced. Among GFP" cells, 18.0% =+ 8.7% (n = 6) were CD4", 66.1% =+ 11.7% (n = 6)
were CD8*, 41.2% =+ 12.2% (n = 3) were CD28" and 20.6% = 11.3% (n = 3) were
CD8'CD28". In these experiments, median transduction efficiency was 65% (range, 31% to
86%) for anti-CD19-BB-{ receptors, and 65% (range, 37% to 83%) for anti-CD19-C
receptors.

The surface expression of the chimeric receptors on GFP' cells was confirmed by
staining with a goat anti-mouse antibody that reacted with the scFv portion of anti-CD19.
Expression was detectable on most GFP" cells and was not detectable on GFP~ cells and
vector-transduced cells. The level of surface expression of anti-CD19-BB-{ was identical to
that of the receptor lacking 4-1BB. Expression was confirmed by Western blot analysis;
under non-reducing conditions, peripheral blood mononuclear cells transduced with the
chimeric receptors expressed them mostly as monomers, although dimers could be detected.
Signaling function of anti-CD19-BB-{ chimeric receptors

To test the functionality of the anti-CD19-BB-{ chimeric receptor, we used the T-cell
line Jurkat and the CD19" ALL cell line OP-1. After transduction, >95% Jurkat cells were
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GFP". Exposure of irradiated OP-1 cells to Jurkat cells transduced with anti-CD19-BB-{
triggered transcription of IL-2. Notably, in parallel experiments with Jurkat cells transduced
with the anti-CD19-{ receptor lacking 4-1BB, the level of IL-2 transcription was much lower.
No IL-2 transcription was detected in Jurkat cells transduced with the anti-CD19-truncated
control receptor lacking CD3{.

To identify further changes in molecules associated with T-cell activation, survival or
cytotoxicity induced by anti-CD19-BB-{ receptors, Jurkat cells were either transduced with
these receptors or with anti-CD19-{ receptors and then stimulated with paraformadehyde-
fixed OP-1 cells. After 12 hours of stimulation, we screened the cells’ gene expression using
Affymetrix HG-U133A chips. Genes that were overexpressed by a factor of 2 or higher in
cells with anti-CD19-BB-{ included the member of the TNF family TRAIL, the TNE-
receptor member OX40, and IL-3. Overexpression of these molecules after stimulation was
validated using RT-PCR. In cells bearing the anti-CD19- receptor, there were no
overexpressed genes with a known function associated with T-cells. Therefore, anti-CD19-
BB-{ receptors elicit transcriptional responses that are distinct from those triggered by
receptors lacking 4-1BB.

Expansion of T cells expressing anti-CD19-BB-{ receptors in the presence of CD19" cells

To measure the ability of anti-CD19-BB-{ transduced lymphocytes to survive and
expand in vitro, we first analyzed primary T cells (obtained from 2 donors), 7 days after
transduction. Transduction efficiency with the 3 receptors was similar: 72% and 67% for anti-
CD19-BB-{, 63% and 66% for anti-CD19-C and 67% and 68% for the truncated anti-CD19
receptor. When cocultured with irradiatéd OP-1 ALL cells in the absence of exogenous 11.-2,
cells transduced with anti-CD19-BB-{, expanded: after only 1 week of culture, GFP" cells
recovered were 320% and 413% of input cells. T cells that expressed the anti-CD19-

. receptor but lacked 4-1BB signaling capacity remained viable but showed little expansion

(cell recovery: 111% and 160% of input cells, respectively), whereas those that expressed the
truncated anti-CD19 receptor underwent apoptosis (<10% of input cells were viable after 1
week). Lymphocytes transduced with anti-CD19-BB-{ continued to expand in the presence of
irradiated OP-1 cells. After 3 weeks of culture, they had eXpanded by more than 16-fold, with
98% of the cells at this point being GFP*. By contrast, cells transduced with only anti-CD19-
¢ survived for less than 2 weeks of culture.

We performed the next set of experiments with T cells (obtained from 3 donors) 14
days after transduction with anti-CD19-BB-{, anti-CD19-{ or anti-CD19-truncated, and
expanded with high-dose IL-2 (200 IU/mL). Recovery of lymphocytes of each donor with
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anti-CD19-BB- receptors was significantly higher than that of lymphocytes with anti-CD19-
€ receptors in all 3 comparisons (P<0.005). When IL-2 was removed, exposure of the
transduced cells to irradiated OP-1 cells induced apoptosis, irrespective of the chimeric
receptor expressed. This was in contrast to results with cells 7 days post-transduction, and in
accord with the loss of T cell functionality after prolonged culture in IL-2 observed by others.
[Brentjens RJ, et al. Eradication of systemic B-cell tumors by genetically targeted human T
lymphocytes co-stimulated by CD80 and interleukin-15. Nat Med 9:279-286 (2003); Rossig
C. et al. Targeting of G(D2)-positive tumor cells by human T lymphocytes engineered to
express chimeric T-cell receptor genes. Int J Cancer 94:228-236 (2001)] However, low-dose
I1.-2 (10 TU/mL.)) was sufficient to maintain most lymphocytes transduced with anti-CD19-
BB-{ viable after 2 weeks of culture with irradiated OP-1 cells, but did not prevent apoptosis
of cells transduced with the other receptors. Taken together, these data indicate that 4-1BB-
mediated costimulation confers a survival advantage on lymphocytes.

Cytotoxicity triggered by anti-CD19-BB-{ chimeric receptors

Lymphocytes obtained from two donors and transduced with anti-CD19-BB-( and
anti-CD19-( exerted dose-dependent cytotoxicity, as shown by a S5-hour LDH release assay
using the OP-1 B-lineage ALL cell line as a target. Transduction efficiencies were 41% and
73% for empty vector, 40% and 67% for anti-CD19-truncated, 43% and 63% for anti-CD19-
¢, and 46% and 72% for anti~-CD19-BB-{. No differences in cytotoxicities mediated by the
two receptors were detectable with this assay. Although no lysis of target cells was apparent
at a 1:1 ratio in the 5-hour LDH assay, most leukemic cells were specifically killed by
lymphocytes expressing signaling chimeric receptors when the cultures were examined at 16
hours by flow cytometry and inverted microscopy.

To better mimic the application of T-cell therapy, we determined whether T cells
expressing the chimeric receptor would exert significant anti-leukemic activity when present
at low E : T ratios in prolonged culture. Lymphocytes from various donors were expanded in
vitro for 14 days after transduction and were mixed at different ratios with OP-1, RS4;11, or
REH B-lineage ALL cells, or with K562 (a CD19-negative myeloid cell line that lacks HLA
antigens) transduced with CD19 or with vector alone. Co-cultures were maintained for 7
days, and viable leukemic cells were counted by flow cytometry. As observed in short term
cultures, at a 1:1 ratio, T cells expressing signaling chimeric receptors eliminated virtually all
leukemic cells from the cultures. At a 0.1 : 1 ratio, however, T cells transduced with anti-
CD19-BB-(, receptors were markedly more effective than those lacking 4-1BB signaling.
Chimeric receptor-transduced T cells had no effect on cells lacking CD19. The presence of 4-
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1BB in the chimeric receptor did not increase background, non-CD19-mediated cytotoxicity,
in experiments using CEM-C7, U-937 and K-562. As in other experiments, transduction
efficiencies with the two chimeric receptors were equivalent, and range from 62% to 73% for
anti-CD19-{ and from 60% to 70% for anti-CD19-BB-{.

Cells present in the bone marrow microenvironment may decrease T-cell proliferation
in a mixed lymphocyte reaction. [Bartholomew A, et al. Mesenchymal stem cells suppress
lymphocyte proliferation in vitro and prolong skin graft survival in vivo. Exp Hematol 30:42-
48 (2002); Krampera M, et al. Bone marrow mesenchymal stem cells inhibit the response of
naive and memory antigen-specific T cells to their cognate peptide. Blood 101:3722-3729
(2003); Le Blanc K, et al. Mesenchymal stem cells inhibit and stimulate mixed lymphocyte
cultures and mitogenic responses independently of the major histocompatibility complex.
Scand J Immunol 57:11-20 (2003)] To test whether these cells would also affect T-cell-
mediated antileukemic activity, we repeated the experiments with OP-1 in the presence of
bone marrow-derived mesenchymal cell layers. [Mihara K, et al. Development and functional
characterization of human bone marrow mesenchymal cells immortalized by enforced
expression of telomerase. Br J Haematol 2003;120:846-849 (2003)] T-cell cytotoxicity under
these conditions was even greater than that observed in cultures without mesenchymal cells.
Remarkably, T cells transduced with anti-CD19-BB-{ were markedly cytotoxic even at a
ratio of 0.01 : 1 in this assay, whereas those transduced with anti-CD19-{ were not.

Effect of receptor-transduced T cells on primary leukemic cells

We co-cultured primary B-lineage ALL cells with bone marrow-derived
mesenchymal cells, which are essential to preserve their viability in vitro. [Nishigaki H, et al.
Prevalence and growth characteristics of malignant stem cells in B-lineage acute
lymphoblastic leukemia. Blood 1997;89:3735-3744 (1997); Mihara K, et al. Development
and functional characterization of human bone marrow mesenchymal cells immortalized by
enforced expression of telomerase. Br J Haematol 120:846-849 (2003)] We tested the effect
of T cells expressing anti-CD19-BB-{ on primary leukemic cells obtained from 5 patients at
the time of diagnosis; these patients included 3 who had B-lineage ALL with 1123
abnormalities, a karyotype associated with drug resistance. [Pui CH, et al. Childhood acute
lymphoblastic leukemia - Current status and future perspectives. Lancet Oncology 2:597-607
(2001)] Mesenchymal cells supported ALL cell survival in vitro: in cultures not exposed to
exogenous T cells, recovery of leukemic cells from the 5 patients after 5 days of culture
ranged from 100.1% to 180.7% of the input cell number. Leukemic cells incubated at a 0.1 :
1 ratio with lymphocytes expressing anti-CD19-BB-(, were virtually eliminated in all 5
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cultures. Remarkable cytotoxicity was also seen at a 0.01 : 1 ratio. Importantly, at this ratio,
lymphocytes expressing anti-CD19-BB-{ were consistently more cytotoxic than those
expressing the anti-CD19-{ receptor alone (P<0.01 by # test for all comparisons).
Comparisons between chimeric receptors containing signaling domains of 4-1BB and of
CD28

We compared responses induced by anti-CD19-BB-{ to those of an equivalent
receptor in which 4-1BB signaling domains were replaced by CD28 signaling domains
(Figure. 1). Expression of the latter was similar to that of anti-CD19-BB-{ and anti-CD19-{
receptors: >95% Jurkat cells were consistently GFP" after transduction with anti-CD19-28-{
and most of these cells had detectable receptors on the cell surface. In 6 experiments with
primary lymphocytes, transduced cells ranged from 42% to 84% (median, 72%).

‘We tested production of IL-2 in Jurkat cells transduced with the three receptors and
stimulated with the CD19* ALL cell line OP-1. Production of IL-2 was the highest in cells
expressing anti-CD19-BB-{ (P<0.05). Production of IL-2 was also tested in primary
lymphocytes, which were transduced with the chimeric receptors and then expanded for 5
weeks with pulses of OP-1. The pattern of 11.-2 production was similar to that observed in
Jurkat cells. Cells expressing anti-CD19-BB-{ produced higher levels of IL-2 (P <0.01).
Chimeric receptors containing the co-stimulatory molecules induced a higher IFN-y

production in primary lymphocytes. IFN-y levels were the highest with the anti-CD19-28-C

.receptor (P <0.05). Finally, we tested surface expression of TRAIL protein in primary

lymphocytes by staining with a specific antibody. Levels of TRAIL were the highest in cells
transduced with the anti-CD19-BB-{ receptor. These results indicate that anti-CD19-BB-(

. receptors are functionally distinct from those lacking co-stimulatory molecules or containing

CD28 instead of 4-1BB.

Next, we compared the cytotoxicity exerted by primary T cells transduced with anti-
CD19-BB-{ receptors to those exerted by T cells bearing receptors lacking 4-1BB. For these
experiments, we transduced primary lymphocytes from 2 donors with anti-CD19-BB-{ anti-
CD19-28-f, anti-CD19-{ and anti-CD19-truncated, we expanded them for 2-3 weeks with IL-
2, and then purified CD8", GFP" cells by fluorescence activated cell sorting. Confirming our
previous results with unsorted cells, CD8" cells expressing anti-CD19-BB-{ receptors were
significantly more effective than those with anti-CD19-( receptors, and were as effective as
those with anti-CD19-BB-{ Finally, we determined the capacity of the purified CD8 cells

transduced with the various receptors to expand in the presence of low dose (10 U/mL) IL-2.

27

UPenn Ex. 2047

Miltenyi v. UPenn

IPR2022-00855
Page 254



10

15

20

25

30

WO 2005/044996 PCT/US2004/037032

Cells transduced with anti-CD19-BB-{ receptor had a significantly higher cell growth under
these conditions than those bearing the other receptors (P<0.001).
DISCUSSION

Results of this study indicate that anti-CD19-BB-{ receptors could help achicve
effective T-cell immunotherapy of B-lineage ALL. Lymphocytes expressing anti-CD19-BB-{
survived and expanded better than those with equivalent receptors lacking 4-1BB. These
lymphocytes also had higher anti-leukemic activity and could kill B-lineage ALL cells from
patients at E : T ratios as low as 0.01 : 1, suggesting that the infusion of relatively low
numbers of transduced T cells could have a measurable anti-leukemic effect in patients.
Finally, lymphocytes transduced with anti-CD19-BB-{ were particularly effective in the
presence of bone marrow-derived mesenchymal cells which form the microenvironment
critical for B-lineage ALL cell growth, further supporting their potential for immunotherapy.

Two recently reported studies used anti~CD19 scFv as a component of a chimeric
receptor for T-cell therapy of B-cell malignancies. Cooper et al. Blood 101:1637-1644 (2003)
reported that T-cell clones transduced with chimeric receptors comprising anti-CD19 scFv
and CD3{ produced approximately 80% specific lysis of B-cell leukemia and lymphoma cell
lines ata 1:1 B : T ratio ina 4-hour >'Cr release assay; at this ratio, percent specific lysis of
one primary B-lineage ALL sample tested was approximately 30%. Brentjens et al. Nat Med
279-286 (2003) reported that T-cells bearing anti-CD19 scFv and CD3( chimeric receptors
could be greatly expanded in the presence of exogenous IL-15 and artificial antigen-
presenting cells transduced with CD19 and CD80. The authors showed that these T cells
significantly improved the survival of immunodeficient mice engrafted with the Raji B-cell
lymphoma cell line. Their results demonstrated the requirement for co-stimulation in
maximizing T-cell-mediated anti-leukemic activity: only cells expressing the B7 ligands of
CD28 elicited effective T-cel responses. However, B-lineage ALL cells typically do not
express B7-1(CD&0) and onily a subset expresses B7-2 (CD86) molecules. [Cardoso AA, et
al. Pre-B acute lymphoblastic leukemia cells may induce T-cell anergy to alloantigen. Blood
88:41-48 (1996)]

4-1BB, a tumor necrosis factor-receptor family member, is a co-stimulatory receptor
that can act independently from CD28 to prevent activation-induced death of activated T
cells. [Kim Y], et al. Human 4-1BB regulates CD28 co-stimulation to promote Thl cell
responses. Eur J Immunol 2 8:881-890 (1998); Hurtado JC, et al. Signals through 4-1BB are
costimulatory to previously activated splenic T cells and inhibit activation-induced cell death.

J Immunol 158:2600-2609 (1997); DeBenedette M A, et al. Costimulation of CD28- T
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lymphocytes by 4-1BB ligand. J Immunol 1997;158:551-559 (1997); Bukczynski J, et al.
Costimulation of human CD28- T cells by 4-1BB ligand. Eur J Immunol 33:446-454 (2003)]
In our study, we found that chimeric receptors containing 4-1BB can elicit vigorous signals in
the absence of CD28-mediated co-stimulation. Cytotoxicity against CD19" cells mediated by
these receptors was as good as that mediated by CD28-containing receptors and was clearly
superior to that induced by receptors lacking co-stimulatory molecules. It is known that, in
contrast to CD28, 4-1BB stimulation results in a much larger proliferation of CD8" cells than
CD4" cells. [Shuford WW, et al. 4-1BB costimulatory signals preferentially induce CD8+ T
cell proliferation and lead to the amplification in vivo of cytotoxic T cell responses. J Exp
Med 1997;186:47-55 (1997)] We found that T cells expressing the anti-CD19-BB-{ receptor
produced more IL-2 upon stimulation, and that CD8" cells expanded in the presence of low-
dose IL-2 more vigorously than those expressing receptors lacking 4-1BB domains, including
those containing CD28. Therefore, the presence of 4-1BB in the chimeric receptors may
support more durable T cell responses than those induced by other receptors.

Experimental evidence indicates that harnessing 4-1BB signaling could have useful
application in antitumor therapy. Melero et al. Nat Med 3:682-685 (1997) found that
antibodies to 4-1BB significantly improved long-lasting remission and survival rates in mice
inoculated with the immunogenic P815 mastocytoma cell line. Moreover, immunogenic
murine tumor cells made to express 4-1BB ligand were readily rejected and induced long
term immunity. [Melero I, et al. Chen L. Amplification of tumor immunity by gene transfer
of the co-stimulatory 4-1BB ligand: synergy with the CD28 co-stimulatory pathway. Eur J
Immunol 28:1116-1121 (1998)] Dramatic results were also observed in vaccination
experiments using other tumor cell lines expressing 4-1BB ligands. [Ye Z, et al. Gene therapy
for cancer using single-chain Fv fragments specific for 4-1BB. Nat Med 8:343-348 (2002);
Mogi S, et al. Tumour rejection by gene transfer of 4-1BB ligand into a CD80(+) murine
squamous cell carcinoma and the requirements of co-stimulatory molecules on tumour and
host cells. Inmunology 101:541-547 (2000); Yoshida H, et al. A novel adenovirus expressing
human 4-1BB ligand enhances antitumor immunity. Cancer Immunol Immunother 52:97-106
(2003)] Of note, experiments with the poorly immunogenic Agl04A fibrosarcoma cell line
provided some evidence that 4-1BB could be superior to CD28 in eliciting anti-tumor
responses: 80% of mice showed tumor regression with 4-1BB stimulation and 50% of mice
with widespread metastasis were cured, [Melero I, Shuford WW, Newby SA, et al.
Monoclonal antibodies against the 4-1BB T-cell activation molecule eradicate established

tumors. Nat Med 3:682-685 (1997)] whereas CD28 costimulation was not effective alone and

29

UPenn Ex. 2047

Miltenyi v. UPenn

IPR2022-00855
Page 256



10

15

20

25

30

WO 2005/044996 PCT/US2004/037032

required simultaneous CD2 stimulation. [Li Y, et al. Costimulation by CD48 and B7-1
induces immunity against poorly immunogenic tumors. J Exp Med 1996;183:639-644
(1996)] These data, together with our results, indicate that the addition of 4-1BB to the
chimeric receptor should significantly increase the probability that transduced T-cells will
survive and continue to proliferate when the receptor is engaged in vivo. We think it
noteworthy that T cells with chimeric receptors containing 4-1BB expressed the highest
levels of TRAIL upon stimulation, given the known tumoricidal activity of this molecule.
[Schmaltz C, et al. T cells require TRAIL for optimal graft-versus-tumor activity. Nat Med
8:1433-1437 (2002)]

Clinical precedents, such as administration of T-cell clones that target CMYV epitopes
[Walter EA, et al. Reconstitution of cellular immunity against cytomegalovirus in recipients
of allogeneic bone marrow by transfer of T-cell clones from the donor. N Engl J Med.
333:1038-1044 (1995)] or EBV-specific antigens, [Rooney CM, et al. Use of gene-modified
virus-specific T lymphocytes to control Epstein-Barr-virus-related lymphoproliferation.
Lancet 345:9-13 (1995)] attest to the clinical feasibility of adoptive T-cell therapy. Transfer
of chimeric receptor-modified T cells has the added advantage of permitting immediate
generation of tumor-specific T-cell immunity. Subsequently, therapeutic quantities of
antigen-specific T cells can be generated quite rapidly by exposure to target cells and/or
artificial antigen-presenting cells, in the presence of ligands of co-stimulatory molecules
and/or exogenous cytokines such as IL-2, IL-7, and IL-15. [Geiger TL, Jyothi MD.
Development and application of receptor-modified T lymphocytes for adoptive
immunotherapy. Transfus Med Rev 15:21-34 (2001); Schumacher TN. T-cell-receptor gene
therapy. Nat Rev Immunol. 2:512-519 (2002); Sadelain M, et al. Targeting tumours with
genetically enhanced T lymphocytes. Nat Rev Cancer 3:35-45 (2003); Brentjens RJ, et al.
Eradication of systemic B-cell tumors by genetically targeted human T lymphocytes co-
stimulated by CD80 and interleukin-15. Nat Med 9:279-286 (2003)] A specific risk of the
strategy proposed here relates to the transforming potential of the retrovirus used to transduce
chimeric receptors. [Baum C, Dullmann J, Li Z, et al. Side effects of retroviral gene transfer
into hematopoietic stem cells. Blood 101:2099-2114 (2003)] We therefore envisage the
coexpression of suicide genes as a safety measure for clinical studies. [Marktel S, et al.
Immunologic potential of donor lymphocytes expressing a suicide gene for early immune
reconstitution after hernatopoietic T-cell-depleted stem cell transplantation. Blood 101:1290-
1298 (2003)] This approach would also ensure that the elimination of normal CD19" B-

lineage cells is temporary and should therefore have limited clinical consequences.
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In view of the limited effectiveness and the high risk of the currently available
treatment options for chemotherapy-refractory B-lineage ALL and other B cell malignancies,
the results of our study provide compelling justification for clinical trials using T cells
expressing anti-CD19-BB-{ receptors. Donor-derived T cells endowed with chimeric
receptors could replace infusion of non-specific lymphocytes post-transplant. To reduce the
risk of GVHD mediated by endogenous T-cell receptors, it may be beneficial to use T cells
with restricted endogenous specificity, for example, Epstein-Barr-virus-specific cytotoxic T-
lymphocyte lines. {Rossig C, et al. Epstein-Barr virus-specific human T lymphocytes
expressing antitumor chimeric T-cell receptors: potential for improved immunotherapy.
Blood. 99:2009-2016 (2002)] Therefore, it would be important to test the effects of adding 4-
1BB to chimeric receptors transduced in these lines. The reinfusion of autologous T cells
collected during clinical remission could also be considered in patients with persistent
minimal residual disease. In our experiments, T cells expressing anti-CD19-BB-( receptors
completely eliminated ALL cells at E:T ratios higher than 1:1, and autologous B lymphocytes
became undetectable shortly after transduction of anti-CD19-BB-{, suggesting that the
potential leukemic cell contamination in the infused products should be greatly reduced or

abrogated by the procedure.

