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

Electronically Filed

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Applicationof:
Carl H. June, etal. Group Art Unit: To be assigned

Application No.: To be assigned Examiner: To be assigned

Attorney Docket No.
Filed: Herewith 046483-6001US13 (01088)

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.

AMENDMENTTO THE SPECIFICATIONbeginson page 2.

AMENDMENTTO THE CLAIMSbeginson page 3.

REMARKSbegin on page7.
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Preliminary Amendment
U.S. Patent Application No. To be assigned
Attorney Docket No. 046483-6001US13(01088)

Amendmentto the Specification

On page1, line 2, please replace the title of the invention with the followingtitle:

--“COMPOSITIONS AND METHODSFOR 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

December9, 2011, whichis entitled to priority under 35 U.S.C. § 119(e) to U.S. Provisional

Patent Application No. 61/421,470, filed on December9, 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 inits entirety.

STATEMENT REGARDING FEDERALLY SPONSORED

RESEARCH OR DEVELOPMENT

This invention was made with government support under grant numbers K24

CA11787901, RO1CA120409, 1RO1CA105216, 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, andlistings, of the

claims in the application.

1-89. (canceled)

90. (New) A pharmaceutical composition comprising an anti-tumor effective amountof 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 needofsuch 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 needofsuch cells.

93. (New) The composition of claim 90, wherein said antigen binding fragmentis 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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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 CD80. hinge domain comprises the

aminoacid 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 domainis

encodedby 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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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 encodedby 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 vectorthat

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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comprises a buffer.

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

phosphate buffered saline.

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

comprises a carbohydrate.
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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

December9, 2011, whichis entitled to priority to U.S. Provisional Patent Application No.

61/421,470, filed on December9, 2010 and U.S. Provisional Patent Application No.

61/502,649,filed on June 29, 2011.

Amendmentto the Specification

The specification is amended herein to properly reflect the priority

information of the present application.

The specification is also amendedherein to provide the statement regarding

federally sponsored research or development.

No new matteris introduced by way of these amendmentsto the specification.

Amendmentto 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 fragmentis an scFV” is found

throughoutthe specification and for example, in paragraph [0135].

Claims 94 and 102 — Support for “SEQ ID NO: 20” and “SEQ ID NO: 14”is

found throughoutthe specification and for example, in paragraph [0135] and in Table 5.
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Claims 95, 96 and 103 — Support for “CD8qa 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,” “CD8«a hinge

domain,” “SEQ ID NO: 21” and “SEQ ID NO: 15”is found throughoutthe 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 throughoutthe 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 throughoutthe 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 throughoutthe 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 wayof the addition of these claims.
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Summary

Applicants respectfully submit that the pending claimsare fully supported in

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

Preliminary Amendment.

Favorable examination and allowanceof the claims is hereby requested.

Respectfully submitted,

 

CARL H. JUNE, ET AL.
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Attorney Decket Ne. 046483-6001US 13(81088)

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 herein by

reference in their entireties.

BACKGROUNDOF THE INVENTION

The large majority of patients having B-cell malignancies, including

chronic lymphocytic leukemia (CLL), will die fromtheir disease. One approach to

treating these patients is to genetically modify T cells to target antigens expressed on

tumor cells through the expression of chimeric antigen receptors (CARs}. CARsare

antigen receptors that are designed to recognize cell surface antigens in a human

leukocyie antigen-independent manner. Attempts in using genetically modified cells

expressing CARsto treat these types of patients have met with very limited success.

See for example, Brentjens et al., 2010, Molecular Therapy, 18:4, 666-668: Morgan et

al., 2010, Molecular Therapy, published online February 23, 2010, pages 1-9; and,

Tull et al., 2008, Blood, 112:2261-2271.

In most cancers, tumor-specific antigens are not yet well defined, but

in B cell malignancies, CD19 is an attractive tumortarget. Expression of CD19 ts

restricted to normal and malignant B cells (Uckun, et al. Blood, 1988, 71:13-29), so

that CD19is a widely accepted target to safely test CARs. While CARs can trigger

T-cell activation in a manner similar to an endogenous T-cell receptor, a major

impediment to the clinical application of this technologyto date has been limited in

vivo expansion of CAR+T cells, rapid disappearance of the cells after infusion, and

disappointing clinical activity Gena, et al., Blood, 2010, 116:1035-1044; Uckun,et al.

Blood, 1988, 71:13-29).

Thus, there is 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, anda

CD3 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

cornprising the amino acid sequence of SEQ ID NO: 12.

In one embodiment, the nucleic acid sequence encoding a CAR

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

In one embodiment, the antigen binding domain in the CAR is an

antibodyor an antigen-binding fragment thereof. Preferably, the antigen-binding

fragment is a Fab or a scFv.

In one embodiment, the antigen binding domainin 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 yet another embodiment, the tumorantigenis selected from the

group consisting of CD19, CD20, CD22, ROR1, mesothelin, CD33/EL3Ra, c-Met,

PSMA, Glycolipid F77, EGFRvIL, GD-2, NY-ESO-1 TCR, MAGE A3 TCR,and any

combination thereof.

In one embodiment, the costimulatory signaling regionin the CAR

comprises the intracellular domain of a costimulatory molecule selected from the

group consisting of CD27, CD28, 4-IBB, OX40, CD30, CD40, PB-1, ICOS,

tymphocyte function-associated antigen-f (LFA-1), CD2, CD7, LIGHT, NKG2C, B7-

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

in one embodiment, the CD3 zeta signaling domain in the CARis

encoded by the nucleic acid sequence of SEQ ED NO: 18.

The invention also provides an isolated CAR compnsing 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 ID NO: 24.

The invention also provides a cell comprising a nucleic acid sequence

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

bo
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transmembrane domain, a costimulatory signaling region, and a CD3 zeta signaling

domain comprising the amino acid sequence of SEQ ID NO: 24.

In one embodiment, the cell comprising the CAR is selected from the

group consisting of a Tcell, a Natural Killer (VI) cell, a cvtotoxic T lymphocyte

(CTL), and a regulatory T cell.

In one embodiment, the cell comprising the CAR exhibits an antt-

turnor immunity when the antigen binding domain of the CAR bindsto 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

costirnulatory signaling region, and a CD3 zeta signaling domain, wherein the CD3

zeta signaling domain comprises the amino acid sequence of SEQ ID NO: 24.

The invention also provides a method for stimulating a T cell-mediated

immune response to a target cell population or tissue ina mammal. In one

embodiment, the method comprises admunistering 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 zetasignaling

domain comprising the amino acid sequence of SEQ 1D NO: 24, wherein the antigen

binding domain is selected to specifically recognize the target cell population or

tissue,

The invention also provides a method of providing an anti-tumor

immunity ina mammal. In one embodiment, the method comprises administering to

amamnnal 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 immunity in the mammal.

The invention also includes a method of treating a mammal having a

disease, disorder or condition associated with an elevated expression of a tumor

antigen. In one embodiment, the method comprises admunistering to a marnmal an

effective amount of a cell genetically modified to express a CAR wherein ihe CAR

comprises an antigen binding domaim, a costimulatory signaling region, and a CD3

zetasignaling domain compnising the amine acid sequence of SEQ TD NO: 24,

therebytreating the mammal.

In one embodiment, the cell is an autologous T cell.
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In one embodiment, the tumor antigen is selected from the group

consisting of CD19, CD20, CD22, ROR1, mesothelin, CD33/IL3Ra, c-Met, PSMA,

Glycohpid F77, EGFRvHL GD-2, NY-ESO-1 TCR, MAGE A3 TCR, and any

combination thereof.

The invention also provides a method of treating a human with chronic

lymphocytic leukemia. In one embodiment, the method comprises administering to a

human a Tcell genetically engineered 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 [DB NO: 24.

In one embodiment, the human is resistant to at least one

chemotherapeutic agent

in one embodiment, the chronic lymphocytic leukemiais refractory

CD19+leukemia and lvmphoma.,

The invention also includes a methodof 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

engineered to express a CAR wherem 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, wherein the persisting population of

genetically engineered T cells persists in the human for at least one month after

adroinistration.

In one embodiment, the persisting population of genetically engmeered

T cells comprises at least one cell selected frormthe 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 engineered

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 years, or three years

after administration.

In one embodiment, the chronic lymphocytic leukermiais 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 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 CD3 zeta signaling domain comprising the

amino acid sequence of SEQ [D NO: 24, wherein the administered genetically

engineered Tcell produces a population of progeny T cells 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 to at least one

chemotherapeutic agent.

In one embodiment, the canceris chronic lymphocytic leukemia. fn

another embodiment, the chronic lymphocytic leukemia is refractory CD19+ leukemia

and lymphoma.

In one embodiment, the population of progeny T cells persists in the

human for at least three months after administration. In another embodiment, the

population of progeny Tcells persist in the human for at least four months, five

rnonths, six months, seven months, eight months, nine months, ten months, eleven

months, twelve months, two years, or three years after administration.

In one embodiment, the canceris treated.

BRIEF DESCRIPTION OF THE DRAWINGS

The following detailed description of preferred embodiments of the

mvention will be better understood when read in conjunction wrth the appended

drawings. For the purpose of illustrating the invention, there are shown in the

drawings embodiments which are presently preferred. [t should be understood,

however, that the invention is not limited to the precise arrangements and

instrumentalities of the embodiments shown in the drawings.

Figure 1, comprising Figures 1A through IC, is a series of images of

the schematic representations of the sene-transfer vector and transgene, gene

modified T cell manufacturing and clinical protocol design. Figure LA depicts the

lentiviral vectors and transgene that showthe major functional elements. A vesicular

stomatitis virus protein G pseudotyped clinical grade lentiviral vector (designated
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pELPs 19BBz) directing expression of anti-CD19 scFvderived from FMC63 murine

monoclonal antibody, human CD8a hinge and transmembrane domain, and human 4-

iBB and CD3zeta signaling domains was produced. Constitutive expression ofthe

transgene was directed by inclusion of an EF-1a (clongationfactor-la promoter);

LTR, long terminal repeat, RRE, rev response element. (cPPT) and the central

termination sequence (CTS). Figure is not to scale. Figure 1B depicts T cell

manufacturing. Autologous cells were obtained via an apheresis, and T cells were

enriched by mononuclearcell 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 initiation. Cells were expanded on a rocking

platform device (WAVE Bioreactor System) for 8-12 days. On the final day of

culture the beads were removed by passage over a magnetic field and the CART19 T

cells harvested and cryopreserved in infusible medium. Figure 1C depicts the clinical

protocol design. Patients were given lymphodepleting chemotherapyas described,

followed by CART19 infusion #1 by iv. gravity flow drip over a period of 15-20

minutes. The infusion was given using a split dose approach over 3 days (10%, 30%,

60%) beginning | to 5 days after cornpletion of chernotherapy. 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, cornprising Figures 2A through 2F, is a series of images

demonstrating sustained in vivo expansion and persistence in blood and marrowof

CARTI9 cells. DNA isolated from whole blood as depicted in Figure 2A through 2C

or marrowas depicted in Figure 2D through 2F, samples obtained from UPN 01 as

depicted in Figure 2A and 2D, UPN02 as depictedin Figure 2B and 2E and UPN 03

as depicted in Figure 2C and 2F was subjected in bulk to Q-PCR analysis using a

qualified assay to detect and quantify CARTI° sequences. Each data point represents

the average of triphcate measurements on 100-200 ng genomic DNA, with maximal

% CVless 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 quantification for the assay established by the standard

curve range was 2 copies transgene/microgram genomic DNA: sample values below

that numberare considered estimates and presented if at least 2/3 replicates generated

a Ct value with %CVfor the values 15%. CART19 ceils were infused at day 0, 1, and

6
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2 for UPN O01 and UPN 03, and days 0, 1, 2 and 11 for UPN 02.

Figure 3, comprising Figures 3A through 3D, ts a series of images

demonstrating serum and bone marrowcytokines before and after CAR T cell

mfusion; longitudinal measurements of changes in serurn cytokimes, chemokines and

cytokine receptors in UPN 01 as depicted in Figure 3A, UPN 02 as depicted in Figure

3B and UPN 03 as depicted in Figure 3C, on the indicated day after CART19 ceil

infusion andserial assessments of the same analytes in the bone marrow from UPN03

as depicted in Figure 3D. Samples were subjected multiplex analysis using Luminex

bead array technology and pre-assembled and validated multiplex kits. Analytes with

a >=3 fold change are indicated, and plotted 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 analyte at each time-point were derived from a recombinant

protein-based standard curve over a 3-fold 8-pomt dilation series, with upper and

lower 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 %CVin 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-changeover 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 (isted in parentheses sequentially for UPNOL, 02

and 03), all in pg/ml: ILi-Ra: 35.5-29,318 (689, 301, 287); IL-6: 2.7-4,872 (7, 10.1,

8.7); IFN-y: 11.2-23,972 (2.8, ND, 4.2 ); CKCLIO: 2.1-5,319 (481, 115, 287 ); MIP-

1B: 3.3-7,233 (99.7, 371, 174}; MCP-L: 4.8-3.600 (403, 560, 828); CXCL9: 48.2-

3,700 C412, £26, 177); TL2-Ro: 13.4-34,210 (4,319, 9.477, 610); IL-8: 2.4-5.278

(15.3, 14.5, 14.6); IL-10: 6.7-13,874 (8.5, 5.4, 0.7); MIP-Lo: 7.1-13,778 (87.6, 57.3,

48.1).

Figure 4, comprising Figures 4A through 4D,is a series of images

depicting prolonged surface CART19 expression and establishment of functional

memory CARs in vivo. Figure 4A depicts detection of CAR-expressing CD3+

lymphocytes and absence of B cells in penphery 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 surface expression

of CAR19 Gop) or presence of B ceils (bottom); as a control, PBMC obtained froma
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healthy donor ND365 were stained. The gating strategy for the CD3~+ and B cell

populations is presented in Figure 9. To evaluate CARI9 expression in CD3+

lymphocytes, 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

CAR19 expression in the CD8+ and CD8-lymphocyte compartments by co-staining

with CD8a-PE and the anti-CAR19 icdiotvpe antibody conjugated to Alexa-647. Data

in plots are gated on the dump channel-negative/CD3-positive cell population. To

evaluate the presence of B cells. samples were co-stained with antibodies to CD14-

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 CD8+ (Figure 4C) TF cell subsets is shown. Frozen peripheral blood

samples from UPN03 obtained by apheresis at dav 56 and 169 post T cell infusion

were rested overnight m culture mediumwith 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 mm Figure &, involved an

mitial gating on dump channel (CD14, CD16, Live/Dead Aqua)-negative and CD3-

positive cells, followed by positive gates on CD4+ and CD8+ cells. Gates and

quadrants were established using FMO controls (CAR, CD45RA, PD-1, CD25,

CD127, CCR7) or by gating on postive cell populations (CD3, CD4, CD8) and

clearly delineated subsets (CD27, CD2%, CD57); data were displayed after bi-

exponential transformation for objective visualization of events. Figure 4D depicts

functional competence ofpersisting CAR cells. Frozen peripheral blood samples

from UPN03 obtained by apheresis at day 56 and 169 post T cell infusion were rested

ovemight in culture medium with no added factors, washed, and evaluated directly ex-

vivo for the ability to recognize CD19-expressing target cells using CD1LO7

degranulation assays. Following a two-hour incubation in the presence of anti-CD28,

anti-CD49d, and CD107-FITC, cell mixtures were harvested, washed, and subjected

to multi-parametric flow cviometric analysis to evaluate the ability of CART19 cells

to de-granulate in response to CD19-expressing targets. The gating strategy involved

an initial gate on dump channels (CDI4-PE-Cy7, CD16-PE-Cy7, Live/Dead Aqua)-

egative 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 bendarmustine with minimal response (R/B, arrow). CART(9 T ceils

were infused beginning 4 days after bendamustine only (B, arrow). The rituximab

and bendamustine-resistant leukemia was rapidly cleared fromblood, as indicated by

a decrease in the absolute lymphocyte count (ALC) from 60,600/ul to 200/ui within

18 days ofthe infusion. Corticosteroid treatment was started on day 18 post infusion

due to malaise and non-infectious febrile syndrome. The reference line (dotted)

midicates upper lumit of normal for ALC. Figure 5B depicts the results of exarnple

experiments staining sequential bone marrowbiopsy or clot specimens from patient

UPN Of and 03 for CD20. Pretreatment infiltration with leukemia present in both

patients was absent on post treatment specimens accompanied by normalization of

cellularity and trilineage hematopoiesis. UPN 01 has not had any CLL cells detected

as assessed by flow cytometry, cytogenetics and fluorescence in-situ hybridization or

normal B cells detected by flow cytometry in bone marrowor blood. UPN 03 had 5%

residual normal CD5-negative B cells confirmed by flow cytometry on day +23,

which also showed themto 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 chernotherapy-resistant generalized lymphadenopathy.

Bilateral axillary masses resolved by 83 CUPN 01} and 31 (UPN 03) davs post

infusion, as indicated by arrows and circle.

Figure 6, comprising Figures 6A through GC, is a series of images

depicting absolute lvmphocvte counts and total CART1%+ cells in circulation for

UPN 01, 02, 03. The total number of lymphocytes (Total normal and CLL cells) vs.

Total CARTI9+cells in circulation is plotted for all 3 subjects using the absolute

lymphocyte 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 lymphocyte counts and the O-PCR marking values as depicted in

Figure 2, converting copies/jrg DNA to average % marking as described elsewhere

herein. The Q-PCR % marking was found to correlate closely (<2 fold variation) with

the flowcytometric 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 Figures 7A through 7D ts a series of images

depicting experiments involving the direct ex vivo detection of CART19-positive cells

m UPN-OL PBMC 71 days post-T cell infusion. UPN-O1 PBMCcollected either fresh

post-apheresis on day71 day post infusion, or frozen at the time of apheresis for

manufacture of the T cell produci(baseline) and viably thawed prior to the staining,

were subjected to flow-cytometric analysis to detect the presence ofCARTI9 cells

that express the CAR19 moiety on the surface. To evaluate the expression of CARI9

in fymphocytes, samples were co-stained with CD3-PE and the anti-CAR19 idiotype

antibody conjugated to Alexa-647, or co-stained with CD3-PE alone (FMOfor

CARI9). Figure 7Adepicts that an intial lymphocyte gate was established based on

forward and side scatter (FSC vs SSC), followed by gating on CD3+ cells. Figure 7B

depicts CD3+ lymphocyte gate; Figare 7C depicts CAR idiotype stain; Figure 7D

depicts CARidiotype FMOQ. The CAR19-positive gate was established on the

CARI9 FMOsamples.

Figure 8, comprising Figures 8A through 8C, is a series of images

depicting the gating strategy to identify CARTI9 expression by using polychromatic

flowcytometry in UPN 03 blood specimens. The gating strategy for Figure 8C is

shown for the UPN 03 Day 36 sample and 1s representative of the strategy used on the

UPN 03 Bay 169 sample. Figure 8A depicts primary gate: Dump (CD14, CD16,

LIVE/dead Aqua) negative, CD3-positive. Figure 8B depicts secondary gates: CD4-

positive, CD&positive. Figure 8C depicts tertiary gates: CAR19-positive and CAR19-

negative, established on CAR FMO samples Gight-most panels).

Figure 9 depicts the gating strategy to directly identify CART19

expression and B cells in blood and marrowspecimens. The gating strategy for Figure

4A, which shows detection of CAR-expressing CD3+ lymphocytes and absence of B

cells in periphery and marrow: Lefiplot: Cell gate: Upper panel: positive gate for

CD3+cells, Lower panel: negative gate (CD 14-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-19cells

Figure 12, comprising Figures 124 through 12D, is a series of images

depicting the clinical response in a patient. Figure 12A shows the lentiviral vector
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used to infect T cells from the patient. A pseudotyped, clinical-grade lentiviral vector

of vesicular stomatitis virus protein G (pELPs 19-BB-z) directing expression of anti-

CD19 scFy derived from FMCG3 murine monoclonal antibody, human CD8a hinge

and transmembrane domain, and human 4-1BB and CD3¢ signaling domains was

produced. Details of the CAR19 transgene, at the bottom of Figure 12A, showthe

major functional elements. The figure is not to scale. 3'LTR denotes 3’ long terminal

repeat: 5'LTR,5’ long terrninal 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-ia, elongation factor L-alpha:

env, envelope; gag, group-specific antigen; pol, HIV gene encoding polymerase and

reverse transcriptase; R, repeat,RRE, rev response element: scFv, single-chain

variabie fragment: TM, transmembrane; and WPRE, woodchuck hepatitis virus post-

transcriptional regulatory element. Figure 12B shows serum creatinine, uric acid, and

lactate dehydrogenase (LDH)levels from day | to day 28 after the first CART19-cell

infusion. 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 (hematoxylin and eosin). The baseline specimen shows

hvpercellular bone marrow (60%) with trilineage hematopotesis, infiltrated by

predominantlyinterstitial 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), with a

mixture of T cells and CD5-negative B cells. The specimen obtained 6 months after

mfusion shows trilineage hematopoiesis, without lymphoid ageresates and continued

absence of CLL. Figure 12D shows contrast-enhanced CTscans obtainedbefore the

patient was enrolled in the study and 31 days and 104 days after the first infusion. The

preinfusion CT scan reveals [-io-3-cm bilateral masses. Regression of axillary

lymphadenopathyoccurred within | monthafter infusion and was sustained. Arrows

highlight various enlarged lymph nodes before therapy and lymph-node responses on

comparable CT scans after therapy.

Figure 13, comprising Figures 134 through I3E, is a senes of images

depicting serurn and bone marrowcytokines before andafter chimeric antigen

eceptor T-cell infusion. Serial measurements of the cytokine interferon-y (Figure

13.A), the interferon-y-stimulated chemokines C-X-C motif chemokine 10 (CXCLIO}

ik
UPenn Ex. 2047

Miltenyi v. UPenn
IPR2022-00855

Page 22



UPenn Ex. 2047 
Miltenyi v. UPenn 

IPR2022-00855 
Page 23

rt

20

30

(Figure 13B) and C-X-C motif ligand 9 (CXCL9) (Figure 13C), and mterleukin-6

(Figure 13D) were measured at the mdicated time points. The increases in these

inflammatory cytokines and chemokines coincided with the onset of the tumorlysis

syndrome. Lowlevels of interleukin-6 were detected at baseline, whereas interferon-

y, CXCLS, and CXCLIO were belowthe limits of detection at baseline. Standard-

curve ranges for the analytes and baseline values in ihe patient, given in parentheses,

were as follows: interferon-y, 11.2 to 23,972 pg per milliliter (1.4 pg per milliliter):

CXCLIO, 2.1 to 5319 pg per milliliter (274 pe per milliliter}, CXCL9, 48.2 to 3700

pg per millihter (177 pg per milliliter); interleukin-6, 2.7 to 4572 pg per milliliter (8.3

pg per mallihter); tumor necrosis factor a (TNF-a), 1.9 to 4005 pe per milliliter (not

detectable}; and soluble interleukin-2 receptor, 13.4 to 34,210 pg per milliliter (644pg

per milliliter). Figure 13 shows the induction of the immune response in bone

marrow. The cvtokines TNF-a, interleukin-6, interferon-y, chemokine CXCL9, and

soluble interleukin-2 receptor were measured in supernatant fluids obtained from bone

marrowaspirates on the indicated days before and after CART19-cell infusion. The

increases in levels of interleukin-6, interferon-y, CXCL9, and soluble interleukin-2

recepior coincided with the tamor lysis syndrome, peak chimeric antigen receptor T-

cell infiltration, and eradication of the leukemic infiltrate.

Figure 14, comprising Figures 144 through 14C, is a series of images

depicting expansion and persistence of chimeric antigen recepior T cells in vivo.

Genomic DNA (2DNA) wasisolated frorn samples of the patient's whole blood

(Figure 144) and bone marrowaspirates (Figure 14B) collected at serial time points

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 expandedto levels that were more than 1000 times as high as

imitial engrafiment levels in the peripheral blood and bone marrow. Peak levels of

chimeric antigen receptor T cells were temporally correlated with the tumor Ivsis

syndrome. A blood sample obtained on day 0 and a bone marrowsample obtained on

day 1 had no PCR signal at baseline. Flow-cytometric analysis of bone marrow

aspirates at baseline (Figure 14C) shows predominant infiltration with CD19+CD5+

cells that were clonal, as assessed by means of immunoglobulin kappa light-chain

staining, with a paucity of T cells. Qn day 31 after infusion, CD5+ T cells were

present, and no normal or malignant B cells were detected. The numbers indicate the
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relative frequencyof cells in each quadrant. Both the x axis andthe y axis showa

log10 scale. The gating strategy involved an initial gating on CD19+ and CDS+cells

im the boxes on the left, and the subsequent identification of immunoglobulin kappa

and lambda expression on the CD19+CD5+ subset (boxes onthe right)
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DETAILED DESCRIPTION

The invention relates to compositions and methods for treating cancer

including but not limited to hematologic malignancies and solid tumors. 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 antibodv-

based specificity for a desired antigen (e.¢., tumor antigen) with a T cell receptor-

activating intracellular domain to generate a chimeric protein that exhibits a specific

anti-tumor cellular immune activity.

The present invention relates generally to 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 is genetically modified to stably express a CAR that combines an antigen

20 recognition dornain of a specific antibody with an intracellular domain of the CD3-

zeta chain or FcyRI protein into a single chimeric protein.

In one embodiment, the CAR ofthe invention comprises an

extracellular domain having an antigen recognition domain, a transmembrane 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

substitation to avoid binding of such domammsto the transmembrane domains ofthe

same or different surface membrane proteins to minimize interactions with other

members of the receptor complex. Preferably, the transmembrane domain ts the CD8o.

30 hinge domain.

With respect to the cytoplasmic domain, the CAR of the invention can

be designed to comprise the CD28 and/or 4-1BB signaling domain byitself or be

combined with any other desired cytoplasmic domain(s) useful in the context ofthe

CAR of the invention. In one embodiment, the cytoplasmic domain of the CAR can
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be designed to further comprise the signaling domain of CD3-zeta. For example, the

cytoplasmic domain of the CAR can include but is not limited to CD3-zeta, 4-1BB

and CD28 signaling modules and combinations thereof, Accordingly, the invention

provides CARTcells 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

comprising anti-CD19, CD80 hinge and transmembrane domain, and human 4-1 BB

and CD3zeta signaling domains, into the cells. The CAR Tcells of the invention are

able to replicate in vivo resulting in long-term persistence that can lead to sustained

tumor control.

In one embodiment the invention relates to administering a genetically

rnodified T cell expressing a CARfor the treatment of a patient having cancer or at

risk of having cancer using lymphocyte infusion. Preferably, autologous lymphocyte

infusion is used im the treatment. Autologous PBMCsare collected from a patient in

need of treatment and Tcells are activated and expanded using the methods described

herein and known in ihe art and then infused back into the patient.

In yet another embodiment, the invention relates generallyto the

treatment of a patient at risk of developing CLL. The inventionalso includes treating

arnalignancy or an autoimmune disease in which chemotherapy and/or

immunotherapyin a patient results in significant immunosuppressionin 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 CD3-zeta and the 4-1 BB costimulatory domain (also referred to as

CARTI9 T cells). The CART19 T cells of the invention can undergo robust in vivo T

cell expansionandcan establish CD19-specific memorycells 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 into a patient can eliminate leukemia

cells i” vivo in patients with advanced chemotherapy-resistant CLL. However, the

invention is not limited to CART19 T cells. Rather, the invention includes any

antigen binding moiety fused with one or more intracellular domains selected from

the group of a CD137 (4-1 BB) 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 herein

have the same meaning as commonly understood by one of ordinaryskill in the art to

which the invention pertains. Although any methods and materials similar or

equivalent to those described herein can be used im the practice fortesting of the

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

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

His also to be understood that the terminology used hereinis for the

purpose of describing particular embodiments only, and is not intended to be limiting.

The articles “a” and “an” are used herein to refer to one or to more

than one (1e., to at least one) of the grammatical object of the article. By way of

example, “an element” means one element or more than one elernent.

“About” as used herein when referring to a measurable value such as

an amount, a temporal duration, and the like, is meant to encompass variations 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 to

perform the disclosed methods.

“Activation”, as used herein, refers to the state of a T cell that has been

sufficiently stimulated to induce detectable cellular proliteration. Activation can also

be associated with induced cytokine production, and detectable effector functions.

The term “activated T cells” refers to, among other things, T cells that are undergoing

cell division.

The term “antibody,” as used herein, refers to an immunoglobulin

molecule which specifically binds with an antigen. Antibodies can be intact

immunoglobulins derived from natural sources or from recombinant sources and can

be inmmnunoreactive portions of intact 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, Fy, Fab and F(ab)), as well as single chain antibodies and humanized

antibodies CHarlowet al., 1999, In: Using Antibodies: A Laboratory Manual, Cold

Spring Harbor Laboratory Press, NY; Harlowet 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 determining variable regions of an mtact antibody.
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Examples of antibody fragments include, but are not limited to, Fab, Fab’, F(ab’)2, and

Fy fragments, linear antibodies, scFv antibodies, and multispecific antibodies formed

from antibody fragments.

An “antibody heavy chain,” as used herem, refers to the larger of the

two types of polypeptide chains present in all antibody molecules in their naturally

occurring conformations.

An “antibodylight chain,” as usedherein, refers to the smaller of the

two types of polypeptide chains present in all antibody molecules tn their naturally

occurring conformations. « and A light chains refer to the two major antibodylight

chain isotypes.

By the term “synthetic antibody” as used herein, is meant an antibody

which is generated using recombinant DNA technology, such as, for example, an

antibody expressed by a bacteriophage as described herein. The term should also be

construed to mean an antibody which has been generated bythe synthesis of a DNA

molecule encoding the antibody and which DNA molecule expresses an antibody

protein, or an amino acid sequence specifying the antibody, wherein the DNA or

arming acid sequence has been obtamed using svnthetic DNA or amino acid sequence

technology which is available and well known in the art.

The term “antigen” or “Ag” as used herein is defined as a molecale

that provokes an immune response. This immuneresponse mayinvolve either

antibody production, or the activation of specific immunologically-competent cells, or

both. The skilled artisan will understand that any macromolecule, including virtually

all protems or peptides, can serve as an anligen. Furthermore, antigens can be derived

from recombinant or genomic DNA. Askilledartisan will understandthat any DNA,

which comprises a nucleotide sequences or a partial nucleotide sequence encoding a

protein that elicits an immune response therefore encodes an “antigen” as that termis

used herein. Furthermore, one skilled in the art will understand that an antigen need

not be encoded solely by a full length nucleotide sequence of a gene. [tis readily

apparent that the present mvention includes, but is not limtied to, the use ofpartial

nacleotide sequences of more than one gene and that these nucleotide sequences are

arranged in various combinations to elicit the desired immuneresponse. Moreover, a

skilled artisan will understand that an antigen need not be encoded by a “gene”at all.

itis readily apparent that an antigen can be generated synthesized or can be derived
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from a biological sample. Such a biological sample can include, but is not limited to a

tissue sample, a tumor sample, a cell or a biological fhuid.

The term “anti-tumor effect” as used herein, refers to a biological

effect which can be manifested by a decrease in tumor volume, a decreasein the

number of tumor cells, a decrease in the number of metastases, an increase in life

expectancy, or arnelioration of various physiological svnrptoms 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 occurrence of tumorin the first place.

The term “auto-antigen” means, in accordance with the present

mvention, any self-antigen which is mistakenly recognized by the immune system as

being foreign. Auto-antigens comprise, but are not limited to, cellular proteins,

phosphoproteins, cellular surface proteins, cellular lypids, nucleic acids, glycoprotems,

mcluding cell surface receptors.

The term “autoimmune disease” as used herem is defined as a disorder

that results from an autoimmune response. An autoimmnume disease is the result of an

tappropriate and excessive response to a self-antigen. Examples of autoimmune

diseases include but are not limited to, Addision’s disease, alopecia greata, ankylosing

spondylitis, autoimmune hepatitis, autoimmune parotitis, Crohn's disease, diabetes

(Type 1), dystrophic epidermolysis bullosa, epididymitis, glomerulonephritis, Graves’

disease, Guillain-Barr syndrome, Hashimoto's disease, hemolytic anemia, systemic

fupus erythematosus, multiple sclerosis, myasthenia gravis, pemphigus vulgaris,

psoriasis, rheumatic fever, rheumatoid arthritis, sarcoidosis, scleroderma, Sjogren's

syndrome, spondyloarthropathies, thyroiditis, vasculitis, vitiligo, myxedema,

pemicious anernia, ulcerative colitis, among others.

As used herein, the term “autologous” is meant to refer to any material

derived from the same individual to which it is later to be re-introduced into the

madi vidual.

“Allogeneic”refers to a graft derived from a different animal of the

Same SPECies.

“Xenogeneic’ refers to a graft denved from an animal of a different

species.

The term “cancer” as used heremis defined as disease characterized by

the rapid and uncontrolled growth of aberrant cells. Cancer cells can spread locally or
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through the bloodstream and lymphatic system to other parts of the body. Examples

of various cancers inchide but are not limited to, breast cancer, prostate cancer,

ovarian cancer, cervical cancer, skin cancer, pancreatic cancer, colorectal cancer,

renal cancer, liver cancer, brain cancer, lymphoma, leukemia, lung cancer andthe

like.

“Co-stinrulatory ligand,” as the term is used herein, inchides a

molecule on an antigen presenting cell (e.g., an aAPC, dendritic cell, B cell, and the

like) that specifically binds a cognate co-stimulatory molecule on a T cell, thereby

providing a signal which, in addition to the primary signal provided by, for instance,

binding of a TCR/CDS3complex with an MHC molecule loaded with peptide,

rnediates a T cell response, mcluding, but not limitedto, proliferation, activation,

differentiation, and the like. A co-stimulatory ligand can include, but is not limited to,

CD7, B7-1 €CD80), B7-2 (CD86), PD-L1, PB-L2, 4-1 BBL, OX40L, inducible

costimulatory hgand GCOS-L), imtercellular adhesion molecule (CAM), CD30L,

CD40, CD70, CD83, HLA-G, MICA, MICB, HVEM, lymphotoxin beta receptor,

3/TR6, ILT3, TLT4, HVEM,an agonist or antibody that binds Toll ligand receptor and

a ligand that specifically binds with B7-H3. A co-stimulatory ligand also

encompasses, inter alia, an antibody that specifically binds with a co-stumulatory

molecule present on a Tcell, such as, but not limited to, CD27, CD2%, 4-1BB, OX40,

CD30, CD40, PD-i, ICOS, lyinphocyte function-associated antigen-1 (LFA-1}, CB2,

CD7, LIGHT, NKG2C, B7-H3, and a ligand that specifically binds with CD83.

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 limited to an MHC class | molecule, BTLA

and a Toll ligand receptor.

A “co-stimulatory signal”, as used herein, refers to a signal, which im

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 ifthe disease is not ameliorated then the animal’s

health continues to deteriorate. In contrast, a “disorder” in an animal is a state of

health in which the animal is able to maintain homeostasis, but in which the animal’s

state of health is less favorable than it would be in the absence ofthe 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,to serve as

templates for synthesis of other polymers and macromolecules in biological processes

having either a defined sequence of nucleotides @.e.,(RNA, tRNA and mRNA) ora

defined sequence of amino acids and the biological properties resulting therefrom.

Thus, 2 gene encodes a protem 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 to 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 to as encoding the

protein or other product of that gene or cDNA.

As used herem “endogenous”refers to ary material from or produced

tmside 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 its promoter.

“Expression vector” refers to a vector comprising a recombinant

polynucleotide comprising expression control sequences operatively linked to a

mucleotide sequence to be expressed. An expression vector comprises sufficient cis-

acting elements for expression; other elements for expression can be supplied by the

host cell or in an in vitro expression system. Expression vectors include all those

knownin the art, such as cosmids, plasmids (¢.¢., naked or contained in liposomes)

and viruses (e.¢., lentiviruses, retroviruses, 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 im

both of the two compared sequences is occupiedby the same base or amino acid

rnonomer subunit, e.g., fa position in each of two DNA molecules is occupied by

adenine, ihen 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, if 6 of 10 of the positions in two sequences are matched or

homologous then the two sequences are 60%homologous. By wayof example, the

DNAsequences ATTGCC and TATGGCshare 50% homology. Generally, a

comparison is made when two sequences are aligned to give maximum homology.
°

The term “immunogicbulin” or “Ig,” as used herein is definedas a

class of protems, 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 protems are IgA, [eG, IgM, [gD, and IgE. IgA ts the

primary antibodythat is present in body secretions, such as saliva, tears, breast milk,

gastrointestinal secretions and mrucus secretions of the respiratory and genitourinary

tracts. [gG is the most commoncirculating antibody. IgMis the main immunoglobulin

produced in the primary unmune response in most subjects. ft is the most efficient

immunoglobulin in agglutination, complement fixation, and other antibody responses,

and is important in defense against bacterta and viruses. [gD is the immunoglobulin

that has no known antibody fanction, but may serve as an antigen receptor. IgEis the

immunoglobulin that mediates immediate hypersensitivity by causing release of

rnediators 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 mediumof expression which can be used to

communicate the usefulness of the compositions and methods of the invention. The

instructional material of the kit of the invention may, for example, be affixed to 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 bythe recipient.

“Isolated” means altered or removed from the natural state. For

example, a nucleic acid or a peptide naturally present in a living animalis not

“solated.” but the same nucleic acid or peptide partially or completely separated from

the coexisting materials of its natural state is “isolated.” An isolated nucleic acid or

protein can exist in substantially purified form, 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 commonly occurring nucleic acid bases are used. “A” refers to adenosine, “C”

refers to cytosine, “G” refers to guanosine, “T” refers to thymidine, and “U”refers to

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 mayalso include mtrons to the extent that the

nucleotide sequence encoding the protein mayin some version contain an intron(s).

A “lentivirus” as used herein refers to a genus of the Retroviridae

family. Lentiviruses are unique arnong the retroviruses in being able to infect non-

dividing cells; they can deliver a significant amount of genetic information into the

DNAofthe host cell, so they are one of the most efficient methods of a gene dehvery

vector. HEV, SEV, and FIVare all examples of lentiviruses. Vectors derived from

lentiviruses 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 in a subject compared with

the level of a responsein the subject in the absence of a treatrnent or compound,

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 arnino

acid sequence” inchides all nucleotide sequences that are degenerate versions of each

other and that encode the same amino acid sequence. Nucleotide sequences that

encode proteins and RNA may include introns.

The term “operablylinked”refers to functional linkage betweena

regulatory sequence and a heterologous nucleic acid sequence resulting in expression

of the latter. For example, a first nucleic acid sequence is operably linked with a

second nucleic acid sequence when thefirst nucleic acid sequence is placed ina

functional relationship with the second nucleic acid sequence. For instance, a

promoter is operably linked to a coding sequence ifthe promoteraffecis the

transcription or expression of the coding sequence. Generally, operably linked DNA

sequences are contiguous and, where necessaryto join two protein coding regions, in

ihe same reading frame.
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The term “overexpressed” tumor antigen or “overexpression” of the

tumor antigen is intended to indicate an abnormal level of expression of the tumor

antigen in a cell froma disease area like a solid tumor within aspecific tissue or organ

of the patient relative to the level of expression in a normal cell fromthattissue or

organ. Patients having solid tumors or a hematological malignancy characterized by

overexpression ofthe tumorantigen can be determined by standard assays known in

the art.

“Parenteral” administration of an immunogenic composition includes,

é.g., subcutaneous (S.c.)}, intravenous G.v.), mtramuscular G.m.), or intrasternal

myection, or infusion techniques.
2D 66 2D See

The terrns “patient,” “subject,” “individual,” andthe like are used

interchangeably herein, and refer to any animal, or ceils thereof whether in vitro or in

situ, amenable to the methods described herein. In certain non-limiting embodiments,

the patient, subject or individual is a human.

The term “polynucleotide” as used herem 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 “nucleotides.” The monomeric nucleotides can be

hydrolyzed into nucleosides. As used herein polynucleotides include, but are not

limited to, all nucleic acid sequences whichare obtained by any means available in

the art, including, without limitation, recombinant means, 1e., 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.
2D 6s.

As used herein, the terms “peptide,” “polypeptide,” and “protein” are

used interchangeably, and refer io a compound comprised of amino acid residues

covalently linked by peptide bonds. A protein or peptide must contain at least two

amino acids, and no limitation is placed on the maximum oumber of aminoacids that

can comprise a protein's or peptide’s sequence. Polypeptides include any peptide or

protein comprising two or more amino acids jomed to each other by peptide bonds.

