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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent of: Pablo Umafa et al. Attorney Docket No: 146392023400

Patent No.: 6,602,684 Assignee: Roche Glycart AG

Issued: August 5, 2003
Unit: Office of Patent Legal

Administration
Application No: 09/294,584
For: GLYCOSYLATION ENGINEERING OF
ANTIBODIES FOR IMPROVING ANTIBODY-
DEPENDENT CELLULAR CYTOTOXICITY — RECEIVED
Application for § 156 Patent Term Extension DEC 17 2013
PATENT EXTENSION
OPLA

Mail Stop Hatch-Waxman PTE
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

APPLICATION FOR EXTENSION OF PATENT TERM UNDER 35 U.S.C. § 156

Dear Madam:

Applicant, Genentech, Inc., hereby submits this application for extension of the term of
United States Letters Patent No. 6,602,684 (the 684 Patent) under 35 U.S.C. § 156 by providing
the following information in accordance with the requirements specified in 37 C.F.R. § 1.740.

A statement executed by authorized representatives of owner, Roche Glycart AG,
attesting that exclusive licensee, Genentech, Inc., is authorized to act as agent for Roche Glycart
AG in the submission of a patent term extension application under 35 U.S.C. § 156 for the *684
Patent is included as Attachment A.

pa-1619270
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Patent No.: 6,602,684 Docket No.: 146392023400
Client Ref. No.: 23437-US|1

Applicant represents that Roche Glycart AG is the assignee of the entire right, title and
interest in and to United States Letters Patent No. 6,602,684 granted to Pablo Umaiia, Joél Jean-
Mairet, and James E. Bailey (Pablo Umaiia et al.), by virtue of the law of Switzerland or an
assignment of such patent from Pablo Umatia et al. to GlycArt Biotechnology GmbH, recorded
February 9, 2001, at Reel 011528, Frame 0431, by virtue of company name/entity change to
GlycArt Biotechnology AG, recorded May 14, 2003, at Reel 014065, Frame 0729, by virtue of
an assignment from Pablo Umaiia et al. to GlycArt Biotechnology AG, recorded April 19, 2004,
at Reel 015232, Frame 0164, and by virtue of company name change to Roche Glycart AG,
recorded September 09, 2011, at Reel 026883, Frame 0831.

1. Identification of the Approved Product [§ 1.740(a)(1)]

The name of the approved product is GAZYVAT™. The name of the active ingredient of
GAZYVA™ jg obinutuzumab. Obinutuzumab has also been referred to as GA101. See Klein et
al., mAbs, 2013, 5(1):22-33, abstract, provided as Attachment J. Applicant uses the
nomenclature obinutuzumab, which is the same nomenclature used in the product label for
GAZYVA™., Obinutuzumab is a type II, glycoengineered, humanized anti-CD20 cytolytic
antibody. See Description section (page 12, section 11) and Highlights of Prescribing
Information (page 1) of Obinutuzumab Product Label, provided as Attachment B and Klem et
al., at page 29, right-hand-column, second full paragraph (Attachment J).

2. Federal Statute Governing Regulatory Approval of the Approved Product
[§ 1.740(2)(2)]

The approved product was subject to regulatory review under, inter alia, the Public
Health Service Act (42 U.S.C. § 201 et seq. ) and the Federal Food, Drug and Cosmetic Act (21
U.S.C. § 355 et seq.).

3. Date of Approval for Commercial Marketing [§ 1.740(a)(3)]

GAZYVA™ was approved for commercial marketing or use under § 351 of the Public
Health Service Act on November 1, 2013. See Obinutuzumab BLA Approval Letter, provided as
Attachment C.

4. Identification of Active Ingredient and Certifications Related to Commercial
Marketing of Approved Product [§ 1.740(a)(4)]

(a) The name of the active ingredient of GAZYVA™ is obinutuzumab.
Obinutuzumab is a type II, glycoengineered, humanized anti-CD20 cytolytic
antibody. See Description section (page 12, section 11) and Highlights of
Prescribing Information (page 1) of Obinutuzumab Product Label, provided as

' The assignment recorded at the noted location in the Office’s records was originally recorded
on August 18, 2003, at Reel 014405, Frame 0440. A duplicate copy was recorded at the
noted date and location to correct the name of one of the Assignors in the Office’s records.

pa-1619270
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Patent No.: 6,602,684 Docket No.: 146392023400
. Client Ref. No.: 23437-US1

Attachment B and Klein ef al., at page 29, right-hand column, second full
paragraph (Attachment J).

(b) Applicant certifies that obinutuzumab had not been approved for commercial
marketing or use under the Federal Food, Drug and Cosmetic Act, the Public
Health Service Act or the Virus-Serum-Toxin Act prior to the approval granted on
November 1, 2013, to the present Applicant.:2

(©) Obinutuzumab has been approved, in combination with chlorambucil, for the
treatment of patients with previously untreated chronic lymphocytic leukemia
(CLL). See Indications and Usage section (page 2, section 1) of Obmutuzumab
Product Label, provided as Attachment B.

(d) Obinutuzumab was approved for commercial marketing pursuant to § 351 of the
Public Health Service Act (42 U.S.C. § 262) under Genentech, Inc.’s existing
Department of Health and Human Services (DHHS) U.S. License No. 1048. See
Obinutuzumab BLA Approval Letter, provided as Attachment C.

S. Statement Regarding Timeliness of Submission of Patent Term Extension Request

(§ 1.740(2)(5)]

Applicant certifies that this application for patent term extension is being timely
submitted within the sixty (60) day period permitted for submission specified in 35 U.S.C.
§ 156(d)(1) and 37 C.F.R. § 1.720(f). The last date on which this apphcatlon can be submitted is
December 30, 2013.

6. Complete Identification of the Patent for Which Extension Is Being Sought
[§ 1.740(a)(6)]

The complete identification of the patent for which an extension is being sought is as

follows:
(a) Némes of the inventors: Pablo Umatia, Joél Jean-Mairet, and James E.
Bailey
(b)  Patent Number: 6,602',684 (“the 684 Patent”)
© Date of Issue: August 5, 2003 '

@ Date of Expiration: April 20, 2019

2 The permission for the commercial marketing or use of obinutuzumab granted on November 1,
2013, to the present Applicant is also believed to be the first permitted commercial marketing
or use of a product manufactured under the process claimed in the ‘684 patent.

3
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Patent No.: 6,602,684 Docket No.: 146392023400
Client Ref. No.: 23437-US|1

7. Copy of the Patent for Which an Extension Is Being Sought [§ 1.740(a)(7)]
A copy of the *684 Patent is provided as Attachment D to the present application.

8. Copies of Disclaimers, Certificates of Correction, Receipt of Maintenance Fee
Payment, or Reexamination Certificate [§ 1.740(a)(8)]

(a) The 684 Patent is not subject to a Terminal Disclaimer.
(b)  No Certificate of Correction has issued with respect to the *684 Patent.

© The *684 Patent issued on August 5, 2003. The first and second maintenance fees
were paid on December 18, 2006 and December 28, 2010, respectively; the
window for paying the third maintenance fee opens August 5, 2014. See
Attachment E. Thus, no maintenance fee is currently due for the 684 Patent.

(d) The ’684 Patent has not been the subject of a reexamination proceeding and, thus,
‘no re-examination certificate has been issued.

9. Statement Regarding Patent Claims Relative to Approiled Product [§ 1.740(a)(9)]

The statements below are made solely to comply with the requirements of 37 C.F.R.
$ 1.740(a)(9). Applicant notes that, as the M.P.E.P. acknowledges, § 1.740(a)(9) does not
require an applicant to show whether or how the listed claims would be infringed, and that this
question cannot be answered without specific knowledge concerning acts performed by third
parties. As such, these comments are not an assertion or an admission of Applicant as to the
scope of the listed claims, or whether or how any of the listed claims would be infringed, literally
or under the doctrine of equivalents, by the manufacture, use, sale, offer for sale or the
importation of any product.

" (a) At least claims 1, 2, 3,3 5,6,7, 8, and 9 claim the active ingredient in the
approved product or the approved product or a method that may be used to
manufacture or use that ingredient or product.

(b Pursuant to M.P.E.P. § 2753 and 37 C.F.R. § 1.740(a)(9), the following.
~ explanation is provided which shows how at least one of the above-listed claims
of the *684 Patent claims a method of manufacturing the approved product.

(1) Description of the approved product

The name of the approved product is GAZYVAT™. The name of the active
ingredient of GAZYVAT™ is obinutuzumab. Obinutuzumab is a type II,
glycoengineered, humanized anti-CD20 cytolytic antibody. See Description

3 The approved product produced by the claimed method includes a mixture of obinutuzumab

and fragments thereof.
4
pa-1619270
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Patent No.: 6,602,684 Docket No.: 146392023400
Client Ref. No.: 23437-US1

section (page 12, section 11) and Highlights of Prescribing Information (page 1)
of Obinutuzumab Product Label, provided as Attachment B and Klein ef al., at
page 29, right-hand column, second full paragraph (Attachment J).

(2) Explanation regarding claim 1 of the ‘684 Patent relative to
obinutuzumab ‘

Claim 1 of the ’684 Patent reads:

A method for producing a polypeptide having increased Fc-mediated cellular
cytotoxicity in a host cell, comprising:

(a) culturing a host cell engineered to express at least one nucleic acid encoding
B(1,4) - N - acetylglucosaminyltransferase III (GnT III) under conditions which
permit the production of a polypeptide selected from the group consisting of a
whole antibody molecule, an antibody fragment, and a fusion protein that includes
the Fc region of an immunoglobulin, wherein said GnT III is expressed in an
amount sufficient to modify the oligosaccharides in the Fc region of said
polypeptide produced by said host cell and wherein said polypeptide has
increased Fc-mediated cellular cytotoxicity as a result of said modification; and

~

(b) isolating said polypeptide having increased Fc-mediated cellular cytotoxicity.

Obinutuzumab is a humanized monoclonal antibody.(which is a polypeptide)
based on a human IgG;(x) framework. See Obinutuzumab BLA, Section 3.2.S.1.2
Structure, provided as Attachment I. Thus, obinutuzumab is a polypeptide
selected from the group consisting of a whole antibody molecule, an antibody
fragment, and a fusion protein that includes the Fc region of an immunoglobulin.

Obinutuzumab is produced in CHO cells in suspension culture. See Description
section (page 12, section 11) and Highlights of Prescribing Information (page 1)
of Obinutuzumab Product Label, provided as Attachment B; Mdssner et al.,
Blood, 2010, 115:4393-4402, provided as Attachment K, at page 4396, right-hand
column, second full paragraph. The CHO cells are engineered to overexpress f3-
1,4-N-acetyl-glucosaminyltransferase III (GnT III) by co-transfecting the cells
with the gene (a nucleic acid) encoding GnT III. See Mossner et al., provided as
Attachment K, at page 4394, left-hand column, third paragraph and page 4396,
right-hand column, second full paragraph; Obinutuzumab BLA, Section 3.2.S.2.3
Source, History, and Generation, provided as Attachment L. Obinutuzumab
produced by these engineered CHO host cells is harvested, filtered, and purified.
See Mossner et al., provided as Attachment K, at page 4394, left-hand column,
third paragraph; Obinutuzumab BLA, Section 3.2.S.2.2 Cell Culture and Harvest,
provided as Attachment M. Thus, obinutuzumab is produced by (a) culturing a
host cell engineered to express at least one nucleic acid encoding B-(1,4)-N-
acetylglucosaminyltransferase III (GnT III) under conditions which permit the

5
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Patent No.: 6,602,684 Docket No.: 146392023400
Client Ref. No.: 23437-US1

production of the polypeptide (obinutuzumab) and (b) isolating the polypeptide
(obinutuzumab).

Overexpression of the GnT III and Golgi a-mannosidase II (Man-II) in the CHO
 cells producing obinutuzumab leads to accumulation of antibody glycoforms
containing bisected, nonfucosylated oligosaccharides attached to an asparagine® in
the Fc region. See Mossner et al., provided as Attachment K, at page 4396, right-
hand column, second full paragraph (citing Ferrara et al., J. Biol. Chem., 2006,
281(8):5032-5036, provided as Attachment N). GnT III overexpression alone
causes the modification of oligosaccharides in the Fc regions of antibodies. See
Ferarra et al., J. Biol. Chem., provided as Attachment N, at page 5033, right-hand
column, through page 5034, left-hand column, and Figure 1; Ferarra e al.,
Biotechnology and Bioengineering, 2006, 93(5):851-61, provided as Attachment
O, abstract and page 854, left-hand column, third paragraph. Thus, obinutuzumab
is produced in a host cell engineered to express GnT III in an amount sufficient to
modify the oligosaccharides in the Fc region of the polypeptide (obinutuzumab).

The addition to obinutuzumab of a bisecting N-acetylglucosamine (bGlcNAc) (an
oligosaccharide (see Ferarra et al., J. Biol. Chem., provided as Attachment N, at
page 5033, Figure 1)) by GnT III overexpression leads to enhanced antibody
dependent cellular cytotoxicity (ADCC) bioactivity. See Obinutuzumab BLA,
Section 3.4.2, provided as Attachment P; Mdssner ef al., (Attachment K), af page
4393, right-hand column, first paragraph. ADCC is Fc-mediated. See Mossner et
al., (Attachment K), af page 4393, right-hand column, first paragraph. Thus,
obinutuzumab has increased Fc-mediated cellular cytotoxicity as a result of the
modification of the oligosaccharides in the Fc region.

Thus, the limitations of claim 1 are met.

* The cited reference refers to this asparagine residue as asparagine (N) 297. This same residue in
obinutuzumab is sometimes referred to as Asn (asparagine) 299. The difference in
numbering reflects different numbering conventions (Kabat vs. sequential numbering) See
Nagelkerken et al., J Immunol, 2004; 173:993-999 (provided as Attachment Q, at page 994,
left-hand column, second full paragraph, noting “Kabat nomenclature” (sometimes referred
to as the EU numbering system) is being used to number asparagine residue N297,
referencing, Kabat, E.A., et al. (1991) Sequences of Proteins of Immunological Interest, 3rd
Ed., Vol. 1, National Institutes of Health.

pa-1619270
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Patent No.: 6,602,684 : Docket No.: 146392023400
Client Ref. No.: 23437-US1

10.  Relevant Dates Under 35 U.S.C. § 156 for Determination of Applicable Regulatory
Review Period [§ 1.740(a)(10)]

(a) Patent Issue Date
The ’684 Patent was issued on August 5, 2003.
(b)  IND Effective Date [35 U.S.C. § 156(g)(1)(B)(i); 37 C.F.R. § 1.740(a)(10)(i)(4)]

The date that an exemption under § 505(i) of the Federal Food, Drug and
Cosmetic Act became effective (i.e., the date that an investigational new drug
application (“IND”’) became effective) for obinutuzumab was March 11, 2009.°
The IND was assigned number 104405. A copy of the letter from FDA
acknowledging receipt of the IND and reflecting the IND number and a February
9, 2009 receipt date is attached as Attachment H.

(c)  BLA Submission Date [35 U.S.C. § 156(g)(1)(B)(i); 37 C.F.R.
$1.740(@)(10)(i)(B)]

The BLA was submitted by Genentech, Inc., to FDA on April 19, 2013; however,

FDA listed April 22, 2013 as the Date of Application (see BLA Acknowledgment

Letter provided in Attachment F). April 22, 2013 is used herein as the BLA

Submission Date. The BLA was assigned number 125486. A copy of the letter

from FDA acknowledging receipt of the BLA and reflecting the BLA Application
‘Date is provided in Attachment F.

(d)  BLA Issue Date [35 US.C. § 156(g)(1)(B)(ii); 37 C.F.R. § 1.740(@)(10)(i)(C)]

FDA approved BLA 125486, authorizing the marketing of obinutuzumab, on
November 1, 2013. Obinutuzumab was approved under Department of Health
and Human Services (DHHS) U.S. License No. 1048. A copy of the
Obinutuzumab BLA Approval Letter from FDA is provided as Attachment C.

S21CFR.§3 12.40(b)(1). The IND was submitted to FDA on February 6, 2009 and was
received by FDA on February 9, 2009. See Attachment H. The IND became effective on
March 11, 2009, 30 days after receipt of the %ND by FDA.

pa-1619270
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Patent No.: 6,602,684 : Docket Np 146392023400

11. Summary of Significant Events During Regulatory Rewew Perlod |§ 1;740(a)(1 1)]

Pursuant to 37 C.F.R. § 1.740(a)(11), the following provldes a. brlef descrlptlon of the act1v1tles
of Genentech, Inc., before FDA in relation to the regulatory review of obinutuzumab. The brief
description lists signiﬁcant events that occurred during the regulatory review period for the
approved product. In several instances, communications to or from FDA are referenced.
Pursuant to 37 C.F.R. § 1.740(a)(11), 21 C.F.R. § 60.20(a), and M.P.E.P. § 2753, copies of all
such communications are not provided in this application, but can be obtained from records
maintained by FDA.

- On February 6, 2009, Genentech, Inc., submitted to FDA an Investigational New
Drug (IND) application for anti-CD20 humanized monoclonal antibody GA101
(obinutuzumab). FDA assigned the IND application number 104405. On March
11, 2009, FDA informed Genentech that BB-IND 104405 is approved and-clinical
trials may proceed. This IND included protocol BO21003 Version C.

- On July 7, 2009, Genentech, Inc., and FDA participated in a Type B- End of
Phase II Meeting to discuss protocol BO21004/CLL11.

- On September 23, 2009, Genentech, Inc., submitted new protocol
B021004/CLL11, which formed the basis of approval for obinutuzumab in CLL.

- On November 3, 2009, Genentech, Inc., and FDA participated in a Type B End of
Phase II Teleconference to discuss protocol GAO4753g.

- - On September 17, 2010, Genentech, Inc., submitted new protocol GAO4779g.

- On November 15, 2010, Genentech, Inc., and FDA participated in a Type B
Teleconference to discuss Protocols BO21005 and BO21223.

- On January 20, 2011, Genentech, Inc., submitted new protocol BO21005. .

- On January 27, 2011, Genentech, Inc., submitted new protocol BO21223.

- On February 25, 2011, Genentech, Inc., submitted new protocol GAO4915g.
- On April 18, 2011, Genentech, Inc., submitted new protocol GAO4768g.

- On June 8, 2012, Genentech, Inc., and FDA participated in a Type C Meeting to
discuss the acceptability of the proposed Statistical Analysis Plan for Protocol
B021004.

- On February 22, 2013, Genentech, Inc., and FDA participated in a Type B Pre-
BLA meeting.

- On April 19, 2013, Genentech, Inc., submitted a BLA for obinutuzumab in
combination with chlorambucil for the treatment of patients with previously

8
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Patent No.: 6,602,684 ' " Dockét No.: 146395073400
Client Ref. No.: 23437-US1

untreated chronic lymphocytic leukemia (CLL), which was given an April 22,
2013 Application Date by FDA. See Attachment F.

- On April 25, 2013, Genentech, Inc., submitted expanded access protocol
ML28979.

- OnMay 2, 2013, FDA acknowledged receipt of the BLA for obinutuzumab via a
communication mailed to Genentech, Inc. The letter indicated that FDA had
assigned the Submission Tracking Number (STN) of BLA 125486/0 to the BLA.
See Attachment F.

- On October 15, 2013, Genentech, Inc., and FDA participated in a Type B Pre-
sBLA Meeting.

- On November 1, 2013, FDA approved BLA 125486/0, issuing marketing
authorization for obinutuzumab. See Attachment C.

pa-1619270
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Patent No.: 6,602,684 " Docket No.+ 146393023400
Client Ref. No.: 23437-US1

12.  Statement Concerning Eligibility for and Duration of Extension Sought Under 35
U.S.C. § 156 [37 C.F.R. § 1.740(a)(12)]

(a) In the opinion of the Applicant, the 684 Patent is eligible for an extension under
§ 156 because:

(i) one or more claims of the 684 Patent claim the approved product or a
method of manufacturing or using the approved product (35 U.S.C. §
156(a)); C

(ii)  the *684 Patent has not expired before submission of this application (35
U.S.C. § 156(a)(1));

(iii)  the term of the *684 Patent has not been previously extended on the basis
of § 156 (35 U.S.C. § 156(a)(2));

(iv)  the application for extension is submitted by an owner of record or an
agent authorized to act on behalf of the owner of record in accordance |
with the requirements of paragraphs (1) through (4) of 35 U.S.C. § 156(d)
and the rules of the Patent and Trademark Office (35 U.S.C. § 156(a)(3));

) the approved product, GAZYVATM, has been subject to a regulatory
review period before its commercial marketing or use (35 U.S.C. §
156(a)(4)); ‘

(vi)  the commercial marketing or use of the approved product, GAZYVAT™,
after the regulatory review period is the first permitted commercial
marketing or use of the product under the provisions under the Public
Health Service Act, Section 351, under which such regulatory review
occurred (35 U.S.C. § 156(a)(5)(A));

(vii)  no other patent has been extended pursuant to § 156 on the basis of the
regulatory review process associated with the approved product (35 U.S.C.

§ 156(c)(4));

(viii) the applicant for marketing approval exercised due diligence within the
meaning of § 156(d)(3) during the period of regulatory review;

(ix)  the present application is being submitted within the 60-day period
following the approval date of the approved product, pursuant to § 156(d);
and -

(x)  this application otherwise complies with all requirements of 35 U.S.C.
§ 156 and applicable rules and procedures. ’

10
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(b)

(©

pa-1619270

Client Ref. No.: 23437-US1

The period by which the term of the 684 Patent is requested by Applicant to be
extended is 946 days (35 U.S.C. § 156(c)).

The requested period of extension of term for the 684 Patent corresponds to the
regulatory review period that is eligible for extension pursuant to § 156, based on
the facts and circumstances of the regulatory review associated with the approved
product and the issuance of the 684 Patent. The period was determined as
follows.

)] ‘The relevant dates for calculating the regulatory review period, based on
the events discussed in the section above, are the following:

Exemption under FDCA § 505(1)

became effective March 11, 2009
Patent was granted ' August 5, 2003
Biologics License Application (BLA)

under PHSA § 351 was submitted April 22‘, 2013
BLA was approved November 1, 2013

(i)  The *684 Patent was granted prior to the start date of the period specified
in § 156(g)(1)(B)(i) (the period of 1504 days calculated from the date of
the grant of the exemption under § 505(i) of the FDCA (March 11, 2009)
until the date of submission of the BLA (April 22, 2013)). Pursuant to
§ 156(c), the calculated regulatory review period therefore includes a
component of time between the date of the grant of the exemption under
§ 505(i) of the FDCA (March 11, 2009) and the BLA submission date
(April 22, 2013) (1/2 of 1504 days or 752 days).

(iii)  The ’684 Patent was granted prior to the start of the period specified in
§§ 156(g)(1)(B)(i1) (the period from the date of submission of the BLA
until the date of BLA approval). The number of days which the applicant
did not act with due diligence is zero (0). The regulatory review period
under § 156(c) therefore includes a component of time between when the
BLA was submitted and when the BLA was approved (194 days).

(iv)  The period determined according to §§ 156(c) and (g)(1) for the approved
product is 946 days.

V) The *684 Patent will expire on April 20, 2019.

(vi)  The date of approval of the approved product is November 1, 2013.

11
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(vii)  The date that is fourteen years from the date of approval of the approved
product is November 1, 2027.

(viii) The date that is five years from the expiration date of the ‘684 Patent is
April 20, 2024.

(ix)  The date that is provided by adding the number of days determined
according to §§ 156(c) and (g)(1) for the approved product (946) to the
expiration date of the 684 Patent is November 21, 2021.

x) The date that is fourteen years from the date of approval of the approved
product (November 1, 2027) is later than the date that is provided by
adding the number of days determined according to §§ 156(c) and (g)(1)
for the approved product to the expiration date of the *684 Patent
(November 21, 2021). As such, the period by which the patent may be
extended is not limited by the fourteen-year rule of §156(c)(3).

(xi)  The date that is five years from the expiration date of the *684 Patent
(April 20, 2024) is later than the date that is provided by adding the
number of days determined according to §§ 156(c) and (g)(1) for the
approved product to the expiration date of the 684 Patent (November 21,
2021). As such, the period by which the patent may be extended is not
limited by the five-year rule of §156(g)(6)(a).

(xii) The *684 Patent issued after the effective date of Public Law No. 98-417.
As such, the two- or three-year limit of 35 U.S.C. § 156(g)(6)(C) does not

apply.
- 13.  Statement Pursuant to 37 C.F.R. § 1.740(a)(13)

Pursuant to 37 C.F.R. § 1.740(a)(13), Applicant acknowledges its duty to disclose to the
Director of the PTO and to the Secretary of Health and Human Services any information which
is material to the determination of entitlement to the extension sought, particularly as that duty is
defined in 37 C.F.R. § 1.765. '

14.  Applicable Fee [§ 1.740(a)(14)]

Payment of the fee prescribed in 37 C.F.R. § 1.20(j) for a patent term extension
application under 35 U.S.C. § 156 is authorized to be charged against deposit account no. 03-
1952 referencing docket number 146392023400. The undersigned also authorizes any additional
required fees to be deducted from, or any overpayments to be credited to, deposit account no. 03-
1952.

12
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Patent No.: 6,602,684 ’ Docket No.: 146392023400
. Client Ref. No.: 23437-US1

15.  Name and Address for Correspondence [§ 1.740(a)(15)]

Please direct all inquiries, questions, and communications regarding this application for
term extension to; ,

Catherine M. Polizzi

Registration No.: 40,130
MORRISON & FOERSTER LLP
755 Page Mill Road

Palo Alto, California 94304-1018
Phone: 650/813-5651

Facsimile: 650/494-0792

The correspondence address for U.S. Patent No. 6,602,684 is unchanged for all other purposes.
Powers of Attorney granted to the Practitioners associated with Customer Number 25226 by
Genentech, Inc. (see Attachment G) and Roche Glycart AG (see Attachment A), for purposes of
submission of this application for term extension are provided.

13
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Patent No.: 6,602,684 Docket No.: 146392023400
Client Ref. No.: 23437-US1

Two additional copies of this application are enclosed, in compliance with 37 C.F.R.
§ 1.740(b). Applicant also provides herewith two further copies of the application for the
convenience of the Office, pursuant to M.P.E.P. § 2753.

Sincerely,

By: &M M/ géc:‘

Catherine M. Polizzi

Registration No.: 40,130
MORRISON & FOERSTER LLP
755 Page Mill Road

Palo Alto, California 94304-1018
Phone: 650/813-5651

Facsimile: 650/494-0792

Dated: December 17,2013

14
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Patent No.: 6,602,684

INDEX OF ATTACHMENTS

Atfachment A: Statement by Roche Glycart AG authorizing'Genentech, Inc., to act as agent
for Roche Glycart AG in the submission of a patent term extension application
under 35 U.S.C. § 156 for the *684 Patent and conferring Power of Attorney to
practitioners for this purpose

- Attachment B: OBinutuzumab Product Label

Attachment C:  Obinutuzumab Biologics License Application (BLA) Approval

Attachment D:  U.S. Patent No. 6,602,684

Attachment E:  Evidence of Maintenance Fee Schedule for U.S. Patent No. 6,602,684

Attachment F:  Letter from FDA to Genentech, Inc., acknowledging receipt of BLA

Attachment G:  Power of Attorney from Genentech, Inc., to Practitioners

Attachment H:  Letter from FDA to Genentech, Inc., acknowledging receipt of IND

AttachmentI:  Obinutuzumab BLA, Section 3.2.S. 12 Structure, redacted

Attachment J:  Klein et al., mAbs, 2013, 5(1):22-33

Attachment K:  Méssner et al., Blood, 2010, 115:4393-4402

Attachment ..  Obinutuzumab BLA, Section 3.2.S.2.3 Source, History, and Generation,
redacted '

‘ Attachment M: Obinutuzumab BLA, Section 3.2.S.2.2 Cell Culture and Harvest, redacted

Attachment N:  Ferrara et al., J. Biol. Chem., 2006, 281(8):5032-5036

Attachment O:  Ferarra et al., Biotechnology and Bioengineering, 2006, 93(5):851-61

Attachment P:  Obinutuzumab BLA, Section 3.4.2, redacted

Aﬁachment Q: Nagelkerken et al., J Immunol, 2004, 173:993-999
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Docket No.: 146392023400
Client Ref. No.: 23437-US|

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent of: Umafia ef . . Attorney Docket No: 146392023400
Patent No.: 6,602,684 Assignee: Roche Glycart AG
Issued: August 5, 2003 Unit: Office of Patent Legal

Administration

Application No: 09/294,584

For: GLYCOSYLATION ENGINEERING OF
ANTIBODIES FOR IMPROVING ANTIBODY-
DEPENDENT CELLULAR CYTOTOXICITY-
Application for § 156 Patent Term Extension

Mail Stop Hatch-Waxman PTE
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

AUTHORIZATION AND POWER OF ATTORNEY TO FILE APPLICATION FOR
EXTENSION OF PATENT TERM UNDER 35 U.S.C. § 156

As authorized representatives of Roche Glycart AG, owner of the entire right, title and interest in
U.S. Patent No. 6,602,684 (“the '684 Patent”), we hereby authorize Genentech, Inc., exclusive
~licensee of the '684 Patent, to act as agent for Roche Glycart AG in the submission of a patent
term extension application under 35 U.S.C. § 156 for the *684 Patent. We understand that
counsel for Genentech, Inc., Morrison & Foerster LLP, will file and prosecute this patent term
extension application and hereby grant Morrison & Foerster LLP any authorization from Roche
Glycart AG necessary for Morrison & Foerster LLP to act in this capacity. In this regard,
practitioners associated with Customer Number 25226 are appointed to file and prosecute the
patent term extension application for the 684 Patent and to transact all business in the United
States Patent and Trademark Office connected with this patent term extension
application. Please direct all correspondence regarding this application for patent term extension

1
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Docket No.: 146392023400
Client Ref. No.: 23437-US|1

to Morrison & Foerster LLP, 755 Page Mill Road, Palo Alto, CA 94304-1018. The

correspondence address for the *684 Patent is unchanged for all other purposes.

13 DEC 2013

Date
Respectfnlly subm@id
By: [,[ . (& &J

Name: Hubert Witte

Title: Duly Authorized Signatory

Phone: +41 (0) 61 688 51 08;

" A
By:

Name: Antonio Natoli

_ Title: Duly Authorized Signatory

Phone: +41 (0) 61 687 03 89
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HIGHLIGHTS OF PRESCRIBING INFORMATION

These highlights do not include all the information needed to use
GAZYVA safely and effectively. See full prescribing information for
GAZYVA,

GAZYVA (obinutuzumab)
Injection, for intravenous infusion
Initial U.S. Approval: 2013

WARNING: HEPATITIS B VIRUS REACTIVATION AND
PROGRESSIVE MULTIFOCAL LEUKOENCEPHALOPATHY
See full prescribing information for complete boxed warning.

* Hepatitis B Virus (HBV) reactivation, in some cases resulting in
fulminant hepatitis, hepatic failure, and death. (5.1)

* Progressive Multifocal Leukoencephalopathy (PML) resulting in death.
(5.2)

e e INDICATIONS AND USAGE—~-—-—emmre e ee.
GAZYVA (obinutuzumab) is a CD20-directed cytolytic antibody and is
indicated, in combination with chlorambucil, for the treatment of patients with
previously untreated chronic lymphocytic leukemia. (1, 14)

------------- -—-DOSAGE AND ADMINISTRATION —-eemmemeeeeeeeen
« Premedicate with glucocorticoid, acetaminophen and anti-histamine. (2.2)
e Dilute and administer as intravenous infusion. Do not administer as an
intravenous push or bolus. (2.1)

¢ Recommended dose for 6 cycles (28 day cycles):
= e 100 mgonday 1 Cycle 1

* 900 mg onday 2 Cycle |

s 1000 mg on day 8 and 15 of Cycle 1

e 1000 mgonday I of Cycles 2-6 (2.1)

et DOSAGE FORMS AND STRENGTHS---—-——eeeememee
¢ 1000 mg/40mL (25 mg/mL) single use vial. (3)

cmeemmeeeceeesmemsemmeeemees CONTRAINDICATIONS wmeememmeemecomeome oo e
None.

----------------- WARNINGS AND PRECAUTIONS —-ccommmeeeeeeneee

« Infusion reactions: Premedicate patients with  glucocorticoid,
acetaminophen and anti-histamine.  Monitor patients closely during
infusions. Interrupt or discontinue infusion for reactions. (2.2, 5.3)

e Tumor Lysis Syndrome: Anticipate tumor lysis syndrome; premedicate
with anti-hyperuriceniics and adequate hydration especially for patients
with high tumor burden and/or high circulating lymphocyte count. Correct
electrolyte abnormalities, provide supportive care and monitor renal
function and fluid balance. (5.4)

« Neutropenia: Monitor for infection. (5.6)

* Thrombocytopenia: Monitor platelet counts and for bleeding. Management
of hemorrhage may require blood product support. (5.7)

» Immunization: Do not administer live virus vaccines prior to or during
GAZYVA. (5.8)

B et ST ADVERSE REACTIONS —--ecmeemmm e ee
The most common-adverse reactions (incidence >10%) were: infusion
reactions, neutropenia, thrombocytopenia, anemia, pyrexia, cough, and
musculoskeletal disorder. (6)

To report SUSPECTED ADVERSE REACTIONS, contact Genentech at
1-888-835-2555 or FDA at 1-800-FDA-1088 or www.fda.govimedwatch,

See 17 for PATIENT COUNSELING INFORMATION

Revised: 1172013

FULL PRESCRIBING INFORMATION: CONTENTS*
WARNING: HEPATITIS B VIRUS REACTIVATION AND
PROGRESSIVE MULTIFOCAL LEUKOENCEPHALOPATHY

I INDICATIONS AND USAGE
2 DOSAGE AND ADMINISTRATION
2.1 Recommended Dose Regimen
2.2 Recommended Premedication
2.3 Premedication for anti-microbial prophylaxis
2.4 Treatment Interruption for Toxicity
2.5 Preparation and Administration
DOSAGE FORMS AND STRENGTHS
CONTRAINDICATIONS
WARNINGS AND PRECAUTIONS
. 5.1 Hepatitis B Virus Reactivation
5.2 Progressive Multifocal Leukoencephalopathy
5.3 [Infusion reactions
5.4 Tumor Lysis Syndrome
5.5 Infections
5.6 Neutropenia
5.7 Thrombocytopenia
5.8 Immunization
6 ADVERSE REACTIONS
6.1 * Clinical Trial Experience
6.2 Immunogenicity
6.3 Additional Clinical Trial Experience

L7 )

DRUG INTERACTIONS
USE IN SPECIFIC POPULATIONS
8.1 Pregnancy
8.3 Nursing Mothers
8.4 Pediatric Use
8.5 Geriatric Use
86 Renal Impairment
8.7 Hepatic Impairment
10 OVERDOSAGE
11 DESCRIPTION
12 CLINICAL PHARMACOLOGY
12.1 Mechanism of Action
12.2 Pharmacodynamics
12.3 Pharmacokinetics :
13 NONCLINICAL TOXICOLOGY
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility
14 CLINICAL STUDIES
14.1 Chronic Lymphocytic Leukemia
16 HOW SUPPLIED/STORAGE AND HANDLING
16.1 How Supplied/Storage
17 PATIENT COUNSELING INFORMATION

@

*Sections or subsections omitted from the full prescribing information are not
listed
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FULL PRESCRIBING INFORMATION

WARNING: HEPATITIS B VIRUS REACTIVATION AND PROGRESSIVE
MULTIFOCAL LEUKOENCEPHALOPATHY

o Hepatitis B Virus (HBV) reactivation, in some cases resulting in fulminant hepatitis, hepatic
failure, and death, can occur in patients receiving CD20-directed cytolytic antibodies,
including GAZYVA. Screen all patients for HBV infection before treatment initiation.
Monitor HBV positive patients during and after treatment with GAZY VA. Discontinue
GAZY VA and concomitant medications in the event of HBV reactivation [see Warnings and
Precautions (5.1)].

» Progressive Multifocal Leukoencephalopathy (PML) including fatal PML, can occur in
patients receiving GAZY VA [see Warnings and Precautions (5.2)].

1 INDICATIONS AND USAGE
GAZYVA, in combination with chlorambucil, is indicated for the treatment of patients with
previously untreated chronic lymphocytic leukemia (CLL) /see Clinical Studies (14.1)].

2 DOSAGE AND ADMINISTRATION

2.1 Recommended Dosage Regimen
¢ Premedicate before each infusion [see Dosage and Administration (2.2)].

* Administer only as an intravenous infusion through a dedicated line [see Dosage and
Administration (2.5)].

* Do not administer as an intravenous push or bolus.
e Monitor blood counts at regular intervals.

* GAZYVA should only be administered by a healthcare professional with appropriate
medical support to manage severe infusion reactions that can be fatal if they occur
[see Warnings and Precautions (5.3)]

Recommended Dose:

Each dose of GAZY VA is 1000 mg, administered intravenously, with the exception of the first
infusions in cycle 1, which are administered on day 1 (100 mg) and day 2 (900 mg).

Reference ID: 3400019
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Table 1 Dose of GAZYVA to be administered during 6 treatment cycles each of 28
days duration

Day of treatment cycle Dose of Rate of infusion (in the absence of infusion

GAZYVA | reactions/ hypersensitivity during previous
infusions)

Administer at 25 mg/hr over 4 hours. Do not
increase the infusion rate.

Administer at 50 mg/hr. The rate of the

. (infusion can be escalated in increments of

Day 2 900mg |50 mg/hr every 30 minutes to a maximum rate

Cycle 1 of 400 mg/hr.

Day 1 100 mg

Day 8 1000 mg Infusions can be started at a rate of 100 mg/hr

and increased by 100 mg/hr increments every
- Day 15 1000 mg | 30 minutes to a maximum of 400 mg/hr.

Cycles2 -6 Day 1 1000 mg

If a planned dose of GAZYVA is missed, administer the missed dose as soon as possible and
adjust dosing schedule accordingly. If appropriate, patients who do not complete the Day 1
Cycle 1 dose may proceed to the Day 2 Cycle 1 dose.

If a patient experiences an infusion reaction of any grade during infusion, adjust the infusion as
follows [see Warnings and Precautions (5.3)]:

e Grade 4 (life threatening): Stop infusion immediately and permanently discontinue -
GAZY VA therapy. ,

e Grade 3 (severe). Interrupt infusion and manage symptoms. Upon resolution of
symptoms, consider restarting GAZY VA infusion at no more than half the previous rate
(the rate being used at the time that the infusion reaction occurred) and, if patient does
not experience any further infusion reaction symptoms, infusion rate escalation may
resume at the increments and intervals as appropriate for the treatment cycle dose.
Permanently discontinue treatment if patients experience a Grade 3 infusion related
symptom at re-challenge. ¢

e Grade 1-2 (mild to moderate): Reduce infusion rate or interrupt infusion and treat
symptoms. Upon resolution of symptoms, continue or resume infusion and, if patient
does not experience any further infusion reaction symptoms, infusion rate escalation may
resume at the increments and intervals as appropriate for the treatment cycle dose.

2.2 Recommended Premedication
Premedication is recommended to reduce the risk of infusion reactions as outlined in Table 2
[see Warnings and Precautions (5.3)].

Hypotension may occur during GAZYVA intravenous infusions. Consider withholding
antihypertensive treatments for 12 hours prior to and throughout each GAZY VA infusion and for
the first hour after administration [see Warnings and Precautions (5.3)].

For patients W|th high tumor burden and/or high circulating absolute lymphocyte counts (greater
than 25 x 10°/L), premedicate with anti- hyperuricemics (e.g., allopurinol) beginning 12-24 hours
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prior to start of therapy and ensure adequate hydration for prophylaxis of tumor lysis syndrome
[see Warnings and Precautions (5.4)].

Table 2 Premedication for GAZYVA Infusion to Reduce Infusion-Related Reactions
Day of Patients requirin i
Treatment > red € | Premedication Administration
Cycle premedication
’ Intravenous glucocorticoid: | Completed at least
20 mg dexamethasone or | I hour prior to
80 mg methylprednisolone ' | GAZY VA infusion.
Cycle 1:
Day 1 All patients gSO-thO_O mﬁ
- Day 2 ceaminophen At least 30 minutes
Anti- histamine before GAZYVA
(e.g., diphenhydramine infusion.
50 mg)
At least 30 minutes
All patients gsc(::-telx?noi?lglﬁen before GAZYVA
P infusion.
Egge(n;s(}v::;l ealn) Anti- histamine _ At least 30 minutes
Cycle 1: with the previous g%g., C;lphenhydram e ?:ff:lasrﬁ) l?AZYVA
Day 8, infusion mg )
Day 15
_¢. | Patients with a
gz;lis 2-6: Grade 3 IRR with
g:(fa u‘;{gﬁ'oolii Intravenous glucocorticoid: | Completed at least
with a lvmphocvte 20 mg dexamethasone or 1 hour priorto
count >?2/5 i ) qut 80 mg methylpredmsolone GAZY VA infusion.
prior to next
treatment

" Hydrocortisone is not recommended as it has not been effective in reducing the rate of infusion

reactions.

2.3 Premedication for anti-microbial prophylaxis
Patients with neutropenia are strongly recommended to receive antimicrobial prophylaxis
throughout the treatment period. Antiviral and antifungal prophylaxis should be considered.

2.4 Treatment Interruption for Toxicity

Consider treatment interruption, if patients experience an infection, Grade 3 or 4 cytopenia, or a
> Grade 2 non-hematologic toxicity.

2.5 Preparation and Administration

Preparation
Prepare the solution for infusion, using aseptic technique, as follows:
e Inspect visually for any particulate matter and discoloration prior to administration.
e Dilute into a 0.9% sodium chloride PVC or non-PVC polyolefin infusion bag. Do
not use other diluents such as dextrose (5%).
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e Preparation of solution for infusion on Day 1 (100 mg) and Day 2 (900 mg) of Cycle
1:

o Withdraw 40 mL of GAZY VA solution from the vial.

o Dilute 4 mL (100 mg) of GAZYVA into a 100 mL 0.9% sodium chloride
infusion bag for immediate administration.

o Dilute the remaining 36 mL (900 mg) into a 250 mL 0.9% sodium chloride
infusion bag at the same time for use on Day 2 and store at 2°C to 8°C (36°F
to 46°F) for up to 24 hours. After allowing the diluted bag to come to room
temperature, use immediately.

o Clearly label each infusion bag.

e Preparation of solution for infusion on Day 8 and 15 of Cycle 1 and Day 1 Cycles 2-
6:

o Withdraw 40 mL of GAZY VA solution from the vial.

o Dilute 40 mL (1000 mg) into a 250 mL 0.9% sodium chloride infusion bag.

e Mix diluted solution by gentle inversion. Do not shake or freeze.

e For microbiological stability, the diluted GAZY VA infusion solution should be used
immediately. Dilute under appropriate aseptic conditions. If not used immediately,
the solution may be stored in a refrigerator at 2°C to 8°C (36°F to 46°F) for up to 24
hours prior to use.

The product can be administered at a final concentration of 0.4 mg/mL to 4 mg/mL.

Administration

Administer as an intravenous infusion only.

Do not administer as an intravenous push or bolus. |

Do not mix GAZY VA with other drugs.

No incompatibilities between GAZYVA and polyvinylchloride (PVC) or non-PVC
polyolefin bags and administration sets have been observed: [see How Supplied/Storage
and Handling (16.1)].

3 DOSAGE FORMS AND STRENGTHS
1000 mg/40mL (25 mg/mL) single use vial.

4 CONTRAINDICATIONS
None.
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5 WARNINGS AND PRECAUTIONS

5.1 Hepatitis B Virus Reactivation

Hepatitis B virus (HBV) reactivation, in some cases resulting in fulminant hepatitis, hepatic
failure and death, can occur in patients treated with anti-CD20 antibodies such as GAZY VA.
HBYV reactivation has been reported in patients who are hepatitis B surface antigen (HBsAg)
positive and also in patients who are HBsAg negative but are hepatitis B core antibody (anti-HBc)
positive. Reactivation has also occurred in patients who appear to have resolved hepatitis B
infection (i.e., HBsAg negative, anti-HBc positive, and hepatitis B surface antibody [anti-HBs]
positive).

HBYV reactivation is defined as an abrupt increase in HBV replication manifesting as a rapid
increase in serum HBV DNA level or detection of HBsAg in a person who was previously
HBsAg negative and anti-HBc positive. Réactivation of HBV replication is often followed by
hepatitis, i.e., increase in transaminase levels and, in severe cases, increase in bilirubin levels,
liver failure, and death.

Screen all patients for HBV infection by measuring HBsAg and anti-HBc before initiating
treatment with GAZYVA. For patients who show evidence of hepatitis B infection (HBsAg
positive [regardless of antibody status] or HBsAg negative but anti-HBc positive), consult
physicians with expertise in managing hepatitis B regardmg monitoring and consideration for
HBYV antiviral therapy.

Monitor patients with evidence of current or prior HBV infection for clinical and laboratory
signs of hepatitis or HBV reactivation during and for several months following treatment with
GAZYVA. HBV reactivation has been reported for other CD20-directed cytolytic antibodies
following completion of therapy.

In patients who develop reactivation of HBV while receiving GAZY VA, immediately
discontinue GAZY VA and any concomitant chemotherapy, and institute appropriate treatment.
Resumption of GAZY VA in patients . whose HBV reactivation resolves should be discussed with
physicians with expertise in managing hepatitis B. Insufficient data exist regarding the safety of
resuming GAZY VA in patients who develop HBV reactivation.

5.2 Progressive multifocal leukoencephalopathy

JC virus infection resulting in progressive multifocal leukoencephalopathy (PML), which can be
fatal, was observed in patients treated with GAZYVA. Consider the diagnosis of PML in any
patient presenting with new onset or changes to pre-existing neurologic manifestations.
Evaluation of PML includes, but is not limited to, consultation with a neurologist, brain MRI,
and lumbar puncture. Discontinue GAZY VA therapy and consider discontinuation or reduction
of any concomitant chemotherapy or immunosuppressive therapy in patients who devélop PML.

5.3 Infusion Reactions

GAZYVA can cause severe and life-threatening infusion reactions. Two-thirds of patients
experienced a reaction to the first 1000 mgs infused of GAZYVA. Infusion reactions can also
occur with subsequent infusions. Symptoms may include hypotension, tachycardia, dyspnea,
and respiratory symptoms (e.g., bronchospasm, larynx and throat irritation, wheezing, laryngeal
edema). Other common symptoms include nausea, vomiting, diarrhea, hypertension, flushing,
headache, pyrexia, and chills [see Adverse Reactions (6.1)].

Premedicate patients with acetaminophen, antihistamine and a glucocorticoid. Institute medical
management (e.g., glucocorticoids, epinephrine, bronchodilators, and/or oxygen) for infusion
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reactions as needed. Closely monitor patients during the entire infusion. Infusions reactions
within 24 hours of receiving GAZY VA have occurred [see Dosage and Administration (2)].

For patients with any Grade 4 infusion reactions, including but not limited to anaphylaxis, acute
life-threatening respiratory symptoms, or other life-threatening infusion reaction: Stop the
GAZYVA infusion. Permanently discontinue GAZY VA therapy.

For patients with Grade 1, 2 or 3 infusion reactions: Interrupt GAZYVA for Grade 3 reactions
until resolution of symptoms. Interrupt or reduce the rate of the infusion for Grade 1 or 2
reactions and manage symptoms [see Dosage and Administration (2)].

For patients with pre-existing cardiac or pulmonary conditions, monitor more frequently
throughout the infusion and the post-infusion period since they may be at greater risk of
experiencing more severe reactions. Hypotension may occur as part of the GAZYVA infusion
reaction. Consider withholding antihypertensive treatments for 12 hours prior to; during each
GAZY VA infusion, and for the first hour after administration until blood pressure is stable. For
patients at increased risk of hypertensive crisis, consider the benefits versus the risks of
withholding their hypertensive medication as is suggested here.