Example 2

T lymphocytes transduced with anti-CD19 chimeric receptors have remarkable anti-
ALL capacity in vitro and in vivo, suggesting the clinical testing of receptor-modified
autologous T cells in patients with persistent minimal residual disease. However, the use of
allogeneic receptor-modified T lymphocytes after hematopoietic cell transplantation (HCT)
might carry the risk of severe graft-versus-host disease (GvHD). In this setting, the use of
CD3-negative natural killer (NK) cells is attractive because they should not cause GvHD.

Spontaneous cytotoxicity of NK cells against ALL is weak, if measurable at all. To
test whether anti-CD19 chimeric receptors could enhance it, we developed methods to

specifically expand human primary NK cells and induce high levels of receptor expression.

- Specific NK cell expansion has been problematic to achieve with established methods which

favor CD3+ T cell expansion. Even after T-cell depletion, residual T cells typically become
prominent after stimulation.

‘We overcame this obstacle by generating a genetically-modified K562 myeloid
leukemia cell line that expresses membrane-bound interleukin-15 (IL-15) and 4-1BB ligand
(CD137L) (K562-mb15-137L). The K562-mb15-137 cell line was generated by retrovirally
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transducing K562 cells with a chimeric protein construct consisting of human 1L.-15 mature
peptide fused to the signal peptide and transmembrane domain of human CD8alpha, as well
as GFP. Transduced cells were single cell-cloned by limiting dilution and a clone with the
highest expression of GFP and membrane-bound (surface) IL-15 was selected. Then, the
clone was transduced with human CD137L.

Peripheral blood mononuclear cells from 8 donors were cultured with K562-mb15-
137L in the presence of 10 TU/mL IL-2. After 1 week of culture with K562-mb15-137L, NK
cells expanded by 16.3 & 5.9 fold, whereas T cells did not expand. The stimulatory effect of
K562-mb15-1371. was much higher than that of K562 cells transduced with control vectors,
K562 expressing membrane-bound IL-15 or CD137L alone, or K562 expressing wild-type
IL-15 instead of membrane-bound IIL.-15.

NK cells expanded with K562-mb15-137L were transduced with a retroviral vector
and the anti-CD19-BB-{ chimeric receptor. In 27 experiments, mean transduction efficiency
(& SD) after 7-14 days was 67.5% == 16.7%. Seven to fourteen days after transduction, 92.3%
(range 84.7%-99.4%) of cells were CD3- CD56+ NK cells; expression of receptors on the
cell surface was high. NK cells expressing anti-CD19-BB-C had powerful cytotoxicity against
NK-resistant B-lineage ALL cells. NK cells transduced with anti-CD19-BB-{ had
consistently higher cytotoxicity than those transduced with receptors lacking 4-1BB.
Transduction of NK cells with chimeric receptors

Peripheral blood mononuclear cells were stimulated with the K562-mb15-137L cells
prior to their exposure to retroviral vectors containing anti-CD19 receptor constructs and
GFP. In 10 experiments, median percent of NK cells was 98.4% (93.7-99.4%) 7-11 days after
transduction; 77.4% (55.2-90.0%) of these cells were GFP". We observed high levels of
surface expression of the anti-CD19 chimeric receptors.

NK activity against the CD19-negative cells K562 and U937 was not affected by the
expression of anti-CD19 receptors. The receptors, however, markedly increased NK activity
against CD19" ALL cells. The following summarizes results obtained with NK cells from 2
donors. At an E : T ratio of 1:1, NK cells from donor 1 lacked cytotoxicity against CD19"
RS4:11 cells and exerted ~50% cytoxicity against CD19" 697 cells after 24 hours. NK cells
from donor 2 had no cytotoxicity against RS4;11 or 697 cells. Expression of the anti-CD19-
CD3( receptor overcame NK resistance. NK cells from donor 1 became cytotoxic to RS4;11

cells and those from donor 2 become cytotoxic to both RS;11 and 697 cells. Moreover, when
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control cells had some cytotoxicity, this was significantly augmented by expression of
signaling anti-CD19 receptor. '

Subsequently, we found that addition of the co-stimulatory CD28 or 4-1BB to the
anti-CD19 receptor markedly enhanced NK cytotoxicity against NK-resistant ALL cells
(Figure 2). For example, after 24 hours of culiure at 1 : 1 E : T ratio, the cytotoxicity
mediated by the anti-CD19-BB-( receptor against the NK-resistant CD19" ALL cell lines
380, 697, KOPNS57bi and OP1 ranged from 86.5% to 99.1%. Therefore, the inclusion of co-
stimulatory molecules enhances not only the cytoxicity of T lymphocytes but also that of NK

cells.
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We claim:

10.
11.

12.

13.
14.

15.

A chimeric receptor comprising an extracellular ligand binding domain, a
transmembrane domain, and a cytoplasmic domain, wherein said cytoplasmic
domain comprises the signaling domain of 4-1BB.

The chimeric receptor of claim 1 wherein said 4-1BB is human 4-1BB.

The chimeric receptor of claim 2 wherein said human 4-1BB has the amino acid
sequence set forth in SEQ ID NO:2.

The chimeric receptor of claim 3 wherein said signaling domain comprises amino
acids 214 to 255 of SEQ ID NO:2.

The chimeric receptor of claim 1 wherein said cytoplasmic domain further
comprises the signaling domain of CD3(.

The chimeric receptor of claim 1 wherein said extracellular ligand binding
domain comprises a single chain variable domain of an anti-CD19 monoclonal
antibody.

The chimeric receptor of claim 1 wherein said transmembrane domain comprises
the transmembrane domain of CD8a.

A polynucleotide encoding the chimeric receptor of claim 1.

A vector for recombinant expression of a chimeric receptor, said vector
comprising the polynucleotide of claim 8, operatively linked to at least one
regulatory element in the appropriate orientation for expression.

A host cell expressing the chimeric receptor of claim 1.

The host cell of claim 10 selected from the group consisting of T lymphocytes and
natural killer (NK) cells.

A chimeric receptor having a cytoplasmic domain comprising the signaling
domain of 4-1BB.

The chimeric receptor of claim 12 wherein said 4-1BB is human 4-1BB.

The chimeric receptor of claim 13 wherein said human 4-1BB has the amino acid
sequence set forth in SEQ ID NO:2.

The chimeric receptor of claim 14 wherein said signaling domain comprises
amino acids 214 to 255 of SEQ ID NO:2.
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16.

17.

18.

19.

20.
21.

22

23.

24.

25.
26.

A method of enhancing T lymphocyte or natural killer cell activity of an
individual by introducing into said individual a T lymphocyte or natural killer cell
comprising a chimeric receptor having a cytoplasmic domain comprising the
signaling domain of 4-1BB.

A method for treating an individual suffering from cancer by introducing into said
individual a T lymphocyte or natural killer cell comprising a chimeric receptor
wherein said chimeric receptor comprises an extracellular ligand binding domain,
a transmembrane domain, and a cytoplasmic domain, wherein said cytoplasmic
domain comprises the signaling domain of 4-1BB.

The method of claim 17 wherein the cancer is selected from the group consisting
of lung cancer, melanoma, breast cancer, prostate cancer, colon cancer, renal cell
carcinoma, ovarian cancer, neuroblastoma, rhabdomyosarcoma, leukemia and
lymphoma.

The method of claim 17 wherein the extracellular ligand binding domain
comprises a single chain variable domain of an anti-CD19 monoclonal antibody.
The method of claim 19 wherein the cancer is of B cell origin.

The method of claim 20 wherein the cancer is selected from the group consisting
of B-lineage acute lymphoblastic leukemia, B-cell chronic lymphocytic leukemia
and B-cell non-Hodgkin's lymphoma.

. A cell line comprising cells that activate natural killer (NK) cells, lack or poorly

express major histocompatibility complex I molecules and do not activate T
lymphocytes wherein such NK activating cells express membrane bound
interleukin-15 and a co-stimulatory factor ligand..

The cell line of claim 22 wherein said cell line also lack or poorly expresses major
histocampatibility complex IT molecules.

The cell line of claim 23 wherein the NK activating cells are selected from the
group consisting of K562 myeloid leukemia cells and WEFWT Wilms tumor cells.
The cell line of claim 22 wherein the co-stimulatory factor ligand is CD137L..

A method of expanding natural killer (NK) cells which comprises culturing a

population of cells comprising NK cells with a cell line that activates NK cells,
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wherein the cell line that activates NK cells expresses membrane bound

interleukin-15 and a co-stimulatory factor ligand.
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<110> gSt.
Campana,

<120> 4 -1BB Receptor

<130> S8J-03-0018

<1l60> 4

PCT/US2004/037032

SEQUENCE LISTING

<170> PatentIn version 3.2

<210> 1

<211> 1935
<212> DNA
<213> Homo sapiens

<220>
<221> CDS
<222>
<400> 1

(129) .. (893)

Jude Children's Reserach Hospital
Dario

agaccaagga gtggaaagtt ctccggcagc cctgagatct caagagtgac atttgtgaga

ccagctaatt tgattaaaat tctcttggaa tcagctttge tagtatcata cctgtgeccag

atttcate atg gga aac agc tgt tac aac ata gta gcc act ctg ttg ctyg
Met Gly Asn Ser Cys Tyr Asn Ile Val Ala Thr Leu Leu Leu

gtc cte
Val Leu
15

tgc cca
Cys Pro

ccc tgt
Pro Cys

gac ata
Asp Ile

tcc tec
Ser Ser
80

ctg ggg
Leu Gly
95

gaa ctg
Glu Leu

gat cag

1
aac

Asn

gct
Ala

cct
Pro

tgce
Cys
65

acce
Thr

gca
Ala

aca
Thr

aaa

ttt gag
Phe Glu

ggt aca
Gly Thr
35

cca aat
Pro Asn
50

agg cag
Arg Gln

agc aat
Ser Asn

gga tgc
Gly Cys

aaa aaa
Lys Lys
115

cgt ggc

agg
Arg
20

ttc
Phe

agt
Ser

tgt
Cys

gca
Ala

agc
Sex
100

ggt
Gly

atc

5
aca

Thr

tgt
Cys

ttc
Phe

aaa
Lys

gag
Glu
85

atg
Met

tgt
Cys

tgt

10

aga tca ttg cag gat cct tgt agt aac
Arg Ser Leu Gln Asp Pro Cys Ser Asn
25 30

gat aat aac agg aat cag att tgc agt
Asp Asn Asn Arg Asn Gln Ile Cys Ser
40 45

tece age gea ggt gga caa agg acc tgt
Ser Ser Ala Gly Gly Gln Arg Thr Cys
55 60

ggt gtt ttc agg acc agg aag gag tgt
Gly Val Phe Arg Thr Arg Lys Glu Cys
70 75

tgt gac tgc act cca ggg ttt cac tgc
Cys Asp Cys Thr Pro Gly Phe His Cys
20

tgt gaa cag gat tgt aaa caa ggt caa

Cys Glu Gln Asp Cys Lys Gln Gly Gln

105 110

aaa gac tgt tgce ttt ggg aca ttt aac

Lys Asp Cys Cys Phe Gly Thr Phe Asn
120 125

cga ccc t gg aca aac tgt tect ttg gat

1/7

60

120

170

218

266

314

362

410

458

506

554
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Asp Gln Lys

tct
Ser
145

gga aag
Gly Lys

tct
Ser

cca
Pro
160

gga
Gly

cct
Pro

cct gcecc
Pro Ala
175

ttt
Phe

ctt gcg
Leu Ala

acg
Thr

ctc cgt
Leu Arg

ttc
Phe

ata
Tle

aaa
Lys
225

gat
Asp

tgt
Cys

ggc
Gly
240
ctg
Leu
255
aaatatgagt
caggattcce
ccactttttt
accaccatgg
cteocctgagta
tgtttggtaa
ctttggcectce
gcaccacttt
aaagcatttt
attatagttt
atgcaggttt

gtacccgact

gggagtatga

Arg Gly
130
gtg ctt
val

cca gcc

gcg aga

ctg acg
Leu Thr
195

tte
Phe
210

tct

caa cca
Gln Pro

agc
Ser

tgc

tgaaatggaa gtcaataggg ctgttgggac

catccgetat
ccaacacacg
tttttttttg
ctctectgcag
gctggaacta
agatggcatt
ccaaagtgcect
taacagaaca
ctagatacca
aaattcaatt
gttttttggt

aaagtttccg

gcagagtgcc

Ile

gtg aat
Leu val

gac
Pro Ala Asp

gag
Ala Arg Glu
180

tcg act
Ser

gtt
Ser Val

ttt
Phe

cga
Cys Arg

PCT/US2004/037032

Cys Arg Pro Trp Thr Asn Cys
135

Ser Leu Asp
140

ggg acg aag gag agd gac gtg gtc tgt
Asn Gly Thr Lys Glu Arg Asp Val Val Cys
150 155

cte
Leu
165

tect ccg gga gea tece tet gtg ace ceg
Ser Pro Gly Ala Ser Ser Val Thr Pro
170

tct
Ser

tte
Phe
190

atc tcc
Ile Ser

cca
Pro

ccg cag atc
Pro Gln Ile
185

gga cac
Gly His

tte ttc
Phe Phe
205

ctc
Leu

gcg ttg ctce
Thr Ala Leu Leu
200

ttec ctg ctg
Phe Leu Leu

gtt
vVal

aaa
Lys

cgg ggce aga aag aaa
Arg Gly Axg Lys Lys
215

ctc ctg tat
Leu Leu Tyr
220

caa act act
Gln Thr Thr
235

atg
Met

aga cca gta
Arg Pro Val
230

caa gag gaa
Gln Glu Glu

Tttt
Phe
245

cca gaa gaa gaa gaa gga gga tgt
Pro Glu Glu Glu Glu Gly Gly Cys
250

gaa
Glu

tttcttgaaa agaagcaagg

cacagctttce aaaagcaaga acaccatcct acataatacc
ttcttttecta aatgeccaatg agttggectt taaaaatgea
acagggtctc actctgtcac ccaggctgga gtgcagtgge
ccttgaccte tgggagctca agtgatccte ctgcctcecagt
caaggaaggg ccaccacacc tgactaactt ttttgttttt
tcaccatgtt gtacaggctg gtctcaaact cctaggttca

gggattacag acatgaactg ccaggcccgyg ccaaaataat

gacagatgag gacagagctg gtgat aaaaa aaaaaaaaaa
cttaacaggt ttgagctagt ttttttgaaa tccaaagaaa
acatagtcca gtggtccaac tataattata atcaaaatca
gctaatatga

catatgacaa taagccacga ggtgcagtaa

tgggttctgt catgtaacac gacatgctcce accgtcaggg

tgagtttagyg gtcaaggaca aaaaacctca ggcctggagg

2/7

602

650

698

746

794

842

890

943

1 003

1063

1123

1183

1243

1303

1363

1423

1483

1543

1603

1663

1723
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aagttttgga

ctgecetttgt

ataatatttt

aaaaaaaaaa

<210>
<21l>
<212>
<213>

<400>

2
255
PRT
Homo

2

Met Gly Asn

1

Asn

Ala

Pro

Cys

65

Thr

Ala

Thr

Lys

Ser

145

Ser

Pro

Phe

Gly

Pro

50

Arg

Ser

Gly

Lys

Arg

130

vVal

Pro

Ala

Glu

Thr

35

Asn

Gln

Asn

Cys

Lys

115

Gly

Leu

Ala

Arg

aagagttcaa
cctgcteect
ataccaaagc

aaagdaaaaaa

sapiens

Ser

Arg

20

Phe

Ser

Cys

Ala

Ser

100

Gly

Ile

vVal

Asp

Glu

Cys

Thr

Cys

Phe

Lys

Glu

85

Met

Cys

Cys

Asn

Leu

165

Pro

Tyr

Arg

Asp

Ser

Gly

70

Cys

Cys

Lys

Arg

Gly

150

Ser

Gly

Asgsn Ile

Ser Lieu

Asn Asn
40

Ser Ala
55

Val Phe

Asp Cys

Glu Gln

Asp Cys

120

Pro Trp
135

Thr Lys

Pro Gly

aaaaaaaaaa aa

vVal

Gln

25

Arg

Gly

Arg

Thr

Asp

105

Cys

Thr

Glu

Ala

Ala

10

Asp

Asn

Gly

Thr

Pro

S0

Cys

Phe

Asn

Arg

Ser
170

PCT/US2004/037032

gtgtetgtat atcctatggt cttctcecatc cteacacctt 1783
tttaagc cag gttacattct aaaaattctt aacttttaac 1843

caataaatga actgcatatg aaaaaaaaaa aaaaaaaaaa 1903

1935

Thr Leu Leu Leu Val Leu
15

Pro Cys Ser Asn Cys Pro
30

Gln Ile Cys Ser Pro Cys
45

Gln Arg Thr Cys Asp Ile

Arg Lys Glu Cys Ser Ser
75 80

Gly Phe His Cys Leu Gly
95

Lys Gln Gly Gln Glu Leu
110

Gly Thr Phe Asn As p Gln
125

Cys Ser Leu Asp Gly Lys
140

As p Val Val Cys Gly Pro
155 160

Ser Val Thr Pro Pro Ala
175

Hi s Ser Pro Gln Ile Ile Ser Phe Phe Leu

3/7
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Ala Leu

Arg Phe
210

Lys Gln
225

Cys Ser

<210>
<211>
<212>
<213>

<220>
<221>
<222>

<220>
<221>
<222>
<223>

<400>

180

Thr Ser Thr
195

Ser Val Val

Pro Phe Met

Cys Arg Phe
245

3

2350

DNA

Mus musculus

CDSs
(146) .. (916)

misc_f eature

Ala Leu Leu Phe Leu

Lys Arg Gly Arg Lys

Arg Pro Val Gln Thr

230

Pro Glu Glu Glu Glu

(1253) .. (1255)

nis a, ¢, g,

3

or

215

t

200

185

235

250

220

Leu Phe Phe

205

Lys Leu Leu

Thr Gln Glu

Gly Gly Cys

190

Leu

Tyxr

Glu

Glu

PCT/US2004/037032

Thr Leu

Ile Phe

Asp Gly
240

Leu
255

atgtccatga actgctgagt ggataaacag cacgggatat ctctgtctaa aggaatatta

ctacaccagg aaaaggacac attcgacaac aggaaaggag cctgtcacag aaaaccacag

tgtcctgtge atgtgacatt tecgee atg gg a aac aac tgt tac aac gtg gtg
Met Gly Asn Asn Cys Tyr Asn Val Val

gte att
val Ile
10

aac tcc

Asn Ser

cca gtc
Pro Val

gtg ctg ctg
Val Leu Leu

tgt gat aac
Cys Asp Asn
30

tgc aag agc
Cys Lys Ser
45

cag ccg aac tgt aac

Gln Pxo

aag aag
Lys Lys

Asn Cys Asn
60

ttt tgc tcc
Phe Cys Ser

cta
Leu
15

tgt
Cys

tgc
Cys

atc
Ile

tct
Ser

1

5

gtg ggc tgt gag aag gtg gga gcc gtg cag
Val Gly Cys Glu Lys Val Gly Ala Val Gln

20

25

cag cct ggt act ttec tge aga aaa tac aat
Gln Pro Gly Thr Phe Cys Arg Lys Tyr Asn

cct
Pro

tgc
Cys

acc
Thx

cca
Pro

aga
Arg
65

cac
Hisg

agt
Ser
50

gtg
Val

aac
Asn

35

acc ttce
Thr Phe

tgt gca
Cys Ala

gcg gayg
Ala Glu

4/7

tcc
Ser

gge
Gly

tgt
Cys

age
Ser

tat
Tyr
70

gag
Glu

ata
Ile
55

ttc
Phe

tgc
Cys

40

ggt gga
Gly Gly

agg ttc
Arg Phe

att gaa
Ile Glu

60

120

172

220

268

316

364

412
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75

ttc
Phe

cat
His

dgga
Gly

cet
Pro

agg
Arg

ggc
Gly

Lttt
Phe

aca
Thr

gga
Gly

tct
Ser
140

aac
Asn

tgc
Cys

aag
Lys

gac
Asp
155

gtg
Val

att
Ile

tct
Ser

acc
Thr

tgc
Cys

ttg
Leu

cag
Gln

gag
Glu
110

aat
Asn
125

gac
Asp

cta
Leu

gac
Asp

tgt
Cys

gtg
Val

act
Thr

gtg
val

g99
Gly
95

cta

Leu

cag
Gln

gga
Gly

gga
Gly

cca
Pro

80

cca
Pro

acg
Thr

aac
Asn

agg
Arg

ccc
Pro
160

gag
Glu

170

gtc
Val

atc
Ile

ttc
Phe

caa
Gln

ctt
Leu

ttc
Phe

ccc
Pro

gag
Glu

acc
Thr

att
Ile

cac
His
220

gaa
Glu

ttg
Leu

act
Thr
205

ata

Ile

gat
Asp

tte
Phe
190

ctc

Leu

ttc
Phe

gct
Ala

175
ctg

Leu

ctg
Leu

aag
Lys

tgt
Cys

gcg
Ala

tte
Phe

caa
Gln

agc
Ser

235

gga
Gly
250

gga
Gly

gga
Gly
accgagaagc
ttcttacaca
ctaacatatt
agtgttttge
ctgaggaggt
agceggnnng
aaaaaaaaat

ctaagaggaa

tat
Tyxr

ggce
Gly

gag
Glu

240

ctg
Leu

255

actaggaccc
tcatcctaga
tgtectttacc

ctgoetgtat

cagaaga gaa agggttggtt ccataagaac

cag
Gln

aag
Lys

ggt
Gly

tet
Ser
145

cet

Pro Val Val Ser

gga
Gly

ctg
Leu

tect
Ser

cca
Pro
225

tgc
Cys

tga

acc
Thr

tgc
Cys

aga
Arg
160

tgc
Cys

cag
Gln

ggt
Gly
115

PCT/US2004/037032
85
tgt gaa aag gac tgc 460
Cys Glu Lys Asp Cys
105
aaa acc tgt agc ttg 508
Lys Thr Cys Ser Leu