As used herein, the termrefers to both short chams, which also commonlyare referred

to in the art as peptides, oligopeptides and oligomers, for example, and to longer

chains, which generally are referredto in the art as proteins, of which there are many

ivpes. “Polypeptides” include, for example, biologically active fragments,

22
UPenn Ex. 2047

Miltenyi v. UPenn
IPR2022-00855

Page 33



UPenn Ex. 2047 
Miltenyi v. UPenn 

IPR2022-00855 
Page 34

rt

10

15

20

30

substantially homologous polypeptides, oligopeptides, homodimers, heterodimers,

varianis of polvpeptides, modified polypeptides, derivatives, analogs, fusion proteins,

among others. The polypeptides inchide natural peptides, recombmant peptides,

synthetic peptides, or a combination 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 to initiate the specific transcription of a polynucleotide sequence.

As used hereim, 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 maybe

the core prornoter sequence andin other instances, this sequence mayalso 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” promoteris 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 under most or all physiological

conditions of the cell.

An “inducible” promoteris 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 “ussue-specific” promoter is a nucleotide sequence which, when

operably linked with a polynucleotide encodes or specified by a gene, causes the gene

product to be produced in a cell substantially only ifthe cell is a cell ofthe tissue type

corresponding to the promoter,

Bythe term “specifically binds,” as used herem with respect to an

antibody, is meant an antibody which recognizes a specific antigen, but does not

substantially recognize or bind other molecules in a sample. For example, an antibody

that specifically binds to an antigen from one species mayalso bind to that antigen

from one or more species. But, such cross-species reactivity does not itself alter the

classification of an antibody as specific. In another example, an antibodythat

specifically 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 antibodyas
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specific. In some mstances, the terms “specific binding” or “specifically binding,” can

be used in reference to the interaction of an antibody, a protein, or a peptide with a

second chemical species, to mean that the interaction is dependertt upon the presence

of a particular structure (e.g., an antigenic determinant or epitope) on the chemical

species; for example, an antibody recognizes and binds to a specific protein structure

rather than to proteims generally. Hf an antibodyis specific for epitope “A”, ihe

presence of a molecule containing epttope A (or free, unlabeled A), in a reaction

containing labeled “A” and the antibody, will reduce the amount of labeled A bound

to the antibody.

Bythe term “stimulation,” 1s meant a primary response induced by

binding of a stimulatory molecule (¢.g., aTCR/CD3 complex) with tts cognate ligand

thereby mediating a signal transduction event, such as, but not limited to, signal

transduction via the TCR/CD3 comples. Stimulation can mediate altered expression

of certain molecules, such as downregulation of TGF-f, and/or reorganizationof

cytoskeletal structures, and the like.

A “stimulatory molecule,” as the term is used herein, means a

molecule on a fF cell that specifically binds with a cognate stimulatory ligand present

onan antigen presenting cell.

A “stimulatory ligand,” as used herein, means a ligand that when

present on an antigen presenting cell (e.2, an aAPC, a dendritic cell, a B-cell, and the

like) can specifically bind with a cognate binding partner (referredto herein as a

“stimulatory molecule’) on a Tcell, thereby mediating a primary response by the T

cell, including, but not limited io, activation, initiation of an immune response,

proliferation, and the like. Stimulatory ligands are well-knownin the art and

encompass, inter alia, an MHC Class I molecule loaded with a peptide, an anti-CD3

antibody, a superagonist anti-CD28 antibody, and a superagonist anti-CD2 antibody.

The term “subject” is intended to include living organisms in which an

immune response can be ehcited fe.¢., mammals). Examples of subjects include

humans, dogs, cats, mice, rats, and transgenic species thereof,

As used herein, a “substantially purified” cell is a cell that is

essentially free of other cell types. A substantially purified cell also refers to a cell

which has been separated fromother cell types with which it is normally associated in

its naturally occurring state. In some instances, a population of substantially purified

cells refers io a homogenous population of cells. In other instances, this term refers
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simplyto cell that have been separated from the cells with which theyare naturally

associated in their natural state. in some embodiments, the cells are cultured in vitro.

In other embodiments, the cells are not cultured in vitro.

The terrn “therapeutic” as used herein means a treatment and/or

prophylaxis. A therapeutic effect is obtained by suppression, remission, or

eradication of a disease state.

The term “therapeutically effective amount”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, veterinarian, medical doctor

or other clinician. The term “therapeutically effective amount” includes that amount

of a corapound that, when administered, is sufficient to prevent development of, or

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

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

compound, the disease andits severity andthe age, weight, etc., 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 symptomof a disease or disorder

expenenced 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

introduced 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 in the correct location and onentation in

relation to a polynucleotide to control the initiation of transcription by RNA

polymerase and expression of the polynucleotide.

A “vector” is a composition of matter which comprises an isolated

mucleic acid and which can be used to deliver the isolated nucleic acid to the interior

of a cell. Numerous vectors are knownin the art including, but not limited to, linear

polynucleotides, polynucleotides associated with ionic or amphiphilic compounds,

plasmids, and viruses. Thus, the term “vector” includes an autonomouslyreplicating

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
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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. Tt should be understood that the description in

range format is merely for convenience and brevity and should not be construed as an

inflexible limitation on the scopeof the invention.Accordmely, the description of a

range should be considered to have specifically disclosed all the possible subranges as

well as individual numerical values within that range. For example, description of a

range such as from | to G should be considered to have specifically disclosed

subranges such as from | to 3, from | to 4, from | to 5, from2 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, 5.3, and G. This applies regardless of the breadth ofthe range.

Description

The present invention provides compositions 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 canceris a hematological

ralignancy, and more preferably, the cancer is Chronic Lymphocytic Leukemia

(CLL). Other diseases treatable using the compositions and methods of the invention

mclude viral, bacterial and parasitic infections as well as automumune diseases.

In one embodiment, the invention provides a cell (e.g., T cell)

engimeered to express a CAR wherem the CAR T cell exhibits an antitumor property.

The CARof the invention can be engineered to 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

whenexpressed in a T cell is able to redirect antigen recognition based on the antigen

binding specificity. An exemplary antigen is CD19 because this antigen is expressed

on malignant B cells. However, the invention is not limited to targeting CD19.

Rather, the invention includes any antigen binding moiety that when boundto its

cognate antigen, affects a tumor cell so that the tumorcell fails to grow, is prompted

to die, or otherwise is affected so that the tumor burden in a patient is diminished or

eliminated. The antigen binding moietyis preferably fused with an mtracellular

domain from one or more of a costimulatory molecule and a zeta chain. Preferably,
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the antigen binding moietyis fused with one or more intracellular domains selected

from the group of a CD137 (4-1 BB} signaling domain, a CD28 signaling domain, a

CD3zetasignal domain, and any combination thereof,

In one embodiment, the CARof the invention comprises a CD137 (4-

iBB) 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-tumoractivity and in vivo persistence of

CAR T cells compared to an otherwise identical CAR T cell not engineered io express

CB137 (4-1 BB).

Composition

The present invention provides chimeric antigen receptor (CAR)

comprising an extracellular andintracellular domain. The extracellular domain

comprises a target-specific bimding element otherwise referred to as an antigen

binding moiety. The intracelhilar domain or otherwise the cytoplasmic domain

comprises, a costimulatory signaling region and a zeta cham portion. The

costimulatory signaling region refers to a portion of the CARcomprising the

intracellular 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 lymphocytes to antigen.

Between the extracellular domain and the transmembrane domain of

the CAR,or between the cytoplasmic domain and ihe transmembrane domain ofthe

CAR,there may be incorporated a spacer domain. As used herem, the term “spacer

domain” generally means any cligo- or polypeptide that functions to link the

transmembrane domain to, erther the extracellular domain or, the cytoplasmic dornain

in the polypeptide cham. A spacer domain may comprise up to 300 amino acids,

preferably 10 to 100 aminoacids and most preferably 25 to 50 aminoacids.

Apticen binding moiety

In one embodiment, the CARof the invention comprises a target-

specific binding element otherwise referred to as an antigen binding moiety. The

choice of moiety depends upon the type and numberof 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 surface marker on target cells associated with a particular

disease state. Thus examples of cell surface markers that may act as ligands forthe

antigen moiety domamin the CAR of the invention include those associated with

viral, bacterial and parasitic infections, autounmune disease and cancercells.

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

moiety that specifically binds to an antigen on aturnor cell. In the context of the

present invention, “tumor 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. Thelist is not intended to

be exclusive and further examples will be readily apparent to those of skill in the art.

Tamor antigens are proteins that are produced by tumorcells that elicit

an immune response, particularly T-cell mediated immune responses. Theselection

of the antigen binding moiety of the invention will depend on the particular tvpe of

cancer to be treated. Tumor antigens are well known in ihe art and include, for

example, a glioma-associated antigen, carcinoembryonic antigen (CEA), §-homan

chorionic gonadotropin, alphafetoprotein (AFP), lectin-reactive AFP, thyroglobulin,

RAGE-1, MN-CA IX, human telomerase reverse transcriptase,RU1, RU2 (AS),

intestinal carboxyl esterase, mut hsp70-2, M-CSF, prostase, prostate-specific antigen

(PSA), PAP. NY-ESO-1, LAGE-la, p53, prostein, PSMA, Her2/neu, survivin and

telomerase, prostate-carcinoma tumor antigen-1 (PCTA-1), MAGE, ELF2M,

neutrophil elastase, ephrinB2, CD22, insulin growth factor (GF)-L, KGF-H, IGF-I

receptor and mesothelin.

In one embodiment, the tumor antigen comprises one or more

antigenic Caticer epitopes associated with a malignant tumor. Malignant tumors

express a number of proteins that can serve as target antigens for an inamune attack.

These molecules include but are not limited to tissue-specific antigens such as

MART-1, tyrosinase and GP 100 in melanoma andprostatic acid phosphatase (PAP}

and prostate-specific antigen (PSA) in prostate cancer. Other target molecules belong

to the group oftransformation-related molecules such as the oncogene HER-

2/Neu/ErbB-2. Yet another group of target antigens are onco-fetal antigens such as

carcinoembryonic antigen (CEA). In B-cell lymphomathe tumor-specific idiotype

immunoglobulin constitutes a truly tumor-specific immunoglobulin antigen thatis

28
UPenn Ex. 2047

Miltenyi v. UPenn
IPR2022-00855

Page 39



UPenn Ex. 2047 
Miltenyi v. UPenn 

IPR2022-00855 
Page 40

rt

20

30

unique to the individual tumor. B-cell differentiation antigens such as CD19, CD20

and CD37 are other candidates for target antigens in B-cell lymphoma. Someofthese

antigens (CEA, HER-2, CD19, CD20, idiotype) have been used as targets for passive

imununotherapy with monoclonal antibodies withlimited success.

The type oftumor antigen referred to in the invention may also be a

tumor-specific antigen (TSA) or a tumor-associated antigen (TAA). A TSAis unique

to tumor cells and does not occur on other cells in the body. A TAAassociated

antigen is not unique to a tumorcell and instead is also expressed on a normalcell

under conditions that fail to induce a state of immunologic tolerance to the antigen.

The expression of the antigen on the tumor may occur under conditions that enable

the immune system to respondto the antigen. TAAs maybe antigens that are

expressed on normal cells during fetal development when the immune system is

immature and onable to respond or they may be antigens that are normally present at

extremely lowlevels on normal cells but which are expressed at much higher levels

on tumorcells.

Non-limiting examples of TSA or TAAantigens include the following:

Differentiation antigens such as MART-1/MelanA (MART-D, gp100 (Pmel 17),

tyrosinase, TRP-1, TRP-2 and tumor-specific multilineage antigens such as MAGE-1,

MAGE-3, BAGE, GAGE-1, GAGE-2, p15; overexpressed embryonic antigens such

as CEA; overexpressed oncogenes and mutated tumor-suppressor genes such as p53,

Ras, HER-2/neu; unique tumor antigens resulting frorn chromosomaltranslocations:

such as BCR-ABL, E2A-PRL, H4-RET, IGH-IGK, MYL-RAR; and viral antigens,

such as ihe Epstein Barr virus antigens EBVA and the human papillomavirus (HPV)

antigens EG and E7. Other large, protem-based antigens inclade TSP-180, MAGE-4,

MAGE-S, MAGE-6, RAGE, NY-ESO, pi 85erbB2, pl 80erbB-3, c-met, nm-23H1,

PSA, TAG-72, CA 19-9, CA 72-4, CAM 17.1, NuMa, K-ras, beta-Catenin, CDK4.

Mum-l, p 15, p 16, 43-9F, ST4, 791Tgp72, alpha-fetoprotem, beta-HCG, BCA225,

BTAA, CA 125, CA 15-3\CA 27.29\BCAA, CA 195, CA 242, CA-50, CAMA,

CD68\P1, CO-029, FGF-5, G250, Ga733\EpCAM, HTgp-175, M344, MA-50, MG7-

Ag, MOVIES, NB/70K, NY-CO-1, RCASIL, SDCCAGI6, TA-90\Mac-2 binding

proterm\cyclophilin C-associated protein, TAAL6, TAG72, TLP, and TPS.

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

CARtargets an antigen that includes but is not limited to CD19, CD20, CD22, ROR],
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Mesothelin, CD33/IL3Ra, c-Met, PSMA, Glycolipid F77, EGFRvIIl, GD-2, MY-

ESO-1 TCR, MAGE A3 TCR, and the like.

Depending on the desired antigen to be targeted, the CAR ofthe

mvention can be engineered to include the appropriate antigen bind moietythat is

specific to the desired antigen target. For example, if CD19 is the desired antigen that

is to be targeted, an antibody for CD19 can be used as the antigen bind moietyfor

incorporation into the CAR of the invention.

In one embodiment, the antigen binding moiety portion of the CAR of

the invention targets CD19. Preferably, the antigen binding moiety portion in ihe

CARof the invention is anti-CD19 scFV, wherein the nucleic acid sequence ofthe

anti-CD19 scFVcontprises the sequence set forth in SEQ ID: 14. In one embodiment,

the anti-CD19 scFV comprise the nucleic acid sequence that encodes the amino acid

sequence of SEQ ID NO: 20. Tn another embodiment, the anti-CDI9 scFV portion of

the CAR of the invention 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 is 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 ofthe receptor

complex.

The transmembrane domain may be derived erther from a natural or

from a synthetic source. Where the source is natural, the domain may be derived

from anv membrane-bound or transmembrane protemn. Transmembrane regions of

particular use in this invention may be derived from (.e. comprise at least the

transmembrane region(s) of} the alpha, beta or zeta chain ofthe T-cell receptor,

CD28, CD3 epsilon, CD45, CD4, CD5, CD8, CD9, CD16, CD22, CD33, CD37,

CD64, CD80, CD86, CD134, CD137, CD154. Alternatively the transmembrane

domain may be synthetic, in which case it will comprise predominantly hydrophobic

residues such as leucine and valme. Preferably a triplet of phenylalanine, tryptophan
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and valine will be found at each end of a synthetic transmembrane domain.

Optionally, a short oligo- or polypeptide linker, preferably between 2 and 10 amino

acids in length may form the linkage betweenthe transmembrane domain and the

cytoplasnuc signaling domain of the CAR. Aglycine-serine doublet provides a

particularly suitable linker.

Preferably, the transmembrane domain in the CAR ofthe invention is

the CD8 transmembrane domain. In one embodiment, the CD%8 transmembrane

domain comprises the nucleic acid sequence of SEQ ID NO: 16. In one embodiment,

the CD8 transmembrane domain comprises the nucleic acid sequence that encodes the

anno acid sequence of SEQ ID NO: 22. In another embodiment, the CD8

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

in some instances, the transmembrane domain of the CAR of the

invention comprises the CD80 hinge domain. In one embodiment, the CD8 hinge

domain comprises the nucleic acid sequence of SEQ ID NO: 15. In one embodiment,

the CD8 hinge domain comprises the nucleic acid sequence that encodes the arnino

acid sequence of SEQ ID NO: 21. In another embodiment, the CD8 hinge domain

comprises the amino acid sequence of SEQ ID NO:21.

Cytoplasmic domain

The cytoplasmic domain or otherwise the intracellular signaling

domain of the CARof the invention is responsiblefor activation of at least one of the

normal effector functions of the immunecell in which the CAR has been placed in.

The term “effector function” refers to a specialized function of a cell. Effector

function of a T cell, for example, may be cytolytic activity or helper activity mcluding

the secretion of cytokines. Thus the term “intracellular signaling domain”refers to

the portion of a protem which transduces the effector function signal and directs the

cell to perform aspecialized function. While usually the entire intracellular signaling

domain can be ermploved, in many cases il is not necessary to use the entire chain. To

the extent that a truncated portion of the intracellular signaling domain ts used, such

truncated portion may be used in place ofthe intact chain as long as it transduces the

effector function signal. The term intracellalar signaling domain is thus meant to

mclude 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 ofthe invention inchide the cytoplasmic sequences of the T cell recepior (TCR)

and co-receptors that act in concert to initiate signal transduction following antigen

receptor engagement, as well as anv 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 andthat a secondaryor co-stimulatory

signal is 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 (primary cytoplasmic signaling

sequences} andthose that act in an antigen-independent manner to provide a

secondary or co-stimulatory signal (secondary cytoplasmic signaling sequences).

Primary cytoplasmic signaling sequences regulate primaryactivation

of the TCR complex either in a stimulatory way, or in an inhibitory way. Primary

cytoplasmic signaling sequences that act in a stimulatory manner may contain

signaling motifs which are known as immunoreceptor tyrosine-based activation

motifs or TTAMs.

Examples of [TAMcontaining primarycytoplasmic signaling

sequences that are of particular use m the invention include those derived from TCR

7eta, FcR gamma, FcR beta, CD3 gamma, CD3 delta, CD3 epsilon, CDS, CD22,

CD79a, CD79b, and CD66d. His particularly preferred that cytoplasmic signaling

molecule in the CARof the invention comprises a cytoplasmic signaling sequence

derived from CD3 zeta.

In a preferred embodiment, the cytoplasmic domain of the CARcan be

designed to comprise the CD3-zeta signaling domain byitself or combined with any

other desired cytoplasmic domain(s} useful in the context of the CAR of the

invention. For example, the cyioplasmic domain of the CAR can comprise a CD3

zeta chain portion and a costimulatory signaling region. The costimulatory signaling

region refers to a portion of the CAR comprising the intracellular domain of a

costimulatory molecule. A costimulatory molecule is a cell surface molecule other

than an antigen receptor or their ligands that is required for an efficient response of

lymphocytes to an antigen. Examples of such molecules include CD27, CD28, 4-1BB

(CD137), OX40, CD30, CD40, PD-1, COS, lymphocyte function-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 hke. Thus, while the invention in exernplified primarily with 4-

iBB as the co-stimulatory signaling element, other costimulatory elements are within

the scope of the invention.

The cytoplasmic 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 ammoacids in length mav formthe linkage. Aglycine-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 CD28. In another

embodiment, the cytoplasmic domain is designed to comprise the signaling domain of

CD3-zeta and the signaling domain of 4-1BB. In yet another embodiment, the

cytoplasmic domain is designed to comprise the signaling domain of CD3-zela and

the signaling domain of CD28 and 4-1 BB.

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 set forth in SEQ ID NO: 17 andthe 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

invention is designed to comprise the signaling domain of 4-1 BB andthe signaling

domain of CD3-zeta, wherein the signaling domain of 4-1BB comprises the nucleic

acid sequence that encodes the amino acid sequence of SEQ [D NO: 23 and the

signaling dornamn of CD3-zeta comprises the nacleic acid sequence that encodes the

amino acid sequence of SEQ ID NO: 24.

in one embodiment, the cytoplasmic domain in the CARof the

invention is designed to comprise the signaling domain of 4-1 BB and the signaling

domain of CD3-zeta, wherein the signaling domain of 4-1BB comprises the amino

acid sequence set forth in SEQ [D NO: 23 andthe signaling domain of CD3-zeta

comprises the amino acid sequence set forth in SEQ ID NO: 24.

 

The present invention encompasses a DNA construct cornprising

sequences of a CAR, wherein ihe sequence comprises the nucleic acid sequence ofan
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antigen binding moiety operably linked to the nucleic acid sequence of an intracellular

domain. An exemplary intracellular domain that can be used in the CARofthe

invention includes but is not lumited to the intracellular domain of CD3-zeta, CD28,

4-1BB, and the like. In some instances, the CARcan comprise any combination of

CD3-zeta, CD28, 4-1BRB. and the like.

In one embodiment, the CAR ofthe invention comprises anti-CD19

scFy, human CDhinge and transmembrane domain, and human 4-1 BB and CD3zeta

signaling domains. In one embodiment, the CAR of the invention comprises the

nucleic acid sequence set forth in SEQ ID NO: 8. In another embodiment, the CAR

of the invention comprises the nucleic acid sequence that encodes the aminoacid

sequence of SEQ ID NO: 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 frorn cells expressing the gene, by deriving the gene from a vector

known to mclude the same, or by isolating directly from celis and tissues containing

the same, using standard techniques. Alternatively, the gene ofinterest can be

producedsynthetically, rather than cloned.

The present invention also provides vectors in which a DNAofthe

present invention is inserted. Vectors derived from retroviruses such as the lentivirus

are suitable tools to achieve long-term genetransfer since theyallowlong-term, stable

integration of a transgene andits propagation in daughter cells. Lentiviral vectors

have the added advantage over vectors derived from onco-retroviruses such as munne

leukemiaviruses in that they can transduce non-proliferating cells, such as

hepatocytes. They also have the added advantage of lowirnmunogenicitv.

In brief summary, the expression of natural or synthetic nucleic acids

encoding CARsis typically achieved by operably linking a nucleic acid encoding the

CAR polypeptide or portions thereof to a promoter, and incorporating the construct

into an expression vector. The vectors can be suttable for replication and integration

eukaryotes. Typical cloning vectors contain transcription and translation terminators,

mitiation sequences, and promoters useful for regulation of the expression ofthe

desired nucleic acid sequence.

The expression constructs 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., US. Pat. Nos.

§,399,346, 5,580,859, 5,589,466, incorporated by reference herein in their entireties.

In another embodiment, the imvention 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 into a vector including, but not limited to a

plasmid, a phagemid, a phage derivative, 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 technologyis well known in the art and is described, for

example, 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 linuted to,

retroviruses, adenoviruses, adeno- associated viruses, herpes viruses, and lentiviruses.

In general, a suttable 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, (¢.g., WO 01/96584, WO 01/29058; and U.S. Pat. No.

6,326,193).

A number of viral based systems have been developed for gene

transfer into mammalian cells. For example, retroviruses provide a convenient

platformfor gene delivery systems. A selected gene can be inserted into a vector and

packaged in retroviral particles using techniques known in the art. The recombmant

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 embodiments,

adenovirus vectors are used. Anumber of adenovirus vectors are known imthe art. In

one embodiment, lentivirus vectors are used.

Additional promoter elements, ¢.g., enhancers, regulate the frequency

of transcriptional inthation. Typically, these are located in the region 30-110 bp

upstreamof the start site, although a numberof promoters have recently been shown

to contain functional elements downstreamofthe start stte as well. The spacing

between promoter elements frequently is flexible, so that promoter functionis

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

35
UPenn Ex. 2047

Miltenyi v. UPenn
IPR2022-00855

Page 46



UPenn Ex. 2047 
Miltenyi v. UPenn 

IPR2022-00855 
Page 47

rt

10

20

30

promoter, it appears that individual elements can function either cooperatively or

independently to activate transcription.

One example ofa suttable promoter is the immediate early

cytomegalovirus (CMY) promoter sequence. This promoter sequenceis a strong

constitutive promoter sequence capable of dnving high levels of expression of any

polynucleotide sequence operatively linked thereto. Another example ofa suttable

promoter is Elongation Growth Factor -la (EF-la). However, other constitutive

promoter sequences mayalso be used, including, but not limited to the simian virus

40 (SV40) early promoter, mouse mammary tumor virusMMTV), human

immunodeficiency virus (HIV) long terminal repeat (LTR) promoter, MoMuLV

promoter, an avian leukemia virus promoter, an Epstein-Barr virus immediate early

promoter, a Rous sarcoma virus promoter, as well as hurnan gene prornoters such as,

but not limited to, the actin promoter, the myosin promoter, the hemoglobin promoter,

and the creatine kinase promoter. Further, the invention shouldnot be linuted 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 if is operatively linked

when such expression is desired, or tuming off the expression when expression is not

desired. Examples of inducible promoters include, but are not limited to a

metallothionine promoter, a ghicocorticoid promoter, a progesterone promoter, and a

tetracycline promoter.

In order to assess the expression of a CAR polypeptide 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 to facilitate identification and

selection of expressing cells from the population of cells sought to be transfected or

infected through viral vectors. In other aspects, the selectable marker maybe carried

on a separate piece of DNA and used in a co- transfection procedure. Both selectable

markers and reporter genes may be flanked with appropriate regulatory sequences to

enabie expression in the host cells. Useful selectable markers include, for example,

antibiotic-resistance genes, such as neo and thelike.

Reporter genes are used for identifying potentially transfected cells and

for evaluating the functionality of regulatory sequences. In general, a reporter gene is

a gene that is not present in or expressed bythe recipient organism or tissue and that

encodes a polypeptide whose expression is manifested by some easily detectable
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property, ¢.g., enzymatic activity. Expression of the reporter gene is assayedat a

suitable time after the DNA has been introduced into the recipient cells. Sutiable

reporter genes may include genes encoding luciferase, beta-galactosidase,

chloramphenicol acetyl transferase, secreted alkaline phosphatase, or the green

fluorescent protein gene (e.g., Ui-Tei et al., 2000 FEBS Letters 479: 79-82). Surtable

expression systems are well known and maybe prepared using known techniques or

obtained commercially. In general, the construct with the minimal 5' flanking region

showims the highest level of expression of reporter gene is identified as the promoter.

Such promoter regions may be linked to a reporter gene and used to evaluate agents

for the ability to modulate promoter- driven transcription.

Methods of introducing and expressing genes into a cell are known in

the art. In the context of an expression vector, the vector can be readily introduced

into a host cell, e.g., mammialian, 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

ticlude calciumphosphate precipitation, lipofection, particle bombardment,

micromyection, electroporation, and the lke. Methods for producing cells comprising

vectors and/or exogenous nucteic acids are well-knownin the art. See, for example,

Sambrook et al. (2001, Molecular Cloning: A Laboratory Manual, Cold Spring

Harbor Laboratory, New York). A preferred method for the introduction of a

polynucleotide into a host cell is calchum phosphate transfection.

Biological methods for introducing a polvmucleotide of interest into a

host cell inchide the use of DNA and RNA vectors. Viral vectors, and especially

retroviral vectors, have becomethe most widely used methodfor inserting genes imto

rnammatian, e.g, human cells. Other viral vectors can be derived from lentivirus,

poxviruses, herpes sumplex virus [, adenoviruses and adeno-associated viruses, and

ihe like. See, for example, U.S. Pat. Nos. 5,350,674 and 5,585,362.

Chemical means for introducing a polynucleotide into a host cell

include colloidal dispersion systems, such as macromolecule complexes,

nanocapsules, microspheres, beads, and lipid-based systems including oil-in-water

emulsions, micelles, mixed micelles, and liposomes. An exemplarycolloidal svstem

for use as a delivery vehicle in vitro and in vive is a liposome (e.g.an artificial

membrane vesicie).
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In the case where a non-viral delivery system is utilized, an exemplary

delivery vehicle is a liposome. The use oflipid formulations is contemplated forthe

tmiroduction of the nucleic acids into a host cell (i vitro, ex vivo or in vivo). fn

another aspect, the nucleic acid maybe associated with a lipid. The nucleic acid

associated with a lipid may be encapsulated in the aqueous interior ofa liposome,

interspersed within the lipid bilayer of a liposome, attached to a liposome via a

linking molecule that is associated with both the liposomeand the oligonucleotide,

entrapped in a liposome, complexed with a liposome, dispersed in a solution

containing a lipid, mixed wrth a lipid, combined with a lipid, contained as a

suspension in a lipid, contained or complexed with a micelle, or otherwise associated

with a lipid. Lipid, lypid/DNAor lipid/expression vector associated compositions are

not limited to any particular structure in solution. For example, they may be present in

a bilayer structure, as micelles, or with a “collapsed” structure. They may also simply

be interspersed in a solution, possibly forming aggregates that are not uniformin size

or shape. Lipids are fatty substances which maybe naturally occurring or synthetic

lipids. For example, lipids include the fatty droplets that naturally occur in the

cytoplasmas well as the class of compounds which contain long-chain aliphatic

hydrocarbons and their derivatives, such as fatty acids, alcohols, amines, amino

aicohois, and aldehydes.

Lipids suitable for use can be obtatned from commercial sources. For

example, dimyristvl] phosphatidyicholine(DMPC”) can be obtained from Sigma, St.

Louis, MO; dicetyl phosphate (“DCP”) can be obtained from K &K Laboratories

(Plainview, N'Y). cholesterol Choi”) can be obtained from Calbiochem-Bebring:

dimyristy] phosphatidyl glycerol (“DMPG’) and other lipids may be obtained from

Avanti Polar Lipids, Inc. (Birmingham, AL). Stock solutions of lipids in chloroform

or chlorotorm/methanol can be stored at about -20°C. Chloroform is used as the only

solvent since it is more readily evaporated than methanol. “Liposome”is a generic

term encompassing a variety of single and multilameliar 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. Mulnlamellar hposomes have multiple lipid lavers separated by

aqueous medium. They form spontaneously when phospholipids are suspended in an

excess of aqueous solution. The hpid components undergo self-rearrangement before
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the formation of closed structures and entrap water and dissolved solutes between the

lipid bilayers (Ghoshet al., 1991 Glycobiology 5: 505-10}. However, compositions

that have different structures in solution than the normal vesicular structare are also

encompassed. For exarnple, the lipids may assume a macellar structure or merely exist

as nonuniform ageregates of lipid molecules. Also contemplated are lhpofectamine-

nucleic acid complexes.

Regardless of the method usedto introduce exogenous nucleic acids

into a host cell or otherwise expose a cell to the inhibitor of the present invention, in

order to confirm the presence ofthe recombinant DNA sequence in the host cell, a

variety of assavs mav be performed. Such assays inchude, for example, “molecular

biological” assays well known to those of skill in the art, such as Souther and

Northern biotting, RT-PCR and PCR; “biochemical” assays, such as detecting the

presence or absence ofa particular peptide, e.g., by immunological means (ELISAs

and Wester blots} or by assavs described herein to identify agents falling withinthe

scope of the invention.

Sources of T cells

Prior to expansion and genetic modification of the Tcells of the

rmvention, a source of T cells is obtained from a subject. T cells can be obtamned from

a number of sources, including peripheral blood mononuclear cells, bone marrow,

lymph 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 mumber of T cell lines available in the art, may be used. [n certain

embodiments of the present invention, T cells can be obtained from a unit of blood

collected from a subject using any number of techniques knownto the skilled artisan,

such as Ficoll’separation. In one preferred embodiment, cells from the circulating

blood of an individual are obtained by apheresis. The apheresis product typically

contains lymphocytes, inclading T cells, monocytes, granulocytes, B cells, other

nucleated white blood cells, red blood ceils, and platelets. In one embodiment, the

cells collected by apheresis may be washed to remove ihe plasma fraction and to place

the cells in an appropriate buffer or mediafor subsequent processing steps. In one

embodiment of the invention, the cells are washed with phosphate bufferedsaline

(PBS). In an alternative embodiment, the wash solution lacks calcium and may lack

magnestum or may lack many if not all divalent cations. Agar, surprisingly, initial
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activation steps in the absence of caicrumlead to magnified activation. As those of

ordinary skillin the art would readily appreciate a washing step may be accomplished

by methods known to those in the art, such as by using a serni-automated “flow-

through” centrifuge or example, the Cobe 2991 cell processor, the Baxter CytoMate,

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 sarnple

may be removed and the cells directly resuspended in culture media.

In another embodiment, T cells are isolated from peripheral blood

lymphocytes by lysing the red bloodcells 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°, CD38",

CD45RA‘, and CD45RO'Tcells, can be further isolated by positive or negative

selection techniques. For example, in one embodiment, Tcells are isolated by

incubation with anti-CD3/anti-CD28 @.e., 3x28)-conjugated beads, such as

DYNABEADS® M-450 CD3/CD28 T, for a time period sufficient for positive

selection of the desired T cells. In one ernbodiment, the time period is about 30

roinutes. 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

time periodis 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

meubation times, such as 24 hours, can merease cell yield. Longer incubation times

may be used to isolate T cells im any situation where there are few Tcells as

compared to other cell types. such in isolating tumor infiltrating lymphocytes (TIL)

from tumortissue or from immune-compromised individuals. Further, ase of longer

mecubation times can increase the efficiency of capture of CD8+ Tf cells. Thus, by

simply shortening or lengthening the time Tcells 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 herem), subpopulations of T cells can be preferentially selected for

or against at culture initiation or at other time points during the process. Additionally,

byincreasing 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 certam embodiments, it mav be desirable to performthe selection

procedure and use the “unselected” cells in the activation and expansion process.

“Unselected” cells can also be subjected to further rounds ofselection.

Enrichment of a T cell population by negative selection can be

accomplished with a combination of antibodies directed to surface markers unique to

the negatively selected cells. One method is cell sorting and/or selection via negative

magnetic immunoadherence or flow cytometry that uses a cocktail of monoclonal

antibodies directed to cell surface markers present on the cells negatively selected.

For example, to enrich for CD4"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". Alternatively, in certain embodiments, T regulatorycells are depleted by

anti-C25 conjugated beads or other similar method ofselection.

Forisolation of a desired population of cells by positive or negative

selection, the concentration of cells and surface (e.g., particles such as beads) can be

varied. In certain embodiments, it maybe desirable to significantly decrease the

volume in which beads and cells are mixed together (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/ml is used. In one embodiment, a

concentration of 1 billion cells/ml is used. In a further embodiment, greater than 100

roiilion cells/ml is used. In a further embodiment, a concentration of cells of 10, 15,

20, 25, 30, 35, 40, 45, or SO million cells/ml is used. In yet another embodiment, a

concentration of cells from 75, 80, 85, 90, 95, or 100 million cells/ml is used. fn

farther embodiments, concentrations of 125 or 150 oulhon cells/ml can be used.

Using high concentrations can result in increased cell yield, cell activation, and cell

expansion. Further, use of high cell concentrations allows more efficient capture of

cells that may weakly express target antigens ofinterest, such as CD28-negative T

cells, or from sarmples where there are many burnor cells present (.e., leukemic blood,

tumor tissue, efc.). Such populations of cells may have therapeutic value and would

be desirable to 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 arelated embodiment, it may 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 betweenthe particles and cells is

minimized. 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 moreefficiently captured than CD8" T cells in dihite 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°/mli to 1 X 10°/ml, and anyinteger value

in between.

In other embodiments, the cells may be incubated on arotator for

varying lengths of tume at varying speeds at ether 2-10°C or at room temperature.

T cells for stimulation can also be frozen after a washingstep.

Wishing not to be bound bytheory, the freeze and subsequent thawstep provides a

more uniform product by removing granulocytes and to sorne extent monocytes inthe

cell population. After the washing step that removes plasma and platelets, the ceils

maybe suspended in a freezing solution. While manyfreezing solutions and

parameters are known in the art and will be useful in this context, one method

mvolves using PBS containing 20% DMSO and 8% humanserum albumin, or culture

media containme 10% Dextran 40 and 5%Dextrose, 20% Human Serum Albumin

and 7.5% DMSO, or 31.25%Plasmalyte-A, 31.25%Dextrose 5%, 0.45%NaCl10%

Dextran 40 and 5% Dextrose, 20% Human Serum Albumin, and 7.5% DMSOor 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 ofcontrolled freezing may be used

as well as uncontrolled freezing immiediatelyat -20°C or in liquid nitrogen.

In certain embodiments, cryopreserved cells are thawed and washed as

described herein and allowed io rest for one hour at room temperature prior to

activation using the methods of the present invention.

Also contemplated in the context of the inventionis the collection of

blood samples or apheresis product from a subject at a time period prior to when the

expanded cells as described herein might be needed. As such, the source of the cells

to be expanded can be collected at any time point necessary, and desired cells, such as

Tcells, 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 blood sample or an apheresis is taken from a generally healthy

subject. In certain embodiments, a blood sample or an apheresis is taken from a

generally healthy subject whois at nsk of developing a disease, but whohas not yet

developed a disease, and the cells of interest are isolated and frozen for later use. In

ceriain embodiments, the T cells may be expanded, frozen, and used at a later time.

In certain embodiments, samples are collected from a patient shorily after diagnosis of

a particular disease as described herein but prior to anv treatments. In a further

embodiment, the cells are isolated from a blood sample or an apheresis from a subject

prior to any numberof relevant treatment modalities, including but not limited to

treatment with agents such as natalizumab, efalizumab, antiviral agents,

chemotherapy, radiation, immunosuppressive agents, such as cyclosporin,

azathioprine, methotrexate, mycophenolate, and FK4506, antibodies, or other

immounoablative agents such as CAMPATH,anti-CD3 antibodies, cytoxan,

fludarabine, cyclosporin, FES06, raparnycin, mycophenolic acid, steroids, FR901228,

and irradiation. These drugs inhibit either the calcium dependent phosphatase

calcineurin (cyclosporine and FK506) or inhibit the p70S6 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. 5:763-

773, 1993). In a further embodiment, the cells are isolated for a patient and frozen for

later use in conjunction with (@.z., before, simultaneously or following) bone marrow

or stem cell transplantation, T cell ablative therapy using either chemotherapy agents

such as, fludarabine, external-beamradiation therapy CXRT), cyclophosphamide, or

antibodies such as OKT3 or CAMPATH. In another embodiment, the cells are

isolated prior to and can be frozenfor later use for treatment following B-cell ablative

therapysuchas agents that react with CD20, e.g., Rituxan.

In a further embodiment of the present invention, T cells are obtained

from a patient directly following treatment. In this regard, it has been observed that

following certain cancer treatments, in particular treatments with drugs that darnage

the immune system, shortly after treatment during the period when patients would

normally be recovering from the treatment, the quality of T cells obtained maybe

optimal or unproved for their ability to expand ex vive. Likewise, following exvivo

rnaripulation using the methods described herein, these cells may be in a preferred

state for enhanced engrafiment and in vivo expansion. Thus, itis 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, durmg this recovery phase. Further,

in certain embodiments, mobilization (for example, mobilization with GM-CSF) and

conditioning regimens can be used to create a condition in a subject whererm

repopulation, recirculation, regeneration, and/or expansion of particular cell types is

favored, especially during a defined windowoftime following therapy. Hlustrative

cell types include T cells, B cells, dendritic cells, and other ceils of the immune

system.

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: 5,858,358: 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 stimulates a CD3/TCR complex

associated signal and a ligandthat stimulates a co-stimulatory molecule on the surface

of the T cells. In particular, T cell populations maybe stimulated as described herein,

such as by contact with an anti-CD3 antibody, or antigen-binding fragment thereof, or

an anti-CD2 antibody ummobilized on a surface, or by contact with a protein kinase C

activator (e.g., brvostatin) in conjunction with a calcium ionophore. For co-

stimulation of an accessory molecule on the surface ofthe 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 ceils, an anti-CD3 antibody and an anti-CD28 antibody. Examples

of an anti-CD28 antibody include 9.3, B-T3, XR-CD28 (Diaclone, Besancon, 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., F. Immunol Meth. 227(1-2):53-63, 1999),

In certain embodiments, the primary stimulatory signal and the co-

stimulatory signal for the T cell may be provided by different protocols. For example.

ihe agents providing each signal may be in solution or coupled to a surface. When
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coupled to a surface, the agents may be coupled to the sarne surface U.e., in “cis”

formation) or to separate surfaces (.e., im “trans” formation). Alternatively, one agent

may be coupled to a surface and the other agent in solution. In one embodiment, the

agent providing the co-stimulatory signal is boundto acell surface and the agent

providing the primary activation signal is in solution or coupled to a surface. In

certain embodiments, both agents can be in solution. In another embodiment, the

agents maay be in soluble form, and then cross-linkedto a surface, such as a cell

expressing Fe receptors or an antibodyor other binding agent which will bind to the

agents. In this regard, see for example, U.S. Patent Application Publication Nos.