5.4  Tumeor Lysis Syndrome :

Acute renal failure, hyperkalemia, hypocalcemia, hyperuricemia, and/or hyperphosphatemia
from Tumor Lysis Syndrome (TLS) can occur within 12-24 hours after the first infusion.
Patients with high tumor burden and/or high circulating lymphocyte count (> 25 x 10°/L) are at
greater risk for TLS and should receive appropriate tumor lysis prophylaxis with anti-
hyperuricemics (e.g., allopurinol) and hydration beginning 12-24 hours prior to the infusion of
GAZYVA [see Dosage and Administration (2.2)]. For treatment of TLS, correct electrolyte
abnormalities, monitor renal function, and fluid balance, and administer supportive care,
including dialysis as indicated.

5.5 Infection :

Serious bacterial, fungal, and new or reactivated viral infections can occur during and following
GAZY VA therapy. Do not administer GAZY VA to patients with an active infection. Patients
with a history of recurring or chronic infections may be at increased risk of infection.

5.6 Neutropenia

GAZYVA in combination with chlorambucil caused Grade 3 or 4 neutropenia in 34% of patients
in the trial. Patients with Grade 3 to 4 neutropenia should be monitored frequently with regular
laboratory tests until resolution. Anticipate, evaluate, and treat any symptoms or signs of
developing infection.

Neutropenia can also be of late onset (occurring more than 28 days after completion of
treatment) and/or prolonged (lasting longer than 28 days). '

Patients with neutropenia are strongly recommended to receive antimicrobial prophylaxis
throughout the treatment period. Antiviral and antifungal prophylaxis should be considered.

5.7 Thrombocytopenia

GAZYVA in combination with chlorambucil caused Grade 3 or 4 thrombocytopenia in 12% of
patients in the trial. In 5% of patients, GAZY VA caused an acute thrombocytopenia occurring
within 24 hours after the GAZY VA infusion. In patients with Grade 3 or 4 thrombocytopenia,
monitor platelet counts more frequently until resolution. Transfusion of blood products (i.e.,
platelet transfusion) may be necessary.
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5.8 Immunization

The safety and efficacy of immunization with live or attenuated viral vaccines during or
following GAZY VA therapy has not been studied. Immunization with live virus vaccines is not
recommended during treatment and until B-cell recovery.

6 ADVERSE REACTIONS
The following adverse reactions are discussed in greater detail in other sections of the label:
¢ Hepatitis B reactivation [See Warnings and Precautions (5.1)]
» Progressive multifocal leukoencephalopathy [See Warnings and Precautions (5.2)]
¢ Infusion reactions [See Warnings and Precautions (5.3)]
e Tumor lysis syndrome [See Warnings and Precautions (5.4)]
e Infections [See Warnings and Precautions (5.5)]
¢ Neutropenia [See Warnings and Precautions (5.6)]
e Thrombocytopenia [See Warnings and Precautions (5.7)]

The most common adverse reactions (incidence >10%) were: infusion reactions, neutropenia,
thrombocytopenia, anemia, pyrexia, cough and musculoskeletal disorders.

6.1 Clinical Trial Experience

Because clinical trials are conducted under widely varying conditions, adverse reaction rates
observed in the clinical trials of a drug cannot be directly compared to rates in the clinical trials
of another drug and may not reflect the rates observed in practice.

The data described in Tables 3 and 4 below are based on a total of 356 previously untreated
patients with CLL during treatment with GAZYVA in combination with chlorambucil or with
chlorambucil alone. Patients received three 1000 mg doses of GAZY VA on the first cycle and a
single dose of 1000 mg once every 28 days for 5 additional cycles in combination with
chlorambucil (6 cycles of 28 days each in total). In the last 45 patients enrolled, the first dose of
GAZYVA was split between day 1 (100 mg) and day 2 (900 mg) [see Dosage and
Administration (2.1)]. In total, 81% of patients received all 6 cycles (of 28 days each) of
GAZYVA based therapy. . ‘

Reference ID: 3400019 _

Merck Ex. 1129, Pg. 31



Table 3 Summary of Adverse Reactions Reported with >5% Incidence and >2%
Greater in the GAZYVA Treated Arm

Adverse Reactions GAZYVA Chlorambucil
(MedDRA") + Chlorambucil 0 =116
System Organ Class n =240
AllGrades % | Grades3-4°% | ANGrades% | Grades3-4"%

Injury, Poisoning and Procedural
Complications

Infusion related reactions ] 69 | 21 | 0 | 0
Blood and lymphatic system disorders®

Neutropenia 40 34 18 16
Thrombocytopenia 15 11 7 3
Anemia . 12 4 10 5
Leukopenia 7 -5 0 0

General disorders and administration
site conditions

Pyrexia | 10 | <1 [ 7 [ 0
Respiratory, thoracic and mediastinal

disorders :

Cough [ 10 [0 ] 7 | <l

?MedDRA coded adverse reactions as reported by investigators.

®No Grade 5 adverse reactions have been observed with a difference of > 2% between the treatment arms.

¢ Adverse events reported under ‘Blood and lymphatic system disorders’ reflect those reported by investigator as clinically
significant. :

Table 4 Post-Baseline Laboratory Abnormalities by CTCAE Grade with >5% Incidence
and >2 % Greater in the GAZYVA Treated Arm

GAZYVA Chlorambucil
Investigations + Chlorambucil _
n =240 n =116
AllGrades% | Grades3-4% | AllGrades% | Grades34 %
Hematology
Neutropenia 77 46 53 27
Lymphopenia 80 40 9 - 2
Leukopenia 84 36 12 <1
Thrombocytopenia 47 14 50 11
Chemistry
Hypocalcemia . 32 3 29 <l
Hyperkalemia 31 5 17 2
Hyponatremia® 29 8 11 2
AST (SGOT increased) 28 <l 12 0
Creatinine increased 28 <l 18 <l
ALT (SGPT increased) 25 <1 .14 0
Hypoalbuminemia 22 <l 14 <]
Alkaline Phosphatase increased 16 0 11 0
Hypokalemia 13 : 1 4 <l

Infusion reactions: The incidence of infusion reactions was 69% with the first infusion of
GAZYVA. The incidence of Grade 3 or 4 infusion reactions was 21% with 8% of patients
discontinuing therapy. The incidence of reactions with subsequent infusions was 3% with the
second 1000 mg and <1% thereafier. No Grade 3 or 4 infusion reactions were reported beyond
the first 1000 mg infused. ‘

Of the first 53 patients receiving GAZY VA on the trial, 47 (89%) experienced an infusion
reaction. After this experience, study protocol modifications were made to require pre-
medication with a corticosteroid, antihistamine, and acetaminophen. The first dose was also
divided into two infusions (100 mg on day 1 and 900 mg on day 2). For the 45 patients for whom
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these mitigation measures were implemented, 21 patients (47%) experienced a reaction with the
first 1000 mg and <2% thereafter [see Dosage and Administration (2)].

Neutropenia: The incidence of neutropenia reported as an adverse reaction was 40% in the
GAZYVA treated arm and 18% in the chlorambucil alone arm with the incidence of serious
adverse events being 1% and 0%, respectively (Table 3). Cases of late onset neutropenia
(occurring 28 days after completion of treatment or later) were 16% in the GAZY VA treated arm
and 12% in the chlorambucil alone arm.

Infection: The incidence of infections was similar between arms. Thirty-eight percent of patients
in the GAZY VA treated arm experienced an infection, 9% were Grade 3-4 and none were fatal.

Thrombocytopenia: The incidence of thrombocytopenia reported as an adverse reaction was 15%
in the GAZY VA treated arm and 7% in the chlorambucil alone arm (Table 3). Five percent of
patients in the GAZY VA treated arm experienced acute thrombocytopenia (occurring within 24
hours after the GAZY VA infusion).

Tumor Lysis Syndrome. The incidence of Grade 3 or 4 tumor lysis syndrome was 2% in the
GAZY VA treated arm versus 0% in the chlorambucil arm.

Musculoskeletal Disorders: Adverse events related to musculoskeletal disorders, including pain
(System Organ Class) have been reported with GAZYVA with higher incidence than in the
comparator arm (17% vs. 13%).

6.2 Immunogenicity

Serum samples from patients with previously untreated CLL were tested during and after
treatment for antibodies to GAZYVA. Approximately 13% (9/70) of GAZY VA treated patients
tested positive for anti-GAZYVA antibodies at one or more time points during the 12 month
follow-up period. Neutralizing activity of anti-GAZY VA antibodies has not been assessed.

Immunogenicity data are highly dependent on the sensitivity and specificity of the test methods
used. Additionally, the observed incidence of a positive result in a test method may be
influenced by several factors, including sample handling, timing of sample collection, drug
interference, concomitant medication and the underlying disease. Therefore, comparison of the
incidence of antibodies to GAZYVA with the incidence of antibodies to other products may be
misleading. Clinical significance of anti-GAZY VA antibodies is not known.

6.3 Additional Clinical Trial Experience
Progressive multifocal leukoencephalopathy: PML has been reported with GAZYVA [see
Warnings and Precautions (5.2)].

Worsening of Pre-Existing Cardiac Conditions: Fatal cardiac events have been reported in
patients treated with GAZYVA.

Hepatitis B reactivation: Hepatitis B virus reactivation has been reported with GAZYVA [see
Warnings and Precautions (5.1)].

1

7 DRUG INTERACTIONS
No formal drug interaction studies have been conducted with GAZYVA.
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8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy

Pregnancy Category C

Risk Summary

There are no adequate and well-controlled studies of GAZY VA in pregnant women. Women of
childbearing potential should use effective contraception while receiving GAZYVA and for 12
months following treatment. GAZYVA should be used during pregnancy only if the potential
benefit justifies the potential risk to the fetus.

Animal Data \

In a pre- and post-natal development study, pregnant cynomolgus monkeys received weekly
intravenous doses of 25 or 50 mg/kg obinutuzumab from day 20 of pregnancy until parturition.
There were no teratogenic effects in animals. The high dose results in an exposure (AUC) that is
2.4 times the exposure in patients with CLL at the recommended label dose. When first
measured on Day 28 postpartum, obinutuzumab was detected in offspring and B cells were
completely depleted. The B-cell counts returned to normal levels, and immunologic function
was restored within 6 months after birth.

8.3 Nursing Mothers

It is not known whether obinutuzumab is excreted in human milk. However, obinutuzumab is
excreted in the milk of lactating cynomolgus monkeys and human IgG is known to be excreted in
human milk. Because many drugs are excreted in human milk and because of the potential for
serious adverse reactions in nursing infants from GAZYVA, a decision should be made whether
to discontinue nursing, or discontinue drug, taking into account the importance of the drug to the
mother.

8.4 Pediatric Use _ | :
The safety and effectiveness of GAZY VA in pediatric patients has not been established.

8.5 Geriatric Use

Of 240 previously untreated CLL patients who received GAZYVA in combination with
chlorambucil, 196 patients (82%) were > 65 years of age and 109 patients (45%) were > 75 years
of age. The median age was 74 years. Of the 109 patients > 75 years of age, 49 (45%)
experienced serious adverse events and 5 (5%) experienced adverse events leading to death. For
131 patients < 75 years of age, 39 (30%) experienced a serious adverse event and 3 (2%) an
adverse event leading to death. Similar rates were observed in the comparator arm. No
significant differences in efficacy were observed between patients >75 years of age and those
<75 years of age [see Clinical Studies (14.1)].

8.6 Renal Impairment

Based on population pharmacokinetic analysis, a baseline creatinine clearance (CLcr)
>30mL/min does not affect the pharmacokinetics of GAZYVA. GAZY VA has not been studied
in patients with a baseline CLcr < 30mL/min [see Clinical Pharmacology (12.3)].

8.7 Hepatic Impairment

GAZYVA has not been studied in patients with hepatic impairment.
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10 OVERDOSAGE

There has been no experience with overdose in human clinical trials. Doses ranging from 50 mg
up to and including 2000 mg per infusion have been administered in clinical trials. For patients
who experience overdose, treatment should consist of immediate interruption or reduction of
GAZYVA and supportive therapy.

11 DESCRIPTION

GAZY VA (obinutuzumab) is a humanized anti-CD20 monoclonal antibody of the IgG1 subclass.
It recognizes a specific epitope of the CD20 molecule found on B-cells. The molecular mass of
the antibody is approximately 150 kDa.

GAZYVA is produced by mammalian cell (CHO) suspension culture. GAZYVA is a sterile,
clear, colorless to slightly brown, preservative free liquid concentrate for intravenous
administration. GAZY VA is supplied at a concentration of 25 mg/mL in 1000 mg single use
vials. The product is formulated in 20 mM L-histidine/ L-histidine hydrochloride, 240 mM
trehalose, 0.02 % poloxamer 188. The pH is 6.0.

12 CLINICAL PHARMACOLOGY

12.1 Mechanism of Action

Obinutuzumab is a monoclonal antibody that targets the CD20 antigen expressed on the surface
of pre B- and mature B-lymphocytes. Upon binding to CD20, obinutuzumab mediates B-cell
lysis through (1) engagement of immune effector cells, (2) by directly activating intracellular
death signaling pathways and/or (3) activation of the complement cascade. The immune effector
cell mechanisms include antibody-dependent cellular cytotoxicity and antibody-dependent
cellular phagocytosis.

12.2 Pharmacodynamics

In clinical trials in patients with CLL, GAZYVA caused CD19 B-cell depletion (defined as
CD19 B-cell counts < 0.07 x ]09/L). Initial CD19 B-cell recovery was observed in some patients
approximately 9 months after the last GAZYVA dose. At 18 months of follow up, some patients
remain B-cell depleted.

Although the depletion of B-cells in the peripheral blood is a measurable pharmacodynamic
effect, it is not directly correlated with the depletion of B-cells in solid organs or in malignant
deposits. B-cell depletion has not been shown to be directly correlated to clinical response.

Cardiac Electrophysiology
The potential effects of GAZY VA on the QTc interval have not been studied.

12.3 Pharmacokinetics ,
Based on a population pharmacokinetic (pop-PK) analysis, the geometric mean (CV%) volume
of distribution of obinutuzumab at steady state is approximately 3.8 (23) L.

The elimination of obinutuzumab is comprised of a linear clearance pathway and a time-
dependent non-linear clearance pathway. As GAZY VA treatment progresses, the impact of the
time-dependent pathway diminishes in a manner suggesting target mediated drug disposition
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(TMDD). Based on a pop-PK analysis, the geometric mean (CV%) terminal obinutuzumab
clearance and half-life are approximately 0.09 (46%) L/day and 28.4 (43%) days, respectively.

Specific Populations:
Age: Age did not affect the pharmacokinetics of GAZYVA.

Body Weight: Volume of distribution and steady state clearance both increased with body
weight, however, the expected change in exposure does not warrant a dose modification.

Renal Impairment: Based on the population pharmacokinetic analysis, a baseline creatinine
clearance (CLcr) > 30mL/min does not affect the pharmacokinetics of GAZYVA. GAZYVA
has not been studied in patients with a baseline CLcr < 30mL/min.

Hepatic impairment: GAZY VA has not been studied in patients with hepatic impairment.

13 NONCLINICAL TOXICOLOGY
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility
No carcinogenicity or genotoxicity studies have been conducted with obinutuzumab.

No specific studies have been conducted to evaluate potential effects on fertility; however, no
adverse effects on male or female reproductive organs were observed in the 26-week repeat-dose
toxicity study in cynomolgus monkeys.

14 CLINICAL STUDIES

14.1 Chronic Lymphocytic Leukemla

GAZYVA was evaluated in a three arm, open-label, active control, randomized, multicenter trial
(Study 1) in patients with previously untreated CD20+ chronic lymphocytic leukemia requiring
treatment and had coexisting medical conditions or reduced renal function as measured by
creatinine clearance (CrCl) <70 mL/min. Patients with CrCl <30 mL/min, active infections,
positive hepatitis B (HBsAg or anti-HBc positive, patients positive' for anti-HBc could be
included if hepatitis B viral DNA was not detectable) and hepatitis C serology, or immunization
with live virus vaccine within 28 days prior to randomization were excluded from the trial.
Patients were treated with chlorambucil control (Arm 1), GAZYVA in combination with
chlorambucil (Arm 2) or rituximab in combination with chlorambucil (Arm 3). The safety and
efficacy of GAZY VA" was evaluated in a comparison of Arm 1 vs. Arm 2 in 356 patlents Data
comparing Arm 2 vs. Arm 3 are not available at this time.

The majority of patients received 1000 mg of GAZYVA on days 1, 8 and 15 of the first cycle,
followed by treatment on the first day of 5 subsequent cycles (total of 6 cycles, 28 days each).
The first dose of GAZYVA was divided between day 1 (100 mg) and day 2 (900 mg) [see
Dosage and Administration (2.1)], which was implemented in 45 patients. Chlorambucil was
given orally at 0.5 mg/kg on day | and day 15 of all treatment cycles (1 to 6).

In Study 1, the median age was 73 years, 60% were male, and 95% were Caucasian. Sixty-eight
percent had a CrCl <70 mL/min and 76% had multiple coexisting medical conditions. Twenty-
two percent of patients were Binet stage A, 42% were stage B and 36% were stage C. The
median estimated CrCl was 61 mL/min. Eighty-one percent of patients treated with GAZYVA
in combination with chlorambucil received all 6 cycles compared to 67% of patients in the
chlorambucil alone arm.

The median progression free survival (PFS) in the GAZYVA in combination with chlorambucil
arm was 23.0 months and 11.1 months in the chlorambucil alone arm (median observation time
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14.2 months) as assessed by independent review and is consistent with investigator assessed
PFS. Efficacy results are shown in Table 5 and the Kaplan-Meier curve for PFS is shown in

Figure 1.
Table 5 Efficacy Results for Study 1

Endpoint GAZYVA + Chlorambucil Chlorambucil
Median Progression-Free 23.0 months 11.1 months

Survival® (HR 0.16 [0.11; 0.24], p-value <0.0001 stratified log-rank test)
Overall Response Rate ° 75.9% 32.1%

Complete Response 27.8% 0.9%

Median Duration of Response 15.2 months 3.5 months

* As defined by independent review. Investigator assessed PFS was consistent with data from independent review.

® As defined as best overall response rate (ORR=CR+PR)

.Figure 1

Kaplan-Meier Curve of Progression-Free Survival in Patients with CLL in Study 1
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16 HOW SUPPLIED/STORAGE AND HANDLING
16.1 How Supplied/Storage

GAZYVA 1000 mg/40 mL (25 mg/mL) single-use vials containing preservative-free solution
(NDC 50242-070-01) are stable at 2°C to 8°C (36°F to 46°F). Do not use beyond expiration date
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stamped on carton. GAZY VA vials should be protected from light. DO NOT FREEZE. DO
NOT SHAKE.

For the diluted product, chemical and physical stability have been demonstrated in 0.9% NaCl at
concentrations of 0.4 mg/ml to 20 mg/mL for 24 hours at 2°C to 8°C (36°F to 46°F) followed by
48 hours (including infusion time) at room temperature (< 30°C/86°F). GAZYVA does not
contain antimicrobial preservatives. Therefore care must be taken to ensure that the solution for
infusion is not microbiologically compromised during preparation. The solution for infusion
should be used immediately. If not used immediately, the prepared solution may be stored up to
24 hours at 2-8°C. No incompatibilities between GAZY VA and polyvinyl chloride or polyolefin
infusion materials have been observed in concentration ranges from 0.4 mg/mL to 20.0 mg/mL
after dilution of GAZY VA with 0.9% sodium chloride.

17  PATIENT COUNSELING INFORMATION
Advise patients to seek immediate medical attention for any of the following:

¢ Signs and symptoms of infusion reactions including dizziness, nausea, chills, fever,
vomiting, diarrhea, breathing problems, or chest pain [see Warnings and Precautions
(3.3) and Adverse Reactions (6.1)].

¢ Symptoms of tumor lysis syndrome such as nausea, vomiting, diarrhea and lethargy [see
Warnings and Precautions (5.4) and Adverse Reactions (6.1)].

» Signs of infections including fever and cough [sée Warnings and Precautions (5.5) and
Adverse Reactions (6.1)].

» Symptoms of hepatitis including worsening fatigue or yellow discoloration of skin or
eyes [see Warnings and Precautions (5.1)].

e New or changes in neurological symptoms such as confusion, dizziness or loss of balance,
difficulty talking or walking, or vision problems [see Warnings and Precautions (5.2)].

Advise patients of the need for:

e Periodic monitoring of blood counts [See Warnings and Precautions (5.6, and 5.7) and
Adverse Reactions (6.1)].

e Avoid vaccinations with live viral vaccines [see Warnings and Precautions (5.8)].

» Patients with a history of hepatitis B infection (based on the blood test) should be
monitored and sometimes treated for their hepatitis [see Warnings and Precautions (5.1)].

GAZYVA™ [obinutuzumab]

Manufactured by:

Genentech, Inc.

A Member of the Roche Grouip .

South San Francisco, CA 94080-4990 GAZYVA is a trademark of Genentech, Inc.
U.S. License No: 1048 ©2013 Genentech, Inc.
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Food and Drug Administration
Silver Spring MD 20993

BLA 125486/0
BLA APPROVAL

Genentech, Inc.

Attention: Michelle H. Rohrer, Ph.D.
Vice President, Regulatory Affairs

1 DNA Way

South San Francisco, CA 94080-4990

Dear Dr. Rohrer:

Please refer to your Biologics License Application (BLA) dated April 22, 2013 received on
April 22, 2013 submitted under section 351(a) of the Public Health Service Act for GAZYVA
(obinutuzumab).

We acknowledge receipt of your amendments dated April 25, May 15, June 3, 28, July 3, 8, 16,
18, 19, 25, 31, August 1, 2, 6, 12, 14, 15, 19, 22, 27, 30, September 3, 10, 12, 13, 17, 18, 20, 23,
24, 25,27, October 7, 9, 15, 17, 21, 22, 23, 24, 29, 30, and 31, 2013.

LICENSING

We have approved your BLA for GAZY VA (obinutuzumab) effective this date. You are hereby
authorized to introduce or deliver for introduction into interstate commerce, GAZYVA _
(obinutuzumab) under your existing Department of Health and Human Services U.S. License
No. 1048. GAZYVA (obinutuzumab) is indicated for the treatment of patients with previously
untreated chronic lymphocytic leukemia in combination with chlorambucil.

MANUFACTURING LOCATIONS

Under this license, you are approved to manufacture obinutuzumab drug substance at Roche
Diagnostics GmbH in Penzberg, Germany, and obinutuzumab drug product at Roche Diagnostics
GmbH in Mannheim, Germany. Drug product will be labeled and packaged at F. Hoffmann-La
Roche Ltd, in Kaiseraugst, Switzerland.

You may label your product with the proprietary name, GAZY VA, and will market it in 1000
mg/40 mL (25 mg/mL) liquid single use vials.

DATING PERIOD

The dating period for GAZY VA (obmutuzumab) shall be 36 months from the date of o
manufacture when stored at 2-8°C. The date of manufacture shall be defined as ¥R st BB ass
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FDA LOT RELEASE

You are not currently required to submit samples of future lots of GAZY VA (obinutuzumab) to
the Center for Drug Evaluation and Research (CDER) for release by the Director, CDER. under
21 CFR 610.2. We will continue to monitor compliance with 21 CFR 610.1, requining
completion of tests for conformity with standards applicable to each product prior to release of
each lot.

Upon review of the supporting data, the design space as proposed in BLA 125486 was found to
be acceptable. The Agency would like to reiterate that in addition to the information described in
the application, it is our expectation that plans for implementation of the design space for the
commercial process are documented within the firm's Quality System. Such quality systems may
include plans for handling movements within the design space (e.g.. change control procedures,
plans for updating batch records). In accordance with ICH Q8(R2). while the Agency does not
expect any regulatory notification for movements within the design space. any other changes in
the manufacturing, testing, packaging, or labeling or manufacturing facilities for GAZYVA
(obinutuzumab) will require the submission of information to your biologics lxcense application
for our review and written approval, consistent with 21 CFR 601.12.

APPROVAL & LABELING

We have completed our review of this application, as amended. It is approved. effective on the
date of this letter, for use as recommended in the enclosed agreed-upon labeling text.

We note that your October 31, 2013 submission includes final printed labeling (FPL) for your
package insert. We have not reviewed this FPL. You are responsible for assuring that the
wording in this printed labeling is identical to that of the approved content of labeling in the
structured product labeling (SPL) format.

CONTENT OF LABELING

As soon as possible, but no later than 14 days from the date of this letter, submit, via the FDA
automated drug registration and listing system (eLIST), the content of labeling [21 601.14(b)] in
structured product labeling (SPL) format. as described at
http://www.fda.gov/Forlndustry/DataStandards/StructuredProductLabeling/default. htm.

Content of labeling must be identical to the enclosed labeling (text for the package insert).
Information on submitting SPL files using eLIST may be found in the guidance for industry
titled “SPL Standard for Content of Labeling Technical Qs and As” at
http.//www.fda.gov/downloads/Drugs/GuidanceC omplianceRe gulatorvInformation/Guidances/U

CM072392.pdf.

The SPL will be accessible via publicly available labeling repositories.
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CARTON AND IMMEDIATE CONTAINER LABELS

We acknowledge your October 18, 2013 submission containing final printed carton and
container labels.

ADVISORY COMMITTEE

Your application for GAZY VA (obinutuzumab) was not referred to an FDA advisory committee
because this biologic is not the first in its class, the clinical trial design is acceptable. the ‘
application did not raise significant safety or efficacy issues that were unexpected for a
drug/biologic of this class, and there were no controversial issues that would benefit from
advisory committee discussion.

REQUIRED PEDIATRIC ASSESSMENTS

Under the Pediatric Research Equity Act (PREA) (21 U.S.C. 355¢), all applications for new
active ingredients, new indications, new dosage formns, new dosing regimens, or new routes of
administration are required to contain an assessment of the safety and effectiveness of the
product for the claimed indication(s) in pediatric patients unless this requirement is waived.
deferred, or mapplicable.

Because this drug product for this indication has an orphan drug designation. you are exempt
from this requirement.

POSTMARKETING COMMITMENTS NOT SUBJECT TO THE REPORTING
REQUIREMENTS UNDER SECTION 506B

We remind you of your postmarketing commitments:
PMC #1 Perform a formal verification study of thew hold time for s
Submit the final report to the Agency as a CBE-30 by February 28. 2014.

The timetable you submitted on October 16, 2013 states that you will conduct this study N
according to the following schedule:

Final Protocol Submission:  Complete
Study Completion: 12/2013
Final Report Submission:  02/2014

PMC #2

Submit a protocol for 8
B oy The protocol should mclude
bioburden and eudoto‘(m linmts to demonstrate continued microbial control over

: g8 lifetime. The protocol should be submitted as a CBE-30 by

Becember 20T
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Execuete approved'protocol coqcurrently throughout the respective lifetime of
gt T + 2% until the claimed or planned lifetimes
are reached Provide available results in the first annual report following the

approval of the CBE-30 and concurrently with subsequent annual reports.

The timetable you submitted on October 30, 2013 states that you will conduct this study
according to the following schedule:

Final Protocol Submission: 12/2013

Study Completion: concurrently throughout respective lifecycle

Final Report Submission:  Annual report 2014 and subsequent Annual reports
until end of one full lifecycle for each of the
included items

Submit clinical protocols to your IND 104405 for this product. Submit nonclinical and
chemistry, manufacturing, and controls protocols and all postmarketing final reports to this BLA.
In addition, under 21 CFR 601.70 you should include a status summary of each commitment in
your annual progress report of post marketing studies to this BLA. The status summary should
include expected summary completion and final report submission dates, any changes in plans
'since the last annual report, and, for clinical studies/trials, number of patients entered into each
study/trial. All submissions, including supplements, relating to these postmarketing
commitments should be prominently labeled “Postmarketing Commitment Protocol,”
“Postmarketing Commitment Final Report,” or “Postmarketing Commitment
Correspondence.”

PROMOTIONAL MATERIALS

You may request advisory comments on proposed introductory advertising and promotional
labeling. To do so, submit, in triplicate, a cover letter requesting advisory comments, the
proposed materials in draft or mock-up form with annotated references, and the package insert
to:

Food and Drug Administration

Center for Drug Evaluation and Research

Office of Prescription Drug Promotion

5901-B Ammendale Road

Beltsville, MD 20705-1266

As required under 21 CFR 601.12(f)(4), you must submit final promotional materials, and the
package insert, at the time of initial dissemination or publication, accompanied by a Form FDA
2253. For instruction on completing the Form FDA 2253, see page 2 of the Form. For more
information about submission of promotional materials to the Office of Prescription Drug
Promotion (OPDP), see hitp://www.fda.gov/AboutFDA/CentersOffices/CDER/ucm(90142 .htm.
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REPORTING REQUIREMENTS

You must submit adverse experience reports under the adverse experience reporting
requirements for licensed biological products (21 CFR 600.80). You should submit
postmarketing adverse experience reports to:

Food and Drug Administration

Center for Drug Evaluation and Research
Central Document Room

5901-B Ammendale Road

Beltsville, MD 20705-1266

Prominently identify all adverse experience reports as described in 21 CFR 600.80.

' You must submit distribution reports under the distribution reporting requirements for licensed
biological products (21 CFR 600.81).

Y ou must submit reports of biological product deviations under 21 CFR 600.14. You should
promptly identify and investigate all manufacturing deviations, including those associated with
processing, testing, packing, labeling, storage, holding and distribution. If the deviation involves
a distributed product, may affect the safety, purity, or potency of the product, and meets the other
criteria in the regulation, you must submit a report on Form FDA-3486 to:

Food and Drug Administration

Center for Drug Evaluation and Research

Division of Compliance Risk Management and Surveillance
5901-B Ammendale Road

Beltsville, MD 20705-1266

Biological product deviations, sent by courier or overnight mail, should be addressed to:

Food and Drug Administration

Center for Drug Evaluation and Research

Division of Compliance Risk Management and Surveillance
10903 New Hampshire Avenue, Bldg. 51, Room 4206
Silver Spring, MD 20903

MEDWATCH-TO-MANUFACTURER PROGRAM

The MedWatch-to-Manufacturer Program provides manufacturers with copies of serious adverse
event reports that are received directly by the FDA. New molecular entities and important new
biologics qualify for inclusion for three years after approval. Your firm is eligible to receive
copies of reports for this product. To participate in the program, please see the enrollment
instructions and program description details at

http://www fda.gov/Safety/Med Watch/HowToReport/ucm 166910.htm.
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POST APPROVAL FEEDBACK MEETING

New molecular entities and new biologics qualify for a post approval feedback meeting. Such
meetings are used to discuss the quality of the application and to evaluate the communication
process during drug development and marketing application review. The purpose is to learn
from successful aspects of the review process and to identify areas that could benefit from
improvement. If you would like to have such a meeting with us, call the Regulatory Project
Manager for this application.

PDUFA V APPLICANT INTERVIEW

FDA has contracted with Eastern Research Group, Inc. (ERG) to conduct an independent interim
and final assessment of the Program for Enhanced Review Transparency and Communication for
NME NDAs and Original BLAs under PDUFA V (‘the Program’). The PDUFA V Commitment
Letter states that these assessments will include interviews with applicants following FDA action
on applications reviewed in the Program. For this purpose, first-cycle actions include approvals,
complete résponses, and withdrawals after filing. The purpose of the interview is to better
understand applicant experiences with the Program and its ability to improve transparency and.
communication during FDA review.

ERG will contact you to schedule a PDUFA V applicant interview and provide specifics about
the interview process. Your responses during the interview will be confidential with respect to
the FDA review team. ERG has signed a non-disclosure agreement and will not disclose any
identifying information to anyone outside their project team. They will report only anonymized
results and findings in the interim and final assessments. Members of the FDA review team will
be interviewed by ERG separately. While your participation in the interview is voluntary, your
feedback will be helpful to these assessments.

If you have any questions, call Beatrice Kallungal, Regulatory Project Manager, at
(301) 796-9304. :

Sincerely,

{See appended electronic signaiure page}
Richard Pazdur, M.D.

Director

Office of Hematology and Oncology Products
Center for Drug Evaluation and Research

ENCLOSUREC(S):
Content of Labeling
Carton and Container Labeling
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‘ 1
GLYCOSYLATION ENGINEERING OF
ANTIBODIES FOR IMPROVING
ANTIBODY-DEPENDENT CELLULAR
CYTOTOXICITY

1. RELATION TO OTHER APPLICATIONS

This application claims priority to U.S. Provisianal Appli-
cation Serial No. 60/082,581, filed Apr. 20, 1998, incorpo-
rated herein by reference in its entirety.

I1. FIELD OF THE INVENTION

"Ihe present invention relates (o the field of glycosylation
engincering of proteins. More particularly, the present
invention relates to glycosylation engineering to gencrate
proteins with improved therapeutic properties, including
antibodies with enhanced antibody-dependent cellular cyto-
toxicity.

11l. BACKGROUND OF THE INVENTION

Glycoproteins mediate many essential functions in human
beings, other eukaryotic organisms, and some prokaryotes,
including catalysis, signalling, cell-cell communication, and
molecular recognition and association. They make up the
majority of non-cytosolic proteins in eukaryotic organisms.
Lis and Sharon, 1993, Eur. J. Biochem. 218:1-27. Many
glycoproteins have been exploited for therapeutic purposes,
and during the last two decadcs, recombinant versions of
naturally-occurring, sccreted glycoproteins have been a
major product of the biotcchnology industry. Examples
include erythropoietin (EPO), therapeutic monoclonal anti-
bodies (therapeutic mAbs), tissue plasminogen activator
(IPA), interferon-B, (IFN-B), granulocyte-macrophage
calony stimulating factor (GM-CSF), and human chorionic

gonadotrophin (hCH). Cumming et al., 1991, Glycabiology ~

1:115-130. ]

The oligosaccharide component can significantly affoct
propertics relevant to the efficacy of a therapeutic
glycoprotein, including physical stability, resistance to pro-
tease aftack, interactions with the immune sysiem,
pharmacokinetics, and specific biological activity. Such
properties may depend not only on the presence or absence,
but also on the specific structures, of oligosaccharides. Some
generalizations between oligosaccharide structure and gly-
coprotein function can be made. For example, certain oli-
gosaccharide structures mediate rapid clearance of the gly-
coprotein from the bloodstream through interactions with
specific carbohydrate binding proteins, while others can be
bound by antibodies and trigger undesired immune reac-
tions. Jenkins et al., 1996, Narure Biotechn. 14:975-981.

Mammalian cells arc the preferred hosts for production of
therapeulic glycoprotcins, due 10 their capability to glyco-
sylate proteins in the most compatible form for buman
application. Cumming, 1991, supra; Jenkins et al., 1996,
supra. Bacleria very rarely glycosylate proteins, and like
other types of common hosts, such as yeasts, filamentous
fungi, inscct and plant cells, yield glycosylation patierns
associated with rapid clearance from the blood stream,
undesirable immune interactions, and in some specific cases,
reduced hiological activity. Among mammalian cells, Chi-
nese hamster ovary (CHO) cells have been most commonly
used during the last two decades. In addition to giving
suitable glycosylation patterns, thesc cells allow consistent
generation of genetically stable, highly productive clonal
cell lines. They can be cultured to high densitics in simple
bioreactors using serum-free media, and permit the devel-

o
&

2

opment of safe and reproducible bioprocesses. Other com-
monly used animal cells include baby hamster kidney
(BHK) cells, NSO- and SP2/0-mouse myeloma cells. More
recently, production from transgenic animals has also been
tested. Jenkins et al., 1996, supra.

‘The glycosylation of recombinant therapeutic proteins
produced in animal cells can be engineered by overexpres-
sion of glycosyl transferase genes in host cells. Bailey, 1991,
Science 252:1668-1675. However, previous work in this
field has only used constitutive expression of the
glycoprotcin-modifying glycosy! transferasc genes, and
littile attention has been paid to the expression level.

IV. SUMMARY OF THE INVENTION

The present invention s directed, generally, to host cells
and methods for the generation of proleins having an altered
glycosylation pattern resulting in improved therapeutic val-
ues. 1n one specific embodiment, the invention is directed to
host cells that have been engineered such that they are -
capable of expressing a preferred range of a glycoprotein-
modifying glycosy) transferase activity which increases
complex N-linked oligosaccharides carrying bisecting
G1cNAc. In other embodiments, the present invention is
dirccted to methods for the gencration of modified glyco-
forms of glycoproteins, for example antibodics, including
whole antibody molecules, antibody fragments, or fusion
proteins that include a region equivalent to the Fe region of
an immunoglobulin, having an cnhanced Fe-mediated cel-
lular cytotoxicity, and glycoproteins so generated. The
invention is based, in part, on the inventors’ discovery that
there is an optimal range of glycoprotein-modifying glyco-
syl transferase expression for the maximization of complex
N-linked oligosaccharides carrying bisecting G1eNAc.

More specifically, the present invention is directed to a
method for producing altered glycoforms of proteins having -
improved therapeutic values, e.g., an antibody which has an
enhanced antibody dependent cellular cytotoxicity (ADCC),
in a host cell. The invention provides host cells which harbor
a nucleic acid encoding the protein of interest, ¢.g., an
antibody, and at least onc nucleic acid encoding a
glycoprotein-modifying glycosy! transferase. Further, the
present invention provides methods and protacols of cultur-
ing such host cells under conditions which permit the
expression of said protein of interest, e.g., the antibody
having enhanced antibody dependent cellular cytotoxicity.
Further, methods for isolating the so generated protein
having an altered glycosylation pattern, e.g., the antibody
with enhanced antibody dependent cellular cylotoxicity, are
described.

Furthermore, the present invention provides alternative
glycoforms of proteins having improved therapeutic prop-
erties. The proteins of the invention include antibodies with

“an enhanced antibody-dependent cellular cytotoxicity

(ADCC), which have been generated using the disclosed
methods and host cclls.

_ V. BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts the representation of typical oligosaccha-
ride structures.

FIG. 2 depicts a Western blot analysis of tetracycline-
regulated expression of GnT 11l in two different (TA-
producing CHO clones. CHOt2 (lanes A and B) and CHO117
(lanes C and D) cells were transfected with the pUDH10-
3GnTHIm cxpression vector and cultured for 36 b in the
absence (lanes A and C) or presence of tetracycline, at a
concentration of 400 ng/m! (lanes B and D). Cell lysates
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were then prepared for western blot analysis probing with an
antibody (9E10), which recognizes specifically the c-myc
tag added to GnT 111 at its carboxy-lerminus.

FIG. 3 depicts determination of the range of tetracycline
concentrations where myc-tagged GnT 11} expression can be
controlled. CHOU17 cells were transfected with the
pUDH10-3-GnTHIm expression vector and then cultured
for 48 h in the presence of the indicated concentrations of
tetracycline. GoT Il levels in cell lysates from these cultures
were compared using western blot analysis. GaT Il was
detected via the ¢-myc tag using 9E10 antibody.

FIGS. 4A through 4B depict screening of CHO clones for
stable, tetracycline-regulated cxpression of GnT V (FIG.
4A) or myc-tagged GnT 11l (FIG. 4B) glycosyltransferases
by western blot analysis. CHOt17 cells were co-transfecled
with a vector for expression of puromycin resistance (pPUR)
and either pUHD10-3GoTV (FIG. 4A) or pUDHI10-
3GnTIm (FIG. 4B) and stable CHO clones were sclected
for resistance 1o puromycin (7.5 uml), in the presence of
tetracycline (2 ug/ml). Eight clones (1-8) for each glyco-
syliransterase were cultured for 48 h in the absence or
presence (+) of tetracycline (2 ug/ml) and analysed by
western blot using either an anti-GnT V antibody (FIG. 4A)
or an anti-myc (9E10) antibody (FIG. 4B).

FIGS. 5A and 5B depict verification of activity of heter-
ologous GnT V (FIG. 5A) and Gn T HI (FIG. 5B) glyco-
syltransferaseas in vivo by lectin blot analysis. Cellular
glycoproteins from various stable clones (numbered as in

TIG. 4), cultured in the absence or presence (+) of tetracy- 3

cline (2 ug/ml), were resolved by SDS-PAGE, blotted to a
membrane, and probed with cither L-PHA (FIG. 5A) or
E-PHA (FIG. 5B) lectins. These lectins bind with higher
affinity to the oligosaccharide products of reactions cata-
lyzed by GnT V and GnT Ill, respectively, than to the

oligosaccharide substrates of these reactions. A molecular

weight marker (MWM) was run in paraliel. A comparison of
lectin blots in FIGS. 5A and 5B indicates a broader range of
substrates, among the endogenous CHO cell glycoproteins,
for GnT Il (FIG. 5B) than for GnT V (FIG. SA).

FIGS. 6A through 6D depict inhibition of cell growth
upon glycosyliransferase overexpression. CHO-tel-
GaTllIm cells were seeded to 5-10% confluency and cul-
tured in the absence (FIGS. 6A and 6B) or presence (FIGS.
6C and 6D) of tetracyclinc. Cultures were photographed 45
(FIGS. 6A and 6C) and 85 (FIGS. 16B and 6D) hours after
sceding.

FIG. 7 depicts scquences of oligonucleotide primers used
in PCRs for the construction of the chCE7 hcavy chain gene:
CE7VHPCR1.fwd (SEQ ID NO:1), CE7VHPCR2.fwd
(SEQ ID NO:2), CE7VHPCR (1+2).rev (SEQ ID NO:3),
hGammalCH1.fwd (SEQ ID NO:4), hGammalCH1, rev
(SEQ ID NO:5), hGammalCH2.fwd (SEQ ID NO:6),
hGammalCH2.rev (SEQ ID NO:7), hGammalCH3.fwd
(SEQ ID NO:8), hGammalCH3.rev (SEQ ID NO:9). For-
ward and reverse primers are identified by the suffixes
“ fwd” and “.rev”, respectively. Overlaps between different
primers, necessary o carry out secondary PCR steps using
the product of a primary PCR step as a template, are
indicated. Restriction sites introduced, sequences annealing
to the CE7 chimeric genomic DNA, and the synthetic leader
sequence introduced, are also indicated.

FIG. 8 depicts sequences of oligonucleotide primers used
in PCRs for the construction of the chCE7 light chain gene:
CE7VLPCRI1.fwd (SEQ ID NO: 10), CE7VLPCR2 fwd
(SEQ ID NO:11), CETVLPCR(1+2).rev (SEQ ID NO:12),
hKappa.fwd (SEQ ID NO:13), hKappa.rev (SEQ ID NO:
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14). Forward and reversc primers are identified by the
suffixcs “.fwd” and “.rev” respectively. Overlaps between
different primers, necessary 1o carry out secondary PCR
sleps using as a template the product of a pimary PCR step,
are indicated. Restriction sites introduced, sequences
annealing to the CE7 chimeric genomic DNA, and the leader
sequence introduced, are also indicated.

FIGS. 9A-E depict MALDI/TOF-MS spectra of neutral
oligosaccharide mixtures from chCE7 samples produccd
cither by SP2/0 mousc mycloma cclls (FIG. 9A, oligosac-
charides from 50 ug of CE7-SP2/0), or by CHO-tetGnT1II-
chCE7 cell cultures differing in the concentration of tetra-
cycline added to the media, and therefors cxpressing the
GnT Il gene at different levels. In decreasing order of °
tetracycline concentration, i.e., increasing levels of GnT I
gene expression, the latter samples are: CE7-2000t (FIG.
9B, oligosaccharides from 37.5 ug of antibody), CE7-601
(FIG. 9C, oligosaccharides from 37.5 ug of antibody, CE7-
301 (FIG. 9D, oligosaccharides from 25 ug ol antibody) and
CE7-151 (FIG. 9B, oligosaccharides [rom 10 ug of
antibody).

FIG. 10 depicts N-linked oligosaccharide biosynthetic
pathways leading to bisected complex oligosaccharides via
a GnT Ill-catalyzed reaction. M stands for Mannosc; Gn,
N-acetylglucosamine (G1cNAc); G, galactose; Gn®, biscct-
ing G1cNAc; I, fucose. The oligosaccharide nomenclature
consists of enumerating the M, Gn, and G residues atlached
to the core oligosaccharide and indicating the presence of a
bisecting G1cNAc by including a Gn®. The oligosaccharide
core is itself composed of 2 Gn residues and may or may not
include a fucose. The major classcs of oligosaccharides arc
shown inside dotied frames. Man | stands for Golgi man-
nosidase; GnT, GlcNAc transferase; and GalT, for galacto-
syltransferase. The mass associated with the major, sodium-
associated oligosaccharide ion that is observed MALDI/
TOF-MS analysis is shown beside each otigosaccharide. For
oligosaccharides which can potentially be core-fucosylated,
the masses associated with both fucosylated (+f) and non-
fucosylated (~f) forms are shown.

FIG. 11 depicts N-linked oligosaccharide biosynthetic
pathway leading to bisected complex and bisccted hybrid

. oligosaccharides via GnT Ill-catalyzed reactions. M stands

S5

for mannose; Gn N-acetylglucosamine (G1cNAc); G, galac-
tose; Gn®, bisecting G1cNAc; f, fucose. The oligosaccharide
nomenclature consists of enumerating the M, Gn, and G
residues attached to the common oligosaccharide and indi-
cating the presence of bisecting G1cNAc by including a
Gn®. The oligosaccharide core is itself composed of 2 Gn
residues and may or not include a fucose. The major classes
of oligosaccharides are shown inside dotted frames. Man [
stands for Golgi mannosidase; TnT, GlcNAc transferase;
and ;GalT, for galactosyltransferase. The mass associated
with major, sodium-associatcd oligosaccharide ion“that is
observed in MALDI/TOF-MS analysis is shown beside each
oligosaccharide. For oligosaccharides which can potentially
be core-fucosylated, the masses associated with both fuco-
sylated (+f) and non-fucosylaied (-f) forms arc shown.

FIG. 12 depicts ADCC activity of different chCE7
samples. Lysis of IMR-32 ncuroblastoma cclls by human
lymphocytes (target:effector ratio of 1:19, 16 h incubation at
37° C.), mediated by different concentrations of chCE?
samples, was measured via retention of a fluorescent dye.
The percentage of cytotoxicity is calculaled relative to a
total lysis control (by means of a detergent), after subtraction
of the signal in the absence of antibody.

FIG. 13 dcpicts the GaT !l cxpression of differcnt
cultures of CHO-1e1-GnTII grown at different letracycline
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concentrations used to produce distinct C2B8 antibody
samples. Cell lysates from cach culture grown at 2000 ng/ml
(Lane C) and 25 ng/m! (Lane D) tetracycline concentrations
were resolved by SDS-PAGE, blotted onto a membrane, and
probed with 9E10 (see supra) and anti-mouse horseradish
peroxidase as primary and secondary antibodies, respec-
tively. Lane A depicts a negative control.

FIGS. 14A and 14B depict the specificity of antigen
binding of the C2B8 anti-CD20 monaclonal antibody using
an indirect immunofluorescence assay with cells in suspen-
sion. CD20 positive cells (SB cells; ATCC deposit no. ATCC
CCL120) and CD20 negative cells (HSB cells; ATCC
deposit no. ATCC CCL120.1), FIG. 14A and 14B
respectively, were utilized. Cells of cach type were incu-
bated with C2B8 antibody produced at 25 ng/ml tetracycline
as a primary antibody. Negative controls included HBSSB
instead of primary antibody. An anti-human IgG Ic specific,
polyclonal, FITC conjugated antibody was used for all
samples as a secondary antibody.