120

ac t gge gte tgt cga cecec tgg acg
Thr Gly Val Cys Arg Pro Trp Thr
135

130

gtg ctt aag
Val Leu Lys

gtg gtg agc

cca
Pro

gga
Gly

gga
Gly

acc
Thr
150

ttc
Phe
165

999
Gly

cac tcc
His Ser

ggg acc acg gag
Gly Thr Thr Glu

tct cce agt acc
Ser Pro Ser Thr

ttg cag
Leu Gln

aca
Thr

gtg
Val
210

ttt
Phe

cga
Arg

tcg
Ser
195

ctec

Leu

aag
Lys

tgt
Cys

180

gct
Ala

aaa
Lys

aag
Lys

cCca
Pro

ttg
Leu

tgg
Trp

acc
Thr

cag
Gln

ctg ctyg
Leu Leu

gcc
Ala
200

atc agg aaa
Ile Arg Lys
215

act gga gca
Thr Gly Ala
230

gaa gaa gaa
Glu Glu Glu

185

ctg
Leu

aaa
Lys

gct
Ala

gga
Gly

tg tactatcc

caccatecctg tggaacagca

tgatgtgtgg gcgcgcacct

ttttttaaat ctttttttaa

gcacacgtgt gtgtgtgtgt

ataggtcggg acggagacct gtcttcttat

gatatttcgg gaattgtaga gattctcctg

ttgttgatac gtagtatact gtatatgtgt

5/7

245

taggagatgt

caagcaacce
catccaagtc
atttaaattt

gtgtgtgaca

tggagttatg gatggcetgtg

tttaacgtga

acacccttcet

at gtatatgt atatgtatat

gtgggccgaa

caccaccctg
tcttctaacg
tatgtgtgtg

ctecctgatge

ctgtataata

agttaatgat

556

604

652

700

748

796

844

892

946

1006

1066

1126

1186

l246

1306

1366

1426
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ataagactct tttactgtca aagtcaacct agagtgtctg gttaccaggt caattttatt 1486
ggacatttta cgtcacacac acacacacac acacacacac acgtttatac tacgtactgt 1546
tatcggtatt ctacgtcata taatgggata gggtaaaagg aaaccaaaga gtgagtgata 1606
ttattgtgga ggtgacagac taccccttet gggtacgtag ggacagacct ccttceggact 1666
gtctaaaact ccccttagaa gtctcgtcaa gttccecggac gaagaggaca gaggagacac 1726
agtccgaaaa gttattttte cggecaaatcec tttecocceotgtt tegtgacact ccaccecttg 1786
tggacacttg agtgtcatcc ttgc gcegga aggtcaggtg gtacccegtet gtaggggcgg 1846
ggagacagag ccgcggggga gctacgagaa tcgactcaca gggcgccccg ggcttcegcaa 1906
atgaaacttt tttaatctca caagtttcgt ccgggctegg cggacctatg gegtcecgatceo 1966
ttattacctt atcctggcge caagataaaa caaccaaaag ccttgactcc ggtactaatt 2026
ctceoctgeceg gecceegtaa gcataacgeg gecgatctcca ctttaagaac ctggccgegt 2086
tctgectggt ctegetttcg taaacggttce ttacaaaagt aattagttct tgetttcocage 2146
ctccaagctt ctgctagtet atggcagcecat caaggetggt atttgectacg getgaccget 2206
acgcecgecge aataagggta ctgggcggcce cgtogaaggce cctttggttt cagaaaccca 2266
aggccccect cataccaacg tttegacttt gattettgece ggtacgtggt ggtgggtgec 2326
ttagctcttt ctcgatagtt agac 2350
<210> 4
<211> 256
<212> PRT
<213> Mus musculus
<400> 4
Met Gly Asn Asn Cys Tyr Asn Val Val Val Ile Val Leu Leu Leu Val
1 5 10 15
Gly Cys Glu Lys Val Gly Ala Val Gln Asn Ser Cys Asp Asn Cys Gln

20 25 30
Pro Gly Thr Phe Cys Arg Lys Tyr Asn Pro Val Cys Lys Ser Cys Pro
35 40 45
Pro Ser Thr Phe Ser Ser Ile Gly Gly Gln Pro Asn Cys Asn Ile Cys
50 55 60
Arg Val Cys Ala Gly Tyr Phe Arg Phe Lys Lys Phe Cys Ser Ser Thr
65 70 75 80
6/7
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His

Gln

Lys

Gly

Ser

145

Pro

Gly

Leu

Ser

Pro

225

Cys

Asn

Cys

Gln

Thr

130

Val

Val

Gly

Thr

Val

210

Phe

Arg

Ala

Thr

Gly

115

Gly

Leu

Val

Pro

Ser

195

Leu

Liys

Cys

Glu

Arg

100

Cys

Val

Lys

Ser

Gly

180

Ala

Lys

Lys

Pro

Cys

85

Cys

Lys

Cys

Thr

Phe

165

Gly

Leu

Trp

Thr

Gln
245

Glu Cys Ile Glu Gly Phe His
90

Cys

Leu Gly Pro

95

PCT/US2004/037032

Glu Lys Asp Cys Arg Pro Gly Gln Glu Leu Thr

105

110

Thr Cys Ser Leu Gly Thr Phe Asn Asp Gln Asn

120

125

Arg Pro Trp Thr Asn Cys Ser Leu Asp

135 140

Gly Thr Thr Glu Lys Asp Val Val Cys

150 155

Ser Pro Ser Thr Thr Ile Ser
170

His Ser Leu Gln Val Leu Thr
185

Leu Leu Ala Leu Ile Phe Ile
200

Ile Arg Lys Lys Phe Pro His
215 220

Thr Gly Ala Ala Gln Glu Glu
230 2 35

Glu Glu Glu Gly Gly Gly Gly
250

717

Val

Leu

Thx

205

Ile

Asp

Gly

Thx

Phe

1980

Leu

Phe

Ala

Tyr

Gly Arg

Gly Pro

Pro

175

Leu

Leu

Lys

Cys

Glu
255

160

Glu

Ala

Phe

Gln

Ser

240

Leu
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ELECTRONICALLY FILED
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re: Patent Application Of : Group Art Unit:
Carl H. June, et al. . 1653
Serial No.: 14/997,136 - Examiner:
. Not Yet Assigned
Filed: January 15, 2016

Confirmation No. 4164

For:  Compositions and Methods for Treatment of Cancer . Attorney Docket No.:
. 046483-6001US13(01088)

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

RESPONSE TO NOTICE TO
FILE CORRECTED APPLICATION PAPERS

In response to the Notice to File Corrected Application Papers dated February 23,
2016, Applicant submits herewith replacement drawings for all figures consisting of Twenty (26)

sheets. No new matter has been added.

No fee is believed due for the filing of this Response. Please charge any fee that

may be due, and credit any overpayment, to deposit account no. 50-4364.
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PATENT
Response to Notice to File Corrected Application Papers dated February 23, 2016
U.S. Patent Application No. 14/997,136
Attorney Docket No. 046483-6001US13(01088)

Favorable examination and allowance of the claims is hereby requested.

Respectfully submitted,
CARLﬂ JUNE ETAL

R Y

z’

g 5
Y o LA
Dated: March 22, 2016 / ‘,f"
Kathryn Doyle, Ph.D., J.D.

Registration No. 36,317

Saul Ewing LLP

Centre Square West

1500 Market Street, 38" Floor
Philadelphia, PA 19102
Telephone:  (215) 972-7734
Fax: (215)972-1818
Email: kdoyle(@saul.com
Attorney for Applicant
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EFS ID: 25272139
Application Number: 14997136
International Application Number:
Confirmation Number: 4164

Title of Invention:

Compositions and Methods for Treatment of Cancer

First Named Inventor/Applicant Name:

CarlH. June

Customer Number:

78905

Filer:

Kathryn R. Doyle/Lisa Sapovits

Filer Authorized By:

Kathryn R. Doyle

Attorney Docket Number:

046483-6001US13(01088)

Receipt Date: 22-MAR-2016
Filing Date: 15-JAN-2016
Time Stamp: 16:19:44

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document . . File Size(Bytes Multi Pages
Y Document Description File Name ile Size( y i Y I. . 9
Number Message Digest | Part/.zip| (ifappl.)
046483-6001US13_Response_t 135112
1 Applicant Response to Pre-Exam o_Notice_to_File_Corrected_A no )
Formalities Notice pplication_Papers_of_2-23-16.
8609516a21e2812f19e713d686659044¢56)
pdf 49c44
Warnings: UPenn Ex.[2047
Information: Miltenyi v. Penn
HPR2022-00855
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) o 6362306
Drawings-only black and white line 046483-6001US13_Replaceme

2 drawings nt_figures.pdf no 26
d3506bf3abdSeed6c733a1bf307fecf05d98)
5867
Warnings:
Information:
Total Files Size (in bytes): 6497418

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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DocCode - SCORE

SCORE Placeholder Sheet for IFW Content

Application Number: 14997136 Document Date: 03/22/2016

The presence of this form in the [FW record indicates that the following document type was received in
electronic format on the date identified above. This content is stored in the SCORE database.

o Drawings — Other than Black and White Line Drawings

Since this was an electronic submission. there is no physical artifact folder. no artifact folder is recorded in
PALM. and no paper documents or physical media exist. The TIFF images in the IFW record were created
from the original documents that are stored in SCORE.

To access the documents in the SCORE database, refer to instructions below.

At the time of document entry (noted above):
e Examiners may access SCORE content via the eDAN interface.
e Other USPTO employees can bookmark the current SCORE URL
(http://Score.uspto.gov/Score AccessWeb/).
e Lxternal customers may access SCORE content via the Public and Private PAIR interlaces.

Form Revision Date: September 30. 2013
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 14/997,136
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 OFR 1.16(a), (5), or (6)) N/A N/A N/A N/A 280
SEARCH FEE
(37 CFR 1.16(K), (i), or (m)) N/A N/A N/A N/A 600
EXAMINATION FEE
(37 CFR 1.16(0), (p), or (a)) N/A N/A N/A N/A 720
TOTAL CLAIMS ] *
(37 CFR 1.16(i)) 30 minus 20= 10 OR |« 80 = 800
INDEPENDENT CLAIMS ] *
(37 CFR 1.16(h)) 1 minus 3 = x 420 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 2400
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
| Total . i - =
s (37 CF% ?.16(i)) Minus = OR |« =
a Independent * Minus | *** =
E (37 CFR 1.16(h)) = OR |« =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR |x =
% Independent * Minus | *** = = OR |x =
L (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/997,136 01/15/2016 Carl H. June 046483-6001US13(01088)
CONFIRMATION NO. 4164
78905 FORMALITIES LETTER

Saul Ewing LLP (Philadelphia)

Attn: Patent Docket Clerk o
Centre Square West

1500 Market Street, 38th Floor

Philadelphia, PA 19102-2186

8

Date Mailed: 04/01/2016

NOTICE OF INCOMPLETE REPLY (NONPROVISIONAL)

Filing Date Granted

The U.S. Patent and Trademark Office has received your reply on 03/22/2016 to the Notice to File Missing Parts
(Notice) mailed 02/23/2016 and it has been entered into the nonprovisional application. The reply, however,
does not include the following items required in the Notice. A complete reply must be timely filed to prevent
ABANDONMENT of the above-identified application. Replies should be mailed to: Mail Stop Missing Parts,
Commissioner for Patents, P.O. Box 1450, Alexandria VA 22313-1450.

Applicant is given TWO MONTHS from the date of the Notice to File Missing Parts (Notice) mailed 02/23/2016
within which to file all required items and pay any fees required below to avoid abandonment. Extensions of time
may be obtained by filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

Items Required to Avoid Abandonment:

The required items noted below SHOULD be filed along with any items required above. The filing date of this
nonprovisional application will be the date of receipt of the items required above.

The application is informal since it does not comply with the regulations for the reason(s) indicated below.
The required item(s) identified below must be timely submitted to avoid abandonment:

+ Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121(d) are required. The drawings
submitted are not acceptable because:
+ The drawings submitted to the Office are not electronically reproducible because portions of figures
5A,6A-6C are missing and/or blurry.

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required
application size fee.
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Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more
information and a suggested format, see Form PTO/SB/92 and MPEP 512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web, including a copy
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice".
https:/sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http.//www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/dgela/
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/997,136 01/15/2016 Carl H. June 046483-6001US13(01088)
CONFIRMATION NO. 4164
78905 FORMALITIES LETTER
Saul Ewing LLP (Philadelphia)
Attn: Patent Docket Clerk IR LAWK
000000081863518

Centre Square West
1500 Market Street, 38th Floor
Philadelphia, PA 19102-2186

Date Mailed: 04/01/2016

NOTICE OF INCOMPLETE REPLY (NONPROVISIONAL)

Filing Date Granted

The U.S. Patent and Trademark Office has received your reply on 03/22/2016 to the Notice to File Missing Parts
(Notice) mailed 02/23/2016 and it has been entered into the nonprovisional application. The reply, however,
does not include the following items required in the Notice. A complete reply must be timely filed to prevent
ABANDONMENT of the above-identified application. Replies should be mailed to: Mail Stop Missing Parts,
Commissioner for Patents, P.O. Box 1450, Alexandria VA 22313-1450.

Applicant is given TWO MONTHS from the date of the Notice to File Missing Parts (Notice) mailed 02/23/2016
within which to file all required items and pay any fees required below to avoid abandonment. Extensions of time
may be obtained by filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

Items Required to Avoid Abandonment:

The required items noted below SHOULD be filed along with any items required above. The filing date of this
nonprovisional application will be the date of receipt of the items required above.

The application is informal since it does not comply with the regulations for the reason(s) indicated below.
The required item(s) identified below must be timely submitted to avoid abandonment:

+ Replacement drawings in compliance with 37 CFR 1.84 and 37 CFR 1.121(d) are required. The drawings
submitted are not acceptable because:
+ The drawings submitted to the Office are not electronically reproducible because portions of figures
5A,6A-6C are missing and/or blurry.

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required
application size fee.
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Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more
information and a suggested format, see Form PTO/SB/92 and MPEP 512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web, including a copy
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice".
https:/sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http.//www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/dgela/
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Electronic Acknowledgement Receipt

EFS ID: 25438325
Application Number: 14997136
International Application Number:
Confirmation Number: 4164

Title of Invention:

Compositions and Methods for Treatment of Cancer

First Named Inventor/Applicant Name:

CarlH. June

Customer Number:

78905

Filer:

Kathryn R. Doyle/Lisa Sapovits

Filer Authorized By:

Kathryn R. Doyle

Attorney Docket Number:

046483-6001US13(01088)

Receipt Date: 08-APR-2016
Filing Date: 15-JAN-2016
Time Stamp: 13:49:48

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document .. . File Size(Bytes Multi Pages
Y Document Description File Name ile Size( y i Y I. . 9
Number Message Digest | Part/.zip| (ifappl.)
- 135990
Applicant Response to Pre-Exam 04648.3 6001UST3_Response_t
1 Formalities Notice o_Notice_of_Incomplete_Reply no 2
_dated_4_1_16.pdf 102be52d90515d037551061044641d9dd4|
1a2529
Warnings: UPenn Ex.[2047
Information: Miltenyi v. Penn
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215440
Drawings-only black and white line 046483-6001US13_Replaceme
2 . . no 2
drawings nt_figures_5A-6C.PDF
7c019ce55b57ccdbb6f11cc0cf7fb59353ab
e53
Warnings:
Information:
Applicant R to Pre-E 74187
3 pplicant Response fo Fre-txam 046483-6001US13-notice.PDF no 2
Formalities Notice
d201fd81775f586f817ef2956435114ab3fd
Warnings:
Information:
Total Files Size (in bytes): 425617

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

UPenn Ex. 2047
Miltenyi v. UPenn
IPR2022-00855
Page 314



PATENT

ELECTRONICALLY FILED
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re: Patent Application Of : Group Art Unit:
Carl H. June, et al. . 1653
Serial No.: 14/997,136 - Examiner:
. Not Yet Assigned
Filed: January 15, 2016

Confirmation No. 4164

For:  Compositions and Methods for Treatment of Cancer . Attorney Docket No.:
. 046483-6001US13(01088)

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

RESPONSE TO NOTICE OF INCOMPLETE REPLY

This Response is being filed in answer to the Notice of Incomplete Reply dated April 1,
2016 (“Notice”). The Response is timely filed in view of the deadline being two months from the
Notice to File Corrected Application Papers dated February 23, 2016.

Applicant hereby submits replacement drawing sheets for Figures SA and 6A-C.

No fee is believed due for the filing of this Response. Please charge any fee that may be

due, and credit any overpayment, to deposit account no. 50-4364.
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PATENT
Response to Notice of Incomplete Reply (Nonprovisional) dated April 1, 2016.
U.S. Patent Application No. 14/997,136
Attorney Docket No. 046483-6001US13(01088)

Favorable examination and allowance of the claims is hereby requested.

Respectfully submitted,
CARLH: JUNE, ET AL.

P
S ra
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Dated: April 8, 2016

Kathryn Doyle, Ph.D., J D.
Registration No. 36,317

Saul Ewing LLP

Centre Square West

1500 Market Street, 38" Floor
Philadelphia, PA 19102
Telephone:  (215) 972-7734
Fax: (215)972-1818
Email: kdoyle(@saul.com
Attorney for Applicant
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
14/997,136 01/15/2016 1653 2400 046483-6001US13(01088) 30 1
CONFIRMATION NO. 4164
78905 UPDATED FILING RECEIPT

A Patot Dostat Gloe 0 O

Centre Square West
1500 Market Street, 38th Floor
Philadelphia, PA 19102-2186

Date Mailed: 04/15/2016

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Carl H. June, Merion Station, PA;
Bruce L. Levine, Cherry Hill, NJ;
David L. Porter, Springfield, PA;
Michael D. Kalos, Philadelphila, PA;
Michael C. Milone, Cherry Hill, NJ;
Applicant(s)
The Trustees of the University of Pennsylvania, Philadelphia, PA;

Power of Attorney: The patent practitioners associated with Customer Number 78905

Domestic Priority data as claimed by applicant
This application is a CON of 13/992,622 07/09/2013
which is a 371 of PCT/US2011/064191 12/09/2011
which claims benefit of 61/421,470 12/09/2010
and claims benefit of 61/502,649 06/29/2011

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 02/04/2016

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/997,136

Projected Publication Date: 07/21/2016
Non-Publication Request: No

Early Publication Request: No
Title

Compositions and Methods for Treatment of Cancer
Preliminary Class
435
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,

this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
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countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
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technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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14/997,136 JUNE ET AL.
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Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) fled on _____
[] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon ____.
2a)[] This action is FINAL. 2b)[X] This action is non-final.

3)[] An election was made by the applicant in response to a restriction requirement set forth during the interview on
___ ;therestriction requirement and election have been incorporated into this action.

4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5[ Claim(s) 90-119is/are pending in the application.
5a) Of the above claim(s) is/are withdrawn from consideration.
6)[] Claim(s) ____is/are allowed.
7)X Claim(s) 90-119is/are rejected.
8)[] Claim(s) _____is/are objected to.
9] Claim(s) are subject to restriction and/or election requirement.
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a

participating intellectual property office for the corresponding application. For more information, please see
hitp/hwww usplo gov/patents/init_events/peh/indax.jsp or send an inquiry to PPHieaedback@uspio.qoy.