20040101519 and 200600348 10 forartificial antigen presenting cells (4APCs)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, erther

on the same bead, i.¢., “cis,” or to separate beads, Le., “trans.” By wayof example,

the agent providing the primary activation signal is an anti-CD3 antibody or an

antigen-binding fragment thereof and the agent providing the co-stimulatory signalis

an anti-CD28 antibody or antigen-binding fragment thereof, and both agents are co-

immobilized to the same bead in equivalent molecular amounts. fn one embodiment,

a 1:1 ratio of each antibody bound to the beads for CD4” Tcell expansion and Tcell

growth is used. In certain aspects of the present invention, a ratio of anti CD3:CD28

antibodies bound to the beads is used such that an increase in T cell expansionis

observed as comparedto the expansion observed using a ratio of I:1. In one

particular embodiment an increase of from about 1 to about 3 fold is observed as

compared to the expansion observed using a ratio of 1:1. In one embodiment, ihe

ratio of CD3:CD28 antibody bound to the beads ranges from 100:1 to 1.100 andall

integer values there between. In one aspect of the present invention, more anti-CD28

antibodyis bound to the particles than anti-CD3 antibody, i.¢., the ratio of CD3:CD28

is less than one. In certain embodiments ofthe invention, the ratio of anti CD28

antibody to anti CD3 antibody boundto the beads is greater than 2:1. In one

particular embodiment, a 1:100 CD3:CD28 ratio of antibody bound to beadsis used.

in another embodiment, a 1:75 CD3:CD28 ratio of antibody bound to beads is used.

In a further embodiment, a 1:50 CD3:CD28 ratio of antibody bound to beadsis used.

Tn another ernbodiment, a 1:30 CD3:CD28 ratio of antibody bound to beadsis used.

in one preferred embodiment, a 1:10 CD3:CD28ratio of antibody bound to beadsis

used. In another embodiment, a 1:3 CD3:CD28 ratio of antibody bound to 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 to cells from 1:500 to 500:1 and anyinteger values

im between maybe used to stimulate T cells or other target cells. As those of ordimary

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 fewcells, while larger beads could bind many. In certain embodimentsthe 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 stimulate T cells. The ratio of anti-CD3- and anti-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, 1:8, 1:7, 1:6,

1:8, 1:4, 1:3, 1:2, 2:1, 2:1, 3:1. 414, 8:1, 61, 7:1, 8:1, 91, 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 is 1:5. In further embodiments,the ratio ofparticles 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 to 10:1 on thefirst dav andadditional particles

are added to the cells every day or every other day thereafter for up to 10 davs, at final

ratios of from 1:1 to 1:10 (based on cell counts on the dayof addition). In one

particular ernbodiment, the ratio of particles to cells is 1:1 on the first day of

stimulation and adpusted to 1:5 on the third and fifth days of stimulation. 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 davs of stimulation. In another

embodiment, the ratio of particles to cells is 2:1 on the first day of stumulation and

adjusted to 1:10 on the third and fifth days of stimulation. 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 1:10 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

invention. 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 ihen 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 ofa

force, such as a magnetic force, resulting in increased heation of cell surface markers,

thereby inducing cell stimulation.

By wayof example, cell surface proteins may be ligated 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° Tcells) 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 Qwithout divalent cations such

as, calchum and magnesium). Again, those of ordinary skill in the art can readily

appreciate any cell concentration may be used. For example, the target cell mav be

very rare in the sample and comprise only 0.01%of the sample or the entire sample

i.e., 100%) may cormprise the target cell of interest. Accordingly, any cell numberis

within the context of the present invention. In certain ernbodiments, it mav be

desirable to significantly decrease the volume in which particles and cells are mixed

together (.¢., increase the concentration ofcells), to ensure maximumcontact of celis

and particles. For example, in one embodiment, a concentration of about 2 billion

cells/ml is used. In another embodiment, greater than 100 million cells/ml is used. In

a further embodiment, a concentration of cells of 10, 15, 20, 25, 30, 35, 40, 45, or 50

millon cells/ml is used. In yet another embodiment, a concentration ofcells from 75,

80, 85, 90, 95, or 100 muilion cells/ml is used. In further embodiments,

concentrations of 125 or 150 million cells/ml can be used. Using high concentrations

can result in increased cell vield, ceil activation, and cell expansion. Further, use of

Ingh cell concentrations allows more efficient capture ofcells that may weakly

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

embodiments. 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

im between. fn another embodiment, the mixture may be cultured for 21 days. In one

embodiment of the invention the beads and the Tcells are cultured together for about

eight days. In another embodiment, the beads and Tcells are cultured together for 2-3

days. Several cycles of stimulation may also be desired such that culture time of T
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cells can be 60 days or more. Conditions appropriate for T cell culture include an

appropriate media (e.2., Minimal Essential Media or RPMI Media 1640or, X-vivo

15, (Lonza)}) that may contam factors necessary for proliferation and viability,

meluding serum (e.2., fetal bovine or human serum), interleukin-2 (L-~2), insulin,

IFN-y, IL-4, IL-7, GM-CSF, [L-10, IL-12, 1L-15, TGFB, and TNF-« 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 limitedto, surfactant, plasmanate, and reducing

agents 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 amino acids, sodiem pyruvate, and vitamins, either serum-free or

supplemented with an appropriate ammount of serum (or plasma) or a defined set of

hormones, and/or an amount of cytokme(s) sufficient for the growth and expansion of

T cells. Antibiotics, ¢.¢., penicillin and streptomycin, are mecluded only in

experimental cultures, notin 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. 37° C) and atmosphere (@.z., air plus 5% CO2).

T cells that have been exposed to varied stimulation times may exhibit

different characteristics. For example, typical blood or apheresed peripheral blood

mononuclear cell products have a helper T cell population (Ty. CD4') that is greater

than the cytotoxic or suppressor T cell population (Tc, CD8'}. Ex vive expansion of T

cells by stimulating CD3 and CD28 receptors produces a population of Tcells that

prior to about days &-9 consists predominately of Ty cells, while after about days 8-9,

the population of T cells comprises an increasingly greater population of Tr cells.

Accordingly, depending on the purpose of treatment, infosing a subject with a T cell

population comprising predominately of Ty cells may be advantageous. Similarly, if

an antigen-specific subset of Tc cells has been isolated it may be beneficial to expand

ihis subset to a greater degree.

Further, in addition to CD4 and CD8 markers, other phenotypic

markers vary significantly, but in large part, reproducibly durmg 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.¢., T cell} transduced with

alentiviral vector (LV). For example, the LV encodes a CAR that combines an

antigen recognition domam of a specific antibody with an imtracellular domain of

CD3-zeta, CD28, 4-1 BB, or any combinations thereof. Therefore, in someinstances,

ihe transduced T cell can elicit a CAR-mediated T-cell response.

The invention provides the use of a CAR ito redirect the specificity of a

primary T cell to a tumor antigen. Thus, the present invention also provides a method

for stimulating a T cell-mediated immune responseto a target cell population or tissue

ina mammal comprising the step of administering to the mammal a T cell that

expresses a CAR, wherethe CAR comprises a binding motetythat specifically

interacts with a predetermined target, a zeta chain portion comprising for examplethe

intracellular domain of human CD3zeta, and a costimulatory signaling region.

In one embodiment, the present invention inchides a type of cellular

therapy where T cells are genetically modified to express a CARandthe CARTcell

is infused to a recipient in need thereof. The infused cell is able to kill tumorcells in

the reciprent. 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 CARTcells of the invention can undergo

robust in vivo T ceil 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 memoryT cells. Without wishing

to be boundby anyparticular theory, CAR Tcells may differentiate in vivo into a

central memory-like state upon encounter and subsequent elimination of target cells

expressing the surrogate antigen.

Without wishing to be bound by anyparticular theory, the anti-tumor

immunity response elicited by the CAR-modified T cells may be an active or a

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 immune response specific to the antigen binding motety in the CAR. For example,

a CARTIO9 cells elicits an immune response specific against cells expressing CD19.
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While the data disclosed herem specifically disclose lentiviral vector

comprising anti-CDI19 scFv derived from FMC63 murine monoclonal antibody,

human CD8«hinge and transmembrane domain, and human 4-1 BB and CD3zeta

signaling domains, the invention should be construed to include any number of

variations for each of the components of the construct as described elsewhere herein.

That is, the invention includes the use of anv antigen binding moiety in the CAR to

generate a CAR-mediated T-cell responsespecific to the antigen binding moiety. For

example, the antigen binding moiety in the CAR of the invention can target a turnor

antigen for the purposes oftreat cancer.

Cancers that may be treated include tomors thai are not vascularized,

or not yet 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 tumors. Types of cancers to be treated with

the CARsof the invention include, but are not limited to, carcinoma, blastoma, and

sarcoma, and certain leukemia or lvmphoid malignancies, benign and malignant

tumors, and malignancies ¢.g., sarcomas, carcinomas, and melanomas. Adult

tumors/cancers and pediatric tumors/cancers are also included.

Hernatologic cancers are cancers of the blood or bone marrow.

Examples of hematological (or hematogenous) cancers include leukemias, including

acute leukemias (such as acute lvinphocytic leukemia, acute myelocytic leukemia,

acute myelogenous leukemia and myeloblastic, promyelocytic, myelomonocytic,

monocytic and erythroleukemua), chronic leukemias (such as chronic myelocytic

(granulocytic} leukemia, chronic myelogenous leukemia, and chronic lymphocytic

leukemia), polycythemia vera, lymphorna, Hodgkin's disease, non-Hodgkin's

lymphoma Undolent and high grade forms), multiple mveloma, Waldenstrom's

rnacroglobulinemia, heavy chain disease, myelodysplastic syndrome, hairy cell

leukemia and myelodysplasia.

Solid tumors are abnormal masses oftissue that usually do not contain

cysts or liquid areas. Solid tumors can be benign or malignant. Different types of

solid tumors are named for the type ofcells that form them (such as sarcomas,

carcinomas, and lymphomas}. Examples of solid turnors, such as sarcomas and

carcinomas, include fibrosarcoma, myxosarcoma, liposarcoma, chondrosarcoma,

osteosarcoma, and other sarcomas, synevioma, mesothelioma, Ewing's tumor,

leiomyosarcoma, rhabdomyosarcoma, colon carcinoma, lymphoid malignancy,
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pancreatic cancer, breast cancer, lung cancers, ovarian cancer, prostate cancer,

hepatocellular carcinoma, squamous cell carcinoma, basal cell carcinoma,

adenocarcinoma, sweat gland carcinoma, medullary thyroid carcinoma, papillary

thyroid carcinoma, pheachromacytomas sebaceous gland carcinoma, papillary

carcinoma, papillary adenocarcinomas, medullary carcinoma, bronchogenic

carcinoma, renal cell carcinoma, hepatoma, bile duct carcinoma, chonocarcinoma,

Wilms' tumor, cervical cancer, testicular tumor, seminoma, bladder carcinoma,

melanoma, and CNS tumors (such as a glioma (such as brarnstem ghoma and mixed

gliomas), choblastoma (also known as glioblastoma multiforme) astrocytoma, CNS

tymphoma, germinoma, medulloblastoma, Schwannoma cranmopharyogioma,

ependymoma, pinealoma, hemangioblastoma, acoustic neuroma, oligodendroglioma,

rnenangioma, neuroblastoma, retrnoblastoma and brain metastases).

In one embodiment, the antigen bind moiety portion of the CAR of the

invention is designed to treat a particular cancer. For example, the CAR designed to

target CD19 can be used to treat cancers and disorders including but are not limited to

pre-B ALL (pediatric indication), adult ALL, mantle cell ivimphoma, diffuse large B-

cell lymphoma, salvage post alogenic bone marrowtransplantation, and the like.

In another embodiment, the CARcan be designedto target CD22 to

treat diffuse large B-cell lymphoma.

In one embodiment, cancers and disorders include but are not limited

to pre-B ALL (pediatric indication), adult ALL, mantle cell lymphoma, diffuse large

B-cell lymphoma, salvage post allogenic bone marrowtransplantation, and the like

can be treated using a combination of CARs that target CD19, CD20, CD22, and

RORL.

In one embodiment, the CARcan be designed to target mesothelinto

treat mesothelioma, pancreatic cancer, ovarian cancer, and thelike.

In one embodiment, the CAR can be designed io target CD33/EL3Rato

treat acute myelogenous leukemiaand the like.

In one embodiment, the CAR can be designed to target c-Met to treat

triple negative breast cancer, non-small cell lung cancer, and thelike.

In one embodiment, the CARcan be designed to target PSMAtotreat

prostate cancer and thelike.

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

to treat prostate cancer and the like.
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In one embodiment, the CAR can be designed to target EGFRviUto

treat gliobastoma and the like.

In one embodiment, the CARcan be designed to target GD-2 to treat

neuroblastoma, melanoma, andthelike.

In one embodiment, the CAR can be designed io target NY-ESO-1

TCRto 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 thelike.

However, the invention should not be construed to be limited to solely

to the antigen targets and diseases disclosed herein. Rather, the mvention should be

construedto include any antigenic target that is associated with a disease wherea

CAR can be used to treat the disease.

The CAR-modified T cells of the imvention may also serve as a type of

vaccine for ex vive immunization and/or in vive therapy in a mammal. Preferably, the

mammal is a human.

With respect to ex vive immunization, at least one of the following

occurs in vitro prior to administering the cell into a mammal: 1) expansion ofthe cells,

H) introducing a nucleic acid encoding a CAR tothe cells, and/or 1) cryopreservation

of the cells.

&x vivo procedures are well known in the art and are discussed more

fully below. Briefly, cells are isolated from a mammal (preferably a human) and

genetically modified G.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 mammalian recipient may

e 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 in the art, therefore the present invention is not limited to any particular

rnethod of ex vivo expansion of the cells. Briefly, ex vivo culture and expansion of T

cells comprises: (1) collecting CD34+ hematopoietic stem and progenitor celis froma

mammal from peripheral blood harvest or bone marrowexplants; and (2) expanding
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such cells ex vivo. In addition to the cellular growth factors described in US. Pat. No.

5,199,942, other factors such as TH3-L, EL-1, IL-3 and c-kit ligand, can be used for

culturing and expansionofthe cells.

In additionto using a cell-based vaccine in terms of ex viva

immunization, the present invention also provides compositions and methods forin

vivo iramunization to elicit an immune response directed against an antigen in a

patient.

Generally, the cells activated and expanded as described herein maybe

utilized in the treatment and prevention of diseases that arise in individuals who are

immunocompromised. In particular, the CAR-modified T cells of the invention are

usedinthe treatment of CCL. In certain embodiments, the cells of the invention are

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

imvention provides methods for the treatment or prevention of CCL comprising

adroinistering to a subject in need thereof, a therapeutically effective amount of the

CAR-modified T cells of the invention.

The CAR-modified T cells of the present invention may be

admunistered either alone, or as a pharmaceutical composition in combination with

diluents and/or with other components such as UL-2 or other cytokines or cell

populations. Briefly, charmaceutical compositions of the present invention may

comprise a target cell population as described herem, in combination with one or

more pharmaceutically or physiologically acceptable carriers, diluents or excipients.

Such compositions may comprise buffers such as neutral buffered saline, phosphate

buffered saline and the like: carbohydrates such as glucose, mannose, sucrose or

dextrans, manniol, proteins; polypeptides or amino acids such as glycine;

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 tc the disease to be treated (or prevented). The

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 determined byclinical trials.

When “an immunologically effective amount’, “an anti-tumor

effective amount”, “an tumor-inhibiting effective amount’, or “therapeutic amount” is
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indicated, the precise amount of the compositions of the present invention to be

adminisiered can be determined by a physician with consideration ofindividual

differences in age, weight, tumor size, extent of infection or metastasis, and condition

of the patient (subject). Tt can generally be stated that a pharmaceutical composition

comprising the T cells described herein may be administered at a dosage of10° to 10°

cells/kg body weight, preferably 10° to 10° cells/kg body weight, including all integer

values within those ranges. Tcell compositions may also be administered multiple

times at these dosages. The cells can be administered by using infusion techniques

that are commonly knownin immunotherapy (see, ¢.g., Rosenberg et al., New Eng. I.

of Med. 319:1676, 1988). The optimal dosage and treatment regime for a particular

patient can readily be determined by one skilledin the art of medicine by monitonng

the patient for signs of disease and adjusting the treatment accordingly.

In certain embodiments, it may be desired to administer activated T

cells to a subject and then subsequently redraw blood (or have anapheresis

performed), activate T cells therefrom according to the present invention, and remtfuse

the patient with these activated and expanded T cells. This process can be carried out

multiple times every few weeks. In certain embodiments, T cells can be activated

from blood draws of from 1Occ to 460cc. In certain embodiments, T cells are

activated from blood draws of 20cc, 30cc, 40cc, 50cc, G0cc, 7Oce, 8Occ, 9Occ, or

100cc. Not to be bound by theory, using this multiple blood draw/multipte reinfusion

protocol mayserve to select out certain populations of Tcells.

The administration of the subject compositions may be carried out in

any convenient manner, including by aerosol inhalation, injection, ingestion,

transfesion, implantation or transplantation. The compositions described herein may

e administered to a patient subcutaneously, intradermally, intratumorally,

intranodally, intramedullary, intramuscularly, by intravenous (7. v.) infection, or

imtraperitoneally. In one embodiment, the T cell compositions ofthe present

invention are administered io a patient by intradermal or subcutaneous injection. In

another embodiment, the T cell compositions of the present invention are preferably

administered by iv. injection. The compositions of T cells may be injected directly

mito a tumor, lymph node, or site of infection.

In certain embodiments of the present invention, cells activated and

expanded using the methods described herein, or other methods knownin theart

where T cells are expanded to therapeutic levels, are administered to a patient in
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conpunction wrth (e.¢., before, siraultaneously or following) any number of relevant

treatment modalities, inchiding but not limited to treatment with agents such as

antiviral therapy, cidofovir and interleukin-2, Cytarabine (also known as ARA-C) or

natalizumab treatment for MS patients or efalizumab treatment for psoriasis patients

or other treatments for PML patients. in further embodiments, the T cells of the

invention may be used in combination with chemotherapy, radiation,

immmiunosuppressive agents, such as cyclosporin, azathioprine, methotrexate,

mycophenolate, and FK506, antibodies, or other immunoablative agents such as CAM

PATH, anti-CD3 antibodies or other antibody therapies, cytoxin, fludaribine,

cyclosporin, FKS06, rapamycin, mvcophenolic acid, steroids, FROO1228, cytokines,

and uradiation. These drugs inhibit either the calcium dependent phosphatase

calcineurin (cyclosporine and FKS06) or inhibit the p70S6 kinase that is important for

growth factor induced signaling (rapamycin) (Lin 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 cell compositions of the present invention

are administered to a patient in conpunction with (¢.g¢., before, simultaneously or

following) bone marrowtransplantation, T cell ablative therapy using either

chemotherapy agents such as, fludarabine, external-bearn radiation therapy (XRT),

cyclophosphamide, or antibodies such as OKT3 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, ¢.g., Rituxan.

For example, in one embodiment, subjects may undergo standard treatment with high

dose chemotherapy followed by peripheral blood stem ceil transplantation. In certain

embodiments, following the transplant, subjects receive an infusion of the expanded

imunune cells of the present invention. [Inan additional embodiment, expanded cells

are administered before or following surgery.

The dosage of the above treatments io be administered to 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

accordimg to ari-accepted practices. The dose forCAMPATH,for example, will

generally be im the range | to about 100 me for an adult patient, usually administered

daily for a period between | and 30 days. The preferred daily dose is | to 10 mg per

day although in some instances larger doses of up to 40 mg per day maybe used

{described in US. Patent No. 6,120,766).
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EXPERIMENTAL EXAMPLES

The invention is further described in detail by reference to the

following experimental examples. These examples are provided for purposes of

ilustration only, and are not intended to be limiting unless otherwise specified. Thus,

ihe invention should in no way be construed as being limited to the following

examples, but rather, should be construed to encornpass anyand all variations which

become evident as a result of the teaching provided herein.

Without further description, it is believed that one of ordinary 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

rnethods. The following working examples therefore, specifically point out the

preferred embodiments ofthe present invention, and are not to be construed as

limiting in any waythe rernainderof the disclosure.

Example 1: T cells expressine chimeric receptors establish memory and potent
 

antitumor effects in patients with advanced leukemia 

Lymphocytes engineered to express chimeric antigen receptors (CARs)

have demonstrated minimal in vive expansion and antitumoreffects in previous

clinical trials. The results presented herein demonstrate that that CAR T cells

containing CD137 have potent non-cross resistant clinical activity following infusion

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

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

marrowand continued to express functional CARsat high levels forat least 6 months.

On average, each infused CAR+ Tcell eradicated at least 1000 CLLcells. A CD19

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, indicating the potential of this non-MHCrestricted

approach for the effective treatment of B cell malignancies.

The materials and methods employed in these experiments are now

described.

Materials and Methods
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General laboratory statement

Research sample processing, freezing, and laboratory analvses were

performed in the Translational and Correlative Studies Laboratoryat the University of

Pennsylvania which operates under principles of Good Laboratory Practice with

established SOP and/or protocols for sample receipt, processingraed freezing, and

analysis. Assay performance and data reporting conforms with MIATAguidelines

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

Protocol Desien

The clinical tial (NCTO1029366) was conducted as diagramedin

Figure |. Patients with CD19 positive hematologic malignancy with persistent

disease following at least two prior treatment regimens and who were not eligible for

allogeneic stemcell transplantation were eligible for the tial. Following tumor

restaging, peripheral blood Tcells for CART19 manufacturing were collected by

apheresis and the subjects given a single course of chemotherapyas specified in

Figure 10 during the week before infusion. CARTIS cells were administered by

intravenous infusion using a 3 day sphi dose regimen (10%, 30% and 60%) at the

dose indicated in Figure 10 and if available, a second dose was administered 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 least G months. The

protocol was approved by the US Food and Drug Administration, the Recombinant

DNA Advisory Cormmittee and the Institutional Review Board of the University of

Pennsvivania. The first day of infusion was set as study Day0.

Subjects: clinical summary

The clinical summaries are outlined in Figure 10 and detailed histones

are provided elsewhere herein. PatientUPN 01 wasfirst diagnosed with stage HTB

cell CLL at age 55. The patient was asymptomatic and observed for approximately1-

1/2 vears until requiring therapy for progressive lymphocytosis, thrombocytopenia,

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 received one cycle of bendamuastine as
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fyraphodepleting chemotherapyprior to CART-19 cell infusion.

Patient UPN 02 was first diagnosed with CLL at age 68 whenthe

patient was presented with fatigue and leukocytosis. The patient was relatively stable

for 4 years when the patient developed progressive leukocytosis (195,000/uD, anemia

and thrombocvtopenia 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 cycles of bendamustime with ntuximab without a significant response

(Figure 5A). The patient received single agent bendamustine as lymphodepleting

chemotherapy prior to CART-19 cell infusion.

Patient UPN 03 presented at age 50 with asymptomatic stage T CLL

and was followed with observation for years. The patient had progressive

leukocytosis (white blood count 92,000/u) and progressive adenopathy requiring

therapy. The patient received 2 cycles of rituximab with fludarabine that resulted in

normalization of blood counts and significant improvement though not complete

resolution in adenopathy. The patient had an approximately 3 year progression free

interval. Karyotypic testing showedcells to contain deletion of chromosome 17p with

FISH demonstrating a 7P53 deletion in 170 of 200 cells. Over the next years the

patient required 3 different lines of therapy (Figure 10) for progressive leukocytosis

and adenopathy, last recerving alemtuzumab with a partial response 6 months prior

CARTI9 cell infusion. The patient received pentostatin and cyclophosphamide as

lymphodepleting chemotherapy prior to CART-19 cell infasion.

Vector Production

The CD19-BB-z transgene (GeMCRIS 0607-793) was designed and

constructed as described (Milone et al., 2009, Mol Ther. 17:1453-1464}3, Lentiviral

vector was produced according to current good manufacturing practices using a three-

plasmid production approach at Lentigen Corporation as described (Zuffereyet 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 estimated as shown in Figure 10. The

arnount of CLLcells were calculated in bone marrow, blood, and secondary lymphoid

tissues as described below.

Bone marrow: In healthy adults, the bone marrowrepresents

approximately 5%oftotal body weight (Woodard et al., 1960, Phys Med Biol, 5:57-

59; Bigler et al., 1976, Health Phys 31:213-218). The bone marrowin iliac crest

samples has an increasing percentage of inactive (aity) marrowwith age, rising from

20%ofthe total marrowat age 5 to about 50%by age 35, when if remains stable until

age 65, and then rises to about 67%inactive marrowby age 75 CHartsock et al., 1965,

Am J Clin Path 43:326-331). The international reference value for the total skeletal

weight of active (red) and inactive (fativ} marrowfor males at age 35 is currently set

at 1170¢ and 2480¢, respectively (Basic anatomical and physiological data for use in

radiological protection: The Skeleton in Annals of the ICRP, Vol. 25 (ed. Smith, H.)

58-68 (A report of a Task Group of Committee 2 of the International Commission on

Rachological Protection, Oxford, 1995)}). Adult males between ages 35 to 65 have

marrowthat represents 3.0%total of body weight, comprised of 1.6%as active (red)

marrowand 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.

Smith, H.) 58-68 (A report of a Task Group of Committee 2 of the International

Commission on Radiological Protection, Oxford, 1995)). Based on the bone marrow

biopsyand aspirate specimens, the weight of CLL cells for the three patients at

baseline was calculated as shown in the Table L. Theseestimates of total CLL

marrow mass were then converted io total CLL cell number in the marrowusing [Keg

= 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 O1, calculations are shown for a marrowbiopsy 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 imitations 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 CARTI9. The marrow burden for patient UPN 03 was calculated

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

Tabie 1: Marrow Mass

WS of Active Marrow Wit af Inactive Marrow Total marrow

eg} ke ikg)

 
 

 
 

Wi of CLL ikg}

 
Blood: Only patient UPN 02 had substantial CLL tumor burden imthe

blood pre-CART19 infusion. Flow cytometry showed that the cells had a typical

phenotype as a clonal population with a dim surface kappa-restricted CDS5+ CD10-

CD19+ CD20(dim)+ CD23(variable}+ 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 ai the time of CARTI9 infusions. At

the time of CART19 infusion, the CLL count in blood was 55,000cells/uL.

Assuming a blood volume of 3.0 L, patient UPN 02 had 2.75x10"'CLLcells in blood

on day 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 shight

underestimate of total body burden.

Secondary lymphoid tissues. The volume of lymphadenopathyand

splenomegaly was quantified on axial CT scans using FDA-approved software. The

volumes are for chest, abdornen and pelvis only. Masses from the Ti vertebral body

to the level of the bifurcation of the common femoral artery were measured in all

patients, and in some, the nodes in the inguinal area were also included. Nodes in the

head/neck and extremities were excluded from analysis and excluded fromthe
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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 determine the reductionin tumor burden frombaseline; patient UPN 02 had stable

disease in adenopathy, and thus the baseline tumor mass ts estimated by subtractingrt

ihe reference splenic yolume from age matched healthy males (Harris et al., 2010, Eur

J Radiol 75:e97-e101). Baseline tumor mass was converted to CLLcells using a

density approach (1 Ke/L density, and 1 Kg = 101 2cells) 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 lymphoid tissues in the

three patients are shownbelowin Table 2 as calculatedfrorn the available CTscans.

Table 2: Tumor Volumes

LN ywolume Saleen volume Tatal volun
{guns} fan} yung}

Patient Study Day

 
T month 144825 71200 $Se728

 

The baseline CT scan for patient UPN O1 was performed 8 days after 2

1S cycles of pentostatin/ cvclophosphamide/rituximab, and showed no response to this

chemotherapy regimen comparedto the previous CT scan. The patient had one cycle

of bendamustine before CART19, and thus, the change in tumor volume from Day-

37 to Day +31 for UPN O1 cannot exclude the potential contribution ofthe

bendamustine as well as CARTI9. Similarly, the change in tumor volume for UPN

20 =03 reflects the combined effect of | cycle of pentastatin/ cvclophosphamide and

CARTIY.

MethodforestimatingeffectiveinvivoE:Tratioinpatients
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The E:Tratio of infused CAR T cells to the number of tumorcells

killed was calculated using the number of tumorcells 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 § A 106:3360-3365). For the present invention, the number of

CARTI9+T cells injected as shown on Figure 10 was used because it is not possible

to determine the absolute number of CARTI9+T cells present in vivo with sufficient

accuracyor precision. The available data on CARTIL9 expansion im blood and

marrowis robust as depicted in Figure 2 and Figure 6. However it was not possible to

determine the trafficking of CART19 to other sites such as secondary lymphoid

tissues, creating substantial uncertainty onthe total namber of CARTL9 cells achieved

in vivo at the time of maximal tumor reduction. The calculated values from Table 3

were used to derive the effective E:Tratios.

Seem reawrenk

1=average of density and volume method
2 =Patient UPNOZ did not respond in bone marrowand had a partial reduction m
adenopathy (3.1E+11 cells) in the tumor masses measured by CTin spleen and lymph
nodes. See Figure 5A for response in blood.

Sample processing and freezing  

Samples (peripheral blood, marrow) were collected in lavender top

USZEDTA,) or red top (no additive} vacutainer tubes (Becton Dickinson) and

delivered to the TCSL within 2 hours of draw. Samples were processed within 30

rnirutes of receipt according to established laboratory SOP. Peripheral blood and

rnarrow mononuclear 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 alburnnn (Gemini Bio-Products, 800-120),

2% Hetastarch (Novaplus, NDC0409-7248-49), and 10% DMSO (Sigma, D2650)

62
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using 5100 Cryo 1° freezing containers; after 24-72 hours at -80° C, cells were

transferred to liquid Nitrogen for long-term storage. Apheresis samples were obtained

through the Hospital of the University of Pennsylvania Blood Bank and processed in

the CVPF byFicoll 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: serumisolated by

centrifugation, and single use 100 pl aliquots frozen at -80° C.

Cell lines

K562 (CML, CD19-negative) was obtained from ATCC (CCL-243).

K562/CDL9, a generous gift of Carmine Carpermmto, and is R562 lentivirally

transduced at 100% frequency to express the CD19 molecule. NALM-6, a CD19-

positive non-T, 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

(Gibco, 11875) supplemented with 10% fetal bovine serum (Hycione), and 1% Pen-

Strep (Gibco, 15140-122)}. Peripheral mononuclear cells (ND365} from a healthy

donor were obtained by apheresis from the Haman Immunology Coreat the

University of Pennsylvania, processed, and frozen as above.

DNAisolation and O-PCR analysis
 

Whole-bloodor marrow samples were collected in lavender top

US3EDTA) BDvacutainer tubes (Becton Dickinson). Genomic DNA wasisolated

directly from whole-blood using Q[Aamp DNAblood midi kits (Qiagen) and

established laboratory SOP, quantified by spectrophotometer, and stored at -80°C. Q-

PCR analysis on genomic DNAsamples was performedin bulk using 123-200 ng

genomic DNA/time-point,ABI Taqman technology and a validated assay to detect the

integrated CD19 CARtransgene sequence. Pass/fatl pararneter ranges, including

standard curve slope and r° values, ability to accurately quantify a reference sample

(1000copies/plasmid spike) and no amplification in healthy donor DNA sample were

calculated from the qualification studies and pre-established acceptance ranges.

Primer/probes for the CD19 CAR transgene were as described (Miloneet al., 2009,

Mol Ther 17:1453-1464). To determine copy number/unit DNA an 8-point standard

curve was generated consisting of 10°-5 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 UPN O1, all reported values were derived from a positive Ct value in 3/3

replicates with % CVless than 0.46%. For patient UPN 02, with the exception of the

day +177 sample (2/3 replicates positive, high % CY), all reported values were

derived from a positive Ct value in 3/3 replicates with % CVless 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 positive Ct value in 3/3 replicates with % CVless than

1.56%. The lowerlimit of quantification (LLOQ) for the assay was determined from

the standard curve at 2 copies/microgram DNA (10 copies/200 ng input DNA);

average values below LLOQ Ge. reportable not quantifiable) are considered

approximate. A parallel amplification reaction to control for the quality of

interrogated DNA was performed using 12-20 ng input genomic DNA, a primer/probe

cornbination specific for non-transcribed genomic sequence upstreamof the

CDKNIA gene (GENEBANK: 285996 ) (sense primer:

GAAAGCTGACTGCCCCTATTTG; SEQ ID NO.25, antisense primer:

GAGAGGAAGTGCTGGGAACAAT. SEQ ID NO. 26, probe: VIC- CTC CCC AGT

CTC TET: SEQ ID NO.27), and an 8 point standard curve created by dilution of

control genomic DNA: these amplification reactions produced a correction factor

(CF) (ng detected/ng input}. Copies transgene /microgram DNA were calculated

according to the formula: copies calculated from CD19 standard curve/input DNA

(ng) x CF x 1000 ng. Accuracy of this assay was determinedbythe ability to quantify

marking of the infused cell product by Q-PCR according to the formula: Average

marking = detected copies/input DNA x 6.3 pg DNA/male somatic cell x CF versus

transgene positivity by flow cytometry 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

flowcytometry), and 4.3% marking for the UPN 03 infusion product (4.7%marking

by flow cytometry).

Cytokine analyses  

Quantification of soluble cytokine factors was performedusing

Lumuinex bead array technology and kits purchased from Life technologies

Uinvitrogen). 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. Each standard pot and

sample was evaluated in duplicate at 1:3 dilution: calculated % CV for the duplicate

measures were less than 18%. Data were acquired on a Bioplex 200 and analyzed

with Bioplex Manager version 5.0 software using 5-~parameterlogistic regression

analysis. Standard curve quantification ranges were determined by the 80-120%

(observed/expected value) range. Individual analyie quantification ranges are

reported in the Figure legends.

Cellular assay to detect CAR function
 

Cells were evaluated for functionality after thawand overnight rest in

TCMby measuring CD107 degranulation in response to target cells. Degranulation

assays were performed using 1x 10°PBMC and 0.25 x 10° target cells in afinal

volume of 500 ul in 48-well plates for 2 hours at 37°C in the presence of CD49d

(Becton Dickinson}, anti-CD28, monensin (e-Bioscience) and CD107a-FITC antibody

(eBiosciences) essentially as described (Betis et al., 2003, J Immunol Methods

28 1:6578}.

Antibodyreagents

The following antibodies were used for these studies: MDA-CAR,a

munne anti CD19 CAR antibody conjugated to AlexaG47 was a generous gift of Drs.

Bipulendu Jena and Laurence Cooper (MD Anderson Cancer Center). For multi-

parametric immunophenotyping and fimctional assays: anti-CD3-A700, anti-CD8-PE-

Cv7, anh-PD-1-FITC anti-CD25-AF488, anti-CD28-PereP-Cy5.5, anti-CD57-eF450,

anti-CD27-APC-eF780, anti-CD17-APC-eF780, anti-CD45RA-eF605NC, CD107a-

FITC (all from e-Bioscience), anti-CD4-PE-Texas Red and Live/Dead Aqua (from

Life Technologies} and anti-CD14-V500, anti-CD16-V500 Crom Becton Dickinson}.

For general immunophenotyping: CD3-PE, CD14-APC, CD14-PE-Cy7, CDI6-FITC,

CDIGPE-Cy7, CD19-PE-Cy7, CD20-PE, all from Becton Dickinson.

Multi-parameter flow cvtometry
 

Cells were evaluated by flow cytometry either fresh after Ficoll-Paque

processing or, if frozen, after overnightrest at a density of 2 x 10°cells/ml in Tcell

medium (TCM) (X-vivo 15 (Lonza, 04-418Q) supplemented with 5% human AB

serum (GemCall, 100-512), 1% Hepes (Gibco, 15630-0803, 1%Pen-Strep (Gibco,
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15140-122), 1% Glutamax (Gibco, 35050-061), and 0.2% N-Acetyl Cysteme

(American Regent, NDC0517-7610-03). Multi-parametric 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 yl 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 LSRIE (3D

immunocytometry systems) equipped with Blue (488 nm) Violet (405 nm), Green

(532), and Red (633 nm) lasers and appropriate filter sets for the detection and

separation ofthe above antibody combinations. A mininram of 100,000 CD3+cells

were acquired) for each stain. For functional assays, cells were washed, stained for

surface markers, re-suspended in 0.5%paraformaldehyde and acquired as above; a

rhinimum of 0,000 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

3.8.4, Treestar). For general immunophenotyping cells were acquired using an Accuri

C6 cytometer equipped with a Blue (488) and Red (633 nm) laser. Compensation

values were established using single antibody stains and BD compensation beads

(Becton Dickinson) and were caiculated manually. Data were analyzed using C-Flow

sofiware analysis package (version 1.0.264.9, Accuri cytometers}.

Patient past medical histories and response to therapy

The chnical treatment surnmaries are outlined in Figure 10. Patient

UPN 01 was first diagnosed with siage TTB cell CLLat age 55. The patient was

asymptomatic and observed for approximately 1-1/2 years until requiring therapyfor

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 S months with

asymptomatic lymphocvtosis, thrombocytopenia, and increasing adenopathy. The

patient was observed without symptoms for approximately 3 years, and later required

treatment with Rituximab and fludarabine for progressive leukocytosis, anemia, and

thrombocytopenia. The patient was treated with 4 cycles of mtuximab with

fludarabine with partial improvement in blood counts. The patient again had

progression within one vear requirme therapy manifested by leukocytosis WBC
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150,000/n) and thrombocytopenia (platelets 30,000/u1) 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 followedbyrituximab, cyclophosphamide, vincristine, and prednisone

(R-CVP) for 2 cycles with mmimal response and followed by lenalidoride.

Lenalidomide was discontinued because of toxicity. The patient recetved 2 cycles of

pentostatin, cyclophosphanude and rituximab with arninimal response.

Later, the patient received bendamustine as lymphodepleting

chemotherapy 4 days prior to CART19 cell infusion. Prior to therapy, WBC was

14.200/ul, hemoglobin 11.4 gm/dl, platelet count 78,000/u1 and ALC was 8000/uL

The CT scan showed diffuse adenopathy and bone marrowwas extensively infiltrated

with CLL (67%of cells). The patient received 1.6 x 10’ CART-19 cells/kg (1.13 x

10° total CARTL9 cells as assessed by FACS). There were noinfusionaltoxicities.

The patient became neutropenic approximately 10 days atter bendamustine and 6 days

after CART19 cell infusions, and beginning 10 days after the first CART19 infusion,

the patient developed fevers, ngors and transient hypotension. At the same time, a

chest X-ray and CT scan demonstrated a left upper lobe pneurnoniatreated 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 | and 6 months after infusion no circulating CLL cells have been

detected in the blood by flow cytometry. Bone marrowat 1, 3 and 6 months after

CART-19 cell infasions shows sustained absence of the lymphocytic infiltrate by

rnorphology and flow cytometry testing. The CT scans at 1 and 3 months after

infusion showcomplete resolution of abnormal adenopathy. The patient has had a

persistent leukopenia (WBC 1000-3900/3 and thrombocytopenia (platelets

~100,000/aD, and mild hvpogammaglobulinia (IgG $25 mg/dL, normal 650-2000

me/dL) but no infectious complications.

Patient UPN 02 was treated with CARTI® cells at age 77. The patient

had arelevant history of coronaryartery disease and wasfirst diagnosed with CLLin

2000 at age G8 when the patient presented with fatigue and leukocytosis. The patient

was relatively stable for 4 years when the patient developed progressive leukocytosis

(195,000/u1}, anemia and thrombocytopenia 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 halfyears

the patient had progressive leukocytosis, anernia, thrombocytopenia, and

splenomegaly. Karyotypic analysis confirmed deletion of chromosome 17p now with

a deletion of chromosome 13g. The patient was retreated with alemtuzumab for 18

weeks with improvement of leukocytosis and stabilization of anemia and

splenomegaly. The patient had evidence of progressive leukocytosis, anemia, and

thrombocytopenia within one year. Treatment included 2 cycles of bendamustine

with rituximab resulting in stable disease but no significant improvement as shownin

Figure 5A.

The patient received bendamustine alone as lymphodepleting

chemotherapyprior to CART-19 cell infusion. The patient received 4.3 x 10°

CARTI9cells/kg (4.1 x 10° total cells) in 3 split infusions complicated bytransient

fevers as high as 102° degrees for 24 hours. On day11 after the first infusion, the

patient received a boost of 4.1x10°(4.3x10°/kg} CARTI9 cells and this infusion was

complicated by fevers, rigors and shortness of breath without hypoxia requiring a 24

hour hospitalization. There was no evidence for cardiac ischemia, andthe symptoms

resolved. On day 15 afterthe first CART-19 infusion and day4 after the boost

CARTI9 cell infusion the patient was admitted to the hospital with high fevers (up io

104° F), chills and rigors. Extensive testing with blood and urine cultures and CXR

failed to identify a source of infection. The patient complained of shortness of breath

but had no hypoxia. An echocardiogram showed severe hypokinesis. Ejection

fraction was 20%. The patient recetved prednisone | 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 dysfunction.

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 anemia and thrombocytopenia. Bone marrow

showed persistent extensive infiltration of CLL one month after therapy despite

dramatic peripheral blood cytoreduction, and CT scans showeda partial reduction

of adenopathyand splenomegaly. Five months after CART19 cell fusions the

patient developed progressive lymphocytosis. Nine months after infusions the
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patient has lymphocytosis (16,500/u1) with stable modest anemia and

thrombocytopenia with stable adenopathy. The patient remains asymptomatic and

has not had further therapy.