FIG. 15 depicts the ADCC activity of different C2B8
antibody samples at different antibody concentrations
(0.04-5 ug/ml). Sample C2B8-nt represents the ADCC

- activily of the C2B8 antibody produced in a cell line without
GnT 111 expression. Samples C2B8-2000t, C2B8-50t and
C2B8-25t show the ADCC: activity of three antibody
samples produced at decreasing tetracycline concentrations
(i.c., increasing GnT HI expression).

V1. DEFINITIONS

Terms are ugscd herein as generally used in the art, unless
otherwise defined in the following:

As used herein, the term antibody is intended to include
whole antibody molecules, antibody fragments, or fusion
proteins that include a region equivalent to the Fc region of
an immunoglobulin.

As used herein, the term glycoprotein-modifying glycosyl
transferase refers to an enzyme that effects modification of
the glycosylation pattern of a glycoprotein. Examples of
glycoprotein-modifying glycosyl transferases include, but
are not limited to glycosyl transferases such as GnT ITl, GnT
V, Gall, and Man II.

As used herein, the term glycosylation engineering is
considered to include any sort of change to the glycosylation
pattern of a naturally occurring polypeptide or fragment
thereof. Glycosylation engineering includes metabolic engi-
neering of the glycosylation machinery of a cell, including
genetic manipulations of the oligosaccharide synthesis path-
ways 1o achieve altered ‘glycosylation of glycoproteins
expressed in cells. Furthermore, glycosylation engineering
includes the effects of mutations and cell environment on
glycosylation.

As used herein, the term host cell covers any kind of
cellular system which can be engineered to generate modi-
fied glycoforms of proteins, protein fragments, or peptides
of interest, including antibodies and antibody fragments.
Typically, the host cells have been manipulated to express
optimized levels of at least one glycoprotein-modifying
glycosyl transfcrase, including, but not limitcd to GnT III,
GnT V, GalT, and Man 11, and/or at least onc glycosidase.
Host cells include cultured cells, e.g., mammalian cultured
cells, such as CHO cells, BHK cells, NSO cells, SP2/0 cells,
or hybridoma cells, yeast cells, and insect cells, to name only
few, but also cells comprised within a transgenic animal or
cultured tissue.

As uscd herein, the term Fe-mediated cellular cytotoxicity
is intended to include antibody depeadent cellular cytotox-
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icity (ADCC), and cellular cytotoxicity direcled to thosc
cells that have been cngincered to cxpress on their cell
surface an Fec-region or equivalent region of an immuno-
globin G, and cellular cytotoxicity mediated by a soluble
fusion protein consisting of a target protein domain fused to
the N-terminus of an Fc-region or equivalent region of an
immunoglobulin G.

VII. DETAILED DESCRIPTION OF THE
INVENTION
A. General Overview

The objective of the prescnt invention is to provide
glycoforms of proteins, in particular antibodies, including
whole antibody molecules, antibody fragments, or fusion
proteins that include a region equivalent to the Fe region of
an immunoglobulin, to produce new variants of a therapeu-
tic protein. The invention is based, in parl, on the inventors’
discovery that the glycosylation reaction network of a cell
can be manipulated to maximize the proporlion of certain
glycoforms within the population, and that certain glyco-
forms have improved therapeutic characteristics. The inven-
tion is further based, in part, on the discovery of ways to
identify glycoforms of proteins which have an improved
Iherapeutic value, and how 1o generate them reproducibly.
The invention is further based, in part, on the discovery that
there is a preferred range of glycoprotein-modifying glyco-
syl transferase expression in the antibody-generating cell,
for increasing complex N-linked oligosaccharides carrying
bisecting G1cNAc.

As such, the present invention is directed, generally, to
methods for the glycosylation engineering of proleins to
alter and improve their therapeutic properties. More
specifically, the present invention describes methods for
producing in a host cell an antibody which has an altered
glycosylation pattern resulting in an enhanced antibody
dependent cellular cytotoxicity (ADCC). For the practice of
the methods, the present invention provides hosl cells which
harbor a nucleic acid encoding an antibody and at lcast one
nucleic acid encoding a glycoprotein-modifying glycosyl
transferase. Further, the present invention provides methods
and protocols of culturing such host cells under conditions
which permit the expression of the desired antibody having
an altered glycosylation pattern resulting in an enhanced
antibody dependent cellular cytotoxicity. Further, methods
for isolating the so generated antibody with enhanced anti-
body dependent cellular cytotoxicity are described.

In more specific embodiments of the invention, two
monoclonal antibodies, namely the anti-neuroblastoma anti-
body chCE7, and the anti-CD20 antibody C2B8, have been
used as model therapeutic glycoproleins, and the farget
glycoforms have been those carrying a special class of
carbohydrate, namcly bi-antcnnary complex N-linked oli-
gosaccharides modified with bisecting N-acetylglucosaminc
(G1cNAC). In the model system provided by the invention,
CHO cells are uscd as host cells, although many other cell
systems may be contemplated as host cell system. The
glycosyl transferase that adds a bisecting G1cNAc to various
types of N-finked oligosaccharides, G1cNAc-transferase 111
(Gn'T' 1), is not normally produced by CHO cells. Stanley
and Campell, 1984, J. Biol. Chem. 261:13370-13378.

To investigate the ellects of GnT I overexpression
experimentally, a CHO cell line with tetracycline-regulated
overexpression of a rat GnT IIl ¢cDNA was established.
Using this éxperimental system, the inveniors discovered
that overexpression of GnT III to high levels led to growth
inhibition and was toxic to the cclls. Another CHO ccll linc
with tetracyclinc-rcgulated overexpression of GnT V, which
is a distinct glycosyl transferase, showed the same inhibitory
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effect, indicating that this may be a general feature of
glycoprotein-modifying glycosyl transferase overexpres-
sion. The effect of the enzyme expression on the cell growth
sets an upper limit to the level of glycoprotein-modifying
glycosyl transferase overexpression and may therefore also
limit the extent to which poorly accessible glycosylation
sites can be modilied by engineering of glycosylation path-
ways and patterns using uvaregulated expression vectors.

The production of a set of chCE7 mAb and C2B8 samples
differing in their glycoform distributions by controlling GoT
TH expression in a range between basal and toxic levels arc
disclosed. Mcasurement of the ADCC activity of the chCE7
mAb samples showed an optimal range of GnT III expres-
sion for maximal chCE7 in vitro biological activity. The
activity correlated with the level of Fc-associated bisected,
complex oligosaccharides. Expression of GnT 111 withio the
practical range, i.c., where no significant growth inhibition
and toxicity. are observed, led to an increase of the target
bisected, complex structures for this set of chCE7 samples.
The patlern of oligosaccharide peaks in MALDI/TOF-mass
spectrometric analysis of chCE7 samples produced at high
levels of GnT 111 indicates that a significant proportion of
potential GnT Il substrates is diverted 1o bisected hybrid
oligosaccharide by-products. Minimization of these
by-products by further cngincering of the pathway could
therefore be valuable.
B. Identification And Generation Of Nucleic Acids Encod-
ing A Protein For Which Modification Of The Glycosylation
Pattern Is Desired

The present invention provides host cell systems suitable
for the geperation of altered glycoforms of any protein,
prolein fragment or peptide of interest, for which such an
alieration in the glycosylation pattern is desired. ‘The nucleic
acids encoding such protein, protein fragment or peptide of

interest may be obtained by methods generally known in the 35

art. For example, the nucleic acid may be isolated from a
cDNA library or genomic library. For a revicw of cloning
strategics which may be uscd, sce, ¢.g., Maniatis, 1989,
Molecular Cloning, A Laboratory Manual, Cold Springs
Ilarbor Press, N.Y.; and Ausubel et al., 1989, Current
Protocols in Molecular Biology, (Green Publishing Associ-
ates and Wiley Interscicnce, N.Y.).

In an alternate embodiment-of the invention, the coding
sequence of the protein, protein fragment or peptide of
interest may be synthesized in whole or in part, using
chemical methods well known in the art. See, for example,
Caruthers et al, 1980, Nuc. Acids Res. Symp. Ser.
7:215-233; Crea and Horn, 1980, Nuc. Acids Res. USA
0:2331; Matteucci and Caruthers, 1980, Tetrahedron Letters
21:719; Chow and Kempe, 1981, Nuc. Acids Res.
9:2807-2817. Alicrnatively, the protein itself could be pro-
duccd using chemical methods to synthesize its amino acid
sequence in whole or in part. For example, peplides can be
synthesized by solid pbasc techniques, cleaved from the
resin, and purified by preparative high performance liquid
chromatography. E.g., see Creighton, 1983, Protein Struc-
tures And Molecular Principles, W.H. Freeman and Co.,
N.Y. pp. 50-60. The composilion of the synthetic peptides
may be confirmed by amino acid analysis or sequencing
(e.g., the Edman degradation procedure; see Creighton,
1983, Proteins, Structures and Molecular Principles, W.H.
Freeman and Co., N.Y., pp. 34-49).

In preferred embodimeants, the invention provides meth-
ods for the generation and use of host cell systems for the
production of glycoforms of antibodies or antibody frag-
ments or fusion protcins which include antibody fragments
with enhanced antibody-dependent cellular cytotoxicity.

e
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Identification of target epitopes and generation of antibodies
having potential therapeutic value, for which modification of
the glycosylation pattern is desired, and isolation of their
respective coding nucleic acid sequence is within the scope
of the invention.

Various procedures known in the art may be used for the
production of antibodies Lo target epitopes of interest. Such
antibodies include but are not limited to polyclonal,
monoclonal, chimeric, single chain, Fab fragments and
fragments produced by an Fab expression library. Such
antibodies may be useful, c.g., as diagnostic or thcrapeutic
agents. As therapeutic ageats, ncutralizing antibodics, i.c.,
those which compete for binding wilh a ligand, substrate or
adapter molecule, are of especially preferred interest.

For the production of antibodics, various host animals are
immunized by injection with the target protein of interest
including, but not limited to, rabbits, mice, rats, elc. Various
adjuvants may be used to increasc the immunological
response, depending on the host species, including but not
limited to Freund’s (complete and incomplete), mineral gels
such as aluminum hydroxide, surface active substances such
as lysolecithin, pluronic polyols, polyanions, peptides, oil
emulsions, keyhole limpet hemocyanin, dinitrophenol, and
potentially useful human adjuvants such as BCG (bacille
Calmetic-Guerin) and Corynebacierium parvum.

Monoclonal antibodies to the target of interest may be
prepared using any technique which provides for the pro-
duction of antibody molecules by continuous ccll lines in
culture. These include, but are not limited to, the hybridoma
technique originally described by Kohler and Milstein,
1975, Nawre 256:495-497, the human B-cell hybridoma
technique (Kosbor et al., 1983, Immunology Today 4:72;
Cote ¢t al., 1983, Proc. Natl. Acad. Sci. U.S.A.
80:2026-2030) and the EBV-hybridoma technique (Cole e1
al., 1985, Monoclonal Antibodies and Cancer Therapy, Alan
R. Liss, Inc., pp. 77-96). In addition, techniques developed
for the production of “chimcric antibodies™ (Morrison cl al.,
1984, Proc. Natl. Acad. Sci. USA. 81:6851-6855; Neuberger
et al., 1984, Nature 312:604-608; Takeda ct al., 1985,
Nature 314:452-454) by splicing the genes from a mouse
antibody molecule of appropriate antigen specificity
together with genes from a human antibody molecule of
appropriate biological activity can be used. Allernatively,
techniques described for the production of single chain
antibodies (U.S. Pat. No. 4,946,778) can be adapted to
produce single chain antibodies having a desired specificity.

Antibody fragments which contain specific binding sites
of the target protein of interest may be generated by known
techniques. For example, such fragments include, but are not
limited to, F(ab"), fragments which can be produced by
pepsin digestion of the antibody molecule and the Fab
fragments which can be gencrated by reducing the disulfide
bridges of the [(ab"), fragments. Alternatively, Tab expres-
sion libraries may be constructed (Huse et al., 1989, Science
246:1275-1281) to allow rapid and easy identification of
monoclonal Fab fragments with the desired specificity to the
target protein of interest.

Once an antibody or antibody fragment has been identi-
fied for which madification in the glycosylation paltern are
desired, the coding nucleic acid sequence is identified and
isolated using techniques well known in he art. See, supra.
C. Generation Of Cell Lines For The Production Of Proteins
With Altered Glycosylation Pattern

The present invention provides host cell expression sys-
tems for the generation of protcins having modificd glyco-
sylation patterns. In particular, the present invention pro-
vides host cell systems for the generation of glycoforms of
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proteins having an improved therapeutic value. Therefore,
the invention provides host cell expression systems selecled
or engincered to increase the expression of a glycoprotein-
modifying glycosyltransferase. Specifically, such host cell
expression systems may be engineered to comprise a recom-
binant nucleic acid molecule encoding a glycoprotein-
modifying glycosyltransferase, operatively linked o a con-
stitutive or regulated promoter system. Alteroatively, host
cell expression systems may be employed that naturally
produce, are induced to produce, and/or are selected to
produce a glycoprotein-modifying glycosyltransferasc.

In one specific embodiment, the present invention pro-
vides a host cell that has been engineered to express at least
one nucleic acid encoding a glycoprotein-modifying glyco-
syl transferase. In one aspect, the host cell is transformed or
transfected with a nucleic acid molecule comprising at least
one gene encoding a glycoprotein-modifying glycosyl trans-
ferase. In an alternate aspect, the host cell has been engi-
neered and/or selected in such way that an endogenous
glycoprotein-modifying glycosyl transferase is activated.
For example, the host cell may be selected 1o carry a
mutation triggering expression of an endogenous
glycoprotein-modifying glycosy! transferase. This aspect is
exemplified in one specific embodiment, where the host cell
is a CHO lcc 10 mutant. Alternatively, the host ccll may be
cngineered such that an endogenous glycoprotein-modifying
glycosyl transferase is activated. In again another
alternative, the host cell is engineered such that an endog-
enous glycoprotein-modifying glycosyl transferase has been
activated by insertion of a regulated promoter element into
the host cell chromosome. In a further alternative, the host
cell has been engineered such thal an endogenous
glycoprotein-modifying glycosy! transferase.has been acti-
vated hy insertion of a constitutive promoter element, a

transposon, or a retroviral element into the hast cell chro- 3

mosome.

Generally, any type of cultured ccll linc can be used as a
background to cngincer the host ccll lines of the present
invention. In a preferred embodiment, CHO cells, BHK
cells, NSO cells, SP2/0 cells, or a hybridoma cell line is used
as the background cell line to generate the engineered host
cells of the invention.

The invention is contemplated to encompass engineered
host cells expressing any type of glycoprotein-modifying
glycosyl transferase as defioed herein. However, in preferred
embodiments, al least one glycoprotein-modifying glycosyl
transferase expressed by the host cells of the .invention is
GonT III, or, alternatively, f(1,4)-N-
acetylglucosaminyltransferase V (GoT V). However, also

other types of glycoprotein-modifying glycosyl transferase s

may be cxpressed in the host system, typically in addition to
*GnT H1 or GnT V, including B(1.4)-galactosyl transferasc
(GalT), and mannosidase I (Man II). In one cmbodiment of
the invention, GnT III is coexpressed with GalT. In another
embodiment of the invention, GnT Il is coexpressed with
Man I1. In a further embodiment of the invention, GnT Il is
coexpressed with GalT and Man Il. However, any other
permutation of glycoprotein-modifying glycosyl trans-
ferases is within the scope of the invention. Further, expres-
sion of a glycosidase in the host cell system may be desired.

One or several nucleic acids encoding a glycoprotein-
modifying glycosyl transferase may be expressed voder the
control of a constitutive promoter or, alternately, a regulated
expression system. Suitable regulated expression systems
includc, but arc not limited to, a tetracycline-rcgulated
cxpression systcm, an ccdysone-inducible c¢xpression
system, a lac-switch cxpression system, a glucocorticoid-
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inducible cxpression system, a temperature-inducible pro-
moter system, and a metallothionein metal-inducible expres-
sion system. If several different nucleic acids encoding
glycoprotein-modifying glycosy! transferases are comprised
within the host cell system, some of them may be expressed
under the control of a constitutive promaoter, while others are
expressed under the control of a regulated promoter. The
optimal expression levels will be different for each protein
of interest, and will be determined using routine experimen-
tation. Expression levels are determined by methods gener-
ally known in the art, including Western blot analysis using
a glycosyl transferase specific antibody, Northern blot analy-
sis using a glycosyl transferase specific nucleic acid probe,
or measurement of enzymatic activity. Alternatively, a lectin
may be employed which binds to biosynthetic products of
the glycosyl transferase, for example, E,-PHA lectin. In a
further alternative, the nucleic acid may be operatively
linked to a reporter gene; the expression levels of the
glycoprotein-modifying glycosy! transferase are determined
by measuring a signal correlated with the expression level of
the reporter gene. The reporter gene may transcribed
together with the nucleic acid(s) encoding said glycoprotein-
modifying glycosy! transferase as a single mRNA molecule;
their respective coding sequences may be linked either by an
intcrnal ribosome entry site (IRES) or by a cap-independent
translation enhancer (CITE). The reporter genc may be
translated together with at least one nucleic acid encoding
said glycoprotein-modifying glycosyl transferase such that a
single polypeptide chain is formed. The nucleic acid encod-
ing the glycoprotein-modifying glycosy! transferase may be
operatively linked to the reporter gene under the control of
a single’ promoter, such that the nucleic acid encoding the
glycoprotein-modifying glycosyl ftransferase and the
reporter gene are transcribed into an RNA molecule which
is alternatively spliced into two separate messenger RNA
(mRNA) molecules; one of the resuliing mRNAs is trans-
lated into said reporicr protein, and the other is translatcd
into said glycoprotein-modifying glycosyl transferase.

If several different nucleic acids encoding a glycoprotein-
modifying glycosyl transferase are expressed, they may be
arranged in such way that they are transcribed as one or as
several mRNA molecules. If they are transcribed as a single
mRNA molecule, their respeclive coding sequences may be
linked either by an internal ribosome entry site (IRES) or by
a cap-independent translation enhancer (CITE). They may
be transcribed from a single promoter into an RNA molecule
which is alternatively spliced into several separate messen-
ger RNA (mRNA) molecules, which then are each translated
into their respective encoded glycoprotein-modifying gly-
cosyl transferase.

In other embodiments, the present invention provides host
cell cxpression sysiems for the gencration of therapeutic
proteins, for example antibodies, having an enhanced
antibody-dependent cellular cytotoxicity, and cells which
display the IgG Fc region on the surface 1o promote
Fc-mediated cylotoxicity. Generally, the host cell expression
systems have been engineered and/or selecled to express
nuclei¢ acids encoding the protein for which the production
of altered glycoforms is desired, along with at least one
nucleic acid encading a glycoprotein-madifying glycosy!
transferase. In one embodiment, the host celt system is
transfected with at least one gene encoding a glycoprotein-
modifying glycosyl transferase. Typically, the transfecied
cells are selected to identify and isolate clones that stably

_cxpress the glycoprotcin-modifying glycosyl transfcrasc. In

another cmbodiment, the host ccll has been selected for

expression of endogenous glycosyl transferase. For
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example, cells may be sciected carrying mutations which
trigger expression of otherwise silent glycoprotein-
modifying glycosyl transferases. For example, CHO cells
are known to carry a silent GaT Il gene that is active in
certain mulants, e.g., in the mutant Lecl0. Furthermore,
methods koown in the art may be used to activate silenl
glycoprotein-modifying glycosyl transferase genes, includ-
ing the insertion of a regvlated or constitutive promoter, the
use of transposons, retroviral elements, elc. Also the use of
gene knockout technologies or the use of ribozyme methods
‘may be used 1o tailor the host ccll's glycosyl transferase
and/or glycosidasc cxpression levels, and is therefore within
the scope of the invention.

Any type of cultured cell line can be used as background
to engineer the host cell lines of the present invention. In a
preferred embodiment, CHO cells, BHK cells, NSO cells,
SP2/0 cells. Typically, such cell lines are engincered to
further comprise at least one transfected nucleic acid encod-
ing a whole antibody molecule, an antibody fragment, or a
fusion prowin that includes a region equivalent to the Fe
region of an immunoglobulin. In an alternative embodiment,
a hybridoma cell line expressing a particular antibody of
interest is used as background cell line to generate the
engineered host cells of the invention.

Typically, at least onc nucleic acid in the host cell system
encodes GnT 1II, or, alternatively, GnT V. However, also
other types of glycoprotein-modifying glycosyl transferase
may be expressed in the host system, typically in addition to
GnT I or GnT V, including GalT, and Man II. In one
embodimentof the invention, GnT Il is coexpressed with
GalT. In another embodiment of the invention, GoT I is
coexpressed with Man 11 In a further embodiment of the
invention, Gn'T' 111 is coexpressed with Gal'l' and Man Il
However, any other permutation of glycoprotein-madifying

glycosy transferases is within the scope of the invention. :

Further, expression of a glycosidase in the host cell system
may be desired.

Onec or scveral nucleic acids encoding a glycoprotein-
modifying glycosyl transferase may be expressed under the
control of a constitutive promoter, or alternately, a regulated
expression system. Suitable regulated expression systems
include, but are not limited to, a tetracycline-regulated
‘expression system, an ecdysone-inducible expression
system, a lac-switch expression system, a glucocorticoid-
inducible expression system, a temperature-inducible pro-
moter system, and a metallothionein metal-inducible expres-
sion system. If several different nucleic acids encoding
glycoprotein-modifying glycosyl transferases are comprised
within the host cell sysiem, some of them may be expressed
under the control of a constitutive promoter, while others are
expressed under the control of a regulated promoter. The
optimal cxpression levels will be different for each.protein
of interest, and will be determined using routine experimen-
tation. Expression levels are determined by methods gener-
ally known in the art, including Western blot analysis using
a glycosy! transferase specific antibody, Northern blot analy-
sis using a glycosy transferase specific nucleic acid probe,

or measurement of enzymatic activity. Alternatively, a lectin’

may be employed which binds to biosyathetic products of
glycosyl transferase, for example, E;-PHA lectin. In a fur-
ther alternative, the nucleic acid may be operatively linked
10 a reporter gene; the expression levels of the glycoprotein-
modifying glycosy! transferase are determined by measuring
a signal correlated with the expression level of the reporter
gene. The reporter genc may transcribed together with the
nucleic acid(s) encoding said,glycoprotein-modifying gly-
cosyl transferase as a single mRNA molecule; their respec-
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live coding sequences may be linked either by an intcrnal
ribosome entry site (IRES) or by a cap-independent trans-
lation enhancer (CITE). The reponier gene may be translated
together with at least one nucleic acid escoding said
glycoprotein-modifying glycosyl transferase such that a
single polypeptide chain is formed. 'The nucleic acid enood-
ing the glycoprotein-modifying glycosyl ransferase may be
operatively linked to the reporter gene under the control of
a single promoter, such that the nucleic acid encoding the
glycoprotein-modifying glycosyl transferase and the
reporter gene are transcribed into an RNA molecule which
is altcrnatively spliced into two scparatc messenger RNA
(mRNA) molecules; one of the resulting mRNAs is trans-
lated into said reporter protein, and the other is translated
into said glycoprotein-modifying glycosy! transferase.

If several different nucleic acids encoding a glycoprotein-
modifying glycosyl transferasc are expressed, they may be
arranged in such way that they are transcribed as onc or as
several mRNA molecules. If they are transcribed as single
mRNA molecule, their respective coding sequences may be
linked either by an internal ribosome entry site (IRES) or by
a cap-independent translation enhancer (CITE). They may
be transcribed from a single promoter into an RNA molecule
which is alternatively spliced into several separate messen-
ger RNA (mRNA) molecules, which then arc cach translated
into their respective encoded glycoprotein-modifying gly-
cosy! transferase.

1. Expression Syslems

Methods which are well known to those skilled in the art
can be used 1o construct expression veclors containing the
coding sequence of the protein of interest and the coding
sequence of Lhe glycoprotein-modifying glycosyl transferase
and appropriale transcriptional/iranslational control signals.
These methods include in vilro recombinant DNA
techniques, synthetic techniques and in vivo recombination/
genetic recombination. See, for example, the techniques
described in Maniatis ct al, 1989, Molecular Cloning A
Laboratory Manual, Cold Spring Harbor Laboratory, N.Y.
and Ausubel et al., 1989, Current Protocols in Molecular
Biology, Greene Publishing Associates and Wiley
Interscience, N.Y. .

A variety of host-expression vector systems may be
utilized to express the coding sequence of the protein of
interest and the coding sequence of the glycoprotein-
modifying glycosyl transferasc. Preferably, mammalian
cells are used as host cell systems transfected with recom-
binant plasmid PNA or cosmid DNA expression vectors
containing the coding sequence of the protein of interest and
the coding sequence of the glycoprotein-modifying glycosyl
transferase. Most preferably, CHO cells, BLIK cells, NSO
cells, or SP2/0 cells, or alernatively, hybridoma cclls arc
used as host cell systems. In alternatc embodiments, other
cukaryotic host cell systems may be conlemplaied,
including, yeast cells transformed with recombinant yeast
expression vectors containing the coding sequence of the
protein of interest and the coding sequence of the
glycoprotein-modifying glycosyl transferase; insect cell sys-
tems infected with recombinant virus expression vectors
(e.g., baculovirus) containing the coding sequence of the
protein of interest and the coding sequence of the
glycoprotein-madifying glycosyl transferase; plant cell sys-
tems infected with recombinant virus expression vectors
(c.g., caulifiower mosaic virus, CaMV; tobacco mosaic
virus, TMV) or traosformed with recombinant plasmid
cexpression veetors (¢.g., Ti plasmid) containing the coding’
scquence of the protein of intcrest and the coding scquence
of the glycoprotein-modifying glycosyl transferase; or ani-
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mal cell systems infected with recombinant virus expression
veciors (e.g., adenovirus, vaccinia virus) includiog ccll lines
engincered to contain multiple copies of the DNA-encoding
the protein of interest and the coding sequence of the
glycoprolein-modifying glycosyl transferase either stably
amplificd (CHO/dhfr) or unstably amplified in double-
minute chromosomes (e.g., murine cell lines).

For the methods of this invention, stable expression is
generally preferred fo transicnt expression because it typi-
cally achieves more reproducible results and also is more
amenable 1o large scale production. Rather than using
cxpression vectors which contain viral origins of replication,
“host cells can be transformed with the respective coding
nucleic acids controlled by appropriate expression control
clements (c.g., promoter, enhancer, scquences, transcription
terminators, polyadenylation sites, etc.), and a selectable
marker. Following the introduction of forcign DNA, engi-
necred cells may be allowed to grow for 1-2 days in an
enriched media, and then are switched to a selective media.
The selectable marker in the recombinant plasmid confers
resistance to the selection and allows selection of cells
which have stably integrated the plasmid into their chromo-
somes and grow to form foci which in turn can be cloned and
expanded into cell lines.

A number of sclection systcms may be used, including,
but not limited to, the herpes simplex virus thymidine kinase
(Wigler ct al., 1977, Cell 11:223), hypoxanthinc-guanine
phosphoribosyliransferase (Szybalska & Szybalski, 1962,
Proc. Natl. Acad. Sci. USA 48:2026), and adenine phospho-
ribosyltransferase (Lowy et al., 1980, Cell 22:817) genes,
which can be employed in tk™, hgpri™ or aprt™ cells, respec-
tively. Also, antimelabolite resislance can be used as the
basis of selection for dhlr, which confers resistance to
methotrexate (Wigler et al., 1980, Natl. Acad. Sci. USA

77:3567; O’Hare et al., 1981, Proc. Natl. Acad. Sci. USA 3

78:1527); gpt, which confers resistance to mycophenolic
acid (Mulligan & Berg, 1981, Proc. Natl. Acad. Sci. USA
78:2072); nco, which confers resistance to the aminoglyco-
side G-418 (Colberre-Garapin et al., 1981, J. Mol. Biol.
150:1); and hygro, which confers resistance to hygromycin
(Santerre et al., 1984, Gene 30:147) genes. Recently, addi-
tional sclectable genes have been described, namely trpB,
which allows cells to utilize indole in place of tryptophan;
hisD, which allows cells to utilize histinol in place of
histidine (Hartman & Mulligan, 1988, Prec. Natl. Acad. Sci.
USA 85:8047); the glulamine synthase system; and ODC
(omithine decarboxylase) which confers resistance Lo the
ornithine decarboxylase inhibitor, 2-(diflvoromethyl)-DL-

omithine, DFMO (McConlogue, 1987, in: Current Commu-

nications in Molecular Biology, Cold Spring Harbor Labo-
ratory ed.).

2. Ideatification Of Transfectants Or Transformants That
Express The Protcin Having A Modified Glycosylation
Pattern

The host cells which contain the coding sequence and
which express the biologically aclive gene products may be
identified by at least four general approaches; (a) DNA-
DNA or DNA-RNA hybridization; (b) the presence or
absence of “marker” genc functions; (<) assessing the level
of transcription as measured by the expression of the respec-
live mRNA transcripts in the host cell; and (d) detection of
the gene product as measured by immunoassay or by ils
biological activity.

“n
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In the first approach, the presence of the coding sequence -

of the protein of interest and the coding sequence of the
glycoprotcin-modifying glycosyl transferase(s) inserted in
the expression vector can be detected by DNA-DNA or
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DNA-RNA hybridization using probes comprising nucle-
otide scquences that are homologous 1o the respective cod-
ing sequences, respectively, or portions or derivatives
thereof.

In the second approach, the recombinant expression
vector/host system can be identified and selected based upon
the presence or absence of certain “marker” gene functions
(c.g., thymidine kinase aclivity, resistance to antibiotics,
resistance to methotrexate, transformation phenotype, occlu-
sion body formation in baculovirus, etc.). For example, if the
coding scquence of the protein of interest and the coding
sequence of the glycoprolcin-modifying glycosyl transfcrasc
are inserted within a marker gene sequence of the vector,
recombinants containing the respective coding sequences
can be identified by the absence of the marker gene function.
Alternatively, a marker gene can be placed in tandem with
the coding sequences under the control of the same or
different promoter used to control the expression of the
coding sequences. Expression of the marker in response to
induction or selection indicates expression of the coding
sequence of the protein of interest and the coding sequence
of the glycoprotein-modifying glycosyl transferase.

In the third approach, transcriptional activity for the
coding region of the protein of interest and the coding
sequence of the glycoprotein-modifying glycosyl transfcrasc
can be assessed by hybridization assays. For example, RNA
can be isolated and analyzed by Northern blot using a probe
homologous o the coding sequences of the protein of
interest and the coding sequence of the glycoprotein-
modifying glycosyl transferase or particular portions
thereof. Altematively, total pucleic acids of the host cell may
be exiracted and assayed for hybridizalion to such probes.

In the fourth approach, the expression of the prolein
products of the protein of interest and the coding sequence
of the glycoprotein-madifying glycosyl transferase can he
assessed immunologically, for example by Western blots,
immunoassays such as radioimmuno-precipitation, enzyme-
linked immunoassays and the like. The ultimate tcst of the
success of the expression system, however, involves the
detection of the biologically active genc products.

D. Generation And Use Of Proteins And Protein Fragments
Having Altered Glycosylation Patterns

1. Generalion And Usc Of Antibodies Having Enhanced
Antibody-Dependent Cellular Cytotoxicity

In preferred embodiments, the present invention provides
glycoforms of antibodies and antibody fragments having an
enhanced antibody-dependent cellular cylotoxicily.

Clinical trials of unconjugated monoclonal antibodies
(mAbs) for the treatment of some types of cancer have
recently yielded encouraging results. Dillman, 1997, Cancer
Biother. & Radiopharm. 12:223-225; Deo ¢t al,, 1997,
Immunology Today 18:127. A chimeric, unconjugated IgG1
has been approved for low-grade or follicular B-cell non-
Hodgkin’s lymphoma (Dillman, 1997, supra), while another
unconjugated mAb, a humanized IgG1 targeting solid breast
tumors, has also been showing promising resulis in phase Ifl
clinical trials. Deo et al., 1997, supra. The antigens of thesc
iwo mADbs are highly expressed in their respective tumor
cells and the antibodies mediate potent tumor destruction by
effector cells in vitro and in vivo. In contrast, many other
unconjugaled mAbs with fine tumor specificities cannot
irigger effector functions of sufficient potency to be clini-
cally useful. Frost et al., 1997, Cancer 80:317-333; Surfus
et al., 1996, J. Immunother. 19:184-191. For some of these
weaker mAbs, adjunct cytokine therapy is currently being
tested. Addition of cyltokines can stimulatc antibody-
dependent cellular cytotoxicity (ADCC) by increasing the
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activity and number of circulating lymphocytes. Frost et al.,
1997, supra; Surfus et al., 1996, supra. ADCC, a lytic ayiack
on antibody-targeted cells, is triggered upon binding of
lymphocyte receptors 1o the constant region (Fc) of anti-
bodies. Deo et al., 1997, supra.

A different, but complementary, approach lo increase
ANCC activily of unconjugated IgGls would be to engineer
the Fc region of the antibody to increase its affinity for the
lymphocyte receptors (FcyRs). Protein engineering studies
have shown that FcyRs interact with the lower hinge region
of the IgG CH2 domain. Lund et al., 1996, J. Immunol.
157:4963-4969. Howcver, FeyR binding also requires the
presence of oligosaccharides covalently attached at the
conserved Asn 297 in the CH2 region. Lund et al., 1996,
supra; Wright and Morrison, 1997, Tibtech 15:26-31, sug-
gesting that cither oligosaccharide and polypeptide both
directly contribute to the interaction site or that the oligosac-
charide is required to maintain an active CH2 polypeptide
conformation. Modification of the oligosaccharide structure
can therefore be explored as a means (o increase the affinity
of the interaction.

An IgG molecule carries two N-linked oligosaccharides in
its Fc region, one on each heavy chain. As any glycoprotein,
an antibody is produced as a population of glycoforms

which sharc the same polypeplide backbone but have dif- 2

ferent oligosaccharides attached to the glycosylation sites.
The oligosaccharides normally found in the Fc region of
serum IgG are of complex bi-antennary type (Wormald ei al,
1997, Biochemistry 36:130-1380), with low level of termi-
nal sialic acid and bisecting N-acctylglucosamine
(G1cNAc), and a variable degree of terminal galactosylation
and core fucosylation (FIG. 1). Some studies suggest that the
minimal carbohydrate structure required for FcyR binding
lies within the oligosaccharide core. Lund et al., 1996, supra.

The removal of terminal galactoses results in approximately :

a two-fold reduction in ADCC activity, indicating a role for
these residucs in FeyR receptor-binding. Lund et al., 1996,
supra.

The mouse- or hamster-derived cell lines used in industry
and academia‘for production of unconjugated therapeutic
mAbs normally attach the required oligosaccharide deter-
minants to Fc sites. IgGs expressed in these cell lines lack,
however, the bisecting G1cNAc found in low amounts in
serum IgGs. Lifely et al., 1995, Glycobiology 318:813-822.
In contrast, it was recently observed that a rat myeloma-
produced, humanized 1gG1 (CAMPATH-1H) carried a
bisecting GleNAc in some of its glycoforms. Lifely et al.,
1995, supra. The rat cell-derived antibody reached a similar
in vitro ADCC activity as CAMPATH-1H antibodies pro-
duced in standard cell lines, but at significantly lower
antibody concentrations.

The CAMPATH antigen is normally present at hlgh levels
on lymphoma cells, and this chimeric mAb has high ADCC
activity in the absence of a bisecting G1cNAc. Lifely et al.,
1995, supra. Even though in the study of Lifely et al., 1995,
supra. the maximal in vitro ADCC activity was not increased
by altering the glycosylation pattern, the fact that this level
of activily was obtained at relatively low antibody concen-
trations for the antibody carrying bisected oligosaccharides

suggests an important role for hisected oligosaccharides. An 6l

approach was developed o increase the ADCC activity of
IgG1s with low basal activity levels by producing glyco-
forms of these antibodies carrying bisected oligosaccharides
in the Fe region.

In the N-linked glycosylauon pathway, a bisecting
G1cNAc is added by the enzyme B(1,4)-N-
acelylglucosaminyliransferase Il (GnT III). Schachter,
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1986, Biochem. Cell Biol. 64:163-181. Lifely el al., 1995,
supra, obtained different glycosylation patiems of the same
antibody by producing the antibody in different cell lines
with different but non-engineered glycosylalion
machineries, including a rat myecloma cell linc that
expressed Gn'T 111 at an ¢ndogenous, constant level. In
contrast, we used a single anlibody-producing CHO cell
line, that was previously engineered o express, in an
externally-regulated fashion, different levels of a cloned
GnT III gene. This approach allowed us to establish for the
first time a rigorous correlation between cxpression of GnT
111 and the ADCC activity of thc modificd antibody.

As demonstrated herein, see, Example 4, infra, C2B8
antibody modified according to the disclosed method had an
about sixteen-fold higher ADCC activity than the standard,
unmodified C2B8 antibody produced under identical cell
culture and purification conditions. Bricfly, a C2B8 anlibody
sample expressed in CHO-UTA-C2B8 cells that do not have
GnT 11l expression showed a cytotoXic activity of about 31%
(at 1 ug/ml antibody concentration), measured as in vitro
lysis of SB cells (CD20+) by human lymphocytes. In
contrast, C2B8 antibody derived from a CHO cell culture
expressing GnT 111 a1 a basal, largely repressed level showed
at 1 ug/ml antibody concentration a 33% increase in ADCC
activily against the control at the same antibody concentra-
tion. Moreover, increasing the expression of GaT HI pro-
duced a large increase of almost 80% in the maximal ADCC
activity (at 1 ug/ml antibody concentration) compared to the
contro] at the same antibody concentration. See, Example 4,
infra.

Further antibodies of the invention having an enhanced
antibody-dependent cellular cylotoxicity include, but are not
limited to, anti-human neuroblastoma monoclonal antibody
(chCE7) produced by the methods of the invention, a
chimeric anti-human renal cell carcinoma monoclonal anti-
body (ch-G250) produced by the methods of the invention,
a humanized anti-HER2 monoclonal antibody produced by
the mcthods of the invention, a chimeric anti-human colon,
lung, and breast carcinoma monoclonal antibody (ING-1)
produced by the methods of the inveation, a humanized
anti-human 17-1A antigen monoclonal antibody (3622W94)
produced by the methods of the invention, 2 humanized
anti-human colorectal tumor antibody (A33) produced by
the methods of the invention, an anti-human melasoma

s antibody (R24) directed against GD3 ganglioside produced

by the methads of the invention, and a chimeric anti-human
squamous-cell carcinoma monoclonal antibody (SF-25) pro-
duced by the methods of the inveation. In addition, the
invention is directed 10 antibody fragment and fusion pro-
teips comprising a region that is equivalent to the Fc region
of immunoglobulins. Sce, infra.

2. Generation And Use Of Fusion Protcins Comprising A
Region Equivalent To An Fe Region Of An Immunoglobulin
That Promote Fc-Mediated Cytotoxicity

As discussed above, the present inveation relates to a
method for enhancing the ADCC activity of therapeutic

‘antibodies. This is achieved by engincering the glycosyla-

tion pattern of the Fc region of such antibodies, in particular
by maximizing the proportion of antibody molecules carry-
ing hisected complex ulign:saa.haridcs N-linked 1o the con-
served glycosylation sites in their Fe regions. This strategy
can be applied to enhance Fc-mediated cellular cyloloxncrly
against undesirable cells mediated by any molecule carrying
a region that is an equivalent to the Fc region of an
immunoglobulin, not only by therapeutic antibodics, since
the changes introduced by the cngincering of glycosylation
affect only the Fc region and therefore its interactions with
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the Fc receptors on the surface of effector cells involved in
the ADCC mechanism. Fc-containing molecules to which
the presently disclosed methods can be applied include, but
are not limited to, (a) soluble fusion proteins made of a
targeting protein domain fused to the N-terminus of an
Fc-region (Chamov and Ashkenazi, 1996, TIBTECH 14: 52)
and (b) plasma membrane-anchored fusion proteins made of
a type I1 transmembrane domain that localizes to the plasma
membrane fused lo the N-terminus of an Fc region (Stabila,
P. F.,, 1998, Nature Biotech. 16: 1357).

In the case of soluble fusion protcins (a) the targeting
domain directs binding of the fusion protcin to undesirable
cells such as cancer cells, i.e., in an analogous fashion to
therapeutic antibodies. The application of presently dis-
closed method to enhance the Fc-mediated cellular cytotoxic
aclivity mediated by these molecules would therefore be
identical to the method applied to therapeutic antibodics.
See, Example 2 of U.S. Provisional Application Serial No.
60/082,581, incorporated herein by reference.

In the case of membrane-anchored fusion proteins (b) the
undesirable cells in the body have (o express the gene
encoding the fusion protein. This can be achicved either by
gene therapy approaches, i.e., by transfecting the cells in
vivo with a plasmid or viral vector that directs expression of
the fusion protein-cncoding gene to undcsirable cclls, or by
implantation in the body of cells genetically enginecred to
express the fusion protein on their surface. The later cells
would normally be implanted in the body inside a polymer
capsule (encapsulated cell therapy) where they cannot be
destroyed by an Fc-mediated cellular cytotoxicity mecha-
nism. However should the capsule device fail and the
escaping cells become undesirable, then they can be elimi-
nated by Fe-mediated cellular cytotoxicily. Stabila et al.,
1998, Nature Biotech. 16: 1357. In this case, the presently

disclosed method would be applied either by incorporating

into the gene therapy vector an additional gene expression
cassctte dirceting adequate or optimal cxpression levels of
GnT I or by cngincering the cells to bc implanted 1o
express adequate or optimal levels of GnT 1. In both cases,
the aim of the disclosed method is to increase or maximize
the proportion of surface-displayed Fc regions carrying
bisected complex oligosaccharides. '

The examples below explain the invention in more detail.
The following preparations and examples are given to
enable those skilled in the art to more clearly understand and
to practice the present invention. The present invenlion,
however, is not limited in ‘scope by the exemplified
embodiments, which are intended as illustrations of single
aspects of the invention only, and methods which are func-
tiopally equivalent are within the scope of the invention.
Indced, various modifications of the invention in addition to
thosc described herein will become apparent to those skilled
in the art from the foregoing description and accompanying
drawings. Such modifications are intended to fall within the
scope of the appended claims.

VIII. EXAMPLES
A. Example 1
Tetracycline-Regulated Overexpression Of Glycosyl
Transferases In Chinese Hamster Ovary Cells

To establish a cell line in which the expression of GnT III
could be externally-controlled, a tetracycline-regulated
cxpression system was used. Gossen, M. and Bujard, H.,
1992, Proc. Nat. Acad. Sci. USA, 89: 5547-5551. The
amount of GnT HI in these cells could be controlled simply

10
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by manipulating the concentration of tetracycline in the
culture medium. Using this system, it was found that over-
expression of GnT 11 to high levels led to growth inhibition
and was loxic (o the cells. Another CHO cell line with
tetracycline-regulated overexpression of GnT V, a distinct
glycoprotein-modilying glycosyl transferase, showed the
same inhibitory effect, indicating thal this may be a general
feature of glycoprotein-modifying glycosyl transferase over-
expression. This phenomenon has mot been reported
previously, probably due to the fact that inventigators gen-
erally have used constitutive promoters for related experi-
ments. The growth cffect scts an upper limit 1o the level of
glycoprotein-modifying glycosyl transferase
overexpression, and may thereby also limit the maximum
extent of modification of poorly accessible glycosylation
sites.

1. Materials And Methods

Establishment Of CHO Cells With ‘Tetracycline-
Regulated Expression Of Glycosyltransferases. In a first
step, an intermediate CHO cell line (CHO-1TA) was first
generated thal constitutively expresses a tetracycline-
controlled transactivator (ITA) at a level for the adequate for
the regulation system. Using Lipofectamine reagent (Gibco,
Eggenfelden, Germany), CHO (DUKX) cells were
co-transfccted, with. pUHD15-1, a veetor for constitutive
expression of the tTA gene (Gossen and Bujard, 1992, Proc.
Nat. Acad Sci. USA, 89: 5547-5551), and pSV2Nco, a
vector for constitutive expression of a neomycin resistance
gene (Clontech, Palo Alto, Calif.). Stable, drug-resistant
clones were selected and screened for adequate levels of ITA
expression via transient transfections with a tetracycline-
regulated B-galactosidase expression vector, pUHG16-3.
C-myc epitope-encoding DNA was added {o the 3'end ol the
rat GnT 1T ¢cDNA (Nishikawa et al., 1992, J. Biol. Chem.
267:18199-18204) by PCR amplification. Nilsson el al,
1993, J. Cell Biol. 120:5-13. The product was sequenced
and subcloned into pUHD10-3, a vector for tctracycline-
rcgulated cxpression (Gosscn and Bujard, supra) to gencratc
the vector pUIID10-3-GnT Ilim. The human GnT V ¢cDNA
(Saito et al., 1995, Eur. J. Biochem. 233:18-26), was directly
subcloned into pUHD10-3 to generate plasmid vector
pUHD10-3-GnT V. CHO-ITA cells were co-transfected
using a calcium phosphate transfection method (Jordan and
Wurm, 1996, Nucleic Acids Res. 24:596-601), with pPur, a
vector for constitutive expression of puromycin resistance
(Clontech, Palo Alto, Calil.), and either the vecior pUHID10-
3-GnT lllm or the vector pUHD10-3-Gn'l" V. Puromycin
resistant clones were selected in the presence of tetracycline,
isolated and then analyzed for tetracycline-regulated expres-
sion of GaT Il or GnT V via western blots analysis. See,
infra.

Weostern And Lectin Blotting. For Western blot analysis of
GaT Il or GnT V, cell lysates were separated by SDS-PAGE
and ¢lectroblotted to PVDE membranes (Millipore, Bedford,
Mass.). GnT Ul was detected using the anti-c-myc mono-
clonal antibody 9E10 (Nilsson et al.,, 1993, J. Cell Biol.
120:5-13) and GnT V using with an anti-GnT V rabbit
polyclonal antibody (Chen et al., 1995, Glycoconjugate J.
12:813-823). Anti-mouse or anti-rabbit 1gG-horse radish
peroxidase (Amersham, Arlington, 111.) was used as second-
ary antibody. Bound secondary antibody was detected using
an enhanced chemiluminescence kit (ECL kit, Amersham,
Arlington, 111.)

For lectin blot analysis of glycoproteins modified either
by GnT IHI- or GnT V-catalyzed rcactions, biotinylated
E-PHA (Oxford Glycoscicnces, Oxford, United Kingdom)
or L-PHA-digoxigenin (Bochringer Mannheim, Mannheim,
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Germany), respectively, were used. Merkle and Cummings,
1987, Methods Enzymol. 138:232~259.
2. Results And Discussion

Establishment Of CHO Cell Lines With Tetracycline-
Regulated Overexpression Of Glycosyl Transferases. The
strategy used for establishment of glycosyl transferase over-
expressing cell lines consisted of first generating an inter-
mediate CHO cell line constitutively expressing the
tetracycline-controlled transactivator (ITA) at an adequate
level for the system to work. Yin et al., 1996, Anal. Biochem.
235:195-201. This leve!l had to be high enough to activate
high levels of transcription, in the absence of tetracycline,
from the minimal promoter upstream of the glycosyl trans-
ferase genes. CHO cells were co-transfected with a vector
for constitutive expression for {TA, driven by the human
cytomegalovirus (hCMV) promoter/fenhancer, and a vector
for expression of a ncomycin-resistance (Neo™) gene. An
excess of the ITA-expression vector was used and
necomycin-resistant clones were isolated.