Application Papers
10)[] The specification is objected to by the Examiner.
11)[] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
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1.[] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
** See the attached detailed Office action for a list of the certified copies not received.
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. . Paper No(s)/Mail Date. __
2) x Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 l:l Other:
Paper No(s)/Mail Date 1/15/16:2/29/16. ) ther UPenn Ex. 2047
U.S. Patent and Trademark Office Miltenyi v. UPenn
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 201ﬁgi{ 022-00855

Page 325



Application/Control Number: 14/997,136 Page 2
Art Unit: 1633

DETAILED ACTION

The present application is being examined under the pre-AlIA first to invent provisions.

Priority

Applicant’s claim for the benefit of a prior-filed application under 35 U.S.C. 119(e) or
under 35 U.S.C. 120, 121, or 365(c) is acknowledged. Applicant has not complied with one or
more conditions for receiving the benefit of an earlier filing date under 35 U.S.C. 119(e) as
follows:

The later-filed application must be an application for a patent for an invention which is
also disclosed in the prior application (the parent or original nonprovisional application or
provisional application). The disclosure of the invention in the parent application and in the later-
filed application must be sufficient to comply with the requirements of 35 U.S.C. 112(a) or the
first paragraph of pre-AIA 35 U.S.C. 112, except for the best mode requirement. See Transco
Products, Inc. v. Performance Contracting, Inc., 38 F.3d 551, 32 USPQ2d 1077 (Fed. Cir. 1994)

The disclosure of the prior-filed application, Application Nos. 61/502,649 and
61/421,470, fail to provide adequate support or enablement in the manner provided by 35 U.S.C.
112(a) or pre-AIA 35 U.S.C. 112, first paragraph for one or more claims of this application. The
'649 and '470 applications do not disclose any of the SEQ ID NOs recited in the claims. The first
disclosure of such SEQ ID NOs was in PCT/US11/64191, thus, the benefit of priority for the

claims is given to the filing date of the application, 12/9/2011.
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Application/Control Number: 14/997,136 Page 3
Art Unit: 1633

Claim Rejections - 35 USC § 112

The following is a quotation of 35 U.S.C. 112(b):

(b) CONCLUSION.—The specification shall conclude with one or more claims particularly pointing
out and distinctly claiming the subject matter which the inventor or a joint inventor regards as the
invention.

The following is a quotation of 35 U.S.C. 112 (pre-AIA), second paragraph:
The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

Claim 94 is rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AIA), second
paragraph, as being indefinite for failing to particularly point out and distinctly claim the subject
matter which the inventor or a joint inventor, or for pre-AIA the applicant regards as the
invention.

Claim 94 recites the limitation "the scFv" in line 1. There is insufficient antecedent basis

for this limitation in the claim.

Double Patenting

Claims 90, 93, 95-115 of this application are patentably indistinct from claims 90-92, 94-
113 of Application No. 14/997,042. Pursuant to 37 CFR 1.78(f) or pre-AIA 37 CFR 1.78(b),
when two or more applications filed by the same applicant contain patentably indistinct claims,
elimination of such claims from all but one application may be required in the absence of good
and sufficient reason for their retention during pendency in more than one application. Applicant
is required to either cancel the patentably indistinct claims from all but one application or
maintain a clear line of demarcation between the applications. See MPEP § §22.

A rejection based on double patenting of the “same invention” type finds its support in

the language of 35 U.S.C. 101 which states that “whoever invents or discovers any new and
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Application/Control Number: 14/997,136 Page 4
Art Unit: 1633

useful process... may obtain a patent therefor...” (Emphasis added). Thus, the term “same
invention,” in this context, means an invention drawn to identical subject matter. See Miller v.
Eagle Mfg. Co., 151 U.S. 186 (1894); In re Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA 1970);
and In re Ockert, 245 F.2d 467, 114 USPQ 330 (CCPA 1957).

A statutory type (35 U.S.C. 101) double patenting rejection can be overcome by
canceling or amending the claims that are directed to the same invention so they are no longer
coextensive in scope. The filing of a terminal disclaimer cannot overcome a double patenting
rejection based upon 35 U.S.C. 101.

Claims 90, 93, 95-115 are provisionally rejected under 35 U.S.C. 101 as claiming the
same invention as that of claims 90-92, 94-113 of copending Application No. 14/997,042
(reference application). This is a provisional statutory double patenting rejection since the claims
directed to the same invention have not in fact been patented. The cells claimed in both
applications have the same structural limitations, and the cells claimed in the ‘042 application are
clearly directed to a “pharmaceutical composition.” See, ¢.g. claims 114-116 of the ‘042

application, and the specification.

The nonstatutory double patenting rejection is based on a judicially created doctrine
grounded in public policy (a policy reflected in the statute) so as to prevent the unjustified or
improper timewise extension of the “right to exclude” granted by a patent and to prevent possible
harassment by multiple assignees. A nonstatutory double patenting rejection is appropriate where

the claims at issue are not identical, but at least one examined application claim is not patentably
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Application/Control Number: 14/997,136 Page 5
Art Unit: 1633

distinct from the reference claim(s) because the examined application claim is either anticipated
by, or would have been obvious over, the reference claim(s). See, e.g., In re Berg, 140 F.3d
1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed.
Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 686
F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA
1970); and In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d) may
be used to overcome an actual or provisional rejection based on a nonstatutory double patenting
ground provided the reference application or patent either is shown to be commonly owned with
this application, or claims an invention made as a result of activities undertaken within the scope
of a joint research agreement. See MPEP § 717.02 for applications subject to examination under
the first inventor to file provisions of the AIA as explained in MPEP § 2159. See MPEP §§
706.02(1)(1) - 706.02(1)(3) for applications not subject to examination under the first inventor to
file provisions of the AIA. A terminal disclaimer must be signed in compliance with 37 CFR
1.321(b).

The USPTO Internet website contains terminal disclaimer forms which may be used.
Please visit www.uspto.gov/forms/. The filing date of the application in which the form is filed
determines what form (e.g., PTO/SB/25, PTO/SB/26, PTO/AIA/25, or PTO/AIA/26) should be
used. A web-based eTerminal Disclaimer may be filled out completely online using web-screens.
An eTerminal Disclaimer that meets all requirements is auto-processed and approved
immediately upon submission. For more information about eTerminal Disclaimers, refer to

http://www.uspto.gov/patents/process/file/efs/guidance/eTD-info-1.jsp.
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Claims 90-119 are rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1-21 of U.S. Patent No. 8§,911,993. Although the claims at issue are not
identical, they are not patentably distinct from each other because the instant cells comprise the
same elements (e.g. a CAR comprising a CD19 binding domain encoded by SEQ ID NO: 20,
TM and hinge domains, 41BB costimulatory domain, a CD3 zeta signaling domain) as those

claimed in the ‘933 patent, or are disclosed as preferred embodiments.

Claims 90-119 are rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1-30 of U.S. Patent No. §,906,682. Although the claims at issue are not
identical, they are not patentably distinct from each other because the instant cells comprise the
same elements (e.g. a CAR comprising a CD19 binding domain encoded by SEQ ID NO: 20,
TM and hinge domains, 41BB costimulatory domain, a CD3 zeta signaling domain) as those
used in the methods claimed in the ‘682 patent, or are disclosed as preferred embodiments.

Claims 90-119 are rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1-30 of U.S. Patent No. 9,102,760. Although the claims at issue are not
identical, they are not patentably distinct from each other because the instant cells comprise the
same elements (e.g. a CAR comprising a CD19 binding domain encoded by SEQ ID NO: 20,
TM and hinge domains, 41BB costimulatory domain, a CD3 zeta signaling domain) as those

claimed in the 760 patent, or are disclosed as preferred embodiments.
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Claims 90-119 are rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1-30 of U.S. Patent No. 9,101,584. Although the claims at issue are not
identical, they are not patentably distinct from each other because the instant cells comprise the
same elements (e.g. a CAR comprising a CD19 binding domain encoded by SEQ ID NO: 20,
TM and hinge domains, 41BB costimulatory domain, a CD3 zeta signaling domain) as those
used in the methods claimed in the ‘584 patent, or are disclosed as preferred embodiments.

Claims 90-119 are rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1-30 of U.S. Patent No. 9,102,761. Although the claims at issue are not
identical, they are not patentably distinct from each other because the instant cells comprise the
same elements (e.g. a CAR comprising a CD19 binding domain encoded by SEQ ID NO: 20,
TM and hinge domains, 41BB costimulatory domain, a CD3 zeta signaling domain) as those
claimed in the 761 patent, or are disclosed as preferred embodiments.

Claims 90-119 are rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1-15 of U.S. Patent No. 9,328,156. Although the claims at issue are not
identical, they are not patentably distinct from each other because the instant cells comprise the
same elements (e.g. a CAR comprising a CD19 binding domain encoded by SEQ ID NO: 20,
TM and hinge domains, 41BB costimulatory domain, a CD3 zeta signaling domain) as those

claimed in the ‘156 patent, or are disclosed as preferred embodiments.

Claims 90-119 are provisionally rejected on the ground of nonstatutory double patenting

as being unpatentable over claims 21-25, 31-36, 44-48, 50-69, 93-103 of copending Application
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No. 13/992,622. Although the claims at issue are not identical, they are not patentably distinct
from each other because the instant cells comprise the same elements (e.g. a CAR comprising a
CD19 binding domain encoded by SEQ ID NO: 20, TM and hinge domains, 41BB costimulatory
domain, a CD3 zeta signaling domain) as those claimed in the ‘622 application, or are disclosed
as preferred embodiments.

This is a provisional nonstatutory double patenting rejection because the patentably

indistinct claims have not in fact been patented.

Claims 90-119 are provisionally rejected on the ground of nonstatutory double patenting
as being unpatentable over claims 90-119 of copending Application No. 14/996,953. Although
the claims at issue are not identical, they are not patentably distinct from each other because the
instant cells comprise the same elements (e.g. a CAR comprising a CD19 binding domain
encoded by SEQ ID NO: 20, TM and hinge domains, 41BB costimulatory domain, a CD3 zeta
signaling domain) as those claimed in the ‘953 application, or are disclosed as preferred
embodiments.

This is a provisional nonstatutory double patenting rejection because the patentably
indistinct claims have not in fact been patented.

Claims 90-119 are provisionally rejected on the ground of nonstatutory double patenting
as being unpatentable over claims 90-119 of copending Application No. 14/984,371. Although
the claims at issue are not identical, they are not patentably distinct from each other because the
instant cells comprise the same elements (e.g. a CAR comprising a CD19 binding domain

encoded by SEQ ID NO: 20, TM and hinge domains, 41BB costimulatory domain, a CD3 zeta
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signaling domain) as those claimed in the ‘371 application, or are disclosed as preferred
embodiments.
This is a provisional nonstatutory double patenting rejection because the patentably
indistinct claims have not in fact been patented.
Conclusion
No claim is allowed.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Michael Burkhart whose telephone number is (571)272-2915.
The examiner can normally be reached on M-F 8AM-5PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Christopher Babic can be reached on (571) 272-8507. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at §66-217-9197 (toll-free). If you would
like assistance from a USPTO Customer Service Representative or access to the automated
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Michael Burkhart/
Primary Examiner, Art Unit 1633
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Document Number Date Country Class Subclass TranslationYes/No

/Abstract
WO 2005/044996 19 May 2005 PCT

OTHER DOCUMENT(S) (Including Author, Title, Date, Pertinent Pages, etc.)

Colombian Patent Application No. 15-80428 — Office Action issued December 23, 2015.

Colombian Patent Application No. - No. 13-137536 — Office Action issued November 23,
2015

Eurasian Patent Application No. 201390847 — Office Action issued February 14, 2016

U.S. Patent Application No. 13/992,622 — Final Office Action issued January 5, 2016

U.S. Patent Application No. 14/996,953 — non-final Office Action issued February 22, 2016

“Genetically Engineered Lymphocyte Therapy in Treating Patients with B-Cell Leukemia or
Lymphoma That is Resistant or Refractory to Chemotherapy” ClinicalTrials.gov Identifier
NCT01029366; Retrieved from the internet on January 29, 2016. Found at

Milos MAwww clinicaltrials aov/otd/show/NC TO1029388 Menm=NC TO1029366& rank=1

“Pilot Study for Patients with Chemotherapy Resistant or Refractory CD19 Leukemia and
Lymphoma (CART-19)” ClinicalTrials.gov Identifier: NCT00891215; Retrieved from the
internet on September 2, 2015. Found at

Milo ffweb archive orghweb/20080005002 304/ ficlinicaltrials govictiZ/show/NCTO0
891215

AppliChem product sheet for RPMI-1640, 2 pages, downloaded 12/28/2015

Milone, M. et al., Supplementary Materials and Methods, Mol Ther, Vol. 17, 2009, 7 pages

Examiner Signature: Date Considered:
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UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents
United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450
www.usplo.gov

SAUL EWING LLP (PHILADELPHIA) Wﬂ A ” ﬂ-_-. E @

ATTN: PATENT DOCKET CLERK

CENTRE SQUARE WEST APR 26 2016
1500 MARKET STREET, 38™ FLOOR

PHILADELPHIA PA 19102-2186 OFFICE OF PETITIONS

Doc Code: TRACK1.GRANT

Decision Granting Request for
Prioritized Examination Application No.: 14/997,136
(Track | or After RCE)

1. THE REQUEST FILED 1/15/16 IS GRANTED.

The above-identified application has met the requirements for prioritized examination
A X foran original nonprovisionat application (Track ).
B. (] foran application undergoing continued examination (RCE).

2. The above-identified application will undergo prioritized examination. The application will be
accorded special status throughout its entire course of prosecution until one of  the following occurs:

A. filing a petition for extension of time to extend the time period for filing a reply;

B. filing an amendment to amend the application to contain more than four independent

claims, more than thirty total claims, or a multiple dependent claim;
filing a request for continued examination;

filing a notice of appeal;

filing a request for suspension of action;
mailing of a notice of allowance;

mailing of a final Office action;

I ®mMmOoo

completion of examination as defined in 37 CFR 41.102: or

abandonment of the application.

Telephone inquiries with regard to this decision should be directed to Cheryl Gibson-Baylor at
(571)272-3213, Office of Petitions. In his/her absence, calls may be directed to Brian W. Brown,
(671)272-5338.

Cheryl Gibson-Baylor
{Cheryl Gibson-Baylor/ Petitions Paralegal Specialist
[Signature] (Title)

U.S. Patent and Trademark Office
PTO-2298 (Rev. 02-2012)
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Chinese Patent Application No. 201180067173X — Third Office Action dated March 28,
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Electronic Acknowledgement Receipt

EFS ID: 25756615
Application Number: 14997136
International Application Number:
Confirmation Number: 4164

Title of Invention:

Compositions and Methods for Treatment of Cancer

First Named Inventor/Applicant Name:

CarlH. June

Customer Number:

78905

Filer:

Kathryn R. Doyle/Lisa Sapovits

Filer Authorized By:

Kathryn R. Doyle

Attorney Docket Number:

046483-6001US13(01088)

Receipt Date: 12-MAY-2016
Filing Date: 15-JAN-2016
Time Stamp: 10:55:29

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Size( B){tes)/ Multl- 'Pages
Number Message Digest | Part/.zip| (ifappl.)
046483-6001US13_Supplemen 135033
. - _ou
1 Transmittal Letter tal_IDS_Statement.pdf no 2
79102147e106d73621924813922aa055f51
Sfe3c
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) Information Disclosure Statement (IDS) | 046483-6001US13_IDS_form_1 no 1
Form (SBO8) 449 for_Supplemental_IDS.pd
eab51a1c38bcd0cc160160ea5188bb548d3
35654
Warnings:
Information:
This is not an USPTO supplied IDS fillable form
- R - 170149
Other Reference-Patent/App/Search AU .Appl 20160411
3 documents ExaminationReportNo1- no 3
April112016.pdf Zeeaa703402a6ac1 72a47ac1 03fo35db8e2
e9a3c
Warnings:
Information:
CN- 10275862
4 Other Reference-Patent/App/Search Third_Office_Action._March282 o 7
documents
01 6.pdf 69fe65f0874d73582b8955272500aa891a6
dofad
Warnings:
Information:
355320
5 Other Reference-Patent/App/Search 14984371-non-final-OA- o 9
documents March112016.pdf
af790bcfcal8688511166805f3036817d84e9
9e0
Warnings:
Information:
353421
Other Reference-Patent/App/Search 14997042-non-final-OA-
6 . no 9
documents April132016.pdf
a2590bcbc379c17331a03e096d6945b54de]
999dd
Warnings:
Information:
Total Files Size (in bytes): 11446869
This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.
New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.
National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.
New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PATENT

ELECTRONICALLY FILED
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re: Patent Application Of : Group Art Unit:
Carl H. June, et al. o 1633
Serial No.: 14/997,136 Examiner:

Burkhart, Michael D.

Confirmation No. 4164

Filed: January 15, 2016
. Attorney Docket No.:
For: Compositions and Methods for Treatment of . 046483-6001US13(01088)
Cancer :

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

SUPPLEMENTAL INFORMATION DISCLOSURE UNDER 37 CFR 1.97(e)

In compliance with the duty of disclosure under 37 CFR § 1.56 and in accordance
with the practice under 37 CFR § 1.98, the attention of the Patent and Trademark Office is
hereby directed to the documents listed on the attached Form PTO-1449. A copy of each of the

cited documents is attached, if required.

CERTIFICATION

It is hereby certified that the references contained in this Information Disclosure
were cited in a communication from a foreign Patent Office in a counterpart foreign application

no more than three months prior to the filing date of this Information Disclosure.

CONCLUSION

It is respectfully requested that the information be considered by the Examiner
and that a copy of the attached Form PTO-1449 be returned indicating that such information has
been considered.

In the event any fees are required in connection with this paper, please charge

Deposit Account No. 50-4364.

UPenn Ex. 2047
Miltenyi v. UPenn
IPR2022-00855

Page 350



PATENT

Supplemental Information Disclosure Statement
U.S. Patent Application No. 14/997,136
Attorney Docket No. 046483-6001US13(01088)

Applicant’s undersigned attorney may be reached by telephone at (215)972-7734.

All correspondence should be directed to the below-listed address.

Respectfully submitted,
CARLH JUNE ETAL

f A Lol

Kathryn Doyle Ph.D. J D
Registration No. 36,3 17

Dated: May 12. 2016

Saul Ewing LLP

Centre Square West

1500 Market Street, 38" Floor
Philadelphia, PA 19102
Telephone:  (215) 972-7734
Fax: (215)972-1818
Email: kdoyle(@saul.com
Attorney for Applicant
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/997,136 01/15/2016 Carl H. June 046483-6001US13(01088)
CONFIRMATION NO. 4164
78905 PUBLICATION NOTICE
Saul Ewing LLP (Philadelphia)
Attn: Patent Docket Clerk IR L AR

Centre Square West
1500 Market Street, 38th Floor
Philadelphia, PA 19102-2186

Title:Compositions and Methods for Treatment of Cancer

Publication No.US-2016-0208012-A1
Publication Date:07/21/2016

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to
publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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PTO/SB/25
Doc Code: DIST.E.FILE PTO/SB/26
Document Description: Electronic Terminal Disclaimer - Filed U.S. Patent and Trademark Office
Department of Commerce

Electronic Petition Request TERMINAL DISCLAIMER TO OBVIATE A PROVISIONAL DOUBLE PATENTING
REJECTION OVER A PENDING "REFERENCE" APPLICATION

AND TERMINAL DISCLAIMER TO OBVIATE A DOUBLE PATENTING REJECTION OVER A
“PRIOR” PATENT

Application Number 14997136

Filing Date 15-Jan-2016

First Named Inventor Carl June

Attorney Docket Number 046483-6001US13(01088)

Title of Invention

Compositions and Methods for Treatment of Cancer

< Filing of terminal disclaimer does not obviate requirement for response under 37 CFR 1.111 to outstanding
Office Action

X] This electronic Terminal Disclaimer is not being used for a Joint Research Agreement.

Owner Percent Interest

The Trustees of the University of Pennsylvania 100 %

The owner(s) of percent interest listed above in the instant application hereby disclaims, except as provided below, the terminal
part of the statutory term of any patent granted on the instant application which would extend beyond the expiration date of the
full statutory term of any patent granted on pending reference Application Number(s)

14997042 filedon 01/15/2016
14984371 filed on 12/30/2015
14996953 filedon 01/15/2016
13992622 filed on 07/09/2013

as the term of any patent granted on said reference application may be shortened by any terminal disclaimer filed prior to the
grant of any patent on the pending reference application. The owner hereby agrees that any patent so granted on the instant
application shall be enforceable only for and during such period that it and any patent granted on the reference application are
commonly owned. This agreement runs with any patent granted on the instant application and is binding upon the grantee, its
SUCCESSOrs OF assigns.

In making the above disclaimer, the owner does not disclaim the terminal part of any patent granted on the instant application
that would extend to the expiration date of the full statutory term of any patent granted on said reference application, "as the
term of any patent granted on said reference application may be shortened by any terminal disclaimer filed prior to the grant of
any patent on the pending reference application,” in the event that any such patent granted on the pending reference
application: expires for failure to pay a maintenance fee, is held unenforceable, is found invalid by a court of competent

jurisdiction, is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321, has all claims canceled by a UPenr} Ex.|2047

reexamination certificate, is reissued, or is in any manner terminated prior to the expiration of its full statutory term as\lbsre g YPenn

by any terminal disclaimer filed prior to its grant. IPRZO?' Oggg
agj




The owner(s) with percent interest listed above in the instant application hereby disclaims, except as provided below, the
terminal part of the statutory term of any patent granted on the instant application which would extend beyond the expiration
date of the full statutory term of prior patent number(s)

9328156
9102761
9101584
8911993
9102760
8906682

as the term of said prior patent is presently shortened by any terminal disclaimer. The owner hereby agrees that any patent so
granted on the instant application shall be enforceable only for and during such period that it and the prior patent are commonly
owned. This agreement runs with any patent granted on the instant application and is binding upon the grantee, its successors
or assigns.