Patient UPN 03 was diagnosed with asymptomatic stage | CLLat

age 50 and was followed with observation for 6 vears. Later, the patient had

progressive leukocytosis Qvhite blood count 92,000/u1 and progressive

adenopathy requinng therapy. The patient received 2 cycles 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(WBC165,000/n1 and progressive

adenopathy requiring therapy. The patient received one cycle of fludarabine and 3

cycles of ntuximab with fludarabine with normahzation of blood counts and

resolution of palpable adenopathy. The patient had an approximate 20 month

progression free interval until the patient again developed rapidly progressing

leukocytosis and adenopathy. At this time, bone marrow was extensively

infiltrated with CLLand karyotypic analysis showed cells to contain deletion of

chromosome 17p with FISH demonstrating a 7P53 deletion in 170/200 cells. The

patient received one cycle of rituximab with bendamustine followed by 4 cycles of

bendamustine only (due to a severe allergic reaction to rituximab). The patient had

imitial normalization of blood counts but shortly after discontinuation of therapy

had progressive leukocytosis and adenopathy.

Autologous T cells were collected by apheresis and cryopreserved

from Patient UPN3. The patient was then treated with alemtuzumab for 11 weeks

through with an excellent hematologic response. There was improvement though

not complete resolution in adenopathy. The patient had active but stable disease

over the next 6 months. Later, the patient received pentostatin and

cyclophosphamide as lymphodepleting chemotherapy prior to CARTI9 cell

infusion.

Three days after chemotherapy but prior to cell infusion, the bone

marrow was hypercellular (60%) with approximately 40% involvement by CLL.

Because of manufacturing lumitations inherent in apheresis collections from CLL

patients as depicted in Table 3 and (Bonyhadi et al., 2005, J 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 days 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 symptoms. 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 rasburicase 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 | month of CART-19 infusions, the patient had clearance of

circulating CLL frorn the blood and bone marrowby morphology, flowcytometry,

cytogenetic, and FISH analysis and CT scans showed resolution of abnormal

adenopathy (Figure 5C). The patient’s remission has been sustained beyond 8 months

from the minal CART cell infusion.

The results of the experiments are nowdescribed.

Clinical protocol

Three patients with advanced, chemotherapy-resistant CLL were

enrolled on a pilot clinical trial as depicted in Figure 1. All patients were extensively

pretreated with various chemotherapy and biologic regimens as shown in Figure 10.

Twoof the patients had p53 deficient CLL, a deletionthat portends poor responseto

conventional therapy and rapid progression (Dohneret al., 1995, Blood, 8515&0-

1589). Each of ihe patients had large tumor burdens following the preparative

chemotherapy, inchiding extensive marrowinfiltration (40 to 95%) and

lymphadenopathy; patient UPN02 also hadsignificant peripheral lymphocytosis.

The CARTI9 Tcells 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 [-4 davs before CARTI9 T cell infusions with

fymphodepleting chemotherapy. A split dose cell infusion schedule was used because

the trial testing a CAR incorporating a 4-1BB costimulatory signaling domain as

depicted in Figure 1A.

Table 4: Apheresis products and CART/9 product release criteria
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i8 vive expansion and persistence of CART19 and trafficking to bone marrow  

CAR+ T cells expanded using CD3/CD28 beads and expressing a 4-

iBB signaling domain is believed to be in improvement to CARslacking 4-1BB. A

Q-PCR assay was developedto enable quantitative tracking of CARTI9cells 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

O1 and UPN 03 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 onset of the

post-infusion clinical symptoms in patient UPN O1 (day 15) and patient UPN 03 (day

23). Farthermore, following an initial decaythat can be modeled withfirst order

kinetics, the CART19 Tcell levels stabilized in all 3 patients from day 90 to 180 post
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infusion. Significantly, the CARTI9 Tcells also trafficked to bone marrowin ail

patients, albeit at 5-to 10-fold lowerlevels than observed in blood as depicted in

Figures 2D through 2F. Patients UPN 01 and 03 had alog linear decayin the

rnarrow, with a disappearance T'2 of ~35 days.

Induction of specific immune responses in the blood and bone marrowcompartments

followingCART19infusion

  

Serumsamples from all patients were collected and batch analyzed

to quantitatively determine cytokine levels, assessing a panel of cytokimes,

chemokines, and other soluble factors to assess potential toxicities and to provide

evidence of CART19 cell function as depicted in Figure 3. Of thirty analytes tested,

eleven had a 3-fold or more change from baseline, including 4 cytokines (IL-6, ENF-

y, 1L~-8 and TL-10), 5 chemokines (MIP-1a, MIP-18, MCP-1, CXCL9, CXCLIO}

and soluble receptors for [L~1 Re and [L-2Ra. Of these, interferon-y had the largest

relative change from baseline. Interestingly, the peak time of cytokine elevation in

UPN O1 and UPN 03 correlated temporally with the previously described clinical

symptoms and the peak levels of CART19 cells in the blood in each patient. Only

rnodest changes were noted in patient UPN 02, perhaps as a result of corticosteroid

treatment given to this patient. Elevation of soluble [L-2 was not detected in the

serum of the patients, even though one ofthe pre-clinical rationales for developing

CAR+ Tcells with 4-1 BB signaling domains was the reduced propensityto trigger

IL-2 secretion compared to CD28 signaling domains (Milone et al., 2009, Mol Ther.

17:1453-1464). Phis may be relevant to sustained clinical 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 elicited by

CARsthat secrete substantial amounts of IL-2 or by the provision of exogenous IL-

2 post-infusion. Finally, a robust induction of cvtokine secretion in the supernatants

from bone marrowaspuates of UPN 03 was observed as depicted in Figure 3D that

also comcided with the development of tumor lysis syndrome and complete

remission.

Prolonged expression and establishment of a population of memory CARTI9 cells
 

im blood

A central question in CAR-mediated cancer immumotherapyis
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whether optimized cell manufacturing 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 demonstrated robust

exparision, prolonged persistence and/or expression of CARs on Tcells after

imfusion (Kershawet al., 2006, Clin Cancer Res 12:6106-6115; Lamers et al., 2006,

IClin Oncol 24:e20-e22; Til et al., 2008, Blood, 112, 2261-2271; Savoldo et al.,

2011, F Clin Invest dor 10.14729C146110). Flow-cytometric analysis of samples

from both blood and marrowat 169 days post infusion revealed the presence of

CAR19 expressing cells in UPN 03 (Figures 4A and 4B}, and an absence of B cells

as depicted in Figure 4A. Notably, by Q-PCRassay, all three patients have

persisting CAR+cells at 4 months and bevondas depicted in Figures 2 and Figures

6. The in vivo frequency of CAR+ cells by flow cytometry closely matched the

values obtained from the PCR assay for the CART19 transgene. Importantly, in

patient UPN03, only CD3+ cells expressed the CARI9, as CAR19+ cells were not

detectable in CD16-or CD14-positive subsets as depicted in Figure 4A. CAR

expression was also detected on the surface of 4.2%of T cells in the blood of

patient UPN Of on day 71 post infusion as depicted in Figure 7.

Next, polychromatic flow cvtometry was used to perform detailed

studies to further characterize the expression, phenotype, and function of CART19

cells in UPN 03 using an anti-CAR idiotype antibody (MDA-647}and a gating

Strategy shownin Figure 8. Notable differences in the expression of memory and

activation markers in both CD8+ and CD4+ cells based on CARI9 expression was

observed. At day 56, CARTI9 CD8-+cells displaved primarily an effector memory

phenotype (CCR7-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 memorycells, 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 cells. In contrast to

the CAR-negative cell population, the entirety of the CART19 CD8+ population

lacked expression of both CD25 and CD127. By day 169, while the phenotype of

the CAR-negative cell population remained simular to the day 56 sample, the

CARTI9 population had evolved to contain a minority population with features of
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central memorycells, notably expression of CCR7, higher levels of CD27 and

CD28, as well as CAR+cells that were PD-i-negative, CD57-negative and CD127-

positive.

In the CD4+ compartment, at day 56 CARTI9 cells were

characterized by untform lack of CCR7 and a predominance of CD27+/CD28+/PD-

i+ cells distributed within both CD57+and -compartmenis, and an essential

absence of CD25 and CD127 expression as depicted in Figure 4B. 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 uniformly positive in all CAR+CD4-+cells, a fraction of the CART19

CD4-+ cells had evolved toward a central memory phenotype with expression of

CCR7, a higher percentage of CD27-cells, the appearance of a PD-I-negative

subset, and acquisition of CD127 expression. CAR-negative cells rernained

reasonably consistent with their day 56 counterparts, with the exception of a

reduction in CD27 expression a decrease in the percentage of CD25+/CD127-ceils.

CARTI9cellscanretaineffectorfunctionafter6monthsinblood

In addition to short persistence and inadequate in vivo proliferation, a

limitation 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 CARTI9cell persistence and

surface expression of the CAR19 molecule in patient UPN 01 and 03 provided the

opportunity to direcily test anti-CD19-specific effector functions in cells recovered

from cryopreserved peripheral blood samples. PBMC from patient UPN 03 were

cultured with target cells that were cither positive or negative for CD19 expression

(Figure 4d}. Robust CD19-specific effector function of CARTI9 Tcells was

dernonstrated by specific degranulation against CD19-positive but not CD19-

negative target cells, as assessed by surface CD107aexpression. Notably, exposure

of the CART19 population to CD19-positive targets induced a rapid internalization

of surface CAR-19 as depicted in Figure 8 for surface expression of CARI9 in the

same effector cells in standard flow-cytometric staining. The presence of

costimulatory molecules on target cells was not required for tnggering CARTI® 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 retarned at the day 169 time-point. Robust effector

function of CAR+ and CAR-T cells could also be demonstrated by pharmacologic

stimulation.

Clinical activity of CARTS cells

There were no significant toxicities observed during the four days

following the infusion in any patient, other thantransient febrile reactions.

However, all patients subsequently developed significant clinical and laboratory

toxicities between day 7 and 21 following the first infuston. These toxicities were

short-term and reversible. Of the three patients treated to date, there are 2 CRs and

1 PR at >6 months post CARTI9infusion 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 O1 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 im

Figure 5. Between | and 6 months after infusion, no circulating CLLcells have

been detected in the blood by flow cytometry. Bone marrowat 1, 3, and 6 months

after CART19 cell infusions shows sustained absence of the lymphocytic infiltrate

by morphology and flow cytometric analysis as depicted in Figure 5B. CTscansat

1 and 3 months after infusion showresolution of adenopathyas depicted in Figure

SC. Complete remission was sustained for 10+ months at the time of this report.

Patient UPN 02 was treated with 2 cycles of bendamustine with

rituximab resulting in stable disease as depicted in Figure 5A. The patient received

a third dose of bendamustine as lymphodepleting chemotherapy prior to CART19 T

cell infiision. The patient developed fevers io 40°C, ngors and dyspnea requiring a

24 hour hospitalization on dav 11 after the first infusion and onthe davof the

second CART19 cell boost. Fevers and constitutional symptoms persisted and on

day 15, ihe patient had transient cardiac dysfunction, all symptoms resolved after

corticosteroid therapy was initiated on day 18. Following CART19 infusion, and

comcident 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 infiltration of
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CLL one month after therapy despite dramatic peripheral blood cytoreduction. The

patient remains asymptomatic.

Patient UPN 03 recetved pentostatin and cyclophosphamide as

lymphodepleting chemotherapyprior to CARTI9 cell infusion. Three days after

chemotherapy but prior to cell infusion, bone marrowwas hyperceilular (60%) with

approximately 50° involvement by CLL. The patient received a low dose of

CARTI9cells (5x10 CAR+ Tcells/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 diarrhea. By day 22 after infusion, tumor

lysis syndrome was diagnosed requiring hospitalization. The patient had resolution

of constitutional symptoms, and within 1 month of CART19infusions, the patient

had clearance of circulating CLL fromthe blood and bone marrow by morphology,

flowcytometry, cytogenetic, and FISH analysis. CT scans showed resolution of

abnormal adenopathy as depicted in Figures 5B and 5C. Complete remission was

sustained beyond 8 months from the inttial CART19 cell infusion.

Considerations of in vive CARTLS effector to CLLtarget cell ratio  

Pre-clinical studies showed that large tumors could be ablated, and

that the infusion of 2.2x10’CARs 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 Nati

Acad SciU § 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:T ratios achieved in vive in the three subjects based on muimber of CAR+T cells

infused. Tumor burdens were calculated by measuring CLL load in bone marrow,

blood and secondary Iymphoid tissues. The baseline tumor burdens as shown in

Figure 10 indicate that each patient had on the order of 10° CLLcells (Le. |

kilogram tumor load) before CART19 infusion. Patient UPN 03 had an estimated

baseline tumor burden of 8.8x10'' CLL cells in the bone marrowon day -1 (Le. post

chemotherapy and pre-CART19 infusion), and a measured tumor mass in secondary

lymphoid tissues of 3.3 -5.5x10''CLLcells, depending on the method ofvolumetric

CTscan analysis. Given that UPN 03 was infused with only 1.4x10'CART19 cells,

using the estimate ofinitial total tumor burden (1.3x10' CLL cells), and that no

CLLcells are detectable post treatment, 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 OF and UPN 02 as shown in Table 3). In the end, a contribution

of serial killing by CART19 T cells, combined with in vivo CARTI®9 expansion of

>1,000-fold hkely contributed to the powerful anti-leukemuc effects mediated by

CARTI® cells.

Tcellsexpressingchimericreceptorsestablishmemoryandpotentantitumoreffects

in patients with advanced leukemua

Limited in vive expression and effector function of CARshas been a

central limitation in the tnals testing first generation CARs (Rershawet al., 2006, Clin

Cancer Res 12:6106-6115; Lamers et al., 2006, J Clin Oncol 24:e20-e22; 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-clinical modeling demonstrating

enhancedpersistence of CARs containing a 4-1 BB signaling module (Miloneetal.,

2009, Mol Ther. 17:1453-1464; Carpentto et al., 2009, Proc Nath Acad Sci US A

106:3360-3365), experiments were designed io develop a second generation of CARs

engimeered with lentiviral vector technology. This second generation of CARs was

foundto be safe in the setting of chronic HIVinfection (Levineet al., 2006, Proc Natl

Acad Sci U 8 A 103:17372-17377}. The present results showthat when this second

generation CAR was expressed in T cells and cultured under conditions designed to

promote engraftment of central memory T cells (Rapoport et al., 2005, Nat Med

11:1230-1237, Bondanza et al., 2006, Blood 107:1828-1836), improved expansion of

CART ceils after infusion was observed compared to previous reports. CART19

cells established CD19-specific cellular memory, and killed tumor cells at E:T ratios

in vivo not previously achieved.

CARTI9 is the first CARtrial to incorporate a 4-1 BB signaling

domain and the first to use lentiviral vector technology. The present results

demonstrate efficient tracking of CARsto sites of tumor, with the de facto

establishment of “tumor infiltrating lymphocytes” that exhibited CD19 specificity.

The pronounced i” vivo expansion permitted 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 CARinto virus

specific T cells is preferable to primary T cells ule et al., 2008, Nat Med 14:1264-

1270), however the results with second generation CARs introduced into optimaily
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costimulated primary Tcells calls this notion into question. Without wishing tc be

bound by any particular theory, a cautionary note is raised that the clinical effecis

were profound and unprecedented with the lysis of kilogramsized tumor bardens in

all three patients accormpanied with the delayed release of potentially dangerously

high levels of cytokines in twoof the patients. Classical cytokine storm effects were

not observed. However, ihe present study was designed to mitigate ihis possibility by

deliberate infusion of CART19 over a period of three days.

It was found that very low doses of CARs can elicit potent clinical

responses. This was a pilot study that demonstrated safety of the CART19 vector

desien. The observation that doses of CART19 cells several orders of magnitude

belowthose tested in previoustrials can have clinical benefit may have important

implications for future implementation of CAR therapy on a wider scale, and for the

design of trals testing CARs directed against targets other than CD19.

The present studies further indicate that CART19is expressed in

both central memory and effector T cells, and this likely contributes to their long

term survival compared to previous reports. Without wishing to be bound by any

particular theory, CAR T cells maydifferentiate in vivo into a central memory-like

state upon encounter and subsequent elinunation of target cells (e.g. CLL tumor

cells or normal B cells} expressing the surrogate antigen. Indeed signaling of 4-1BB

has been reported to promote the development of memoryin the context of TCR

signaling (Sabbagh et al., 2007, Trends frmunol 28:333-339).

The extended proliferation and survival of CARTI9 has revealed

aspects of the pharmacokinetics of CAR T cells that have not previously been

reported. Tt was observed that the kinetics of cytokine release in serum and marrow

correlated with peak CART19levels, so that it is possible that the decayis imtiated

when cellular targets expressing CD19 become limiting. The mechanism ofthe

extended survival of CARTI9 mayrelate to the aforementioned incorporation of the

4-1BB domainor to signaling through the natural TCR and/or CAR. An intriguing

possibilityis that the extended survival is related to the population of CARTI®9 that

has been identified in marrow specimens, raising the hypothesis that CD19 CARs

could be maintamed by encounter with B cell progenitors in the bone marrow.

Relatedto this question is what drives the initial expansion of CART19cells in

vivo? With rare exceptions (Savoldo et al., 2011, J Clin Invest

dot 10.11 72/FCIAGEIO; Pule et al., 2008, Nat Med 14:1264-1270), the present study

78
UPenn Ex. 2047

Miltenyi v. UPenn
IPR2022-00855

Page 89



UPenn Ex. 2047 
Miltenyi v. UPenn 

IPR2022-00855 
Page 90

rt

10

20

30

is the only trial to have omitted IL-2 infusions, so that the CART19 cells likely

either expanded in response to homeostatic cytokines or more likely, to CD19

expressed on leukemic targets and/or normal B cells. In the latter case, this could be

an attractive feature for CARs directed agamst targets on normal APCs such as

CD19 and CD20, as itis possible that self renewal of CART19 occurs on the normal

cells, providing a mechanism for CAR memory by meansof“self

vaccination/boosting” and therefore, long term tumor iramunosurveillance. The

mechanisms of CART19 homeostasis may require further studyto elucidate cell

intrinsic and extrinsic mechanisms ofpersistence. Previous to these results, most

mvestigators have viewed CAR therapyas a transient form of immunotherapy,

however CARs with optimized signaling domains mav have arole in both rernission

mduction and consolidation as well as for long term immumosurveillance.

Potent anti-leakemic effects have been observedtn all three patients,

imcluding two patients with p53 deficient leukemia. Previous studies with CARs

have had difficulty separating antitumor effects from lymphodepleting

chemotherapy. However, the delayed cytokine release combined with the kinetics

of tumorlysis in fludarabine-refractory patients thal was coincident, and possibly

dependent on in vive CAR expansion in the present study, indicate that CARTI9

rnediates 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 maybe

required to gain a full understanding of the key features required to obtam sustained

function of CAR T cells in vivo. Unlike antibody therapies, CAR-modified T cells

havethe potential to replicate in vivo, 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 limitation ofantibodytherapy, as for example, with

agents such as rituximab and bevicizumab, is that the therapy requires repeated

antibody infusions, that is inconvenient and costly. The delivery of prolonged

antibody therapy (in this case for al least 6 months in 3 of 3 patients treated to date}

with antii-CDIL9 scFy 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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A lentiviral vector expressing a chimeric antigen receptor with

specificity for the B-cell antigen CD19, coupled with CD137 (a costimulatory

receptor in T cells [4-1 BBP and CD3-zeta (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 bymphocytic leukemia (CLL) expandedto a level that was more than 1000

times as high as the mttial engraftment level in vivo. Ht was also observed that the

patient exhibited delayed development of ihe tumorlysis syndrome and wiih complete

remission.

Apart from the tumor lysis syndrome, the only other grade 3/4 toxic

effect related to chimeric antigen receptor T cells was lymphopenia. Engineered cells

persisted at high levels for at least 6 months in the blood and bone marrowand

continued to express the chimeric antigen receptor. A specific immune 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.

Hypogammaglobulinemia was an expected chronic toxic effect.

The materials and methods employed in these experiments are now

described,

Materials and Methods

Study Procedures 

A self-inactivating lentiviral vector (GeMCRIS 0607-793) was

esigned, which was subjected to preclinical safety testing, as reported previously

(Viilone 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 chimeric antigen

recepior T celis in blood and bone marrow. The lower limit of quantification was

determined from the standard curve, average values belowthe lower limit of

quantification G.e., reportable but not quantifiable) are considered approximate. The

80
UPenn Ex. 2047

Miltenyi v. UPenn
IPR2022-00855

Page 91



UPenn Ex. 2047 
Miltenyi v. UPenn 

IPR2022-00855 
Page 92

rt

20

30

lower limit of quantification of the assay was 25 coptes per microgram of genomic

DNA.

Soluble-factor analysis was performed with the use of seram from

whole blood and bone marrowthat was separated into aliquots 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).

Apheresis #1

A 12-15 liter apheresis procedure ts carried out at the apheresis center.

Peripheral blood mononuclear cells (PBMC) are obtamed for CART-19 T cel

generation during this procedure. From a single Jeukapheresis, at least SO x 10° white

blood cells are harvested to manufacture CART-19 T cells. Baseline blood leukocytes

are also obtained and cryopreserved.

Cytroreductive Chemotherapy

Chemotherapyis started approximately 5-10 days before infusion so

that CART-19 cells may be given 1-2 days after completion of the chemotherapy. The

timing of chemotherapymitiation therefore depends on the length of the regimen. The

purpose of the chemotherapyis to induce lymphopenia in order to facilitate

engraftment and homeostatic expansion of CART-19 cells. The chemotherapy maybe

chosen also to reduce disease tumor burden. The cvtoreductive chemotherapyis

chosen and administered by community oncologists. The choice of chemotherapy

depends on the patients underlying disease and prior therapies. Fludarabine (30

me/m2/day x 3 days) and cyclophosphannde (300 mg/m2/day x 3 days) are the agents

of choice, as there is the most experience with the use of these agents in facilitating

adoptive immunotherapy. Several other acceptable regimens using FDA-approved

drags are appropriate, including CHOP, HyvperCVAD, EPOCH, DHAP, ICE or other

regimens,

Restacing assessment

A limited restaging is performed at the completion of chemotherapyin

order to provide baseline tumor burden measurements. This includes imaging,

physical examination, and minimal residual disease (MRD) assessments. Subjects

undergo the following for pre-infusing iesting: physical exam, documentation of
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adverse events and blood draws for hematology, chemistry and pregnancytesting Gf

applicable}.

PreparationofCART-19Tcells

Autologous T cells are engineered to express an extracellular single

chain antibody (scFv) with specificity for CD19. The extracellular scFv can redirect

specificity of the transduced Tcells for cells that express CD19, a molecule that is

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 intracellular signaling

molecule comprised ofeither the TCRE chain or a tandemsignaling domain

coniprised of 4-1 BB and TCRsignaling modules. The scFv is derived froma mouse

rnonocional antibody, and thus contains mouse sequences, and the signaling domains

are entirely of the native haman 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: 577-88; Naldini et al., 1996, Science, 272: 263-

7, Dull et al., 1998, J Virol, 72: 8463-71) to introduce the scFv: TCRC:4—1 BB into

CD4 and CD8 T cells. In some patients, a control scFv: TCRis 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 ofpatients with CD19 antigen-

positive tumors.

The CARconstructs 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

University 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” to 5 x 10° total

cells, are administered in either | or 2 bags. Each bag contaims an aliquot (volume

dependent upon dose) of cryvomedia contaming the following infusible grade reagents

(%viv}: 31.25 plasmaiyvte-A, 31.25 dextrose ($%), 0.45 NaCl up to 7.50 DMSO, 1.00

dextran 40, 5.00 human serum albumin with approximately 2.5-5 x 10° autologous T

cells per bag. For mcreased safety, the first dose is given as a split dose on days 0,1

and 2, with ~10%of the cells on day 0, 30%on day 1, and 60%on day2.
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Storage

Bags (10 to 100 mi capacity} contaming CART-19-transduced T cells

are stored im blood bank conditions in a monitored -135°C freezer. Infusion bags are

stored in the freezer until needed.

After logging the cells in the investigational pharmacy, frozencells are

transported in dryice 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 lefi in

the container. If the CART-19cell product appears to have a damaged or leaking bag,

or otherwise appears to be compromised, it should not be infused.

Premedication

Side effects following Tcell infusions mayinclude transient fever,

chills, and/or nausea. tis recormmended that the subject be pre-medicated with

acetaminophen 650 mg by mouth and diphenhydramine hydrochloride 25-50 mg by

rnouth or TV, prior to the infusion of CART-19 cells. These medications may be

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

medication may be prescribed if the patient continues to have fever not relieved by

acetaminophen. ft is reconunendedthat patients not receive svstemic 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

infusional reaction, an initial dose of hydrocortisone 100 mg is recommended.

Administration/Infusion

Infusions begin | to 2 davs after completion of chemotherapy. The day

of the first infusions, patients have a CBC with differential, and assessment of CD3,

CD4 and CD& counts since chemotherapyis given in part to induce lymphopenta.

Without wishing to be bound by anyparticular theory, itis behieved that an initial 1.

dose of 2.5-5x10” CART-19 cells is optimal for this protocol. Because there are about

1x 10!" Tcells 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 fmmiunol, 33: 2316-26). The first dose is administered using a split dose

on days 0 (10%), 1 GO%) and 2 (60%). Subjects receive infusion in an isolated room.

The cells are thawed at 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 flowrate of approximately LOmL to 20mL per

munute 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 to the subject while

cold. fs subjects receiving mixtures of CART-19 cells, in order to facilitate mixing,

the cells are administered simultaneously using a Y-adapter. Subjects are mfused and

premedicated as described elsewhere herein. Subjects’ vital signs are assessed and

pulse oximetry is done prior to dosing, at the end of the infusion and every 15 minutes

thereafter for | hour and until these are stable and satisfactory. A blood sample for

determination of baseline CART-19 level is obtamned before infusion and 20 minutes

post infusion. Patients experiencing toxicities from their preceding cytoreductive

chemotherapy have their infusion schedule delayed until these toxicities have

resolved. The specific toxicities warranting delay of T cell infusions include: 1)

Pulmonary: Requirement for supplemental oxygen to keep saturation greater than

95%or presence of radiographic abnormalities on chest x-ray that are progressive, 2)

Cardiac: Newcardiac arrhythmia not controlled with medical management. 3)

Hypotension requiring pressor support. 4) Active Infection: Positive blood cultures

for bacteria, fimgus, or virus within 48-hours of T cell infusion. A serum sample for

potassium and uric acid is collected before the first infusion as well as two hours after

each subsequent infusion.

Post infusion Laboratories to assess graftment and persistence  

Subjects retumat day 4 and 10 after the mitial CART-L9 cell mfusion

to have blood drawn for serum cytokine levels, and CART-19 PCR in order io

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, engraftment and persistence of CART-19 cells and

research labs.
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Second infusion

Without wishing to be bound by any particular theory, it is believed

that a second dose of CART-19 cells can be siven on day 11 to patients, provided that

they exhibit adequate tolerance to the first dose and sufficient CART-19 cells were

manufactured. The dose is 2-5 x 10”total cells. A serum sample for potassiumand

uric acid can be collected two hours after the infusion.

Secondapheresis

A 2 liter apheresis procedure ts carried out at the apheresis center.

PBMCare obtained for research and cryopreserved. Subjects undergothe following:

physical exam, documentation of adverse events and blood draws for hematology,

chemistry, engraftment and persistence of CART-19 cells and research labs. In

addition restaging is done in order to provide tamor barden measurements. Restaping

testing is determined by disease type andincludes imaging, MRD assessments, bone

marrowaspirate and biopsy and/or lymph node biopsy.

Monthly evaluations 2? to 6 months post infusion  

Subjects return on a monthly basis durmg months 2 to 6 past CART-19

cell 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 andresearch

fabs. The HIV DNAassayis performed at months 2-6 post CART-19 cell infusion to

exclude the presence of detectable RCL.

Quarterlyevaluationsupto2yearspostinfusion

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 assayts performed at months 3 and 6 post CART-19 cell infusion to exclude the

presence of detectable RCL.

The results of the experiments are nowdescribed
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Patient history 

The patient received a diagnosis of stage CLL in 1996. He first

required treatment after 6 years of observation for progressive leukocytosis and

adenopathy. In 2002, he was treated with two cycles of rituximab plus fludarabine;

ihis treatment resulted in normalization of blood counts and partial resolution of

adenopathy. In 2006, he recerved four cycles of rituximab and fludarabine for disease

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-year treatment-free interval. In February 2009, he had rapidly progressive

leukocytosis and recurrent adenopathy. His bone marrow was extensively infiltrated

with CLL. Cytogenetic analysis showed that 3 of [5 cells contained a deletion of

chromosome 17p, and fluorescence in situ hybridization (FISH) testing showed that

170 of 200 cells had a deletion involving 7P53 on chromosome 17p. He received

ntuximab with bendamustine for one cycle and three additional cycles of

bendamustine without rituximab (because of a severe allergic reaction). This

treatment resulted in only transient improvement in lvinphocytosis. Progressive

adenopathy was documented by means of computed tomography(CT) after therapy.

Autologous T cells were collected by means of leukapheresis and

cryopreserved. The patient then received alemtuzumab (an anti-CD52, mature-

lymphocyte, 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 marrowinvolvement 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 receptor—-modified T cells,

Cell Infusions

Autologous T cells fromthe patient were thawed and transduced with

lentivirus to express the CD19-specific chimeric antigen receptor (Figure 12A);

sequence identifiers for the lentiviral vector and relevant sequences are depicted in

Table 5. Four days before cell infusion, the patient received chemotherapy designed

for depletion of lymphocytes (pentostatin at a dose of 4 mg per square meter of body-

surface area and cyclophosphamide at a dose of GOO mg per square meter) without

rituximab (Lamanna et al., 2006, J Clam Oncol, 24: 1575-81). Three days after

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

and CBS, CD19, CD20, and CD23. Cytogenetic analysis showed two separate clones,

both resulting in loss of chromosome 17p and the 7P53 locus

(46,XYdel7p25/46,XY der(1 77.2 (gq 10:g LOWS 1/46,XVP 14]. Four days

after chemotherapy, the patient received a total of 3«10" T cells, of which 5% were

transduced, for a total of 1.42«10’ 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

infusions were noted.

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

| SEO ID NO:

(SEQIDNO:1|pELPS-CD19-BBZtransfervector(nucleicacidsequence)

| SEQ ID NO:

| SEQ1D NO:

IDENTITY

pELPS-CD19-BBZ transfer vector (nucleic acid sequence)

RSV’s U3 tnucleic acid sequence)

HIV R repeat (nucleic acid sequence) 

SEQ ID NO<

‘SEQ ID NO:

‘SEQIDNO6)CPPT(ucleicacidSequence

| SEQ ID NO:
! SEQ ID NO:
: SEQ ID NO:
‘SEQIDNO10)RRepeat(nucleicacidsequenceyt

! SEQ ID NO:
: SEQ ID NO:
! SEQ ID NO:
SEQUDNG177AADTaSCEYGatcdelealdSequences

| SEQ ID NO:
! SEQ 1D NO:
: SEQ ID NO:
: SEO ID NO:  
 

(SEQ 1D NO

| SEQ1D NO:

16

HIV US Repeat (nucleic acid sequence)

Partial Gag/Pol (nucleic acid sequence)

cPPT (nucleic acid sequence)

EF 1 alpha Promoter (nucleic acid sequence)

CD19-BBzeta CAR(nucleic acid sequence)

Hu Woodchuck PRE (nucleic acid sequence}

R Repeat (nucleic acid sequence}t

U5 Repeat (nucleic acid sequence:

CD19-BBzeta CAR (amino acid sequence)

CDS% Leader (nucleic acid sequence)

Anb-CD19scFv Giucletc acid sequence)

CD8 Hinge (nucleic acid sequence)

 
 

CD& Transmembrane (nucleic acid sequence}

4-1 BB (nucleic acid sequence)

CD3zeta (nucleic acid sequence)

CD8 Leader (amino acid sequence)

Anti-CD19scFy (amino acid sequence)

CD8 Hinge (amino acid sequence)
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SEQ ID NO: 22 CD8 Transmembrane (amino acid sequence}

[ SEQ IB NO: 23 4-1 BB (amino acid sequence)
SEG ID NO: 24 CD3zeta (amino acid sequence} 
Clinical 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 chills

intensified, and his temperature escalated to 39.2°C (102.5°F), associated with rigors,

diaphoresis, anorexia, nausea, and diarrhea. He had no respiratory or cardiac

sympioms. Because of the fevers, chest radiography and blood, urine, and stool

cultures were performed, and were all negative or normal. The tumorlysis syndrome

was diagnosed on day 22 after infusion (Figure 12B). The uric acid level was 10.6 mg

per deciliter (630.5 pmol per liter}, the phosphorus level was 4.7 mg per deciliter (1.5

mimol per liter) (normal range, 2.4 to 4.7 mg per deciliter [0.8 to 1.5 mmol perliter},

and the lactate dehydrogenase level was 1130 Uper liter (ormal range, 98 to 192).

There was evidence of acute kidney injury, with a creatinine level of 2.60 mg per

deciliter (229.8 ymol per liter) (baseline level, <1.0 mg per deciliter [<88.4 wmol 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 level within 3 days; he was discharged on hosptial 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 im the bone marrow(Figure

12C). The karyotype was nownormal in 15 of 15 cells (46.XY), and FISH testing was

egative for deletion 7P353 in 19% of 200 cells examined; this is considered to be

within normal limits in negative controls. Flow-cytometric analysis showed no

residual CLL, and B cells were not detectable (<1%of cells within the CD5+CDB1I0-

CD19+CD23+ lymphocyte gate). CT scanning performed on day 31 after infusion

showed resolution of adenopathy (Figure 12D).

Three and G months after CART19-cell infusion, the physical

examination remained unremarkable, with no palpable adenopathy, and CTscanning

performed 3 months after CART19-cell infusion showed sustained remission (Figure
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12D). Bone marrowstudies at 3 and 6 months also showed no evidence of CLL by

means of morphologic analysis, karyotype analysis (46,XY), or flow-cytometric

analysis, with a continued lack of normal B cells as well. Remission had been

sustained for at least 10 months.

Toxicity of CARTI9 Cells

The cell infusions had no acute toxic effects. The only serious (grade3

or 4} adverse event noted was the grade 3 tumorlysis syndrome described above. The

patient had gerade 1 lymphopenia at baseline and grade 2 or 3 lymphopenia beginning

on day | and continuing throughat least 10 months after therapy. Grade 4

lymphopenia, with an absolute lymphocyte count of 140 cells per cubic millimeter,

was recorded on day 19, but from day 22 through at least 10 months, the absolute

lymphocyte count ranged between 390 and 780cells per cubie millimeter (grade 2 or

3 lymphopenia). The patient had transient grade | thrombocytopenia (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 to 1630 per cubic millimeter} from day

17 through day 33. Other signs and symptoms that were probably related to the study

treatment included grade | and2 elevations in aminotransferase and alkaline

phosphatase levels, which developed 17 days after the first infusion and resolved by

day 33. Grade | and 2 constitutional symptoms consisted of fevers, chills, diaphoresis,

myalgias, headache, and fatigue. Grade 2 hypogammagiobulinemia was corrected

with infusions of intravenous immune globulin.

Anal gis of Seruro and Bone Marrow Cytokines    

The patient's clinical response was accompanied by adelayed increase

im levels of inflammatory cytokines (Figure 13A through Figure 13D), with levels of

interferon-~y, the interferon-y—responsive chemokines CXCLS and CXCL10, and

interleukin-6 that were 160 times as high as baseline levels. The temporal nse in

cytokine levels paralleled the clinical symptoms, peaking 17 to 23 daysafter the first

CARTI9-cell infusion.

The supernatants from serial bone marrowaspirates were measured for

cytokines and showed evidence of immune activation (Figure 13E). Significant

mereases in interferon-y, CXCL9, interleukin-6, and soluble interleukin-2 receptor

were noted, as compared with the baseline levels on the day before T-ceil 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 marrowtumor necrosis factor eo remained unchanged.

Expansion and Persistence of Chimeric Antigen Receptor T Cells
 

Real-time PCR detected DNA encoding anti-CD19 chimeric antigen

receptor (CARI9) beginning on day | after the first infusion (Figure 144A). More than

a 3-log expansion of the cells in vivo was noted by day 21 after infusion. At peak

levels, CARTI® cells in blood accounted for more than 20%ofcirculating

tymphocytes; these peak levels comcided with the occurrence of constitutional

symptoms, the tumor lysis syndrome (Figure 12B), and elevations in serum cytokine

levels figure 13A through Figure 13D). CARTI®9 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 in Bone Marrow  

CARTI9 cells were identified in bone marrow specimens beginning 23

days 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 identifiedat the first assessment 23 days after the first infusion and comcided

with induction of an immune response, as indicated by cytokine-secretion profiles

(Figure 13}. Flow-cviometnc analysis of bone marrowaspirates indicated a clonal

expansion of CD5+CD19+cells at baseline that was absent 1 monthafter infusion and

ma saraple obtained 3 months atter infusion (data not shown). Normal B cells were

not detected after treatment (Figure 14C).

Treatment with autologous genetically modified CARTI9 cells   

Described herein is the delayed development of the tumorlysis

syndrome and a complete response 3 weeksafter treatment with autologous T cells

genetically modified to target CD19 through transduction with a lentivirus vector

expressing anti-CD19 linked to CD3-zeta and CD137 (4-1 BB) signaling domains.

Genetically modified cells were present at high levels in bone marrowforat least 6

months after infusion. The generation of a CD19-specific immune response in bone
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marrow was demonstrated by temporal release of cytokines and ablation of leukemia

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

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

reported previously (Baekseaard et al., 2003, Cancer Chemother Pharacol, 51: 187-

2).

Genetic manipulation of autologous T cells to target specific tumor

antigens is an attractive strategy for cancer therapy (Sadelainet 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 tumortargets in an HLA-umnrestricted manner, so that “off-the-shelf”

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 (hune et

al., 2009, Nat Rev Immunoi, 9: 704-16).

In previous triais of chimeric antigen receptor T cells, objective tumor

responses have been modest, and in vive proliferation of modified cells has not been

sustained (Kershawet al, 2006, Clin Cancer Res, 12: 6106-15, Tull et al., 2008,

Blood, 112: 2261-71; Pule et al., 2008, Nat Med, 14: 1264-70). Brentjens and

colleagues reported preliminary results of a clinical trial of CD19-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

Tcells that were infused would result in a clinically evident antitumor response.

indeed, the infused dose of 1.5x10° chimeric antigen receptor Tcells 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

Usershawet al, 2006, Clin Cancer Res, 12: 6106-15; Brentjens et al., 2010, Mol Ther,

18: 666-8; Morgan et al., 2010, Mol Ther, 18: 843-51: Johnsonet al., 2069, Blood,

114: 535-46). Without being held to any particular theory, it is speculated that the

chemotherapy may potentiate the effects of chimeric antigen receptor.

The prolonged persistence of CARTI9 cells in the blood and bone

marrowof the patient results from inclusion of the 4-1BB signaling domain. His
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likely that the CART19-cell-mediated elimination of normal B cells facilitated the

induction of immunologic tolerance to the chimeric antigen receptor, since the

CART?9 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, itis possible that

homeostasis of the chimeric antigen receptor T cells was achteved at least in part from

Stiroulation delivered by early B-cell progenitors as thev began to emerge in the bone

marrow. The invention relates to the discoverythat a new mechanism mayexist to

maintain “memory” chimeric antigen receptor T cells.

Although CD19 is an attractive tumor target, with expression limited to

normal and rnalignant 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 frorn the blood and bone marrowfor at least G months after infusion.

This patient did not have recurrent infections. Targeting B cells through CD20 with

rituximab is an effective and relatively safe strategy for patients with B-cell

neoplasms, and long-term B-cell lymphopenia is manageable (Molina, 2008, Ann Rev

Med, 59: 237-50). Patients treated with rituximab have been reported to have a return

of B cells within months atter discontinuation of therapy. [tis not yet clear whether

such recovery occurs tn patients whose anti-B-cell T cells persist in vivo.

Patients who have CLL with 7P53 deletions have short remissions

after standard therapies (Dohneretal., 1995, Blood, 85: 1580-9). Allogeneic bone

marrowtransplantation 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: Supp!:S63-S70). However, the resulting potent prafi-versus-tumor

effect is associated with considerable morbidity because of the high frequency of

chronic graft-versus-host disease, which is often especially severe in older patients—

those whoare typically affected by CLL (Gribbenet al., 2011, Biol Blood Marrow

Transplant, 17: Suppl:S63-570; Sorror et al., 2008, Blood, 111: 446-52). The data

presented herein suggests that genetically modified autologous T cells may

circumvent this lumitation.