In mammalian cells, co-transfected DNA integrates adja-
cently at random localions within the chromosomes, and
expression depends to a large extent on the site of integration
and also on the number of copies of infact expression
cassetles. A mixed population of clones with different
expression levels of the transfected genes is generaied. Yin
ct al., 1996, supra. Sclection for ncomycin resistance mercly
selects for integration of an intact NeO® expression cassette,
while the use of an excess of the 1TA-cxpression vector
increases the probability of finding clones with good expres-
sion of 1TA. The mixed population of clones has to be
screened using a functional assay for 1TA expression. Gos-
sen and Bujard, 1992, supra; Yin et al., 1996, supra. This was
done by transfection of each clone with a second vector
harboring a reporter gene, lacZ, under the control of the
tet-promoter and screening for tetracycline-regulated (tet-

regulated), transient expression (i.e., one to three days after :

transfection) of B-galactosidase activity. CHOt17, which
showed the highest level of tet-regulated B-galactosidase
activity among twenty scrcened cloncs, was selccted for
further work.

CHO117 cells were tested for tet-regulated expression of
GnT I by transfecting the cells with vector pUHD10-3-
GnT Illm and comparing the relative levels of GnT 11 after
incubation of the cells in the presence and absence of
tetracycline for 36 h. GnT III levels were compared by
western blot analysis, using a monoclonal antibody (9E 10)
which recognizes the c-myc peplide epitope lag at the
carboxy-lerminus of GaT HI. The tag had been intraduced
through a modification of the glycosyl transferase gene
using PCR amplification. Various reporis have demonstrated
addition of peptide epitope tags to the carboxy-termini of
glycosyl transferases, a group of cnzymes sharing the same
topology, without disruption of localization or activity. Nils-
son et al.,, 1993, supra; Rabouille et al., 1995, J. Cell Science
108:1617-1627. FIG. 2 shows that in clone CHO117 GnT i1
accumulation is significantly higher in the absence than in
the presence of tetracycline. An additional clone, CHO12,
which gave weaker activation of transcription in the
b-galactosidase activity assay, was tested in parallel (FIG.
2). GnT 11 and B-galactosidase expression levels follow the
same paltern of tetracycline-regulation for both of these
clones. The range of tetracycline concentrations where GnT
11i expression can be quantitatively controlled was found to
be from 0 to 100 ng/ml (FIG. 3). This resull agrees with
previous research using different cell lines and genes (Yin et
al., 1996, supra).

To generate a stable cetl line with tet-regulated cxpression
of GoT III, CHO117 cells were co-transfected with vector

-
=]

-
w

s
b

65

20

pU HD10-3-GnT IlIm and vector, pPUR, for expression of
a puromycin resistance gene. In parallel, CHOt17 cells were
co-transfected with pUHD10-3-GnT V and pPUR veclors to
generate an analogous cell line for this other glycosyl
transferase. A highly efficient calcium phosphate transfec-
tion method was used and the IDNA was linearized al unique
restriction sites oulside the eucaryolic expression casseltes,
to decrease the probability of disrupting these upon integra-
tion. By using a host in which the levels of TA expressed
had first been proven to be adequate, the probability of
finding cloncs with high cxpression of the glycosyl trans-
ferascs in the abscnce of tetracycline is increascd.

Stable integrants were selected by puromycin resistance,
keeping tetracycline in the medium throughout clone selec-
tion to maintain glycosy! transferasc expression at basal
levels. For each glycosyl transferase, sixicen puromycin
resistant clones were grown in the presence and absence of
tetracycline, and eight of each were analysed by western blot
analysis (F1G. 4). The majority of the clones showed good
regulation of glycosyl transferase expression. One of the
GnT Ill-expressing clones showed a relatively high basal
level in the presence of tetracycline (FIG. 4B, clone 3),
which suggests integration of the expression cassete close 10
an endogenous CHO-cell enhancer; while two puromycin-
resistant cloncs showed no cxpression of GnT I in the
absence of tetracycline (FIG. 4B, clones 6 and 8). Among
the clones showing good regulation of expression, differcnt
maximal levels of glycosyl transferase were observed. This
may be due 10 variations in the site of integration or number
of copies integrated. Activity of the glycosyl transferases
was verified by E-PHA and L-PHA lectin binding to endog-
enous cellular glycoproteins derived from various clones
grown in the presence and absence of tetracyclioe (FIG. ).
Tectins are proteins which bind to specific oligosaccharide
structures. E-PHA lectin binds 10 bisected oligosaccharides,
the products of GnT Ill-catalyzed reactions, and L-PHA
binds to tri-and tctra-antcnnary oligosaccharides produccd
by GnT V-catalyzed reactions (Merkle and Cummings,
1987, Methods Enzymol. 138:232-259). For each glycosyl
transferase, a clone with high expression in Lhe absence, but
with undetectable expression in the presence, of tetracycline
(clone 6, FIG. 4A, CHO-tet-GnT V, and clone 4, FIG. 4B,
CHO-tet-GnT 1lIm) was selected for further work.

B. Example 2

Inhibition Of Cell Growth Effected By Glycosyl
Transferase Qverexpresseion

During scrcening of GoT III- and GnT V-cxpressing
clones in the absence of tetracycline, see, Example 1, supra,
approximately half of each sct of clones showed a strong
inhibition of growth. The extent of growth-inhibition varied
among clones, and comparison with expression levels esti-
mated from western blot analysis (FIG. 4) suggested a
correlation between the degree of growth-inhibition and
glycosyl transferase overexpression. This correlation was
firmly established by growing the final clones, CHO-tei-
GoT [lm and CHO-tet-GnT V, in different concentrations of
tetracycline. A strong inhibition of growth was evident after
two days of culture at low levels of tetracycline (FIG. 6).
Growth-inhibited cells displayed a small, rounded morphol-
ogy instead of the typical extended shape of adherent CHO
cells. After a few days, significant ccll death was apparent
from the morphology of the growth-inhibited cells.

Growth-inhibition duc lo glycosyl transferasc overexpres-
sion has ot hithcrto been reported in the litcrature, probably
due to the widespread use of constitutive promoters. Those
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clones giving constitutive expression of a glycosyl trans-
ferasc at growth-inhibiting levels, would be lost during the

selection procedure. This was avoided here by keeping .

tetracycline in the medium, i.e., basal expression levels,
throughout selection. Prior to sclection, the frequency of
clones capable of expressing glycosyl transferases to
growth-inhibiting levels using traditional mammalian vec-
tors based on the constitutive hCMV promoter/enhancer
would be expected 1o be lower. This is due 1o the fact that,
for any given gene, the pUHD10-3 vector in CHO cell lines
selected for high constitutive levels of (TA, gives signifi-
cantly higher cxpression levels than constitutive hCMV
promoter/enhancer-based vectors, as observed by others.
Yin el al., 1996, supra.

Inhibition of cell growth could be due to a direct effect of
overexpression of membranc-anchored, Golgi-resident gly-
cosyl transferases independent of their in vivo catalytic
aclivity, e.g., via misfolding in the endoplasmic reticulum
(ER) causing saturation of elements which assist protein
folding in the ER. This could possibly affect the folding and
secretion of other essential cellular proteins. Alternatively,
inhibition ‘of growth could be related to increased in vivo
activity of the glycosy! transferase leadingto a change of the
glycosylation patlern, in a function-disrupting {ashion, of a
set of endogenous glycoproteins necessary for growth under
standard in vitro culture conditions.

Independent of the underlying mechanism, the growth-
inhibition effect has two consequences for engineering the
glycosylation of animal cells. First, it implies that cotrans-
fection of constitutive glycosy! transferase expression vec-
tors together with vectors for the target glycoprotein product
is a poor strategy. Other ways of linking e¢xpression of these
two classes of proteins, ¢.g., through the usc of multiple
constitutive promoters of similar strength or use of
multicistronic, constitutive expression vectors, should also

be avoided. In these cases, clones with very high, constitu-

tive'expression of the target glycoprotein, a pre-requisite for
an economical bioprocess, would also have high expression
of the glycosyl transferase and would be eliminated during
the selection process. Linked, inducible expression could
also be problematic for industrial bioprocesses, since the
viability of the growth-arrested cells would be compromised
by the overexpression of.the glycosyl transferase.

The second consequence is that it imposes an upper limit
on glycosyl transferase overexpression for glycosylation
engincering approaches. Clearly, the conversions of many
glycosy! transferase-catalyzed reactions in the cell, al the
endogenous levels of glycosyl transferases, are very high for
several glycosylation sites. However, glycosylation sites
where the oligosaccharides are somewhat inaccesible or are
stabilized in unfavorable conformations for specific glycosyl
tranferases also exist. For example, it has been observed that
addition of bisecting GlcNAc is more restricted to the
oligosaccharides attached to the Fc region than to thosc
located on the variable regions of human IgG antibodies.
Savvidou et al., 1984, Biochemistry 23:3736-3740. Glyco-
sylation enginccring of these restricted sites could be
affected by such a limit on glycosyl transferase expression.
Although this would imply aiming for an “unnatural” dis-
tribution of glycoforms, these could be of benefit for special
therapeutic applications of glycoproteins.

C. Examplc 3

Engineering The Glycosylation Of An Anti-Human
Neuroblastoma Antibody In Chinese Hamslter
Ovary Cells

In ‘order to validate the concept of cogineering a thera-
peutic antibody by modifying its glycosylation patiern, a
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chimeric anti-human neuroblastoma IgG1 (chCE7) was cho-
sen which has insignificant ADCC activity when produced
by SP2/0 recombinant mouse myeloma cells. ChCE7 rec-
ognizes a tumor-associated 190-kDa membrane glycopro-
tein and reacts strongly with all neuroblastoma tumors tested
to date. It has.a high affinily for its antigen (K, of 10'°M™)
and, because of its high tumor-specificily, it is routinely used
as a diagnostic tool in clinical pathology. Amstulz et al.,
1993, Int. J. Cancer 53:147-152. In recent studies, radiola-
belled chCE7 has shown good tumor localization in human
patients. Dirr, 1993, Eur. J. Nucl. Med. 20:858. The glyco-
sylation pattern of ¢chCE7, an anti-neuroblastoma therapeu-
tic monoclonal antibody (mAb) was engineered in CHO
cells with tetracycline-regulated expression of GnT I11. A set
of mAb samples differing in their glycoform distribution
was produced by controlling Gn'T' l1l expression in a range
between basal and toxic levels, and their glycosylation
profiles were analyzed by MALDI/TOF-MS aof neutral oli-
gosaccharides. Measurement of the ADCC activity of these
samples showed an optimal range of GnT III expression for
maximal chCE7 in vitro biological activity, and this activily
correlated with the level of Fc-associated bisected, complex
oligosaccharides.
1. Materials And Mcthods

Construction Of chCE7 Expression Vectors. Plasmid vec-
tors 10CE7VH and 98CE7VL, for cxpression of heavy
(igG1) and light (kappa) chains, respectively, of anti-human
neuroblastoma chimeric antibody chCE7, which contain
chimeric genomic DNA including the mouse immunoglo-
bulin promoter/enhancer, mouse antibody variable regions,
and human antibudy constant regions (Amstulz el al.,, 1993,
Int. J. Cancer. 53:147-152) were used as starting materials
for the construction of the final expression vectors,
pchCE7H and pchCE7L. Chimeric heavy and light chain
chCE7 genes were reassambled and subcloned into the

. pcDNA3.1(+) vector. During reassembly, all introns were
- removed, the leader sequences were replaced with synthetic
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ones, Reff et al,, 1994, Blood 83:435-445, and unique
restriction sites joining the variable and constant region
sequences were introduced. Introns from the heavy constant
region were removed by splicing with overlap-extension-
PCR. Clackson et al., 1991, General Applications of PCR to
Gene Cloning and Manipulalion, p. 187-214, in: McPherson
et al. (ed.), PCR a Practical Approach, Oxlord University

s Press, Oxford.

Production Of ch CE7 In CHO Cells Expressing Different
Levels Of Go T 11I. CHO-tet-GnT HIm (sce, supra) cells
were co-transfected with vectors pchCE7H, pchCE7L, and
pZcoSV2 (for Zeocin resistance, Invitrogen, Groningen, The
Netherlands) using a calcium phosphate transfection
method. Zeocin resistant clones were transferred to a
96-well cell culture plate and assayed for chimeric antibody
expression ‘using an ELISA assay specific for human IgG
constant region. Lifely et al, 1995, supra. Four chCE7
antibody samples were derived from parallel cultures of a
selected clone (CHO-tet-GnT 1Iim-chCE7), grown in
FMX-8 cell culture medium supplemeated with 10% FCS;
each cullure conlaining a different level of tetracycline and
therefore expressing GnT 111 at different levels. CHO-tet-
GnT Iim-chCE7 cells were expanded and preadapted to a
different concentration of tetracycline during 7 days. The
levels of tetracycline were 2000, 60, 30, and 15 ng/ml.

Purification Of chCE7 Antibody Samplcs. Antibody was
purificd from culturc medium by Protein A affinity chroma-
tography on a 1 ml Protein A column (I1I-TRAP, Pharmacia
Biotech, Uppsala, Sweden), using linear pH gradicnt clution
from 20 mM sodium phosphate, 20 mM sodium citrate, 500

Merck Ex. 1129, Pg. 79




US 6,602,684 B1

23

mM sodium chloride, 0.01% polyoxyethylenesorbitan
monolaurate (TWEEN 20), 1M urca, pH 7.5 (buffer A) 10
buffer B (buffer A without sodium phosphate, pH 2.5).
Affinity purificd chCE7 samples were buffer exchanged to
PBS on a 1 ml cation exchange column (RESOURCES,
Pharmacia Biotech, Uppsala, Sweden). Final purity was
judged to be higher than 95% from SDS-PAGE and
Coomasie-Blue staining. The concentration of each sample
was cstimated from the absorbance at 280 nm.

Binding OF antibodies To Neuroblastoma Cells. Binding
affinity to human neuroblastoma cells was estimated from
displacement of ***I-labeled chCE7 by the CHO-produced
samples. Amstutz et al, 1993, supra.

Oligosaccharide Analysis By MALDLI/TOF-MS. CE7-
20001, -601, -301, and -15t samples were trcated with A.
urefaciens sialidasc (Oxford Glycosciences, Oxford, United
Kingdom), following the manufacturer’s instructions, to
remove any sialic acid monosaccharide residues. The siali-
dase digests were then treated with peptide N-glycosidase F
(PNGaseF, Oxford Glycoscicnces, Oxford, United
Kingdom), following the manufacturer’s instructions, 1o
release (he N-linked oligosaccharides. Protein, detergents,
and salts were removed by passing the digesis (hrough
microcolumns containing, from top to bottom, 20 ul of C18
reverse phase matrix (SePPAK, Waters, Milford, Mass.), 20
ml of cation exchange matrix (DOWEX AG 50W X8,
BioRad cation exchange matrix, Hercules, Calif.), and 20 4
of AG 4x4 anion cxchange matrix (BioRad, Hcrcules,
Calif.). The microcolumns were made by packing the matri-
-ces in a gel loading pipetie tip (GEL LOADER, Eppendorf,
Basel, Switzerland) filled with cthanol, followed by an
equilibration with water. Kuster et al., 1997, Anal. Biochem.
250:82~101. Flow through liquid and-a 300 ul-water wash
were pooled, filtered, evaporated to dryness at room

temperature, aod resuspended in 2 ml of deionized water. 3

Onc microliter was applied to a MALDI-MS sample platc
(Perseptive Biosystems, Farmingham, Mass.) and mixed
with 1 44 of a 10 mg/ml dehydrobenzoic acid (DHB, Aldrich,
Milwakee, Wis.) solution in acetonitrile. The samples were
air dried and the resulting crystals were dissolved in 0.2 ul
of ethanol and allowed to recrystallize by air drying. Harvey,
1993, Rapid Mass. Spectrom. 7:614-619. The oligosaccha-
ride samples were then analyzed by matrix-assisted laser
desorption ionization/time-of-flight-mass spectrometry
(MALDI/TOF-MS) using a mass spectrometer (ELITE
VOYAGER 400, Perseptive Biosystems, Farmingham,
Mass.), equipped with a delayed ion extraction MALDI-ion
source, in positive ion and reflector modes, with an accel-
cration voltage of 20 kV. Onc hundred and twenty cight
scans were averaged. Bisected biantennary complex oli-
gosaccharide structures were assigned to five-HexNAc-
associated peaks. Non-bisected tri-antennary-linked
oligosaccharides, the aliernative five HexNAc-containing
isomers, have never been found in the Fc region of 1gGs and
their syntheses are catalyzed by glycosyltransferases dis-
crete from GoT 111

ADCC Activity Assay. Lysis of IMR-32 human neuro-
blastoma cells (target) by human lymphocyles (effector), at
a target:effector ratio of 1:19, during a 16 h incubation at 37°
C. in the presence of different concentrations of chCE7
samples, was measured via retention of a fluorescent dye.
Kolber et al, 1988, J. Immunol. Methods 108: 255-264.
IM-32 cclls were labeled with the fiuorescent dye Caleein

AM for 20 min (final concentration 3.3 gM). The labcled

cells (80,000 cellsiwell) were incubaled for 1 h with differ-
ent concentrations of CE7 antibody. Then, monocyte
depleted mononuclear cells were added (1,500,000 cells/

24

well) and the cell mixture was incubated for 16 h at 37° C.
in a 5% CO, atmosphere. The supernatant was discarded and
the cells were washed once with HBSS and lysed in non-
tonic detergent, t-octylphenoxypolyethoxyethanol
(TRITON X-100 (0.1%). Retention of the fluorescent dye in
IMR-32 cells was measured with a fluorometer (Perkin
Elmer, Luminscence Spectrometer LS SOB, (Foster City,

 Calif)) and specific lysis was calculated relative (o a total

c

lysis control, resulting from exposure of the target to a
detergent instead of exposure to antibody. The signal in the
abscnce of antibody was sct to 0% cytotoxicily. Each
antibody concentration was analyzed by triplicate, and the
assay was repeated three separale limes.
2. Results And Discussion -

Production Of chCE7 In CHO Cells Expressing Different
Levels Of GnT il ChCE7 heavy and light chain expression
vectors were constructed incorporating the human cylome-

" galovirus (hCMV) promoter, the bovine growth hormone
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termination and polyadenylation sequences, and eliminating

-all heavy and light chain introns. This vector design was

based on reports of reproducible high-level expression of
recombinant IgG genes in CHO cells. Reff et al., 1994,
supra; Trill et al., 1995, Current Opinion Biotechno.
6:553-560. In addition, a unique restriction siles was intro-
duced in cach chain, at the junction between the variable and
constant regions. These sites conserve the reading frame and
do not change the amino acid sequence. They should enable
simple exchange. of the mouse variable regions, for the
production of other mouse-human chimeric antibodies. Reff
et al, 1994, supra. DNA sequencing confirmed that the
desired genes were appropriately assembled, and production
of the chimeric antibody in transfected CHO cells was
verified with a human Fc-ELISA assay.

CHO-tet-GnT IHm-chCE7 cells, with stable, tetracycline-
regulated expression of GnT Il and stable, constitutive
expression of chCE7, were established and scaled-up for
production of a set of chCE7 samples. During scale-up, four
parallcl culturcs derived from the same CHO clone werce
grown, each at a different level of tetracycline and therefore
only differing in the level of expression of the GnT III gene.
This procedure eliminates any clonal effects from other
variables affecting N-linked glycoform biosynthesis, permit-
ting a rigorous correlation to be established between GnT 111

~ gene expression and biological activity of the glycosylated

antibody. The tetracycline concentration ranged from 2000
ng/ml, ie., the basal level of Gl 11 expression, to 15
ng/ml, al which significant growth inhibition and toxicity
due to glycosyl transferase overexpression was observed
(see, supra). Indeed, only a small amount of antibody could
be recovered from the latter culture. The second highest
level of GnT 111 expression, using tetracycline at a concen-
tration of 30 ng/ml, produccd only a mild inhibition of
growth. The purified aatibody yicld from this culture was
approximately 70% that from the remaining two lower
levels of GnT III gene overexpression.

The four antibody samples, CE7-20001, -601, -30t, and
-151, numbers denoting the associated concentration of
tetracycline, were purified by affinity chromatography on
Protein A and buffer cxchanged to PBS using a cation
exchange column. Purily was higher than 95% as judged
from SDS-PAGE with Coomassie Blue staining. Rinding
assays to human neuroblasioma cells revealed’high affinity
to the cells and no significant differences in antigen binding
among the different samples (estimated equilibrium disso-
ciation constants varicd between 2.0 and 2.7x107'° M). This
was as cxpected, since there arc no potential N-linked
glycosylation sites in the CE7 variable regions.
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Oligosaccharide Distributions And Levels Of Bisected
Complex Oligosaccharides Of Differcnt chCE7Samples.
Oligosaccharide profiles were obtained by matrix-assisted
laser desorption/ionization mass spectrometry on a lime-of-
flight instrument (MALDI/TOF-MS). Mixtures of neutral
N-linked oligosaccharides derived from each of the four
CHO-produced antibody samples and from a SP2/0 mouse
myeloma-derived ¢chCE7 (CE7-SP2/0) sample were ana-
lyzed using 2,5-dehydrobenzoic acid (2,5-DHB) as the
matrix (FIG. 9). Under these conditions, neutral oligosac-
charides appear essentially as single [M+Na*] ions, which
are sometimes accompanied by smaller [M+K"] ions,
depending on the potassium content of the matrix. Bergweff
et al., 1995, Glycoconjugate J. 12:318-330.

This type of analysis yiclds both the relative proportions
of neutral oligosaccharides of different mass, reflected by
relative peak height, and the isobaric monosaccharide com-
position of each peak. Kuster ¢t al., 1997, supra; Naven and
Harvey, 1996, Rapid Commun. Mass Spectrom.
10:1361-1366. Tentative structures arc assigned (o peaks
based on the monosaccharide composition, knowledge of
the biosynthetic pathway, and on previous structural data for
oligosaccharides derived from the samc glycoprotein pro-
duccd by the samc host, since the protein backbone and the
cell type can bave a strong influcnce on the oligosaccharide
distribution. Field et al., 1996, Anal. Biochem. 239:92-98. In
the case of Fc-associated oligosaccharides, only
bi-antennary complex oligosaccharides have been detected
in IgGs present in human seruni or produced by mammalian
cell cultures under normal conditions. Wormald et al., 1997,
Biochemistry 36:1370-1380; Wright and Morrison, 1997,
Tibtech 15:26-31. The pathway leading to these compounds
is illustrated in FIG. 10, including the mass of the [M+Na*]
ion corresponding 1o each oligosaccharide. High mannose

oligosaccharidcs have also been detected on antibodics

produced in the stationary and dcath phascs of batch ccll
cultures. Yu Ip et al, 1994, Arch. Biochem. Biophys.
308:387-399.

The two major peaks in the CE7-SP2/0 sample (FIG. 9A)
correspond to masses of fucosylated oligosaccharides with
four N-acetylhexosamines (HexNAcs) containing either
three (m/z 1486) or four (m/z 1648) hexoses. See, FIG. 10,
but note that the summarized notation for oligosaccharides
in this figure does not count the two G1eNAcs of the core.
“This composition is consistent with core fucosylated,
bi-antennary complex oligosaccharide structures carrying
zero or one galactose residues, respectively, typical of
Fec-associated oligosaccharides, and as previously observed
in NMR analysis of Fc oligosaccharides derived from a
chimeric 1gG1 expressed in SP2/0 cells. Bergwefl ct al.,
1995, supra.-

GuT Hl-catalyzed transfer of a bisecting G1cNAc to these
bi-antennary compounds, which are the preferred GnT III
acceplors, would lead to oligosaccharides with five Hex-
NAcs (m/z 1689 and 1851, non- and mono-galactosylated,
respectively, FIG. 10), which are clearly absent in the
CE7-5P2/0 sample. The latter peaks appear when chCE7 is
expressed in CHO-tet-GnTTIIm cells. In the CHO-expressed
antibodies the four HexNAc-containing peaks are also
mainly fucosylated, although a small amount of non-
fucosylated structures is cvident from the peak at m/z 1339
(see, FIG. 10). The level of galactosylation is also not very
different between the CHO- and SP2/0-derived matcrial. At
the basal level of GnT T expression (CE7-2000t sample,

FIG. 9B), the molecules with five HexNAcs are present in a,

lower proportion than those with four HexNAcs. A higher
level of GnT 11l expression (CE7-60t sample, FIG. 9C) led
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10 a reversal of the proportions in favor of oligosaccharides
with five HcxNAcs. Bascd on this irend, bisccted,
bi-antennary complex oligosaccharide structures can be
assigned to compounds with five HexNAcs in these samples.
Tri-antennary N-linked oligosaccharides, the alternative five
HexNAc-containing isomers, have never been found in the
Fc region of IgGs and their syntheses are catalyzed by
GlcNAc-transferases discrete from GaT 111

A further increase in GoT JH expression (CE7-30t sample,
FIG. 91) did not lead to any significant change in the levels
of hisected complex oligosaccharides. Another peak (m/z
1543) containing five HexNAcs appears at low, but rela-
tively constant levels in the CHO-GnTIIl samples and
corresponds in mass to a non-fucosylated, bisccted-complex
oligosaccharide mass (FIG. 10). The smaller peaks at m/z
1705 and 1867, also correspond o five HexNAc-containing
bi-antennary complex oligosaccharides. They can be
assigned cither to potassium adducts of the peaks at m/z
1689 and 1851 (mass difference of 16 Da with respecl 1o
sodium adducts) (Kuster et al., 1997, supra) or to mono- and
bi-galactosylated, bisected complex oligosaccharides with-
oul fucose (FIG. 10). Together, the bisected complex oli-
gosaccharides amount to approximatcly 25% of the total in
sample CE7-2000t and reach approximatcly 45 to 50% in
samples CE7-60t and CE7-301

Additional information From The Oligosaccharide Pro-
files Of chCE7 Samples. Although the levels of bisected
complex oligosaccharides were not higher in sample
CE730t, increased overexpression of GaT I11 did continue to
reduce, albeit to a small extent, the proportions of substrale
bi-antennary complex oligosaccharide substrates. This was
accompanied by moderate increases in two different, four
HexNAc-containing peaks (m/z 1664 and 1810). The latter
two peaks can carrespond either 1o galactosylated
bi-antcnnary complex oligosaccharides or to bisccicd hybrid
compounds (FIG. 11). A combination of both classes of
structures is also possible. The relative increase in these
peaks is consistent with the accumulation of bisccted hybrid
by-products of GnT HI overexpression. Indeed, the sample
produced at the highest level of GnT III overexpression,
CE7-151, showed a large increase in the peak at m/z 1664,
a reduction in the peak ai m/z 1810 and a concomitant
reduction of complex bisected oligosaccharides to a level of
approximately 25%. See, peaks with m/z 1689 and 1851 in
FIG. 9E and the corresponding structures in FIG. 11. Higher
accumulation of non-fucosylated (m/z 1664) bisected hybrid
by-products, instead of fucosylated ones (m/z 1810), would
agree with the fact that oligosaccharides which are first
modificd by GnT 111 can no longer be biosyathclic substrates
for core a1 ,6-fucosyltransferase. Schachter, 1986, Biochem.
Cell Biol. 64:163-181.

The peak at m/z 1257 is present at a level of 10-15% of
the total in the CHO-derived samples and at a lower level in
CE7-SP2/0 (FIG. 9). It corresponds to five hexoses plus two
HexNAcs. The only known N-linked oligosaccharide struc-
ture with this composition is a five mannose-containing
compound of the high-mannosc type. Another high mannose
oligosaccharide, a six mannose one (m/z. 1420), is also
present at much lower levels. As mentioned above, such
oligosaccharides have been detecied in the Fc of 1gGs
expressed in the late phase of batch cell cultures. Yu Ip et al,,
1994, supra.

Antibody Dependent Cellular Cyiotoxicity Of ch
CE7Samplcs. ChCE7 shows some ADCC activity, mcasured
as in vitro lysis of neuroblastoma cells by human
lymphocytes, when expressed in CHO-tet-GnTlIm cells
with the minimum level of GoT lII overexpression (FIG. 12,

Merck Ex. 1129, Pg. 81




US 6,602,684 Bl

27

sample CE7-20001). Raising the level of GnT II produced
a large increase in ADCC activity (FIG. 12, sample CE7-
601). Further overexpression of GnT III was not accompa-
nied by an additional increase in activity (FIG. 12, sample
CE7-301), and the highest level of expression actually led to
reduced ADCC (FIG. 12, sample CE7-151). Besides exhib-
iting the highest ADCC activities, both CE7-60t and CE7-
30t samples show significant levels of cytotoxicity at very
low antibody concentrations. These resulis show that there is
an optimal range of GnT I} overexpression in CHO cells for
ADCC activity, and comparison with oligosaccharide pro-
files shows that aclivity correlates with the level of
Fc-associated, bisected complex oligosaccharides.

Given the importance of bisected complex oligosaccha-
rides for ADCC activity, it would be useful to engineer the
pathway to further increase the proportion of these com-
pounds. Overexpression of GnT III 1o levels approaching
that used for sample CE7-30t is within the biotechnologi-
cally practical rangc where no significant toxicity and
growth inhibition are observed. At this level of expression,
the non-galaciosylated, non-bisected, bi-antennary complex
oligosaccharides, i.e., the preferred, potential GnT HI
substrates, are reduced to less than 10% of the total. See, m/z
1486 peak, FIG. 9D. However, only 50% are converied to
the desired bisected: biantennary complex structures. The
rest arc cither diverted to bisected, hybrid oligosaccharide
byproducts or consumed by the competing enzyme f1,4-
galactosyltransferase, GalT (FIG. 11).

Resolution of the bisected hybrid and the non-bisected,
galactosylated complex oligosaccharide peaks by comple-

mentary siructural analyses would determine how much 3

cach potential, undesired route is consuming. The growth of
the m/z 1664 and 1810 peaks al high Go'I' [1] overexpression
levels suggests that al least a [raction of these peaks corre-
sponds to bisected hybrid oligosaccharides (FIG. 11). In

theory, a flux going to bisected hybrid compounds can he :

reduced by co-overexpression of enzymes earlier in the
pathway such as mannosidase II together with GoT I11. On
the other hand, competition between GnT I and GalT for
bisected complex oligosaccharide substrates could poten-
tially be biased towards GnT [lI-catalyzed reactions, by
increasing the intra-Golgi concentration of UDP-G1cNAc
while overexpressing GnT HI. GoT 111 transfers a2 G1cNAc
from the co-substrate UDP-G1cNAc to the different oli-
gosaccharides. Should the intra-Golgi concentration of
UDP-G1cNAc co-substrate be sub-saturating for GoT 111,
then increasing il, either by manipulation of the culture
medium composition or by genetic manipulation of sugar-
nucleotide transport into the Golgi, could favor GnT Il in a
competition for oligosaccharides with GalT.

It remains 1o be determined whether the increase in s

ADCC activity results from the increasc in both the galac-
tosylated and non-galactosylated, bisccted complex
oligosaccharides, or only from one of these forms. See,
peaks at m/z 1689 and 1851 in FIG. 9. If it is found thal
galactosylated, bisected complex bi-antennary oligosaccha-
rides are the optimal structures for increased ADCC activity,
then maximizing the fraction of these compounds on the Fe
region would require overexpression of both GnT 11l and
GalT. Given the competitive scenario discussed previously,
the expression levels of both genes would have o be
careflully regulated. In addition, it would be valuable o (ry
1o re-distribute overexpressed GalT as much as possible
towards the TGN instead of the trans-Golgi cisterna. The
latter strategy may be realized by exchanging the transmem-
branc region-cncoding scquences of GalT with those of
a2,6-sialyltransferasc (Chege and Pfeffer, 1990, J. Cell.
Biol. 111:893-899).
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D. Example 4

Engineering The Glycosylation Of The Anti-CD20
Monoclonal Antibody C2B8

C2BS8 is an anti-human CD20 chimeric antibody, Reff, M.
E. et al, 1994, supra. It recieved FDA approval in 1997 and
is currently being used, under the comercial name of
Rituxan™, for the treatment of Non-Hodgkin’s lymphoma
in the United States. It is derived from CHO cell culture and
therefore should not carry bisected oligosaccharides. See,
supra. In order to producc an improved version of this
antibody, thc method demonstrated previously for the
chCE7 anti-ncuroblastoma antibody was applied. See, supra.
C2B8 antibody modified according to the disclosed method
had a higher ADCC activity than the standard, unmodified
C2B8 antibody produced under identical cell culture and
purification conditions.

1. Material And Methods Synthesis Of The Variable Light
And Variable Heavy Chain

Regions O Chimeric Anti-CD2 Monoclonal Antibody
(C2B8). The VH and VI. genes of the C2B8 antibody were
assembled synthetically using a set of overlapping single-
siranded oligonucleotides (primers) in a one-slep process
using PCR, Kobayashi et al, 1997, Biotechniques 23:
500-503. The scquence data coding f or mousc immuno-
globulin light and heavy chain variable regions (VL and VH
respectively) of the anti-CD20 antibody we re obtained from
a published international patent application (International
Publication Number;: WO 94/11026). The assembled DNA
fragments were subcloned into pBluescriptilKS(+) and
sequenced by DNA cycle sequencing to verify that no
mutations had been introduced.

Contruction Of Vectors For Expression Of Chimeric
Anti-CD20 Monaclonal Antibody (C2BR). VH and VI.
coding regions of the C2B8 monoclonal antibody w ere
subcloned in pchCE7H and pchCE7L respectively. In the
subcloning, the sequences coding for the variable hcavy and
light chains of the anti-ncuroblastoma CE7 (scc, supra) were
exchanged with the synthetically assembled variable heavy
and variable light chain regions of C2B8.

Generation Of CHO-tet-Gn TIIIm Cells Expressing C2B8
Antibody. The method for the generation of a CHO-tet-
GntllIm cell line expressing C2B8 antibody was exactly the
same as for CHO-tet-GnTIIm-CE7. Sec, supra. The clone
chosen for further work was named CHO-tet-GnTIIIm-
C2B8. .

Generation OF CHO-UTA Expressing (C2B8 Antibody.
CHO-1TA is the parental cell line of CHO-tet-GnTlIIm. See,
supra. The method for the generation of a CHO-(TA cell line
expressing C2B8 antibody without GnT III expression was .
cxactly the same as for CHO-tct-GnTillm-C2B8 and CHO-
1c1-GnTIIIm-chCE7. See, supra. The clonc chosen for fur-
ther work was named CHO-1TA-C2B8.

Production Of C2B8 Antibody Samples. Two C2B8 anti-
body samples were derived from parallel CHO-tet-
GnTIlIm-C2B8 cultures; each culture containing different
levels of tetracycline and therefore expected to express
Gn'T1ll at different levels. The levels of tetracycline were
2000, 50, and 25 ng/m]. The C2B8 antibady samples derived
from these cultures were designated as C2B8-2000t, C2BS-
501, and C2B8-251, respectively. Tn parallel, one antibody
sample (C2B8-nt) was made from a CHO-1TA-C2B8
culture, this cell line does not express GnT IIl. CHO-1TA-
C2B8 cells were cultured without tetracycline.

Analysis Of GnT I1I Expression. For Western blot analy-
sis of GnT I11, ccll lysates of each of the production cultures
were resolved by SDS-PAGE and clectroblotted to polyvi-
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nylidene difluoride mecmbranes. Anti-c-myc monoclonal
antibody 9E 10 and anti-mousc IgG-horscradish peroxidasc
(Amersham, Arlington, I11.) were used as primary and sec-
ondary antibodies respectively. Bound antibody was
detected using an enhanced chemiluminiscence kit
(Amersham, Arlington, 11L).

Purification Of C2B8 Antibody Samples. Antibody
samples were purified using the same procedure as for the
chCE7 antibody samples. See, supra. The concentration was
measured using a (luorescence based kit from Molecular
Probes (Leiden, The Netherlands).

Verification Of Specific C2B8 Antigen Binding. The
specificity of antigen binding of the C2B8 anti-CD20 mono-
clonal antibody was verified using an indirect immuncfluo-
rescence assay with cells in suspension. For this study,
CD20 positive cells (SB cells; ATCC deposit no.ATCC
CCL120) and CD20 negative cells (HSB cells;

ATCC deposit no. ATCC CCL120.1) were utilized. Cells
of cach typc werc incubatcd with C2B8 antibody produced
at 25 ng/ml tetracycline, as a primary antibody. Negative
controls included HBSSB instead of primary antibody. An
anti-human [gG Fe specific, polyclonal, FITC conjugated
antibody was used for all samples as a secondary antibody
(SIGMA, St. Louis, Mo.). Cells were examined using a
Leica (Bensheim, Germany) fluorescence microscope.

ADCC Activily Assay. Lysis of SB cclls (CD20+ target
cells; ATCC deposit no. ATCC CCL120) by human mono-

cyte depleted peripheral blood mononuclear cells (effector -

cells) in the presence of different concentrations of C2B8
samples was performed basically following the same pro-
cedure described in Brunner et al., 1968, Immunology
14:181-189. The ratio ofeffector cells to targel cells was
100:1.
2. Results And Discussion

Gn T 111 Is Expressed At Different I evels In Difterent Cell

Lines And Cultures. The cells of the parallel CHO-tet- 3

GnTIlIm-C2B8 cultures, each culture containing different
levels of tetracycline (2000, 50, and 25 ng/ml) and therefore
cxpected to cxpress GnTIII at diffcrent levels, were lysed
and the cell lysates were resolved by SDS-PAGE and
detecied by Western blotting. The lysates of the culture
grown at 25 ng/ml tetracycline showed an intense band at the
corresponding molecular weight of GnT 111 whercas cultures
grown at 50 and at 2000 ng/ml had much less expression of
GnT 1 as shown in FIG. 13.

Verification Of Specific C2B8 Antigen Binding. C2B8
samples produced from parallel cultures of cells expressing
dillerent levels of GoT' 111 were purified from the culture
supernatants by affinity chromatography and buffer
exchanged to PBS on a cation exchange column. Purity was
estimated to be higher than 95% from Coomassie Blue
staining of an SDS-PAGE under reducing conditions. These
antibody samples were derived from expression of antibody
genes whose variable regions were synthesized by a PCR
assembly method. Sequencing of the synthetic cDNA frag-
ments revealed no differences to the original C2B8 variable
region sequences previously published in an international
patent application (International Publication Number WO
94/11026). Specific binding of the samples to human CD20,
the target antigen of C2B8, was demonostrated by indirect
immunofluorescence using @ human lymphoblastoid cell
line SB expressing CN20 on its surface and an HSB lym-
phoblasioid cell line lacking this antigen. Antibody sample
C2B8-251 gave positive slaining of SB cells (FIG. 14A), but
not of HSB cells under ideatical experimental condifions
(sce FIG. 14B). An additional ncgative control consisled of
SB cells incubated with PBS buffer instead of C2B8-251
antibody. It showed no staining at all.
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In Vitro ADCC Activity Of C2B8 Samples. The antibody
sample C2B8-nt expressed in CHO-tTA-C2B8 cells that do
not have Gnt 11 expression (see, supra) showed 31% cyto-
toxic activity (at 1 ug/m} antibody concentration), measured
as in vitro lysis of SB cells (CD20+) by human lymphocytes
(FIG. 15, sample C2B8-nt). C2B8-2000t antibody derived
from a CHO-tet-Gn'T1HI culture grown at 2000 ng/ml of
tetracycline (i.e., at the basal level of cloned GnT III
expression) showed at 1 ug/ml antibody concentration a
33% increase in ADCC activity with respect to the C2B8-nt
sample at the same antibody concentration. Reducing the
concentration of tetracycline 10 25 ng/ml (samplc C2B8-
251), which significantly increased GnTlll expression, pro-
duced a large increase of almost 80% in the maximal ADCC
activity (at 1 ug/ml antibody concentration) with respect to
the C2B8-nt antibody sample at the samc antibody concen-
tration (FIG. 15, sample C2B8-251).

Besides exhibiting the highest ADCC activity, C2B8-25t
showed significant levels of cylotoxicily at very low anti-
body concentrations. The C2B8-25( sample at 0.06 pg/ml
showed an ADCC activity similar to the maximal ADCC
activity of C2B8-nt at 1 ug/ml. This result showed that
sample C2B8-25t, at a 16-fold lower antibody concentration,
reached the same ADCC activity as C2B8-nt. This result
indicatcs that the chimeric anti-CD20 antibody C2B8 pro-
duced in a cell line actively expressing GnT III was signifi-
cantly more active than the same antibody produced in a cell
line that did not express GnT IIL.

One advantage of this antibody using the methods of the
invention is that (1) lower doses of antibody have to be
injected to reach the same therapeutic effect, having a
benefical impact in the economics of antibody production, or
(2) that using the same dose of antibody a better therapeutic
effect is obtained.

E. Example 5

Establishment Of CHO Cell Lines With
Constitutive Expression Of Glycosyltransferase
Genes At Optimal Levels Leading ‘lo Maximal

ADCC Activity

In some applications of the method for enhancing the
ADCC it may be desirable to use constilutive rather than
regulated expression of GaT 1 on its own or together with
other cloned glycosyltransferases and/or glycosidascs.
However, the inventors have demonstrated that ADCC acliv-
ity of the madified antibody depends on the expression level
of GnT IIL. See, supra. Therefore, it is important to select a
clone with constitutive expression of GnT I alone or
together with other glycosyliransferase and/or glycosidase
genes at optimal or ncar optimal levels. The optimal levels
of cxpression of GnT I, cither alonc or together with other
glycosyl transferases such as B(1,4)-galactosyl transferase
(GalT), are first determined using cell lines with regulated
expression of the glycosyl transferases. Stable clones with
constitutive expression of GnT III and any other cloned
glycosyltransferase are then screencd for expression levels
near the optimum.

1. Determination Of Near-optimal Expression Levels

Construction OF A Vector Far Regulated Gn T T Expres-
sion linked To GFP Expression. Each glycosyl transferase
gene is linked, via an IRES sequence, lo a reporter gene
encoding a protein retained in the cell, e.g., green fluorescent
protein (GFP) or a plasma membrane protein tagged with a
peptide that can be recognized by available antibodics. I
morc than onc glycosyl transfcrase is being tested, a differ-
ent marker is associated with each glycosyl transferase, €.g.,
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GnT Ul may be associated to GFP and GalT may be
associaled (o blue fluorescent protein (BFP). An eucaryotic
expression cassette consisting of the GnT Il ¢cDNA
upstream of an IRES element upstream of the GFP cDNA is
first assembled by standard subcloning and/or PCR steps.
This cassette is then subcloned in the tetracycline regulated
expression vector pUID10-3 (see, supra), downstream of
the tet-promoter and upstream of ‘the termination and poly-
adenylation sequences resulting in vector pUHD10-3-
Go'HH-GFP.

Establishment Of CHO Cells With Regulated GnTIII
Expression Linked To GFP Expression And Constitutive
chCE7Antibody Expression. CHO-1TA cells (sce, supra)
expressing the tetracycline-responsive transactivator, are
co-transfected with vector pUHD10-3-GnTII-GFP and vec-
tor pPur for expression of a puromycin-resistance gene. Sce,
supra. Puromycin resistant clones are selected in the pres-
ence of tetracycline. Individual clones are cultured by dupli-
cate in the presence (2 gg/ml) or absence of tetracycline. Six
clones that show inhibition of growth in the absence of
tetracycline, due to glycosyliransferase overexpression (see,
supra), are sclected and analyzed by fluorescence-activated
cell sorting (FACS) for detection of the GFP-associated
signal. A clone giving the highest induction ratio, defined as
the ratio of fluorcscence in the absence of tetracycline 1o

fluorcscence in the presence of tetracycline is chosen for 5

further work and designated as CHO-tet-GnTHI-GIFP. CI10-
tet-GnTHI-GIP are transfected with expression vectors for
antibody chCE7 and a clone with high constitutive expres-
sion of this antibody is selected CHO-1et-GnTIII-GFP-
chCE7. Sce, supra.

Production Of chCE7 Samples, Measurement Of ADCC
Activity And Determination Of Optimal GnTIII Expression
levels. Parallel cultures of CHO-et-Gn'THI-GFP-chCE7
are grown at dilferent levels of tetracycline, and therefore
expressing GnTIII together with GFP at different levels.
chCE?7 antibody samples are purified from the culture super-
natants by affinity chromatography. In parallel, the cells
from cach culturc are analyzed by FACS to determine the
mean level of GFP-associated fluorcscence, which is corre-
lated 10 the expression level of GnT III, of each culture. The
in vitro ADCC activity of each chCE7 antibody sample is
determined (see, supra) and the maximal in vitro ADCC
activity of each sample is plotted against the mean fluores-
cence of the cells used to produce it.

2. Establishment Of A CHO Cell Line With Constitutive
GnTII expression At Near-optimal Levels '

The GnTII-IRES-GFP cassetle (see, supra) is subcloned
in a constitutive expression vector. CHO cells are stably
co-transfected with this vector and a vector for puromycin
resistance. Puromycin resistant cells are selected. This popu-
lation of stably transfected cells is then sorted via FACS, and
clones arc sclceted which express the levels of reporter GFP
gene near the within the range where optimal or near-
optimal ADCC activity is achieved. See, supra. This final
transfection step may be done either on CHO cells already
stably expressing a therapeutic antibody or on empty CHO
cells, e.g., DUKX or DG44 dhfr- CHO cells. In the latter
case, the clones obtained from the procedure described
above will be transfected with therapeutic antibody-
expression vectors in order to generale the final antibody-
producing cell lines.

F. Examplc 6

Cell Surface Expression Of A Humaa IgG Fc
Chimera With Optimized Glycosylation

Encapsulated cell therapy is currently being tested for a
number of discascs. An encapsulated cell implant is
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designed to be surgically placed into the body to deliver a
desired therapeutic substance directly where it is nceded.
However, if once implanted the encapsulated device has a
mechanical failure, cells can escape and become undesir-
able. One way to destroy escaped, undesirable cells in the
body is via an Fc-mediated cellular cytoxicity mechanism.
For this purpose, the cclls 10 be encapsulated can be previ-
ously engineered 10 express a plasma membrane-anchored
fusion protein made of a type 11 transmembrane domaino that
Jocalizes (o the plasma membrane fused to the N-terminus of
an Fc region. Stabila, P. F., 1998, supra. Cells inside the
capsule are prolected against Fc-mediated cellular cytoxicity
by the capsule, while escaped cells are accesible for destruc-
tion by lymphocytes which recognize the surface-displayed
Fc regions, ie., via an Fe-mediated cellular cytoxicity
mechanism. This example illustrates how this Fc-mediated
cellular cytoxicity activity is enhanced by glycosylation
enginecring of the displayed Fc regions. )
1. Establishment Of Cells Expressing The Fc Chimera On
Their Surface And Expressing GnTHI

Cells to be implanted lor a particular therapy, for example
baby hamster kidney (BHK) cells, which already produce
the surface-displayed Fc chimera and a secreted, therapeutic
protein, are first stably transfected with a vector for consti-

" tutive expression of Gn'THI linked via an IRES element to
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cxpression of GFP. Sce, supra. Stable transfectants arc
selected by means of a marker incorporated in the vector,
¢.g., by means of a drug resistance marker and selected for
survival in the presence of the drug.
2. Screening Of Cells Expressing Diffent Levels Of GnTIII
And Measurement

Stable transfectants are analyzed by fluorescence-
activated cell sorting (FACS) and a series of clones with
different mean fluorescence levels are selected for further
studies. Each selected clone is grown and reanalyzed by
FACS 1o ensure stability of GFP, and therefore associated
GaT 11I, expression.
3. Verification Of Different Levels Of Bisccted Complex
Oligosaccharides On The Displaycd Fc Regions

Fe regions from three clones with different levels of
GFP-associated fluorescence and from the original BHK
cells not transfected with the GnTHI-IRES-GFP vector are
solubilized from the membrane by means of a detergent and
then purified by affinity chromatography. The oligasaccha-
rides are then removed, purified and analyzed by MALDI-
TOF/MS. See, supra. The resulting MALDI-TOF/MS pro-
files show that the Fe-regions of the maodified, Auorescent
clones carry different proportions of bisected complex oli-
gosaccharides. The MALDI profile from the unmodified
cells does not show any peak associated to bisected oli-
gosaccharides. The clone with carrying the highest levels of
bisccted complex oligosaccharides on the displayed Fe
regions is choscn for further work.
4. In vitro Fe-mediated Cellular Cytoxicity Activily Assay

Two Fc-mediated cellular cytoxicity activity assays are
then conducted in parallel. In one assay the targel cells are
derived from the clone selected above. In the parallel assay
the target cells are the original cells to be encapsulated and
which have not been modified to express Go'llHl. The assay
is conducted using the procedure described previously (see,
supra) bul in the absence of any additional anlibody, since
the target cells already display Fe regions. This experiment
demonstrates that the Fc-mediated cellular cytoxicity activ-
ity against the cells expressing GoT Il is higher than that
against cells not expressing this glycosyltransferase.