In making the above disclaimer, the owner does not disclaim the terminal part of the term of any patent granted on the instant
application that would extend to the expiration date of the full statutory term of the prior patent, "as the term of said prior patent
is presently shortened by any terminal disclaimer,” in the event that said prior patent later:

- expires for failure to pay a maintenance fee;

- is held unenforceable;

- is found invalid by a court of competent jurisdiction;

- is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321;

- has all claims canceled by a reexamination certificate;

- is reissued; or

- is in any manner terminated prior to the expiration of its full statutory term as presently shortened by any terminal disclaimer.

@ Terminal disclaimer fee under 37 CFR 1.20(d) is included with Electronic Terminal Disclaimer request.

O | certify, in accordance with 37 CFR 1.4(d)(4), that the terminal disclaimer fee under 37 CFR 1.20(d)
required for this terminal disclaimer has already been paid in the above-identified application.

Applicants claims the following fee status:

(O Small Entity
O Micro Entity

(® Regular Undiscounted

| hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and
belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and
the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and
that such willful false statements may jeopardize the validity of the application or any patent issued thereon.
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THIS PORTION MUST BE COMPLETED BY THE SIGNATORY OR SIGNATORIES

| certify, in accordance with 37 CFR 1.4(d)(4) that | am:

® An attorney or agent registered to practice before the Patent and Trademark Office who is of record in
this application

Registration Number 36317

(O Asoleinventor

O A joint inventor; | certify that | am authorized to sign this submission on behalf of all of the inventors as evidenced by the
power of attorney in the application

(O Ajointinventor; all of whom are signing this request

Signature /Kathryn Doyle/

Name Kathryn Doyle

*Statement under 37 CFR 3.73(b) is required if terminal disclaimer is signed by the assignee (owner).
Form PTO/SB/96 may be used for making this certification. See MPEP § 324.
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Electronic Patent Application Fee Transmittal

Application Number:

14997136

Filing Date:

15-Jan-2016

Title of Invention:

Compositions and Methods for Treatment of Cancer

First Named Inventor/Applicant Name:

CarlH. June

Filer:

Kathryn R. Doyle/Lisa Sapovits

Attorney Docket Number:

046483-6001US13(01088)

Filed as Large Entity

Filing Fees for Utility under 35 USC111(a)

Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Basic Filing:
Statutory or Terminal Disclaimer 1814 1 160 160
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
UPenn Ex.

2047
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Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 160
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Doc Code: DISQ.E.FILE
Document Description: Electronic Terminal Disclaimer — Approved

Application No.: 14997136
Filing Date: 15-Jan-2016

Applicant/Patent under Reexamination:  June et al.

Electronic Terminal Disclaimer filed on July 21,2016

X APPROVED

This patent is subject to a terminal disclaimer

] DISAPPROVED

Approved/Disapproved by: Electronic Terminal Disclaimer automatically approved by EFS-Web

U.S. Patent and Trademark Office
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Electronic Acknowledgement Receipt

EFS ID: 26416505

Application Number: 14997136

International Application Number:

Confirmation Number: 4164
Title of Invention: Compositions and Methods for Treatment of Cancer
First Named Inventor/Applicant Name: CarlH. June
Customer Number: 78905
Filer: Kathryn R. Doyle/Lisa Sapovits
Filer Authorized By: Kathryn R. Doyle

Attorney Docket Number:

046483-6001US13(01088)

Receipt Date: 21-JUL-2016
Filing Date: 15-JAN-2016
Time Stamp: 16:59:18

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $160

RAM confirmation Number 6810

Deposit Account 504364

Authorized User

DOYLE, KATHRYN

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 CFR 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 CFR 1.17 (Patent application and reexamination processing fees)

UPenn Ex.|2047
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Charge any Additional Fees required under 37 CFR 1.19 (Document supply fees)
Charge any Additional Fees required under 37 CFR 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 CFR 1.21 (Miscellaneous fees and charges)

File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)

42077

1 Electronic Terminal Disclaimer-Filed eTerminal-Disclaimer.pdf no 3

95c5164282c0ace57d5cecSecfdcc199f9%e3
ab18

Warnings:

Information:

30329

2 Fee Worksheet (SB06) fee-info.pdf no 2

6c9c8d6010144cc83c483ch68c75c0c8fdad)

Warnings:

Information:

Total Files Size (in bytes): 72406

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PATENT

ELECTRONICALLY FILED
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re: Patent Application Of : Group Art Unit:
Carl H. June, et al. o 1633
Serial No.: 14/997,136 - Examiner:
. Burkhart, Michael D
Filed: January 15, 2016
Confirmation No. 4164
For: Compositions and Methods for Treatment of
Cancer

Attorney Docket No.:
046483-6001US13(01088)

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

AMENDMENT

This Amendment responds to the non-final Office Action dated April 21, 2016,

sent in connection with the above-identified application.

A Terminal Disclaimer and accompanying fee are being filed simultaneously

herewith.

A Supplemental Information Disclosure Statement is also being filed

simultaneously herewith.

Please charge any underpayment of fee, or credit any overpayment, to Deposit

Account No. 50-4364.
AMENDMENT TO THE CLAIMS begins on page 2 of this paper.

REMARKS begin on page 6 of this paper.
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PATENT
Response to non-final Office Action issued April 21, 2016
U.S. Patent Application No. 14/997,136
Attorney Docket No. 046483-6001US13(01088)

Amendment to the Claims

The listing of the claims will replace all prior versions, and listings, of the claims

in the application.

1-89. (canceled)

90. (Currently amended) A pharmaceutical composition comprising an anti-tumor effective
amount of a population of human T cells, wherein the T cells comprise a nucleic acid sequence
encoding a chimeric antigen receptor (CAR), wherein the CAR comprises a CD19 antigen
binding domain comprising, from the amino to the carboxy terminus, a light chain variable
region and a heavy chain variable region of SEQ ID NO:20, wherein the CAR further comprises
a transmembrane domain, a 4-1BB costimulatory signaling region, and a CD3 zeta signaling

domain, wherein the T cells are from a human having cancer.

91. (Previously presented) The composition of claim 90, wherein the anti-tumor effective

amount of T cells is 10" to 10 cells per kg body weight of a human in need of such cells.

92. (Previously presented) The composition of claim 90, wherein the anti-tumor effective

amount of T cells is 10° to 10° cells per kg body weight of a human in need of such cells.

93. (Previously presented) The composition of claim 90, wherein said antigen binding fragment

is a scFv.

94. (Currently amended) The composition of claim 98 93 | wherein the scFv comprises the

amino acid sequence of SEQ ID NO:20.

95. (Previously presented) The composition of claim 90, wherein the transmembrane domain is

CD8q transmembrane domain.
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PATENT
Response to non-final Office Action issued April 21, 2016
U.S. Patent Application No. 14/997,136
Attorney Docket No. 046483-6001US13(01088)

96. (Previously presented) The composition of claim 95, wherein the CD8a transmembrane

domain comprises the amino acid sequence of SEQ ID NO: 22.

97. (Previously presented) The composition of claim 90, wherein the CAR further comprises a

hinge domain.

98. (Previously presented) The composition of claim 97, wherein the hinge domain is a CD8a.

hinge domain.

99. (Previously presented) The composition of claim 98, wherein the CD8a hinge domain

comprises the amino acid sequence of SEQ ID NO:21.

100. (Previously presented) The composition of claim 90, wherein the 4-1BB costimulatory

signaling region comprises the amino acid sequence of SEQ ID NO:23.

101. (Previously presented) The composition of claim 90, wherein the CD3 zeta signaling

domain comprises the amino acid sequence of SEQ ID NO: 24.

102. (Previously presented) The composition of claim 90, wherein the CD19 antigen binding

domain is encoded by a nucleic acid sequence comprising SEQ ID NO: 14.

103. (Previously presented) The composition of claim 95, wherein the CD8a transmembrane

domain is encoded by a nucleic acid sequence comprising SEQ ID NO: 16.

104. (Previously presented) The composition of claim 99, wherein the CD8a hinge domain is

encoded by a nucleic acid sequence comprising SEQ ID NO: 15.

105. (Previously presented) The composition of claim 100, wherein the 4-1BB costimulatory

signaling region is encoded by a nucleic acid sequence comprising SEQ ID NO: 17.
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106. (Previously presented) The composition of claim 101, wherein the CD3 zeta signaling

domain is encoded by a nucleic acid sequence comprising SEQ ID NO: 18.

107 (Previously presented) The composition of claim 90, wherein the CAR comprises the amino

acid sequence of SEQ ID NO:12.

108. (Previously presented) The composition of claim 107, wherein the CAR is encoded by a
nucleic acid sequence comprising SEQ ID NO:8.

109 (Previously presented) The composition of claim 90, wherein the CAR further comprises a

CD28 costimulatory signaling region.

110. (Previously presented) The composition of claim 90, wherein the T cells are T cells of a

human having a cancer.

111. (Previously presented) The composition of claim 110, wherein the cancer is a

hematological cancer.

112. (Previously presented) The composition of claim 90, wherein the T cells comprise a vector

that comprises the nucleic acid sequence.

113. (Previously presented) The composition of claim 112, wherein the vector is a lentiviral

vector.

114. (Previously presented) The composition of claim 112, wherein the vector further comprises

a promoter.

115. (Previously presented) The composition of claim 114, wherein the promoter is an EF-1a

promoter.
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116. (Previously presented) The composition of claim 90, wherein the pharmaceutical

composition further comprises a pharmaceutically acceptable carrier, diluent or excipient.

117. (Previously presented) The composition of claim 90, wherein the pharmaceutical

composition comprises a buffer.

118. (Previously presented) The composition of claim 117, wherein the buffer is neutral buffer

saline or phosphate buffered saline.

119. (Previously presented) The composition of claim 90, wherein the pharmaceutical

composition further comprises a carbohydrate.
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REMARKS

Claims 90-119 are pending in the application.

Claim 90 is amended herein to recite wherein the 1 cells are from a human having
cancer. Support for this amendment is found throughout the Examples where the T cells used
are from a human having cancer.

Claim 94 is amended herein to depend from claim 93.

No new matter is added by way of these amendments to claims 90 and 93.

Rejection of Claim 94 under pre-AIA 35 U.S.C. §112
Claim 94 has been rejected under 35 U.S.C. § 112(b) or 35 U.S.C. § 112 (pre-

AIA), second paragraph, as being indefinite for lacking antecedent basis.
Claim 94 has been amended herein to depend from claim 93, thereby correcting
antecedent basis for this claim.

Applicant respectfully requests that the rejection of this claim be withdrawn.

Statutory Double Patenting Rejection of Claims 90, 93 and 95-115

Claims 90, 93, 95-115 have been provisionally rejected as being patentably
indistinct from claims 90-92, 94-113 of co-pending Application No. 14/997,042. According to
the Examiner, the cells claimed in both applications have the same structural limitations, and the
cells claimed in co-pending Application No. 14/997,042 are clearly directed to a “pharmaceutical
composition,” citing claims 114-116 of co-pending Application No. 14/997,042. The Examiner
states that Applicant is required to either cancel the patentably indistinct claims from all but one
application or maintain a clear line of demarcation between the applications. See MPEP § 822.

Applicant respectfully traverses this rejection for the reasons now given.

The present claims recite “a pharmaceutical composition comprising an anti-
tumor effective amount of a population of human T cells, wherein the T cells comprise... .”
while the co-pending Application No. 14/997,042 recites “a human T cell comprising....” As

noted, the present claims recite “an antitumor effective amount,” whereas the claims of co-
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pending Application No. 14/997,042 do not recite this feature. The scope of the claims in the
two applications is therefore different. As such, present claims 90, 93, 95-115 are patentably
distinct over claims 90-92 and 94-113 in co-pending Application No. 14/997,042 and Applicant
respectfully requests that the rejection be withdrawn.

While not conceding that the present claims are obvious over the recited claims in
co-pending Application No. 14/997,042, in an effort to avoid an anticipated final rejection of the
present claims over claims 90-92 and 94-113 in co-pending Application No. 14/997,042 on the
grounds of non-statutory obviousness-type double patenting, Applicant is filing simultaneously

herewith a Terminal Disclaimer to obviate any such rejection.

Double Patenting Rejection

The Examiner has rejected claims 90-119 on the grounds of non-statutory double
patenting as being obvious over various claims in various other members of this patent family.
While Applicant does not agree with the Examiner regarding the merits of these
rejections, Applicant is filing herewith the appropriate Terminal Disclaimers which serve to
obviate these rejections. Terminal Disclaimers are being filed concurrently herewith that address
the following rejections:
Rejection of claims 90-119 over claims 1-21 of U.S. Patent No. 8,911,993;
Rejection of claims 90-119 over claims 1-30 of U.S. Patent No. 8,906,682;
Rejection of claims 90-119 over claims 1-30 of U.S. Patent No. 9,102,760;
Rejection of claims 90-119 over claims 1-30 of U.S. Patent No. 9,101,584;
Rejection of claims 90-119 over claims 1-30 of U.S. Patent No. 9,102,761,
Rejection of claims 90-119 over claims 1-15 of U.S. Patent No. 9,328,156;
Provisional rejection of claims 90-119 over claims 21-25, 31-36, 44-48, 50-69,
93-103 of copending Application No. 13/992,622 (now allowed);
Provisional rejection of claims 90-119 over claims 90-119 of copending
Application No. 14/996,953 (now allowed);
Provisional rejection of claims 90-119 over claims 90-119 of copending

Application No. 14/984,371 (now allowed);
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And as noted elsewhere herein, anticipated provisional rejection of claims 90-119

over claims 90-92 and 94-113 in co-pending Application No. 14/997,042.

In view of the filing of these Terminal Disclaimers, Applicant submits that the

rejections have been overcome and respectfully requests withdrawal of same.
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Summary

Applicants respectfully submit that the pending claims are in full condition for

allowance and such action is respectfully requested at the earliest possible time.

Respectfully submitted,
CARLH: JUNE, ET AL.
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Registration No. 36,317

Saul Ewing LLP

Centre Square West

1500 Market Street, 38" Floor
Philadelphia, PA 19102
Telephone:  (215) 972-7734
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Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ ndividuat Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
(] Advance Order - # of Copies (1 The director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)

d Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

| Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

| Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date

Typed or printed name Registration No.

UPenn Ex, 2047
Miltenyi v. UPenn
IPR2022-00855
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. |  CONFIRMATION NO. |
14/997.136 01/15/2016 Carl H. June 046483-6001US13(01088) 4164
| EXAMINER |
78905 7590 08/31/2016
Saul Ewing LLP (Philadelphia) BURKHART, MICHAEL D
Attn: Patent Docket Clerk
Centre Square West | ART UNIT PAPER NUMBER |
1500 Market Street, 38th Floor 1633

Philadelphia, PA 19102-2186
DATE MAILED: 08/31/2016

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the
requirement that the Office provide a patent term adjustment determination with the notice of allowance. See
Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer
providing an initial patent term adjustment determination with the notice of allowance. The Office will continue to
provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant
approximately three weeks prior to the issue date of the patent, and will include the patent term adjustment on the
patent. Any request for reconsideration of the patent term adjustment determination (or reinstatement of patent term
adjustment) should follow the process outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

UPenn Ex. 2047
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and
Budget approval before requesting most types of information from the public. When OMB approves an agency
request to collect information from the public, OMB (i) provides a valid OMB Control Number and expiration
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the
agency to inform the public about the OMB Control Number’s legal significance in accordance with 5 CFR
1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to
respond to a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination of
proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is required
by the Freedom of Information Act.
2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.
3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.
4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to
comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).
5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.
6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).
7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority
of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations
governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive.
Such disclosure shall not be used to make determinations about individuals.
8. A record from this system of records may be disclosed, as a routine use, to the public after either publication
of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the
record was filed in an application which became abandoned or in which the proceedings were terminated
and which application is referenced by either a published application, an application open to public
inspection or an issued patent.
9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local laWPenn Ex. 2047
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulatiddiltenyi v. UPenn
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Application No. Applicant(s)
14/997,136 JUNE ET AL.
H HH i i AlA (First Inventor to File)
Notice of Allowability Eﬂ’i‘;gg‘gurkhart f‘gg;’"“ Statuis
No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. X This communication is responsive to the response dated 7/21/2016.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2. [] An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. X The allowed claim(s) is/are 90-119. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4. [] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

Certified copies:
a)[d Al b)[] Some *c)[] None of the:
1. [] Certified copies of the priority documents have been received.
2. [0 Certified copies of the priority documents have been received in Application No.
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [J CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

[ including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. X Notice of References Cited (PTO-892) 5. [X] Examiner's Amendment/Comment

2. X Information Disclosure Statements (PTO/SB/08), 6. [] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 5/12:7/21

3. [0 Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

of Biological Material
4. [ Interview Summary (PTO-413),
Paper No./Mail Date .

/Michael Burkhart/
Primary Examiner, Art Unit 1633

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date
20160822 UPenn Ex. 2047
Miltenyi v. UPenn
IPR2022-00855
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Application/Control Number: 14/997,136 Page 2
Art Unit: 1633

EXAMINER’S COMMENT

Terminal Disclaimer
The terminal disclaimer filed on 7/21/2016 disclaiming the terminal portion of any patent
granted on this application which would extend beyond the expiration date of §,911,993;
8,906,682; 9,102,760; 9,101,584; 9,102,761; 9,328,156; 13/992,622; 14/107,302; 14/996,953;
14/984,371; and 14/997,042 has been reviewed and is accepted. The terminal disclaimer has

been recorded.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Michael Burkhart whose telephone number is (571)272-2915.
The examiner can normally be reached on M-F 8AM-5PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Christopher Babic can be reached on (571) 272-8507. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at §66-217-9197 (toll-free). If you would
like assistance from a USPTO Customer Service Representative or access to the automated
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Michael Burkhart/
Primary Examiner, Art Unit 1633

UPenn Ex. 2047
Miltenyi v. UPenn
IPR2022-00855
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Application/Control No. Applicant(s)/Patent Under
14/997,136 ?Sz)éag-:-nzt&m
Notice of References Cited . .
Examiner Art Unit
Michael Burkhart 1633 Page 1of 1
U.S. PATENT DOCUMENTS
* Coumfj?o“;g_‘;';‘m'igf_”g‘:; code | MMy Name CPC Classification US Classification
* A | US-2016/0208012 A1 07-2016 June; Carl H. AB1K35/17 11
B | US-
c | US-
D | US-
E | US-
F | US-
G | US-
H | US-
| Us-
J | US-
K | US-
L | USs-
M | US-
FOREIGN PATENT DOCUMENTS
* Countre%coliig—?\le’\tl)ZTE:S Code MMl:?itsYY Country Name CPC Classification
N
o
P
Q
R
S
T
NON-PATENT DOCUMENTS
* Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)
u
\
W
X
*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.
U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 201608%hn Ex. 2047
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ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /MB/

Sheet 1 of 1
Form PTO-1449 DOCKET NO. APPLN. NO.
U.S. Department of Commerce 046483-6001US13(01088) | 14/997,136
APPLICANT:
Supplemental Carl H. June, et al.
Information Disclosure Statement FILING DATE: GROUP:
January 15, 2016 1633
U.S. PATENT DOCUMENTS
Examiner Document Number Date Name Class Subclass Filing Date if
Initial appropriate
FOREIGN PATENT DOCUMENTS
Document Number Date Country Class Subclass TranslationYes/No
/Abstract

OTHER DOCUMENT(S) (Including Author, Title, Date, Pertinent Pages, etc.)

11, 2016

Australian Application No. 2011338200 — Patent Examination Report No. 1, dated April

2016

Chinese Patent Application No. 201180067173X — Third Office Action dated March 28,

U.S. Patent Application No. 14/984,371 — non-final Office Action dated March 11, 2016

U.S. Patent Application No. 14/997,042 — non-final Office Action dated April 13, 2016

Examiner Signature:

/Michael Burkhart/

Date Considered:

08/22/2016

11D

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609; Draw line through citation if not in conformance ancw[(ﬁ considere

Include copy of this form with next communication to applicant(s).