The delayed onset of the tumorlysis syndrome and cytokine secretion,

combined with vigorous in vivo chimeric antigen receptor T-cell expansion and

prominent antleukemia activity, pomts to substantial and sustained effector functions

of the CARTI9 cells. Experiments described herein highlights the potencyof this
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therapy and provides support for the detailed study of autologous T cells genetically

modified io iarget CD19 (and other targets) through transduction of a chimeric

antigen receptor linked to potent signaling domains. Unlike antibody-mediated

therapy, chimeric antigen receptor-moditied T cells have the potential to replicatein

vivo, and long-termpersistence could lead to sustained tumor control. Two other

patients with advanced CLL have also received CART19 infusions according to this

protocol, and all three have had tumor responses. These findings warrant continuec

study of CD19-redirected Tcells for B-cell neoplasms.

The disclosures of each and every patent, patent application, and

publication cited herein are hereby incorporated herem byreference 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 m the art without departing fromthe true spint and scope of the

imvention. The appended claims are intended to be construed to include all such

embodiments and equivalent vanations.
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CLAIMS

What is clatmedis:

I. Anisolated nucleic acid sequence encoding a chimeric antigen

receptor (CAR), wherein the CARcomprises 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 ID NO: 24.

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

CAR comprises the amino acid sequence of SEQ ID NO: 12.

3. The isolated nucleic acid sequence of claim 1 comprising the

nucleic acid sequence of SEQ ID NO: 8.

4. The isolated 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

antiven-binding fragment is a Fab or a scFv.

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

antigen binding domain binds to a tumor antigen.

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

tumorantigen is associated with a hematologic malignancy.

8. Theisolated nucleic acid sequence of claim 6, wherein the

tumor antigen is associated with a solid tumor.

9. The isolated nucleic acid sequence of claim 6, wherein the

tumor antigen is selected from ihe group consisting of CD19, CD26, CD22, RORI,

mesothelin, CD33/IL3Ra, c-Met, PSMA, Glycolipid F77, EGFRvHL GD-2, NY-

ESO-1 TCR, MAGE A3 TCR, and any combination thereof.
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10. The isolated nucleic acid sequence of claim 1, wherein the

costimulatory signaling region comprises the intracellular domain of a costimulatory

molecule selected from the group consisting of CD27, CD28, 4-1BB, OX40, CD30,

CD40, PD-1, ICOS, lymphocyte function-associated antigen-1 (LFA-1)}, CD2, CD7,

LIGHT, NKG2C, B7-H3, a ligand that specifically binds with CD83, and any

combination thereof.

il. The isolated nucleic acid sequence of claim 1, wherein the CD3

zeta signaling domain is encoded bythe nucleic acid sequence of SEQ ID NO: 18.

42. An isolated chimeric antigen receptor (CAR) comprising an

antigen binding domain, a transmembrane domain, a costimulatory signaling region,

and a CD3 zeta signaling domain, wherem the CD3 zeta signaling domain comprises

the amino acid sequence of SEQ ID NO: 24.

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

anno acid sequence of SEQ ID NO: 12.

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

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

1S. The isolated CAR of claim 14, whereimthe antigen binding

fragment is a Fab or a scFv.

16, The isolated CAR claim 12, wherein the antigen binding

domain binds to a tumor antigen.

17. The isolated CAR of claim 16, wherem the tumor antigen is

associated with a hematologic malignancy.

18. The isolated CAR of claim 16, wherem the tumor antigen is

associated with a solid tumor.

19. The isolated CAR of claim 16, wherem the tumor antigen is

selected from the group consisting of CD19, CD20, CD22, RORI, mesothelin,
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CD33/fL3Ra, c-Met, PSMA, Glycolipid F77, EGFRvHL GD-2, NY-ESO-1 TCR,

MAGE A3 TCR, and any combination thereof.

20. The isolated CAR of claim 12, wherein the costimulatory

signaling region comprises the imtracellular domain of a costimulatory molecule

selected from the group consisting of CD27, CD28, 4-1BB, OX40, CD30, CD40, PD-

1, ICOS, lymphocyte function-associated antigen-1 (LFA-1), CD2, CD7, LIGHT,

NKG2C, B7-H3,a ligand that specifically binds with CD83, and any combination

thereof.

2).  Acell comprising a nucleic acid sequence encoding a chimeric

antigen receptor (CAR), the CARcomprising an antigen binding domain, a

transmembrane domain, a costimulatory signaling region, and a CD3 zeta signaling

domain comprising the amino acid sequence of SEQ [BD NO: 24.

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

acid sequence of SEQ ID NO: 12.

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

nucleic acid sequence of SEQ ID NO: &.

24. The cell of claim 21, wherein the antigen binding domainis 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

to a tumor antigen.

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

with a hematologic malignancy.

28. The cell of claim 26, wherem the tumor antigen 1s 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, Glycohpid F77, EGFRvIU, GD-2, NY-ESO-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

ihe group consisting of CD27, CD28, 4-1BB, OX40, CD30, CD40, PD-1, ICOS,

lymphocyte function-associated antigen-1 (LFA-1), CD2, CD7, LIGHT, NKG2C, B7-

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

31. The cell of claim 21, wherein the CD3 zeta signaling domainis

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) ceil, a cytotoxic T Ivmphocvte (CTL),

and a regulatory T cell.

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

imununitv when the antigen binding domain binds toits corresponding antigen.

34. A vector comprising a nucleic acid sequence encoding a

chimeric antigen receptor (CAR), wherein the CAR comprises an antigen binding

domain, a costimulatory signaling region, and a CD3 zeta signalmg domain, wherem

the CD3 zeta signaling domain comprises the amino acid sequence of SEQ [D NO:

24.

353, The vector of claim 34, wherein the CAR cornprises the amino

acid sequence of SEQ ID 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 antibody or an antigen-binding fragment thereof.

97
UPenn Ex. 2047

Miltenyi v. UPenn
IPR2022-00855

Page 108



UPenn Ex. 2047 
Miltenyi v. UPenn 

IPR2022-00855 
Page 109

38. The vector of claim 37, wherein the antigen-binding fragment

is aFab or ascFv.

39, The vector of claim 34, wherein the antigen bindine domain

binds to a tumorantigen.

40. The vector of claim 39, wherein the tumor antigenis associated

with a hematologic malignancy.

Al. The vector of claim 39, wherein the tumor antigenis associated

with asolid tumor.

42. The vector of claim 39, wherein the tumor antigenis selected

from the group consisting of CD19, CD20, CD22, ROR1, mesothelin, CD33/IL3Ra.

c-Met, PSMA, Glycolipid F77, EGFRvITT, GD-2, NY-ESO-1 TCR, MAGE A3 TCR,

and anv combination thereof.

43. The vector of claim 34, wherein the costimulatory signaling

region comprises the intracellular domain of a costimulatory molecule selected from

the group consisting of CD27, CD28, 4-1BB, OX40, CD30, CD40, PD-1, HCOS,

tymphocyte function-associated antigen-f (LFA-1), CD2, CD7, LIGHT, NKG2C, B7-

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

44. The vector ofclaim34, wherein the CD3 zeta signaling domain

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

4S. A method for stumulating a T cell-mediated immune response

to a target cell population or tissue in a mammal, the method comprising

administering to a mammal an effective amount ofa cell genetically modified to

express a CARwherein 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, wherein the antigen binding dornainis

selected to specifically recognize the target cell population or tissue.
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AG. A method of providing an anti-tumor immunity in a mammal,

the method comprising administerme to 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 immunity 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

corprising administering to the marnmal an effective amount of a cell genetically

modified io express a CAR wherein the CAR comprises an antigen binding domain, a

costimulatory signaling region, anda CDS zeta signaling domain comprising the

amino acid sequence of SEQ ID NO: 24, therebytreating the mammal.

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

cell.

49. The method of claim 47, wherein the tumor antigen is selected

from the group consisting of CD19, CD20, CD22, ROR1, mesothelin, CD33/IL3Ra.

c-Met, PSMA, Glycolipid F77, EGFRvITT, GD-2, NY-ESO-1 TCR, MAGE A3 TCR,

and any combination thereof.

50, A methodof treating a human with chronic lymphocytic

leukemia, the method comprising administering to the human a T cell genetically

engmeered to express a CAR wherem the CAR comprises an antigen binding domain,

a costimulatory signaling region, and a CDSzeta signaling domain comprising the

amino acid sequence of SEQ ID NO: 24.

S51. The method of claim 50, wherein the humanis resistant to at

least one chemotherapeutic agent.

52, The method of claim 50, wherein the chronic lymphocytic

leukemia is refractory CD19+leukemia and lymphoma.
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53. A method of generating a persisting population of genetically

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

administering to the human a T cell genetically engineered to express a CAR wherein

the CARcomprises an antigen binding domain, a costimulatorysignaling region, and

a CD3 zeta signaling domain comprising the amino acid sequence of SEQ [D NOG: 24,

wherein the persisting population of genetically engineered T celis persists in the

human for at least one month after administration.

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 human, a progeny of a T cell that

was administered to the human, and a combinationthereof.

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

genetically engineered T cells comprises a memory Tcell.

56. The method of claim 53, wherein the cancer is chronic

lymphocytic leukemia.

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

leukennais refractory CD19+ leukemia and lymphoma.

5é, The method of claim 53, wherein the persisting population of

genetically engineered T cells persists in the human for at least three months after

adrainistration.

59, The method of claim 53, wherein the persisting population of

genetically engineered Tcells persists in the huraan for at least four months, five

months, six months, seven months, eight months, nine months, ten months, eleven

months, twelve months, two years, or three vears after administration.

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

leukenua is 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 adminisiering to the

human a T cell genetically engineered to express a CAR wherein the CAR comprises

an antigen binding dornain, a costimulatory signaling region, and a CD3 zeta

signaling domain comprising the amino acid sequence of SEQ ID NO: 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 Tcell.

63. The method of claim 61, wherein the T cell is an autologous T

cell.

64. The method of claim 61, wherein the human is resistant to at

least one chemotherapeutic agent.

6S, The method of claim 61, wherein the cancer is chronic

tymphocytic leukemia.

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

leukemiais refractory CD19+ leukemia and lymphoma.

67, The method of claim G1, wherein the population of progeny T

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

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

cells persist in ine human forai least four months, five months, six months, seven

months, eight months, nine months, ten months, eleven months, twelve months, two

years, or three years after adrainistration.

69. The method of claim 61, wherein the cancer is treated.
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rt

ABSTRACT

The present invention provides compositions and methods for treating

cancer ina human. The invention inclades relates to administering a genetically

modified T cell to express a CAR wherein the CARcomprises an antigen binding

domain, a transmembrane domain, a costimulatory signaling region, and a CD3 zeta

signaling domain.
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Figure 3C Figure 3D
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ttgctggcect

tattaccgcc

gtcagtgagc

gccgattcat

Caacgcaatt

ttttgccttc

cagttgggtg

agttttcgcc

gcggtattat

cagaatgact

gtaagagaat

ctgacaacga

gtaactcgcc

gacaccacga

cttactctag

ccacttctgc

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

tgcctgtagc

cttcccggca

gctcggccct

ctcgcggtat

acacgacggg

cctcactgat

atttaaaact

tgaccaaaat

tcaaaggatc

aaccaccgct

aggtaactgg

taggccacca

taccagtggc

agttaccgga

tggagcgaac

cgcttcccga

agcgcacgag

gccacctctg

aaaacgccag

tgttctttcc

ctgataccgc

aagagcgccc

ggcacgacag

agctcactca
Page

tcacccagaa

ttacatcgaa

ttttccaatg

cgccgggcaa

ctcaccagtc

tgccataacc

gaaggagcta

ggaaccggag

aatggcaaca

acaattaata

tccggctggce

cattgcagca

gagtcaggca

taagcattgg

tcatttttaa

cccttaacgt

ttcttgagat

accagcggtg

cttcagcaga

cttcaagaac

tgctgccagt

taaggcgcag

gacctacacc

agggagaaag

ggagcttcca

acttgagcgt

caacgcggcc

tgcgttatcc

tcgccgcagce

aatacgcaaa

gtttcccgac

ttaggcaccc
2

acgctggtga

ctggatctca

atgagcactt

gagcaactcg

acagaaaagc

atgagtgata

accgcttttt

ctgaatgaag

acgttgcgca

gactggatgg

tggtttattg

ctggggccag

actatggatg

taactgtcag

tttaaaagga

gagttttcgt

cctttttttc

gtttgtttgc

gcgcagatac

tctgtagcac

ggcgataagt

cggtcgggct

gaactgagat

gcggacaggt

gggggaaacg

cgatttttgt

tttttacggt

cctgattctg

cgaacgaccg

ccgcctctcc

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

gttaatcctg

ccatcccttc

tattgtgtgc

gaagagcaaa

aggaggagat

tgaaccatta

agcagtggga

cgcagcgtca

gcagaacaat

gggcatcaag

gctcctgggg

tgctagttgg

ggacagagaa

ccagcaagaa

ttggtttaac

cttggtaggt

atattcacca

aggaatagaa

tccggctcgt

tgaccatgat

gcaagcttaa

tagcaacatg

tggtacgatc

actgaattgc

tctctctggt

cttaagcctc

gactctggta

ggcgcccgaa

ctcggcttgc

aaattttgac

gggggagaat

ataaattaaa

gcctgttaga

agacaggatc

atcaaaggat

acaaaagtaa

atgagggaca

ggagtagcac

ataggagctt

atgacgctga

ttgctgaggg

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

tgttccttgg

cggtacaggc

ctattgaggc

caagaatcct

gctctggaaa

ctctggaaca

acacaagctt

aagaattatt

ggctgtggta

tttttgctgt

agacccacct

gagagagaga

gaattgtgag

gcgcaattaa

tgcaatactc

agagaaaaag

aggaaggcaa

agatattgta

ctgagcctgg

gccttgagtg

cctcagaccc

aaagcgaaag

acggcaagag

tagaaggaga

tgggaaaaaa

tgggcaagca

ggctgtagac

agatcattat

gacaccaagg

cagcaagcgg

tgaattatat

aaagagaaga

gttcttggga

cagacaatta

gcaacagcat

ggctgtggaa

actcatttgc

gatttggaat

aatacactcc

ggaattagat

tataaaatta

actttctata

cccaaccccg

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

tgtgtgcccg

tgtggaaaat

ggagctctct

gcgactggtg

cgagagcgtc

gccaggggga

acgattcgca

acagctacaa

agcaaccctc

caagatagag

tcagacctgg

tagtaaaaat

gagaaaaaag

gcactatggg

tagtgcagca

tcacagtctg

aggatcaaca

tgccttggaa

ggatggagtg

aatcgcaaaa

gtttgtggaa

tagtaggagg

ttaggcaggg

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

ctttttcccg

tttcgcaacg

ggcctcttta

gtgattcttg

taaggagccc

gtgcgaatct

tTaaaattttt

ggccaagatc

gcgtcccagc

cgggggtagt

gccccgcecct

ccgcttcccg

gcgggtgagt

gactccactg

acgtcgtctt

gtggagactg

tttgagtttg

ccatttcagg

ccgctggcct

tccctgtctg

tatcgattag

gttatcttgg

gagacagggc

acagtacata

tgggcgggga

gaatctatga

cttaagacag

ggggggtaca

gaattacaaa

gatccagttt

catcgcccac

gaaggtggcg

agggtggggg

ggtttgccgc

cgggttatgg

atcccgagct

cttcgcctcg

ggtggcacct

gatgacctgc

tgcacactgg

gcacatgttc

ctcaagctgg

gggcggcaag

gccctgctgc

cacccacaca

agtaccgggc

taggttgggg

aagttaggcc

gatcttggtt

tgtcgtgatc

tgctgctcca

cctctctggg

actgtagccc

tagcagttca

aagaaacagc

cagacaatgg

tcaagcagga

ataaagaatt

cagtacaaat

gtgcagggga

aacaaattac

ggctgcattg

agtccccgag

cggggtaaac

agaaccgtat

cagaacacag

cccttgcgtg

tcgggttgga

tgcttgagtt

tcgcgcctgt

tgcgacgctt

tatttcggtt

ggcgaggcgg

ccggcctgct

gctggcccgg

agggagctca

aaggaaaagg

gccgtccagg

ggaggggttt

agcttggcac

cattctcaag

tagaggatcc

cgccgccagg

agacagagtc

aggaatatgg

tgtagccagt

atacttcctc

cagcaatttc

atttggcatt

aaagaaaatt

ggcagtattc

aagaatagta

aaaaattcaa

atcacgtgag

aagttggggg

tgggaaagtg

ataagtgcag

gtaagtgccg

ccttgaatta

agtgggtggg

gaggcctggc

ctcgctgctt

tttttctggc

tttggggccg

ggcctgcgag

ctggtgcctg

tcggcaccag

aaatggagga

gcctttccgt

cacctcgatt

tatgcgatgg

ttgatgtaat

cctcagacag

atggccttac

ccggacatcc

accatcagtt
Page

cagctagatt

ggatatatag

ttaaaattag

accagtacta

ccctacaatc

ataggacagg

atccacaatt

gacataatag

aattttcggg

gctccggtgc

gaggggtcgg

atgtcgtgta

tagtcgccgt

tgtgtggttc

cttccacctg

agagttcgag

ctgggcgctg

tcgataagtc

aagatagtct

cgggcggcga

cgcggccacc

gcctcgcgcc

ttgcgtgagc

cgcggcgctc

cctcagccgt

agttctcgag

agtttcccca

tctccttgga

tggttcaaag

cagtgaccgc

agatgacaca

gcagggcaag
4

gtacacattt

aagcagaagt

caggaagatg

cagttaaggc

cccaaagtca

taagagatca

ttaaaagaaa

caacagacat

tttattacag

ccgtcagtgg

caattgaacc

ctggctccgc

gaacgttctt

ccgcgggcct

gctgcagtac

gccttgcgct

gggccgcecge

tctagccatt

tgtaaatgcg

cggggcccgt

gagaatcgga

gccgtgtatc

ggaaagatgg

gggagagcgg

cgcttcatgt

cttttggagt

cactgagtgg

atttgccctt

TTCCtttctt

cttgctcctg

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

tcattacccg

ctgggagtaa

accatcatca

gatgacacag

gactactggg

ccaccaacac

cggccagcgg

atctgggcgc

tactgcaaac

gtacaaacta

ggatgtgaac

cagaaccagc

aagagacgtg

ggcctgtaca

aaaggcgagc

accaaggaca

caacctctgg

tttacgctat

gctttcattt

cccgttgtca

tggggcattg

gccacggcgg

ggcactgaca

tgtgttgcca

ccagcggacc

cttcgccctc

taaattggta

gattacactc

tcaccattag

cgcttccgta

gcggtggtgg

tggtggcgcc

actatggtgt

tatggggtag

aggacaactc

ccatttacta

gccaaggaac

cggcgcccac

cggggggcgc

ccttggccgg

ggggcagaaa

ctcaagagga

tgagagtgaa

tctataacga

gccgggaccc

atgaactgca

gccggagggg

cctacgacgc

attacaaaat

gtggatacgc

tcetectcctt

ggcaacgtgg

ccaccacctg

aactcatcgc

attccgtggt

cctggattct

ttccttcccg

agacgagtcg

tcagcagaaa

aggagtccca

caacctggag

cacgttcgga

gtcgggtggc

ctcacagagc

aagctggatt

tgaaaccaca

caagagccaa

ctgtgccaaa

ctcagtcacc

catcgcgtcg

agtgcacacg

gacttgtggg

gaaactcctg

agatggctgt

gttcagcagg

gctcaatcta

tgagatgggg

gaaagataag

caaggggcac

ccttcacatg

ttgtgaaaga

tgctttaatg

gtataaatcc

cgtggtgtgc

tcagctcctt

cgcctgcctt

gttgtcgggg

gcgcgggacg

cggcctgctg

gatctccctt

ccagatggaa

tcaaggttca

caagaagata

ggggggacca

ggcggatctg

ctgtccgtca

cgccagcectc

tactataatt

gttttcttaa

cattattact

gtctcctcaa

cagceccctgt

agggggctgg

gtccttctcc

tatatattca

agctgccgat

agcgcagacg

ggacgaagag

ggaaagccga

atggcggagg

gatggccttt

caggccctgc

ttgactggta

cctttgtatc

tggttgctgt

actgtgtttg

tccgggactt

gcccgctgct

aagctgacgt

tcecttctgct

ccggctctgc

tgggccgcct
Page

ctgttaaact

gtggcagtgg

ttgccactta

agctggagat

aggtgaaact

catgcactgt

cacgaaaggg

cagctctcaa

aaatgaacag

acggtggtag

ccacgacgcc

ccctgcgccc

acttcgcctg

tgtcactggt

aacaaccatt

ttccagaaga

cccccgcgta

aggagtacga

gaaggaagaa

cctacagtga

accagggtct

cccctcgcta

ttcttaacta

atgctattgc

ctctttatga

ctgacgcaac

tcgctttccc

ggacaggggc

cctttccatg

acgtcccttc

ggcctcttcc

ccccgcctgg
5

cctgatctac

gtctggaaca

cttttgccaa

cacaggtggc

gcaggagtca

ctcaggggtc

tctggagtgg

atccagactg

tctgcaaact

ctatgctatg

agcgccgcga

agaggcgtgc

tgatatctac

tatcaccctt

tatgagacca

agaagaagga

caagcagggc

tgttttggac

ccctcaggaa

gattgggatg

cagtacagcc

agtcgacaat

tgttgctect

ttcccgtatg

ggagttgtgg

ccccactggt

cctccctatt

tcggctgttg

gctgctcgcc

ggccctcaat

gcgtcttcgc

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

cccgcecccta

tatttatgca

cttttttgga

<210> 2
<211> 228
<212> DNA
<213>

<220>
<223>

<400>

aagaccaatg

actggaaggg

tctctggtta

taagcctcaa

ctctggtaac

tagttcatgt

tgagaggaac

tttcacaaat

tgtatcttat

actccgccca

gaggccgagg

ggcctaggga

acttacaagg

ctaattcact

gaccagatct

taaagcttgc

tagagatccc

catcttatta

ttgtttattg

aaagcatttt

catgtctggc

gttccgccca

ccgcctcggc

cgtacccaat

Artificial Sequence

chemically Synthesized

2

atgtagtctt atgcaatact cttgtagtct

gccttacaag gagagaaaaa gcaccgtgca

cgtgccttat taggaaggca acagacgggt

ccgcattgca gagatattgt atttaagtgc

<210> 3
<211> 98
<212> DNA
<213>

<220>
<223>

<400>

Artificial Sequence

chemically Synthesized

cagctgtaga

cccaacgaag

gagcctggga

cttgagtgct

tcagaccctt

ttcagtattt

cagcttataa

tttcactgca

tctagctatc

ttctccgcecc

ctctgagcta

tcgccctata

tgcaacatgg

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

3

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

tgactagcgg

gaattagatc

taaaacatat

tagaaacatc

gatcagaaga

ggatagagat

gtaagaccac

gacaattgga

gcacccacca

gctttgttcc

ctgacggtac

agggctattg

caggcaagaa

ggttgctctg

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

agaggcgagg

gagagagatg

aaaattcggt

agcagggagc

agacaaatac

ttatataata

aaggaagctt

gcggccgctg

atataaatat

aagagtggtg

gggagcagca

attattgtct

gcatctgttg

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

7

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

tagtcgccgt

tgtgtggttc

cttccacctg

agagttcgag

ctgggcgctg

tcgataagtc

aagatagtct

cgggcggcga

cgcggccacc

gcctcgcgcc

1178

tcatgtagcc

agcatacttc

tggcagcaat

ggaatttggc

attaaagaaa

aatggcagta

ggaaagaata

tacaaaaatt

ccgtcagtgg

caattgaacc

ctggctccgc

gaacgttctt

ccgcgggcct

gctgcagtac

gccttgcgct

gggccgccgc

tctagccatt

tgtaaatgcg

cggggcccgt

gagaatcgga

gccgtgtatc

agtggatata

ctcttaaaat

ttcaccagta

attccctaca

attataggac

ttcatccaca

gtagacataa

caaaattttc

Artificial Sequence

chemically Synthesized

gcagagcgca

ggtgcctaga

ctttttcccg

tttcgcaacg

ggcctcttta

gtgattcttg

taaggagccc

gtgcgaatct

taaaattttt

ggccaagatc

gcgtcccagce

cgggggtagt

gccccgccct

attgtacaca

tagaagcaga

tagcaggaag

ctacagttaa

atccccaaag

aggtaagaga

attttaaaag

tagcaacaga

gggtttatta

catcgcccac

gaaggtggcg

agggtggggg

ggtttgccgc

cgggttatgg

atcccgagct

cttcgcctcg

ggtggcacct

gatgacctgc

tgcacactgg

gcacatgttc

ctcaagctgg

gggcggcaag
Page

tttagaagga

agtaattcca

atggccagta

ggccgcctgt

tcaaggagta

tcaggctgaa

aaaagggggg

catacaaact

cagggacagc

agtccccgag

cggggtaaac

agaaccgtat

cagaacacag

cccttgcgtg

tcgggttgga

tgcttgagtt

tcgcgcctgt

tgcgacgctt

tatttcggtt

ggcgaggcgg

ccggcctgct

gctggcccgg
8

aaagttatct

gcagagacag

aaaacagtac

tggtgggcgg

atagaatcta

catcttaaga

attggggggt

aaagaattac

agagatccag

aagttggggg

tgggaaagtg

ataagtgcag

gtaagtgccg

ccttgaatta

agtgggtggg

gaggcctggc

ctcgctgctt

tttttctggc

tttggggccg

ggcctgcgag

ctggtgcctg

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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ttgcgtgage

cgcggcgctc

cctcagccgt

agttctcgag

agtttcccca

tctccttgga

tggttcaaag

<210> 8
<211>
<212>
<213>

DNA

<220>
<223>

<400> 8

1459

ggaaagatgg

gggagagcgg

cgcttcatgt

cttttggagt

cactgagtgg

atttgcecctt

TUttttttctt

ccgcttcccg

gcgggtgagt

gactccactg

acgtcgtctt

gtggagactg

tttgagtttg

ccatttcagg

Artificial Sequence

chemically Synthesized

atggccttac cagtgaccgc cttgctcctg

ccggacatcc

accatcagtt

ccagatggaa

tcaaggttca

caagaagata

ggggggacca

ggcggatctg

ctgtccgtca

cgccagcectc

tactataatt

gttttcttaa

cattattact

gtctcctcaa

cagceccctgt

agggggctgg

gtccttctcc

tatatattca

agctgccgat

agcgcagacg

agatgacaca

gcagggcaag

ctgttaaact

gtggcagtgg

ttgccactta

agctggagat

aggtgaaact

catgcactgt

cacgaaaggg

cagctctcaa

aaatgaacag

acggtggtag

ccacgacgcc

ccctgcgccc

acttcgcctg

tgtcactggt

aacaaccatt

ttccagaaga

cccccgcgta

gactacatcc

tcaggacatt

cctgatctac

gtctggaaca

cttttgccaa

cacaggtggc

gcaggagtca

ctcaggggtc

tctggagtgg

atccagactg

tctgcaaact

ctatgctatg

agcgccgcga

agaggcgtgc

tgatatctac

tatcaccctt

tatgagacca

agaagaagga

caagcagggc

gccctgctgc

cacccacaca

agtaccgggc

taggttgggg

aagttaggcc

gatcttggtt

tgtcgtga

ccgctggcct

tccctgtctg

agtaaatatt

catacatcaa

gattattctc

cagggtaata

ggtggctcgg

ggacctggcc

tcattacccg

ctgggagtaa

accatcatca

gatgacacag

gactactggg

ccaccaacac

cggccagcgg

atctgggcgc

tactgcaaac

gtacaaacta

ggatgtgaac

cagaaccagc
Page

agggagctca

aaggaaaagg

gccgtccagg

ggaggggttt

agcttggcac

cattctcaag

tgctgctcca

cctctctggg

taaattggta

gattacactc

tcaccattag

cgcttccgta

gcggtggtgg

tggtggcgcc

actatggtgt

tatggggtag

aggacaactc

ccatttacta

gccaaggaac

cggcgcccac

cggggggcgc

ccttggccgg

ggggcagaaa

ctcaagagga

tgagagtgaa

tctataacga
9

aaatggagga

gcctttccgt

cacctcgatt

tatgcgatgg

ttgatgtaat

cctcagacag

cgccgccagg

agacagagtc

tcagcagaaa

aggagtccca

caacctggag

cacgttcgga

gtcgggtggc

ctcacagagc

aagctggatt

tgaaaccaca

caagagccaa

ctgtgccaaa

ctcagtcacc

catcgcgtcg

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

cctgtgttgc

atccagcgga

gccttcgccc

<210> 10
<211> 98
<212> DNA
<213>

<220>
<223>

<400> 10

aggagtacga

gaaggaagaa

cctacagtga

accagggtct

cccctcgct

ggattacaaa

atgtggatac

tttctcctcc

caggcaacgt

tgccaccacc

ggaactcatc

caattccgtg

cacctggatt

ccttccttcc

tcagacgagt

tgttttggac

ccctcaggaa

gattgggatg

cagtacagcc

Artificial Sequence

chemically Synthesized

atttgtgaaa

gctgctttaa

ttgtataaat

ggcgtggtgt

tgtcagctcc

gccgcctgcc

gtgttgtcgg

ctgcgcggga

cgcggcctgc

cggatctccc

Artificial Sequence

chemically Synthezied

aagagacgtg

ggcctgtaca

aaaggcgagc

accaaggaca

gattgactgg

tgcctttgta

cctggttgct

gcactgtgtt

tttccgggac

ttgcccgctg

ggaagctgac

cgtccttctg

tgccggctct

tttgggccgce

gccgggaccc

atgaactgca

gccggagggg

cctacgacgc

tattcttaac

tcatgctatt

gtctctttat

tgctgacgca

tttcgctttc

ctggacaggg

gtcctttcca

ctacgtccct

gcggcctctt

ctccccgcct

tgagatgggg

gaaagataag

caaggggcac

ccttcacatg

tatgttgctc

gcttcccgta

gaggagttgt

acccccactg

cccctcccta

gctcggctgt

tggctgctcg

tcggccctca

ccgcgtcttc

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

Ile

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

Tle Ser cys

Gln Gln 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

Gly

ser

Asp

Leu

15

ser

ser

Gly

Val

Thr
95

Gln

Ile

ser

Gln

Tyr
175

Leu

Leu

Leu

Thr

Pro

80

Ile

Gly

Thr

ser

160

Gly

Gly
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Val

Arg

Met

225

His

Thr

Thr

Ala

Phe
305

Val

Lys

Thr

Glu

Pro

385

Gly

Pro

Tyr

Ile

Leu

210

Asn

Tyr

ser

Pro

cys
290

Ala

Leu

Lys

Thr

Gly
370

Ala

Arg

Glu

Asn

Trp

Thr

ser

Tyr

Val

Ala
275

Arg

cys

Leu

Leu

Gln
355

Gly

Tyr

Arg

Met

Glu
435

Gly

Ile

Leu

Tyr

Thr
260

Pro

Pro

Asp

Leu

Leu

340

Glu

cys

Lys

Glu

Gly

Leu

ser

Ile

Gln

Gly

Val

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

Gly

Ile

Val

Phe

Gly

Arg

Gln

Asp

Pro

Asp

Thr
200

Asn

Asp

Tyr

Thr

ser

280

Gly

Trp

Ile

Lys

cys
360

Val

Asn

Val

Arg

Lys

Tyr

ser

Thr

Ala

Thr
265

Gln

Ala

Ala

Thr

Gln
345

ser

Lys

Leu

Arg

Met

Tyr Asn

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 Asn

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

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

Lys

Gly

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

465 470

Gln Ala Leu Pro Pro Arg
485

Artificial Sequence

chemically Synthesized

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

aggtggcggt

ggagtcagga

aggggtctca

ggagtggctg

cagactgacc

gcaaactgat

tgctatggac

ctgtctgcct

aaatatttaa

acatcaagat

tattctctca

ggtaatacgc

ggctcgggcg

cctggcctgg

ttacccgact

ggagtaatat

atcatcaagg

gacacagcca

tactggggcc

ctctgggaga

attggtatca

tacactcagg

ccattagcaa

ttccgtacac

gtggtgggtc

tggcgccctc

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>

<220>
<223>

<400>

DNA,
Artificial Sequence

chemically Synthesized

15

accacgacgc cagcgccgcg accaccaaca ccggcgccca ccatcgcgtc gcagcccctg

tccctgcgcc cagaggcgtg ccggccagcg gcggggggcg cagtgcacac gagggggctg

gacttcgcct gtgat

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

<220>
<223>

<400>

16
72
DNA

Artificial Sequence

chemically Synthesized

16

atctacatct gggcgccctt ggccgggact tgtggggtcc ttctcctgtc actggttatc

accctttact gc

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

<220>
<223>

<400>

17
126
DNA

Artificial Sequence

chemically Synthesized

17

aaacggggca gaaagaaact cctgtatata ttcaaacaac catttatgag accagtacaa

actactcaag aggaagatgg ctgtagctgc cgatttccag aagaagaaga aggaggatgt

gaactg

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

<220>
<223>

<400>

18
336
DNA

Artificial Sequence

chemically Synthesized

18

agagtgaagt tcagcaggag cgcagacgcc cccgcgtaca agcagggcca gaaccagctc

tataacgagc tcaatctagg acgaagagag gagtacgatg ttttggacaa gagacgtggc

cgggaccctg agatgggggg aaagccgaga aggaagaacc ctcaggaagg cctgtacaat

gaactgcaga aagataagat ggcggaggcc tacagtgaga ttgggatgaa aggcgagcgc

cggaggggca aggggcacga tggcctttac cagggtctca gtacagccac caaggacacc

tacgacgccc ttcacatgca ggccctgccc cctcgc
Page 14

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
20

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

<220>
<223>

<400>

Asp Ile
1

Asp Arg

Leu Asn

Tyr His
50

Ser Gly
65

Glu Asp

Thr Phe

Gly Gly

Ser Gly

20
242
PRT

Artificial Sequence

chemically Synthesized

20

Gln

Val

Trp
35

Thr

ser

Ile

Gly

Gly

Pro

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

cys

Lys

His
55

Tyr

Phe

Lys

Gly

Ala
135

Thr

Arg

Pro

40

ser

ser

cys

Leu

Gly
1

Pro

ser

Ala
25

Asp

Gly

Leu

Gln

Glu
105

Gly

ser

Ser Leu Ser

10

Ser Gln Asp

Gly Thr val

Val Pro Ser
60

Thr Ile Ser
75

Gln Gly Asn
90

Tle Thr Gly

Ser Glu Val

Gln Ser Leu
140

Page 15

Ala

Ile

Arg

Asn

Thr

Gly

Lys

ser

ser

ser

30

Leu

Phe

Leu

Leu

Gly
110

Leu

Val

Leu

15

Lys

Leu

ser

Glu

Pro

95

Gly

Thr

Gly

Tyr

Ile

Gly

Gln
80

Tyr

ser

Glu

cys
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Thr val
145

Gln Pro

Glu Thr

Lys Asp

Thr Asp
210

Gly Ser

ser Ser

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

<220>
<223>

<400>

ser

Pro

Thr

Asn

195

Asp

Tyr

21
47
PRT

Gly

Arg

Tyr
180

ser

Thr

Ala

Val

Lys

Tyr

Lys

Ala

Met

ser

150

Gly

Asn

ser

Ile

Asp
230

Leu

Leu

ser

Gln

Tyr
215

Tyr

Artificial Sequence

Pro

Glu

Ala

Val
200

Tyr

Trp

chemically Synthesized

21

Thr Thr Thr Pro Ala Pro Arg Pro
1 5

Ser Gln Pro Leu Ser Leu Arg Pro

Asp

Trp

Leu

185

Phe

cys

Gly

Pro

Glu
25

Gly Ala Val His Thr Arg Gly Leu Asp
35 40

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

<220>
<223>

<400>

22
22
PRT

Artificial Sequence

chemically Synthesized

22

Tyr

Leu

170

Lys

Leu

Ala

Gln

Gly
1

Gly

ser

Lys

Lys

Gly

Val ser

Val Ile

Arg Leu

Met Asn

205

His Tyr
220

Thr Ser

Thr Pro Ala Pro

Ala Cys Arg Pro

Trp

Trp

Thr
190

ser

Tyr

Val

Thr

Ile Arg

Gly Ser

Ile Ile

Leu Gln

Tyr Gly

Thr val
240

Ile Ala
15

Ala Ala Gly
30

Phe Ala Cys Asp Tle Tyr
45

Ile Trp Ala Pro Leu Ala Gly Thr cys Gly Val Leu Leu Leu Ser Leu
1 5 10

Page 16

UPennEx. 2047

Miltenyi v. UPenn
IPR2022-00855

Page 168



UPenn Ex. 2047 
Miltenyi v. UPenn 

IPR2022-00855 
Page 169

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 Gln Glu Glu

Pro Glu Glu Glu Glu Gly Gly Cys
35 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

His

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

Tle 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 Asn
60

Tle Gly Met
75

Tyr Gln Gly
90

Met Gln Ala

Page 17

Tyr

Arg

Met

45

Glu

Lys

Leu

Leu

Lys

Glu
30

Gly

Leu

Gly

ser

Pro

110

Gln
15

Glu

Gly

Gln

Glu

Thr
95

Pro

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: TRACK? REG

Document Description: TrackOne Request
PTO/SB/424 (12-11)

CERTIFICATION AND REQUEST FOR PRIORITIZED EXAMINATION

UNDER 37 CFR 1.102(e} (Page 4 of 1)

Nonprovisional Application Number (if
known}:

Tile of te:
invention: Compositions and Methods for Treatment of Cancer

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

4. The processing fee set forth in 37 CFR 1.17(), 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 fee, examination fee, and any required
excess Claims and application size fees are filed with ine request or have been already been
paid,

The application coniains or is amended to contain no more than four independent claims and
no more than thirty total claims, and no multiple dependent claims.

3. The applicable box is checked below:

i & Original Application (Track One) -~ Prioritized Examination under

{a} The application is an original nonprovisional utility application filed under 35 U.S.C. 111(a).
This certification and requestis being filed with the ullity application via EFS-Web.

~--OR---

(b) The application is an original nonprovisional plant application filed under 35 U.S.C. 111(a).
This certification and request is being filled with the plant application in paper.

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

.. Request for Continued Examination ~ Prioritized Examination under

A request for continued examination has been filed with, or prior to, this form.
lf the application is a utility application, this certification and request is being filed via EFS-Web.

li. The application is an original nonprovisional utility application filed under 35 U.S.C. 174(a), or is
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
to the request for continued examination.
No prior request for continued examination has been granted prioritized examination status
under 37 CFR 1,4102(e)(2).

| signatue (Kathryn Doyle/ | nae January 15, 2016
[Meme_,Kathryn Doyle, Ph.D., J.D. | Practitioner 36,317f (Print/Typed) | Registration Number

| Note: Signatures of aff the inventors or assignees of record of the entire interest or their representative(s} are required in accordance with §
§ 37 CFR 1.33 and 17.18. Please see 37 CFR 1.4(d) for the form of the signature. If necessary, submit multiple forms for more than one }
i signature, see below™.

 
a *Total of forms are submitted.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. $3-879} requires thai 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(D)@); (2)
furnishing of the information solicited is voluntary; and (3) the principal purpose for whichthe information is used by the
U.S. Patent and Trademark Office is to process and/or examine your submission related to a patient application or
patent. Ff you do not furnish ihe 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 ine patent.

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

7. 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 8324). 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
Freedorn of Information Act.

2. Arecord from this system of records may be disclosed, as a routine use, in ine course of presenting evidence
io 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 io 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 shail be required to cornpiy
with the requirements of the Privacy Act of 1874, as amended, pursuant io 5 U.S.C. 552a(m).

5. Arecord related io 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 anoiher federal agency for purposes
of National Security review (35 U.S.C. 184) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(0)}.
A record from ihis 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
44U 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 (Le., GSA or Commerce) directive. Such
disclosure shall not be used io make determinations about individuals.