All references cited within the body of the instant speci-
ficalion arc hereby incorporated by rcference in their -
entirety. :
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 14

<210> SEQ ID NO !

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: PCR Oligonucleotide Primer CE7VHPCRL.fwd

<400> SEQUENCE: 1

ttecttgtcg ctgttgctac gcgtgtcctg tcccaggtec aactgcagea 50

<210> SEQ ID NO 2

<211> LENGTH: 63

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> PEATURE:

<223> OTHER INFORMATION: PCR Oligonucleotide Primer CE7VHPCR2.fwd

<400> SEQUENCE: 2
gtgtgttaag cttccaccat gggttggage ctcatcttge tettccttgt cgetgttget 60

acg 63

<210> SEQ ID NO 3

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INPORMATION: PCR Oligonucleotide Primer CETVHPCR(1+42) .rev

<400> SEQUENCE: 3

gtgtgtgaat. tcgetagetg aggagactgt gagagtgg 38

<210> SEQ ID NO 4

<211> LENGTH: 40

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: PCR Oligonucleotide Primer hGammalCH1.fwd

<400> SEQUENCE: 4

gtttgtaagc ttgctagcac caagggccca tcggtcttce 40

<210> SEQ ID NO S

<211> LENGTH: 59

<212> TYPE: DNA

<213> ORGANISM: Artificial Seguence

<220> FEATURE:

<223> OTHER INFORMATION: PCR Oligonucleotide Primer hGammalCHl.rev

<400> SEQUENCE: 5

ggcatgtgtg agttttgtca caagatttgg gctcaacttt cttgtccacc ttggtgttg 59

<210> SEQ ID NO 6

<211> LENGTH: 57

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> PEATURE:

<223> OTHER INFORMATION: PCR Oligonucleotide Primer hGammalCH2.fwd

<400> SEQUENCE: 6

tcttgtgaca aaactcacac atgcccaccg tgcccagace tgaactcctg gggggac 57
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~continued
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 7

LENGTH: 49

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: hGammalCH2.rev

SEQUENCE: 7

cctgtggttc tcggggetge cctttggett tggagatggt tttctcgat

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 8

LENGTH: 22

TYPE: DNA

ORGANISM: Artificial Seguence

FEATURE:

OTHER INFORMATION: PCR Oligonucleotide Primer hGammalCH3.fwd

SEQUENCE: 8

gggcagccec gagaaccaca g9

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 9

LENGTH: 36

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: PCR Oligonucleotide Primer hGammalCH2.rev

SEQUENCE: 9

gtgtgtggat cctcatttac ccggagacag ggagag

<210>
<211>
<212>

<213>

<220>
<223>

<400>

SEQ ID NO 10

LENGTH: 56

TYPE: DNA

ORGANISM: Artificial Sequence

PEATURE:

OTHER INFORMATION: PCR Oligonucleotide Primer CEJVLPCR1,fwd

SEQUENCE: 10

tgggtactge tgctctgggt tccaggttcc actggtgaca tccagatgac acaatc

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 11

LENGTH: 63

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: PCR Oligonucleotide Primer CE7VLPCR2.fwd

SEQUENCE: 11 .

gtgtgtaagc ttceaccatg gagacagaca cactcctgct atgggtactg ctgctetggg

tte

<210>
<21l>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 12

LENGTH: 37

TYPE: DNA

ORGANISM: Artificial Seguence
FEATURE:

OTHER INFORMATION: PCR Oligonucleotide Primer CE7VLPCR(1+2).rev

SEQUENCE: 12

gtgtgtgaat tccgtacgtt ttatttccaas ctctgtc

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 13

LENGTH: 32

TYPE: DNA

ORGANISM: Artificial Sequence
PEATURE:

49

22

36

56

60

63

37
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-continued

<223> OTHER INFORMATION: PCR Oligonucleotide Primer hKappa.fwd

<400> SEQUENCE: 13

gtgtgtaagc ttcgtacggt ggctgcacca tc

<210>
<21l>
<212>
<213>
<220>
<223>

SEQ ID NO 14

LENGTH: 33

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE: .

<400> SEQUENCE: 14

gtgtgtggat ccctaacact ctcccctgtt gaa

32

OTHER INFORMATION: PCR Oligonucleotide Primer hKappa.rev

33

What is claimed is:

1. Amethod for producing a polypeptide having increased
Fc-mediated cellular cytotoxicity in a host cell, comprising:

(a) culturing a host cell engineered 1o express at least one

nucleic acid encoding B(1,4)-N-
acelylglucosaminyliransferase 1 (GnT III) under con-
ditions which permit the production of a polypeptide
selected from the group consisting of a whole antibody
molecule, an antibody fragment, and a fusion protein
that includes the Feiregion of an immunoglobulin,
wherein said Go'l' 111 is expressed in an amount sufli-
cient to modify the oligosaccharides in the Fc region of
said polypeptide produced by said host cell and
wherein said polypeptide has increased Fc-mediated
cellular cytotoxicity as a result of said modification;
and

(b) isolating said polypeptide having increased

Fc-mediated ccllular cytotoxicity.

2. The method of claim 1, whercin in step (a), said host
cell comprises at least one nucleic acid encoding a2 whole
antibody.

3. The method of claim 1, wherein in slep (a), said host
cell compriscs at least one nucleic acid encoding an antibody
fragment.

4. The method of claim 1, wherein in step (a), said host
cell comprises at least one nucleic acid encoding & fusion
protein comprising a glycosylated Fc region of an immu-
noglobulin.

§. The method of claim 1, wherein the expression level of
glycosyl transferase GoT Il produces an antibody molecule,

antibody fragment, or a fusion protein that includes the Fc s

region of an immunoglobulin having increascd Fc-mediated
ccllular cytotoxicity at a higher level than the Fe-mediated
cellular cylotoxicity obtained from a different expression
level of the same glycosyl transferase GnT III gene.

6. The method of claim 1, wherein said host cell further
comprises a nucleic acid encoding a glycosidase.

7. The method of claim 1, wherein the expression leve! of
glycosyl transferase GnTill is sufficient to form bisected
oligosaccharides in the Fc region of said polypeptide.

8. The method of claim 7, wherein the proportion of
bisected oligosaccharides in the Fe region to total oligosac-
charides in the Fc region is al least 45 percent.

9. The method of claim 7, wherein said bisected oligosac-
charides are bisected, complex oligosaccharides. <

10. A method for producing a polypeptidc having
increased Fe-mediated cellular cytotoxicity in a host ccll,
comprising:

2

0

s
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(a) culturing a host cell engineered to express al least one
nuclcic acid cncoding B(1,4)-N- -~
acelylglucosaminyltransferase 11 (GnT III) uader con-
ditions which permit the production of a polypeptide
selected from the group consisting of a whole antibody
molecule, an antibody fragment, and a fusion protein
that includes a Fe region of an immunoglobulin and an
antigen binding region, wherein said GnTIII is
expressed in an amount sufficient to modily oligosac-
charides in the Fe region of said polypeptide produced
by said host cell, and wherein said polypeptide has
increased Fc-mediated cellular cytotoxicily as a result
of said modification; and

(b) isolating said polypeptide having increascd
FFc-mediated cellular cytotoxicily;

whercin said increased Fc-mediated cellular cytotoxicity is
determined by an increase in antibody-dependent cellular
cytotoxicity as measured in the following standard in vitro
assay which uscs viable target cclls that arc known 1o
cxpress a targel antigen recognized by the antigen-binding
region of said polypeptide, and uses as effector cells human
peripheral blood mononuclear cells (PBMCs), said standard
in vitro assay comprising the steps of:

(i) labeling said target cells with the fluorescent dye
Calcein AM as a marker for cell integrity;

(ii) obtaining a first portion of said labeled target cells
and dividing said first portion into multiple equal
subportions of said labeled target cells;

(iii) obtaining second and third portions of said labeled
targel cells having the same number of labeled target
cells as said multiple equal subportions;

(iv) mixing each said multiple equal subportion of said
labeled target cclls with a different concentration of
polypeptide in 2 multi-well assay platc, cach con-
centration being tested in triplicate and said different
concentrations of polypeptide chosen to-give differ-
ent percentages of specific lysis;

(v) mixing said second portion of said labeled target
cells with a detergent that lyses said labeled target
cells in said multi-well assay plate to provide a total
lysis control portion;

(vi) mixing said third portion of said labeled target cells
with antibody-free culture medium in said multi-well
assay plate 1o provide a spontaneous release control
poriion;

(vii) incubating said multi-well assay plate containing
said multiple cqual subportions, total lysis control
portion, and spontancous rclcasc control portion for
1 hr;
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(viit) adding effector cells to each of said multiple equal
subportions, total lysis control portion, and sponta-
neous release control portion in said multi-well assay
plate to yicld an effector cell: target cell ratio of 19:1
and mixing; 5

(ix) incubating said multi-well assay plate in an incu-
balor under 5% €O, atmosphere at 37° C. for 16 hrs;

(x) discarding the cell free supernatant from each well
of said multi-well assay plate;

(xi) washing said labeled target cells in said multi-well
assay platc with buffered saline solution;

(xii) lysing said labeled target cells in nonionic deter-
gent L-octylphenoxypolyethoxyethanol at a final con-
centration of 0.1% (viv);

(xiii) measuring the experimentally retained fluores- 15
cence (EF) of said target cells with a fluorometer;

c

40

wherein the percentage of specific cell lysis for cach
polypeptide concentration is calculated according 1o the
formula (SR-EF)/(SR-MR)x100, where EF is average fluo-
rescence measurcd for a given polypeptide concentration,
MR is the average fluorescence measured for said total lysis
control portion, and SR is the average fluorescence mea-
sured for said spontaneous release control portion, and
wherein an increase in antibody-dependent cellular cytotox-
icity is measured as either an increase in the maximum
percentage of specific lysis observed within the polypeptide
concentration range tested, and/or a reduction in the con-
centration of polypeptide required to achicve onc half of the
maximum percentage of specific lysis observed within the
polypeptide concentration range tested.

* * * * *
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USPTO - Patent Bibliographic Data (Patent Number: 6602684) Page | of |

United States
B Patent and

Trademark Office
Rance ___M_n .._:_Hm ¢ s - e e
gty | Patent Bibliographic Data _ 12/09/2013 07:40 PM
2 Patent Number: 6602684 Application Number: [09294584
. |Issue Date: 08/05/2003 Filing Date: 04/20/1999
Title: 1GLYCOSYLATION ENGINEERING OF ANTIBODIES FOR IMPROVING
' ANTIBODY-DEPENDENT CELLULAR CYTOTOXICITY
Status: 12tﬁ‘year fee window opens: 08/05/2014 Entity: LARGE
Window Opens: N/A Surcharge Date: |N/A Expiration: N/A
N Windo Window
Fee Amt Due: tndow Surchg Amt Due: |Window not open Total Amt Due: [not
not open open
Fee Code:

Surcharge Fee Code:

Most recent events (up to 7):|12/28/2010]Payment of Maintenance Fee, 8th Year, Large Entity.
12/18/2006 | Payment of Maintenance Fee, 4th Year, Large Entity.
-~ End of Maintenance History ---

Address for fee purposes: |STERNE, KESSLER, GOLDSTEIN & FOX P.LL.C
1100 NEW YORK AVENUE, N.W.
WASHINGTON DC 20005

{ Run Another Query |

Need Help? | USPTO Home Page | Finance Online Shopping Pace | Alerts Page

https://ramps.uspto.gov/eram/getMaintFeesInfo.do;jsessionid=AF42E9CF | E4B9CC46B50... 12/9/2013
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s RECEIVED MAY ‘éi; 2)</\)
-
@ DEPARTMENT OF HEALTH AND HUMAN SERVICES ) Y

A0V,

Food and Drug Administration
Silver Spring MD 20993

BLA 125486
BLA ACKNOWLEDGEMENT

Genentech, Inc.

Attention; Michelle H. Rohrer, Ph.D.
Vice President, Regulatory Affairs

1 DNA Way

South San Francisco, CA 94080-4990

Dear Dr. Rohrer:

We have received your Biologics License Application (BLA) submitted under section 351(a) of
the Public Health Service Act (PHS Act) for the following:

Name of Biological Product: obinutuzumab
Date-of Application: | April 22,2013
Date of Receipt: April 22,2013
Our Secondary Tracking Number (STN): BLA 125486

4 ‘Proposéd Use: For the treatment of patients with previously untreated chronic
: lymphocytic leukemia

If you have not already done so, promptly submit the content of labeling [21 CFR 601.14(b)] in
structured product labeling (SPL) format as described at
hitp://www.fda.gov/oc/datacouncil/spl.html. Failure to submit the content of labeling in SPL
format may result in a refusal-to-file action. The content of labeling must conform to the format
and content requirements of 21 CFR 201.56-57.

You are also responsible for complying with the applicable provisions of sections 402(i) and
402(j) of the Public Health Service Act (PHS Act) [42 USC §§ 282 (i) and ()}, which was
amended by Title V111 of the Food and Drug Administration Amendments Act of 2007
(FDAAA) (Public Law No, 110-85, 121 Stat. 904). '

The BLA Submission Tracking Number provided above should be cited at the top of the first
page of all submissions to this application. Send all submissions, electronic or paper, including
those sent by overnight mail or courier, to the following address:

Reference ID: 3303097
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Food and Drug Administration

Center for Drug Evaluation and Research
““Division of Hematology Products

5901-B Ammendale Road

Beltsville, MD 20705-1266

All regulatory documents submitted in paper should be three-hole punched on the left side of the
page and bound. The left margin should be at least three-fourths of an inch to assure text is not
obscured in the fastened area. Standard paper size (8-1/2 by 11 inches) should be used; however,
it may occasionally be necessary to use individual pages larger than standard paper size, Non-
standard, large pages should be folded and mounted to allow the page to be opened for review
without disassembling the jacket and refolded without damage when the volume is shelved.
Shipping unbound documents may result in the loss of portions of the submission or an
unnecessary delay in processing which could have an adverse impact on the review of the
submission.

Secure email between CDER and applicants is useful for informal communications when
confidential information may be included in the message (for example, trade secrets or patient
information). If you have not already established secure.email with the FDA and would like to

set it up, send an email request to SecureEmail@fda.hhs.gov. Please note that secure email may
- not be used for formal regulatory submissions to applications.

If you have any questions, call me at (301) 796-3907.
Sincerely,
{See appended electronic signare page}
Tyree Newman
Regulatory Health Project Manager
Division of Hematology Products

Office of Hematology and Oncology Products
Center for Drug Evaluation and Research

Reference 1D: 3303097
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This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic

signature.

Is/

TYREE L NEWMAN
05/02/2013

Reference ID: 3303097
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D'o.cke.tANo..: I463920234b0
Client Ref, No.: 23437-US1

IN THE UNITED STATES PATENT AND TRADEMARK OIFICE

In re Patent of: Umafia et ol Attorney Docket No: 146392023400

Patent No.: 6,602,684 Assignee: Roche Glycart AG

Issued: August 5, 2003 . : Unit: Office of Patent Legal
Administration

~ Application No: 09/294,584

For: GLYCOSYLATION ENGINEERING OF
ANTIBODIES FOR IMPROVING ANTIBODY-
DEPENDENT CELLULAR CYTOTOXICITY-
Application for § 156 Patent Term Extension

Mail Stop Hatch-Waxman PTE
Commissioner for Patents

P.O. Box 1450

Alexandria, VA 22313-1450

AUTHORIZATION AND POWER OF ATTORNLEY TO FILE APPLICATION FOR
EXTENSION OF PATENT TERM UNDER 35 U.S.C. § 156

As an authorized representative of Genentech, Inc., I herqby authorize Genentech, Inc.’s counsel,
Morrison & Foerster LLP, to file and prosecute a patent term extension application under 35
U.S.C. § 156 for U.S. Patent 6,602,684 (“the '684 Patent”). Genentech, Inc., exclusive licensee
of the 684 Patent, is authorized to act as the agent of Roche Glycart AG, owner of the entire

right, title and interest in the *684 Patent, with respéct to submission of this patent term extension

application. Accordingly, Genentech, Inc., appoints practitioners associated with Customer

Number 25226 to file and prosecute the application for patent term extension for the *684 Patent
and to transact all business in the United States Patent and Trademark Office connected with this
patent term extension application. Please direct all correspondence regarding this application for

pa-1619554
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Patent No.: 6,602,684

Docket No.: 146392023400
Client Ref. No.: 23437-US|1

patent term extension to Morrison & Foerster LLP, 755 Page Mill Road, Palo Alto, CA 94304-
1018. The correspondence address for the ’684 Patent is to be unchanged for all other purposes.

Date XOonber /,;QI,RO (3

Respectfully submitted,
By J\7 N ﬂ ZAM*AV

Name Irene Pleasure (’/\{’

Title: Head of Patents, Senior Director

Phone: 650-225-1000

pa-1619554
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é DEPARTMENT OF HEALTH & HUMAN SERVICES bublic Hoalth Service

Food and Drug Administration
Rockville, MD 20857

IND 104405
IND ACKNOWLEDGEMENT

Genentech, Inc.

Attention: Todd W. Rich, M.D.

Vice President, Development Regulatory Affairs, Medical Communications,
Drug Safety and Development Quality and Compliance

I DNA Way

South San Francisco, CA 94080-4990

Dear Dr. Rich:

We acknowledge receipt of your lnvestigational New Drug Application (IND) submitted under
section 505(i) of the Federal Food, Drug, and Cosmetic Act (FDCA). Please note the following
identifying data:

IND NUMBER ASSIGNED: 104405

SPONSOR: . Genentech, Inc.

PRODUC’i‘ NAMES: -' Human Monoclonal Antibody to CD20 (RO5072759)
DATE OF SUBMISSION: February 6, 2009

DATE OF RECEIPT: February 9, 2009

You may not initiate studies in humans until 30 days after the date of receipt shown above unless
we notify you sooner that you may proceed. If, on or before March 11, 2009, we identify
deficiencies in the IND that require correction before human studies begin or that require
restriction of human studies, we will immediately notify you verbally or in writing that

(1) clinical studies may not be initiated under this IND ("clinical hold") or (2) certain restrictions
apply to clinical studies under this IND (“partial clinical hold™). If we place your human studies
on clinical hold, you will be notified in writing of the reasons and the information necessary to
correct the deficiencies. In the event of such notification, you must not initiate or you must
restrict such studies until you have submitted information to correct the deficiencies, and we
have subsequently notified you that the information you submitted is satisfactory.

It has not been our policy to object to a sponsor, upon receipt of this acknowledgement letter,
either obtaining supplies of the investigational drug or shipping it to investigators listed in the
IND. However, if the drug is shipped to investigators, they should be reminded that studies may
not begin under the IND until 30 days after the IND receipt date or later if the IND is placed on
clinical hold.
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As sponsor of this IND, you are responsible for compliance with the FDCA (21U.S.C. §§ 301 et.
seq.) as well as the lmplementmg regulations [Title 21 of the Code of Federal Regulanons
(CFR)). A searchable version of these regulations is available at
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm. Your responsibilities
include (1) reporting any unexpected fatal or life-threatening adverse experiences associated with
use of the drug by telephone or fax no later than 7 calendar days after initial receipt of the
information [21 CFR 312.32(c)(2)]; (2) reporting any serious, unexpected adverse experiences,
as well as results from animal studies that suggest significant clinical risk, in writing to this
Division and to all investigators within 15 calendar days after initial receipt of this information
[21 CFR 312.32(c)(1)]; and (3) submitting annual progress reports within 60 days of the

" anniversary of the date that the IND went into effect (the date clinical studies were perrmtted 10
begin) [21 CFR 312.33]. You are also responsible for complying with the applicable provisions
of section 402(i) and (j) of the Public Health Service Act (PHS Act) (42 USC §§ 282 (i) and (j)),
which was amended by Title VIII of the Food and Drug Administration Amendments Act of
2007 (FDAAA) (Public Law No, 110-85, 121 Stat. 904).

Prior to use of each new lot of the investigational biologic in clinical studies, submit the lot
number, the results of all tests performed on the lot, and the specifications when established (i.e.,
the range of acceptable results).

We remind you that you may not charge for this investigational drug without prior written
approval of FDA.

All laboratory or animal studies intended to support the safety of this product should be
conducted in compliance with the regulations for "Good Laboratary Practice for Nonclinical
Laboratory Studies” (21 CFR Part 58). If such studies have not been conducted in compliance
with these regulations, provide a statement describing in detail all differences between the
practices used and-those required in the regulations.

Item 7a of form FDA 1571 requests that cither an “environmental assessment,” or a “claim for
categorical exclusion” from the requirements for environmental assessment, be included in the
IND. If you did not include a response to this item with your application, please submit one.
Information of environmental assessments is available in the guidance Environmental
Assessment of Human Drugs and Biologics. This document is available at
http://www.tda.gov/cder/guidance/1 730{ni.pdf.

Cite the IND number listed above at the top of the first page of any communications concerning
this application. Each submission to this IND must be provided in triplicate (original plus two
copies). Please include three originals of all illustrations that do not reproduce well. Send all
submissions, electronic or paper, including those sent by overnight mail or courier, to the
following address:
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Food and Drug Administration

Center for Drug Evaluation and Research
Division of Biologics Oncology Products
Therapeutic Biological Products Document Room
5901-B Ammendale Road

Beltsville, MD 20705-1266

All regulatory documents submitted in paper should be three-hole punched on the left side of the
page and bound. The left margin should be at least three-fourths of an inch to assure text is not
obscured in the fastened area. Standard paper size (8-1/2 by 11 inches) should be used; however,
it may occasionally be necessary to use individual pages larger than standard paper size. Non-
standard, large pages should be folded and mounted to allow the page to be opened for review.
without disassembling the jacket and refolded without damage when the volume is shelved.
Shipping unbound documents may result in the loss of portions of the submission or an
unnecessary delay in processing which could have an adverse impact on the review of the
submission. For additional information, see http:www.fda.gov/cder/ddms/binders.htm.

If you have any questions, concerning this IND call me at (301)796-0704.

Sincerely,

sSee appended elecironic signumre page!

Gina M. Davis, MT

Division of Biologics Oncology Products
Office Oncology Drug Products

Center for Drug Evaluation and Research
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Linked Applications Sponsor Name Drug Name / Subject

IND 104405 Genetech inc. RO572759

This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic

signature.

Is/

GINA M DAVIS
02/17/2009
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Attachment I

- Obinutuzumab BLA, Section 3.2.S.1.2
Structure, redacted
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obinutuzumab 1
Roche
(GA101, RO5072759) 3.2.5.1.2 Structure

Obinutuzumab is a humanized monoclonal antibody based on a human IgG, (k)
framework. The recombinant antibody is produced in Chinese hamster ovary (CHO)
cells and consists of two heavy chains and two light chains with inter- and intra-chain
disulfide bonds that are typical of IgG, antibodies

Il

1 Obinutuzumab ©mc120036 1/6
R0O5072759 / Drug Substance b-R0O5072759_5.1.2.8TC
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mAbs 5:1, 22-33; January/February 2013; © 2013 Landes Bioscience

Epitope interactions of monoclonal antibodies
targeting CD20 and their relationship to-
functional properties _‘

Christian Klein,"* Alfred Lammens,? Wolfgang Schafer,* Guy Geo.rges,4 Manfred Schwaiger,? Ekkehard Méssner,
Karl-Peter Hopfner,? Pablo Umana' and Gerhard Niederfellner®

'Discovery Oncology; Pharma Research and Early Development (pRED); Roche Glycart AG; Schlieren, Switzerland; 2Department of Chemistry and Biochemistry; Gene Center;
Ludwig-Maximilians University Munich; Munich, Germany; *Discovery Oncology; Pharma Research and Early Development (pRED); Roche Diagnostics GmbH; Penzberg,
Germany; *Large Molecule Research; Pharma Research and Early Development (pRED); Roche Diagnostics GmbH; Penzberg, Germany

Keywords: Rituximab, obinutuzumab, ofarumumab, GA10l, structure, type I, type II, non-Hodgkin lymphoma, immunotherapy,
leukemia

Abbreviations: ADCC, antibody-dependent cellular cyrotoxicity; ADCP, antibody-dependent cellular phagocytosis; CDC,
complement-dependent cyrotoxicity; CDR, complementarity-determining region; CLL, chronic lymphocytic leukemia; DLBCL,
diffuse large B cell lymphoma; FcyR, Fey receptor; FL, follicular lymphoma; Ig, immunoglobulin; NHL, non"Hodgkin
lymphoma; MS, multiple sclerosis

Several novel anti-CD20 moncdonal antibodies are currently
(in development with' the aim of improvirig the treatrnent

" of B cell mahgnancxes Mutagenesis and epitope mapping
studies have revealed differences between the CD20 epitopes. -
recogriized by these antibodiés. Recently, X-ray ctystallography
studies confirmed that the Type | CD20'antibody rituximab
-and -the Type .l CD20 antibody obinutuzuitiab -(GA101)
differ.fundarentally in their interaction with CD20° despute'-

" recognizing a pamally overlapping epitope- on CD20. The .-
Type | CD20 antibodies rituximab and ofaturtimab are known .

“to hind to different epitopes. The differences suggest that

‘the. biological properties-of. these annbodles are: riot .solely.

determined by their core epitope séquences, but also depend' ’

on other factors, such as the elbow hingeangle, the Srientation
of the bound antibody and differantial effects mediated by the

Fc reglon of the antibody. Takert together, these fictors may.

explain differences in the predinical propertles and clinical
* efficacy ofanu{Dzo antrbodnes . .

Introduction

CD20 is a transmembrane cellular protein that has been vali-
dated as a therapeutic target for treatment of B cell malignan-
cies' (Fig. 1A). CD20 is highly expressed by over 95% of B cell
lymphocytes throughout their development, from the pre-B

cell stage until cheir final differentiation into plasma cells, but’

is absent on the hematopoietic stem cell.2 Moreover, CD20is
believed to exist predominantly asa tetramer on the cell surface.
It is also largely believed to be not usually shed or internalized

'Gorrespondence to: Christian Klein; Email: christian.klein. ck1@md:ecom A
Submitted: 09/30/12; Revised: 10/31/12; Aocepted 11/03/12 .
http'l/dx.dowrg/lo4161/mabs.2277l '

mAbs

upon antibody binding, meaning thar therapeutic antibodies
may be expected to recruit immune effectors cells and mediate
sustained immunologic activity.> The physiological function of
CD20 remains unclear,' although evidence suggested that it may

" be involved in calcium signaling downstream of B cell antigen

receptor activation.?

Rituximab * (Mab'I'hera“i> Rituxan®, Roche/Genentech/
Biogen IDEC) was the first monoclonal antibody to be approved
for the treatment of lymphoma, and it has changed the treat-
ment of non-Hodgkin lymphoma (NHL) and chronic lym-
phocytic leukemia (CLL),’ particularly in combination with
chemotherapy where it has been shown to improve survival
compared with chemotherapy alone.5° More recently, the use
of rituximab in maintenance therapy has been shown to fur-
ther improve outcomes in patients with follicular lymphoma
(FL)."¢ This has established rituximab’s position as a standard-
of-care therapy in the trearment of NHL and CLL."® Other
anti-CD20 antibodies have been introduced into use, including
ofatumumab (Arzerra®; Genmab/GlaxoSmithKline), which is
a human antibody approved for refractory CLL,®? and tositu-
momab (Bexxar®, GlaxoSmithKline) and ibritcumomab tiuxetan
(Zevalin®, Spectrum), which are murine antibodies used clini-
cally as radioimmunoconjugates.?? Ongoing research aims to

- develop novel anti-CD20 antibodies with improved properties

and greater clinical efficacy. Critical to this process is a better
understanding of the mechanisms by which anti-CD20 anti-
bodies act and the relative contributions of different modes of
action to clinical efficacy.

After binding o CD20-positive cells, antibodies are
thought to wrigger at least three different effector functions:
(programmed) cell death (also termed as direct cell death or
apoprosis), antibody-dependent cellular cytotoxicity (ADCC)
or phagocytosis (ADCP) and complement-dependent cyro-
toxicity (CDC).>* Anti-CD20 antibodies are categorized as

Volume 5 Issue 1
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“ REVIEW

A ' Rituximab/ 2H7

epitope GA101

B
Z[PAGIYAPI®...

Ofatumumab . RMESLNEIRAHTPYINIYNC®
LT20 e EPANPSEKNS PSTQYC™
2H7 weEPlANPSIEKNS PSTQYC ™
Rituximab 1_671C E PAK NS psTQY?m
GA101 ’”CLEPANKESPSTQY(I;M

B1 ~‘“7CL>EPKESPSTQY9‘83

Figure 1. (A) The structure and topology of CD20 and the epitopes recognlzed by rituximab,
ofatumumab and GA10). (B) Sequence aligriment of CD20 epitopes recognized by CD20
antibodies basedon published information, Core epitope residues are boxed in light blue.
For 2F2 {ofatumumab), core epitope assignment is based on published work from Teeling
et al. 46. For residues labeled in blue experimental evidence suggests a role in 2F2 binding:
For the other antibodies, the following coloring scheme has been -applied based on Pepscan
résults and FACSblndmg data of amino acid exchange mutants: green; ‘almost any exchange’
tolerated at this  position; brown, non-consenranve exchange tested and not tolerated at this
position; orange, conservative exchange tésted and tolerated at this posltion, red also con-
servative exchanges not tolerated at this posiﬁon, black, posmon has notyet been evaluated.
alicfont indicates that Pepscan and FAG bindmg résults are dtscordant. Since the FACS*
binding results better reflect the native protein context, thecoloringin such Instants was
based on'the FACS bindingdata. : . :

www.landesbioscience.com mAbs

Type I or Type II according to their mode -
of CD20 binding and their primary mecha-
nism for killing CD20-positive cells*®
(Table 1).

This review article will focus on the applica-
tion of anti-CD20 monoclonal antibodies to B
cell malignancies; however, it should be noted
that some of the antibodies discussed in this
review have also been approved® or are being
investigated® in the trearment of non-cancer
indications (e.g., multiple sclerosis, rheuma-
toid arthritis, systemic lupus erythemarosus).

Typel and Type Il CD20 Antibodies
and their Effector Functions

Most existing anti-CD20 antibodies, includ-
ing rituximab, veltuzumab, ocrelizumab
and ofarimumab, are categorized as Type I
(Table 2). These antibodies are character-
ized by their ability to induce a transloca-
tion of CD20 into large lipid microdomains
or ‘lipid rafts’ within the plasma membrane
upon binding.?3*% This clustering process
enhances the recruitment and activation of
complement, and hence Type I antibodies
exert potent CDC.?? However, the contribu-
tion of complement activation to the depletion
of B cells in vivo remains unclear.** Another
characreristic feature of Type I antibodies is
that B cells can be bound by twice as many
Type I antibodies compared with Type II anti-
bodies,”* most likely due to different binding
geometries. The biological significance of this
is unknown, bur it has been hypothesized that
the 2:1 stochiometry could be explained by
Type I antibodies binding between two CD20
tetramers, thereby crosslinking tetramers with
two antibodies bound per tetramer, whereas
Type II antibodies may bind within a tetra-
mer, resulting in only one antibody bound per
CD20 tetramer?®3¢ (Fig. 2). In line with this,
the two known Type II anti-CD20 antibod-
ies tositumomab (or B1) and obinutuzumab
(GA101) (Table 2), do not induce accumu-
lation of CD20 upon antibody binding in
insoluble lipid rafts and show relatively lirtle
CDC activity.# On the other hand, Type II

~antibodies are more potent than Type I anti-

bodies in inducing homotypic adhesion and
direct cell death.?%7 Although this form of
cell death was initially described as apoprosis,
recent studies have demonstrated that it is a
non-apoptotic form of direct cell death that
follows an acrin-dependent enhancement of
cell-to-cell contact, the rupruring of lysosomes

23
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within the cytoplasm?+72® and the generation of reacrive oxygen
species, but does not show the classical hallmarks of apoptosis
such as DNA laddering or caspase dependence.”

The ADCC and ADCP activity of anti-CD20 antlbodles is
mediated by the interaction of their Fc region with FcyRIIla and
is nor affected by the Type I or Type II character of the antibody.
FeyRlIlla is expressed on various immune effector cells, most
prominently macrophages/monocytes and natural killer cells.
FeyRlIIla crosslinking by binding to CD20 on target cells stimu-
lates release of lytic enzymes by the effector cells and induces cell
killing or promotes the phagocytosis of the targer CD20 positive
cell.3 Two variants of FeyRIITa have been identified in humans: a
predominant lower affinity form with a phenylalanine at position
158 (FcyRIIla-158F) and a higher affinity form with valine at
this position (FcyRIIa-158V).#42 The binding of the Fc region
of antibodies to FcyRIlla is dependent on interactions between
the carbohydrate moieties of both the FcyRIlla and antibody.?
Notrably, ADCC acrivity does not differ between Type I and
Type I anti-CD20 antibodies,® but antibodies such as GA101
have been engincered for enhanced affinity for FeyRIIIa leading
10 an increased ability to bind and recruit effector cells and hence
a higher ADCC level 74 The contribution of ADCC to the clin-
ical activity of antibodies remains to be established. However,
the expression of the higher affinity FcyRIIIa-158V genotype
in lymphoma patients has been shown to be associated with an
improved response to rituxumab (mono-) therapy, ¥ suggesting
that enhanced FcyRIIla affinity may confer a clinical advantage.

Recently, Beers and colleagues®® demonstrated an increased
potency in depleting B cells from human CD20 transgenic
mice of Type II antibodies compared with Type I antibodies.
They attributed much of this disparity to the Type I antibody-
mediated internalization of CD20 by B cells leading to reduced
recruitment of macrophages (ADCP) and degradation of CD20/
antibody complexes. The authors also noted that the type of
disease affected the degree of internalization, with most cases
of CLL and mantle cell lymphoma showing rapid CD20 inter-

- nalization; this was in contrast to FL and DLBCL cells, which
were more resistant to CD20 loss. The internalization process
was promoted by the inhibitory FcyRIIb on targer B cells and
investigations have suggested that rituximab can crosslink CD20
and FcyRIIb on the same cell (in cis), whereas Type I1 antibodies
do not appear to have this function? (Fig, 3).

Anti-CD20 antibodies possess complementarity-determining
regions (CDR) that bind to a specific epitope on the antigen.
Mutarional analyses and peptide scanning studies have revealed
differences between antibodies in their CD20 epitopes. 24849
Recendy, three-dimensional crystallographic representations of
several antibodies in complex with CD20 confirmed fundamen-
tal differences in their interactions with CD20 (Fig. 4) [rirux-
imab,”* C2H7 (ocrelizumab),” ofatumumab,’ GA101).

Structurally, CD20 comprises four hydrophobic membrane-
spanning domains, two extracellular loops (one of approximarely
44 amino acids and a smaller one of approximately seven amino
acids), and intracellular N- and C-terminal regions (Fig. 1A).
The intracellular regions of CD20 can undergo phosphorylation
upon antibody binding, thereby mediaring cellular signaling!
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Table 1. Characteristics of Type | and Il antibodies

Typel antibodies ~ Typell antibodies
Class | epitope Class It epitope
Localize CD20 to lipid rafts Do not localize CD20 to fipid rafts
High CDC Low CDC
_.ADCC activity ADCC activity
Full binding capacity Half binding capacity
© Weak homotyplé "aggiegah’_on ' Homotypic aggregation

Cell death induction

Rituximab, ocrelizumab (2H7),
ofatumumab (2F2)

ADCC. anubody—dependent cellular cytotoxicity; CDC, complement-
dependent cytotoxicity; mAb, monoclonal antibody.

Stronger cell death induction

GAT101, tositumomab (B1)

Most of the epitopes involved in antibody recognition are located
within the larger extracellular loop. Recently, Niederfellner and
colleagues? mapped the epitopes recognized by anti-CD20 anti-
bodies. They showed thar, despite recognizing an overlapping
epitope on the large extracellular loop of CD20, Type II and-
bedies bind in a different orientation than Type I anribodies.
For example, the core epitope of GA101 (a Type II antibody) is
formed by residues 172178, whereas the Type I antibody ritux-
imab tdrgets the more N-terminally comprising residues 168—
175, with 170-173 contributing most essentially. For binding of
Type II antibodies, asparagine 176 (N176) is a critical residue
(Fig. 1B), whereas this residue does not seem to make any con-
tacts with CD20-bound Type I antibodies, as exemplified by the
crystal structure of rituximab (Fig. 5). The crystal structure of
the GA101-CD20 epitope peptide complex confirmed thar the
shift in the core epitope resulted in a fundamentally different
orientation of GA101 with respect to CD20. Based upon the cur-
rently available data, we have generated a model of rituximab and
GA101 bound o CD20 (Fig. 6). Ofacumumab, another Type I
antibody, binds to both the large and small CD20 extracellular
loops,*®2 as discussed below.

Type | CD20 Antibodies

Rituximab. Rituximab is a Type I chimeric (human—mouse)
immunoglobulin (Ig)G1 anti-CD20 antibody. The CD20 epit-
ope recognized by rituximab and other mouse-derived antibod-
ies spans amino acid residues 168-175 of the CD20 protein,
with the ANPS morif ar residues 170173 on the large extracel-
lular loop appearing to be of critical importance?33485053 (Fig.
1B). These key residues have been shown to form a network of
hydrogen bonds with residues of the surrounding CDR loops.®
The particular importance of the alanine residue at position 170

. (A170) and the proline residue at position 172 (P172) was shown

by site-directed mutagenesis studies taking advantage of the
fact that rituximab binds only human, but not mouse, CD20.
Introducing the "ANP"7? motif into mouse CD20 conferred
binding of rituximab. The importance of the "’ ANPS"”? region
for rituximab binding in humans has also been established by the
screening of libraries of phage-displayed peprides with different
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Table 2. Characteristics of selected anti-CD20 monoclonal antibodies

) Devélopment mi;us
Names (indication) -
Approved (NHL, DLBCL,
Rituximab CLY
Phase 3 (MCL, DLBCL) .
Ofatumumab (2F2; - Approved (CLL)
HuMax-CD20) Phase 2 (DLBCL)
Veltuzumab (IMMU- X
06; hA20) Phase 2 (NHL)
Ocaratuzumab (AME- _—
D, AME-133) Phase 2 (NHL)-.
Ocrelizumab Phase 3 (MS)
PRO131921 (rhuMAb Discoritinuea
viig) _ ;
TRU-015 Discontinued
lbritumomab tiux-
etan (Zevalin) Approved (FL)-
Tositumomab Approved
(Bexoar) Orphan status in FL
Obinuttzumab Phase 3 (DLECL, NHL, €LL,
GAI01 refractory) :
hOUBM3/6 Preclinical

Description

Chimeric lgGt

.. Human IgG1

Humanized lgGlk

" Typeloril

" Humanized IgGi with " -

Fab/Fc engineered
to Improve CD20 and
- FeyRilla affinity

Humanized igG1
{2H7-based)

Humanized I§G1
(2H7-based) Fc engi-
neéred to improve

FeyRIHa affinity

Single-chain CD20-
targeting protein
derived from 2H7 and
with a human IgG1
hinge

. .Murine [gGTk
Murine IgG2ah
Humanized IgG1k

Humanized IgG1k

Unclear

Epitope

Large extracellular loop
- Core epitope: ™ANPS™ region®

« 'BYCYSI'™: contributes to conformational stability®®

- WPXWLE: functional significance unclear®
« Contact region: positions 165-182¢¢

Large extraceliular loop
« Core epitope: FLKMESLNFIRAHT region®

- +T159K; N163D and N166D residues critical, mostly

likely for conformational stability*®
Small extracellular loop
« A74T, [76A and Y77S residues™

Largely identical to rituximab (above)®

Largely identical to rituxiniab (above)®™

L:«;rgje extracellular loop
- Core epitope: 7P ANPS3 5
« P168 and P170 contribute to binding®'
- Contact region: positions 165-180%

Same as 2H7/6crelizhmab"
Same as 2H7/ocrelizumab®

Same as rituiimab (above)™

Large extracellular loop
« Core epitope; "PANPS73 32
» Contact region: positions 170-182%

. Large extracellutar foop.
+ Core ‘epitope: 172-176 ragion®

Large extracellular loop
- ES, RAHT and INIYN™
+ Not °A or PV27%

CLL, chronic lymphocytic leukernia; DLBCL, diffuse farge B cell lymphoma; FL, follicular lymphoma; Ig, immunoglobulin; MCL, mantie cell lymphoma;

NHL, non-Hodgkin’s lymphoma
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sequences® where P172 was found to have
a particular importance, since rituximab
binds the human ANPS sequence but not
the corresponding murine SNSS sequence.’?
Furthermore, muration of the alanine and
proline ar positions 170 and 172 in buman
CD20 to serine was shown to abolish rirux-
imab binding.3*4® Asparagine 171 (N171)
was also found to be a key residue for ritux-
imab binding as any amino acid replacement
at this position, except histidine, resulted in
a substantial loss of binding affinity to pep-
tides representmg the extracellular CD20
loop.?

Phage-peptide  screening also  sug-
gested thart 2 second region of the epitope,
182YCYSI'®, contributes to the binding of
rituximab through conformational stabi-
lization.#” Furthermore, when Perosa and
colleagues screened phage-display pepride

Type i CD20 antibody
Inter-tetramer binding

Jo &2

Type | CD20 antibody
{ntra-tetramer binding

libraries containing a repertoire of sequences

of random 7- or 12-amino acid peptides they
found that, while cyclic peptides mimick-
ing the CD20 epitope were dependent on
the °ANPS'” motif, linear mimics that
also bound riruximab required a differ-

Figure 2. Hypothetical mode! for the 2:1 binding ratio of Type | and Type 1l CD20 antibodies
_binding to CD20 (tetramers; depicted in red). An explanation to explain the 2:1 binding stoi-

' chlometry between Type | and Type Il CD20 antibodies is to assume that (A) Type | antibodies
bind between CD20 tetramer (inter- tetramer, depicted in red) resulting in accumulation in lipid
rafts together with Fc-yRIlb (gray oval). In contrast Type |I (B} antibodies may bind within one
tetramer (intra-tetramer).

ent motif—WPxWLE—that does not cor-
respond to any sequence present in CD20

itself*** While the WPxWLE motif appears to share
some rituximab contact points with "PANPSY3, these
regions are conformationally different and have been
proposed as distinct epitopes’* However, the func-
tional role and significance of the WPXWLE sequence
is unclear. '
- Muragenesis studies can identify residues affecting
antibody binding, but cannot define the contact sites
berween the CD20 epitope and the antibody. The
structure of the rituximab:epitope complex has been
determined by co-crystallizing a synthetic peptide
mimic of the extracellular loop epitope of CD20 (resi-
dues 163-187) in complex with the antigen-binding

FeyRIIB activation

Malignant B cel

No FeyRIIB activation

CD20 internaftzation No CD20 intemnalization

fragment of rituximab.*® The bound CD20 peptide

forms a cyclic conformarion owing to a disulfide bond

between two cysteine residues, C167 and C183. This
structure comprises a short N-terminal coil (residues
167-171), a 3,, helix (residues 172~174), a small loop
(residues 175~177) and a short C-terminal a-helix

' FoyRlib and subsequent signaling followed by interrialization in lipid rafts. (B) Type I

Figure 3. Hypothetical model for €020 binding of Type | and Type Il CD20 antibod-
ies explaining the impact of FcyRIlb on internalization. (A) Type | antibodies such as
rituximab may bind to CD20 in a conformation that allows simultaneous binding to

antibodies such as GA101 may bind In a conformation that does not allow simultane-
ous binding to FcyRIIb; thus resulting in reduced Internalization.”

(residues 178 —184). The key ANPS” motif is

embedded in a cyclic, four-region pocket formed by

the CDRs of the rituximab antibody (Fig. S). Residues of the
PANPS™ motif bind to CDR residues via numerous hydrogen
bonds and van der Waals contacts. In accordance with evidence
that P172 has a critical role in antibody binding, this residue is
deeply buried in the CD20/Ab interface and forms additional
hydrophobicand hydrophilic contacts with residues at the bottom
of the CDR pocker that are likely to be important in maintaining

26 mAbs

the confoxmanonal stability of the epitope-antibody complex.®
The "2YCYSI'* region at the C-terminus of the large extraccl-
lular loop of CD20 also appears to play a role in rituximab bind-
ing,” most likely through the formation of the disulfide bond

- that induces the cyclic conformation of the epitope® loop nec-

essary for the binding of CD20 to rituximab.® Abrogating the
internal disulfide bridge (C167-C183) of the large extracellular
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Ofatumumab

with a Fab region engineered to improve CD20-binding
affinity. AME-133v has a ca. 13- to 20-fold grearer bind-
ing affinity for CD20 than rituzimab.® The Fc region
has been modified to improve affinity for FeyRIIa-158F
and -158V genotypes. As a result, AME-133v shows
greater in vitro activation of natural killer cells and 5- to
7-fold more potent ADCC than rituximab. ¢4 AME-
133v recognizes the same epitope as rituximab.
Ibritumomab. Ibritumomab, a murine IgGlk Type

I antibody, is the antibody from which rituximab was
derived and hence targets the same epitope as rituximab.®
A radiolabeled form of the antibody, 90Y-ibrirumomab
tiuxeran (Zevalin, Spectrum), is used in the treatment of
indolent NHL % and as consolidation therapy follow-
ing induction 566

Ocrelizumab. Ocrelizumab (PRO70769, Roche/
Genentech) is a humanized anti-CD20 IgG1 Type I
antibody that has been evaluated in a Phase 1/2 study
in patients with relapsed/refractory FL and is currently

in development for the treatment of multiple sclero-

Figure 4. Published crystal structures of (D20 antibodies. (A) rituximab-CD20
complex,* (B) ofatumumab (no co-crystal structure is available),* (C) 2H7-CD20’
complex,* and (D) GA101-CD20 complex.” The heavy chain is colored in'darker
shades, the peptides derived from CD20 are colored in'red where appropriate.

sis.% Compared with rituximab, ocrelizumab shows
lower CDC activity but greater ADCC activity and
enhanced binding to the low-affinicy FcyRIIIa vari-
ant.¥ Ocrelizumab is based on the murine Type I IgG2b

loop seems to completely destabilize the CD20 protein, since
expression of a CD20 variant with a, C167S exchange is barely
detectable by western blot analysis after transient transfection of
HEK?293 cells.? '

The knowledge of the CD20 epitope was used to design ritux-
imab varants in which point mutations were inserted into the
CDR 1o improve the binding characteristics of the antibody.5¢
Rituximab variants that bound to CD20 with enhanced avid-
ity, or with a reduced off-rate, did not show improved activity in
ternis of CDC, complement fixation or rafting. However, a vari-
ant with three mutational changes (H57DE/H102YK/L93NR/)
was shown to mediate enhanced avidity-dependent ADCC and
cell death.5

In principle, generic mutarions in the rituximab epitope
could reduce the binding and efficacy of the antibody, bur dlini-
cal data in partients with DLBCL suggest that epitope mutations
are very rare (0.4% of 264 patients at diagnosis and one of 15
patients at relapse) and are not an important cause of failure
of trearment with rituximab in combination with conventional
chemotherapy.”