42
teny1 v. ‘EJPenn
IPR2022-00855
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Page 1 of 1

UNITED STATES PATENT AND TRADEMARK OFFICE

BIB DATA SHEET

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

CONFIRMATION NO. 4164

SERIAL NUMBER
14/997,136

CLASS
424

FILING or 371(c)
DATE

01/15/2016
RULE

GROUP ART UNIT ATTORNE(\)( DOCKET
1633 046483-6001US13(0108p

~

APPLICANTS

INVENTORS
Carl H. June, Merion Station, PA;
Bruce L. Levine, Cherry Hill, NJ;
David L. Porter, Springfield, PA;
Michael D. Kalos, Philadelphila, PA;
Michael C. Milone, Cherry Hill, NJ;

*k CONTINUING DATA kkkhkkkhhkhkhkhkkhhkhhhhkhkkkk
This application is a CON of 13/992,622 07/09/2013
which is a 371 of PCT/US2011/064191 12/09/2011
which claims benefit of 61/421,470 12/09/2010
and claims benefit of 61/502,649 06/29/2011

*k FOREIGN APPLICATIONS kkkkhkdkhkhkhhhkhkhhkhkkhkhkkd

** IF REQUIRED, FOREIGN FILING LICENSE GRANTED **
02/04/2016

The Trustees of the University of Pennsylvania, Philadelphia, PA;

Foreign Priority claimed

STATE OR

D Yes QNO
) Metafter COUNTRY

35 USC 119(a-d) conditions met D Yes D No Allowance

Verified and /MICHAEL D IMBY
BURKHART/ PA

Examiner's Signature Initials

Acknowledged

SHEETS TOTAL |(INDEPENDENT
DRAWINGS | CLAIMS CLAIMS

26 30 1

ADDRESS

Saul Ewing LLP (Philadelphia)
Attn: Patent Docket Clerk
Centre Square West

1500 Market Street, 38th Floor
Philadelphia, PA 19102-2186
UNITED STATES

TITLE
Compositions and Methods for Treatment of Cancer

FILING FEE |FEES: Authority has been given in Paper

RECEIVED |No.

2400 No. for following:

to charge/credit DEPOSIT ACCOUNT

|0 All Fees |
|0 1.16 Fees (Filing) |
|EI 1.17 Fees (Processing Ext. of time) |
|
|
|

|EI 1.18 Fees (Issue)
|EI Other
|0 Credit

BIB (Rev. 05/07).

UPenn Ex. 2047
Miltenyi v. UPenn
IPR2022-00855
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ALL REFERENCES CONSIDERED

L3

XCEPT WHERE LINED THROUGH. /MB/

Sheet 1 of 1
Form PTO-1449 DOCKET NO. APPLN. NO.
U.S. Department of Commerce 046483-6001US13(01088) | 14/997,136
APPLICANT:
Supplemental Carl H. June, et al.
Information Disclosure Statement FILING DATE: GROUP:
January 15, 2016 1633
U.S. PATENT DOCUMENTS
Examiner Document Number Date Name Class Subclass Filing Date if
Initial appropriate
FOREIGN PATENT DOCUMENTS
Document Number Date Country Class Subclass TranslationYes/No
/Abstract

OTHER DOCUMENT(S) (Including Author, Title, Date, Pertinent Pages, etc.)

2016.

Mexican Patent Application No. MX/a/2013/006570 — Office Action dated May 27,

Examiner Signature:  Michae Burkhar/

Date Considered:

08/22/2016

11D

12047
*EXAMINER: Initial if reference considered, whether ot not citation is in conformance with MPEP 609; Draw line through citation if not in conformance anc}\}}rﬁ consideretEJPenn

Include copy of this form with next communication to applicant(s).

teny1 v.
[PR2022-00855
Page 387



Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification | 4997135 JUNE ET AL
T
MICHAEL BURKHART 1633

CPC
Symbol Type Version
Co7K 16 F 2013-01-01
AB1K 35 | 2013-01-01
AB1K 39 | 2013-01-01
AB1K 39 | 2013-01-01
C12N 5 | 2013-01-01
AB1K 2039 A 2013-01-01
AB1K 2039 A 2013-01-01
C12N 2501 A 2013-01-01
C12N 2510 A 2013-01-01
AB1K 2039 A 2013-01-01
Co7K 2317 A 2013-01-01
C12N 15 | 2013-01-01
Co7K 14 | 2013-01-01
Co7K 14 | 2013-01-01
Co7K 14 | 2013-01-01
AB1K 48 | 2013-01-01
AB1K 2039 A 2013-01-01
Co7K 14 | 2013-01-01
Co7K 14 | 2013-01-01
Co7K 16 | 2013-01-01
Co7K 2317 A 2013-01-01
Co7K 2319 A 2013-01-01
Co7K 2319 A 2013-01-01
Co7K 2319 A 2013-01-01
C12N 7 | 2013-01-01
C12N 2740 A 2013-01-01
C12N 2740 A 2013-01-01
AB1K 38 | 2013-01-01
AB1K 38 | 2013-01-01
AB1K 45 | 2013-01-01
Co7K 16 | 2013-01-01
NONE

Total Claims Allowed:

30

(Assistant Examiner) (Date)
/MICHAEL BURKHART/
Primary Examiner.Art Unit 1633 8/22/2016 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 none

U.S. Patent and Trademark Office

Part of Paﬂéﬁmm&so%7

Miltenyi v. UPenn
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification | 4997135 JUNE ET AL
MICHAEL BURKHART 1633

CO7K 16 | 2013-01-01
CO7K 2317 A 2013-01-01
CO7K 2319 A 2013-01-01
CO7K 2319 A 2013-01-01
CO7K 2319 A 2013-01-01
AB1K 2039 A 2013-01-01
CO7K 14 | 2013-01-01
CO7K 2317 2013-01-01
C12N 2740 2013-01-01
CPC Combination Sets
Symbol Type Set Ranking Version
AB1K | 1 1 2013-01-01
AB1K A 1 2 2013-01-01
NONE

Total Claims Allowed:

30
(Assistant Examiner) (Date)
/MICHAEL BURKHART/
Primary Examiner.Art Unit 1633 8/22/2016 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 none
U.S. Patent and Trademark Office Part of Paﬂéﬁmm&so%7

Miltenyi v. UPenn
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Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

14997136 JUNE ET AL.
Examiner Art Unit
MICHAEL BURKHART 1633

US ORIGINAL CLASSIFICATION

INTERNATIONAL CLASSIFICATION

CLASS

SUBCLASS

CLAIMED NON-CLAIMED

435

372.3

5/071(2010.01.01)

CROSS REFERENCE(S)

5/0783 (2010.01.01)

5 /22 (2006.01.01)

CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
435 328 330
NONE
Total Claims Allowed:
30
(Assistant Examiner) (Date)
/MICHAEL BURKHART/
Primary Examiner.Art Unit 1633 8/22/2016 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 none
U.S. Patent and Trademark Office Part of Paﬂéﬁmm&so%7

Miltenyi v. UPenn
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Application/Control No. Applicant(s)/Patent Under Reexamination
Issue Classification | 4997135 JUNE ET AL

MICHAEL BURKHART 1633
X Claims renumbered in the same order as presented by applicant O CPA X T.D. O R.1.47

Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original
NONE
Total Claims Allowed:
30
(Assistant Examiner) (Date)
/MICHAEL BURKHART/
Primary Examiner.Art Unit 1633 8/22/2016 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 1 none
U.S. Patent and Trademark Office Part of Paﬂéﬁmm&so%7

Miltenyi v. UPenn
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "I'LL ADDRESS" for
maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block | for any change of address) Eapers, Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

78905 7590 08/31/2016 . . . . . . . .

. , R I hereby certify that this Fee(s) Transmittal is being deposited with the United

Saul EWII’lg LLP (Phlladelphm) States Postal Service with suff)icient postage for first class mail in an envelope

Attn: Patent Docket Clerk addressed to the Mail Stop ISSUE FEE address above, or being facsimile
1 £ transmitted to the USPTO (571) 273-2885, on the date indicated below.

Centre Square West
1500 Market Street, 38th Floor

{Depositor's name)

Philadelphia, PA 19102-2186 (Signature)
(Date)
I APPLICATION NO. I FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. |  CONFIRMATION NO. I
14/997,136 01/15/2016 Carl H. Tune 046483-6001US 13(01088) 4164

TITLE OF INVENTION: COMPOSITIONS AND METHODS FOR TREATMENT OF CANCER

I APPLN. TYPE ENTITY STATUS ! ISSUE FEE DUE ‘ PUBLICATION FEE DUE l PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $960 $0 $0 $960 11/30/2016
| EXAMINER | ART UNIT | CLASS-SUBCLASS I
BURKHART, MICHAEL D 1633 435-372300
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list ,
CFR 1.363). (1) The names of up to 3 registered patent attorneys 1_Saul Ewing LLP
D Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address Form PTO/B/122 hed g ? 4 Kath 1
ress form 2) attached. (2) The name of a single firm (having as a member a 2 at ryn Doyle
() "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47: Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If nonameis 3
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

The Trustees of the University of Pennsylvania  Philadelphia, Pennsylvania (US)

Please check the appropriate assignee calegory or calegories (will nol be printed on the patent) : O tndividual & Corporation or other privale group entily [ Government

4a. The following fee(s) arc submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) X Payment by credit card. Form PTO-2038 is attached.
I:l Advance Order - # of Copies The director is hereby authorized to charge the requjred fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number B,O—legigfl (cnclose an cxira copy of this form).

5. Change in Entity Status (from status indicated above)

d Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

a Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

a Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signatwre __/Kathryn Doyle/ pae  November 28, 2016

Typed or printed name Kathryn Doyle, Ph.D,, 1.D. Registration No. 36,317

PTOL-85 Part B (10-13) Approved for use through 10/31/2013.
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Electronic Patent Application Fee Transmittal

Application Number:

14997136

Filing Date:

15-Jan-2016

Title of Invention:

COMPOSITIONS AND METHODS FOR TREATMENT OF CANCER

First Named Inventor/Applicant Name:

CarlH. June

Filer:

Kathryn R. Doyle/Lisa Sapovits

Attorney Docket Number:

046483-6001US13(01088)

Filed as Large Entity

Filing Fees for Utility under 35 USC111(a)

Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
UTILITY APPL ISSUE FEE 1501 1 960 960
UPenn Ex

2047
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Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 960
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Electronic Acknowledgement Receipt

EFS ID: 27620796
Application Number: 14997136
International Application Number:
Confirmation Number: 4164

Title of Invention:

COMPOSITIONS AND METHODS FOR TREATMENT OF CANCER

First Named Inventor/Applicant Name:

CarlH. June

Customer Number:

78905

Filer:

Kathryn R. Doyle/Lisa Sapovits

Filer Authorized By:

Kathryn R. Doyle

Attorney Docket Number: 046483-6001US13(01088)
Receipt Date: 28-NOV-2016
Filing Date: 15-JAN-2016
Time Stamp: 14:26:29

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $960

RAM confirmation Number

112916INTEFSW14273100

Deposit Account

504364

Authorized User

Kathryn Doyle

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

37 CFR 1.20 {Post Issuance fees)
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File Listing:

Multi
Part /.zip

Document
Number

File Size(Bytes)/
Message Digest

Pages

File Name (if appl.)

Document Description

62156

1 Issue Fee Payment (PTO-85B) 046483-6001U13-issue-fee- no 1

transmittal.pdf
8bb2db89ab13f228adf595d7776759¢5cd3

edla7

Warnings:

Information:

30598

2 Fee Worksheet (SB06) fee-info.pdf no 2

c5abf2c8b44d02e77d4870758069ac647a0

Warnings:

Information:

Total Files Size (in bytes): 92754

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. | ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
14/997,136 01/10/2017 9540445 046483-6001US13(01088) 4164
78905 7590 12/21/2016

Saul Ewing LLP (Philadelphia)
Attn: Patent Docket Clerk
Centre Square West

1500 Market Street, 38th Floor
Philadelphia, PA 19102-2186

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is O day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

The Trustees of the University of Pennsylvania, Philadelphia, PA;
Carl H. June, Merion Station, PA;

Bruce L. Levine, Cherry Hill, NJ;

David L. Porter, Springfield, PA;

Michael D. Kalos, Philadelphila, PA;

Michael C. Milone, Cherry Hill, NJ;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.2ov.UPenn Ex. 2047
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IR103 (Rev. 10/09) IPR2022-00855
Page 401



PTO/SB/44 (09-07)

Approved for use through 01/31/2020. OMB 0651-0033

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
(Also Form PTO-1050)

UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

Page 1 of _ 1
PATENT NO. : 9,640,445 B2

APPLICATION NO.: 14/997,136

ISSUE DATE * January 10, 2017

INVENTOR(S) Carl H. June, Bruce L. Levine, David L. Porter, Michael D. Kalos and Michael C. Milone

It is certified that an error appears or errors appear in the above-identified patent and that said Letters Patent
is hereby corrected as shown below:

On column 1, lines 21-25, of the specification, after the “STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT”, please replace the existing paragraph with the following
paragraph:

-- This invention was made with government support under grant number K24 CA117879, R01 CA120409, RO1
CA105216 and R01 Al057838 awarded by the National Institutes of Health. The government has certain rights
in the invention. --

MAILING ADDRESS OF SENDER (Please do not use Customer Number below):

Kathryn Doyle, Ph.D., J.D., Saul Ewing Arnstein & Lehr LLP

Centre Square West, 1500 Market Street, 38th Floor

Philadelphia, PA 19102

This collection of information is required by 37 CFR 1.322, 1.323, and 1.324. The information is required to obtain or retain a benefit by the public which is to file
(and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 1.0 hour to
complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer,
U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SEND TO: Attention Certificate of Corrections Branch, Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2. UPenn Ex. 2047
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection
with your submission of the attached form related to a patent application or patent. Accordingly,
pursuant to the requirements of the Act, please be advised that: (1) the general authority for the
collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary;
and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark
Office is to process and/or examine your submission related to a patent application or patent. If you do
not furnish the requested information, the U.S. Patent and Trademark Office may not be able to
process and/or examine your submission, which may result in termination of proceedings or
abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the
Freedom of Information Act (6 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from
this system of records may be disclosed to the Department of Justice to determine whether
disclosure of these records is required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of
presenting evidence to a court, magistrate, or administrative tribunal, including disclosures to
opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of
Congress submitting a request involving an individual, to whom the record pertains, when the
individual has requested assistance from the Member with respect to the subject matter of the
record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the
Agency having need for the information in order to perform a contract. Recipients of
information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in
this system of records may be disclosed, as a routine use, to the International Bureau of the
World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal
agency for purposes of National Security review (35 U.S.C. 181) and for review pursuant to
the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator,
General Services, or his/her designee, during an inspection of records conducted by GSA as
part of that agency’s responsibility to recommend improvements in records management
practices and programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall
be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not
be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which
became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State,
or local law enforcement agency, if the USPTO becomes aware of a violation or potential
violation of law or regulation.
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Electronic Patent Application Fee Transmittal

Application Number:

14997136

Filing Date:

15-Jan-2016

Title of Invention:

COMPOSITIONS AND METHODS FOR TREATMENT OF CANCER

First Named Inventor/Applicant Name:

CarlH. June

Filer:

Kathryn R. Doyle/Katie Wray

Attorney Docket Number:

046483-6001US13(01088)

Filed as Large Entity

Filing Fees for Utility under 35 USC111(a)

Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

CERTIFICATE OF CORRECTION 1811 1 150 150
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Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 150
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Electronic Acknowledgement Receipt

EFS ID: 33451549
Application Number: 14997136
International Application Number:
Confirmation Number: 4164

Title of Invention:

COMPOSITIONS AND METHODS FOR TREATMENT OF CANCER

First Named Inventor/Applicant Name:

CarlH. June

Customer Number:

78905

Filer:

Kathryn R. Doyle/Katie Wray

Filer Authorized By:

Kathryn R. Doyle

Attorney Docket Number: 046483-6001US13(01088)
Receipt Date: 13-AUG-2018
Filing Date: 15-JAN-2016
Time Stamp: 16:06:40

Application Type:

Utility under 35 USC 111{(a)

Payment information:

Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $150

RAM confirmation Number

081418INTEFSW16065700

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
108568
1 Transmittal Letter 0464%.33.’_6001 us1 3—Bequest— no 2
Certificate-Correction.pdf
191c06cefe62e3b57c7e2ed20030a08dbf2

95603

Warnings:

Information:
154235

2 Request for Certificate of Correction 046483-6001U513Certificate- no 2

of-Correction.pdf
394c78263dceadd515ec056ce21d624e80d

Warnings:

Information:

30259
3 Fee Worksheet (SB06) fee-info.pdf no 2
8746602705107c8eef031c0bdda5628e156)
Warnings:
Information:
Total Files Size (in bytes): 293062

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Patent Number: 9,540,445 B2
Issued: January 10, 2017
Name of Patentee: ~ Carl H. June et al.
Title of Invention: ~ Compositions and Methods for Treatment of Cancer

Atty. Docket No. 046483-6001US13(01088)

FILED ELECTRONICALLY

COMMISSIONER FOR PATENTS
P.O. Box 1450
Alexandria, VA 22313-1450

Attention: OFFICE OF PETITIONS

REQUEST UNDER 37 CFR §1.323 FOR CERTIFICATE
OF CORRECTION OF PATENT FOR APPLICANT'S MISTAKE

Applicant hereby requests, pursuant to 37 CFR 1.323, that a Certificate of Correction be
issued to correct Applicant’s mistake with regard to correction improper grant numbers in the
Statement Regarding Federally Sponsored Research or Development.

The error occurred in good faith. Correction thereof does not involve such changes in the
patent as would constitute new matter or would require re-examination. A certificate of
correction is requested.

Submitted also herewith is Form PTO-1050, suitable for printing. Please send the

Certificate to the undersigned attorney at the address that appears below.
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U.S. Patent No. 9,540,445 B2
Page 2

The required fee of $150.00 pursuant to 37 CFR 1.20(a), is hereby authorized to be

charged to Deposit Account No. 50-4364.

Dated: August 13, 2018

24784398.1 8/13/18

Respectfully submitted,

& - /
7Y Ty
| e ,ij’;fi

Kathryn Doyle, Ph.D., J.D.
Registration No. 36,317

Saul Ewing Arnstein & Lehr LLP
Centre Square West

1500 Market Street, 38" Floor
Philadelphia, PA 19102
Telephone:  (215) 972-7734
Fax: (215) 972-1818
Email: kathryn.doyle(@saul.com
Attorney for Applicant
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. 19,540,445 B2 Page 1 of 1
APPLICATION NO. : 14/997136

DATED : January 10, 2017

INVENTOR(S) : Carl H. June et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Specification

On Column 1, Lines 21-25, after the “STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT?, please replace the existing paragraph with the following
paragraph:

-- This invention was made with government support under grant number K24 CA117879, R01
CA120409, R0O1 CA105216 and RO1 AI057838 awarded by the National Institutes of Health. The
government has certain rights in the invention. --

Signed and Sealed this
Eleventh Day of September, 2018

Poiliac e

Andrei lIancu
Director of the United States Patent and Trademark Office
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Trials@uspto.gov Paper 10
571-272-7822 Entered: October 11, 2022

UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD

MILTENYI BIOMEDICINE GmbH and MILTENYI BIOTEC INC.,
Petitioner
V.

THE TRUSTEES OF THE UNIVERSITY OF PENNSYLVANIA,
Patent Owner

IPR2022-00855
Patent 9,540,445 B2

Before ULRIKE W. JENKS, SUSAN L. C. MITCHELL, and
ROBERT A. POLLOCK, Administrative Patent Judges.

JENKS, Administrative Patent Judge.

DECISION
Granting Institution of /nter Partes Review
3I5US8C. §314

UPenn Ex. 2047
Miltenyi v. UPenn
IPR2022-00855
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IPR2022-00855
Patent 9,540,445 B2

L INTRODUCTION

A. Background

Miltenyi Biomedicine GmbH and Miltenyi Biotec Inc. (collectively,
“Petitioner”) filed a Petition for an inter partes review of claims 1-19 and
21-30 of U.S. Patent No. 9,540,445 B2 (“the *445 Patent,” Ex. 1001).
Paper 1 (“Pet.”). Trustees of the University of Pennsylvania (“Patent
Owner”) timely filed a Preliminary Response. Paper 7. (“Prelim. Resp.”).
Petitioner further filed an authorized Reply to the Preliminary Response
(Paper 8, “Reply”); Patent Owner filed a responsive Sur-Reply (Paper 9,
“Sur-Reply”).

We have authority, acting on the designation of the Director, to
determine whether to institute an inter partes review under 35 U.S.C. § 314
and 37 C.F.R. § 42.4(a)(2020). Inter partes review may not be instituted
unless “the information presented in the petition filed under section 311 and
any response filed under section 313 shows that there 1s a reasonable
likelihood that the petitioner would prevail with respect to at least 1 of the
claims challenged in the petition.” 35 U.S.C. § 314(a). The Supreme Court
held that a decision to institute under 35 U.S.C. § 314 may not institute on
fewer than all claims challenged in the petition. SAS Inst., Inc. v. lancu, 138
S. Ct. 1348, 135960 (2018).

For the reasons set forth below, upon considering the Petition,
Preliminary Response, and supporting evidence of record, we determine that
Petitioner has sufficiently shown for the purpose of institution that the
information presented in the Petition establishes a reasonable likelihood that

Petitioner will prevail with respect to at least one of the challenged claims.
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Accordingly, we institute inter partes review on all of the challenged claims
based on all of the grounds identified in the Petition.

Our findings of fact, conclusions of law, and reasoning discussed
below are based on the evidentiary record developed thus far, and made for
the sole purpose of determining whether the Petition meets the threshold for
initiating review. This decision to institute trial is not a final decision as to
the patentability of any challenged claim or the construction of any claim
limitation. Any final decision will be based on the full record developed

during trial.

B. Real Parties-in-Interest

Petitioner identifies itself, Miltenyi Biomedicine GmbH and Miltenyi
Biotec Inc. as the real parties-in-interest. Pet. 11. Patent Owner, identifies
itself, The Trustees of the University of Pennsylvania and its licensee,

Novartis Pharma AG, as real parties-in-interest. Paper 5, 2.