8. Arecord from this system of records may be disclosed, as a routine use, to the public afier either publication of
the application pursuant io 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 ihe limitations of 37 CFR 1.14, as a routine use, ic 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. Arecord from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, ifihe USPTO becomes aware ofa violation or potential violation of law or regulation.
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[i—t—S -DECLARATIONFORPATENTAPPLICATION
U.S. DEPARTMENT OF COMMERCE ‘

Patent and Trademark Office

ATCORNEY DOCKET NO. 046483-6001-00-US,602564|
  As a bolownamed {nventor, Thereby deolarethat: 
 

 Use of Chimerte Antigen Receptor-Modified T-Cells to Treat Cancer  
 

The speoification ofwhieh:

 
 

 

is altached hereto; or

 
 
 

was filed as United States application Serlal No,_13/992,622 on June 7, 2013 : and
was filed as PCT internalfonal application Number PCT/US20£ 1/064191 on December 9, 2011,

I herebystate that I have rovlewed and understand the contents of the above-Identlfied specification, Ineluding the olaina, as
ainended by any amendment referred to above,‘

 

  
  
  

 
I The above-ldonilfied application was made or authorized to be made by me,

 
 

| i bollove I amthe original Inventoror an orlginal Joint Inventor of a claimed invention In ihe application,

  Thereby acknowledge that any willfulfalse statement mado inthis declaration1s punishable under 18 U.S.C, 1001 by flue ot
imprisonment of not more than ve (5) yenrs, or both,

  [a noknowledge the duty (o disolose to the U.S, Patent and Trademark Office all information knownto meto be materlal to
patentability as defined fn ‘Titlo 37, Code of Federal Regulations Section 1.56,

   Thereby claln foreignpriority bonefits under ‘Title 35, United States Code, Seotlon 119(a)-(d) or Section 365(b) ofany foreign
| application(s) for patent or Inventor's certificate or Section 365(a) ofany PCT internattonal application(s) designatingat least
j one country other thanthe United States ofAmortea listed belowand havoalso {dontiflod bolowany foreign applicatlons(s) for
i patentorInvenior’s certificate or any PC'Tinternationalapplication(s) doslgnatitrgal least one country other than the Untted
f States of America filed by ine onthe same subject matterhaving a filing date bofore that ofthe application(s) of which plilorlty

Is clatmed,

 
  

  
 
 

 

PRIOR FOREIGN APPLICATION(S);
DATE OF FILING

(day, month, year)

  

  
PRIORITY 

APPLICATION NUMBER
 

COUNTRY

(If PCT, Indloate PCT)  

Page | of4
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as, "Declaration for PatentApplication-(Continued)

(includos Reference to PCT Internatlonal Applications)
__ATTORNEY DOCKETNO,: _046483-6001-00-US,602564|

 

  
 

 

 Thereby claimthe bsnofits undor Title 35, United States Code Section 119(e) of any Unlted States provisional
application(s) listed below.

U.S, PROVISIONAL APPLICATIONS
US. FILING DATE;U.S. PROVISIONAL APPLICATION NO.

pTCSMZTATO~ December 9, 2010 .
PCNIS02,649 june 29, 2011

Thereby olnimthe beneflt under Title 35, Unlled States Code, Seotton 120 of any United States application(s) or
Seelton 365(¢) of any PCTInternational application(s) designating the United States of America that Is/acelisted below
and, Insofar as the subject matter ofeach ofthe clalins of this applicationIs not disofosed inthat/those prlor
application(s) in the manner provided by the first paragraph of Title 35, United States Code, Sectlon | {2,7
acknowledgethe duly to disclose (o (he U.S, Patent and Trademark Office all Information known to mo to bo material
to patentabillly as deflued in Title 37, Code of Federal Regulalions, Seotion 1.56 which became avallablo betweon the
fillng date of the prior applleatton(s) and the natlonal or PCT internatlonal filing dato of this applleatlon:

  
  
 

 

 
 

 

  
  
   
 

PRIOR U.S, APPLICATIONS OR PCT INTERNATIONAL APPLICATIONS DESIGNATING THEU.S. FOR
BENEFIT:

U.S, OR PCT INTERNATIONAL
APPLICATIONS STATUS (Check One

APPLICATION NO. FILING DATE PENDING ABANDONED

aeeeeee eeeee

| —++}

 
  

  

 
  

 Direct Telephone Calls Fo:
Kathryn Doyle, Ph.D., FD,
Rogtstration No, 36,317 at

215-268-3888
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DeeclaratlonforPatent Application- (Continued)|
(Inchides Reference to PCT International Applications)

ATTORNEY DOCKET NO: _046483-6001-00-US.602564

  
  

  
 
 

  Lhoroby declare that aff statemonts made herettt of my own knowledge ara (ruo and that all statements made on
informatton atid bellof are belloved to bo truo; and furtherthat those statements were madeavith the knowledge that
willful fatso statements and the liko so mado are puntshablo by flne or Imprisonment, or both, under Seetton 1001 of
Title 18 of the United States Code, and that such willful false statements may jeopardize the vafidity of the
applloation or any patent issuing thereon,

POLL NAME OF SOLE Cail H, JUNE
OR FIRST INVENTOR

RESIDENCE &
CITIZENSHIP

 
 
 

 

   
 
 

 
 

  COUNTRY OF
CITIZENSHIP

US

MerionStation, Pennsylvania
 
 

 
 

  
 

 
 

409 Battd Road

Merlon Station, PA 19066
United States ofAmerica

POST OFFICE
ADDRESS

 

 

 
 

FIRST OR SOLE INVENTORS SIGNATURE

  
 

 
 

SECOND INVENTOR

RESIDENCE & Cherry Hill, New Jersey ° COUNTRY OF
CITIZENSHIP CITIZENSHIP

US

POST OFFICE 1258 Liberty Bell Drive
ADDRESS Chetry Hill, NJ 08003

United States ofAmerica

 

 

 

 

 

  
    
  
 

 
 
 

  

SECOND INVENTOR'S SIQD

FULLNAMEOF~~~*(| David, PORTER
THIRD INVENTOR

| RESIDENCE & Springfield, Pennsylvania COUNTRYOF
CITIZENSHIP CITIZENSHIP

US

POST OFFICE 821 Crum Creek Road

ADDRESS Springfield, PA 19064 *
United States ofAmerica

eSeeswe DATE A* e- f~ 1
~TistingofInventors Continued on attachedpage(s):[Xd No
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~~Dedlaration for PatentApplication - (Continued) |
(neludes Reference to PCT Internatlonal Applications)

_——_ATTORNBY DOCKET NO.:_046483-6001-00-US.602564|

 
 
 

 
 

 

 
 

 

Therebydecfare thatall statements made herein of my ownknowledgeare true and thatall statements made on
information aud bellefare belleved fo be true; and further that these statements were made with the knowledge that
willful false statements and the like so made are punishable byfing or imprisonment, or both, under Section 1001 of
Title 18 of the United States Code, and that suolwillful false statements mayjeopardize the validity of the
application or any palent issuing thorcon,

PULL NAME OF FOURTH Michael D. KALOS
INVENTOR '

RESIDBNCE & Philadelphia, Pennsylvania COUNTRYOF
CITIZBNSHIP CITIZENSHIP

Us

POST OFFICE 716 Carpenter Lane
ADDRESS Philadelphia, PA 19119

United States of Amenr'ioa

  

 
 
 

 
 

 
 

  

 
 

 
  

   
Sa?

|FULLNAME OF
FIFTH INVBNTOR 

  
 

  
 
  

 

 
 
 

  
  

 
 
 
 

RESIDENCE & Chery Hill, New Jersey COUNTRY OF
CITIZENSHIP CITIZENSHIP

US

POST OFFICB 314 Surrey Road .
ADDRESS

 
 

Cherry Bill, NJ 08002
United States of America

  
 

 
  

 

 
 

FIFTH INVENTOR'S SIGNATURE

anthes
SIXTH INVENTOR

RESIDENCE & COUNTRYOF
CITIZENSHIP CITIZENSHIP .

|
POST OFFICE

|

ADDRESS

‘Dyes i

   
 

  

    

 
 

SIXTH INVENTOR'S SIGNATURE   
"Listing ofInventors Continued on attached page(s): :
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Electronic Patent Application Fee Transmittal

a

Title of Invention: Compositions and Methodsfor Treatment of Cancer

First Named Inventor/Applicant Name: Carl H. June

Attorney Docket Number: 046483-6001US13(01088)

Filed as Large Entity

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

Sub-Total in

Description Fee Code Quantity USD(S)

Basic Filing:

Utility Search Fee 1111

Utility Examination Fee 1311

Requestfor Prioritized Examination 1817

Famsingacessof20|Famsingacessof20|Excess of 20
Miscellaneous-Filing:
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Sub-Total in

USD(S)

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Description Fee Code Quantity

Extension-of-Time

Miscellaneous:

Total in USD ($)
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Electronic AcknowledgementReceipt

Application Number: 14997136

International Application Number:

Confirmation Number: 4164

Title of Invention: Compositions and Methodsfor Treatment of Cancer

ee

a

Paymentinformation:

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

 
 

Charge any Additional Fees required under 37 CFR 1.16 (National applicationfiling, search, and examination fees) UPenn Ex.]2047

MiltenyCharge any Additional Fees required under 37 CFR 1.17 (Patent application and reexamination processing fees)
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Charge any Additional Fees required under 37 CFR 1.19 (Documentsupplyfees)

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 sigs File Size(Bytes)/ Multi Pages|"Number"|__PeewmentDesaition|FleName Message Digest (if appl.)
1823607

046483-6001US13_Application
Application Data Sheet _Data_Sheet.pdf 6a6f9a8e440ca832a0cc90b9bde4604cfcdd}

1547

Information:

. 188228
046483-6001US13_Preliminary

Preliminary Amendment ~Amendment.pdf 2af6a3ffS9227cf24766345b373 bfe5c33d0¢q
834

Information:

ao, 1526646
046483-6010US13_specificatio

Specification n.pdf 7784f081 3ea7c7 1f7ea34aed8d7b11a7550
d56dc

Drawings-other than black and white
line drawings

134031
Information Disclosure Statement (IDS)|046483-6001US13_IDS_Suppor

Form (SB08) t_Statement.pdf 309f3acad03e31f270d606534143e8c6b479
cdbb

Information:

This is not an USPTO supplied IDSfillable form

478587
Information Disclosure Statement (IDS)|046483-6001US13_IDS_form_1

Form (SB08) 449.pdf 1e387032b4024feabf1 6a1238e073d8ff2d2|
e82d

Information:

This is not an USPTO supplied IDSfillable form

 
130365

CRF Statement Paper and CRF are the|046483-6001US13_Sequence_s
same upport_statement.pdf 7¢59b473587491bc9597957e9ad8 1df4be

39e4c

Warnings: UPenn Ex.
vittterryi-v , U

Information: IPR2022-(

2047

Penn

0855
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046483_6001US13_Sequence_|
SequenceListing isting_PAPER.pdf 11ad8507e094b98afe99a9264c2a07b43da

Od899

Information:

939415
046483_6001US13_Power_of_

Powerof Attorney Attorney.pdf 354d8a54a2e8092f03f4e066084a50c038f0
1dc1

The pagesize in the PDFis too large. The pages should be 8.5 x 11 or A4.If this PDF is submitted, the pageswill be resized uponentry into the
Image File Wrapper and mayaffect subsequent processing

Information:

046483-6001US13_Statement_|
Miscellaneous Incoming Letter under_37_CFR_3_73b.pdf df453791812283d14d1ba861852ea1 24d 5d)

Ocba2

Information:

136110
046483-6001US13_Track_One

Certification_and_Request.pdf ddf8fo3bc9d 15ab7ca57954a95 346256d20
TrackOne Request

Information:

Sb6bd

.

046483_6001US13_Sequence_|
isting_TEXT.txt

Information:

143636

SequenceListing (TextFile)

046483_6001US13_declaration

P 556eb72e3acf9cdf025839dd786d8fabeSObb23

1 .

Oath or Declarationfiled

Information:

Fee Worksheet (SB06) fee-info.pdf
c6dc7c7a9bec6 15e63e6212e09964a23368|

456ae

1 .

 
UPenn Ex. 2047

Miltenyi v. UPenn
IPR2022-00855

Page 181



UPenn Ex. 2047 
Miltenyi v. UPenn 

IPR2022-00855 
Page 182

This AcknowledgementReceipt evidences receipt on the noted date by the USPTO ofthe 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 componentsfora 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 shownonthis
AcknowledgementReceiptwill 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/903indicating acceptanceof the application as a
national stage submission under35 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 internationalapplication is being filed and the international application includes the necessary components for
an internationalfiling 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
nationalsecurity, and the date shownon this AcknowledgementReceiptwill establish the internationalfiling date of
the application.
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PTO/AIA14 (11-15)
Approved for use through 04/30/2017. OMB 0651-0032

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 unlessit contains a valid OMB control number.
 

Attorney Docket Number|046483-6001US13(01088) 
Application Data Sheet 37 CFR 1.76 —

Application Number

Title of Invention|Compositions and Methods for Treatment of Cancer

The application data sheetis part of the provisional or nonprovisional application for whichit 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 paperfiled application.

     
Secrecy Order 37 CFR 5.2:

Oo Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paperfilers only. Applications that fall under Secrecy Order may not be filed electronically.) 

Inventor Information:

Remove
Inventor {1

Legal Name

 
 
Mailing Address of Inventor:

Address 1 H09 Baird Road

Address 2 |
City | erion Station State/Province | PA
Postal Code|[19066|Countryi—_‘|us
Inventor 2

Legal Name

 

Prefix| Given Name Middle Name Family Name

-
  

    
 
 
 Address 1

Address 2

 

 
  State/Province

Postal Code Country i | ps
Remove

Inventor

Legal Name

  
 

    

  

  
Active US Military Servic#enyi v. UResidence Information (Select One) (@) US Residency Non US Residency
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Penn
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PTO/AIA14 (11-15)
Approved for use through 04/30/2017. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Attorney Docket Number|046483-6001US13(01088)

Application Number

Compositions and Methods for Treatment of Cancer

  

  
 

 

Application Data Sheet 37 CFR 1.76

 
 Title of Invention

City State/Province Country ofResidencd |Ps

Mailing Address of Inventor:

Address 1 B21 Crum Creek Road

Address 2

City | Springfield State/Province | PA
Postal Code|[19064|Countryi—_—|[us
Inventor

Legal Name

 

 

 

Prefix) Given Name Middle Name Family Name

    
 

Mailing Address of Inventor:

Address 1 iz Carpenter Lane
Address 2

City | Philadelphia State/Province | PA
Postal Code|[19119|Countryi—_|us
Inventor

Legal Name

 

 
 

 ‘GivenName=|MiddleName«(|FamiyName
[beedBSSCsSSSC~drY'CS@d
Residence Information (Select One) (@) US Residency Non US Residency Active US Military Service

Mailing Address of Inventor:

Address 1|p14 Surrey Road
Address 2

| herry Hill State/Province i J
Postal Code | josoo2|Countryi—_|[us
All Inventors Must Be Listed - Additional Inventor Information blocks may be
generated within this form by selecting the Add button.

 

 

  

   
 
 

  
CorrespondenceInformation:
 
 

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a). UPenn Ex.|2047

V - UP.
|_|] An Addressis being provided for the correspondence Information of this application. 1PR2029. hogs 
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Application Data Sheet 37 CFR 1.76 —

Compositions and Methods for Treatment of Cancer

Customer Number

Email Address ||PGroupMailbox@saul.com

Application Information:

Attorney Docket Number |p4s4e3.6001Us13(01088) Small Entity Status Claimed [|

Subject Matter | tility |
Total Numberof Drawing Sheets (if any) 26 Suggested Figure for Publication (if any) |

Filing By Reference:

Only complete this section whenfiling an application by reference under 35 U.S.C. 111(c) and 37 CFR 1.57{a). Do not completethis section if
application papers including a specification and any drawingsare 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”).

 

 
 

 
 
 

 

 

 

Title of Invention 

 

 

For the purposesofa 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}. i

Application numberof the previously Filing date (YYYY-MM-DD) Intellectual Property Authority or Country
filed application

pd
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 eighteen monthsafterfiling.

 
 

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
Numberwill be used for the Representative Information during processing.

   

 
 

US Patent Practitioner  CQ) Limited Recognition (37 CFR 11.9) Please Select One: @ Customer Number
   

Customer Number
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cat

Application Data Sheet 37 CFR 1.76

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.
Whenreferring to the current application, please leave the “Application Number”field blank.

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

Prior Application Status

 

 

Remove
  

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

3992622 | A 371 of international + PCT/US201 1/064191 2011-12-09

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

PCT/US2011/064191 | laims benefit of provisional -| 61421470 2010-12-09

Filing or 371(c) Date
Application Number Continuity Type Prior Application Number (YYYY-MM-DD)

PCT/US2011/064191 | laims 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 te claim priority to a foreign application. Providing this information in the application data sheet

constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55. When priority is claimed to a foreign application
thatis eligible for retrieval under the priority document exchange program (PDX)! the information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(1)(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).

Remove

Application Number Country! Filing Date (YYYY-MM-DD) Access Code! (if applicable)

 

 

  

Additional Foreign Priority Data may be generated within this form by selecting the
Add button. Add UPenn Ex.}2047
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cat

Application Data Sheet 37 CFR 1.76

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) claimspriority to or the benefit of an application filed before 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
[] 16, 2013.

NOTE: Byproviding 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 underthefirst inventorto file provisions of the AIA.
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Title of Invention|Compositions and Methods for Treatment of Cancer

Authorization or Opt-Out of Authorization to Permit Access:

 
Whenthis 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 INITIALfiling 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 (EPO), the Japan Patent Office
(JPO), the Korean Intellectual Property Office (KIP©), the State Intellectual Property Office of the People’s Republic of
China (SIPO), the World Intellectual Property Organization (WIPO), and any other foreign intellectual property office
participating with the USPTOin a bilateral or multilateral priority document exchange agreementin which a foreign
application claiming priority to the instant patent applicationis filed, access to: (1) the instant patent application-as-filed
andits 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 accessto the bibliographic data and search
results from the instant patent application when a European patent application claiming priority to the instant patent
applicationis 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 USPTOto permit a participating foreign IP office access to the instant
[| application-as-filed. If this box is checked, the USPTOwill not be providing a participating foreign IP office with

any documents andinformation identified in subsection 1A above.

B. Applicant DOES NOTauthorize the USPTOto 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: Oncethe application has published or is otherwise publicly available, the USPTO may provide accessto the
application in accordance with 37 CFR 1.14.
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Application Data Sheet 37 CFR 1.76 —

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 requirementof 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 addressof the legal representative whois the applicant under 37 CFR
1.43; or the name and addressof the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise showssufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46.If the applicantis an
applicant under 37 CFR 1.46 (assignee, person to whem theinventoris obligated to assign, or person who otherwise showssufficient
proprietary interest) together with one or morejoint inventors, then the joint inventor or inventors who are also the applicant should be
identified in this section.

Clear

@ Assignee Legal Representative under 35 U.S.C. 117 Joint Inventor

Person to whom the inventoris obligated to assign. Person who showssufficient proprietary interest

 

 
 

lf applicant is the legal representative, indicate the authority to file the patent application, the inventor is:

Nameof the Deceased or Legally Incapacitated Inventor:Po
If the Applicant is an Organization check here. Xx]

Organization Name i he Trustees of the University of Pennsylvania
Mailing Address Information For Applicant:

Address 2|f160 Chestnut Street, Suite 200
city [Piieccpia|StateProvince|PA
county [PS_____—_————————*destaode|roa
PhoneNumber———]deme|

JEmail 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 assignment recorded by the Office. 
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Attorney Docket Number|046483-6001US13(01088)

Application Number

Compositions and Methods for Treatment of Cancer

  

  
 

 

Application Data Sheet 37 CFR 1.76

 
 Title of Invention

Assignee (1

Complete this section if assignee 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 assignee-applicant, complete this section onlyif identification as an assigneeis also desired on the
patent application publication.

Remove 

If the Assignee or Non-Applicant Assignee is an Organization check here. [| 

 Prefix

Mailing Address Information For Assignee including Non-Applicant Assignee: 

Address 2 i
city [id Siateirovincs [TS
county’ [[idstlcoce

Email Address

 
Additional Assignee or Non-Applicant Assignee Data may be generated within this form by
selecting the Add button. Add

 
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 INITIALfiling 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 (€.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 more joint inventor-applicants who have been given
powerof 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 athryn Last Name oyle Registration Number 6,317

Additional Signature may be generated within this form by selecting the Add button. Add
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This collection of information is required by 37 CFR 1.76. The information is required te obtain or retain a benefit by the public which
is to file (and by the USPTOto 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. Timewill vary depending upon the individual case. Any comments on the amountof 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: Commissionerfor 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 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 mayresult in termination of proceedings or abandonmentof
the application or expiration of the patent.

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

1. The information cn this form will be treated confidentially to the extent allowed under the Freedom ofInformation 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 Departmentof 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 counselin the course of settlement negotiations.

3 Areécord 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 Memberwith respect to the subject matter of the record.

4. Arecordin 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 GSAas part of that agency's responsibility to recommend improvements in records managementpractices and
programs, under authority of44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of
recordsfor this purpose, and any other relevant(i.e., GSA or Commerce) directive. Such disclosure shall not be used tc 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.S.C.
122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may be disclosed, subjectto the limitations of 37 CFR 1.14, as a routine use,
te the public if the record wasfiled 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
awareof a violation or potential violation of law or regulation.
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PTOVSRVAO(74-08)
Approved for usethrough 11/30/2071, OMB 0654-0025

U.S. Patentand Trademark Otic EPARTMENT OF COMMERCE
Underthe Pansavark Reduction Actaf 1905, no persons are required fo respand te 3. collectionaf infartrration unless AS OME contra! number. PORNO

POWER OF ATTORNEY TO PROSECUTE APPLICATIONS BEFORETHE USPTO
SinaianANAANNANARAIAAAAIAAAIAAAANANANAAAAANARARAN

i hereby revoke allprevio!US ‘pOWETS cif attorneygivan in the application identifiedinthe at
eenoettni hereby sppoint

SSAANARAAANA  

 

 
 

AAAAANAAARNANAAAAANAANIAALAADDANAEANNEEEAAAND SORDID

tached statement under

Lf|Practitioners associated with ihe Customer Number. FEaES

 Arereeerireertreeereinnnnnnnnnenenennntnin!ed SAHARAILIIIINN
 

5 attorney(s)cr agents) forepresenttheundersigned belcreineLinkedStates Patent and Trademark Office (USPTO) in connection with,
f any and all patent apalications assigned oryto the undersigned accordingfo the USPTO assignment records or assignment documeriis

attached io this form in accordance with 37 OFR 3.73{b).

areneendian:
Please.crange the correspondence address far fhe applicationidentified in ihe attached gtaterent under 37 CFR 3.73{h)to:

 

 

 
vfhtannl

US

215-972-7734

 
 
 
 

 

Assignee Name and Ad:

  i The Trustees of the University of Pennsyivania
f 2760 Chestnut Street, Suite 200
| Philadelphia, PA 19104
  

 
  i A copy of this form, iogether with a statement under 37 GFR 3.73(5} (Form PTO/SBI96 or equivalentis required fo be
| filed in each application in which this form is used. The staternent under 27 CFR 2.73(b) may be completed by ong of

; the practitioners appointed in this form ff the appointed practitioner is authorized to act on behalf of the assignee,
Lanemmmustentitytheapplicationinwhich this Power of Attorney is to be Bled.AABNIARSARNIA SERAEUSAUAASSUNLARNATALIAAUERLAIIETS

SIGNATUREof Assignee of Record
The individual whose siguature andtifle is supplied belowi18s authorized to act onn behalfsofthe ¢3

} Signature

i Name

 

  
 
 

 

   
 
  
 

 
 

 

Jenciver Langenberget : Telephone 2 5-873-4508
Director of intellectual Prenperty, The Trustees of the University of Pennsvyivania

This collection of informationis required by 37 CFR 4.31, 1.32 and 1.33. The information is required to obtain or retaia.a benefit by the public which 16 to file (and
by the USPTO te process} an application. Contideniality is governed by 35 USC. 122 and S7 CFR 1.44 and 1.14. This collection is estimated to take 3 mimes
ta complete, including gathering, proparing, and submitting the completed application form-to the USPTO. Time wil vary: depending upon the individual case. Any
comments on the amount of time you require t© complete this fann and/or suggestions for reducing this burden, should be sent io the Chief information Officer,
U.S. Patent and Trademark Offices, U.S. Deparment of Cemmerce, P.O. Box 1450, Alexandria, VA 22343-1450. DO NOT SEND FEES OR COMPLETED
FORMS TO THIS ADDRESS. SENR TO: Commissioner for Patents, 6.6. Box 1480, Alpxandria, VA 22573-1450,

4S
33 

 
   

   

ie you need agsistance i completing the fony, cail -800-PTO-9199 and select antion 2.
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STATEMENT UNDER 37 CER 3.73(b}

| Applicant/Patent Owner, The Trustees of the Universily of Pennsylvania
: Filed/issue Date: Herewith
| Tiled: Compositions and Methods for Treatment of Cancer

The Trustees of the University of Pennsyivania qa university
(Name of Assignee) (Type of Assignee, ¢.g., corporation, parinership, university, government agency, etc.

states that it is:

the assignee of the entire right, title, and interest in;

an assignee of less than the entire right, tile, and interest in
(The extent (by percentage) of its ownershio interest is %)}: OF

the assignee of an undivided interest in the entirety of (4 complete assignment from one of ihe joint inventors was made}

the patent application/cateni identified above, by virtue of either:

A. [| 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 ai Ree! , Frame _ or for which a

copy therefore is attached.

A chain oftitle frorn the Inventor(s), of the patent apolication/patent identified above, to ine current assignee as follows:

1.From. 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 , Frame 0357 _ or forwhich a copy thereof is attached.

inventor Milone To: The Trustees of the University of Pennsylvania

The document was recorded in the Untied States Patent and Trademark Office at

Reel 3 , Frame 0579 _ orforwhich a copy thereof is attached.

The document was recorded in the Uniled States Patent and Trademark Office at

Reel , Frame _ of for which a copy thereofis attached.

[| Additional documents in the chain of title are listed on a supplemenial sheet(s).

><] As required by 37 CFR 3.73(b}( tii), the documentary evidence of the chain of tile from the original owner fo the assignee was,
_ or concurrenily is being, submitted for recordaiion pursuant to 37 CFR 3.714.

[NOTE: A separate copy Ue., a true copy of the original assignment documenii(s)) must be submitted to Assignment Division in
accordance with 37 CFR Pari 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whosetitle is supplied below) is authorized to act on behalf of the assignee.

| ‘Kathryn Doyle/ January 15, 2016

Signature Date

Kathryn Doyle, Pn.D., J.D., Reg No. 36317 Patent Attorney

Printed or Typed Name Title
This collection of information is required by 37 CFR 3.730). The information is required to obtain or retain a benelit 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 1.11 and 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 uponthe 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, US. Patent and Trademark Office.UBenn Ex. 2047

Department of Commerce, P.O. Box 1450, Alexandria, VA 22343-1450. BO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND Ta: RATER'UPennfor Patents, P.O. Box 4450, Alexandria, VA 22343-1440. .
IPR2022-00855

Page 194
if you need assistance in completing the form, call 1-800-PTG-9798 and select option 2.



UPenn Ex. 2047 
Miltenyi v. UPenn 

IPR2022-00855 
Page 195

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-875} requires that you be given ceriain information in connection
with your submission of the attached form relaied to a patent application or patent. Accordingly,
pursuant to ihe 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 abie 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 ihis form will be treated confidentially to the extent allowed under the
Freedom of information Act (6 U.S.C. 552} and the Privacy Act (6 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 io a courl, magistrate, or administrative tribunal, including disciosures to
opposing counsel in ihe course of setilement negotiations.

3. A record in this system of records may be disclosed, as a routine use, io a Member of
Congress submitting a request involving an individual, to whom the record periains, when the
individual has requested assistance fram the Mernber with respect to ihe subject matter of ihe
record.

4. A record in this system of records may be disclosed, a5 a routine use, io a contractor of the
Agency having need for the information in order io perform a contract. Recipients of
information shall be required ic comply with the requirements of the Privacy Act of 1974, as
amended, pursuantto 5 U.S.C. 552a(m).

5. A record relaied 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 Paient Cooperation Treaty.

6. A record in this sysiem 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. 248(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 authorily 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 (Le., GSA or Commerce) directive. Such disclosure shali 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 affer
either publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent
pursuant io 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 ifthe 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 law enforcement agency, ifthe USPTO becomes aware of a violation or potential
violation of law or regulation.
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Document code: WFEE
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Sequence Listing was accepted.

See attached Validation Report.

   If you 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:

Started:

Finished:

Total Warnings:

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Elapsed:

Version No: 1.0

2016-01-15 17:28:21.412

2016-01-15 17:28:22.256

0 hr(s) O min(s) 0 sec(s) 844 ms

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 ID (1)

W 213 Artificial or Unknown found in <213> in SEQ ID (2)

W 213 Artificial or Unknown found in <213> in SEQ ID (3)

W 213 Artificial or Unknown found in <213> in SEQ ID (4)

W 213 Artificial or Unknown found in <213> in SEQ ID (5)

W 213 Artificial or Unknown found in <213> in SEQ ID (6)

W 213 Artificial or Unknown found in <213> in SEQ ID (7)

W 213 Artificial or Unknown found in <213> in SEQ ID (8)

W 213 Artificial or Unknown found in <213> in SEQ ID (9)

W 213 Artificial or Unknown found in <213> in SEQ ID (10)

W 213 Artificial or Unknown found in <213> in SEQ ID (11)

W 213 Artificial or Unknown found in <213> in SEQ ID (12)

W 213 Artificial or Unknown found in <213> in SEQ ID (13)

W 213 Artificial or Unknown found in <213> in SEQ ID (14)

W 213 Artificial or Unknown found in <213> ain SEQ ID (15)

W 213 Artificial or Unknown found in <213> in SEQ ID (16)

W 213 Artificial or Unknown found in <213> in SEQ ID (17)

W 213 Artificial or Unknown found in <213> in SEQ ID (18)

W 213 Artificial or Unknown found in <213> ain SEQ 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: O hr(s) O 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> ain SEQ ID (20)  

  This error has occured more than 20 times, will not be displayed
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<110>

<120>

130>

140>

L41>AAA
<150>

The Trustees of

June, Carl H

Porter, David L

Kalos, Michael

Levine, Bruce L 
Milone, Michael

COMPOSITIONS AN

046483-6001US13

US 14/997,136
2016-01-15

13/992,622
<151> 2013

<150>

<151> 2011

<150> 61/4

<151> 2010

<150> 61/5
<151> 2010

   
<160> 27

<170>

<210> 21

<211> 9174

<212> DNA

<213>

<220>

<223>

<400> 1

gegegcetcac

ettaategec

accgatcgcc

ggegeattaa

geectagege

eccecgtcaag

etegaceccca

acggtttttcec

—07-09

-12-09

21,470
-12-09

02,649
-06-29

tggecegtcgt

ttgeageaca

ettcccaaca

gegcggcggg

ecgetecttt

ctctaaatcg

aaaaacttga

geectttgac

 
 wn  LISTING 
ROQUENC

the University of Pennsylvania

 
D METHODS FOR TR 

PCT/US2011/064191

PatentiIn version 3.5

Artificial Sequence

Chemically Synthesized

tttacaacgt

teecectttc

gttgcgceage

tgtggtggtt

egetttette

ggggctccct

ttagggtgat

gttggagtcc

 
 

egtgactgqgg

gecagcectgge

ctgaatggcg

acgegcecagceg

ecttecttte

ttagggttce

ggttcacgta

acgttcttta

EATMENT OF CANCER 

aaaacectgg

gtaatagcga

aatgggacgc

tgaccgcectac

tegeeacgtt

gatttagtgc

gtgggecatec

atagtggact

egttacccaa

agaggeccge

gecctgtage

acttgecage

egeeggcettt

tttacggceac

geectgatag

ettgttccaa

60

120

180

240

300

420
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actggaacaa

attteggect

aaaatattaa

tttgtttatt

aaatgcttca

ttattecectt

aagtaaaaga

acageggtaa

ttaaagttct

gtegecgeat

atcttacgga

acactgecggc

tgcacaacat

ecataccaaa

aactattaac

aggcggataa

etgataaatc

atggtaagec

aacgaaatag

accaagttta

tetaggtgaa

tecactgage

tgegegtaat

eggatcaaga

caaatactgt

egectacata

egtgtcttac

gaacgggggg

acctacageg

cactcaacce

attggttaaa

egcttacaat

tttctaaata

ataatattga

ttttgeggea

tgctgaagat

gatccttgag

gctatgtggc

acactattct

tggcatgaca

caacttactt

gggggatcat

egacgagcgt

tggegaacta

agttgceagga

tggagecggt

etceeegtatc

acagatcgct

etcatatata

gatecttttt

gtcagacccce

ctgetgcettg

gctaccaact

tettctagtg

ectecgetctg

egggttggac

ttegtgcaca

tgagctatga

tatcteggtc

aaatgagctg

ttaggtggcea

cattcaaata

aaaaggaaga

ttttgeettc

cagttgggtg

agttttegeec

gceggtattat

cagaatgact

gtaagagaat

etgacaacga

gtaactecgec

gacaccacga

ettactectag

ecacttctge

gagegtgggt

gtagttatct

gagataggtg

etttagattg

gataatctca

gtagaaaaga

caaacaaaaa

etttttecga

tagecgtagt

etaatcctgt

tcaagacgat

cagceccagct

gaaagegeca

tattcttttg

atttaacaaa

ettttcgggg

tgtatccget

gtatgagtat

etgtttttge

cacgagtggg

ecgaagaacg

ccegtattga

tggttgagta

tatgcagtge

teggaggacc

ttgatcgttg

tgectgtage

etteceggca

gceteggeect

etegeggtat

acacgacggg

ectcactgat

atttaaaact

tgaccaaaat

tcaaaggatc

aaccacecget

aggtaactgg

taggccacca

taccagtgge

agttaccgga

tggagcgaac

egettcccga

atttataagg

aatttaacge

aaatgtgcgc

catgagacaa

teaacatttc

tcacccagaa

ttacatcgaa

ttttccaatg

cegecgggcaa

etcaccagtc

tgecataace

gaaggagcta

ggaaccggag

aatggcaaca

acaattaata

teeggetgge

cattgceageca

gagtcaggca

taagcattgg

teatttttaa

eccttaacgt

ttcttgagat

accagecggtg

ettcagcaga

cettcaagaac

tgetgecagt

taaggcegcag

gacctacacc

agggagaaag

gattttgecg

gaattttaac

ggaaccccta

taacectgat

egtgtcgecc

acgctggtga

etggatctca

atgageactt

gagcaactcg

acagaaaage

atgagtgata

acegcettttt

cetgaatgaag

acgttgcegcea

gactggatgg

tggtttattg

etggggecag

actatggatg

taactgtcag

tttaaaagga

gagttttcgt

ecttttttte

gtttgtttge

gegeagatac

tetgtagceac

ggegataagt

eggteggget

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

ectggtatct

gatgcetcgtc

teetggectt

tggataaccg

agegcagega

ecegegegttg

gcagtgagceg

actttatget

gaaacagcta

agectggaget

aacgatgagt

ggaagtaagg

tggacgaacc

cataaacggg

gaacccactg

tetgttgtgt

etetagecagt

egacgcagga

agtacgccaa

agtattaage

aagaaaaaat

gttaatcctg

ecatcecttc

tattgtgtge

gaagagcaaa

aggaggagat

tgaaccatta

eggcagggtc

ttatagtect

aggggggcegg

ttgetggect

tattaccgec

gtcagtgage

gecgattcat

caacgcaatt

teeggetcgt

tgaccatgat

gcaagettaa

tagcaacatg

tggtacgatc

actgaattgc

tetctetggt

ettaagectc

gactctggta

ggcegeccgaa

eteggettge

aaattttgac

gggggagaat

ataaattaaa

gcectgttaga

agacaggatc

atcaaaggat

acaaaagtaa

atgagggaca

ggagtagcac

ggaacaggag

gtegggtttc

agectatgga

tttgetcaca

tttgagtgag

gaggaagcegg

taatgeagcet

aatgtgagtt

atgttgtgtg

tacgecaage

tgtagtctta

ecttacaagg

gtgecttatt

egcattgcag

tagaccagat

aataaagett

actagagatc

cagggacttg

tgaagegega

tagceggagge

tagatcgega

acatatagta

aacatcagaa

agaagaactt

agagataaaa

gaccacegca

attggagaag

ecaccaagge

agcgcacgag

gecacctctg

aaaacgecag

tgttetttec

ctgatacecge

aagagcegece

ggcacgacag

agctcactca

gaattgtgag

gcgceaattaa

tgceaatactc

agagaaaaag

aggaaggcaa

agatattgta

etgagectgg

gecttgagtg

ectcagacce

aaagcgaaag

acggcaagag

tagaaggaga

tgggaaaaaa

tgggcaagca

ggctgtagac

agatcattat

gacaccaagg

cagcaagegg

tgaattatat

aaagagaaga

ggagcttcca

acttgagcgt

caacgeggcece

tgegttatecc

tegecegeage

aatacgceaaa

gtttccecgac

ttaggeacce

eggataacaa

eectcactaa

ttgtagtctt

cacegtgceat

cagacgggtc

tttaagtgec

gagctctctg

ettcaagtag

ttttagtcag

ggaaaccaga

gegaggggcg

gagatgggtg

tteggttaag

gggagctaga

aaatactggg

ataatacagt

aagectttaga

ecegctgatct

aaatataaag

gtggtgceaga

gggggaaacg

egatttttgt

tttttacggt

ectgattctg

cgaacgaccg

eegeetctce

tggaaagegg

caggetttac

tttcacacag

agggaacaaa

gcaacatggt

gecegattggt

tgacatggat

tagctcgata

gctaactagg

tgtgtgeccg

tgtggaaaat

ggagectctct

gegactggtg

egagagcgtc

gecaggggga

acgattcgca

acagctacaa

agcaaccctc

caagatagag

tceagacctgg

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
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agcagtggga