Veltuzumab. Veltuzumab (IMMU-106; hA20,
Immunomodics, Nycomed) is a humanized IgGlk Type I ant-
body in Phase 2 development for treatment of relapsed or refrac-
tory NHL and autoimmune diseases® (Table 2). Velruziimab has
CDRs largely identical to those of rituximab with the exception
of one residue, suggesting that it binds to the same epitope.?
Veltuzumab competes for CD20 binding with rituximab and
shows similar specificity, avidity and in vitro activiry.5*%

AME-133v. AME-133v  (Ocaratuzumab, LY2469298,
MENTRIK) is 2 humanized IgG1 Type I antibody in Phase 2
development. AME-133v is an optimized version of rituximab

www.landesbioscience.com
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antibody 2H7. The CDR loops of 2H7 are structurally
similar to those of rituximab. Among the four CDR loops that
interact with CD20, only one (H3) differs substantially from the
rituximab counterpart in rerms of residue sequence and confor-
mation.” 2H7 was first thought to recognize exactly the same
epitope as rituximab. Early studies confirmed that residues A170
and P172 of CD20 are necessary for 2H7 binding, but suggested
that they are not sufficient alone. Rather, the '2INxxN%é morif
also appeared to be necessary for full binding of 2H7 in the pres-
ence of A170/P172, possibly because these residues may stabilize
the conformation of the 2H7:CD20 complex. Mutation of the
QTSK motif present in murine CD20 to *SRAHT"? (as present
in human CD20) also improved the binding of 2H7, but was not
necessary for full binding. In addirion, 2H7 appears to only bind
the oligomeric form of CD20 (e.g., tetramers).?* Subsequent pep-
tide scanning studies demonstrated that the core contact regions
for 2H7 (CD20 positions 165-180) and rituximab (CD20 posi-
tions 165-182) are almost identical.®® Crystallography has con-
firmed that the CDR loops of 2H7, like those of rituximab, form
a deep pocker enclosing the critical V°’ANPS” epitope motif of
CD20." The P168 and P170 residues of 2H7 also form hydro-
gen bonds with CD20, while P175, which occurs in both 2H7
and riruximab, forms a hydrophilic interaction with CD20 that
is oriented differently in the 2H7-CD20 and rituximab-CD20
complexes. As with rituximab, the cyclic conformation of the
2H7-CD20 complex is maintained by the disulfide bond of the
peptide. The different structure of the H3 loop of 2H7, as com-
pared with rituximab, alters the topology of the complex. These
differences result in fewer binding interactions for 2H7, and
hence a lower binding affinity, compared with rituximab3
PRO131921. PRO131921 (thuMAb v114, Genentech) is a
bhumanized IgG1 anti-CD20 antibody that was studied in two
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Figure 5. Comparison of (A) vituximab (Type l) and (B) GA101 (Typel) crystal structures In complex wrth CD20 peptide.29 While forrituximab N171 is
deeply immersed and N176 has no contacts with the rituximab CDRs, N171 is not deeply immersed in the the GA101 CDRs and vice versa N176 makes
contacts to residues FS2/D57/DS9 of GA101 supporting the C- terminal shift of the GAI 01.epitope. -

Phase 1 clinical trials, one for CLL and one for NHL.
PROI31921 is derived from 2H7, bur carries a modi- | A
fied Fc region with enhanced affinity for FeyRIIIa 58
PRO131921 interacts with the same epitope as ocreli-
zumab.® Clinical development has been discontinued.”

TRU-015. TRU-015 is a single-chain CD20-targeting
protein that was derived from 2H7 and has a human IgGt
hinge that binds to the same epitope of 2H7> TRU-015
was described to show reduced CDC activity bur more in
vitro and in vivo properties compared with rituximab.”
Clinical development was discontinued.

Ofatumumab. Ofatumumab is a2 human IgGl Type
I antibody that is approved for the treatment of patients
with CLL refractory to fludarabirie and alemruzumab. 22

Ofatrumumab is being studied in patients with lym-

phomas either as a single agent or in combination with
chemotherapy.?*727¢
Like rituximab, ofatumumab shows Type I anti-

While the binding of rituximab is prevented by muta-
tion of the A170/P172 residues, site-directed mutagenesis

Flgure 6. Three-dlmensmnal models of (A)-rituximab and (B) GA101. GA101
binds to the same binding epitope region of CD20 as rituximab, but in a dif-

e . . . . ferent binding orientation. The molecular models were created by combining
_CD20 acnwl:;.',v u{cludmg F‘D 20 raftmg and CDC activ- “known structural data with the current knowledge and general understanding
ity,»7 bue binding studies suggest that ofatumumab | of annbody structure and membrane protein topology. The CD20 membrane
recognizes an epitope different from thar of rituximab. | protein model was created by combining the structural fragments of the crystal-
lized CD20 antibody’ binding epitope and the transmembrane part of the HER2
receptor as a typical'examplé of a membrane spanning molecule with known
3D mformatfon, and CD20 topology information.

has shown that such mutations in the large extracellular
loop of CD20 do not affect the binding of ofatumumab.
Rather, the replacement of asparagine at position 163 (N163)
or 166 (N166) with aspartic acid reduced ofatumumab binding
by 50-75%. A triple mutant with murations T159K, N163D
and N166D did not bind ofatumumab at all.®7 None of these
single mutations affected rituximab binding, although the triple
mutant showed slightly decreased binding. Peptide scanning
analyses confirmed that ofatumumab (together with the four
other human IgG1 or IgGM antibodies tested) does not recog-
nize the A170/P172 motif. Instead, these human antibodies rec-
ognize a particular region in the large extracellular loop (“FLK
MES LNF IRA HTP'*) that is N-terminal to A170 and P172
(Figs. 1B and 4B). This region does not include the N163 and
N166 residues shown by mutagenesis studies to be necessary for

28 - mAbs

ofatumumab binding, suggesting that these residues indirectly
contribute to the stability of the epitope rather than forming part
of the binding site itself.8

Peptide scanning and mutagenesis studies have revealed thar
the small extracellular loop of CD20 also contributes to the bind- |
ing of ofatumumab. Binding of oferumumab was almost com-
pletely prevented by the replacement of the entire small loop with
an alernative sequence or by the insertion of three murations
(A74T, 176A and Y778) in the loop. Neither the loop replace-

- ment nor these mutations affected the binding of rituximab.”

These data confirm that ofarumumab recognizes an epitope
distinct from that of rituximab, which comprises discontinuéus
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sequences across both the large and small extracellular loops of
CD20 (Fig. 1A).

According to crystallography, the region of the ofarumumab
molecule that binds with CD20 comprises six CDR loops,
which form a deep pocket. Around the periphery of the pocket
are" hydrophobic residues (Y32, W94, W53, 158, Y60, Y102 and
Y105) and at the bortom of the pocket is a positively charged resi-
due (R91).”? It should be noted that the crystal structure of the
Fab fragment of ofatumumab was determined in the absence of
CD20% (Fig. 4B). The hydrophobic pocket formed by the CDRs
of ofarumumab is thought to interact with hydrophobic residues
on both the large and small extracellular loops of CD20, and
possibly with the cell membrane itself. The negatively charged
N-terminal E150 residue of the large extracellular loop of CD20
is thought to interact with the positively charged R91 residue at
the bottom of the CDR pocket of ofatumumab.

The binding of ofatumumab to the large and small extracel-
lular loop of CD20 was hypothesized to position ofatumumab
closer to the surface of the CD20 cell membrane than antibod-
ies binding the large loop. This could be expected to facilirate
the deposition of activated complement on the cell surface and
hence the amplification of the complement response.”” However,
the impacr of this is unclear as the CD20 extracellular loop is
very small compared with the size of an antibody so that the
antibody-binding domain of CD20 is already membrane-proxi-
mal. In addition to the difference in binding sites between ofatu-
mumab and rituximab, studies have suggested thart ofatumumab
dissociates more slowly from the cell surface than rituximab®
and exhibits greater CDC activity than rituximab in various B
cell lines. 3487377 Fyrthermore, CDC by ofatumumab was found
to be less dependent on the cell-surface density of CD20 than
CDC by rtuximab.® The differential action of ofatumumab
on the complement has been supported by direct visualization
of complement-mediated cell killing obtained using spinning-
disk confocal microscopy.”” Compared with rituximab, ofatu-
mumab has been shown to be more active in both the deposition
of complement and in causing morphologic effects induced by
the membrane attack complexes of complemient, namely blebbing
(the formation of bulges in the cell membrane) and the creation
of long, thin ‘streamer’ structures that extend from the cell mem-
brane. Other data, however, have suggested that the preclinical
activity of ofatumumab and rituximab are similar, demonstrat-
ing comparable levels of CDC, ADCC, whole blood B cell deple-
_tion and antitumor activity in preclinical assays and models.”®

Hu8E4. Hu8E4 is a humanized Type I antibody incorporating
CDRs from the mouse IgG2 anti-CD20 antibody, 8E4, grafted
onto human light and heavy framework chains. Compared with
rituximab, hu8E4 showed similar.levels of ADCC and direct cell
death against human lymphoma cells in vitro, bur greater CDC
and greater antitumor activity in lymphoma models in mice.”
The epitope recognized by Hu8E4 is not currently known.

Ublituximab. Ublituximab (LFB-R603, LFP) is a chimeric
glyco-engineered anti-CD20 antibody with enhanced FcyRIII
affinity (as compared with rituximab) thar acts via enhanced
induction of ADCC. The CD20 epitope of ublituximab is
unknown. Preclinical studies imply that ublituximab can disrupt

www landesbioscience.com
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NF-kB/Snail/RKIP/PTEN/AKT signaling in B cell NHL cell
lines that are resistant to chemotherapy and immunochemother-
apy.*® Ublituximab is currently in a Phase 1/2 clinical study in
CLL. :

Type Il CD20 Antibodies

Tositumomab. Radiolabeled 131I-tositumomab  (Bexxar,
GlaxoSmithKline), a murine IgG2a\ antibody, known as Bl
in the scientific literature, is used clinically in extensively pre-
treated patients with NHL.® The acrivity of tositumomab is
mainly achieved through its radioisotope rather than its antibody
type.” The non-radioactive parental antibody Bl, however, is
the prototypic Type IT CD20 antibody that displays all typical
features of a Type II anti-CD20 activity, i.e., it binds B cells at
appraximately half the density of Type I antibodies and induces
homotypic aggregation and cell death, but not rafting. 3% In
transgenic mice expressing human CD20, tositumomab depleted
normal B cells (both circularing and wirhin lymphoid tissues)
for significantly longer than rituximab,? although there was no
difference in the CD20 binding affinities or biological halflives
of the antibody. Mutational studies showed that the ™ANP'™2
epitope motif of CD20 is critical to full binding of tositumomab,
just as for rituximab.?? Peptide scanning studies have confirmed
that rositumomab shares most of the core conract region (posi-
tions 170-182) used by rituximab.® Importantly, both Type II
antibodies, B1 and GA101, do not tolerate well substitutions of
N176, while all Type I antibodies tested do (Fig. 1B).

GA101. GAIO1 (obinutuzumab, Roche) is a Type II, glyco-
engineered, humanized IgGlk anti-CD20 antibody derived from
the murine antibody Bly-17 (Table 2). GA101 is in Phase 2 and
3 clinical trials for the treatment of patients with NHL and CLL.

GAI01 shows biological activity characteristic of a Type I
anti-CD20 antibody. It binds to the surface of the CD20 cell at
a lower density than rituximab, and unlike Type I antibodies,
GA101 does not induce rafting of CD20 and shows low CDC
activity. GAI101 triggers pronounced homotypic adhesion of
lymphoma cells and high levels of direct cell killing activity that
is superior to that of rituximab and tositumomab.”" GA101 was
significantly more effective than rituximab in depleting B cells
in whole blood samples from healthy donors (n = 10) and from
an individual with. CLL.¥ GA101 also showed greater inhibi-
tion of tumor growth than ricuximab, including complete tumor
remission in xenograft models of human DLBCL and improved
survival in 2 model of advanced, disseminated mantle cell lym-
phoma. GA101 and rituximab showed similar acrivity in deplet-
ing B cells from peripheral blood in cynomolgus monkeys, but
GAI101 was more effective in depleting B cells in spleen and
lymph nodes.?

In addition to the antibody type, these characteristics also
result from two unique, engineered fearures of the GA101 mol-
ecule, namely a non-fucosylated Fc portion and a modified elbow
hinge region.”® GA101 has been glyco-engineered to produce a
non-fucosylated Fc region that substantially enhances the affin-
ity of this antibody for both the FcyRIIla-158F and FeyRIIIa-
158V variants. This modification leads to an increased ability to
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bind and recruit effector cells and hence to an increased ADCC
activity against lymphoma cells compared with rituximab.? The
elbow hinge region of GA101 between the variable region and
the first constant domain was modified during the humanization
process. A valine residue present in the parental murine B-lyl anti-
body at Kabat position 11 was replaced by leucine present in B-Ilyl.
This mutation widens the elbow angle for GA101 by almost 30°
compared with rituximab and 2H7 as determined by X-ray struc-
ture analysis.?> Mutagenesis experiments indicate that this murta-
tion enhances its Type II antibody characteristics, including the
increased direct cell death induction.” By mutating the Kabart 11
position, direct cell death induction can be switched on and off,
although the CDRs of the antibody remain unchanged and bind-
ing to CD20 per se is retained.”

Positional mapping has confirmed that the epitopes of GAlOl
and rituximab overlap;® however, the GA101 epitope is shifted
toward the C-terminus of CD20, with N176 contributing to
binding of Type II but not of Type I antibodies (Fig. 5). The core
of the GA101 epitope consists of an extended region, "’ ANP SEK
NSP', rather than the Y?PANPS? motif thar is crirical to ritux-
imab binding.®

The relative roles of these residues in GA101 binding has been
confirmed by crystallography (Figs. 4D and 5). N171 forms
hydrogen bonds with GA101 bur is not essential for binding,
P172 and S173 both contribute to the binding of GA101, while
residues at position- 174-176 (*EKN'6) form an extensive net-
work of hydrogen bonds with the CDR of GA101.? Unlike ofa-
tumumab,®? GA101 does not appear to directly interact with
the small extracellular loop of CD20 or the region preceding the
larger loop.” However, Pepscan analyses indicate that residues
from positions 142160 affect GA101 binding, suggesting that
they might indirectly stabilize the epitope conformation (unpub-
lished observations). -

The extended binding site sequence of GA101 may explain its
high binding affinity for CD20. Moreover, GA101 binds CD20
with a different topology compared with other antibodies owing
- both to its unique epitope and elbow angle (Figs. 4D and 6).
Rituximab and 2H7 bind to CD20 in positions oriented toward
the core of the epitope. In comparison, the bound GA101 is
rotated 90° clockwise around its middle axis and tilted about 70°
toward the C-terminus of the peptide. This topologic difference
may explain several differences observed between the arrangement
and conformation of rituximab—CD20 and GA101—CD20
complexes. According to protein tomography analysis, GA101
often binds monovalently to CD20, whereas rituximab binds the
peptide mostly bivalently. This may favor intra- rather than inter-
tetramer binding™ (Fig. 2). Electron densities observed in protein
tomography suggest that GA101 appears to bind to CD20 tetra-
mers, while rituximab also binds to large CD20 complexes con-
sisting of network-like structures of unidentified proteins.”® The
latter might represent higher order signaling complexes assembled
in lipid rafts, ¢.g., the tetraspanin network. It is thought that the
different geometry of the antibody—CD20 complexes may, in
parr, explain the differences in preclinical and dinical activiry.

We believe that the differences in CD20 internalization and
FcyRIIb dependence reported by other groups®#? might be
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related to differences in the orientation of the antibodies after
binding to CD20. Recent work with TNFR agonistic antibodies
including CD40 and DRS antibodies has shown that binding to
CD40 and FeyRIIb in cis is required to mediate potent CD40
or DRS5 activation.®**5 We propose that Type | CD20 antibodies
bind to CD20 on B cells in 2 conformation that allows simul-
taneous binding to FcyRIIb on the same cell (in cis) resulting
in crosslinking, FcyRIIb co-activation and CD20 co-internal-
ization upon binding potentially in lipid rafts. Vice versa, the
biological effects could be explained by the different binding
conformation of Type Il CD20 antibodies that might pre-
vent simulraneous binding in cis to FcyRIIB, which precludes
FeyRIIb crosslinking and CD20 co-internalization (Fig. 3).

Other Antibodies

hOUM3 and hOUbM6. hOUBM3 and hOUBME are human-
ized versions of the murine antibodies 1k1782 and 1k1791 chat
were previously identified as having properties and epirope speci-
ficities different from rituximab and ibritumomab.® In preclinical
studies, variants of hOUBMS6 showed higher CDC levels, simi-
lar or higher ADCC levels and similar depletion of leukemia and
lymphoma cells compared with rituximab.”

Residues A170 and P172 of CD20 are not essential for binding
of hOUBM3 and hOUBMG, suggesting that the epitope for these
antibodies indeed differs from that of rituximab. According to
the limited available data, the epitope for h\OUBMG includes the
motifs *¥ES*, SSRAHT'™ and "“INTYN'67% Researchers report-
ing preclinical studies of a series of hOUBM3 and hOUBM6
variants recently proposed a classification scheme based on the
affinity (measured by the dissociation constant) and the epitope
of antibodies, rather than biological effects as used to categorize
Type I and IT anti-CD20 antibodies.” The affinity was correlated
with potential to induce direct cell death, allowing antibodies
to be defined into Group A and Group B antibodies. Group A
andbodies (hOUBM3, hOUBMG6 clones with lower K 4 and ofa-
tumumab) exhibited high affinity and did nor induce direct cell
death in lymphoma cells. Group B antibodies (i.e., riraximab and
hOUBMEG clones with high K) had lower affinity and induced
apoptosis. The researchers proposed that antibodies with lower
affinity might induce direct cell death more efficiently by bind-
ing simultaneously to two CD20 dimers, cross-linking them and
bringing them into close proximity with each other. The authors
further subcategorized antibodies according to the similariry with
ibritumomab, the murine version of rituximab. Thus, antbodies
with a non-ibritumomab-like epitope profile included hOUBM3,
hOUBMS6 and ofatumumab, and those with an ibritumomab-like
profile were rituximab and 2H7. The relationship between these
affinity/K, and epitope categories and the conventional Type Iand
II caregories of anti-CD20 antibody remains to be established.

Conclusions
Characterization of anti-CD20 antibodies epitope specificity

has revealed variations that may contribute to differences in the
effects caused by these molecules. The relationship berween the
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epitope and the biological effect is not always clear and there
is no apparent link between epitope and antibody type. For
example, ofatumumab and rituximab are both classified as Type
I antibodies and yet they recognize different CD20 epitopes.
Conversely, tositumomab shows Type II activity but targers an
epitope similar to one recognized by rituximab, so subtle dif-
ferences in the interaction of anti-CD20 antibodies with their
target can profoundly change the biological outcome.

These differences may affect the orientation of the antibodies
in complex with their respective CD20 peptides, but other factors
like the elbow-hinge angle and Fc effects also play a role. GA101
and rituximab, for example, bind CD20 in different orienta-
tions, even though their epitopes are largely shared. This appears

.to result in different overall conformations of bivalently bound
CD20 complexes. The relative contribution of these factors to
preclinical and clinical efficacy remains to be established. In gen-
eral, it is not advisable to select therapeutic antibody candidares
solely based on binding affinity and epitope binning data without
testing them also in a functional biological assay, as demonstrated

by the substantially different biological effects of ricuximab and
GA101 with only subtle differences in their epitopes.

Further studies are required to determine whether differences
in molecular and preclinical pharmacology translate into dif-
ferences in clinical outcomes. Phase 3 head-to-head trials com-
paring GAI10l or ofatumumab, with rituximab are currently
recruiting and should help in optimization of existing antibody
use and development of future treatments.
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CD20 is an important target for the treat-
ment of B-cell malignancies, Including
non-Hodgkin lymphoma as well as auto-
immune disorders. B-cell depletion
therapy using monoclonal antibodies
against CD20, such as rituximab, has
revolutionized the treatment of these dis-
orders, greatly improving overall survival
in patients. Here, we report the develop-
ment of GA101 as the first Fc-engineered,

type I} humanized IgG1 antibody against

CD20. Relative to rituximab, GA101 has
increased direct and immune effector cell-
mediated cytotoxicity and exhibits supe-
rior activity in cellular assays and whole
blood B-cell depletion assays. In human
lymphoma xenograft models, GA101 ex-
hibits superior antitumor activity, result-
ing in the induction of complete tumor
remission and increased overall survival.

In nonhuman primates, GA101 demon-
strates superior B cell-depleting activity
in lymphoid tissue, including in lymph
nodes and spleen. Taken together, these
results provide compelling evidence for
the development of GA101 as a promis-
ing new therapy for the treatment of

* B-cell disorders. (Blood. 2010;115(22):

4393-4402)

Introduction

Rituximab, a type I chimeric IgG1l anti-CD20 antibody, has
revolutionized the management and treatment of B-cell malignan-
cies, increasing the median overall survival of patients with many
of these diseases.! In combination with chemotherapy, it has
significantly improved response rates and progression-free and
overall survival of patients with diffuse large B-cell lymphoma
-(DLBCL) or follicular lymphoma.'? Rituximab treatment has also
benefited patients with other diseases amenable to B-cell depletion
therapy, including B-cell chronic lymphocytic leukemia (B-CLL)
and rheumatoid arthritis.>? Nevertheless, relapse is a common
occurrence, for example, in B-CLL, and there remains a need for
treatments that delay the onset of relapse without increasing
toxicity.! To this end, various therapeutic approaches are being
explored, including new chemotherapies, small molecules, antibody-
drug conjugates, and the use of alternative B-cell targets. However,
in contrast to the situation with rituximab, the clinical benefit of
these therapies remains to be demonstrated. In addition, many of
these agents exhibit poor safety and tolerability profiles or necessi-
tate the use of more complex treatment regimens.

Thus far, CD20 has been the most effective unconjugated
antibody target for the treatment of B-cell malignancies. An
alternative and complementary approach is to generate new
unconjugated CD20 antibodies with enhanced functional activi-
ties that may lead to superior efficacy. Three types of functional
activities of anti-CD20 antibodies have been described: signal-
ing in target cells on CD20 binding leading to growth inhibition

and (nonclassic) apoptosis (referred to as “direct cell death™),
complement-dependent cytotoxicity (CDC), and antibody-
dependent cellular cytotoxicity (ADCC) mediated by cells
displaying Fcy receptors (FcyRs), such as FcyRIIIa-expressing
NK cells and macrophages.*3

Anti-CD20 antibodies with different functions may be gener-
ated either (1) by selecting antibodies that bind to a different CD20
epitope, which bind in an alternative mode or with changed affinity,
resulting in altered intensity or type of functional mechanism; or

(2) by engineering the Fc region of the antibody to enhance

immune effector functions. The epitope and/or binding mode have
been shown to dictate 2 major types of CD20 antibody effector
function profiles, termed type I or type 1157 Although both types
I and I antibodies bind bivalently to CD20, they form distinct
complexes with CD20, as inferred from the fact that the B-cell
surface can accommodate approximately double the number of
type I antibodies compared with type II. Type I antibodies stabilize
CD20 on lipid rafts, leading to stronger Clq binding and potent
induction of CDC. However, this binding mode triggers only low
levels of direct cell death. In contrast, type II antibodies do not
stabilize CD20 in lipid rafts and thus exhibit reduced binding to
Cliq and lower levels of CDC, but they potently induce direct cell
death.’ The majority of CD20 antibodies, including rituximab,
veltuzumab,® ocrelizumab,? and ofatumumab,'® are of type I,
whereas the prototype type II antibody is the murine antibody B1
(tositumomab).!!
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The Fc region of rituximab plays a critical role in triggering the
cellular events that lead to B-cell elimination in vivo.™'2!3 This
region of the molecule can interact with complement protein Clq
and FcyRs to trigger CDC and ADCC, respectively. Direct cell
death mediated by rituximab does not involve the Fc region directly
but could potentially be enhanced by Fc-mediated crosslinking via
the C1q complex and FcyRs.® Alternative type I CD20 antibodies
have been generated, including ofatumumab,'*!S AME-133,'¢ and
a hexavalent anti-CD20 antibody.!” However, superior maximal
efficacy over rituximab, that is, efficacy at the saturation point of
the dose-response curve, has not been shown for any of these
antibodies, and their clinical efficacy compared with rituximab
remains to be demonstrated. ’

Our aim was (o engineer a novel unconjugated agent against
CD20 that displayed enhanced activity. To this end, we report the
first Fc-engineered type II CD20 humanized IgGl antibody,
GA101. This manuscript describes the engineering of the variable
and Fc regions of GA101 and presents its in vitro and in vivo
activity profiles.

Methods

Antibodies

The murine anti-CD20 antibody H299 (B1) was obtained from Beckmann
Coulter. Because of its aggregate content, the monomeric fraction was
isolated using size exclusion chromatography. Commercial-grade rituximab
was obtained from Hoffmann La Roche. GA101 was humanized by grafting
the complementarity-determining region sequences from the murine anti-
body B-lyl onto the following human frameworks: the VH1-10 plus the
JH4 human germline sequences, and the VK-2-40 plus the JK4 human
germline sequences, for the heavy and light chains, respectively. GA101
was expressed from stable Chinese hamster ovary (CHO) K1 cell lines
engineered to constitutively overexpress the heavy and light chains of
GA 101 as well as recombinant wild-type B-1,4-N-acetyl-glucosaminyltrans-
ferase I1I and wild-type Golgi a-mannosidase II,'-2! using the glutamine
synthetase expression system (Lonza Biologics). GA101 was produced
using a fed-batch fermentation process using the engineered CHO cells in a
chemically defined animal component-free medium and was subsequently
purified by protein A and ion-exchange chromatographic techniques. The
identity and monomer content (> 98%) of the isolate were analytically
confirmed. Fab’ and F(ab)'2 fragments of GA101 and rituximab were
generated via digestion with papain or pepsin, respectively, according to
standard procedures.

NHL cell lines

Cell lines were obtained from DSMZ or ATCC; WSU-DLCL2 from Wayne
State University, Detroit, MI; and OCI-LY cell lines from the Ontario
Cancer Institute, Toronto, ON; and cultured according to the standard
protocol recommendations.

Scatchard plot analysis

Aliquots of 2 X 105 SU-DHLA cells were seeded into V-bottom plates, and
Eu-labeled antibodies were added in different concentrations. Cells were
washed, and the pellet was resuspended in enhancer solution, transferred
into a black 96-well plate, and placed onto a shaker for 10 minutes. Release
of coupled Eu was analyzed on a BMG PheraStar reader (ex337/em615).

Annexin V/PI FACS assay

Phosphatidylserine’ (PS) exposure and cell death were assayed by flow
cytometric analysis (FACScan, BD Biosciences) of annexin V (ie, Annexin-
V-FLOUS Staining Kit; Roche Applied Science) and propidium iodide
(PI)~stained cells. Simultaneous application of PI or 7-amino-actinomycin
D as a DNA stain enabled the discrimination between live and dead cells. In
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general, 3 X 10° cells were seeded into 24-well plates and were either
untreated (control) or treated with 10 pg/mL isotype control or antibody for
24 to 72 hours. Annexin V/PI staining was performed according to the
manufacturer’s instructions.

- For CDA40 stimulation of hCD20 cells from transgenic mice, red blood
cells (RBCs) were removed by hypotonic ammonium-chloride-potassium
(ACK) lysis, and untouched splenic B cells were purified by anti-CD43-
mediated depletion of non-B cells (MACS). B cells were incubated in
conditioned complete RPMI 1640 medium containing 10% fetal bovine
serum for 2 hours (with or without 10 p.g/mL mitogenic stimulation) and
either anti-CD40 (BD Biosciences PharMingen) or anti-IgM Fab2 (Jackson
ImmunoResearch Laboratories) antibodies. This was followed by 36 hours
of anti-CD20 stimulation (GA101 or rituximab 10 pg/mL). As positive
controls for the induction of cell death, the following agents were used:
100nM staurosporine (Sigma-Aldrich) for mitochondrial-mediated apopto-
sis, or 1 pg/mL anti-CD95 Fas (BD Biosciences PharMingen) for the
extrinsic induction of apoptosis.

FACS analysis of binding stoichiometry

To compare the binding mode of type I and type Il antibodies, fluorescence-
activated cell sorter (FACS) binding curves were generated by direct
immunofluorescence using CyS-conjugated rituximab and GA101, respec-
tively. A total of S X 10° cells per.sample were stained for 30 minutes at 4°C
in a final volume of 200 wL and washed in culture medium. PI staining was
used to identify and exclude dead cells. Measurements were performed
using the FACSArray (BD Biosciences); PI fluorescence levels were
quantified using Far Red A and CyS5 using the Red-A settings.

Western blot analysis of Triton X-100-soluble proteins

Aliquots of 5 X 105 Ramos cells per sample were incubated at 37°C for
30 minutes in complete culture medium either alone or supplemented with
10 pg/mL antibody or 10 pg/mL isotype control. After centrifugation at
500g for 10 minutes, cells were treated on ice with 200 pL of lysis buffer
consisting of 1% Triton X-100 in Tris-buffered saline (50mM Tris-HCl,
150mM NaCl, pH 7.5), 1mM ethylenediaminetetraacetic acid, ImM
phenylmethylsulfonyl fluoride, and 1mM NazVO, plus a cocktail of
protease inhibitors. Cells were left on ice for 30 minutes to lyse and
centrifuged at 15 000g for 20 minutes (detergent-insoluble pellet). Samples
were run on 4% to 12% Bis-Tris gels and transferred onto polyvinylidene
difluoride membranes. Anti-Lyn (sc-15) rabbit monoclonal and anti-CD71
(transferrin receptor, sc-32272) mouse monoclonal antibodies were pur-
chased from Santa Cruz Biotechnology. Mouse anti-human CD20 detection
antibody for Western blotting was obtained from Dako North America
(clone L26).

Immunofiucrescence

Colocalization-of CD?20 antibodies with cholera toxin subunit B (CTB) on
Ramos cells was visualized using the Vybrant Lipid Raft Labeling Kit
(Invitrogen) according to the manufacturer’s instructions using confocal
microscopy. CTB binds to the pentasaccharide chain of plasma membrane
ganglioside GMI, which selectively partitions into membrane microdo-
mains called “lipid rafts.”

CDC assay

Cells were plated in AIM-V medium at a density of 50 000 cells/well into
flat-bottom 96-well plates. Diluted antibody was added 10 minutes before
addition of the serum/complement preparation to the cells, and the
suspension kept at room temperature. Rabbit serum (rabbit complement
MA; Cederlane Labs) was diluted in 1 mL of cytotoxicity medium plus
2 mL AIM-V to the final concentration and added to the cell suspension, and
incubated for 2 hours at 37°C/5%CO,. Release of LDH activity (Roche
Applied Science) into the supernatant was used as a readout, relative to
maximum lysis (0.66% Triton X-100) and spontaneous lysis levels (without
antibody). '
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ADCC assay

Raji cells were collected, washed, and resuspended in culture medium,
stained with freshly prepared calcein AM (lavitrogen) at 37°C for
30 minutes, and plated on a round-bottom 96-well plate (at a density of
30000 cells/well). The respective antibody dilution was added and
incubated for 10 minutes before contact with human effector cells
(peripheral blood mononuclear cells [PBMCs]). Effector and target cells at
a ratio of 25:1 were coincubated for 4 hours. The retention of calcein in the
remaining live cells was used as a readout as previously described.20

Autologous whole blood B-cell depletion assay

Blood from healthy volunteer donors was collected and an aliquot placed
into FACS tubes. Subsequently, 20 pL of antibody dilution was added, and
the tubes were mixed gently and incubated at 37°C for 24 hours in a
humidified cell incubator. A 50-pL aliquot of the blood was stained with
anti-CD45 (lymphocyte population), anti-CD3 (T cells), and anti-CD19
(B celis). FACS lysis solution (BD Biosciences) was added to deplete
erythrocytes and fix cells before analysis with a flow cytometer. Results
were evaluated by displaying 20 000 cells in the CD45-positive lymphocyte
gate. CD3-positive T cells and CD19-positive B-cell populations were
gated. Evaluation of relative B-cell depletion was performed using the
B-/T-cell ratio with the antibody-untreated samples set as 100% B cells
(equivalent to 0% B-cell depletion). B-/T-cell ratio = number of B cells/
number of T cells; percentage of B-cell depletion = 100 — ([100/B-/T-cell
ratio in sample without antibody] X [B-/T-cell ratio in sample containing
antibody]).

In cases where the B-/T-cell ratio could not be applied because the

studied agent (alemtuzumab) not only depleted B cells but also T cells,
B-cell depletion was determined based on absolute B-cell numbers
quantified using TruCount tubes (BD Biosciences) containing a mixture of
anti-CD3-fluorescein isothiocyanate (BD Biosciences), anti~-CD19-
phycoerythrin (BD Biosciences), and anti-CD45-phycoerythrin-Cy5 (BD
Biosciences; 10 pL each). After 15 minutes of incubation at room
temperature in the dark, 300 pL of BD FACSLysis Solution (BD
Biosciences) was added. The samples were measured using a FACSCalibur
machine (Software BD CellQuestPro). Estimation of relative B-cell deple-
tion was performed based on the absolute B-cell counts. The B-cell
numbers obtained with the antibody-untreated samples were set as 100%
B cells (equivalent to 0% B-cell depletion).

NHL xenogratt studies in SCID beige mice

Female SCID beige mice, 4 to 5 weeks of age at arrival, were maintained
under specific pathogen-free conditions according to guidelines. The
experimental study protocol was reviewed and approved by the Roche
Group ethical committee. Continuous health monitoring was carried out on
a regular basis. Animals were monitored daily for clinical symptoms and
detection of adverse effects. Throughout the experimental period, the body
weight of animals was recorded twice weekly, and tumor volume was
measured by caliper after staging. Three weeks after cell transplantation
with established subcutaneous SU-DHLA tumors (250 mm?), animals were
randomized into treatment groups of 10 animals each and treated with 1, 10,
and 30 mg/kg of the respective antibody (every 7 days, 3 times,
intravenously).

For the second-line treatment study, animals with established subcutane-
ous SU-DHLA xenografts were treated with first-line rituximab (30 mg/kg,
every 7 days, intravenously) as a single agent (days 22-35). Animals with
xenografts progressing after first-line rituximab treatment (750 mm?) were
subsequently randomized and reassigned to the following treatment groups
of 10 animals each with weekly dosing (from days 35-60) with the
following agents: vehicle, rituximab (30 mg/kg every 7 days), or GA101
(30 mg/kg every 7 days).

For the disseminated Z138 model, 10 X 105 Z138 MCL cells were
injected intravenously per animal into the tail vein in 200 pL of Aim V cell
culture medium (Invitrogen). Treatment was initiated in a blinded fashion
29 days after intravenous injection of tumor cells followed by a weekly
application of 10 mg/kg GA101 (every 7 days, 6 times, intraperitoneally).
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. Treatment began at the day of randomization approximately 4 weeks after

cell transplantation with 10 animals per group. Antibodies and the
corresponding vehicle as a single agent were given intraperitoneally at a
dose of 10 mg/kg. Animals were monitored daily for clinical symptoms and
detection of adverse effects. Study endpoints were visible disease, including
scruffy fur, impaired locomotion, and hind leg paralysis.

Analysis of B-cell depletion in cynomolgus monkeys (Macaca
fascicularis)

The efficacy of GA101 in depleting B cells in cynomolgus monkeys was
compared with that of rituximab in groups of 3 animals each. GA10!
(2 X 10 and 30 mg/kg) was compared with rituximab (2 X 10 mg/kg) and
vehicle after 2 intravenous doses administered on days 0 and 7 to male and
female cynomolgus monkeys (n = 3 per group; | female, 2 males). The
experimental study protocol was reviewed and approved by the Roche
Group ethical committee. Total leukocytes from sodium heparin-collected
peripheral blood were isolated by Ficoll buffy coat preparation. Residual
RBCs were removed using a buffered ammonium chloride lysing solution.
Lymph node and spleen tissue samples were weighed and then homoge-
nized into singlecell suspension, lysed of residual RBCs, and filtered of
debris. The resulting leukocyte cell preparations were washed and resus-
pended in an appropriate volume of Dulbecco phosphate-buffered saline
supplemented with 1% fetal bovine serum. Absolute cell numbers for a
given cell population were determined as the percentage of total leukocytes
(based on cytometric surface marker detection) and the total cell counts of
the sample corrected for volume or weight of starting material.

Results

Engineering of novel antibody variable regions and
characterization of the type || CD20 antibody, GA101

GA101 was derived by humanization and further engineering of
the parental murine IgGl-x antibody B-lyl.?? This antibody
mediates a degree of homotypic aggregation, a characteristic
of type I antibodies, and did not stabilize CD20 in Triton
X-100-resistant lipid rafts as it would have been expected for a
classic type 11 antibody."! cDNAs encoding variable heavy (VH)
and light (VL) chain regions were cloned from the B-lyl hybrid-
oma, and their complementarity-determining regions were grafted
onto human VH and VL acceptor frameworks.?® Different human
frameworks were tested, and the resulting humanized antibody
variants were compared for CD20 binding in human lymphoma
cells. Those variants with complete identity to the human germline
VH and VL framework sequences and with high binding affinity to
human CD20 were selected for further analysis, including GA101.
The affinity (Kp value) of GA101 for human CD20 was determined
to be approximately 4.0nM according to Scatchard analysis of
binding experiments using SU-DHL4 non-Hodgkin lymphoma
(NHL) cells and labeled GA101, whereas a Kp value of approxi-
mately 4.5n1M was obtained for rituximab. Binding experiments
using Cy5-labeled GA 101 and rituximab revealed that both antibod-
ies compete for binding to B-cell CD20 and that GA 101 recognizes
a distinct but overlapping epitope compared with rituximab (manu-
script in preparation).?

Because our goal was to obtain a functional type 11, humanized
CD?20 antibody, the resulting variants were further screened for
their ability to induce direct cell death in human B-cell lymphoma
cells in vitro. Effective antibody variants were identified using the
annexin V/PI assay, some of which showed a large gain of function
compared with the parental murine B-lyl antibody. The most
significant structural distinction between high- and low-activity
variants was a sequence alteration in the elbow-hinge region, an
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area known to affect the flexibility. of the Fab’ and F(ab)'2
domains.? The more active variants, including GA101, harbored a
human germline VH framework 1 with a valine residue at Kabat
position 11 instead of the leucine present in the murine donor
antibody. Figure 1 shows the results of the annexin V/PI assay for
GA101 compared with rituximab. GA101 treatment resulted in
higher PS exposure and cell death compared with rituximab
(Figure 1A). To test whether this activity required the modified
elbow-hinge residue, a GA101-variant was generated with the key
residue on Kabat position 11 remutated back to the original leucine.
This variant displayed a large loss of activity and decreased cell
death induction to levels similar to rituximab (Figure 1B), despite
maintaining its high binding affinity for CD20.

Further analysis of GA101 revealed that it exhibited characteris-
tics typical of a type II antibody®’?527 (Figure 2). Figure 2A
through D shows the results of GA101 characterization using
various assays compared with the type I antibody rituximab. At
saturating antibody concentrations, GA101 bound to B cells at
levels approximately half those of rituximab (Figure 2A). Unlike
GA101, rituximab stabilizes CD20 molecules into Triton X-100-
resistant lipid rafts on the surface of B cells (Figure 2B-C). Type I
antibody-CD20 complexes on lipid rafts bind more strongly to
Clq, leading to higher levels of CDC compared with type II
antibodies.” Consistent with this, GA101 displays reduced CDC
relative to rituximab (Figure 2D). Typical of type 1I CD20
-antibodies, GA101 induced stronger homotypic aggregation of
B cells in vitro (Figure 2E). Interestingly, mutating the elbow-hinge
valine of GA101 back to the parental murine leucine residue leads

2
1=}
¢

{mean +/- SD, n=3)

% AxV*IPI* + AxVIPI” cells &

% AxV*IPI* + AxV*IPI™ cells o
{mean ¥- SD, n=3)

Figure 1. GA101 induces superior PS exposure and cell death induction

pared with ri b in the in V/Pl FACS assay. 2138 NHL cells were
seeded and treated with 10 pg/mL GA101 or rituximab for 24 hours. The graphs
depict the mean percentage of total annexin V-positive, Pl-negative (AnnV*) cells
and annexin V/PI double-positive cells (AnnV+/PI*; n = 3). (A) Cell death induction
by GA101 compared with B-ly1, camptothecin, and the type | anti-CD20 antibody
fituximab. (B) Cell death induction by GA101 can be reduced to the leve! of rituximab
by reintroducing the L11V mutation in the elbow-hinge region of the antibody.
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to partial loss of its type II characteristics, as seen by increased
maximal binding to B cells, higher CDC activity, reduced homo-
typic B-cell aggregation, and decreased induction of direct cell
death (data not shown). '

We further investigated the type II character of GA101 by
comparing it with B1, the murine prototype type I CD20 antibody
that has so far demonstrated the most pronounced in vitro direct
cell death-inducing activity among type I and type Il CD20
antibodies of the IgG isotype®2® (Figure 3). GA101 exhibited more
pronounced type I in vitro characteristics compared with B1, with
respect to direct cell death induction in Z138 MCL cells (Figure
3A). As described previously for B1,5728 this activity was mediated
by the F(ab)'2 but not the Fab’ antibody fragment of GA101, and
could not be blocked by caspase inhibitors (data not shown). The
superior ability of GA101 in inducing direct cell death and PS
exposure was also observed in a panel of NHL cell lines of different
origin (Figure 3B). In addition, GA101 showed superior growth
inhibition of B-cell lymphoma cell lines, as tested in Raji and
SUDHL-4 cells (data not shown). Lymphoma cells as well as
normal human peripheral blood B cells were sensitive to GA101
when incubated with GA101 in the absence of plasma and of
immune effector cells in vitro (Figure 3C). Finally, manipulation
of the activation status of B cells using standard mitogens, such

‘as anti-IgM and anti-CD40 antibodies, resulted in increased

sensitivity to GA101 of B cells from human CD20 transgenic
mice (Figure 3D).

Fc engineering and Fcy receptor-dependent functions

In addition to an engineered variable region conferring type II
CD20 binding, GA101 also harbors a glycoengineered Fc segment.
Glycoengineering was accomplished by producing the antibody in
CHO cells, which overexpressed the recombinant glycosylation
enzymes {-1,4-N-acetyl-glucosaminyltransferase Il and Golgi
a-mannosidase II, leading to accumulation of antibody glycoforms
containing bisected, complex, nonfucosylated oligosaccharides
attached to asparagine 297 in the Fc region.®* The glycoengi-
neered antibody binds with increased affinity to FcgRIIL, an
activating Fc receptor displayed by immune effectors, such as NK
cells and macrophages.?®

Two dimorphic variants at position 158 of human FcyRlIlla are
known: a more common, lower-affinity form containing phenylala-
nine (FcyRIIIa-158F) and another variant with a valine residue at
the same position. GA101 and rituximab were compared by surface

. plasmon resonance for their binding affinity to these 2 variants of

human FcyRIIla. GA101 bound with higher affinity to both
FcyRINla-158V and -158F (Kp of 55 and 270nM, respectively),
compared with rituximab (Kp of 660 and 2000nM, respectively).
Increased binding affinity of GA101 to FcyRIlla translated into an
increased induction of ADCC relative to rituximab, as demon-

strated in vitro in ADCC assays using Raji lymphoma cells as

targets and human PBMCs as effectors (Figure 4A). Both ADCC
potency and efficacy were higher with GA101, and this was also
maintained in the presence of an excess of nonspecific human IgG
at physiologic concentrations, as present in human blood; under
these conditions, rituximab showed no activity whereas that of
GA101 was only partially inhibited, presumably because of the
enhanced FcR binding (Figure 4B).

~ As atype II antibody, GA101 displays reduced CDC compared
with type I antibodies. It was therefore of interest to compare the
total B cell-depleting activity of GA101 in whole blood to better
mimic in vivo conditions. The assay incorporated both FcyR-
displaying effector cells, including NK cells, monocytes, and
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Figure 2. GA101 exhibits characteristics typical of a A

type |l anti-CD20 antibody. (A) Fluorescencs intensity
at the ECsp value (half-maximal binding) of GA101
compared with rituximab. Titration of a panel of NHL cell
lines with Cy-5-iabeled GA101 (l) shows that only ha!f
the amount of antibody is bound to CD20 on the cells,
compared with Cy-5 labeled rituximab (&) at the ECsp
concentration. (B) GA101 does not mobilize CD20 Into
lipid rafts. On binding of GA101 to CD20 in Ramos calls,
CD20 is mainly found in the Triton X-100-soluble
fraction (S) and not in the Triton X-100—insoluble pellet
(P) representing lipid rafts (top row). In contrast, binding
of rituximab resulted in the distribution of CD20 into the
Triton X-100-insoluble pellet fraction (S; top row). The
distribution of Lyn as a typical lipid raft marker and
CD71 as a nonlipid raft marker is not affected (bottom
2 rows). {C) Confocal microscopy: Ramos cells were
stained for 30 minutes at 37°C with Cy-3-labeled
rituximab or GA101 (red fluorescence, middle panel)
and costained with the Alexa 488-labeled lipid raft
marker cholera toxin subunit B (CTB-Alexa 488, green
fluorescence, left panet), which binds to the membrane
ganglioside GMI in lipid rafts. The overlay (right panel)
confirms that rituximab binding to CD20 results in
accumulation of CD20 clusters in lipid rafts as shown by
colocalization with CTB-Alexa 488 (yellow fluores-
cence), whereas CD20 molecules do not redistribute to
lipid rafts on binding of GA101 and do not colocalize
with CTB-Alexa 488. Pictures were captured with a
Leica TCS SP2 confocal microscope with an HCX PL
APO CS 63.0x/1.32 OIL UV objective (numeric aper-
ture 1.32) in glycerol and aquired with Leica Confocal
Software Version 2.61. Image manipulation was per-
formed with Metamorph Version 7.0r3 and Jasc Paint
Shop Pro. (D) CDC assays (LDH release) with 2138
mantle cell lymphoma cells. In the presence of physi-
ologic concentrations of human unspecific IgG
(10 mg/mL Redimmune), the type |l anti-CD20 antibody
GA101 (black) mediates greatly reduced CDC induction
compared with rituximab (gray; n = 3). (E) GA101 D.
induces rapid and pronounced homotypic aggregation

of SU-DHL4 cells, whereas rituximab induces only a

weak aggregation. Pictures were taken 24 hours after

the addition of antibody. Pictures were captured with a

Zeiss Axiovert 135 microscope with a Zeiss Fluar

5x/0.25 objective (numeric aperture 0.25) in RPMI

1640, 10% FCS, 2mM L-Glutamin on non fixed Ramos

cells and a Cool SNAP K4 camera (Visitron Systems

GmbH). Image acquisition and manipulation were per-

formed with Metamorph Version 7.0r3 and Jasc Paint

Shop Pro.
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neutrophils and human complement. The sum of immune effector
functions, such as ADCC and antibody-mediated cellular phagocy-
tosis, CDC, and effector (cell)~independent mechanisms, such as
direct cell death induction, could thus be measured. GA101 was
significantly more potent than rituximab at depleting B cells in
whole blood from 10 healthy donors. Representative results are
shown in Figure 4C. Compared with rituximab, GA101 exhibited
10- to 25-fold greater potency and was 1.5- to 2.5-fold more
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effective in terms of absolute B-cell depletion. The efficacy of
whole blood B-cell depletion by GA101 was significantly higher
(~ P < .001) than that of rituximab in all samples tested. These
findings were confirmed using malignant B cells from a chronic
lymphocytic leukemia (B-CLL) patient (Figure 4D). In the latter
case, the majority of cells in the assay were target B cells, and
GA101 was also superior to the CD52 antibody alemtuzumab at
depleting B-CLL cells. In addition, GA10l showed superior
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Figure 3. The type Il anti-CD20 antibody GA101 mediates superior direct cell death induction in normal and malignant B cells. (A) GA101 induces PS exposure and
cell death in the annexin V/PI FACS assay at levels superior to those induced by the type Il anti-CD20 antibody B1 and rituximab. Z138 NHL cells were seeded and treated with
10 pg/mL GA101, nonglycoengineared GA101 (wt GA101), B1, rituximab, or camptothecin as control for 24 hours. The graph shows the mean percentage of total annexin
V—positive cells, that is, annexin V/PI double-positive (AxV*/PI*) and annexin V—positive, Pl-negative cells (AxV*/Pi-; n = 3). (B) NHL cells were seeded and either left
untreated (OJ) or treated with 10 pg/mL GA101 (H) or rituximab (), respectively, for 72 hours. The graph shows the percentage of total annexin V—positive cells for a cell line
panel of 3 Burkitt lymphoma, 4 DLBCL, and 1 MCL cell lines from 1 representative experiment. (C) GA101 (black curve) induces increased cell death compared with rituximab
in purified human nonmalignant B cells isolated from 2 healthy donors (gray curve), as measured.by annexin V/Pl double-positive staining at 36 hours. All measurements were
performed in duplicate; the mean of replicate samples from multiple donors (n = 2) and SD are shown, (D) Murine purified B cells from human CD20 transgenic mice were
treated as indicated for 38 hours ex vivo with GA101 or rituximab either with or without prior mitogenic stimulation by IgM or CD40L, and cell death induction was measured by
annexin V/P staining as described in *Annexin V/P| FACS assay.” Two animals were used per stimulation. All measurements were performed in duplicate; the mean of replicate

samples from muitiple animals (n = 2) and SO are shown.

efficacy in this assay compared with a glycoengineered variant of
rituximab (data not shown).