C. Related Matters and Chain of Priority

The 445 patent 1ssued from application No. 14/997,136 (“the 136
application”) which 1s a continuation of application No. 13/992,622 (“the
’622 application™), filed as application No. PCT/US2011/064191 (“the PCT
application”) on December 9, 2011. The *445 patent further claims benefit of
priority to provisional application No. 61/421,470. filed on December 9,
2010, and provisional application No. 61/502,649. filed on June 29, 2011.

Petitioner reasonably contends that the challenged claims of the 445
patent are not entitled to benefit of the provisional applications. Pet. 13, 71
(citing, e.g., Ex. 1021, 402). Patent Owner does not presently contest this

assertion. See Prelim. Resp. 41. On the present record, we consider
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December 9, 2011, filing date of the PCT application, to be the earliest
possible priority date for the challenged claims.

Petitioner concurrently challenges claims of related U.S. Patent Nos.
9,518,123 B2 (“the 123 patent) and 9,464,140 B2 (“the *140 patent™) in
IPR2022-00852 and IPR2022-00853, respectively. The 123 and *140
patents similarly 1ssued from continuation applications of the 622 parent
application and, thus, share the substantially the same specification. The
’622 parent application issued as U.S. Patent No. 9,499,629 B2 (“the *629
patent.). The 123, 7140, *445, and *629 patents were Examined by the same

Examiner.
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D. Asserted Grounds of Unpatentability
Petitioner asserts the following grounds of unpatentability (Pet. 5):

Ground Ch(zjl llill::gse d 35 U.S.C§! Reference(s)/Basis
1-4,6,8,9, 11, Campana,? Nicholson,’
1 16,21,22 27— § 103 Honsik,*
30 CART-19 ClinicalTrials.gov’
p ;6’2? 3721;713’ §103 | Campana, Jensen,” Honsik,
3 O’ > CART-19 ClinicalTrials.gov
Campana, Milone,’
CART-19 ClinicalTrials.gov,
3 1-30 § 103 Nicholson, Jensen,
Littman,® Sadelain,’ Honsik,
Riddell °
Campana, Porter,'! Nicholson,
4 1-30 § 103 Jensen, Littman, Sadelain,
Honsik, Riddell

! The Leahy-Smith America Invents Act (“AIA”) included revisions to

35 U.S.C. § 103 that became effective on March 16, 2013. Because the 140
patent issued from an application that is a continuation of an application
filed before March 16, 2013, we apply the pre-AIA version of the statutory
basis for unpatentability.

2US 2005/0113564, publ. May 26, 2005. Ex. 1003 (“Campana”).

3 Nicholson et al., “Construction and Characterisation of a Functional
CD19 Specific Single Chain v Fragment for Immunotherapy of B Lineage
Leukaemia and Lymphoma,” 34 MOL. IMMUNOL. 1157 (1997). Ex. 1004
(“Nicholson™).

+US 4,844,893, issued July 4, 1989. Ex. 1005 (“Honisk™).

> “Pilot Study for Patients with Chemotherapy Resistant or Refractory CD19
Leukemia and Lymphoma (CART-19),” https:/clinicaltrials.gov/ct2/show/
NCT00891215. Ex. 1006 (includes Declaration of Duncan Hall).

6US 2004/0126363, published July 1, 2004. Ex. 1007 (“Jensen”™) .

" Milone et al., “Chimeric Receptor Containing CD137 Signal Transduction
Domains Mediate Enhanced Survival of T Cells and Increased Antileukemic
Efficacy In Vivo,” 17 MOL. THERAPY 1453 (2009). Ex. 1008 (“Milone™).
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Petitioner further relies on, inter alia, the Declaration of Richard P.
Junghans, M.D., Ph.D. Ex. 1002. Patent Owner did not choose to submit

testimony of a technical expert at this stage of the proceeding.

E. The '445 Patent
1) Background and Specification

The 445 patent, titled “Compositions and Methods for Treatment of
Cancer,” issued on January 10, 2017, naming Carl H. June, Bruce L. Levine,
David L. Porter, Michael D. Kalos, and Michael C. Milone as inventors.
Ex. 1001, code (45), (72). The 445 patent discloses administering immune
cells—including T cells—modified to express a chimeric antigen receptor or
CAR construct. See generally, id. at code (57), 1:29-42,2:40-43.1? The
disclosed CARs generally

comprise an extracellular domain having an antigen binding
domain fused to an intracellular signaling domain of the T cell
antigen receptor complex zeta chain (e.g., CD3 zeta). The CAR
of the invention when expressed in a T cell 1s able to redirect
antigen recognition based on the antigen binding specificity.

Id at 19:6-12.

8 Littman et al., “The Isolation and Sequence of the Gene Encoding T8: A
Molecule Defining Functional Classes of ' Lymphocytes,” 40 CELL 237
(1985). Ex. 1009 (“Litmann”).

2 US 2004/0043401, published March 4, 2004. Ex. 1010 (“Sadelain™).
10°US 2008/0131415 Al, published June 5, 2008. Ex. 1011 (“Ridell™).

" Porter et al., “Chimeric Antigen Receptor-Modified T Cells in Chronic
Lymphoid Leukemia,” 365 N. ENGL J. MED. 725 (2011), Ex. 1012
(“Porter™).

12 The *445 patent variously refers to T cells transduced with CAR
constructs as CAR modified T cells, CART, CAR T, or CAR-T cells. /d. at
3:59-62, 5:23-30, 52:46-48.
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The 445 patent variously refers to T cells transduced with CAR
constructs as CAR modified T cells, CART, CAR T, or CAR-T cells. /d. at
3:59-62, 5:23-30, 52:46-48. The CAR modified cells may be autologous T
cells from a patient in need of treatment. See e.g., id. at 3:5-15, 9:49-58.

Dr. Junghans explains: “When a patient’s own T cells are transduced and
infused into the same patient, the T cells are identified as ‘autologous.” This
1S in contrast to a cancer patient receiving transduced T cells from a healthy
donor, wherein the T cells would be considered ‘allogeneic.”” Ex. 1002 q 42.
The 445 patent discloses that in some embodiments the treatment is directed
against a B-cell malignancy, such as Chronic Lymphocytic Leukemia
(CLL). Ex. 1001, 18:29-31. 65-67.

According to the *445 patent, “[a]ttempts in using genetically
modified cells expressing CARs to treat [patients having B-cell
malignancies] have met with very limited success.” /d. at 1:29-42 (citations
omitted). “[ A] major impediment to the clinical application of this
technology to date has been limited in vivo expansion of CAR+ T cells,
rapid disappearance of the cells after infusion, and disappointing clinical
activity.” Id. at 1:48-54. (citations omitted).

The 445 patent discloses T cells modified to express a “CAR
compris[ing] an antigen binding domain, a transmembrane domain, a
costimulatory signaling region, and a CD3 zeta signaling domain.” Ex. 1001,
code (57). In a preferred embodiment the CAR comprises an “anti-CD19

scFv!3 derived from FMC63 murine monoclonal antibody, human CD8a,

BA “scFV” or “single chain variable fragment” is a recombinant antibody
fragment in which VI and Vh antigen recognition elements are fused with a
short peptide linker to form a single polypeptide chain having an antigen
recognition moiety derived from the parent antibody. See Fx. 1002 4 33.

7
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hinge and transmembrane domain, and human 4-1BB and CD3zeta signaling
domains.” /d. at 4:37-40 (referencing Figs. 1A—1C). “The CD 19-BB-z
transgene (GeMCRIS 0607-793) was designed and constructed as described
(Milone et al., 2009, Mol Ther. 17:1453-1464) [Ex. 1008].” Id. at 41:5-7.

In the figure below, Dr. Junghans provides “A schematic of the major
functional elements of a preferred embodiment of the CAR and an
illustration how the CAR could appear when inserted into the T cell
surface.” Ex. 1002 9 51.

©USR

vear B

The above figure illustrates a CAR protein anchored in the T cell
membrane via a CD8a hinge and transmembrane domain with 4-1BB co-
stimulatory and CD3( signaling domains in the interior of the T cell, and
extracellular VL. and VH ScFv domains interacting with CD19 antigen on

the surface of a tumor cell. See id.
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2) Challenged Claims
Petitioner challenges claims 1-30 of the *445 patent, of which only
claim 1 1s independent. Claim 1 recites:

([a]) A pharmaceutical composition comprising

([b]) an anti-tumor effective amount of a population of human T
cells,

([c]) wherein the T cells comprise a nucleic acid sequence
encoding a chimeric antigen receptor (CAR),

([d]) wherein the CAR comprises a CDI19 antigen binding
domain comprising, from the ammo to the carboxy

terminus, a light chain variable region and a heavy chain
variable region of SEQ ID NO:20,

([e]) wherein the CAR further comprises a transmembrane
domain, a 4-1BB co stimulatory signaling region, and a
CD3 zeta signaling domain,

([f]) wherein the T cells are from a human having cancer.

Ex. 1001, claim 1 (paragraphing and reference letters [a]—[f] as added by
Petitioner (see Pet. 28-29)).

The challenged dependent claims recite limitations directed to the
amount or structure of the T cells (claims 2—4); the identity or nucleic acid
sequence of the CAR or its components (claims 6, 8, 9, 11, 16); the source of
the T cells (claims 21, 22); and components of a pharmaceutical composition

comprising the CAR construct (claims 27-30).

II. ANALYSIS

A. Legal Standards
“In an IPR, the petitioner has the burden from the onset to show with
particularity why the patent it challenges 1s unpatentable.” Harmonic Inc. v.

Avid Tech., Inc., 815 F.3d 1356, 1363 (Fed. Cir. 2016) (citing 35 U.S.C.

9 UPenn Ex. 2047
Miltenyi v. UPenn

IPR2022-00855

Page 419



IPR2022-00855

Patent 9,540,445 B2

§ 312(a)(3) (requiring inter partes review petitions to identify “with
particularity . . . the evidence that supports the grounds for the challenge to
each claim™)). This burden of persuasion never shifts to Patent Owner. See
Dynamic Drinkware, LLC v. Nat’l Graphics, Inc., 800 F.3d 1375, 1378
(Fed. Cir. 2015) (discussing the burden of proof in inter partes review).

Petitioner challenges claims 1-30 as obvious under 35 U.S.C. § 103.
The Supreme Court in KSR International Co. v. Teleflex Inc., 550 U.S. 398
(2007), reaffirmed the framework for determining obviousness set forth in
Graham v. John Deere Co., 383 U.S. 1 (1966). The KSR Court summarized
the four factual inquiries set forth in Graham (383 U.S. at 17-18) that are
applied in determining whether a claim is unpatentable as obvious under 35
U.S.C. § 103 as follows: (1) determining the scope and content of the prior
art; (2) ascertaining the differences between the prior art and the claims at
issue; (3) resolving the level of ordinary skill in the art; and (4) considering
objective evidence indicating obviousness or non-obviousness, if present.
KSR, 550 U.S. at 406.

“[W]hen a patent ‘simply arranges old elements with each performing
the same function it had been known to perform” and yields no more than
one would expect from such an arrangement, the combination is obvious.”
1d. at 417 (quoting Sakraida v. Ag Pro, Inc.,425 U.S. 273, 282 (1976)). But
in analyzing the obviousness of a combination of prior art elements, it can
also be important to identify a reason that would have prompted one of skill
in the art “to combine . . . known elements in the fashion claimed by the
patent at issue.” Id. at 418. A precise teaching directed to the specific subject
matter of a challenged claim is not necessary to establish obviousness. /d.

Rather, “any need or problem known in the field of endeavor at the time of

10
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invention and addressed by the patent can provide a reason for combining
the elements in the manner claimed.” /d. at 420. Accordingly, a party that
petitions the Board for a determination of unpatentability based on
obviousness must show that a skilled artisan would have been motivated to
combine the teachings of the prior art references to achieve the claimed
invention, and that the skilled artisan would have had a reasonable
expectation of success in doing so. /n re Magnum Oil Tools International,
Ltd., 829 F.3d 1364, 1381 (Fed. Cir. 2016) (quotations and citations
omitted). Under the proper inquiry, “obviousness cannot be avoided simply
by a showing of some degree of unpredictability in the art so long as there

was a reasonable probability of success.” Pfizer, Inc. v. Apotex, Inc., 480

F.3d 1348, 1364 (Fed. Cir. 2007).

B. Level of Ordinary Skill in the Art

In determining the level of skill in the art, we consider the type of
problems encountered in the art, the prior art solutions to those problems, the
rapidity with which innovations are made, the sophistication of the
technology, and the educational level of active workers in the field. See
Custom Accessories, Inc. v. Jeffrey-Allan Industries, Inc., 807 F.2d 955, 962
(Fed. Cir. 1986); see also Orthopedic Equip. Co. v. United States, 702 F.2d
1005, 1011 (Fed. Cir. 1983).

In addressing the level of ordinary skill in the art, Petitioner contents
that:

A POSA is a person skilled in the art of administering CAR
T-cell therapies. The person would possess a relatively high
level of skill and have at least an MD, together with several
years of experience in administering CAR T-cell therapies. The
person would also have experience designing CARs. The POSA
would have knowledge of the scientific literature pertaining to

11

UPenn Ex. 2047
Miltenyi v. UPenn
IPR2022-00855
Page 421



IPR2022-00855
Patent 9,540,445 B2

immunology, including CARs and methods for utilizing CARs
before the priority date. A POSA would also be knowledgeable
about laboratory techniques related to engineering and testing
the function of CAR T cells. A POSA would also be
knowledgeable about designing clinical trials, including
selecting dose ranges, that evaluate CAR T-cell therapies.

Pet. 18. Patent Owner does not presently contest this definition.

Although Petitioner’s definition generally comports with our
understanding of the high level of skill in the art, we are not persuaded all of
the asserted qualifications must be embodied in a single person. For
example, it seems unduly limiting to require that the person of ordinary skill
in the art have “at least an MD” degree, and “be knowledgeable about
laboratory techniques related to engineering and testing the function of CAR
T cells,” as Petitioner suggests. Accordingly, we provisionally adopt
Petitioner’s definition with the caveat that the asserted qualifications may be
shared among multiple individuals working as part of a multidisciplinary

team.

C. Claim Construction

We interpret a claim “using the same claim construction standard that
would be used to construe the claim in a civil action under 35 U.S.C.
282(b).” 37 C.F.R. § 42.100(b) (2020). Under this standard, we construe the
claim “in accordance with the ordinary and customary meaning of such
claim as understood by one of ordinary skill in the art and the prosecution
history pertaining to the patent.” /d. Moreover, “the specification ‘is always
highly relevant to the claim construction analysis. Usually it is dispositive; it
1s the single best guide to the meaning of a disputed term.”” In re Abbott
Diabetes Care Inc., 696 F.3d 1142, 1149 (Fed. Cir. 2012) (quoting Phillips
v. AWH Corp., 415 F.3d 1303, 1315 (Fed. Cir. 2005) (en banc)).

12 UPenn Ex. 2047
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1) “anti-tumor effective amount”

Claim 1 recites “an anti-tumor effective amount of a population of
human T cells.” Claim 2 limits the anti-tumor effective amount of T cells
recited in claim 1 to “10* to 10° cells per kg body weight of a human in need
of such cells.”!* Relying on the testimony of Dr. Junghans, Petitioner
proposes that the term “anti-tumor effective amount™ should be understood
to encompass at least “10* to 10? cells/kg body weight,” and any other
amount of CAR T cells that would have at least one of the biological effect
specifically described in the specification, including “a decrease in the
number of tumor cells.” Pet. 19-21 (citing Ex. 1001, 37:60-64, 12:28-37;
Ex. 1002 49 56-61); Reply 3-5.

In support of this position, Petitioner argues that “[w]hile claim 1 does
not expressly state a numerical range for an “anti-tumor effective amount,”
claim 1 necessarily encompasses at least the numerical range stated in
dependent claim 2.” Pet. 19-20. Petitioner further argues that one of
ordinary skill in the art would understand that a dose outside the range of 10*
to 107 cells per kg can also satisfy the claim limitation of “anti-tumor
effective amount™ if it provides at least one “anti-tumor effect™ as defined in
the Specification. /d. at 20. In this respect, Petitioner points to the *445
patent’s express definition of “anti-tumor effect” as

a biological effect which can be manifested by [(1)] a decrease
in tumor volume, [(i1)] a decrease in the number of tumor
cells, [(111)] a decrease in the number of metastases, [(iv)] an
increase in life expectancy, or [(v)] amelioration of various
physiological symptoms associated with the cancerous
condition. An “anti-tumor effect” can also be manifested by
[(v1)] the ability of the peptides, polynucleotides, cells and

4 Claim 3 further limits this range to “10° to 10° cells per kg.”

13
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antibodies of the invention in prevention of the occurrence of
tumor in the first place.

Id. (quoting Ex. 1001, 12:28-37 (emphasis by Petitioner)).

As we understand it, Patent Owner’s response does not appear to
contest that “anti-tumor effect” can comprise a decrease in the number of
tumor cells, but argues that the claim term requires “a palpable therapeutic
effect,” which is more than “just the death of a single cancer cell or handful
of cells.” Prelim. Resp. 17-21; Sur-reply 3-5. In support, Patent Owner
points to the 445 patent’s express definition of “[a]n ‘effective amount™ as
meaning “an amount which provides a therapeutic or prophylactic benefit.”
Prelim. Resp. 18 (citing Ex. 1001, 13:53-54). Relatedly, we note that the

(444

Specification also teaches that a ““‘therapeutically effective amount’ includes

that amount of a compound that, when administered, is sufficient to prevent

development of, or alleviate to some extent, one or more of the signs or

symptoms of the disorder or disease being treated.” Ex. 1001, 18:12-15.
Patent Owner further contends that

[t]he specification teaches that “an antitumor effective amount™
1s an amount to be administered that 1s “determined by a
physician™ as part of determining “[t]he optimal dosage and
treatment regime for a particular patient . . . by monitoring the
patient for signs of disease and adjusting the treatment
accordingly.”

Prelim. Resp. 20 (citing Ex. 1001, 37:53-38:5).

Considering the argument and evidence of record at this stage of the
proceeding, we agree with Patent Owner that one of ordinary skill in the art
would understand an “anti-tumor effective amount™ to require more than the
killing of a single tumor cell. Accordingly, and consistent with our
determination in [IPR2022-00853, we provisionally construe “anti-tumor

effective amount™ as meaning any amount of CAR T cells when

14
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administered to a patient in need of cancer treatment that reduces the
frequency or severity of at least one clinically relevant sign or symptom of
the disease.

We note that the “anti-tumor effective amount™ as recited in the
independent claim could reasonably be construed as a functional
limitation.!®> The patentability of a composition claim, however, “depends on
the claimed structure, not on the use or purpose of that structure.” Catalina
Mktg. Int’l, Inc. v. Coolsavings.com, Inc., 289 F.3d 801, 809 (Fed. Cir.
2002). Although statements of intended use often appear in the preamble, a
statement of intended use or purpose can appear elsewhere in a claim. /n re
Stencel, 828 F.2d 751, 754 (Fed. Cir. 1987). Here, the pharmaceutical
composition of claim 1 is defined by elements (c)—(f) which describes the
structure of the CAR T cells, while the “anti-tumor effective amount™
limitation (element (b)) represents an intended use that 1s embedded in a
composition claim. “An intended use or purpose usually will not limit the
scope of the claim because such statements usually do no more than define a
context in which the invention operates.” See Boehringer Ingelheim
Vetmedica, Inc. v. Schering-Plough Corp., 320 F.3d 1339, 1345 (Fed. Cir.
2003). As discussed above, we have provisionally construed the “anti-tumor

effective amount™ limitation as meaning the administration of an amount'¢

15 As discussed in the preceding paragraph, we interpret the “anti-tumor
effective amount™ as requiring an embedded method step that requires
administering CAR T cells to a subject so one can then select only those
compositions that show relief “of at least one clinically relevant sign or
symptom of the disease.” See MasterMine Software, Inc. v. Microsoft Corp.,
874 F.3d 1307, 1312—16 (Fed. Cir. 2017) (explaining impermissibility of
mixing products with processes in claims); see also MPEP 2173.05(p).

16 The recitation of 10* to 10° CAR T cells/kg body weight as set forth in
claim 2 could be construed as a structural limitation as urged by Petitioner.

15
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of CAR T cells to a patient in order to reduce the frequency or severity of at
least one clinically relevant sign or symptom of the disease. As such, this
limitation merely describes the context in which the CAR T cells operate —
1n a cancer patient — but does not further define the structure of the
composition.

The parties are invited to brief this issue further at trial, if deemed
necessary.

2) Remaining Claim Terms

At this stage of the proceeding, no other term requires construction.
See Nidec Motor Corp. v. Zhongshan Broad Ocean Motor Co. Ltd. v. Matal,
868 F.3d 1013, 1017 (Fed. Cir. 2017) (“[ W]e need only construe terms ‘that
are in controversy, and only to the extent necessary to resolve the
controversy.”” (quoting Vivid Techs., Inc. v. Am. Sci. & Eng’g, Inc., 200
F.3d 795, 803 (Fed. Cir. 1999))).

D. Over view of Asserted References
1) Campana (Exhibit 1003)
Campana 1s a US Patent Application Publication, published May 26,
2005, and listing Dario Campana and Chilhaya Imai as inventors. Ex. 1003,
codes (43), (75). Campana discloses the results of in vitro studies using an
anti-CD19 CAR having the same overall structure as the CAR described in
claim 1 of the *445 patent.