egeagegtca

gcagaacaat

gggcatcaag

gctcctgggg

tgctagttgg

ggacagagaa

cecagcaagaa

ttggtttaac

ettggtaggt

atattcacca

aggaatagaa

atctcgacgg

agaaggaaaa

aattccagca

gcecagtaaaa

egectgttgg

aggagtaata

ggctgaacat

aggggggatt

acaaactaaa

ggacagceaga

gcagagegca

ggtgectaga

etttttccecg

tttcegeaacg

ggectcttta

gtgattcttg

taaggagecc

ataggagett

atgacgctga

ttgctgaggg

cagetccagg

atttggggtt

agtaataaat

attaacaatt

aagaatgaac

ataacaaatt

ttaagaatag

ttategttte

gaagaaggtg

tatcgattag

gttatcttgg

gagacaggge

acagtacata

tgggegggga

gaatctatga

cttaagacag

ggggggtaca

gaattacaaa

gatccagttt

catcgeccac

gaaggtggcg

agggtggggg

ggtttgecge

egggttatgg

atcccgagct

ettegectcg

tgttecttgg

eggtacagge

ctattgagge

caagaatect

gctctggaaa

ctctggaaca

acacaagcett

aagaattatt

ggetgtggta

tttttgetgt

agaceccacct

gagagagaga

actgtagecc

tagcagttca

aagaaacage

cagacaatgg

tcaagcagga

ataaagaatt

cagtacaaat

gtgcagggga

aacaaattac

ggctgeattg

agtceccecgag

ceggggtaaac

agaaccgtat

cagaacacag

eccttgegtg

tegggttgga

tgettgagtt

gttcttggga

cagacaatta

gcaacagcat

ggetgtggaa

actcatttge

gatttggaat

aatacactce

ggaattagat

tataaaatta

actttctata

eccaacceccg

cagagacaga

aggaatatgg

tgtagecagt

atacttectc

cagcaattte

atttggcatt

aaagaaaatt

ggcagtattc 
aagaatagta

aaaaattcaa

atcacgtgag

aagttggggg

tgggaaagtg

ataagtgcag

gtaagtgecg

ecttgaatta

agtgggtggg

gaggectgge

gcagcaggaa

ttgtctggta

etgttgcaac

agatacctaa

accactgctg

cacacgacct

ttaattgaag

aaatgggcaa

ttcataatga

gtgaatagag

aggggacccg

tecattcgat

cagctagatt

ggatatatag

ttaaaattag

accagtacta

ecetacaatc

ataggacagg

atccacaatt

gacataatag

aattttcggg

getcceggtge

gaggggtcgg

atgtcegtgta

tagtcgecgt

tgtgtggtte

ettccacctg

agagttcgag

etgggegctg

gceactatggg

tagtgceagcea

teacagtctg

aggatcaaca

tgecttggaa

ggatggagtg

aatcgcaaaa

gtttgtggaa

tagtaggagg

ttaggeaggg

acaggceccga

tagtgaacgg

gtacacattt

aagcagaagt

caggaagatg

cagttaagge

eccaaagtca

taagagatca

ttaaaagaaa

caacagacat

tttattacag

ecgtcagtgg

caattgaacc

etggetcege

gaacgttctt

eecgegggect

getgceagtac

gecttgegcet

gggecgecge

3960

4

4

4

4

4
 
020

080

140

200

260

320

380

440

500

560

620

680

740

800

860

920

980

5040

5100

5160

5220

5280

5340

5400

5460
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gtgcegaatct

taaaattttt

ggcecaagatc

gegteccage

egggggtagt

geecegecct

ecegcttcecg

gegggtgagt

gactccactg

acgtegtctt

gtggagactg

tttgagtttg

ecatttcagg

ecgctggect

teectgtctg

agtaaatatt

catacatcaa

gattattctc

cagggtaata

ggtggctcgg

ggacctggecc

teattacecg

ctgggagtaa

accatcatca

gatgacacag

gactactggg

ecaccaacac

eggecagegg

ggtggeacct

gatgacctgce

tgecacactgg

gcacatgttc

etcaagetgg

gggcggcaag

geectgetgea

cacccacaca

agtaccgggec

taggttgggg

aagttaggec

gatcttggtt

tgtegtgatc

tgctgetcca

ectctctggg

taaattggta

gattacactc

teaccattag

egcettcegta

geggtggtgg

tggtggegec

actatggtgt

tatggggtag

aggacaactc

ecatttacta

gccaaggaac

eggegeccac

cggggggcge

tegegeetgt

tgegacgett

tattteggtt

ggcgaggcgg

ecggectgcet

gcetggeccgg

agggagctca

aaggaaaagg

gecegtccagg

ggaggggttt

agcettggcac

cattctcaag

tagaggatcc

egeegecagg

agacagagtc

tcagcecagaaa

aggagtccca

caacctggag

cacgttegga

gtcgggtgge

ctcacagage

aagectggatt

tgaaaccaca

caagagecaa

etgtgecaaa

ectcagtcacc

catcgegtcg

agtgcacacg

etegetgett

tttttctgge

tttggggecg

ggectgegag

etggtgectg

teggcecaccag

aaatggagga

gectttccegt

cacctcgatt

tatgcegatgg

ttgatgtaat

ectcagacag

atggecttac

ecggacatce

accatcagtt

ecagatggaa

tcaaggttca

caagaagata

ggggggacca

ggcggatctg

etgtccegtca

egecagectc

tactataatt

gttttcttaa

ecattattact

gtctcctcaa

cagecectgt

agggggcetgg

tegataagtc

aagatagtct

egggcggcga

egeggecace

gectecgegece

ttgegtgage

egeggegctc

ectcagecgt

agttctcgag

agtttcccca

tetecttgga

tggttcaaag

cagtgaccge

agatgacaca

gceagggcaag

etgttaaact

gtggcagtgg

ttgecactta

agctggagat

aggtgaaact

catgcactgt

cacgaaaggg

cagctctcaa

aaatgaacag

acggtggtag

ecacgacgec

ecectgegcece

acttegectg

tetagecatt

tgtaaatgceg

eggggececgt

gagaatcgga

gecgtgtatc

ggaaagatgg

gggagagegg

egettcatgt

ettttggagt

cactgagtgg

atttgecctt

tttttttctt

ettgetectg

gactacatcc

teaggacatt

ectgatctac

gtctggaaca

ettttgecaa

cacaggtgge

gcaggagtca

etcaggggtc

tetggagtgg

atccagactg

tetgeaaact

etatgetatg

agegecgega

agaggcegtgc

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
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atctgggcege

tactgcaaac

gtacaaacta

ggatgtgaac

cagaaccage

aagagacgtg

ggectgtaca

aaaggegage

accaaggaca

caacctctgg

tttacgcetat

getttcattt

ecegttgtca

tggggcattg

gecacggegg

ggceactgaca

tgtgttgeca

ecageggacc

ettcgeectc

eggtaccttt

aaaagggggg

gtactgggtc

aceccactgcet

tgttgtgtga

ctagcagtag

tatcagagag

gcatcacaaa

aactcatcaa

ecegeeccta

ecttggecgg

ggggcagaaa

ctcaagagga

tgagagtgaa

tetataacga

gecgggaccc

atgaactgca

gecggagggg

ectacgacgc

attacaaaat

gtggatacge

tetectectt

ggcaacgtgg

eccaccacctg

aactcatcgc

attcegtggt

ectggattct

ttreetteecg

agacgagtcg

aagaccaatg

actggaaggg

tetctggtta

taagectcaa

etctggtaac

tagttcatgt

tgagaggaac

tttcacaaat

tgtatcttat

actcegecca

gacttgtggg

gaaactectg

agatggcetgt

gttcagqceagg

gctcaatcta

tgagatgggg

gaaagataag

caaggggcac

ecttcacatg

ttgtgaaaga

tgetttaatg

gtataaatcc

egtggtgtge

teagetectt

egectgectt

gttgtcgggg

gegegggacg

eggectgcetg

gatctcectt

acttacaagg

etaattcact

gaccagatct

taaagcttge

tagagatccc

catcttatta

ttgtttattg

aaageatttt

catgtctggc

gttcegecca

gtecttctce

tatatattca

agctgecgat

agegcagacg

ggacgaagag

ggaaagecga

atggcggagg

gatggecttt

caggeectge

ttgactggta

ectttgtatec

tggttgetgt

actgtgtttg

teegggactt

gecegetget

aagctgacgt

teettctget

ceeggetctge

tgggeecgect

cagctgtaga

cccaacgaag

gagectggga

ettgagtget

teagacectt

ttcagtattt

cagcttataa

tttcactgcea

tctagctatc

ttetecegece

tgtcactggt

aacaaccatt

ttecagaaga

ececegegta

aggagtacga

gaaggaagaa

ectacagtga

accagggtct

ecectcgceta

ttcttaacta

atgctattge

etetttatga

etgacgcaac

tegetttccee

ggacaggggc

ectttccatg

acgtcectte

ggectcttec

ececgectgg

tettagecac

acaagatctg

getctctgge

tcaagtagtg

ttagtcagtg

ataacttgca

tggttacaaa

ttetagttgt

ecegececctaa

catggcectgac

tatcacecctt

tatgagacca

agaagaagga

caageaggge

tgttttggac

ecctcaggaa

gattgggatg

cagtacagec

agtcgacaat

tgttgetect

tteecgtatg

ggagttgtgg

ececactggt

ectcectatt

teggetgttg

getgetcgece

ggecectcaat

gegtcttcge

aattcgagct

tttttaaaag

etttttgett

taactaggga

tgtgeecgtc

tggaaaatct

aagaaatgaa

taaagecaata

ggtttgtcca

etecgeccat

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
UPenn Ex. 2047

Miltenyi v. UPenn
IPR2022-00855

Page 205



UPenn Ex. 2047 
Miltenyi v. UPenn 

IPR2022-00855 
Page 206

tatttatgca

ettttttgga

<210> 2

<211> 228

<212> DNA

gaggecgagg ccgectcgge ctctgagcta ttccagaagt agtgaggagg

ggectaggga cgtacccaat tegeectata gtgagtcgta ttac

<213> Artificial Sequence

<220>

<223> Chemically Synthesized

<400> 2

atgtagtctt

gecttacaag

egtgecttat

ecgcattgcea

atgcaatact

gagagaaaaa

taggaaggca

gagatattgt

ettgtagtct tgcaacatgg

gcacegtgea tgecgattgg

acagacgggt ctgacatgga

atttaagtge ctagcetcgat

taacgatgag ttagcaacat

tggaagtaag gtggtacgat

ttggacgaac cactgaattg

acataaac

<210> 3

<211> 98

<212> DNA

<213> Artificial Sequence

<220>

<223> Chemically Synthesized

<400> 3

gggtctctct ggttagacca gatctgagee tgggagetct ctggctaact agggaaccca

etgcttaage ctcaataaag cttgecttga gtgcttca

<210> 4

<211> 85

<212> DNA

<213> Artificial Sequence

<220>

<223> Chemically Synthesized

<400> 4

agtagtgtgt geccegtctgt tgtgtgacte tggtaactag agatccctca gaccctttta

gtcagtgtgg aaaatctcta gceagt

<210> 5

<211> 1377

<212> DNA

<213> Artificial Sequence

9120

9174

60

120

180

228

60

98

60

85
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<220>

 

<223> Chemically Synthesized

<400> 5

egaacaggga cttgaaageg aaagggaaac cagaggagct ctctcgacge aggactcggc 60

ttgetgaage gegcacggeca agaggcgagg gqgcggqegact ggtgagtacg ccaaaaattt 120

tgactagegg aggctagaag gagagagatg ggtgcgagag cgtcagtatt aagceggggga 180

gaattagatc gcecgatgggaa aaaattcggt taaggccagg gggaaagaaa aaatataaat 240

taaaacatat agtatgggca agcagggage tagaacgatt cgcagttaat cetggectgt 300

tagaaacatc agaaggctgt agacaaatac tgggacaget acaaccatce cttcagacag 360

gatcagaaga acttagatca ttatataata cagtagcaac cetctattgt gtgcatcaaa 420

ggatagagat aaaagacacc aaggaagctt tagacaagat agaggaagag caaaacaaaa 480

gtaagaccac cgcacagcaa geggecgcetg atcttcagac ctggaggagg agatatgagg 540

gacaattgga gaagtgaatt atataaatat aaagtagtaa aaattgaacc attaggagta 600

gcacccacca aggcaaagag aagagtggtg cagagagaaa aaagagcagt gggaatagga 660

getttgttece ttgggttctt ggqgagcagca ggaageacta tgggegcage gtcaatgacg 720

etgacggtac aggecagaca attattgtct ggtatagtge agcagcagaa caatttgcetg 780

agggctattg aggcegceaaca gcatctgttg caactcacag tcetggggcat caagcagcetec 840

caggcaagaa tectggcectgt ggaaagatac ctaaaggatec aacagetcct ggggatttgg 900

ggttgetctg gaaaactcat ttgecaceact getgtgectt ggaatgcectag ttggagtaat 960

aaatctctgg aacagatttg gaatcacacg acctggatgg agtgggacag agaaattaac 1020

aattacacaa gecttaataca ctccttaatt gaagaatcge aaaaccagca agaaaagaat 1080

gaacaagaat tattggaatt agataaatgg gcaagtttgt ggaattggtt taacataaca 1140

aattggctgt ggtatataaa attattcata atgatagtag gaggcttggt aggtttaaga 1200

atagtttttg ctgtactttce tatagtgaat agagttagge agggatattc accattatcg 1260

tttcagacec acctceccaac cccegagggga cccgacagge ccegqaaggaat agaagaagaa 1320

ggtggagaga gagacagaga cagatccatt cgattagtga acggatctcg acggtat 377

<210> 6

<211> 547

<212> DNA

<213> Artificial Sequence
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<223>

<400> 6

tagactgtag

tggtagceagt

ggcaagaaac

atacagacaa

ggatcaagca

tgaataaaga

cagcagtaca

acagtgcagg

aaaaacaaat

tttgget

<210> 7

<211> 1178

<212> DNA

<213>

<220>

<223>

<400> 7

getecggtge

gaggggtcgg

atgtcgtgta

tagtecgecgt

tgtgtggttc

ettecacctg

agagttcgag

etgggegcetg

tegataagtc

aagatagtct

egggeggega

egeggecacc

eccaggaata

teatgtagec

agcatacttc

tggceagcaat

ggaatttgge

attaaagaaa

aatggceagta

ggaaagaata

tLacaaaaatt

ecgtcagtgg

caattgaacec

etggetecge

gaacgttctt

cegegggect

gctgeagtac

gecttgegct

gggecgecgc

tetagecatt

tgtaaatgcg

/eggggeccgt

gagaatcgga

Chemically Synthesized

tggeagetag

agtggatata

etcttaaaat

ttcaccagta

attcectaca

9 ttataggac

ttcatccaca 
gtagacataa

caaaattttea

Artificial Sequence

Chemically Synthesized

gcagagegca

ggtgectaga

ettttteeeg

tttcgeaacg

ggectcttta

gtgattcttg

taaggagcecc

gtgcegaatct

taaaattttt

ggccaagatc

gegteccage

egggggtagt

attgtacaca

tagaagcaga

tagcaggaag

ctacagttaa

atccccaaag

aggtaagaga

attttaaaag

tagcaacaga

gggtttatta

catcgeeccac

gaaggtggceg

agggtggggg

ggtttgecge

egggttatgg

atcecgaget

ettcegectcg

ggtggeacct

gatgacctge

tgcacactgg

gcacatgttc

cetcaagctgg

tttagaagga

agtaattcca

atggccagta

ggeegectgt

tcaaggagta

teaggcetgaa

aaaagggggg

catacaaact

cagggacage

agtccecgag

eggggtaaac

agaaccgtat

cagaacacag

cecttgcegtg

tegggttgga

tgcettgagtt

tegegectgt

tgegacgett

tatttcggtt

ggcgaggcgg

eeggectget

aaagttatct

gcagagacag

aaaacagtac

tggtgggcgg

atagaatcta

catcttaaga

attggggggt

aaagaattac

agagat ccag

aagttggggg

tgggaaagtg

ataagtgcag

gtaagtgcecg

ecttgaatta

agtgggtggg

gaggectgge

etegetgett

tttttetgge

tttggggecg

ggectgegag

etggtgectg

60

120

180

240

300

360

420

480

540

547

60

120

180

240

300

360

420

480

540

600

660
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gectegegec

ttgegtgage

egeggegcetc

ectcagecgt

agttctcgag

agtttcccca

tetecttgga

gecegtgtatc

ggaaagatgg

gggagagcgg

egqettcatgt

ettttggagt

cactgagtgg

atttgeectt

geecegecct

cegettcceg

gcgggtgagt

gactccactg

acgtegtctt

gtggagactg

tttgagtttg

gggeggeaag

gcectgetge

cacccacaca

agtaccggge

taggttgggg

aagttaggcece

gatcttggtt

getggeccgg

agggagctca

aaggaaaagg

gecegtccagg

ggaggggttt

agcttggcac

cattctcaag

teggceaccag

aaatggagga

gectttccgt

cacctcgatt

tatgcegatgg

ttgatgtaat

ectcag

780

840

900

960

1020

1080
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UNITED STATES PATENT AND TRADEMARK OFFIGE
UNITTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTSQ. Box 1450

Alexandria, Virginia 22313-1450www.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO ITOT CLAIMSJIND CLAIMS

30 1

 
 
   

14/997,136 01/15/2016 1653 2400 046483-6001US 13(01088)
CONFIRMATION NO.4164

78905 FILING RECEIPT

Attn: PatentDacketClerk (OO0.UL8
Centre Square West
1500 MarketStreet, 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 mustinclude 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 onthis Filing Receipt, please
submit a written requestfor a Filing Receipt Correction. Please provide a copyofthis 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 processesthe 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, Nu;
David L. Porter, Springfield, PA;
Michael D. Kalos, Philadelphila, PA;
Michael C. Milone, Cherry Hill, Nu;

Applicant(s)
The Trustees of the University of Pennsylvania, Philadelphia, PA;

Powerof 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
whichis a 371 of PCT/US2011/064191 12/09/2011

whichclaims 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 beeligible to benefit from the Patent Prosecution
Highway program at the USPTO.Please see http:/Avww.uspto.gov for more information.) - None.
Foreign application information must be provided in an Application Data Sheetin 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 numberof your priority application, to be usedfor 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 Methodsfor Treatment of Cancer

Preliminary Class

435

Statement under 37 CFR 1.55 or 1.78 for AIA (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 thefiling 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-membercountry. The PCT process simplifies the filing
of patent applications on the sameinvention in membercountries, but does notresult in a grantof "an international
patent" and doesnoteliminate the needof applicantsto 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 accordancewith 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 madein the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. Thefiling 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 asto the status of applicant's license for foreignfiling.

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 deadlinesforfiling foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, orit
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:/Awww.stopfakes.gov. Part of a Department of Commerceinitiative,
this website includes self-help "toolkits" giving innovators guidance on how to protectintellectual 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. Governmenthotline 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 issuedin all applications where
the conditions for issuance of a license have been met, regardless of whetheror not a license may be required as
set forth in 37 CFR 5.15. The scope andlimitations 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 indicatedis 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 licenseis to be retained by the licensee and maybe usedat any time onorafter 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 grantof a license doesnot in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Governmentcontract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselvesof 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" DOESNOTappearonthis form. Applicant maystill petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from thefiling date of the application. If 6 months has lapsed
from thefiling date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee mayforeignfile 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
businessinvestment, 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 andfacilitate business investment. SelectUSAprovides information assistance to the international investor
community; serves as an ombudsmanfor existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic developmentorganizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop

page 3 of 4

UPenn Ex. 2047

Miltenyi v. UPenn
IPR2022-00855

Page 212



UPenn Ex. 2047 
Miltenyi v. UPenn 

IPR2022-00855 
Page 213

technology, manufacture products, deliver services, and grow your business, visit http:/Awww.SelectUSA.govorcall
+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

BASIC FEE
(37 CFR 1.16(a), (b), or (c))
SEARCH FEE

EXAMINATION en
TOTAL CLAS aNOCEENOENT CLAIMS

If the specification and drawings exceed 100
APPLICATION SIZE_|sheets of paper, the application size fee dueis
FEE $310 ($155 for small entity) for each additional
(37 CFR 1.16(s)) 50 sheetsorfraction 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))

* If the difference in column1 is less than zero, enter "0" in column 2. TOTAL

APPLICATION AS AMENDED- PARTII

OTHER THAN

(Column 1) (Column 2) (Column 3) SMALL ENTITY SMALL ENTITY
CLAIMS HIGHEST

REMAINING NUMBER ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY FEE($)

AMENDMENT PAID FOR
Total

(37 CFR 1.16(i))

Independent(37 CFR 1.16(h))

Application Size Fee (37 CFR 1.16(s))
AMENDMENTA
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UNITED STATES PATENT AND TRADEMARK OFFIGE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTSQ. Box 1450

Alexandria, Virginia 22313-1450www.uspto.gov

14/997,136 01/15/2016 Carl H. June 046483-6001US 13(01088)
CONFIRMATIONNO. 4164

78905 FORMALITIES LETTER

Saul Ewing LLP (Philadelphia)

Attn: Patent Docket Clerk MCC
Centre Square West mer
1500 MarketStreet, 38th Floor

Philadelphia, PA 19102-2186

 
 
   

Date Mailed: 02/23/2016

NOTICE TO FILE CORRECTED APPLICATION PAPERS

Filing Date Granted

An application number andfiling date have been accordedto 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
obtainedbyfiling 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:

* Replacementdrawings 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 becauseportions of figures 4A-4D,
5A, 6A-6C, 7A-7D, 8A-8C,9, 10, 11 are missing and/orblurry.

Applicant is cautioned that correction of the above items may causethe specification and drawings page countto
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 mustbe received in the USPTOwithin the set time period or mustinclude 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 MPEP512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissionerfor Patents

P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web mayalternatively submit their reply to this notice via EFS-Web, including a copy
of this Notice and selecting the documentdescription "Applicant response to Pre-Exam Formalities Notice”.
https ://sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html

For more information about EFS-Webplease 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-Webto submit your reply, you must include a copyofthis 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.
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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. > 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 CLAIMSbegins 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,alight 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 needof 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 needof 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 CD8a transmembrane domain.

96. (Previously presented) The composition of claim 95, wherein the CD8qa 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

CD8qa. 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 NO723.

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 CD8«a transmembrane

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

104. (Previously presented) The composition of claim 99, wherein the CD8qa 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 NO38.

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 canceris 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 vectoris 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 amendmentto 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.

 

LO gf my

February 29, 2016 By: fe Z esDate athryn Doyle, Ph.D., 1D.
Registration No. 36,317
SAUL EWING, LLP
Centre Square West
1500 MarketStreet, 38th Floor
Philadelphia, PA 19102
Phone: 215.972.7734

Fax: 215.972.1818

Email: kdoyle@saul.com
Attorneyfor Applicant
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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. > 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 UNDER37 CER1.97(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.

Nofee or certification is required in connection with this Information Disclosure,

since it is being submitted prior to the issuance ofa 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 bereturned indicating that such information has

been considered.

The referenceslisted 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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PATENT

Supplemental Information Disclosure Statement
U.S. Patent Application No. 14/997,136
Attorney Docket No. 046483-6001US 13(01088)

Applicants’ undersigned attorney may be reached by telephoneat (215) 972-7734.

All correspondence should be directed to the below-listed address.

Respectfully submitted,

 
 

CARLEJUNE, ETAL.
Lf gf moe

N “ “es ae OES LeFle,
eer : L vane ,Dated: February 29, 2016 é

Kathryn Doyle, Ph.D., J.D.
Registration No. 36,317

Saul Ewing LLP
Centre Square West
1500 MarketStreet, 38" Floor
Philadelphia, PA 19102
Telephone: (215) 972-7734
Fax: (215) 972-1818
Email: kdoyle@saul.com
Attorneyfor Applicant
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rePATENT DOCUMENTS
—e—[prearsonINO 200504496|19 May 2005 erpEe

aeeeeeeee
OTHER DOCUMENT(S) (Uncluding 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 November23,2015

|_| Eurasian Patent|EurasianPatentApplicationNo.201390847—OfficeActionissuedFebruary14,2016|No. 201390847 — Office Action issued February 14, 2016

Form PTO-1449 DOCKET NO. APPLN. NO.

U.S. Department of Commerce 046483-6001US13(01088)|14/997,136

U.S. Patent Application No. 14/996,953 — non-final Office Action issued February 22, 2016

-—}]8PaweinS58=raOraaday518—U.S. Patent Application No. 13/992,622 — Final Office Action issued January 5, 2016
“Genetically Engineered Lymphocyte Therapyin Treating Patients with B-Cell Leukemia or
LymphomaThatis Resistant or Refractory to Chemotherapy” ClinicalTrials.gov Identifier
NCT01029366; Retrieved from the internet on January 29, 2016. Found at
ritos /Avww. clinicaltrials govict2/show/NUT01 029366Mern=NCTS 1 O293668rank= 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. Foundat
hilo /Aveb.archiveorgAéveb/20090903002304/nite /iciinicalirials govict2/snow/NCT00

891215

Pf| AppliChem product sheet for RPMI-1640, 2 pages, downloaded 12/28/2015
Pf| Milone, M. et al., Supplementary Materials and Methods, Mol Ther, Vol. 17, 2009, 7 pages
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(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY(PCT)

(19) World Intellectual Property
Organization

International Bureau

(43) International Publication Date
19 May 2005 (19.05.2005) PCT

(51) International Patent Classification’: C12N

(21) International Application Number:
PCT/US2004/037032

(22) International Filing Date:
5 November 2004 (05.11.2004)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
60/5 17,507 5 November 2003 (05.11.2003) US

(71) Applicant(for all designated States except US): ST JUDE
CHILDREN’S RESEARCH HOSPITAL [US/US]; 332
North Lauderdale Drive, Mail Stop 742, Memphis, TN
38105 (US).

(72)
(75)

Inventors; and
Inventors/Applicants (for US only): CAMPANA,Dario
[IT/US]; 2626 Maple Grove Cove, Germantown, TN 38139
(US). IMAI, Chihaya [JP/US]; 7562 Conner Cove, Apart-
ment 201, Germantown, TN 38138 (US).

(74) Agent: HAWKINS, Shawn,A.; St. Jude Children’s Re-
search Hospital, Mail Stop 742, Memphis, ’I'N 38105 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
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MG,MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM,PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,

 
(10) International Publication Number

WO 2005/044996 A2

TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
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European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES,FI,
FR, GB, GR, HU,IE, IS, IT, LU, MC, NL, PL, PT, RO, SE,

SI, SK, TR), OAPI (BE, BJ, CF, CG,CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted
a patent (Rule 4.17(ii)) for the following designations AE,
AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ,
CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE,
EG, ES, FL, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS,
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as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii)) for all designations
of inventorship (Rule 4.17(iv)) for US only

Published:

without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning ofeach regularissue of the PCTGazette.

(54) Title: CHIMERIC RECEPTORS WITH 4-1BB STIMULATORY SIGNALING DOMAIN

(57) Abstract: The present invention relates to a chimeric receptor capable of signaling both a primary and a co-stimulatory pathway,

2005/044996A2IIIIMIIININIININNANYTITANICIITAMMUMt
thus allowing activation of the co-stimulatory pathway without binding to the natural ligand. The cytoplasmic domain of the receptor
contains a portion of the 4-1BB signaling domain. Embodimentsof the invention relate to polynucleotides that encode the receptor,
vectors and host cells encoding a chimeric receptor, particularly including T cells and natural killer (NK) cells and methodsof use.
Also included is a method for obtaining an enriched population of NK cells from a mixed population of NK cells and T cells.
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Chimeric Receptors with 4-1BB Stimulatory Signaling Domain

Government Interest

This invention was madein part with U.S. Government support under National

Institutes of Health grant no. CA 58297. The U.S. Government may havecertain rights in

this invention.

Field of the Invention

This invention relates to chimeric cell membranereceptors, particularly chimeric T-

cell receptors.

Background

Regulation ofcell 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 somesituations, the cytoplasmic portion is autophosphorylated or

phosphorylated, resulting in a changein its activity. These events are frequently coupled with

secondary messengers, such as calcium, cyclic adenosine monophosphate,inositol phosphate,

diacylglycerol, and the like. The binding ofthe ligand to the surface membrane receptor

results in a particular signal being transduced.

For T-cells, engagement of the T-cell receptor (TCR) aloneis not sufficient to induce

persistent activation of resting naive or memoryTcells. 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

immuneresponse. APCs include monocyte/macrophages, dendritic cells, B cells, and any

numberofvirally-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 APCsare capable ofstimulating T cell proliferation, inducing cytokine

production, andacting 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

MondinoandJenkins, J. Leuk. Biol. 55:805-815 (1994).

Engagementof 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 absenceofthe 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 inducedto die by a programmed self-destruct mechanism.

In certain situations, for example where APCslack 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 ligandas that recognized by the TCR(i.c., 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. Thesignaling 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. et

al., Blood 98: 2364-2371 (2001); Hombach, A. e¢ al., JImmunol 167: 6123-6131 (2001);

Maher,J. et al. Nat Biotechnol 20: 70-75 (2002); Haynes, N.M.ef al., Jimmunol 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 immuneresponses, 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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lymphomasengrafted in mice [CooperLJ, et al., Blood 101:1637-1644 (2003) and Brentjens

RJ, et al., Nature Medicine 9:279-286 (2003)]. Cooperet 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 lymphomacell 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%. Brentjenset al. reported that T-cells

bearing anti-CD19 scFv and CD3¢ chimeric receptors could be greatly expanded in the

presence of exogenous IL-15 andartificial antigen-presenting cells transduced with CD19

and CD80. The authors showedthat these T cells significantly improved the survival of

immunodeficient mice engrafted with the Raji B-cell lymphomacell 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 CD28elicited 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 tumorassociated peptide antigen expressed on

surface HLA class IJ or class I molecules, antigen nonspecific immuneresponses are

mediated by NK cells that are activated by the failure to recognize cognate "self" HLA class I

molecules. The graft-versus-tumoreffect of transplants using HLA matched donorsis

mediated by antigen specific T cells, while transplantation using HLA mismatched donors

can also lead to donor NK cells with potent antitumoractivity. 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 NKcells 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 prominentafter stimulation. Thus there is a need for better methodsto

expand NKcells 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 embodimentof the invention the signaling domain of 4-1BB usedin the

chimeric receptor is of humanorigin. 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 ofthe chimeric

receptor comprises the signaling domain of CD3¢ in additionto 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 embodimentthe 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 CD8qa, and the cytoplasmic domain comprises the

signaling domain of CD3¢ and the signaling domain of 4-1 BB.

Other aspects of the invention include polynucleotide sequences, vectors and host

cells encoding a chimeric receptor that comprises 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, rhabdomyosarcoma, 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 ofNK 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 composedofcells that activate NK cells, but not T lymphocytes, and which

express membrane boundinterleukin-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

tumorcell line HFWT. In another embodimentofthe invention the co-stimulatory factor

ligand is CD137L.
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Description of the SequenceListing

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 endsat position 893.

SEQ ID No.2 is the amino acid sequence ofhuman 4-1BB. The signaling domain

begins at position 214 and endsat position 255.

SEQ.ID. No. 3 is the nucleotide sequence for murine 4-1BB mRNA. The coding

sequence for the murine 4-1BBprotein beginsat position 146 and endsat position 916.

SEQ ID. No.4 is the amino acid sequence of murine 4-1BB. The signaling domain

begins at position 209 and endsat position 256.

Description of the Figures

Figure 1 is a schematic representation of the CD19-truncated, CD19-¢ , CD19-28-€

and CD19-BB-€ receptor constructs.

Figure 2 showsthe 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

representeachofthe 4 cell lines that are co-cultured with NK cells containing cither "vector"

which is MSCV-IRES GFPonly; "trunc." which is vector containing truncated anti-CD19;

"C" which is vector containing anti-CD19- CD3¢; "28 ¢" whichis vector containinganti-

CD19-CD28a- CD3¢; or "BB- 6" which is vector containing anti-CD19- 4-1BBintracellular

domain- CD36. This figure showsthat 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 membranereceptor protein also termed CD137,

which is a memberof the tumor necrosis factor receptor (TNFR) superfamily expressed on

the surface of activated T-cells as a type of accessory molecule [Kwonet al., Proc. Natl.

Acad. Sci. USA 86:1963 (1989); Polloket 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 ofthe cell to inside [Kim et al.,J.

Immunol. 151:1255 (1993)].
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A human 4-1BB gene (SEQ ID NO:1) wasisolated from a cDNAlibrary made from

activated human peripheral T-cell mRNA [Goodwin etal., 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 LD NO:4)[Kwonet 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-I, Fas, and CID30 [Aldersonet al., Eur. J. Immunol. 24:2219 (1994)]. When a

monoclonal antibody is bound to 4-1BB expressed on the surface ofmouse T-cells, anti-CD3

T-cell activation is increased many fold [Polloket al., J. Immunol. 150:771 (1993)].

4-1BBbindsto 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.

Immunol. 150:771 (1993) Schwarz etal., Blood 85:1043 (1995)]. 4-1 BBLis claimed and

described in US Patent 5,674,704. The interaction of 4-1BB andits ligand provides a co-

stimulatory signal leadingto T cell activation and growth [Goodwinet al., Eur. J . Immunol.
23:2631 (1993); Aldersonet al., Eur. J. Immunol. 24:2219 (1994); Hurtado et al., J. Immunol.
155:3360 (1995); Pollocket al., Eur. J. Immunol. 25:488 (1995); DeBenedette et al., J. Exp.

Med. 181:985 (1995)]. These observations suggest an importantrole for 4-1 BB in the

regulation of T cell-mediated immuneresponses [Ignacioet 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

throughcell to cell contact has a higher NK stimulatingactivity than soluble IL-15 [Dubois 8,

et al., Immunity 17(5):537-547 (2002); Kobayashi H,et al., Blood (2004) PMID: 15367431;

Koka R, et al., JImmunol 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

IL-15 mature peptide (NM172174) was fused to the signal peptide and transmembrane

domain of human CD8a.

To specifically expand NK cells meansto culture a mixed population ofcells that
contains a small number ofNK 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 suppresscell 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 not 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 recepiors 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 autoimmunediseases.

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 productitself, e.g. the resulting protem, 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 embeddedin the

cell membrane and an intracellular domain inside the cell.

The term "transfection" meansthe 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 sequenceto a hostcell, so that

the host cell will express the introduced gene or sequence to producea desired substance,

typically a protein or enzyme coded by the introduced gene or sequence. The introduced gene

or sequence mayalso be called a "cloned"or "foreign" gene or sequence, may include
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regulatory or control sequences, suchas start, stop, promoter, signal, secretion, or other

sequences used bya 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 RNAhas been "transformed"andis a "transformant" or a

"clone." The DNA or RNAintroduced to a host cell can come from any source, including

cells of the same genusor speciesas the host cell, or cells of a different genus or species.

The term "transduction" meansthe 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 hostcell, 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., Sambrooket al,

"Molecular Cloning: A Laboratory Manual" (1989); "Current Protocols in Molecular

Biology" VolumesI-III [Ausubel, R. M., ed. (1994)]; "Cell Biology: A Laboratory

Handbook" VolumesI-III [J. E. Celis, ed. (1994))]; "Current Protocols in Immunology"

VolumesI-III [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 PROTOCOLSIN

IMMUNOLOGY(J. E. Coligan, A. M. Kruisbeek, D. H. Margulies, E. M. Shevach and W.

Strober, eds., 1991); ANNUAL REVIEW OF IMMUNOLOGY;as well as monographsin

journals such as ADVANCES IN IMMUNOLOGY.All patents, patent applications, and

publications mentioned herein are hereby incorporated herein by reference.

Primary T cells expressing chimeric receptors specific for tumororviral 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 dueto the lack of co-stimulator molecules on tumorcells and the inherent

limitations of signaling exclusively through the chimeric receptor.
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The chimeric receptors of the present invention overcomethis limitation wherein they

have the capacity to provide both the primary effector activity and the co-stimulatory activity

upon binding of the receptorto a single ligand. For instance, binding of the anti-CD19-BB-C

receptor to the CD19 ligandprovidesnotonly 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 thissetting, the use of CD3-negative NK

cells is attractive because they are not expected tocause GvHD.

Studies suggest an anti-tumoreffect of NK cells and Zeis et al., Br J 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 ofNK 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 typically become prominentafter stimulation. However, in accordance with the
teachings of the present invention NK cells may be expanded by exposureto cells that lack or

poorly express major histocompatibility complex I and/or IT 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; Lozzioet al.,

Blood 45(3): 321-334 (1975); Klein etal., Int. J. Cancer 18: 421-431 (1976)], and the Wilms

tumorcell line HFWT.[Felhniger 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 melanomacell line HMV-II, the hepatoblastomacell line HuH-6, the

lung small cell carcinoma cell lines Lu-130 and Lu-134-A,the neutoblastomacell lines NB19

and NB69, the embryonal carcinomacell line from testis NEC14, the cervix carcinomacell

line TCO-2, and the bone marrow-metastated neuroblastomacell 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 HFWTcelllines.

Expanding NK cells which can then be transfected with chimeric receptors according

to this method represents another aspect of the present invention.
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The chimeric receptors of the present invention comprise an extracellular domain, a

transmembrane domain and a cytoplasmic domain. The extracellular domain and

transmembrane 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 maybe part of a protein which is monomeric, homodimeric,

heterodimeric, or associated with a larger numberofproteins in a non-covalent complex. In

particular, the extracellular domain may consist of an Ig heavy chain which mayin turn be
covalently associated with Ig light chain by virtue of the presence of CH1 and hinge regions,
or may becomecovalently associated with other Ig heavy/light chain complexes by virtue of
the presence of hinge, CH2 and CH3 domains.In thelatter 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 removedorall 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 asit 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 ofbeing generated. In particular, cancers such as
neuroblastoma, small cell ling 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 somecasesit will be desirable to

employ the transmembrane domain of the .zeta., .cta. or Fc.epsilon.R1.gamma. chains which
contain a cysteine residue capable of disulfide bonding, so that the resulting chimeric 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 orrelated 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 domainsto the transmembrane domains ofthe sameor different surface

membrane proteins to minimize interactions with other membersof the receptor complex. In

other cases it will be desirable to employ the transmembrane domain of.zeta., .eta.,

Fe.epsilon.R1-.gamma.and-.beta., MB1 ([g.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 embodimentof 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. The extracellular domain of the preferred embodiment

contains the anti-CD19 monoclonal antibody which is described in NicholsonIC,et al., Mol

Immunol 34:1157-1165 (1997) plus the 21 amino acid signal peptide of CD8« (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 acidstranslated from 339

nucleotides at positions 1022-1360 of GenBank Accession No. NM_000734.

Antigen-specific cells can be expandedin 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 methodsofthis 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, renalcell

carcinoma, Ovarian cancer, neuroblastoma, rhabdomyosarcoma, leukemia and lymphoma.

Immunotherapeutics, generally, rely on the use of immuneeffector 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 tumorcell target. Various effector

cells include cytotoxic T cells and NK cells. The compositions and methods described in the

present invention may beutilized 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 tumorinfiltrated

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 [Rosenberget al., N. Engl. J. Med. 319:1767

(1988)]. To achieve this, one would administer to an animal, or human patient, an

immunologically effective amountof 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 leukemiaor B-cell non-Hodgkin's

lymphomawould 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 patientto

target and kill the tumorcells.

As shown in one Example infra, primary T-cells were transduced with the anti-CD19-

BB-C receptor ofthe present invention. One weekafter 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

T/mL of IL-2 for two weeks, then removed from IL-2 and exposed to irradiated OP-1 cells

underwent apoptosis. However, cells cultured in 10 [U/mL of IL-2 and exposedto 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 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.

To determineifT-cells transduced with the anti-CD19-BB-C receptor exhibited

cytotoxic activity under conditions necessary for immunotherapy, their cytotoxic activity at
low effector:target (E:T) ratios were measured. As described in the Example infra, T-cells
transduced with the anti-CD19-BB-C receptor and control vectors were expandedin 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-C receptor wasnoteffective 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-C receptor wasthat the T-cells

transduced with the receptor exhibited cytotoxic activity toward CD19" leukemiccells at a

tatio 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-C .
receptor exhibit cytotoxic activity in an environmentcritical 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, levelsin 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-C receptor for

inamunotherapy.

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 embodimentofthe

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 knownin theart.

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 NK cells via retroviral transduction. References describing

retroviral transduction of genes are Andersonet al., U.S. Pat. No. 5,399,346; Mann etal., Cell

33:153 (1983); Teminet 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 MHCclass J and II 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 ofhuman CD8o and GFP. Transducedcells 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-mb15-137Lcell line.

Peripheral blood mononuclearcell cultures containing NK cells are cultured with a

K562-mb15-137L cell line in the presence of 101U/mLofIL-2 for a periodoftime sufficient

to activate and enrich for a population ofNK 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

Methodsofre-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 ofthe target cells. The amount administered will also vary

dependingon the condition of the patient and should be determined by consideringall

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 catse

disease recurrence. [Pui CH et al, Childhood acute lymphoblastic leukemia - Current status

and future perspectives. Lancet Oncology2:597-607 (2001); Verma A, Stock W.

Managementof adult acute lymphoblastic leukemia: moving toward a risk-adapted approach.

Curr Opin Oncol 13:14-20T (2001)] lymphocyte-basedcell therapy should bypass cellular

mechanismsof 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 recurrenceafter 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 byinfusion 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

donorperipheral blood cells and recombinant humaninterleukin-2 to treat leukemia relapse

after allogeneic bone marrowtransplantation . Blood 87:2195-2204 (1996); Collins RH,etal.

Donor leukocyte infusions in 140 patients with relapsed malignancyafter 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 LP,etal.

Donorleukocyte 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

andcan kill the epitope-presenting cells. The first requirementto redirect T cells against ALL

cells is the identification of target molecules that are selectively expressed by leukemiccells.

In B-lineage ALL, CD19is an attractive target, because it is expressed on virtually all

Jeukemic lymphoblasts in almostall cases. [Campana D, Behm FG. Immunophenotyping of

Jeukemia. J Immunol Methods 243:59-75 (2000)] It is not expressed bynormal non-
hematopoietic tissues, and among hematopoietic cells, it is expressed only by B-lineage

lymphoidcells. [Campana D, Behm FG. Immunophenotyping of leukemia. J Immunol
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Methods 243 :59-75 (2000); Nadler LM,et al. B4, a human B tymphocyte-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 CD3¢

signaling domain can proliferate when mixed with CD19" cells and can lyse CD19" target

cells. [Cooper LJ,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 andinterleukin-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 JP,

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); MaherJ, 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
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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 tumornecrosis 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 I, 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 Immuno! 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.

Weconstructed 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-ABE gene fusion; [Manabe A,et al. Interleukin-4

induces programmed cell death (apoptosis) in cases of high-risk acute lymphoblastic

leukermia. Blood 83:1731-1737 (1994)] the B-lineage ALL cell lines RS4;11, [Stong RC, et

al. Humanacute 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 lymphomacell 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;

BioWhittaker, Walkersville, MD) and antibiotics. Human adenocarcinoma HeLa cells and

embryonic kidney fibroblast 293T cells, maintained in DMEM (MediaTech, Herndon, VA)

supplernented with 10% FCSand antibiotics, were also used.

Weused 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 cDNAlibrary (from Dr. G. Neale, St. Jude Children’s Research Hospital) as a

template. Figure 1 shows a schematic representation of the anti-CD19-C, anti-CD19-BB-C,

anti-CD19-28-C 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 X#oI and No/#l sites of MSCV-IRES-GFP. The

expression cassette for CD19 was subsequently ligated into EcoRI and XhoI sites of MSCV-

IRES-DsRed vector.