Efficacy in human lymphoma xenograft models

GA101 demonstrated in vivo efficacy superior to rituximab in
various human lymphoma xenograft models. Both antibodies were

" first compared in a staged, aggressive DLBCL model using human °

SUDHL-4 cells subcutaneously injected in SCID beige mice.
Therapy began when tumors were established and rapidly growing.
Rituximab inhibited tumor growth more effectively at 10 mg/kg
versus 1 mg/kg; however, the higher dose of 30 mg/kg did not
result in increased efficacy of rituximab, and tumor regression was
not observed at any dose. In contrast, GA101 showed a dose-
dependent increase in efficacy in the range of 1 to 30 mg/kg and
resulted in complete tumor regression in all animals and lasting
tumor eradication in 9 of 10" animals at the highest dose of
30 mg/kg and in 1 of 10 animals at a dose of 10 mg/kg (Figure 5A).

A more aggressive, second-line therapy setting was also tested using
the SUDHL4 DLBCL model. All animals received weekly first-line
treatnent with rituximab at a dose of 30 mg/kg, When the tumors
reached a prespecified size of approximately 750 mm?, animals were
randomized into 3 groups for second-line treatment with rituximab

(30 mg/kg), GA101 (30 mg/kg), or vehicle. Tumors continued to grow
rapidly in the rituximab- and vehicle-treated groups, whereas GA101
treatment was able to control tumor growth (Figure 5B). Notably,
GAI101 treatment resulted in tumor stasis in the presence of rituximab
(> 300 pg/mL in plasma), which competes with GA101 for CD20
binding. The superior efficacy of GA101 was further demonstrated in an
advanced, disseminated mantle cell lymphoma model using Z138 MCL
cells in SCID beige mice (Figure 5C). GA101 treatment demonstrated
superior efficacy both in terms of median and overall survival compared
with rituximab (Figure 5C). )

In vivo depletion of normal B cells In peripheral blood and in
lymphoid organs

GAI101 exhibited potent B cell-depleting activity in nonhuman pri-
mates, both in peripheral blood as well as in lymphoid tissue
B cells (Figure 6). Cynomolgus monkeys were treated on days 1 and 8
with rituximab (10 mg/kg), GA101 (one group at 10 mg/kg and another
at 30 mg/kg), or vehicle control. Both antibodies efficiently depleted
B cells from peripheral blood (Figure 6A); however, B-cell depletion by
GA101 was greater in spleen, and particularly in lymph nodes, where
B-cell depletion is typically more problematic (Figure 6B-C). Prelimi-
nary data suggest that memory B cells and long-lived plasma cells are
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Figure 4. Superior ADCC and B cell-depleting activities of GA101 compared with rituximab. GA101 exhibits a more potent ADCC-inducing ability than rituximab, both in
the presence and absence of nonspecific human IgG. Representative ADCC assay with Raji cells as target celis and NK cells from human PBMCs (F/V 158) as effector cells
(calcein release, E/T ratio = 20:1) in the absence (A) and presence (B) of physiologic concentrations of nonspecific human IgG (20 mg/mL Redimune; n = 3). Inthe absence of
nonspecific IgG, GA101 (black) was approximately 35-fold more potent in terms of ECsy values than rituximab (gray) at inducing ABCC. In the presence of nonspecific 19G,
GA101 (black) still exhibited significant ADCC-inducing activity, whereas that of rituximab (gray) was conipletely abolished. (C). Enhanced B tell-depletion activity of GA101,
as demonstrated in a whole blood B celi-depletion assay with whole blood from a healthy donor (CD16 genotype F158/F158). Representative results for the depletion of
CD19-positive B cells are depicted here. GA101 (black) was approximately 25-fold more potent in terms of ECs, values and 1.9-fold more effsctive (in terms of absolute B-cell
depletion) compared with rituximab (gray). Evaluation of relative B-cell depletion was performed using the B-/T-cell ratio set to 0% for untreated control samples (n = 4).
(D) Representative whole blood B cell-depletion assay with whole blood from a B-CLL patient. GA101 (black) was more effective at depleting B cells compared with rituximab
(gray) and the CD52 antibody alemtuzumab (dotted fine). Because alemtuzumab also depletes T cells, the evaluation of relative B-cell depletion was performed based on the

absolute B~cell counts. The B-cell numbers were then set to 100% for maximal depletion, and results were compared between the antibodies (n = 4).

spared from depletion, thus leaving humoral immunity and memory
intact (data not shown).

Discussion

The use of monoclonal anti-CD20 antibodies, such as rituximab for
the treatment of B-cell malignancies, has greatly improved overall
patient survival. Our goal was to refine and augment the efficacy of
" CD20 antibody therapy by engineering a novel CD20 antibody
with enhanced B cell-depleting activity. Here, we describe the
generation and characterization of GA101, the first Fc-engineered
type I CD20 antibody to be brought to clinical development.3
Although type II antibodies exhibit lower Clq binding and CDC
compared with type I, our aim was to capitalize both on the direct
and immune effector cell-mediated induction of B-cell death
mediated by type 11 antibodies and further enhance the latter via Fc
engineering while retaining its type I B-cell signaling properties.
Here, we compare the in vitro and in vivo properties of GA101 to
those of rituximab, a well-characterized type I antibody, and
demonstrate the superior in vivo efficacy of the unconjugated
CD20 type 11 IgG1 antibody GA101 versus rituximab.
The efficacy of GA101 was superior to that of rituximab in all
parameters tested in this study. GA101 exhibited enhanced B cell-
depleting properties in the lymphoid organs of cynomolgus mon-

keys, and in aggressive human B-cell lymphoma xenograft models.
In addition to increased effects on B cells, an Fc-engineered type II
anti-CD20 antibody may provide further advantages over .type [
antibodies. First, the complement-related effects characteristic of
type I antibodies may have only limited efficacy in vivo because of
overexpression of complement-resistance factors on target cells
and to in vivo depletion of complement proteins.* Second, Clq
binding to the type I antibody Fc region interferes with FcyR binding
and may decrease ADCC.3' Finally, it has been recently reported that
type 11 anti-CD20 antibody complexes persist for longer periods of time
on the B-cell surface compared with type L2 increasing the accessibility
of the Fc region to immune effector cells at the target site in vivo, which
may result in increased levels of ADCC.

An additional factor that contributes to the increased ADCC
induction by GA 101 is the higher binding affinity of the antibody to
FcyRIMa receptors achieved via Fc glycoengineering. The rel-
evance of Fc-FcyRIIla binding affinity has been demonstrated in
various retrospective pharmacogenomic studies, which show a
correlation between a genetic dimorphism affecting the affinity of
human FcyRIlla therapeutic IgG1 antibodies and the response rates
and progression-free survival after antibody therapy. Approxi-
mately 15% of patients are homozygous for a high-affinity form of
the receptor, displaying a valine residue at position 158, whereas
the rest of the population carries the allele coding for a low-affinity
receptor variant with a phenylalanine residue in that position.*
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Figure 5. Superior antitumor efficacy of GA101 compared with rituximab in human lymph xenograft models. (A) ished subcutaneous SU-DHL4 (DLBCL)
tumors (250 mm?; n = 10 per group) were treated with 1 mg/kg (dotted lines), 10 mg/kg (short dashed lines), and 30 mg/kg (solid lines) GA103 (every 7 days, 3 times,
intravenously; black) compared with identical doses of rituximab (dark gray) and vehicle control (light gray). GA101 treatment resulted in a dose-dependent inhibition of tumor
growth that was superior to that of rituximab. A total of 10 of 10 mice showed complete tumor remission and 9 of 10 mice showed long-term survival (> 0 days; cure) after
treatment with 30 mg/kg GA101; and 1 of 10 mice showed complete tumor remission after treatment with 10 mg/kg GA101. In the rituximab-treated groups, no complete tumor
remission was observed. Data are mean = SD. (B) Established subcutaneous SU-DHL4 xenografts (n = 10 per group) were treated with rituximab (30 mg/kg every 7 days,
intravenously) as single-agent first-line therapy (days 22-35). Xenografts progressing under first-ine rituximab treatment (30 mg/kg every 7 days) were subsequently
randomized and reassigned to the following treatment groups with weekly dosing (from days 35-60): vehicle {gray curve), rituximab (30 mg/kg every 7 days; dark gray curve), or
GA101 (30 mg/kg every 7 days; black curve). SU-DHL4 tumor progression (advanced xenografts; 750 mm?) was effectively controlled through the use of GA101 as a
second-line therapy, whereas rituximab treated-tumors remained refractory. (C) Treatment of the aggressive orthotopic disseminated Z138 (MCL) model was initiated 29 days
after intravenous injection of tumor cells (n = 10 per group). Treatment with 10 mg/kg GA101 (every 7 days, 6 times, intravenously; black line) resulted in increased overall and

median survival, compared with 10 mg/kg rituximab treatment (dark gray line; P < .008) and vehicle control (light gray line). 1 indicates the treatment time points.

Rituximab therapy of follicular lymphoma patients homozygous
for the high-affinity allele is associated with significantly higher
response rates and progression-free survival.3*3¢ Similar studies
have found the same correlation for other IgGl antibodies,

including trastuzumab in the treatment of metastatic breast cancer3s

and cetuximab in the therapy of colorectal carcinoma patients.*
Here, we demonstrate that GA101 binds to both FcyRllla variants
with an affinity higher than that of rituximab for the high-affinity
receptor isoform.

In summary, we have developed a new, Fc-glycoengineered
type II anti-CD20 antibody with in vivo efficacy superior to that of
rituximab, a widely used type I anti-CD20 therapeutic antibody
with clearly demonstrated clinical benefits for patients with various
B-cell malignancies. Several properties of GA101 may contribute
to its higher in vivo efficacy. First, GA101 exerts stronger direct
B-cell death induction. Although similar observations have been
reported for B1, the prototype type IT CD20 antibody,5?® GA101
exhibits more pronounced induction of direct cell death compared
with B1. However, the molecular mechanism underlying caspase-
independent cell death induction on binding of GA101 to CD20
remains to be elucidated. Similar effects have been described for
other antibodies that target lymphocytic antigens, such as HLA-
DR,%7 CD47,%8 and CD37. In addition to direct cell death, the
observed increase in PS exposure may facilitate phagocytosis of
targeted cells.** GA101 also exhibits increased FcyRIIla-binding
affinities, resulting in increased ADCC and higher B cell-depleting

activity in whole blood. The less pronounced down-modulation of
CD20 by type II antibodies®? may facilitate this activity.

Experiments to elucidate the contributions of these different
biologic functions to the superior in vivo efficacy of GA101 are
ongoing. Studies using nonglycoengineered GA101 suggest that its
striking in vivo potency in subcutaneous xenograft models can be
attributed primarily to the type I CD20 binding mode. Relative to
murine model systems, an additional contribution of enhanced
ADCC mediated by NK cells is possible in humans. Although
different effector functions may be dominant depending on the
nature of the target, we are encouraged by the superior efficacy of
GAI101 in all ex vivo and in vivo models studied to date.

In conclusion, our results provide preclinical evidence for

* GA101 as a potential new therapy for the treatment of B-cell

disorders. This novel type II anti-CD20 antibody may provide a
valuable treatment alternative for those disorders amenable to
B-cell depletion therapy. A phase 1/2 clinical trial of GA101 for the
treatment of patients with relapsed/refractory CD20-positive B-cell
malignancies has recently yielded encouraging preliminary safety
and efficacy results in this difficult-to-treat patient population.®
Because of its superior B cell-depleting activity in lymphoid
tissues, GA101 may provide an effective treatment alternative for
autoimmune diseases, such as rheumatoid arthritis, systemic lupus
erythomatosus, or immune thrombocytic purpura, where rituximab
has shown some benefit.
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Figure 6. Superior B-cell depletion in cynomolgus monkeys with GA101 treatment compared with rituximab. The efficacy of GA101 at depleting B cells in cynomolgus
monkeys was compared with that of rituximab in groups of 3 animals. GA101 (2 X 10 mg/kg, W; and 30 mg/kg, B§) was compared with rituximab (2 x 10 mg/kg, 3) and vehicle
(0) after 2 intravenous doses administered on days 0 and 7 to male and female cynomoigus monkeys (n = 3 per group; 1 female, 2 males). Peripheral blood and lymph node
B-cell numbers were evaluated at baseline (day —7) and on the indicated days by flow cytometric analysis. B-cell numbers were evaluated in the spleens of the treated animals
on day 35. (A) Mean B-cell numbers expressed as B-/T-cell ratios in peripheral blood of cynomolgus monkeys treated with GA101 and rituximab. (B) Mean B-cell numbers
expressed as B-/T-cell ratios in the lymph nodes of cynomolgus monkeys treated with GA101 and rituximab. (C) Mean B-cell numbers expressed as B-/T-cell ratios in the
spleens of cynomolgus monkeys treated with GA101 and rituximab on day 35. GA101 treatment resulted in statistically superior depletion of total B cells from lymph nodes,
compared with rituximab, from days 9 to 35, with a decrease in B-cell numbers of more than 95%. Data are mean * $D.
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obinutuzumab 1
Roche 4 .
(GA101, RO5072759) 3.2.5.2.3 Source, History, and Generati

the antibody genes
were co-transfected together with genes encoding N-acetylglucosaminyltransferase |l
¢ (GnTINl) and a-mannosidase Il (Manll) in order to engineer the oligosaccharide structure
attached to the antibod The resulting antibody features
a significantly increased FcyRllla binding mediated by a modified glycosylation pattern
which is related to enhanced antibody-dependent cell-mediated cytotoxicity (ADCC).

«
\ —

1 Obinutuzumab cmc120892 1722
RO5072759/ Drug Substance - b-ROS5072759_S.2.3.MAT.cls
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Attachment M

Obinutuzumab BLA, Section 3.2.S.2.2 Cell
Culture and Harvest, redacted
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obinutuzumab 1
Roche
(GA101, RO5072759) 3.2.5.2.2 Cell Culture and Harvest

The production culture is harvested followed by
filters to remove cell debris. The cell-free harvested cell culture fluid is

[l fittered prior to purification of obinutuzumab.

|

1/ Obinutuzumab cmc120489 1711
RO5072759 / Drug Substance b-RO5072759_5.2.2.DMP.frm
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EcyRIlla plays a prominent role in the elimination of tumor cells
by antibody-based cancer therapies. Non-fucosylated bisected IgGs
bind this receptor with increased affinity and trigger FeyRII-medi-
ated effector functions more efficiently than native, fucosylated
antibodies. In this study the contribution of the carbohydrates of
both binding partners to the strength of the complex was analyzed.
Glycoengineering of the antibody increased affinity for two poly-
morphic forms of soluble human FcyRilla (by up to 50-fold) but did
fiot affect binding to- the inhibitory FeyRIIb receptor. ‘While the
absence of carbohydrate at FcyRIIla’s Asn-162 increased affinity
for native IgG, presumably due to the removal of steric hindrance

caused by the bulky sugars, it unexpectedly reduced affinity for gly-

coengineered (GE) antibodies by over one order of imagnitude,
bringing the affinity down to the same Ievel as for native IgG. We
conclude that the high affinity between GE antibodies and FcyRIII
is mediated by productive interactions formed between the receptor
carbohydrate attached at Asn- 162 and regions of the Fc thatare only
accessible when it is nonfucosylated. As FcyRIlIla and FcyRILIb are
the only human Fcvy receptors glycosylated at this position, the pro-
posed interactions explain the observed selective affinity increase of
GE antibodies for only these receptors. Furthermore, we predict
from our structural model that only one of the two Fc-fucose resi-
dues needs to be absent for increased binding affinity toward
FcyRIIL This information can be exploited for the design of new
antibodies with altered Fc receptor binding affinity and enhanced
therapeutic potential.

Antibodies provide a link between the humoral and the cellular
immune system with IgG? being the most abundant serum immuno-
globulin. While the Fab regions of the antibody recognize antigens, the
Fc part Interacts with membrane-bound Fcy receptors (FcyRs) that are

" differentially expressed by all immune competent cells. Receptor cross-

linking by a multivalent antigen-antibody complex triggers degranula-
tion, cytolysis.or phagocytosis of the target cell, and transcriptional
activation of cytokine-encoding genes (1).

Recently, theimportance of the activating receptor FeyRlllaforthe in

vivo elimination of tumor cells in humans has been demonstrated. In

follicular non-Hodgkin's lymphoma patients, a relationship was discov-
ered between the FcyRllla genotype and clinical and molecular
responses to rituximab, an anti-CD20 chimeric antibody used against

*The costs of publication of this article were defrayed in part by the payment of page
charges. This article must therefore be hereby marked "advertisement” in accordance
with 18 US.C. Section 1734 solely to indicate this fact.

' To whom correspondence shoutd be add d. Tel.: 41-44-755-6161; Fax: 41-44-755-
61-60; E-maik pablo.umana@roche.com.

2The abbreviations used are: IgG, globulin G; GE, glycoengi d; Fuc, fucose;
GnT4Ill, B1,4-N-acetylgh virvyltransf ); FcyR, Fey receptor; mAb, mono-
clona! antibody; SPR, surface p ' resonance; h, human; s, sotuble; m, mouse.
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hematological malignancies (2). The authors demonstrated that the effi-
cacy of rituximab was higher in patients homozygous for the “high affin-
ity" FcyRllla, characterized by a valine at position 158 (FcyRlfla{Val-
158]), than in patients heterozygous or homozygous for the “low
affinity” FcyRIllz, which has a phenylalanine residue at this position
(FcyR1fla[Phe-158]) and has lower affinity for IgG (3). Increased sur-
vival of lymphoma patients that mount an anti-tumor humoral response
after anti-idiotypic vaccination has also been correlated with homozy-
gocity for FcyRIllafVal-158) (4).

The above observations imply a crucial role for FcyRIlla in the elim-
ination of tumor cells and support the idea that therapeutic monoclonal
antibodies (mAbs) with increased affinity for FcyRllla will have
improved biological activity. One route to increase the affinity of mono-
clonal antibodies toward FcyRIlla and consequently to enhance their
effector functions is manipulation of their carbohydrate moiety (5-7).
The N-glycosylation of the Fc fragment at Asn-297 in both Cy2
domains is crucial to the affinity for all FcyRs (8, 9) and is required to
elicit proper effector functions (10, 11). Itis comprised of a conserved
pentasaccharide structure with variable addition of fucose and outer
arm sugars (12). The N-glycosylation pattern of mAbs can be manipu-
lated by engineering the glycosylation pathway of the production cell
line using enzyme activities that lead to naturally occurring carbohy-
drates. Umafa and co-workers (5, 7) reported the production of glyco-
engineered (GE) antibodies, which feature high proportions of bisected, -
non-fucosylated oligosaccharides, improved affinity for FcyRIa and
enhanced antibody-dependent cellular cytotoxicity. ‘Antibodies with
increased binding to FcyRilla have also been obtained using a cell line
which is unable to add fucose residues to N-linked oligosaccharides
(6,13).

Little information is available on the influence of FcyRIlla carbohy-
drates on the affinity for IgG. The crystal structure of unglycosylated
FcyRIl in complex with the Fc fragment of human (h) IgG1 indicates
that a carbehydrate moiety attached at Asn-162 of FeyRIII would point
into the central cavity within the Fc fragment (14), where the rigid core
glycans attached to 1gG-Asn-297 are also located (15). In the present
study. binding of glycosylated soluble (s) hFcyRIla variants to distinct
antibody glycovariants was evaluated by surface plasmon resonance
(SPR) and in a cellular system to dissect the interaction between 1gG1
and glycosylated FcyRIMa on a molecular level.

EXPERIMENTAL PROCEDURES

Cell Lines, Expression Vectors, and Antibodies—HEK293- EBNA cells
were a kind gift from Rene Fischer (Laboratory of Organic Chemistry,
Zirich, Switzerland). Additional cell lines used in this study were Jurkat
cells (human lymphoblastic T cell, ATCC number TIB-152) and
FcyRlHla[Val-158]- and FcyRIHa{Val-158/Gln-162)-expressing Jurkat
cell lines, generated as described previously (7). The cells were culti-
vated according to the instructions of the supplier. DNA encoding the
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shFcyRIlla[Val-158] and shFcyRI1Ia[Phe-158]) variants were fused after
residue 191 to a hexahistidine tag (NH,-MRTEDL ... GYQG(H,)-
COOH, numbering is based on’ the mature protein) using PCR as
described (16). Asn-162 of shFcyllll[éWal-lSB] was exchanged for Gln
by PCR. All expression vectors contained the replication origin oriP
from the Epstein-Barr virus for expression in HEK293-EBNA cells. GE
and native anti-CD20 antibodies were produced in HEK-293 EBNA
cells and characterized by standard methods. Neutral oligosaccharide
profiles for the antibodies were analyzed by mass spectrometry
(Autoflex, Bruker Daltonics GmbH, Faellanden, Switzerland) in positive
ion mode (17).

Production and Purification of Recombinant shFcyRllla Receptors—
The shFcyRIl1a variants were produced by transient expression in HEK-
293-EBNA cells (18) and purified using a HiTrap Chelating HP column
(Amersham Biosciences, Otelfingen, Switzerland) and a size exclusion
chromatography step with HBS-EP buffer (0.01 M HEPES, pH 7.4,0.15M
NaCl, 3 mM EDTA, 0.005% Surfactant P20). Human sFcyRIIb and
mouse (m) sEcyR1Ib were produced and purified as described (19). The
concentration of proteins was determined as described (20).

SPR—SPR experiments were performed on a Biacore3000 with

HBS-EP as running buffer (Biacore, Freiburg, Germany). Direct cou-

pling of around 1,000 resonance units of human IgG glycovariants was
performed on a CM5 chip using the standard amine coupling kit (Bia-
core). Different concentrations of soluble FcyRs were passed with a flow
rate of 10 p!/min through the flow cells. Increasing the flow rate did not
influence the binding curves. Bulk refractive index differences were cor-
rected for by subtracting the response obtained on flowing sample over
a bovine serum albumin-coupled surface. The steady state response was
used to obtain the dissociation constant K, by non-linear curve fitting of
the Langmuir binding isotherm. Kinetic constants were obtained using
the ‘BlAevaluation program curve-fitting facility (v3.0, Biacore), to fit
rate equations for 1:1 Langmuir binding by numerical integration.

Binding of IgG to FcyRIlla-expressing Cells—The experiment was
conducted as described previously (7). Bricfly, hFcyRIlla-expressing
Jurkat cells were incubated with IgG variants in phosphate-buffered
saline, 0.1% bovine serum albumin. After two washes with phosphate-
buffered saline, 0.1% bovine serum albumin, antibody binding was
detected by incubating with 1:200 fluorescein isothiocyanate-conju-
gated goat anti-human F(ab’),, F(ab'), fragments (Jackson ImmunoRe-
search, West Grove, PA) (16). The fluorescence intensity of the bound
antibody variants was determined on a FACS Calibur (BD Biosciences,
Allschwil, Switzerland). .

Modeling—We visualized the interaction of the Fc fragment derived
from native [gG and the FcyRI1I glycans after creating a carbohydrate in
silico, attached at the position Asn-162 of the receptor. The glycan unit
was modeled on to the crystal structure of FcyRII in complex with
Fe-1gG (Protein Data Bank code 1e4k). The interaction between FcyRIII
and [gG was modeled by directing the Fc-linked pentasaccharide core to
the fucose residue of oligosaccharide linked to the Fc-Asn-297. The
model was not energy minimized and only created to visualize the pro-

posed binding mode.

RESULTS .

Biochemical Characterization of Soluble hFcyRIlla Receptors and
Antibody Glycovariants—ShFcyRilla[Val-158), shFcyRIlla[Phe-158),
and shFcyRIlla[Val-158/GIn-162) were expressed in HEK293-EBNA
cells and purified to homogeneity. The purified shFcyRli1a[Val-158)
and [Phe-158] migrate as broad bands in the apparent molecular weight
range of 40 -50 kDa when subjected to reducing SDS-PAGE. The appar-
ent molecular weight is slightly lower for the mutant shFcyRIllafVal-

L%

FEBRUARY 24, 2006 VOLUME 281:-NUMBER 8

High Affinity IgG Binding by FcyRllla

a) . PpLY e “w6
Fue Man — GIeNAC — Gal — NeoAc
alg .,L(./
Asn297 — GIENAC — GINAc— Man = vlen
Ri pid \
@l Lz 14 uib
Manes GleNAc S Gal 'S NouAc
xiot
19 faative 1648 i
- O s &C““ i O GlNac
1w 1 ® Gl
; a4 i O \an
| e o GhoNAC
f ! - - 0 heaing GRNA
an L - l L
Glyeort . A Gityeo-d
i {Glyco- tnt § v e
— s b ~oo€ us! ; MM Endan
i 080 . —p Or
§ wm 1810 S :
3 twon 1824 [Oh w2
. e L an I
Giyeos T3 R S I
= oot %o"’é: 900 143 fndall
2 i i
= 4000 | > :
g 1339 Nigat s 1339 | 1a30
£ 200 13 e oo | og ‘14 ’
= }" 14 l[ IS " ? 4 I
VO3 (A LY prer? B Deden DN 1t Nk | Pewel Jloin MWR) IMee
w2 L7
C) : relative % of
native  Glyco-1 _ Glyco-2
high mannose 1
non-fuc, hybrid, bisected 92 12
fuc, hybrid, bisected -8
non-fuc, complex, bisected . 50
fuc, complex, bisected 12
non-fuc, complex 22
fotal bisected 0 100 ™
total non-fuc (] 92 84
total nion-fuc, complex 0 0 oon
total complex 99 0 48

FIGURE 1. Oligosaccharide characterization of GE and native antibodies. a, carbohy-

. drate moiety attached to Asn-297 of human IgG1-Fc. The sugars in bold define the pen-

tasaccharide core; the addition of the other sugar residues is variable. The bisecting
B 4-linked GlcNAc residue is introduced by GnT-lIL. b, MALDI-MS spectra of neutral oli-
gosaccharides released from native and GE antibodles. The m/z value comrespondstothe
sodium-associated oligosaccharide ion. To confirm the carbohydrate type the antibod-
ies were treated with endoglycosidase H, which hydrolyzes hybrid but not complex
glycaris. ¢, oligosaccharide distributions of the IgG glycovariants used in this study.

158/Gln-162] (data not shown). This can be explained by the elimina-
tion of the carbohydrates linked to Asn-162. Upon enzymatic
N-deglycosylation all three receptor variants migrate identically in the
apparent molecular weight range of 25-30 kDa and feature three bands
as observed previously for the membrane form of N-deglycosylated
hEcyRIII (21, 22). This heterogeneous pattern may result from the pres-
ence of O-linked carbohydrates.

The native antibody glycosylation pattern is characterized by
biantennary, fucosylated complex oligosaccharides (Fig. 1, band ¢), het-
erogeneous with respect to terminal galactose content. GE-hlgG1 anti-
bodies were produced in a cell line overexpressing B1,4-N-acetylglu- .
cosaminyltransferase 11l (GnT-111), an enzyme catalyzing the addition of
a bisecting GIcNAc (Fig. 1) to the B-mannose of the.core. Two differ-
ent GE antibody variants were generated; Glyco-1 was produced by
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TABLE 1

Summary of affinity constants determined by equilibrium and kinetic analysis

Data are the average of two experiments. ND = not determined.

Ko
1gGt Fi 1{ k, k,
&8 € receptor o off Kinetic Steady state
X 105m~ 1 s™! x 107! . s
Native shFcyRIta{Val-158] ND* ND” ND* 0.75+0.08
Glyco-1 shFcyRIlla[Val-158} 24 £0.0) 5.8 £ 0.01 0.024 = <0.001 ND
Glyco-2 shFcyRHia[Val-158] 3.2 =001 5.1 % 0.01 0.016 = <0.001 0.015 = <0.001*
Native shFcyRilla[Phe-158 ND* ND* ND” 50 +0.59
Glyco-1 shFcyRIITa{Phe-158 1.6 £ 0.09 3201 0.20 = 0.001 0.27 £ 0.02
Glyco-2 shFcyRIa[Phe-158] 232000 2901 0.13 = 0.00t 0.18 * 0.02
Native shFcyRI1a[Val-158/Gln-162}) 59 = 0.05 90 * 0.4 0.16 * 0.001 0.24 * 0.03
Glyco-1 shFcyRIlta[ Val-158/Gln-162} 47 +0.02 89 = 0.5 0.19 = 0.001 0.30 = 0.02
Glyco-2 shFcyRIila[ Val-158/Gin-162) 8.1 *0.06 72+ 03 0.09 = 0.001 0.20 = 0.02
Native shFcyRIIb ND* ND* ND* 24 *021
Glyco-) shFcyRITb ND* ND* ND* 24010
Glyco-2 shFeyRIIb ND* ND* ND* 1.6 £0.10
Native smFcyRlb ND* ND* ND" 0.44 +0.03
Glyco-1 smFcyRIIb ND* ND* ND~* 0.69 = 0.03
Glyco-2 smFcyRIIb-- ND* ND* ND? 0.46 = 0.03
“ Kinetic too fast for exact determination.
% No duplicate. .
overexpression of GnT-I11 alone and Glyco-2 by co-expression of GnT-
N . . a N :
I and recombinant Man-l (Ref. 7 and Fig. 15). Both Glyco-1 and ) shFeyRILIa|Val-15) shFeyRIMla[Phe-158]
Glyco-2 feature high proportions of bisected, non-fucosylated oligosac- — o e
charides (92 and 84%, respectively; Fig. 1c). We have previously shown FTANY = 1 oy Clyco-

. +1)CO-
that both forms give similar increases in affinity for FcyRlila and z | (200aM)
increased antibody-dependent cellular cytotoxicity relative to native g 0}
higG1 but differ in their reactivity in complement-dependent cytotox- 13 2(;’ R e
icity assays (7). = (204 ad1)

IgG Oligosaccharide Modifications Lead to Antibodies with Increased 0 100 200 300 400 500 _20 150 260 380 500
Affinity for shFcyRIlla—The interaction of antibody glycovariants with Time is) Thue is}
shFcyRIlla variants ([VIazl-L58], [Phe-1158],‘:l and [Val-lSSl.GIrll-]:62]) b) Glyco-2 binding 0 Glyco-2 binding fo
shFcyRIIb and smFcyRIIb was analyzed by SPR. Binding of ‘ shRcyRIHa(vak158| shFerRIfia|Phe-158)
shFcyRIlla{Val-158) to the GE antibodies was up to 50-fold stronger \
than to the native antibody (K;;(Glyco-2) 0.015 pm versus Kp(native) 54 5:3 409 o2
0.75 M, Table 1). The low affinity polymorphic formof the receptor, Z 15 Z 80
shFcyRI11la[Phe-158), also bound to the GE antibodies with significantly é 28 % ﬁg
higher affinity than to the native antibody (K,(Glyco-1) 0.27 uMm (18- g ';g % 20
fold), K,,(Glyco-2) 0.18 um (27-fold), K (native) 5 puM (Table 1)). 3 0 ‘

Although the dissociation of both receptor variants from native IgG 20 10 260 380 500 W0 140 260 IR 500
was too fast to enable a direct determination of kinetic constants for Time s} fime fs|
these interactions, overlaying the experimental data clearly shows thata 3 R E '81
major effect of glycoengineering the antibodies is decreased dissociation R PR N 39 S A
from t‘he receptors (Fig. 2a). To. estimate dissociz.ition rates from native A 300 500 & e T 50
1gG dissociation curves were simulated using different rate constants . Time 5] Time o]
and compared with the experimental data (data not shown). These cal-

culations indicated that the entire increase in affinity upon glycoengi-
neering could be accounted for by decreased dissociation rate constant
[ : _

The association rate constants (k,,, values) of the two polymorphic
forms of shFcyRlIlla for GE antibodies were similar, but the dissoclation
rate of sFcyRI1a[Phe-158] was significantly faster and largely accounts
for the lower affinity of this receptor (Table 1).

The affinity of the antibodies for human and murine FcyRIIb was also
measured. GE and native 1gGs bound the human inhibitory receptor
shFcyRIb with similar affinity (K;, = 1.6-2.4 uM, Table 1). For the
murine version of this receptor the affinity for human IgG1 was also
unaltered by antibody glycoengineering, but surprisingly was 3.4-5.5
times that of the human FcyRIIb receptor (Table 1). The dissociation
constant (K,,) for the “interaction of the native antibody with

5034 JOURNAL OF BIOLOGICAL CHEMISTRY

FIGURE 2. Binding of shFcyRilla[Val-158] or shFcyRllla[Phe-158] to immobilized
1gG1 glycovarlants, The assodlation phase is represented by a solid bor above the
curves. The concentrations shown are those of the receptors. a, overlay of sensograms of
the binding events for shFcyRiila{Val-158) and shFcyRillafPhe-158] respectively. To com-
pare binding within a similar response range, sensograms obtained using high concen-
trations of receptor on the native antibody surface were also included. All sensograms
were normalized to the Immobilization level. b, kinetic analysis for shFcyRIllafVal-158) or
shFcyftillalPhe-158) binding to Glyco-2. Fitted curves and residual errors {below) were
derived by non-linear curve fitting.

sh/mFcyRIIb could only be determined by steady state analysis (Table
1) because the equilibrium was attained too quickly for a kinetic evalu-
ation (Fig. 2a). ’

FcyRllla Glycosylation Regulates Binding to Antibody Glyco-
variants—A mutant form of hFcyRllla that is not glycosylated at Asn-
162 (shFcyRIla[Val-158/Gln-162]) was used to analyze the influence of
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FIGURE 3. Binding of 1gG glycovariants to hFcyRilla[Val-158]) or hFcyRilla[Val-158/
Gin-162). q, overlay of sensograms for binding of 200 nm shFcyRiliafVal-158/Gin-162].
The assoctation phase is represented by a sofid bar above the curves. b, overlay of sen-
sograms for binding of 200 nu shFcyRillafVal-158) or 200 nm shFcyRHlla[Val- 158/GIn-162)
10 native lgG1 or Glyco-2 igGt. All sensograms were normatized to the immobilization
fevel. ¢, binding of 19G to hFcyRillafVal158)- and hFciRlllalVal 158/GIn-162}-expressing
or FcyRilla-negative Jurkat cells. FcyRilla binding was measured by cytometry in arbi-
trary units. mAb 3G8 was used to controf the FcyRIlla expression level.

the receptor’s carbohydrate on complex formation with IgG. Interest-
ingly, upon removal of N-glycosylation at Asn-162, native IgG showed a
3-fold increase (K, = 0.24 versus 0.75 uM) in affinity for the receptor,
whereas GE antibodies showed an over 13-fold decrease in affinity
(Table 1). For binding to GE antibodies, removal of the receptor glyco-
sylation site resulted in an almost' 2-fold increase in k,, but an over
14-fold increase in k¢ (Table 1). Steady state and kinetically determined
K, values differed by 1.6 ~2.2-fold for binding of shFcyRIlla[Val-158/
Gln-162] to the antibodies. This discrepancy most likely results from a
high error in fitting the very fast dissociation phase.

The SPR-based results were corraborated using Jurkat cells express-
ing membranc bound FcyRIlla, which represents a natural environ-
ment for FcyRIIla expression (23). We used the anti-FcyRIII mAb 3G8,
which does not discriminate between FcyRIfla[Val-158] and
FeyRIilla[Val-158/GIn-162] (24), to monitor FcyRIll expression in these
cell lines. In this experiment GE antibodies bound FcyRilia[Val-158}
better than the native antibody (Fig. 3¢). Binding to FcleIla[Val- 158/
Gln-162) was, however, significantly reduced for all IgG variants,
including native IgG (Fig. 3c). The very fast dissociation rate constants
found in the SPR experiment for binding of FcyR1Ha[Val-158/Gln-162}
to all three IgG variants could explain the lower binding in the cellular
assay.

DISCUSSION

Kinetic Analysis of the FcyRIlla/IgG Interaction—Overall our meas-
‘ured K, values for the interaction of IgG1 with glycosylated FcyRlIlia
agree with those previously published by Okazaki et al-(25). These
authors concluded that the affinity increase of the non-fucosylated (GE)
antibody is predominantly caused by an increase in k. In contrast,
although we could not quantify k;,,, and k. for binding to native IgG due
to the high velocity of the reaction, comparison of the binding curves for
native and GE antibodies clearly shows significantly faster dissociation

FEBRUARY 24, 2006+ VOLUME 281-NUMBER 8

FIGURE 4. The proposed interaction of glycosylated FeyRill with the Fcfragment of
1gG. a, clipping of the cryst! structure of Fc/RIN in complex with the Fc fragment of
native (fucosylated) IgG (Proteln Data Bank code 1e4k) shown in the inset marked by a
rectangle. The two chains of the Fc fragment are depicted as red and blue and the
unglycosylated FcyRIll as green surface with Asn-162 in yellow. The glycans attached to
the Fc are shown as ball and sticks and colored accordingly. The central fucose residue
linked to the carbohydrate of the biue Fc fragment chain is colored red. b, model of the
interaction between a glycosylated FcyRlll and the (non-fucasylated) Fc fragment of
GE-IgG. As the fucose Is not present within GE-igG, the carbohydrates attached at Asn-
162 of the receptor can thoroughly interact with the GE-igG. The figure was created
using the program PYMOL (www.del clentific.com).

of the receptor variants from native IgG (Fig. 2a). We conclude that
upon antibody glycoengineering either new interactions between the
binding partners are formed or the present ones are improved. Impor-
tantly, we showed that glycoengineered antibodies bind with signifi-
cantly higher affinity to the more common low affinity variant. of
FeyRllla than native antibodies do to the less common high affinity
variant of the receptor. This gives the hope of improving anti-cancer
antibody therapies for people with this allelic variant,

The Glycosylation of FcyRllla at Asn-162 Modulates Binding to
Antibodies—FcyRllla of mammalian origin is a highly glycosylated pro-
tein with five N-linked glycosytation sites. From the crystal structure of
IgG1-Fe in complex with unglycosylated FcyRIII (14), glycosylation at
Asn-162 in FcyRIII has been hypothesized to reduce affinity for native
IgG1 duc to steric hindrance cxcrted by the hFeyRIllalAsn-162] carbo-
hydrate moiety. This has been confirmed with the appropriate glycosy-
lation mutant of FcyRIIL, while removal of carbohydrates at the other
four N-glycosylation sites did not affect affinity for native IgG (24).
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To further investigate the importance of glycosylation of 1gG and
FeyRlIlla for their interaction, a mutant version of the high affinity
receptor which is unglycosylated at position 162 (shFcyRIlla[Val-158/
Gln-162}) was constructed. As expected, removal of the carbohydrate at
Asn-162 of the receptor increased binding affinity for the native anti-
body (3-fold, Table 1). On the other hand, removal of the FcyRHIa's
carbohydrate at Asn-162 unexpectedly led to reduced binding affinity
for GE antibodies by over an order of magnitude, bringing the affinity
down to the level observed for the native antibody. The data were cor-
roborated in a cellular assay system, where GE antibodies bound signif-
icantly better to hFcyRIlla[Val-158]- than to hFcyRIlla[Val-158/Gln-
162)-expressing cells (Fig. 3c).

In summary, two requirements have to be met for high affinity inter-
action between GE IgG and FeyRIIl; a carbohydrate has to be attached
at FcyRIII's Asn-162, and productive contacts of this receptor carbohy-
drate with the IgG-Fc can only be made if the latter is non-fucosylated.
Based on these results we propose a model in which the Asn-162-linked
carbohydrate of FcyRII contacts a region of the IgG-Fc where a fucose

_residue is attached in native antibodies. This fucose residue protrudes

from the continuous surface of the Fc into open space and may prohibit
a close approach of the Fc receptor carbohydrate core, thereby preclud-

ing additional productive interactions (Fig. 4). It should be noted thata-

complete overlap with the mentioned Fc region is attained by a receptor
carbohydrate with as few three monossacharide units (Fig. 4). Further-
more, the model predicts that only one of the two Fc-fucose residues
needs to be absent for increased binding affinity toward FcyRIIL

In a recent study Okazaki et al. (25) proposed that non-fucosylated
antibodies bind FcyRIIla with increased affinity as a result of a newly
formed bond between Tyr-296 of the Fc and Lys-128 of the FcyRlila.
However, we found that the increased affinity of non-fucosylated anti-
bodies depends on glycosylation of the receptor which implies that an
1gG-Fc[Tyr-296)/FcyRIa[Lys-128] bond is insignificant to the affinity
between GE antibodies and FcyRllla.

FeyRIlla and FcyRUIb forms are the only forms of the human FcyRs
that possess N-glycosylation sites within the binding region to IgG. We
therefore conclude that affinity for IgG will be influenced by receptor
glycosylation only for these two FcyRs. Comparison of the amino acid
sequences of FcyRIII from other species indicates that the N-glycosyla-

. tion-site Asn-162 is shared by FcyRIII from macaca, cat, cow, and pig,

whereas it is lacking in the known rat and mouse FcyRIIIL Recently
mouse (CD16-2) and rat (GenBank™ accession number AY219230)
genes with high homology to the human FcyRIIl and which encode
proteins containing the Asn-162 glycosylation site were identified (26),
and functional expression of the murine protein was recently reported
(27). The presence of a FeyRIlla-Asn-162 glycosylation site may enable
the immune system to tune the affinity toward FcyRIII by differential
FcyRIII glycosylation (21) and by modulation of the fucose content
of IgG.

" The Immunological Balance between Activating. and Inhibitory
FcyRs—It has been proposed that an improvement in the ratio of acti-
vating to inhibitory signals should enhance the efficacy of therapeutic
antibodies-(28): In-the current study, thé.inhibitory.shEcyRIlb.receptor
was found to have a similar affinity for native and GE antibodies (Table
1). The inhibitory receptors sFcyRIIbs from mouse and human are not
glycosylated at Asn-162. The lack of discrimination for GE antibodies
displayed by FcyRIIb is consistent with glycosylation of activating
FeyRIHH at Asn-162 being essential for incredsed binding to non-fucasy-

5036 JOURNAL OF BIOLOGICAL CHEMISTRY

lated IgGs and suggests that these GE antibodies could show enhanced
therapeutic efficacy.

The finding that murine FcyRII has significantly higher afﬁmty than
human FcyRIIb for both native and GE higG1 may be important for the
correct interpretation of in vivo experiments using mouse models.
Enhanced binding to the inhibitory receptor in a mouse model may
result in a different threshold of the immune response than that
observed in humans. )

CONCLUSION

We demonstrated the importance of the carbohydrate moieties of
both FcyRIN and 1gG for their interaction. Our data provide further
insight into the complex formation and identified an important inter-
action between the Asn-162 carbohydrate of FcyRIil and the Fc of non-
fucosylated IgG glycoforms. This finding should allow the design of new

antibody variants that make further productive interactions with the

carbohydrate of FcyRIlla, which may impact on future therapies with
monoclonal antibodies.
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Abstract: The effector functions elicited by IgG antibo-
dies strongly depend on the carbohydrate moiety linked to
the Fc region of the protein. Therefore several approaches
have been developed to rationally manipulate these
glycans and improve the biological functions of the
antibody. Overexpression of recombinant $1,4-N-acetyl-
glucosaminyltransferase Il (GnT-ill) in production cell
lines leads to antibodies enriched in bisected oligosac-
charides. Moreover, GnT-lll overexpression leads to
increases in non-fucosylated and hybrid oligosacchar-
ides. Such antibody glycovariants have increased anti-
body-dependent cellular cytotoxicity (ADCC). Toexplorea
further variable besides overexpression of GnT-lll, we
exchanged the localization domain of GnT-IIl with that of
other Golgi-resident enzymes. Our results indicate that
chimeric GnT-ll can compete even more efficiently
against the endogenous core o1,6-fucosyltransferase
(21,6-FucT) and Golgi a-mannosidase Il (Manll) leading
to higher proportions of bisected non-fucosylated hybrid
glycans (“Glyco-1” antibody). The co-expression of
GnT-llt and Manll led to a simjlar degree of non-
. fucosylatlon as that obtained for Glyco-1, but the majority
ofthe oligosaccharides linked to this amlbody(“Glyco -2")
are of the complex type. These glycovariants feature
strongly increased ADCC activity compared to the unmo-
dified antibody, while Glyco-1 (hybrid-rich) features
reduced complement-dependent cytotoxicity (CDC) com-
pared to Glyco-2 or unmodified antibody. We show that
apart from GnT-lll overexpression, engineering of GnT-ll
localization is a versatile tool to modulate the biological
activities of anubodles relevant for their therapeutic
application.
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INTRODUCTION

Antibodies of the IgG class have proven to be useful anti-
cancer therapeutics (Carter, 2001). Their high specificity for
an antigen, for targeting a cancerous cell, and the simul-
taneous recruitment of immune effector cells, by binding to
Fcy receptors (FcyRs) via their Fc region, make them a
powerful tool for immunotherapies. This linker function of
the antibodies results in the elimination of the cancerous cell
by cell-mediated effector functions, such as antibody-
dependent cellular cytotoxicity (ADCC). '

Many therapeutic antibodies depend on Fc-mediated
effector functions and it was concluded that they require a
higher in vivo efficacy to increase their potential as thera-
peutic drugs. The recruitment of FcyR-expressing cells
relies on an efficient binding to the Fc region of 1gG
(Dall’Ozzo et al., 2004). The affinity of this interaction can
be improved. by amino acid mutations of the polypeptide
(Shields et al., 2001), which bear the risk of immunogeni-
city. On the other hand the presence of specific oligosac-
charide structures linked to the Cy2 domain of the Fc
fragment was reported to affect the biological activity of
the antibody (Jefferis et al., 1998; Lifely et al., 1995;
Wright and Morrison, 1997) by influencing the interaction
with FcyRs (Tao and Morrison, 1989). In this context,
modification of the carbohydrate moiety associated to the
Fe region of IgG has proven to be a successful approach to
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enhance ADCC (Shields et al., 2002; Shinkawa et al., 2003;
Umana et al., 1999).