See Pet. 38-39. As such, a product with the recited structure in the recited
amount would reasonably meet the functional limitation of being “anti-
tumor effective” because it 1s an inherent characteristic of the product.
Pet. 41 (“a POSA would have been motivated to use the CART-19
ClinicalTrials.gov dose (which necessarily satisfies the limitation of “anti-
tumor effective amount’)”); see MPEP 2114.

16
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Campana discloses the use of CARs containing a co-stimulatory 4-
IBB signaling domain in T cells and natural killer (NK) cells. /d. at, code
(57). With respect to T cells, Campana states:

We constructed a chimeric T-cell receptor specific for CD19
that contains a 4-1BB signaling domain. We determined
whether T cells transduced with these receptors could
effectively destroy B-lineage ALL cell lines and primary
leukemic cells under culture conditions that approximate the in
vivo microenvironment where leukemic cells grow. We
compared the properties of T-cells expressing the 4-1BB-
containing receptor to those of T-cells expressing an equivalent
receptor lacking 4-1BB or containing CD28 instead.

1d. 9 69. Figure 1 of Campana, reproduced below, is a schematic

representation of constructs used in this work.
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Figure 1 discloses representative CAR CD19-BB-( comprising a
CD8a signal peptide, an anti-CD19 scFv binding region, a CD8a hinge and

transmembrane domain, a 4-1BB costimulatory domain, and a CD3-(
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signaling domain. /d. at Fig. 1, §13; Ex. 1002, q 63. Reflecting its antigen
specificity, Campana elsewhere refers to this same construct as “anti-CD19-
BB-(.” See, e.g., id. 121, 38, 53.

Campana discloses that primary T-cells were transduced with anti-
CD19-BB-(, expanded in culture, and tested for activity in vitro. /d. 9 50—
51. According to Campana, “[t]hese results show that 4-1BB co-stimulation
confers a survival advantage on lymphocytes, which overcomes a major
obstacle with current chimeric receptors used in immunotherapy.” /d. § 51.
Subsequent experiments showed that “T-cells expressing the anti-CD19 BB-
{ receptor exhibited cytotoxic activity at the 1:1 and 0.1:1 ratios against all
CD19+ cell lines tested.” Id. 9§ 52. Campana reports that other experiments
“show[] that T-cells transduced with the anti-CD19-BB-( receptor exhibit
cytotoxic activity in an environment critical for B-lineage leukemic cell
growth,” and that anti-CD19-BB-( expression “caused higher levels of
TRAIL stimulation™ and increased IL-2-mediated T-cell expansion. /d.

99 53, 115, 116 (noting that T cells require TRAIL for optimal graft-versus-
tumor activity).

According to Campana, “[r]esults of this study indicate that anti-
CD19-BB-( receptors could help achieve effective T-cell immunotherapy of
B-lineage ALL.” Id. § 113; see also id. § 54 (“These results further support
the use of anti-CD19-BB-( receptor for immunotherapy.”). Campana
concludes that, “[i]n view of the limited effectiveness and the high risk of
the currently available treatment options for chemo therapy-refractory B-
lineage ALL and other B cell malignancies, the results of our study provide
compelling justification for clinical trials using T cells expressing anti

CD19-BB- ( receptors.” Id. § 118. For example, “[d]onor-derived T cells
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endowed with chimeric receptors could replace infusion of non-specific
lymphocytes post-transplant.” /d. In addition, “[t]he reinfusion of autologous
T cells collected during clinical remission could also be considered in
patients with persistent minimal residual disease.” /d. Consistent with these

assertions, Campana claims

17. A method for treating an individual suffering from cancer
by introducing into said individual a T lymphocyte or natural
killer cell comprising a chimeric receptor wherein said chimeric
receptor comprises an extracellular ligand binding domain, a
transmembrane domain, and a cytoplasmic domain, wherein
said cytoplasmic domain comprises the Signaling domain of 4-
1BB.

Id. at claim 17.
2) CART-19 ClinicalTrials.gov (Exhibit 1006)

CART-19 Clinical Trials.gov is a printout of a government website
disclosing “Pilot Study for Patients with Chemotherapy Resistant or
Refractory CD19 Leukemia and Lymphoma (CART-19).” Ex. 1006, 5; see
also id. at 1-2 (Declaration of Duncan Hall).

In setting forth the purpose of the study, CART-19 Clinical Trials.gov
explains that “[t]he subject’s T cells will be modified in one or two different
ways that will allow the cells to identify and kill the tumor cells (B cells).”
Id. at 5. In particular,

The two types of CART-19 T cells will be given back to
subject's through an infusion. In addition to determining the
safety of this approach, the purpose of the study is to determine
which way of modifying the T cells works better in turning
them “on” to fight cancer. This is done by monitoring levels of
both types of modified cells in the subject's blood stream, and if
possible, in the bone marrow and tumor tissue for four weeks
after the infusion.

1d.
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The reference further discloses that the study, designated
NCT00891215, would be conducted at the University of Pennsylvania,
Philadelphia, and identifies Dr. Carl H. June and David Porter, MD, as the
“Responsible Party” and “Principle Investigator,” respectively. Ex. 1006, 6.
The reference describes the NCT00891215 as “an open label, single center,
pilot study to evaluate the safety and tolerability, and differential persistence
and engraftment of autologous T cells engineered to express a chimeric
antigen receptor targeting CD19 which is linked either to the CD3 or CD3:4-
1 BB signaling chains in a competitive repopulation setting.” /d. at 5.

NCTO00891215 was expected to enroll 10 patients, each of which
would receive three infusions of CART-19 cells for a total dose of ~2xE9 -
5xE10 cells. The reference also discloses an evaluation and monitoring
schedule and notes that “[a]nnual follow-up for lentiviral vector safety will
be carried out for 15 years in accordance with FDA guidelines for retroviral
vectors.” 1d.

3) Nicholson (Exhibit 1004)

Nicholson discloses “a single chain Fv (scFv) fragment from the
mouse hybridoma cell line FMC63 which produces monoclonal antibody
specific for CD19.” Ex. 1004, 1157, 1160 (DNA and amino acid sequence
information).

4) Honsik (Exhibit 1005)

Honsik is a United States Patent issued July 4, 1989. Ex. 1005,
code (45). Honsik discloses pharmaceuticals compositions for infusing
activated leukocytes (including T cells) using “a physiologically tolerable
diluent aqueous medium.” /d. at 4:45-5:9, 13:58-64; see Ex. 1002 § 116.

According to Honsik, “[e]Jxempary aqueous media include water, normal
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saline, PBS, Ringer’s solution, lactated Ringer’s solution, and the like.”

Ex. 1005, 13:62-64.

E. Obviousness Based on Campana, Nicholson, Honsik, and CART-19
ClinicalTrials.gov (Ground 1)

For Ground 1 Petitioner contends claims 1-4, 6, 8, 9, 11, 16, 21, 22,
and 27-30 are obvious in view of Campana, Nicholson, Honsik, and CART-
19 Clinical Trials.gov. Pet. 13, 28—48. Patent Owner argues that the
combination of Campana and CART-19 ClinicalTrials.gov does not provide
a reasonable expectation of success. Prelim. Resp. 21-39.

Following the approach set forth in the Petition, we address first the
claim elements directed to the CAR T cell structure (elements [c]-[f]), and
then claim elements directed to a pharmaceutical composition that comprises
the claimed CAR T cells (elements [a]-[b]). See Pet. 29.

1) Petitioner’s Contentions
a)  CAR T Structure

Petitioner relies on Campana as disclosing a CAR T cell within the

scope of elements [c]-[f]. Pet. 28-37.

([c]) wherein the T cells comprise a nucleic acid sequence
encoding a chimeric antigen receptor (CAR)

([d]) wherein the CAR comprises a CD19 antigen binding
domain comprising, from the ammo to the carboxy

terminus, a light chain variable region and a heavy chain
variable region of SEQ ID NO:20

([e]) wherein the CAR further comprises a transmembrane
domain, a 4-1BB co stimulatory signaling region, and a
CD3 zeta signaling domain

([f]) wherein the T cells are from a human having cancer.

Petitioner relies on Campana as teaching element (¢) with the

transduction of a viral vector encoding anti-CD19-BB-( CAR into T cells,
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and the subsequent expression of the encoded CAR. Pet. 30-31 (citing
Ex. 1003 99 75-83; Ex. 1002 493637, 130-133); see generally Section
II.D.1, above. Petitioner reasonably contends that the anti-CD19-BB-( CAR
construct—illustrated in Campana’s Figure 1—comprises, from its amino to
carboxy terminus: (1) a CD8a signal peptide, (2) an anti-CD19scFv
comprising a light chain variable region and a heavy chain variable region
separated by a linker, (3) a CD8a hinge and transmembrane domain, (4) a 4-
I1BB costimulatory signaling region, and (5) a CD3 signaling domain. Pet.
32 (citations omitted); Ex. 1002 9 60—62; 135-136; Section I1.D.1, above.

With respect to the identity of the CD19 antigen binding domain of
element (d), the *445 patent defines SEQ ID NO: 20 as the amino acid
sequence of an anti-CD19scFv. Ex. 1001, 61:21. As noted by Petitioner,
although “Campana itself does not recite sequences for a VL region and a
VH region in an anti-CD19 scFv, it discloses that these can be obtained from
Nicholson.” Pet. 32 (citing Ex. 1003 9 47; Ex. 1004, 1160). According to
Dr. Junghans, SEQ ID NO: 20 corresponds to VH and VL regions of the
CD19 antigen binding antibody FMC63 disclosed in Nicholson. /d. 33-34;
Ex. 1002 99 68-71, 138-139, 140—-141 (noting that, as compared to SEQ ID
NO: 20, Nicholson discloses an additional 16 amino acids at the end of the
VL region).

Petitioner relies on Campana as teaching element (¢) “wherein the
CAR further comprises a transmembrane domain, a 4-1BB costimulatory
signaling region, and a CD3 zeta signaling domain.” Petitioner contends that
Campana’s CAR contains a “transmembrane domain[] of CD8a,” a
“signaling domain of CD3([zeta],” and a costimulatory “signaling domain of

4-1BB.” Pet. 35 (citing Ex. 1003 9 13, Figure 1; Ex. 1002 9 144-145).

22 UPenn Ex. 2047
Miltenyi v. UPenn

IPR2022-00855

Page 432



IPR2022-00855
Patent 9,540,445 B2

Petitioner relies on Campana as teaching element (f) “wherein the T
cells are from a human having cancer.” Petitioner contends that Campana
“proposes autologous CAR T-cell therapy.” Pet. 37 (citing Ex. 1003 § 119;
Ex. 1002 qq 146-147).

Patent Owner does not presently contest that the prior art teaches or
suggests element [c]-[f]. On the record before us, we find that Petitioner has
shown sufficiently that the prior art teaches or suggests these elements as set
forth above.

b)  Pharmaceutical Composition

As briefly addressed above, Petitioner relies on Campana as
disclosing the structural limitations of the CAR T and relies on the
CART-19 Clinical Trials.gov teachings to arrive at the pharmaceutical
composition of elements [a]-[b]. Pet. 37-45.

([a]) A pharmaceutical composition comprising

([b]) an anti-tumor effective amount of a population of human
T cells

Petitioner relies on Campana as teaching element (a) a
“pharmaceutical composition.” According to Petitioner, Campana discloses
that methods of CAR T-cell “administration” to patients generally, and relies
on Honisk for providing “exemplar pharmaceutical compositions for
administering leucocytes, including T leucocytes (i.e., T cells).” Pet. 38
(citing Ex. 1003 94 64; Ex. 1005, 13:58-64; Ex. 1002 9 114).

Petitioner relies on CART-19 Clinical Trials.gov as teaching element
(b) reciting an “anti-tumor effective amount” that encompasses a range of
cells from 10* to 10° per kg body weight. Pet. 38 (citing Ex. 1002 9 154).
Specifically, Petitioner contends that CART-19 Clinical Trials.gov

“disclosed dose of 2x10° to 5x10' total cells infused is equivalent to
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2.5x107 to 6.1x108 cells per kg body weight, based on an average adult body
mass of 81.5 kg.” Pet. 3940 (citing Ex. 1002 9 101-103, 161).
2) Patent Owner’s Contention

Patent Owner argues, inter alia, that Petitioner cannot demonstrate a
reasonable expectation of success in light of the unpredictability of cancer
therapy and the “uninspiring” results and failures of earlier CAR-T clinical
trials. Prelim. Resp. 23-28 (citing e.g., Ex. 2037, 1036; Ex. 2011, 2269-
2270; Ex. 2032, 1250-1251; Ex. 2038, 6106, 6115; Ex. 2039, 20; Ex. 2035,
956). In support, Patent Owner points to OSI Pharms. as “directly on point.”
1d. at 22 (citing OSI Pharms., LLC v. Apotex Inc., 939 F.3d 1375 (Fed. Cir.
2019)).

3) Motivation and Reasonable Expectation of Success

According to Petitioner, “because the CART-19 Clinical Trials.gov
teaches a dose falling within an express range of ‘anti-tumor effective
amount,’ this claim limitation does not separately require that a POSA
would have had a reasonable expectation of an actual anti-tumor effect in a
patient.” Pet. 41. Here, CART-19 ClinicalTrials.gov suggests using a dose of
CART-19 T cells falling within the range set forth in claim 2. Ex. 1005, 5.

Petitioner contends that the skilled artisan “would have reasonably
expected, based on Campana and the CART-19 Clinical Trials.gov, that
administering T cells expressing the anti-CD19-BB-{ CAR to cancer
patients would at least result in a decrease in the number of tumor cells.”
Pet. 42 (citing Ex. 1002 49 175, 184). Petitioner points to Campana’s
disclosure that T-cells expressing the anti-CD19-BB-{ CAR exhibited
cytotoxic activity against CD19+ leukemic cells, its conclusions that this
result “provide[s] compelling justification for clinical trials using T cells

expressing anti-CD19-BB-(,” and its claims to a method of treating cancer
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using a CAR of this general structure. Pet. 42 (emphasis omitted) (citing
Ex. 1003 9 50-54, 118; Ex. 1002 99 166-173).'7 Petitioner contends that
Campana’s in vitro results and proposed use of anti-CD19-BB-{ in patients,
would have led the skilled artisan to reasonably expect that “administering T
cells transduced with the anti-CD19-BB-{ CAR to patients with cancer
would result in at least a decrease in the number of tumor cells,” as required
for “an anti-tumor effective amount.” /d. at 43 (citing Ex. 1002 § 175).
With respect to Clinical Trials.gov’s disclosure of the NCT00891215
study, Petitioner contends that just the “initiation of a clinical trial using
anti-CD19-BB-( is indicative of a reasonable expectation of success.” /d.
at 44 (citing Ex. 1002 q 176-177; M.P.E.P. § 2107.03(1V); 45 C.F.R.
§ 46.111(a)(2)). Petitioner further argues that the ordinarily skilled artisan
reading the CART-19 ClinicalTrials.gov would have understood that
“several other anti-CD19 CAR T cells in the art had been used successfully
in cancer patients” (id. at 43—44 (citing Ex. 1002 9 178-184)); that the
number of anti-CD19-BB-( T-cells administered in NCT00891215 “used a
dose that was within the range of ‘therapeutically effective doses’ for anti-
CDI19 CAR T cells taught by the art” (id. (citing Ex. 1002 9 165, 176-177);
and that “the study investigators believed this dose to be safe and likely
effective in the treatment of CD19+ cancers such as ‘[a]cute lymphoblastic

leukemia, follicular lymphoma, chronic lymphocytic leukemia, mantle cell

17 Petitioner further contends that “[tJhe Campana inventors also published
their results in Imai, a peer-reviewed journal article that also advocated for
clinical trials using anti-CD19-BB-{.” Pet. 43 (citing Ex. 1022, 683 (“[T]he
results of our study justify clinical trials using T cells expressing anti-CD19-
BB-{ receptors.”); Ex. 1002 99 60-65).
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lymphoma, and diffuse large cell lymphoma’ (id. at 43 (citing Ex. 1002
19 176-177; Ex. 1006, 5-7)).

In light of the above, Petitioner contends that a person of ordinary
skill in the art “would have reasonably expected that the disclosed dose of
anti-CD19-BB-{ CAR T cells at least would reduce the number of tumor
cells in a human patient with cancer, thereby rendering obvious ‘an anti-
tumor effective amount’ of the claiamed CAR T cells.” Pet. 45 (emphasis
omitted) (citing Ex. 1002 9 165-184).

Ground 1 requires us to find a reasonable expectation of success in
creating a pharmaceutical composition comprising CAR-T cells using a
“light chain variable region and a heavy chain variable region of SEQ ID
NO:20.” Ex. 1001, 91:16—16 (claim 1). Campana teaches the use of
CAR CD19-BB-( comprising a CD8a signal peptide, an anti-CD19 scFv
binding region, a CD8a hinge and transmembrane domain, a 4-1BB
costimulatory domain, and a CD3-( signaling domain. Ex. 1003, Fig. 1,

99 13, 65. Petitioner acknowledges that Campana does not teach the
sequence set out in SEQ ID NO:20 but relies on the teachings of Nicholson
for this limitation. See Pet. 32. Nicholson teaches the light chain variable and
heavy chain variable regions as set out in SEQ ID NO:20. Ex. 1004, 1157,
1160 (DNA and amino acid sequence information). Petitioner’s reliance on
Clinical Trials.gov’s disclosure of the NCT00891215 showing the “initiation
of a clinical trial using anti-CD19-BB-( is indicative of a reasonable
expectation of success” evidences, based on the preliminary record, that the
production of a pharmaceutical composition as recited in the claim would
have been obvious. See Pet. 44 (citing Ex. 1002 9 176-177; M.P.E.P. §
2107.03(IV); 45 CFR. §46.111(a)(2)). The success in making the
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pharmaceutical composition for administration to patients regardless of the
clinical outcome supports a finding of obviousness. Petitioner, therefore, has
directed us to sufficient teachings in Campana, Nicholson, Honsik, and
CART-19 ClinicalTrials.gov from which to conclude on the record before us
that the CAR T structure as recited in claim 1 would have been obvious to
one of ordinary skill in the art at the time the invention was made. See Pet.
28-48.

We are not persuaded by Patent Owner’s contention that failures of
earlier clinical trials using CAR-T cells supports the conclusion that there is
lack of reasonable expectation of success for products that are useful for
treating cancer. Prelim. Resp. 22. The claims at issue in OSI Pharmaceutical
were method claims directed to treating cancer, while the present claims are
composition claims directed to CAR T cells having the structure of elements
(c)—(f) as recited in claim 1 of the *445 patent. For the reasons discussed
above, a functional limitation in a product claim does not necessarily limit
the scope of the claim because it only describes the context in which the
CAR T cell product operates, but does not otherwise limit the structure of
the product. See supra § 11.C.1. Here, there 1s a sufficient reason in the
record to have selected the number of CAR-T cells for use in a patient from
the ClinicalTrials.gov’s disclosure to meet the product claim limitation of an
“amount” as recited in element 1(b). A person of ordinary skill in the art
would have reasonably expected the product to work on some level based on
the disclosure of ClinicalTrials.gov even if it does not reach the level of
clinical effectiveness in treating cancer.

Based on the evidence and arguments presented by the parties at this

stage in the proceeding, Petitioner shows that there is a reasonable likelihood
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that claim 1 of the 445 patent would have been obvious over Campana,

Nicholson, Honsik, and CART-19 ClinicalTrials.gov under Ground 1.

F. Other arguments

Patent Owner argues that Porter is not prior art. See Prelim Resp.
39-40. This argument is essentially identical to the argument presented in
IPR2022-00853, and for the same reason discussed in our co-pending
decision we agree with Patent Owner that Petitioner has not shown
sufficiently Porter is prior art. See IPR2022-00853, Paper 11 at 30-33
(“[W]e are not persuaded that Petitioner can establish that Porter qualifies as
prior art under §102(a).”).

Patent Owner additionally argues that we should deny institution
pursuant to 35 U.S.C. § 325(d), because “the same or substantially the same
prior art or arguments previously were presented to the Office.” See Prelim
Resp. 42-52. This argument is essentially identical to the argument
presented in [IPR2022-00853. For the same reason discussed in our co-
pending decision we agree with Petitioner that Campana was cited on an
IDS but not substantively discussed during prosecution. See IPR2022-00853,
Paper 7 at 42-48. Because the Petition includes references not substantively
discussed by the Office during prosecution we are not persuaded by Patent

Owner’s argument that we should deny institution.

1. CONCLUSION
On the preliminary record before us, Petitioner demonstrates a
reasonable likelihood of prevailing at trial in showing that at least one claim
of the *445 patent would have been obvious over the cited prior art. In

accordance with the Court’s decision in SAS Institute, Inc., 138 S. Ct. at
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1359-60, and Office Guidance, we institute an inter partes review of all
challenged claims (1-19 and 21-30) of the 445 patent on all grounds
(Grounds 1-4) asserted by Petitioner.

At this stage of the proceeding, the Board has not made a final
determination as to the patentability of any challenged claim or the

construction of any claim term.

IV. ORDER

It is hereby:

ORDERED that pursuant to 35 U.S.C. § 314(a), an inter partes
review of claims 1-19 and 21-30 of the *445 patent is instituted with respect
to all grounds set forth in the Petition; and

FURTHER ORDERED that, pursuant to 35 U.S.C. § 314(c) and
37 CF.R. § 42 4(b), inter partes review of the “445 patent shall commence
on the entry date of this Order, and notice 1s hereby given of the institution

of a trial.
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