Virus production and gene transduction

To generate RD114-pseudotyped retrovirus, we used calcium phosphate DNA

precipitation 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 yg of one of the vectors

anti-CD19-€, anti-CD19-BB-¢, anti-CD19-28-€ 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% FCSandantibiotics. 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.

HeLacells were used totitrate 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 (National 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 to100 jg/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 1g/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% CO2. The transduction procedure was

tepeated 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 ¢ 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, CD8, 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 10’ cells were lysed in 1 mL RIPA buffer (PBS, 1% Triton-

X100, 0.5% sodium deoxycholate, 0.1% SDS) containing 3 pg/mL ofpepstatin, 3 ng/mL of

leupeptin, 1 mM of PMSF, 2mM of EDTA, and 5 pg/mL of aprotinin. Centrifuged lysate

supematants 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 CD3C¢ monoclonal antibody (clone 8D3; Pharmingen), lug/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 pl)

expressing chimeric receptors were stimulated with OP-1 cells at a 1:1 E:T ratio for 24 hours.

Levels of IL-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 andpurification 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 C'1D19-positive cells. To prepare pure populations of CD8" cells expressing chimeric

receptors, we labeled cells with a PE-conjugated anti-CD8antibody (Becton Dickinson) that had

been previously dialyzed to remove preservatives and thensterile-filtered. CD8* 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 lymphocytesalone,“low control”

is the spontaneous LDHrelease 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 wasalso 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

donein triplicate.

RESULTS

Transduction of primary human T lymphocytes with anti-CD19-BB-¢ chimeric

receptors

In preliminary experiments, transduction of lymphocytes stimulated with PHA (7

ug/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 daysafter 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-C 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-C 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-€ wasidentical 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* ALLcell 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 4-1 BB, 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-C 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-C, included the member of the TNF family TRAIL, the TNF-

receptor member OX40, and IL-3. Overexpression of these molecules after stimulation was

validated using RT-PCR. In cells bearing the anti-CD19-C€ receptor, there were no

overexpressed genes with a known function associated with T-cells. Therefore, anti-CD19-

BB-C 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-C, 63% and 66% for anti-CD19-¢ and 67% and 68% for the truncated anti-CD19

receptor. When cocultured with irradiated OP-1 ALL cells in the absence of exogenous IL-2,
cells transduced with anti-CD19-BB-C, expanded: after only 1 week of culture, GFP” cells

tecovered were 320% and 413% of input cells. T cells that expressed the anti-CD19-¢

_receptor but lacked 4-1BB signaling capacity remained viable but showedlittle 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

inadiated OP-1 cells. After 3 weeks of culture, they had expanded by more than 16-fold, with

98% ofthe 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-C 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 byothers.

[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

IL-2 (10 IU/mL.) was sufficient to maintain most lymphocytes transduced with anti-CD19-

BB-C 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 5-hour LDH release assay

using the OP-1 B-lineage ALLcell 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-C. 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 ALLcells, 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 virtuallyall

leukemic cells from the cultures. Ata 0.1: 1 ratio, however, T cells transduced with anti-

CD19-BB-C, receptors were markedly more effective than those lacking 4-1BB signaling.

Chimeric receptor-transduced T cells had no effect on cells Jacking 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-C 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 matrow 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 mesenchymalcells.

Remarkably, T cells transduced with anti-CD19-BB-C were markedly cytotoxic even at a

ratio of 0.01 : 1 in this assay, whereas those transduced with anti-CD19-€ werenot.

Effect of receptor-transduced T cells on primary leukemiccells

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 mesenchymalcells immortalized by

enforced expression of telomerase. Br J Haematol 120:846-849 (2003)] Wetested 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 11q23

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-C, 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-C 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-C and anti-CD19-€

receptors: >95% Jurkat cells were consistently GFP” after transduction with anti-CD19-28-C

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%).

Wetested 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 IL-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-¢

_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-C

_ receptors are functionally distinct from those lacking co-stimulatory molecules or containing

CD28instead 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-C, anti-CD19-¢ and anti-CD19-truncated, we expanded them for 2-3 weeks with IL-

2, and then purified CD8", GFP" cells by fluorescenceactivated cell sorting. Confirming our

previous results with unsorted cells, CD8" cells expressing anti-CD19-BB-C receptors were

significantly more effective than those with anti-CD19-C receptors, and were as effective as

those with anti-CD19-BB-C Finally, we determined the capacity of the purified CD8cells

transduced with the various receptors to expand in the presence of low dose (10 U/mL) IL-2.
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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 achieve

effective T-cell immunotherapy of B-lineage ALL. Lymphocytes expressing anti-CD19-BB-C

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-C were particularly effective in the

presence ofbone matrow-derived mesenchymalcells which form the microenvironment

critical for B-lineage ALL cell growth, further supporting their potential for immunotherapy.

Tworecently reported studies used anti~CD19 scFv as a componentof a chimeric

receptor for T-cell therapy ofB-cell malignancies. Cooperet 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 lymphomacell

lines ata 1:1 E: T ratio ina 4-hour °'Crrelease 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 showedthat these T cells

significantly improved the survival of immunodeficient mice engrafted with the Raji B-cell

lymphomacell line. Their results demonstrated the requirement for co-stimulation in

maximizing T-cell-mediated anti-leukemic activity: only cells expressing the B7 ligands of

CD28elicited effective T-cell responses. However, B-lineage ALL cells typically do not

express B7-1(CD80) and only 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 YJ, et al. Human 4-1BB regulates CD28 co-stimulation to promote Th1 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 MA,et al. Costimulation of CD28- T
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lymphocytes by 4-1 BBligand. J Immunol 1997;158:551-559 (1997); Bukezynski J, etal.

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 goodas that mediated by CD28-containing receptors and wasclearly

superior to that induced by receptors lacking co-stimulatory molecules. It is knownthat, in

contrast to CD28, 4-1BB stimulation results in a muchlargerproliferation 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 foundthat T cells expressing the anti-CD19-BB-C receptor

produced more IL-2 uponstimulation, and that CD8*cells expandedin 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 tumorcell 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

squamouscell carcinoma and the requirements of co-stimulatory molecules on tumour and

host cells. Immunology 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 fibrosarcomacell line

provided some evidence that 4-1BB could be superior to CD28 in eliciting anti-tumor

responses: 80% of mice showed tumorregression 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 wasnot effective alone and
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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 CMV epitopes
[Walter EA,et al. Reconstitution ofcellular immunity against cytomegalovirus in recipients
of allogeneic bone marrow bytransfer 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-rmodified T cells has the added advantage ofpermitting immediate

generation of tumor-specific T-cell immunity. Subsequently, therapeutic quantities of
antigen-specific T cells can be generated quite rapidly by exposuretotarget cells and/or
artificial antigen-presentingcells, 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,etal. Targeting tumours with
genetically enhanced ‘T lymphocytes. Nat Rev Cancer 3:35-45 (2003); Brentjens BJ, et al.
Eradication of systemic B-cell tumors by genetically targeted human T lymphocytes co-

stimulated by CD80 andinterleukin-15. Nat Med 9:279-286 (2003)] A specific risk of the
strategy proposed here relates to the transformingpotential 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 ofsuicide genesas a safety measure for clinical studies. [Marktel S,etal.
Immunologic potential of donor lymphocytes expressing a suicide gene for early immune
reconstitution after hematopoietic 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 andother 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 endogenousT-cell receptors, it may be beneficial to use T cells

with restricted endogenousspecificity, 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 importantto test the effects of adding 4-

1BB to chimeric receptors transducedin 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-C receptors

completely eliminated ALLcells 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-

ALLcapacity 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 ofNK cells against ALL is weak, if measurable at all. To

test whether anti-CD19 chimeric receptors could enhanceit, we developed methodsto

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+Tcell expansion. Even after T-cell depletion, residual T cells typically become

prominent after stimulation.

We overcamethis obstacle by generating a genetically-modified K562 myeloid

leukemia cell line that expresses membrane-boundinterleukin-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 ofhuman IL-15 mature

peptide fused to the signal peptide and transmembrane domain of human CD8alpha, as well
as GFP. Transducedcells 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 mononuclearcells from 8 donors were cultured with K562-mb15-
137L in the presence of 10 IU/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-mb15-137L was muchhigher 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 ofmembrane-bound IL~-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-¢ 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 ofNK 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.

NKactivity 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" ALLcells. 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 cbD19*
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, KOPN57bi and OP1 ranged from 86.5% to 99.1%. Therefore, the inclusion of co-

stimulatory molecules enhances not only the cytoxicity of T lymphocytesbutalso that of NK

cells.
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Weclaim:

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 aminoacid

sequenceset 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 CD3C.

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 naturalkiller 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 methodfor 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 canceris 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..

Thecell line of claim 22 wherein said cell line also lack or poorly expresses major

histocampatibility complex II molecules.

The cell line of claim 23 wherein the NK activating cells are selected from the

group consisting of K562 myeloid leukemia cells and WFWT Wilms tumorcells.

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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SEQUENCE LISTING

<110> St. Jude Children's Reserach Hospital
Campana, Dario

<1L20> 4-1BB Receptor

<130> SJ-03-0018

<160> 4

<170> PatentIn version 3.2

<210> 1
<211> 1935
<212> DNA

<213> Homo sapiens

<220>
<221> CDS

<222> (129)... (893)

<400> 1

agaccaagga gtggaaagtt ctcecggceage cctgagatct caagagtgac atttgtgaga 60

ceagctaatt tgattaaaat tctcttggaa tcagetttge tagtatcata cetgtgqcecag 120

atttcatec atg gga aac age tgt tac aac ata gta gcc act ctg ttg ctg 170
Met Gly Asn Ser Cys Tyr Asn Ile Val Ala Thr Leu Leu Leu
1 5 ‘ 10

gtc cte aac ttt gag agg aca aga tca ttgq cag gat cet tgt agt aac 218
Val Leu Asn Phe Glu Arg Thr Arg Ser Leu Gin Asp Pro Cys Ser Asn
15 20 25 30

tgce cca gct ggt aca ttc tgt gat aat aac agg aat cag att tge agt 266
Cys Pro Ala Gly Thr Phe Cys Asp Asn Asn Arg Asn Gln Ile Cys Ser

35 40 45

ccc tgt cct cca aat agt ttc tcc age gea ggt gga caa agg acc tgt 314
Pro Cys Pro Pro Asn Ser Phe Ser Ser Ala Gly Gly Gln Arg Thr Cys

50 55 60

gac ata tgc agg cag tgt aaa ggt gtt ttc agg acc agg aag gag tgt 362
Asp Ile Cys Arg Gln Cys Lys Gly Val Phe Arg Thr Arg Lys Glu Cys

65 70 75

tee tcc ace age aat gca gag tgt gac tgc act cca ggg ttt cac tgc 410
Ser Ser Thr Ser Asn Ala Glu Cys Asp Cys Thr Pro Gly Phe His Cys

80 85 90

ctg ggg gca gga tgc age atg tgt gaa cag gat tgt aaa caa ggt caa 458
Leu Gly Ala Gly Cys Ser Met Cys Glu Gln Asp Cys Lys Glin Gly Gin
95 100 105 110

gaa ctg aca aaa aaa ggt tgt aaa gac tgt tge ttt ggg aca ttt aac 506
Glu Leu Thr Lys Lys Gly Cys Lys Asp Cys Cys Phe Gly Thr Phe Asn

115 120 125

gat cag aaa cot ggc ate tgt cga ccc t gg aca aac tgt tect ttg gat 554
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Asp Gln Lys

tct
Ser
145

gga aag

Gly Lys

tet
Ser

cca
Pro
160

gga

Gly

cct
Pro

ect gcc
Pro Ala
175

ttt
Phe

ett gceg
Leu Ala

acg
Thr

etc cgt
Leu Arg

tte
Phe

ata
Tie

aaa

Lys
225

gat
Asp

tgt
Cys

ggc

Gly
240

ctg
heu
255

aaatatgagt

caggattcce

ceactttttt

accaccatgg

ctecctgagta

tgtttggtaa

etttggectc

gcaccacttt

aaagcatttt

attatagttt

atgcaggttt

gtacccgact

gggagtatga

Arg Gly
130

gtg ctt
Val

cca gcc

geg aga

ctg acg
Leu Thr

195

tte
Phe
210

tot

caa cca

Gln Pro

age
Ser

tge

tgaaatggaa gtcaataggqgq ctgttgqggac

catecgctat

ccaacacacg

tttttttttg

ctctctgcag

gqctggaacta

agatggcatt

ecaaagtgct

taacagaaca

ctagatacca

aaattcaatt

gttttttggt

aaagtttccg

gcagagtgec

Ile

gtg aat
Leu Val

gac

Pro Ala Asp

gag

Ala Arg Glu
180

teg act
Ser

gtt
Ser Val

ttt
Phe

cga
Cys Arg

PCT/US2004/037032

Arg Pro Trp Thr Asn Cys
135

Cys Ser Leu Asp
140

ggg acg aag gag agg gac gtg gtc tgt
Asn Gly Thr Lys Glu Arg Asp Val Val Cys

150 155

cta
heu
165

tet ceg gga gea tee tet gtg acc cag
Ser Pro Gly Ala Ser Ser Val Thr Pro

170

tet
Ser

tta
Phe

190

atc tea
Ile Ser

cca

Pro
ccg cag atc
Pro Gln Ile
185

gga cac

Gly His

tte tte
Phe Phe

205

cte
Leu

geg ttg ctc
Thr Ala Leu Leu

200

tte ctg ctg
Phe Leu Leu

gtt
Val

aaa

Lys
cgg ggc aga aag aaa

Arg Gly Arg Lys Lys
215

ete etg tat
Leu heu Tyr

220

caa act act
Gln Thr Thr

235

atg
Met

aga cca gta
Arg Pro Val
230

caa gag gaa
Gln Glu Glu

ett
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

ttcttttcta aatgecaatg agttggectt taaaaatgea

acagggtcte actctgtcac ccaggctgga gtgcaqtgge

ecttgacctc tgggagctca agtgatccte ctgectcagt

caaggaaggg ccaccacacc tgactaactt ttttgttttt

tceaccatgtt gtacaggctg gtctcaaact cctaggttca

gggattacag acatgaactg ccaggceecgg ccaaaataat

gacagatgag gacagagctg gtgat aaaaa aaaaaaaaaa

ettaacaggt ttgagctagt ttttttgaaa tecaaagaaa

acatagtecca gtggtccaac tataattata atcaaaatca

gctaatatga catatgacaa taagccacga ggtgcagtaa

tgggttctgt catgtaacac gacatgetce accgtcaggg

tgagtttagg gtcaaggaca aaaaacctca ggcectggagg

2/7

602

650

698

746

794

842

890

943

Lt 003

1063

1123

1183

1243

1303

1363

1423

1483

1543

1603

1663

1723
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aagttttgga

ectgectttgt

ataatatttt

aaaaaaaaaa

<210>
<211>
<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

Val

Pro

Ala

Giu

Thr
35

Asn

Gln

Asn

Cys

Lys
115

Gly

Leu

Ala

Arg

aagagttcaa

ectgcetccct

ataccaaagc

aaaaaaaaaa

sapiens

Ser

Arg
20

Phe

Ser

Cys

Ala

Ser
100

Gly

Tle

Val

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

Asn Ile

Ser heu

Asn Asn
40

Ser Ala
55

Val Phe

Asp Cys

Glu Gln

Asp Cys
120

Pro Trp
135

Thr Lys

Pro Gly

aaaaaaaaaa aa

Val

Glin
25

Arg

Gly

Arg

Thr

Asp
105

cys

Thr

Glu

Ala

Ala
10

Asp

Asn

Gly

Thr

Pro
90

Cys

Phe

Asn

Arg

Ser
170

PCT/US2004/037032

gtgtetgtat atectatggt cttctccatc ctcacacctt 1783

tttaage 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

Gin Arg Thr Cys Asp Tle

Arg Lys Glu Cys Ser Ser
75 80

Gly Phe His Cys Leu Gly
95

Lys Gin 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

His Ser Pro Gin Ile Ile Ser Phe Phe Leu
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Ala Leu

Arg Phe
210

Lys Gin
225

Cys Ser

<210> 3
<211> 2

180

Thr Ser Thr
195

Ser Val Val

Pro Phe Met

Cys Arg Phe

350
<212> DNA
<213> Mus musculus

<220>
<221> CDS
<222>

<220>

245

(146) .. (916)

<221> miscfeature
<222>

<223> nis a,

<400> 3

atgtccatga actgctgagt ggataaacag cacgggatat ctctgtctaa aggaatatta

ctacaccagg aaaaggacac attcgacaac aggaaaggag cctgtcacag aaaaccacag

Cc, Gg,

Ala Leu Leu Phe Leu

Lys Arg Gly Arg Lys

Arg Pro Val Gln Thr
230

Pro Glu Glu Glu Glu

(1253) ..(1255)
or

215

t

200

185

235

250

220

Leu Phe Phe
205

Lys Leu Leu

Thr Gln Glu

Gly Gly Cys

190

Leu

Tyr

Glu

Glu
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Thr Leu

Ile Phe

Asp Gly
240

Leu
255

tgtcctgtge atgtgacatt tegee atg gga 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

cag ccg
Gln Pro

aag aag

Lys Lys

gtg
Val

tgt
Cys

tgc
Cys

aac

Asn
60

ttt
Phe

ctq
Leu

gat
Asp

aag

Lys
45

tgt
Cys

tge
Cys

ctg
heu

aac
Asn
30

age
Ser

aac

Asn

tec
Ser

cta
Leu
15

tgt
Cys

tge
Cys

ate
Ile

tet
Ser

1 5

gtgq ggc tgt gag aag gtg gga gcc gtg cag
Val Gly Cys Glu Lys Val Gly Ala Val Gin

20 25

cag cect ggt act tte tgc aga aaa tac aat
Gln Pro Gly Thr Phe Cys Arg Lys Tyr Asn

ect
Pro

tge
Cys

ace

Thr

cca
Pro

aga
Arg
65

cac

His

agt
Ser
50

gtg
Val

aac
Asn

35

ace ttc
Thr Phe

tgt gca
Cys Ala

gcg gag
Ala Glu

4/7

tcc
Ser

gge

Gly

tgt
Cys

age
Ser

tat

Tyr
70

gag
Glu

ata
Tle
55

Eta
Phe

tge
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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gga

Gly

agg
Arg

gga

Gly

aac
Asn

aag

Lys

ace
Thr
170

gtc
Val

atc
Ile

ttc
Phe

caa

Gin

75

tte
Phe

cot
Pro

aca

Thr

tge
cys

gac

Asp
155

att
Iie

ctt
Leu

tte
Phe

cece

Pro

gag
Glu

cat
His

gge

Gly

Ett
Phe

tet
Ser
140

gtg
Val

tet
Ser

acc

Thr

att
Ile

cac

His
220

gaa
Glu

tge
Cys

cag
Gln

aat
Asn
125

cta
Leu

gtg
Val

gtg
Val

ttg
Leu

act
Thr
205

ata
Ile

gat
Asp

ttg
Leu

gag
Glu
110

gac
Asp

gac
Asp

tgt
Cys

act
Thr

tte
Phe
190

cte
Leu

ttc
Phe

get
Ala

g399

Gly
95

eta
heu

cag
Gln

gga
Gly

gga

Gly

cca
Pro
175

ctg
Leu

ctg
heu

aag

Lys

tgt
Cys

80

cca
Pro

acg
Thr

aac
Asn

agg
Arg

ccc
Pro

160

gag
Glu

gcg
Ala

tte
Phe

caa

Gln

age
Ser

235

gga

Gly
250

gga

Gly

gga

Gly

accgagaagc

ctcttacaca

ctaacatatt

agtgttttge

ctgaggaggt

agcecggnnng

aaaaaaaaat

ctaagaggaa

tat

Tyr
gge

Gly

gag
Glu

240

ctg
Leu

255

actaggacce

tcatcctaga

tgtctttacc

etgecetgtat

cagaaga gaa agggttggtt ccataagaac

cag
Gin

aag
Lys

ggt
Gly

tet
Ser
145

ect
Pro Val Val Ser

gga

Gly

ctg
Leu

tet
Ser

cca

Pro
225

tge
Cys

tga

tgc
Cys

cag
Glin

ac t gg¢c gtc tgt cga cece tgg acg

ace

Thr

ggt
Gly
115

aga
Arg
100

tge
Cys

85

tgt
Cys

aaa

Lys

gaa aag

Glu Lys

gac
Asp

ace tgt
Thr Cys

age
Ser
120
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tge
Cys
105

ttg
Leu

Thr Gly Val Cys Arg Pro Trp Thr
130

gtg ctt aag
Val Leu Lys

gtg gtg age

gga

Gly

aca

Thr

gtg
Val
210

ttt
Phe

cga
Arg

cea
Pro

tceg
Ser
195

ctc
heu

aag

Lys

tgt
Cys

gga

Gly
180

gct
Ala

aaa

Lys

aag

Lys

cca
Pro

ace
Thr

ttc
Phe

165

ggg

Gly

ttg
Leu

tgg
Trp

acc

Thr

cag
Gin

135

ggg acc acg

Gly Thr Thr
150

tct cece agt
Ser Pro Ser Thr

cac tec ttg
His Ser

ctg ctg gcc
Leu Leu Ala

200

atc agg aaa
Ile Arg Lys

215

act gga gca
Thr Gly Ala
230

gaa gaa gaa
Glu Glu Glu

gag
Glu

acc

cag
Leu Gln

185

ctg
Leu

aaa

Lys

gct
Ala

gga

Gly

tg tactatecc

caccatcctg tggaacagca

tgatgtgtgg gegcegcacct

ttttttaaat ctttttttaa

gcacacgtgt gtgtgtgtgt

ataggtcqgg acggagacct gtcttcttat

gatatttcgg gaattgtaga gattctcctg

ttgttgatac gtagtatact gtatatgtgt
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245

taggagatgt

caagcaacca

catccaagtc

atttaaattt

gtgtgtgaca

tggagttatg gatggctgtg

tttaacgtga

acacccttct

at gtatatgt atatgtatat

gtgggccgaa

caccaccctg

tettctaacg

tatgtgtgtg

etectgatge

ctgtataata

agttaatgat

460

508

556

604

652

700

748

796

844

892

946

1006

1066

1126

1186

1246

1306

1366

1426
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ataagactct tttactgtca aagtcaacct agagtgtctg gttaccaggt caattttatt 1486

ggacatttta ogtcacacac acacacacac acacacacac acgtttatac tacgtactgt 1546

tateggtatt ctacgtcata taatqggata ggqgtaaaagg aaaccaaaga gtgagtgata 1606

ttattgtgqga ggtgacagac tacecccttct ggqgtacgtag ggacagacet cctteggact 1666

gtctaaaact ccccttagaa gtctcgtcaa gttcccggac gaagaggaca gaggagacac 1726

agtccgaaaa gttatttttc cggcaaatce tttccctgtt tegtgacact ccaceccttg 1786

tggacacttg agtgtcatce ttgce gecgga aggtcaggtg gtacccgtct gtaggggedg 1846

ggagacagag ccgcggggga gctacgagaa tcgactcaca gggcgecccg ggcttcgcaa 1906

atgaaacttt tttaatctca caagtttegt cegqgqgetcegg cggacctatg gcegtcgatcc 1966

ttattacctt atcctggcge caagataaaa caaccaaaag cottgactcce ggtactaatt 2026

ctcectgceg gececcecgtaa gcataacgceg gegatctcca ctttaagaac ctggecgegt 2086

tctgectggt ctegetttcg taaacggttc ttacaaaagt aattagttct tgetttcage 2146

ctccaagctt ctgctagtct atggcagcat caaggetggt atttgcetacg getgaccegct 2206

acgecgccge aataagggta ctgggeggee cgtcgaagge actttggttt cagaaaccca 2266

aggeccecect cataccaacg tttcgacttt gattcttgee ggtacgtggt ggtgqgqgtgcc 2326

ttagetcttt 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 heu Leu Val
L 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
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His

Gln

Lys

Gly

Ser
145

Pro

Gly

Leu

Ser

Pro
225

Cys

Asn

Cys

Glin

Thr
130

Val

Val

Gly

Thr

Val
alo

Phe

Arg

Ala

Thr

Gly
115

Gly

Leu

Val

Pro

Ser
195

Leu

Lys

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
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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

Arg Pro Trp Thr Asn Cys Ser
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

WUT

125

Leu Asp

Val Thr

Leu Phe
190

Thr Leu
205

Ile Phe

Asp Ala

Gly 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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Favorable examination and allowance ofthe claims is hereby requested.
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ETAL.
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Information:

This AcknowledgementReceipt evidences receipt on the noted date by the USPTO ofthe 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 componentsfora 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 shownonthis
AcknowledgementReceiptwill 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/903indicating acceptanceof the application as a
national stage submission under35 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 internationalapplication is being filed and the international application includes the necessary components for
an internationalfiling 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
nationalsecurity, and the date shownon this AcknowledgementReceiptwill establish the internationalfiling date of
the application.
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DocCode - SCORE

SCOREPlaceholder Sheet for IFW Content

Application Number: 14997136 Document Date: 03/22/2016

The presenceofthis form in the IFW 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.

® 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 documentsthat 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 eDANinterface.
e Other USPTO employees can bookmark the current SCORE URL

(http://Score.uspto.zov/ScoreAccessWeb/).
e External customers may access SCORE contentvia the Public and Private PAIR interfaces.

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

BASIC FEE
(37 CFR 1.16(a), (b), or (c))
SEARCH FEE

EXAMINATION en
TOTAL CLAS aNOCEENOENT CLAIMS

If the specification and drawings exceed 100
APPLICATION SIZE_|sheets of paper, the application size fee dueis
FEE $310 ($155 for small entity) for each additional
(37 CFR 1.16(s)) 50 sheetsorfraction 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))

* If the difference in column1 is less than zero, enter "0" in column 2. TOTAL

APPLICATION AS AMENDED- PARTII

OTHER THAN

(Column 1) (Column 2) (Column 3) SMALL ENTITY SMALL ENTITY
CLAIMS HIGHEST

REMAINING NUMBER ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY FEE($)

AMENDMENT PAID FOR
Total

(37 CFR 1.16(i))

Independent(37 CFR 1.16(h))

Application Size Fee (37 CFR 1.16(s))
AMENDMENTA

FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 CFR 1.16(j))

(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST

REMAINING NUMBER ADDITIONAL
AFTER PREVIOUSLY FEE($)

AMENDMENT PAID FOR
Total

(37 CFR 1.16(i))
Independent

(37 CFR 1.16(h))

Application Size Fee (37 CFR 1.16(s))
AMENDMENTB

FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 CFR 1.16(j))

* |f the entry in column 1 is less than the entry in column 2, write "0" in column 3.
* If the "Highest Number Previously Paid For” IN THIS SPACEis less than 20, enter "20".

** If the "Highest Number Previously Paid For” IN THIS SPACEis 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 OFFIGE
UNITTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTSQ. Box 1450

Alexandria, Virginia 22313-1450www.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 046483-6001US 13(01088)
CONFIRMATION NO.4164

78905 FORMALITIES LETTER

Saul Ewing LLP (Philadelphia)

att: Patent Docket Cerk 000900.0,0000.00
Centre Square West
1500 MarketStreet, 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 notinclude the following items required in the Notice. A complete reply mustbe timely filed to prevent
ABANDONMENTof the above-identified application. Replies should be mailed to: Mail Stop Missing Parts,
Commissionerfor Patents, P.O. Box 1450, Alexandria VA 22313-1450.

Applicant is given TWO MONTHSfrom the date of the Notice to File Missing Parts (Notice) mailed 02/23/2016
within whichto file all required items and pay any fees required below to avoid abandonment. Extensionsof time
may be obtainedbyfiling 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 SHOULDbefiled along with any items required above. Thefiling 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 mustbe timely submitted to avoid abandonment:

* Replacementdrawings 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/orblurry.

Applicant is cautioned that correction of the above items may causethe specification and drawings page countto
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 mustbe received in the USPTOwithin the set time period or mustinclude 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 MPEP512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissionerfor Patents

P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web mayalternatively submit their reply to this notice via EFS-Web, including a copy
of this Notice and selecting the documentdescription "Applicant response to Pre-Exam Formalities Notice”.
https ://sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html

For more information about EFS-Webplease 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-Webto submit your reply, you must include a copyofthis 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.
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UNITED STATES PATENT AND TRADEMARK OFFIGE
UNITTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTSQ. Box 1450

Alexandria, Virginia 22313-1450www.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)
CONFIRMATIONNO. 4164

78905 FORMALITIES LETTER

Saul Ewing LLP (Philadelphia)

Attn: Patent DocketClerk MOC000000081863518
Centre Square West
1500 MarketStreet, 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 notinclude the following items required in the Notice. A complete reply mustbe timely filed to prevent
ABANDONMENTof the above-identified application. Replies should be mailed to: Mail Stop Missing Parts,
Commissionerfor Patents, P.O. Box 1450, Alexandria VA 22313-1450.

Applicant is given TWO MONTHSfrom the date of the Notice to File Missing Parts (Notice) mailed 02/23/2016
within whichto file all required items and pay any fees required below to avoid abandonment. Extensionsof time
may be obtainedbyfiling 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 SHOULDbefiled along with any items required above. Thefiling 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 mustbe timely submitted to avoid abandonment:

* Replacementdrawings 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/orblurry.

Applicant is cautioned that correction of the above items may causethe specification and drawings page countto
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 mustbe received in the USPTOwithin the set time period or mustinclude 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 MPEP512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissionerfor Patents

P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web mayalternatively submit their reply to this notice via EFS-Web, including a copy
of this Notice and selecting the documentdescription "Applicant response to Pre-Exam Formalities Notice”.
https ://sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html

For more information about EFS-Webplease call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http:/Avww.uspto.gov/ebc.

If you are not using EFS-Webto submit your reply, you must include a copyofthis 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 AcknowledgementReceipt

Application Number: 14997136

International Application Number:

Confirmation Number: 4164

Title of Invention: Compositions and Methodsfor Treatment of Cancer

ee

Paymentinformation:

File Listing:

Document DocumentDescription File Size(Bytes)/ Multi Pages
Number P Message Digest|Part/.zip| (if appl.)
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Information:
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This AcknowledgementReceipt evidences receipt on the noted date by the USPTO ofthe 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 componentsfora 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 shownonthis
AcknowledgementReceiptwill 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/903indicating acceptanceof the application as a
national stage submission under35 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 internationalapplication is being filed and the international application includes the necessary components for
an internationalfiling 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
nationalsecurity, and the date shownon this AcknowledgementReceiptwill establish the internationalfiling 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, etal. > 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)

Commissionerfor Patents

P.O. Box 1450

Alexandria, VA 22313-1450

RESPONSE TO NOTICE OF INCOMPLETE REPLY

This Responseis being filed in answer to the Notice of Incomplete Reply dated April 1,

2016 (“Notice”). The Responseis 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 5A and 6A-C.

Nofee 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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Response to Notice of Incomplete Reply (Nonprovisional) dated April 1, 2016.
U.S. Patent Application No. 14/997,136
Attorney Docket No. 046483-6001US$13(01088)

Favorable examination and allowance ofthe claims is hereby requested.

Dated: April 8, 2016

Respectfully submitted,

CARLHt JUNE, ETAL.awe waneoy- a
 

é
Kathryn Doyle, Ph.D., J.D.
Registration No. 36,317

Saul Ewing LLP
Centre Square West
1500 MarketStreet, 38" Floor
Philadelphia, PA 19102
Telephone: (215) 972-7734
Fax: (215) 972-1818
Email: kdoyle@saul.com
Attorneyfor Applicant
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UNITED STATES PATENT AND TRADEMARK OFFIGE
UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
! OX.

Alexandria, Virginia 22313-1450www.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE REC'D ATTY.DOCKET.NO ITOT CLAIMSJIND CLAIMS

30 1

 
 
   

14/997,136 01/15/2016 1653 2400 046483-6001US 13(01088)
CONFIRMATION NO.4164

78905 UPDATED FILING RECEIPT

Attn: PatertDocketClerk NOWL.UL0
Centre Square West
1500 MarketStreet, 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 mustinclude 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 onthis Filing Receipt, please
submit a written requestfor a Filing Receipt Correction. Please provide a copyofthis 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 processesthe 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, Nu;
David L. Porter, Springfield, PA;
Michael D. Kalos, Philadelphila, PA;
Michael C. Milone, Cherry Hill, Nu;

Applicant(s)
The Trustees of the University of Pennsylvania, Philadelphia, PA;

Powerof 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
whichis a 371 of PCT/US2011/064191 12/09/2011

whichclaims 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 beeligible to benefit from the Patent Prosecution
Highway program at the USPTO.Please see http:/Avww.uspto.gov for more information.) - None.
Foreign application information must be provided in an Application Data Sheetin 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 numberof your priority application, to be usedfor 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 Methodsfor Treatment of Cancer

Preliminary Class

435

Statement under 37 CFR 1.55 or 1.78 for AIA (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 thefiling 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-membercountry. The PCT process simplifies the filing
of patent applications on the sameinvention in membercountries, but does notresult in a grantof "an international
patent" and doesnoteliminate the needof applicantsto 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 accordancewith 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 madein the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. Thefiling 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 asto the status of applicant's license for foreignfiling.

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 deadlinesforfiling foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, orit
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:/Awww.stopfakes.gov. Part of a Department of Commerceinitiative,
this website includes self-help "toolkits" giving innovators guidance on how to protectintellectual 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. Governmenthotline 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 issuedin all applications where
the conditions for issuance of a license have been met, regardless of whetheror not a license may be required as
set forth in 37 CFR 5.15. The scope andlimitations 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 indicatedis 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 licenseis to be retained by the licensee and maybe usedat any time onorafter 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 grantof a license doesnot in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Governmentcontract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselvesof 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" DOESNOTappearonthis form. Applicant maystill petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from thefiling date of the application. If 6 months has lapsed
from thefiling date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee mayforeignfile 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
businessinvestment, 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 andfacilitate business investment. SelectUSAprovides information assistance to the international investor
community; serves as an ombudsmanfor existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic developmentorganizations 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:/Awww.SelectUSA.govorcall
+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

BASIC FEE
(37 CFR 1.16(a), (b), or (c))
SEARCH FEE

EXAMINATION en
TOTAL CLAS aNOCEENOENT CLAIMS

If the specification and drawings exceed 100
APPLICATION SIZE_|sheets of paper, the application size fee dueis
FEE $310 ($155 for small entity) for each additional
(37 CFR 1.16(s)) 50 sheetsorfraction 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))

* If the difference in column1 is less than zero, enter "0" in column 2. TOTAL

APPLICATION AS AMENDED- PARTII

OTHER THAN

(Column 1) (Column 2) (Column 3) SMALL ENTITY SMALL ENTITY
CLAIMS HIGHEST

REMAINING NUMBER ADDITIONAL ADDITIONAL
AFTER PREVIOUSLY FEE($)

AMENDMENT PAID FOR
Total

(37 CFR 1.16(i))

Independent(37 CFR 1.16(h))

Application Size Fee (37 CFR 1.16(s))
AMENDMENTA

FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 CFR 1.16(j))

(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST

REMAINING NUMBER ADDITIONAL
AFTER PREVIOUSLY FEE($)

AMENDMENT PAID FOR
Total

(37 CFR 1.16(i))
Independent

(37 CFR 1.16(h))

Application Size Fee (37 CFR 1.16(s))
AMENDMENTB

FIRST PRESENTATION OF MULTIPLE DEPENDENTCLAIM (37 CFR 1.16(j))

* |f the entry in column 1 is less than the entry in column 2, write "0" in column 3.
* If the "Highest Number Previously Paid For” IN THIS SPACEis less than 20, enter "20".

** If the "Highest Number Previously Paid For” IN THIS SPACEis 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 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. CONFIRMATIONNO.

14/997,136 01/15/2016 Carl H. June 046483-6001US13(01088) 4164

Saul Ewing LLP(Philadelphia)Saul Ewing LLP (Philadelphia)
Attn: Patent Docket Clerk BURKHART, MICHAEL D

Centre Square West
1500 Market Street, 38th Floor PAPER NUMBER

Philadelphia, PA 19102-2186 mn

NOTIFICATION DATE DELIVERY MODE

04/21/2016 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.

The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

patents @saul.com
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Application No. Applicant(s)  
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 

 
 
 

 
 
 
 
 
 

 
 
 

 14/997,136 JUNE ET AL.

Office Action Summary Examiner Art Unit AIA (First Inventorto File)
Michael Burkhart 1633 Na 

-- The MAILING DATEof this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLYIS SET TO EXPIRE 3 MONTHS FROM THE MAILING DATE OF

THIS COMMUNICATION.Extensions of time may be available underthe 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).

Anyreply received by the Office later than three months after the mailing date of this communication, evenif timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)L] Responsive to communication(s) filed on
LJ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/werefiledon__

2a)L] This action is FINAL. 2b) This action is non-final.
3)L] Anelection was madebythe applicant in responsetoarestriction requirementset forth during the interview on

; the restriction requirement and election have been incorporatedinto this action.

4)[] Since this application is in condition for allowance exceptfor 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)KX] Claim(s) 90-119 is/are pending in the application.
5a) Of the above claim(s) is/are withdrawn from consideration.

6)L] Claim(s)____is/are allowed.
7) Claim(s) 90-119 is/are rejected.
8)L] Claim(s)____is/are objectedto.
9)L] Claim(s) are subject to restriction and/or election requirement.

* If any claims have been determined allowable, you may beeligible to benefit from the Patent Prosecution Highway program at a

 

 

 

participating intellectual property office for the corresponding application. For more information, please see

isp or send an inquiry to PPHieedback@uspte. doy. 

Application Papers

10)L] The specification is objected to by the Examiner.
11)L] The drawing(s)filed on is/are: a)L_] accepted or b)L_] 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)[] Acknowledgmentis made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)L] All b)[-] Some** c)L] Noneofthe:
1..] Certified copies of the priority documents have been received.
2.L] Certified copies of the priority documents have beenreceived in Application No.
3.L] Copies of the certified copies of the priority documents have been receivedin this National Stage

application from the International Bureau (PCT Rule 17.2(a)).

““ See the attached detailed Office action fora list of the certified copies not received.

 
Attachment(s)

1) CT] Notice of References Cited (PTO-892) 3) CT] Interview Summary (PTO-413)
: . Paper No(s)/Mail Date.

2) xX] Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 oO Other:
Paper No(s)/Mail Date 1/15/16:2/29/16. ther Penn Ex. 2047
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Application/Control Number: 14/997,136 Page 2

Art Unit: 1633

DETAILED ACTION

The present application is being examined underthe pre-AIAfirst 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:

Thelater-filed application must be an application for a patent for an invention whichis

also disclosed in the prior application (the parent or original nonprovisional application or

provisional application). The disclosure of the invention in the parent application andin 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 claimsof this application. The

‘649 and '470 applications do not disclose any of the SEQ ID NOsrecited in the claims. Thefirst

disclosure of such SEQ ID NOswas in PCT/US11/64191, thus, the benefit of priority for the

claimsis given to the filing date of the application, 12/9/2011.

UPenn Ex. 2047

Miltenyi v. UPenn
IPR2022-00855

Page 326



UPenn Ex. 2047 
Miltenyi v. UPenn 

IPR2022-00855 
Page 327

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.—Thespecification shall conclude with one or more claimsparticularly 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 claimsparticularly 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 oneapplication. 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.

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 “whoeverinvents 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 drawnto identical subject matter. See Millerv.

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 claimsthat are directed to the same invention so they are no longer

coextensive in scope. Thefiling 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 notin fact been patented. The cells claimed in both

applications have the samestructural limitations, and the cells claimed in the ‘042 application are

clearly directed to a “pharmaceutical composition.” See, e.g. claims 114-116 of the ‘042

application, and the specification.

The nonstatutory double patenting rejection is based on a judicially created doctrine

groundedin 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 claimsat 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 obviousover, the reference claim(s). See, e.g., Jn 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 overcomean 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 asaresult 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 underthefirst inventor to

file provisions of the AIA. A terminal disclaimer must be signed in compliance with 37 CFR

1.321(b).

The USPTOInternet website contains terminal disclaimer forms which maybe 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 maybefilled 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-Ljsp.
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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 claimsat 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. 8,906,682. Although the claimsat 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 claimsat issue are not

identical, they are not patentably distinct from each other becausethe 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 claimsat issue are not

identical, they are not patentably distinct from each other becausethe 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 claimedin 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 claimsat 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 claimsat 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 claimsat issue are not identical, they are not patentably distinct

from each other becausethe 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 notin 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 claimsat 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 notin 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 claimsat 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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Art Unit: 1633

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 notin fact been patented.

Conclusion

Noclaim is allowed.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Michael Burkhart whose telephone numberis (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 numberfor 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
maybe 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 866-217-9197 (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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