Recombinant DNA-based glyco-engineering for increased
antibody effector function was first achieved by over-
expression of heterologous f1.4-N-acetylglucosaminyltrans-
ferase I (GnT-II), in antibody-producing cells (Umaiia
et al., 1999). GnT-1lI catalyzes the addition of a bisecting N-

- acetylglucosamine (GleNAc) to N-linked oligosaccharides,
as long as they have been modified by N-acetylglucosami-
nyltransferase I (GnT-I) and have not been modified by
Bl, 4 galactosylransferase (GalT). Therefore, any non-
galactosylated hybrid or complex oligosaccharide, whether
fucosylated or not, can be modified by GnT-1il. However,
once GnT-TII adds a bisecting GlcNAc to an oligosaccharide,
other central reactions of the biosynthetic pathway such as
core-fucosylation and conversion of hybrid to complex
glycans are blocked (Schachter, 1986). This gives GnT-IIl a
high degree of control over the glycosylation process in the
Golgi apparatus. Overexpression of GnTIII in antibody-
producing celis results_in the formation of bisected, non-
fucosylated oligosaccharides linked to the antibodies that
mediate increased ADCC (Shields et al., 2002; Shinkawa
et al., 2003; Umaiia et al., 1999).

Previously, we have shown that the GnT-III expression
level has a large impact on the relative levels of complex and
hybrid, fucosylated, or non-fucosylated oligosaccharides
(Umafia et al., 1999). Besides the expression level, the Golgi
localization domain of GnT:-HI, which controls its spatial
distribution relative to other enzymes, is another variable
influencing the impact of GnT-1II on the glycosylation path-
way (Nilsson et al., 1996). Here we explore the localization
variable by fusing the catalytic domain of GnT-III to the
localization domain (cytoplasmic, transmembrane, and
stem region) of other Golgi-resident enzymes of the N-
glycosylation pathway. The resulting chimeric proteins were
expressed in antibody-producing cells to engineer the
antibody glycosylation pattern and the associated antibody
effector functions. :

MATERIALS AND METHODS

Construction of Expression Vectors

The DNA for the variable heavy (VH) and variable light (VL)
chain of the anti-CD20 antibody was assembled by poly-
merase chain reaction (PCR) on the basis of the published
sequence of the murine C2B8 antibody (Kobayashi et al.,
1997; Reff et al., 1994). The 1gG} constant regions were
amplified from a human leukocyte cDNA library (BD Bio-
sciences, Allschwil, Switzerland). The rat GnT-I1I gene was
amplified using specific priniers from a rat kidney cDNA
library (BD Biosciences) and a sequence coding for a
C-terminal ¢-myc-epitope tag was added. The construction
of the GnT-HI-chimeric genes was performed by subsequent
overlapping PCR reactions. The DNA fragments coding
for the localization domains (cytoplasmic, transmembrane,
and stem regions) of human GnT-I (102 amino acids), Manll

(100 amino acids), GnT-Il (103 amino acids), and
al. 6-fucosyluansferase (21.6-FucT) (101 amino acids)
were amplified from different material of human origin
using the specific primers. The gene coding for Golgi
a-mannosidase II was amplified by PCR from bhuman
DNA using specific primers. The gene coding for the’
human N-acetylglucosaminyltransferase I (GnT-1I) was
amplified from pGnTIl (RG002551, Invitrogen AG, Basel,
Switzerland) by PCR using specific primers, The construction
of the catalytically inactive GnT-I™™™ (iGnT-II™*"") was
performed as described (Iharaet al., 2002). The construction of
two mutant GnT-HI™"™2"" was accomplished by site-directed
PCR mutagenesis, where the mutations R60Q, R73N, L795,
and E81S (GnT-IT™ ™)) or R73N, L79S, and E81S
(GnT-II™Man3a0y were introduced into ManIl (Nilsson
et al., 1996). All expression vectors were combined with an
origin of replication from'the Epstein Barr Virus (oriP) for
episomal vector replication and maintenance in cells produ-
cing the Epstein Barr virus nuclear antigen (EBNA).
Expression of the protein was confirmed by Western blot
detection of GnT-11T C-terminal c-myc tag.

For the generation of the FcyRIlla-expressing CHO cell
line, an expression vector for FcyRIila-Vall58 o-chain,
y-chain, and the gene conferring puromycin resistance was
constructed. The cDNAs coding for the FcyRIIIA and the
y-chain were amplified from a healthy donor using specific
primers. Genotyping for the FcyRIIA-Val/Phel58 and
FcyRIIC polymorphisms were performed as described
(Koene et al., 1997; Metes et al., 2001). ’

Production and Purification of Glyco-Engineered
Anti-CD20 Antibodies in HEK293-EBNA Cells

HEK293-EBNA cells, a kind gift from Rene Fischer (Labo-
ratory of Organic Chemistry, ETH Ziirich, Switzerland).
were grown as adherent manolayer cultures using DMEM
culture medium supplemented with 10% FCS (Invitrogen
AG) and were transfected essentially as described by Jordan
et al. (1996). HEK293-EBNA cells were used as a transient
expression system where the episomal replication of the
expression vectors allowed high antibody titres and high
expression levels of the glycosylation enzymes. Glyco-
engineered antibodies were produced by co-transfection
of the cells with two plasmids coding for antibody and
chimeric GnT-II1, at a ratio of 4:1, respectively, while for un-
modified antibody the plasmids coding for the carbohydrate-
modifying enzymes were omitted. For the combination of the
chimeric GnT-INM*"" and Manll, cells were co-transfected
with three expression vectors coding for antibody,
GnT-TM*™ and Manl at a ratio of 3:1:1. The same ratio
was used for the combination of GnT-III and Manll, and for
that of Man[IGnT-TIT and GnT-II. At day 5 post-transfection,
supernatant was harvested and monoclonal  antibody
purified using two sequential chromatographic steps as
described (Umaiia et al., 1999), followed by size exclusion
chromatography (HiLoad™ 16/60 Superdex™™ 200 column,
Amersham Biosciences, Otelfingen, Switzerland).
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Oligosaccharide Analysis

Oligosaccharides were enzymatically released from the anti-
_bodies by N-Glycosidase digestion (PNGaseF, EC 3.5.1.52,
QA-Bio, San Matco, CA) at 0.05 mU/pg protein in 2 mM Tris,
pH7 for 3 h at 37°C. A fraction of the PNGaseF-treated sample
was subsequently digested with Endoglycosidase H (EndoH,
EC 3.2.1.96, Roche, Basel, Switzerland) at 0.8 mU/ug protein
and incubated for 3 h at 37°C. The released oligosaccharides
were incubated in mild acid (150 mM acetic acid) prior to
purification through a cation exchange resin (AGS0W-X8
resin, hydrogen form, 100-200 mesh, BioRad, Reinach,
Switzerland) packed into a micro-bio-spin chromatography
column (BioRad) as described (Papac et al, 1998). The
oligosaccharide samples were then analyzed with sDHB as
matrix (Papac et al., 1998) using an Autoflex MALDI/TOF
(Bruker Daltonics, Faellanden, Switzerland) in positive ion
mode. For the assignment of an oligosaccharide structure to
each peak, Endoglycosidase H was used due to its specificity. It
digests most hybrid and high mannose, but not complex
oligosaccharides. A refined oligosaccharide analysis was
necessary to distinguish between bisected hybrid and complex
(mfz 1,339 and 1,502) and their fucosylated versions (m/z 1,648

and 1,810), as both structures are not digested by EndoH. For

this_purpose, EndoH analysis was combined with in vitro

galactosylation of the whole antibody performed as described -

(Raju et al., 2001). The aim was to distinguish between hybrid
or complex oligosaccharides by making use of the fact that
hybrid oligosaccharides can be galactosylated only at one
terminal GlcNAc residue.

Binding of Monomeric IgG1 Glycovariants to
Natural Killer (NK) Cells and FeyRlIlla-Expressing
CHO Cell Line ' )

Human NK cells were isolated from freshly isolated
peripheral blood mononuclear cells (PBMC) applying a
negative selection enriching for CD16- and CD56-positive
cells (MACS system, Miltenyi Biotec GmbH, Bergisch
Gladbach, Germany). The purity determined by CDS56
expression was between 88% and 95%. Freshly isolated
NK cells were incubated in PBS without calcium and
magnesium ions (3 x 10° cells/mL) for 20 min at 37°C 10
remove NK cell-associated IgG. Cells were incubated at
10® cells/mL at different concentrations of anti-CD20
antibody (0, 0.1, 0.3, 1, 3, 10 pg/mL) in PBS, 0.1% BSA.
After two washes with PBS, 0.1% BSA antibody, binding
was detected by incubating with 1:200 FITC-conjugated
F(ab’), goat anti-human, F(ab’), specific 1gG (Jackson
ImmunoReasearch, West Grove, PA), and anti-human
CD56-PE (BD Biosciences, Shields et al., 2002). The anti-
FcyRIIIa 3G8 F(ab’), fragments (Ancell, Bayport, MN) were
added at a concéentration of 10 pg/mL to compete binding of
antibody glycovariants (3 pg/mL). Fluorescence intensity
was determined for CD56-positive cells on a FACSCalibur
(BD Biosciences) and refers to the geometric mean measured
for different antibody concentrations, from which the

geometric mean of cells incubated without primary antibody
was subtracted.

CHO cells were transfected by electroporation (280 V,
950 puF, 0.4 cm) with an expression vector coding for the
FcyRIIa-Val158 a-chain and the y-chain. Transfectants were
selected by addition of 6 pg/mL puromycin and stable clones
were analyzed by FACS using 10 pL FITC-conjugated anti-
FeyR1TI 3G8 monoclonal antibody (BD Biosciences) for 10
cells. Binding of 1gG1 to FcyRIlla-Val158-expressing CHO
cells was performed analogously to the NK cell binding
described above by omitting CD56-staining.

Biological Activity of Anti-CD20 Monoclonal
Antibody Glycovariants

Antibody-Dependent Cellular
Cytotoxicity (ADCC) Assay

CD20-positive Raji cells (DMEM, 10% FCS, 1% Glutamax,
Invitrogen AG) were labeled with the fluorescent dye Calcein
AM for 20 min, according to the manufacturer’s instruction
(Molecular Probes, Leiden, The Netherlands). Antibodies
were serially diluted in AIM-V (Invitrogen AG) and
incubated with the target cells for 10 min at room temperature
prior to the addition of effector cells. PBMCs were prepared
from a donor heterozygous for FcyRIIa-Val/Phel58 and
lacking FcyRIIc expression using Histopaque- 1077 (Sigma-
Aldrich, Buchs, Switzerland) following the manufacturer’s

- instructions. PBMCs were added to the wells at an effector to

target ratio of 25:1. After 4 h incubation at 37°C, the cells
were spun down, washed twice with PBS without calcium
and magnesium ions, and lysed by addition of 50 mM borate,
0.1% Triton X-100 solution. The content of the wells was
subsequently transferred to a 96-well black flat-bottomed
plate. Retention of the fluorescent dye by intact target cells
was measured with a fluorometer (485 nm excitation, 520 nm
emission, FLUOstar Optima, BMG Labtechnologies, Inc.,
Durham, NC). Specific lysis was calculated relative to the
total lysis control, resulting from incubating the larget cells
with 1% Triton X-100. Percentage of specific antibody-
mediated cytotoxicity was calculated as follows:

% cytotoxicily = ((Fluorescence at concentration x
—Fluorescence of spontaneous release)/
(Fluorescence maximal release

—Fluorescence spontaneous release)) x 100

Each antibody dilution was analyzed in quadruplicate.

Complement-Dependent Cytotoxicity (CDC) Assay

CD20 positive human B lymphoblastoid SKW 6.4 cells
(DMEM, 10% FCS, 1% Glulamax, Invitrogen AG) were
incubated with increasing concentrations of antibody for
10 min at room temperature prior to the addition of normal
human serum (NHS, FcyRITIA-Val 158 and FeyRIIC homo-
zygous donor), prepared from the blood of healthy
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volunteers, as source of complement. The blood was atlowed
to coagulate for | h at room temperature and then centrifuged
at 1,200z for 20 min. The serum was diluted threefold with
AIM-V and added to the wells to obtain a final concentration
of 20% NHS. The assay plates were incubated for 2hat 37°C.
Maximal release was determined by incubating the cells in
the presence of 1% Triton X-100. Relative cytotoxicity was
determined using the AlamarBlue™ Assay (Serotec, Inc.,
Diisseldorf, Germany). Fluorescence was monitored on a
fluorometer (540 nm excitation, 590 nm emission, FLUOstar
Optima, BMG Labtechnologies, Inc.). Each antibody con-
centration was measured in quadruplicate.

Whole Blood B Cell Depletion Assay

Four hundred ninety microliters heparinized blood from a-

healthy FcyRIIIA-Val/Phel58 and FeyRIIC negative donor,
were incubated at 37°C with 10 pL PBS or 50-fold con-
centrated antibody glycovariants (final concentrations of 0.1,
1,10, 100, 1,000 ng/mL). After 24 h 50 pL blood were stained
with a mixture of anti-CD19-PE, anti-CD3-FITC, and anti-
CD45-CyChrome (BD Biosciences) for 15 min at room
temperature. Before analysis, 500 pL PBS containing 2%
FCS and 5 mM EDTA were added to the tubes. The CD3-
FITC and CD19-PE fiuorescence of the blood samples were
flowcytometrically analyzed by gating on all CD45-positive
cells. B cell-depletion was determined by plotting the ratio of
CD19-positive B cells to CD3-positive T cells. Each antibody
concentration was analyzed in triplicate.

RESULTS

Generation of Anti-CD20 Antibody Glycovariants
Achieved by Co-Expression of GnT-lll or
Chimeric GnT-lll Proteins

Modulation of antibody glycosylation was achieved by
co-expression of the genes coding for antibody and chimeric

GnT-1I proteins in HEK293-EBNA cells. In the chimeric -

proteins, the localization domain of GnT-I11 was replaced with
those of various other Golgi-resident enzymes of the N-linked
glycosylation pathway (Fig. 1A). The oligosaccharide profiles

obtained for the expressed antibodies indicate a significant.

impact of the enzyme localization on the outcome of the
glycosylation process (Fig. 2A, Table I). The expression of
GnT-11I leads to antibodies with high proportions of bisected
oligosaccharides, which can be fucosylated or non-fucosy-
lated and of the complex or hybrid type. The assignment of
these structures to the peaks was confirmed by digestion with
EndoH, an enzyme digesting high mannose and most hybrid,
but not complex oligosaccharides. Thus, peaks at m/z 1,664
and 1,810 shift to 1,460, and those at 1,826 and 1,972 t0 1,622,
confirming the increase in bisected, non-fucosylated hybrid
(m/z 1,664 and 1,826) and their fucosylated versions (m/z
1,810 and 1,972) upon recombinant expression of GnT-Iil
(Fig. 2A and B).The use of the localization domain of GnT-I,
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Figure 1. A: Bl,4-N-acctylglucosaminyltransferase 11 (Gn'T- 1) chimeric
proteins. GnT-11 with different localization domains were constructed by
fusing the catalytic domain of GnT-111 (gray) to the localization domain CTS
(white), consisting of cytoplasmic tail, transmemnbrane domain, and stem
region of other Golgi-resident enzymes, The length of the respective regions
is indicated. In the last three constructs single amino acid substitutions are
indicated. IB: Western blot detection of Gn'T-111. Fifteen micrograms of cell
lysates were separated on a 4-12% NU-PAGE gel (Invitrogen AG, Basel,
Switzerland) and electroblotted to nitroccllulose membranc. Detection of
GnT-111 was performed via its C-terminal c-myc tag, while f-actin detection
served as an internal control for the amount of loaded extracts (Abcam Ltd,
Cambridge, UK).

al,6-FucT, GnT-I. or Manll, instead of that of GnT-MI results
in a further increase in the proportion of bisected non-
fucosylated hybrid oligosaccharides (mainly n/z 1,664) linked
to the secreted antibody. Among these chimeric proteins, GnT-
11 fused to the localization domain of Manll (GnT-IiM*™)
leads to the highest content of these carbohydrates (Table |,
Fig. 2A).
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Figure 2. MALDI-TOF-MS spectra of neutral oligosaccharides from
recombinant anti-CD20 IgG1 glycovariants. The antibodies were produced
in HEK293-EBNA cells engineered for expression of various forms of
G-I (see Fig. 1a). The m/z value corresponds to the sodium-associated
oligosaccharide ion. A: MALDI-TOF-MS spectra of neutral oligosacchar-
ides released from unmadified, GaT-ll-modificd, and GnT-11M"™""-modificd
antibodies. Endoglycosidase H digestion (EndoH) was performed to confirm
the increase in bisected non-fucosylated hybrid (m/z 1,664 and 1,826) and
their fucosylated versions (n/z 1,810 and 1,972) upon expression of
recombinant Gn'l-ill. EndoH digestion of the released oligosaccharides
causes a shift for peaks al m/z 1,664 and 1,810 (to m/z 1,460) and of peaks
at miz 1,826 and 1,972 (10 m/z 1,622). Complex oligosaccharides, as peaks at
mfz 1,689 and 1,851 are not digested by EndoH. B: MALDI-TOF-MS spectra
of neutral oligosaccharides released from antibodies engineered by co-
expression with GaT-HIM*" and Manll genes. In vitro galactosylation
(“'ivg") was performed to refine the oligosaccharide analysis and confinn
that the peak m/z 1,339 correspands to complex non-fucosylated oligosac-
charides.

Table I. Oligosaccharide distributions (relative percentages) of anti-CD20 monaclonal antibody glycoforms.
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To assess if the localization domain of ManlT itself and not
the enzymatic activily of the catalytic domain of GnT-1II
accounts for any of the oligosaccharide modifications, a
catalytically inactive iGnT-THM*™ chimeric protein was
prepared by replacing residues Asp321 and Asp323 of GnT-
IIl by alanine residues (Ihara ct al., 2002) (Fig. 1A). The
spectrum of the glycans modified by the inactive chimeric
protein indicates that the catalytic domain of GnT-II1 .is
mainly responsible for the oligosaccharide profile of the
GnT-IIIM*""_modified antibody. The reason for the minor
increase in the fraction of complex non-fucosylated oligo-
saccharides needs further investigation (Table I). To ascertain
if a different expression level of the enzymes may account for
the differences in the oligosaccharide patterns, the expression
of GnT-1Il was quantified by Western blot analysis via a
C-terminal ¢c-myc tag (Fig. IB). Both GnT-IM" aiid

. GnT-111 showed a slightly reduced expression compared to
those of the other GnT-III chimeric proteins.

We also evaluated the hypothesis that-the -existence of
relatively well organized functional glycosylation reaction
subcompartments within the medial and trans Golgi cisternae
may account for the glycosylation profiles derived from the
chimeric GnT-I1I proteins. Given that pairs of charged amino
acid residues in the stem regions of GnT-I and ManII have
been postulated as critical for oligomer formation between
enzymes (Nilsson et al., 1996), it was investigated if such a
pairing could account for the GnT-IITM*™-derived antibody
glycosylation profile. Therefore the amino acid mutations
R73N, L79S, and E81S (GnT-II™"™M*G3) or R60Q,
R73N, L79S, and E81S (GnT-III™"M*Mt422)y yere intro-
duced into the stem region of ManlI (Fig. 1A). Both mutants
were expressed in similar amounts (Fig. 1B) and yielded

“antibody glycovariants featuring substantially reduced
proportions of bisected non-fucosylated oligosaccharides
compared to the non-mutated GnT-IIM™" (Table I).

Either GnT-IT™*™ or GnT-IIl was co-expressed with
Manll 1o shift the biosynthetic pathway from hybrid to
complex bisected oligosaccharides (Fig. 2B). The expression
of both enzyme combinations lead to the generation of
antibodies characterized by high proportions of complex type
glycans lacking core-fucosylation, with the majority being
bisected (Table I). In vitro galactosylation analysis confirmed
that peaks at m/z 1,339 and 1,502, which were not digested by
EndoH, could be assigned to non-fucosylated complex
glycan structures, with only minor contribution of bi-
sected non-fucosylated hybrid structures (Fig. 2, Table I).
GnT-IIM*™ was also co-expressed with GnT-I1, an enzyme
that similarly to Manll directs the glycosylation pathway
toward the formation of complex type glycans. This led to the
accumulation of high mannose structures and a low
proportion of bisected non-fucosylated oligosaccharides
(data not shown), and this enzyme combination was not
investigated further.

Two glyco-engineered antibodies, namely those produced
either by transient co-expression with GnT-TI/M" (termed
“Glyco-1,” bearing mainly hybrid non-fucosylated bisected
glycans)or with GnT-IT™*"" and Manll (“Glyco-2,” bearing
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Figure 3. N-linked oligosaccharide biosynthetic pathway leading to
complex or hybrid structures bearing a bisecting GlcNAc. The mass to
charge (snfz) value of the sodiufn-associated oligosaccharide ion obtained by
MALDV/TOR-MS analysis is indicated next to the corresponding oligosac-
charide structure. The shaded monosaccharides belong to the core of the
oligosaccharide, shared by all naturally occurring N-linked glycoforms, the
presence of the other sugars is variable. A bisecting N-acetylglucosamine
(GleNAc: gray) can be B1.4 linked to the core mannose by the enzyme Gn'l-
111, as long as the oligosaccharide has been previously modified by Ga'T-l.
«1,6-fucosyltransferase (21,6-FucT) catalyses the addition of a fucose a1,6-
linked to the GIcNAc residue attached to Asn, to any oligosaccharides that
have not been modified by GnT-111 or GalT. Complex and hybrid glycans
structures arc defined by the structure of the o 6 arm. Manl, mannosidase I:
GnT-I. B1,2-N-acetylglucosaminyltransferase I Manl), Golgi a-mannosi-
dase il; GaT-11, B1,2-N-acetylglucosaminyliransferase 11: GalT, Bl14-
galaclosyltransferase (GalT); GnT-H1, B1.4-N-acetylglucosaminy ltransfer-
ase T1; a1.6-FucT, core o 1,6-fucosyltransferase.

mainly complex non-fucosylated bisected glycans) were
examined for their affinity for FeyRIIIa and compared either
to the unmodified antibody or to an antibody glycovariant
produced under the same conditions by Lransient co-
expression of GnT-III (**Glyco-0"") (Fig. 3). ’

FcyRiila Binding of Glyco-0, Glyco-1, and Glyco-2
Anti-CD20 Monoclonal Antibodies

Binding of glyco-engincered antibodies to FcyRIIla was
evaluated on peripheral human natural killer (NK) cells,
which are known to be important mediators of ADCC, and to
constitutively express FcyRIIIa. Binding to NK cells was
performed by incubating the antibody glycovariants with
freshly isolated NK cells from a donor who was genotyped as
heterozygous for FcyRIIIA-Val/Phe [ 58 (Koene et al., 1997).
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Figure 4.  FcyRillabinding of monomeric anti-CD20 glycovariant antibodies. Binding to purified NK cells from a donor heterozygous for FcyRINA-Val/Phe
158 and negative for FcyRIIC was evaluated. A: Binding of antibodies at concentrations ranging from 0.1 to 10 pg/mL. B: Antibody binding (3 pg/mlL) 0
FcyRIIIA was competed by addition of blocking anti-FeyR1lla 3G8 F(ab™2 fragments (10 pg/mL). C: Binding 10 a CHO cell line stably expressing human
FeyRI11a- Val 158 a-chain and y-chain was cvaluated to confirm the dependence of antibody binding to FeyR1Ia. Al assays were performed in quadruplicate. O.

unmodified; @, Glyco-0; A, Glyco-1; and O, Glyco-2 antibodies.

Both Glyco-1 and Glyco-2 bind with a considerably higher
affinity to NK cells than unmodified antibody (Fig. 4A).
Under the transient gene expression levels of this study, GnT-
IfI co-expression leads to an antibody (Glyco-0) with a lower
level of bisected non-fucosylated oligosaccharides with
intermediate FcyR1IIa binding affinity. Antibody binding to
NK cells occurred exclusively via FcyRIIla as it could be
outcompeted by the addition of blocking anti-FcyRllla
F(ab’), fragments (Fig. 4B). Similar results were obtained
_ using a recombinant CHO cell line stably expressing the
FcyRI1la-Val158 a-chain receptor (Fig. 4C).

Biological Activity of Glyco-1 and Glyco-2
Anti-CD20 Monoclonal Antibodies

In a next step we investigated whether increased FcyRIla
binding correlates with an improvement in the biological
activity of ‘the glyco-engineered antibodies, which are
characterized by bisected non-fucosylated oligosaccharides.
Both glycovariants mediate an enhanced ADCC against
CD20-positive Raji cells, independently of the Fc-linked
glycans being of complex or hybrid type (Fig. 5A).

Glyco-1 and Glyco-2 were also evaluated for complement-
dependent cytotoxicity (CDC) against CD20-positive tumor
cells SKW6.4 in the presence of human serum (Fig. 5B).
Glyco-2, bearing complex oligosaccharides. performs simi-
larly to the unmodified antibody in CDC. For Glyco-1, on the
contrary. a reduction in CDC is observed, correlating with
high proportion of hybrid oligosaccharides that are char-
acteristic for this glycovariant.

To asses whether both ADCC and CDC can contribute to
the elimination of target cells, we evaluated these glyco-
engineered antibodies for B cell depletion in a whole blood
assay (Fig. 5C). Glyco-1 and Glyco-2 anti-CD20 variants
were over 100-fold more potent than unmodified anti-CD20
in depleting B cells, while no significant difference could be
observed between the two glycovariants, indicating a minor
contribution of CDC.

DISCUSSION

Chimeric GnT-lll Proteins

GnT-Illis an ideal enzyme to manipulate the N-glycosylation
of expressed proteins (glyco-engineering), as it exerts a large
degree of control over the glycosylation process by blocking
the action of o1 ,6-FucT, Manll, and GnT-1I (Schachter, 1986;
Umaiia et al., 1999). While natural human IgG in serum
contains low percentages of bisected oligosaccharides in the
Fc region (Wormald et al., 1997), up to 40% bisected glycans
were observed for antibodies produced in YB2/0 ral
myeloma cell line (Lifely et al., 1995). In the present study
the impact of the localization domain of GnT-UI on the
antibody glycosylation profile was evaluated. We obtained
antibodies with engineered carbohydrate moicties by co-
expression of chimeric GnT-IIT proteins, composed of the
catalytic domain of GnT-III fused to the localization domain
of GnT-1, o1,6-FucT, GnT-II, or ManlI (Fig. 1A). As for the
GnT-MI-derived antibody, the resulting glycovariants feature
a bisecting N-acetylglucosamine (GicNAc) residue on
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Figure S,

Biological activity assays of anti-CD20 antibody glycovariants. A: ADCC using PBMCs (FcyRMIA-Val/Phel58, FeyRIC negative donor) as

efiectors and human lymphoma Raji cells as targets. B: CDC against B lymphoblastoid SKW6.4 cells in the presence of human serum as a source of
complement. C: B-cell depletionin whole blood (FeyR1TTA-Val/Phe 1 58, FeyRIIC negative donor), which was calculated from the ratio of CD19-positive B cells

to CD3-positive T cells as measured by FACS analysis. O, unmodified: A. Glyco-1; and [J, Glyco-2 antibodies.

almost all oligosaccharide structures, indicating that all
chimeric GnT-IIl proteins were active (Table 1, Fig. 2A).
Relative to GnT-III-modified antibody, use of chimeric
GnT-III led to an increase in the fractions of bisected non-
fucosylated, and of bisected hybrid oligosaccharides,
indicating a more efficient competition of the chimeric
GnT-111 against a1,6-FucT and ManlI (Fig. 2A):

Among the chimeric GnT-TII proteins, GnT-IIM*" is the
most efficient in the competition against the above-mentioned
enzymes, leading to the antibody glycovariant with the highest
proportion of bisected non-fucosylated hybrid oligosacchar-
ides. Since the expression level of GnT-II™M*™ was not higher
than for the other chimeric proteins or GnT-III, we propose
that the higher efficiency of GnT-IITM*™" results either from
a different distribution in Golgi compartments or from a
different functional organization of enzymes within a
compartment. This allows GnT-III to act immediately after
GnT-I in the biosynthetic process, leading to higher levels of
bisected, non-fucosylated hybrid oligosaccharides (Table I)
relative to the other chimeric GnT-III proteins.

Influence of the Manll Stem Region Residues on
the Glycosylation Pattern .

The higher efficiency of the chimeric protein GnT-ITI®"™,
compared to the unmodified GnT-I11, for the synthesis of
bisected hybrid and bisected non-fucosylated oligosacchar-
ides can be explained by an earlier Golgi distribution, in the
cis-to-trans direction of glycoprotein substrate transport, of
GnT-I relative to GnT-III. The fine Golgi distributions of

858

’

GnT-I and Manll have been determined previously by
quantitative immunoelectron microscopy (Rabouille et al.,
1995). Both enzymes co-distribute along the Golgi, being
localized mainly in the medial and rrans cisternae (Dunphy
et al., 1985; Rabouille et al., 1995; Velasco et al., 1993). The’
spatial distributions of o],6-FucT and GnT-II have not yet
been determined quantitatively, but rat GnT-1II has been
found predominantly in the trans Golgi cisternae (Umaiia,
1998). This, however, does not explain why the chimeric
GnT-IIM*" is significantly more efficient than GaT-I1%""
al synthesizing bisected, hybrid, and bisected. non-fucosy-
lated oligosaccharides, since both GnT-I and Manll have
identical spatial distributions along the Golgi subcompart-
ments. Additionally, the slightly lower expression level of
GnT-IIM#"" compared to those of the other chimeric GnT-1IT
proteins, indicates that the antibody glycoprofile is not a
result of an increased enzyme expression level (Fig. 1B), but
a consequence of a more efficient processing of GnT-I-
modified oligosaccharides, denoted here as “functional
pairing” of GnT-IT™*"" with GnT-1.

To assess if this functional pairing relies on a physical
interaction between the two enzymes, we evaluated GnT-
MM mutants with amino acid substitutions in the
localization domain of Manll which were reported to be
critical determinants for the formation of hetero-oligomers of
GnT-I and Manll (Nilsson et al., 1996). Although it has been
suggested that these residues are not essential for incorpora-
tion into high molecular weight complexes of Golgi enzymes
oreven for Golgi localization (Opat et al., 2000). it is possible
that they are involved in a finer pairing of the catalytic
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domains during oligosaccharide biosynthesis. We observed a
significant reduction in bisected non-fucosylated hybrid
oligosaccharides with these mutants (Table I). Both GnT-
™Mt mpants were expressed at comparable levels as
GnT-IM=""!excluding the expression level of the lauer as
being responsible for higher proportions of bisected non-
fucosylated glycans (Fig. 1B). However, the exchanged
residues do not seem to be the sole determinant of the
resulting oligosaccharide product distribution, suggesting
either additional contributions of the rest of the stem or
catalytic regions to functional enzyme pairing, or an
enrichment of these enzymes in subcompartments caused
by different mechanisms. Evidence for pairing may possibly
be obtained via co-immunoprecipitation and electron
microscopy experiments. Another possible explanation
may be a conformational change caused by the modified
stem region, which may lead to a catalytic domain with
increased activity. Our data suggest that by virtue of the
ManlI localization domain, a physical and/or a functional
pairing takes place between the catalytic ‘domains of the
endogenous' GnT-1 and the recombinant GnT-IIM" chi-
meric protein.

Co-Expression of GnT-IM>"" and Manl|

With the described approach, we are able to modulate the
glycosylation pattern of antibodies from fucosylated com-
plex glycans to bisected non-fucosylated hybrid oligosac-
charides by overexpressing GnT-IIIM*™" The co-expression
of GnT-I™*"!" and ManlI, or of GnT-II and ManlII led to the
formation of bisected non-fucosylated glycans of the
complex type. Manll overexpression redirects the biosyn-
thetic pathway causing the product shift from hybrid to
complex carbohydrates (Fig. 2B, Table 1). Although equally
high levels of bisected non-fucosylated complex oligosac-
charides can be synthesized by high level expression of
GnT-I11, the results presented here show that GnT-THM*"¥ is
more efficient at adding a bisecting GlcNAc residue to the
GnT-I-processed oligosaccharides prior to the reactions
catalyzed by ManIl, GaT-II, and a1,6-FucT.

Similarly to Manll, GnT-II was co-expressed with GnT-
M with the intent of forming complex type glycans
linked to the antibody. The resulting glycovariant had lower
proportions of bisected non-fucosylated (37%) and complex
(22%) glycans compared to the GnT-IMM*"/ManlI-derived
antibody (data not shown). Moreover, a significant fraction of
high mannose oligosaccharides characterized this glycovar-
iant, suggesting an influence of the overexpression of GnT-1I
on the maturation process of high mannose glycans. Under
these conditions, the enzyme seems to inhibit the GnT-1-
mediated reaction (Table I) by unknown mechanisms. A
similar phenomenon was reported for overexpression of
B1,4-GalT, which-led to an enrichment of high mannose
oligosaccharides on recombinantly co-expressed IFN-y
(Fukuta et al., 2001). Although the cellular localization of
GnT-II is yet to be discovered, high molecular weight
complexes between GnT-I and GnT-II have been found in

Golgi extracts of mammalian cells (Opat et al., 2000). The
formation of such complexes might be disturbed by GnT-1i
overexpression.

We could show that the formation of a desired carbohy-
drate profile can be achieved by the combination and
overexpression of enzymes, although not all the potential
enzymes are suitable for this purpose, indicating that the
glycosylation process is governed by a well-balanced system
of enzymes that needs further elucidation.

Biological Activity of Glyco-Engineered Antibodies

A high affinity to FcyRIfla js important for ADCC, which is
mediated by unconjugated therapeutic antibodies in humans.
This was deduced from pioneering pharmacogenomic
studies evaluating the impact of the FcyRIIIA polymorph-
isms on the activity of rituximab in lymphoma patients
(Cartron et al., 2002). In that study, the objective response
rates at 2/12 months were 100/90% for homozygous
FcyRIITA-Val 158 and 67/51% for FeyRIITA-Phe 1 58 carriers,
respectively. The superior response of the former seems to be
the result of a significantly increased binding of the antibody
to FcyRIMIa-Val158 compared to FcyRIITa-Phel58 (Koene
etal., 1997). ‘

Glyco-1, featuring mainly bisected non-fucosylaied
hybrid glycans, and Glyco-2, bearing mainly bisected non-
fucosylated complex carbohydrates, were examined for their
binding to FcyRIlla and their reactivity in cytotoxicity
assays. Both Glyco-1 and Glyco-2 have an increased affinity
for FcyRIIla, which correlates with high proportions of
bisected non-fucosylated oligosaccharides but seems inde-
pendent of the glycans being of the hybrid or complex type. It
has been reported that the absence of core fucose is
responsible for an increased affinity to FcyRIIla (Shields
et al..2002). Moreover, the absence of core fucose but not the
presence of galactose or bisecting GlcNAc was reported to be
responsible for increased ADCC under the tested conditions
(Shinkawa et al., 2003).

Both Glyco-1 and Glyco-2 mediate an increased ADCC to
a similar extent compared to the unmodified antibody, but
feature a different reactivity in CDC assays. While Glyco-2
acts similarly to the unmodified antibody, Glyco-! displaysa
reduced CDC, suggesting a significant influence of the
glycan type (complex vs. hybrid). The main difference
between Glyco-1 and Glyco-2 is the swructure of their
carbohydrate a!,6-arm. In contrast to Glyco-1. carrying
hybrid glycans with mannose residues o.1,3- and o.1,6-linked
to the a-6 arm, Glyco-2 and unmodified antibodies have
mainly PB1,2-linked GlcNAc residues at this position
{complex glycans), which may be followed by galactose.
This carbohydrate arm is in close contact with the 1gG-Cy2
domain polypeptide and may therefore influence domain
conformations required for binding to Clq (Duncan and
Winter, 1988; Huber et al., 1976; Idusogie et al., 2000). An
even larger reduction in CDC was reported for antibodies
featuring only high mannose oligosaccharides (Wright and
Morrison, 1994).
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The glyco-engineered antibodies also performed better
than their unmodified counterparts in the depletion of B-cells
in a whole blood assay, where both ADCC and CDC
contribute to the elimination of target cells. The reduction in
CDC activity, observed for Glyco-1, does not seem to affect
our model of B-cell depletion in whole blood, suggesting that
ADCC is the predominant mechanism in this assay. More-
over as first-dose-related side effects in vivo have been
recently attributed to complement activation (van der Kolk
etal.,2001; Winkler et al., 1999), Glyco-1 may provide a tool
to prevent these problems.

We could therefore demonstrate that apart from modulat-
ing glycosyltransferase expression levels, engineering of

Golgi localization domains can also be exploited for the

production of tailored glyco-engineered therapeutic anti-
bodies with unique combinations of biological activities.

We would like to thunk Rene Fischer (Laboratory of Organic
Chemistry. ETH Ziirich, Switzerland) for providing the HEK293-
EBNA cell line and Parik Buholzer, Christian Gerdes, Samuel
Haldane, Saskia Karg. Julia Maria Martinez, Peter Sondermann, and
Manue} Spiini for assistance and useful comments on this manuscript.
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obinutuzumab 23
- {Roche y -
(GA101, RO5072759) 3.2.8.3.1 Critical Quality Attribute Asse

sez

The addition of a bisecting N-acetylglucosamine (bGIcNAc) by overexpression of GnTllI
in obinutuzumab antagonizes the addition of core fucose by core a-1,6-fucosyl-
transferase (a-1,6-FucT), and thus, leads to an increase in core afucosylation and
enhancement of ADCC bioactivity
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FcR Interactions Do Not Play a Major Role in Inhibition of
Experimental Autoimmune Encephalomyelitis by Anti-CD154
Monoclonal Antibodies

Lex Nagelkerken,'* Inge Haspels,* Wouter van Rijs,* Bep Blauw,* Janine L. Ferrant,'
Donna M. Hess,! Ellen A. Garber,! Fred R. Taylor," and Linda C. Burkly'

It has been demonstrated that anti-CD154 mAb treatment effectively inhibits the development of experimental autoimmune
encephalomyelitis (EAE). However, although it appears to prevent the induction of Thl cells and reactivation of encephalitogenic
T cells within the CNS, little information is available regarding the involvement of alternative mechanisms, nor has the contri-
bution of Fc effector mechanisms in this context been addressed. By contrast, efficacy of anti-CD154 mAbs in models of allo-
transplantation has been. reported to involve long-term unresponsiveness, potentially via activation of T regulatory cells, and
recently was reported to depend on Fe-dependent functions, such as activated T cell depletion through FeyR or complement. In
this study we demonstrate that anti-CD154 mAb treatment inhibits EAE development in SJL mice without apparent long-term
unresponsiveness or active suppression of disease. To address whether the mechanism of inhibition of EAE by anti-CD154 mAb
depends on its Fc effector interactions, we compared an anti-CD154 mAb with its aglycosyl counterpart with severely impaired

FcyR binding and reduced complement binding activity with regard to their ability to inhibit clinical signs of EAE and report that -

both forms of the Ab are similarly protective. This observation was largely confirmed by the extent of leukocyte infiltration of the
CNS; however, mice treated with the aglycosyl form may display slightly more proteolipid protein 139-151-specific immune
reactivity. It is concluded that FcR interactions do not play a major role in the protective effect of anti-CD154 mAb-in the context
of EAE, though they may contribute to the full abrogation of peripheral peptide-specific lymphocyte responses. The Journal of

Iinmunology, 2004, 173: 993-999.

role in the induction of B and T cell responses (1). It is
well established that interactions between CD40 on APCs
and CD154 on T cells results in the polarization of Th] responses (2,
3). This is mainly due to the induction of IL-12 in the APC (3, 4).
Several studies have demonstrated that anti-CD154 mAbs in-
hibit such responses‘and are capable of blocking experimental dis-
eases that are Th1-mediated. In the classical model of experimental
autoimmune encephalomyelitis (EAE)Z that can be induced in SJL
mice by immunization with the dominant encephalitogenic epitope
of proteolipid protein (PLP), i.c., PLP,3q_,5,, anti-CD154 was ef-
fective in inhibiting disease when administered during the induc-
tion phase (5) and this might be attributed to inhibition of T cell
priming. However, it was also demonstrated that such Abs are
effective in an adoptive transfer. model of EAE, which suggests
that CD40-CD154 interactions may play a role in.the reactivation
of encephalitogenic T cells in the CNS by microglia or that anti-
CD154 blocks Th effector functions (6, 7). This hypotheésis was

r I Y he interaction between CD40 and CD154 plays a crucial
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supported by the notion that human microglia are dependent on
CD40-CD154 interactions for the induction of 1L-12 (8), and by
the diminished severity of disease in CD40-deficient mice as com-
pared with wild-type mice after adoptive transfer of encephalito-
genic T cells in one (9) but not another study (10). Anti-CD154
mAD treatment also has been shown to facilitate long-term graft
survival in rodents (11) and non-human primates (12) and it has
been suggested that this result may be due to the activation of
regulatory T cells (13, 14). In addition, it is uncertain in this or
other disease settings whether anti-CD154 mAb mediates part of
its effect by depletion of CD154-positive targets via Fc-dependent
mechanisms such as Ab-dependent cellular cytotoxicity and acti-
vation of the complement cascade. Interestingly, it was recently
demonstrated that the induction of tolerance by anti-CD154 mAb
in a murine model of islet cell transplantation depends on com-
plement activation (15), and efficacy of anti-CD154 mAbs in a
model of skin allotransplantation requires FcR or complement-
mediated T cel depletion (16). FcRs may also enhance binding of
an anti-CD154 mADb to its target by the formation of a scaffold of
the mAb on the surface of FCR bearing cells or through the effects
of FcR interactions on its localization in vivo.

We wished to determine whether the inhibition of EAE by anti-
CDI154 mAb was associated with long-term unresponsiveness or
an active suppression mechanism and to what extent it was medi-
ated by a mechanism that is dependent on Fc-dependent interac-
tions of the Ab. To assess the latter, we used a form of anti-CD154
mAb in which Fc function is impaired by the elimination of the
conserved N-linked glycosylation site in the CH2 domain of the Fec
dimer. It is well established by in vitro studies that removal of the
CH2 glycans alters the Fc structure such that Ab binding to FcRs
and the complement protein C1q are significantly reduced (17-21).
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Furthermore, in vivo studies have confirmed the reduction in ef-
fector function of the aglycosyl Abs (22-24). Importantly, it has
also been shown that removal of glycans has little deleterious ef-
fect on other functional properties of Abs such as serum half-life
and Ag binding activity (17, 19, 21, 25, 26).

We report that the mechanism underlying protection against
EAE by anti-CD154 mAbs does not appear to involve long-term
unresponsiveness or an active suppressor mechanism in this par-
ticular mode!. We also show that FcR interactions of the mAb do
not play a major role with respect to clinical efficacy of anti-
CDI154 in EAE. -

Materials and Methods
Preparation of mAbs

The variable domains of the heavy (H) chain and light (L) chain of the
hamster anti-mouse CD154 mAb (MR1) were cloned by RT-PCR from
total RNA from the hybridoma. Expression vectors for hamster/mouse chi-
meric mAb were constructed by engineering murine 1gG2a or murine &
constant region ¢cDNAs (derived from full-length cDNA clones of the H
chain and L chain from the anti-human CD154 mAb 5¢8) onto the variable
domains of the H chain or L chain, respectively, using standard recombi-
nant DNA techniques. Transiently expressed chimeric MR1 mAb, desig-
nated muMRI, was demonstrated to recapitulate the CD154 binding prop-
erties of the hamster mAb by flow cytometry and immunoprecipitation.
The aglycosyl chimeric MR, designated agly muMR1, was constructed by
site-directed mutagenesis of the H chain to change the asparagine residue
N297 (Kabat nomenclature (38)) in the Fc N-linked glycosylation site to a
glutamine residue. Stable expression vectors containing CMV-immediate
early (IE) promoter-driven tandem transcription casseftes for the Ig L chain
and H chain and a glutamine synthetase gene as a selectable marker were
constructed for both murine MR1 (muMR1) and agly muMR1 1gG2a and
« mAbs. The expression vectors were transfected into NSO cells and stable
clones were isolated by selection in glutamine-free medium.

muMR1} and agly muMR] were affinity-purified from bioreactor cell
supernalants on protein A-Sepharose followed by size exclusion chroma-
tography on Sephacry! 300 to remove aggregates. Chromatography resins
were purchased from Amersham Pharmacia Biotech (Piscataway, NJ). The

mAbs were shown to be >95% pure by SDS-PAGE, and endotoxin anal- -

ysis ensured safeness of these reagents for in vivo use. The murine IgG2a
isotype control mAb, P1.17 (American Type Culture Collection no. TIB-
10) was protein A-purified from ascites at Protos Immunoresearch (Bur-
lingame, CA) under contract by Biogen (Cambridge, MA).

Characterization of chimeric mAbs

As summarized in Table [, separate studies demonstrated that muMR 1 and
agly muMR1 have the same relative affinity for cell surface murine CD154
based on a competitive binding assay in vitro and the same pharmacoki-
netic half-life in vivo. Agly muMRI1 does not bind to murine FcyR' cells’
at concentrations-as-high as 400 pg/ml whereas the EC;, for muMR1 was
10 pg/ml in this assay, and agly muMR1 had a 2-fold decreased binding
capacity for human Clq.> Although murine Clq was not available for
comparable binding studies in our hands, this reduction in Clq binding
activity in an aglycosylated mouse IgG2a mAb is consistent with that pre-
viously reported (18).

Induction of EAE and treatment with anti-CD154

Female SIL mice (10-12 wk of age; Harlan Breeders, Gannat, France)
were immunized s.c. with 50 ug of PLP,5,_,5, emulsified in IFA supple-
mented with | mg/ml Mycobacterium tuberculosis H37 Ra (Difco, Detroit,
M), Three days later, mice were injected i.v. with 10° heat-killed Borde-
tella pertussis organisms (Rijksinstituut voor Volksgezondheid en Milieu,
Bilthoven, The Netherlands). Development of EAE was monitored by daily
assessment of bodyweight and a disability score. This score ranges from 0:
no symptoms, 0.5: partial loss of tail tonus, |: complete loss of tail tonus,
2: limb weakness, 2.5: partial paresis, 3: complete paralysis of hind limbs,
3.5: complete paralysis from diaphragm and hind limbs, incontinence, 4:
moribund, to 5: death due to EAE.

3 ). Ferrant, C. Benjamin, A. Cutler, S. Kalled, Y.-M. Hsu, E. Garber, D. Hess, R.
Shapiro, N. Kenyon, D. Harlan, et al. The contribution of Fc effector mechanisms in
the efficacy of anti-CD154 immunotherapy depends on the nature of the immune
hall Submitted for publicati
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Table 1. Characterization of chimeric MR1 mAbs

muMR1 Agly muMR1
CD154 binding” (ICs)  0.77 pg/ml 0.87 pg/ml
Half-life® 85d 85d
FcyR binding® (ECsq) 10 pg/ml  No binding at 400 pg/ml
Clq binding? (relative) 1 0.5

2 The chimeric mAbs compete with hamster MR1 for binding to murine CD154*
cells in FACS assay.

» The chimeric mAbs have the same half-life in BALB/c mice afier & single 100
g dose.

“ Glycosylated muMR1 binds to murine FcR ' cells whereas the aglycosyl form
does not.

¥ Agly muMR1 has decreased human Clg binding ability compared with the gly-
cosylated form.

Mice were treated (i.p.) on day 0, 2, and 4 with 200 pg (or less where
indicated) of muMR1, agly muMRH1, or the murine IgG2a isotype control
P1.17. Where indicated mice were re-immunized on day 80 with 50 ug of
PLP, 3.5, emulsified in complete H37 Ra adjuvant.

In one experiment spleen cells were collected 7 days after treatment with
these three dosages of 200 ug of the Abs (two mice per Ab), in conjunction
with immunization with 50 ug of PLP,,, 5, emulsified in complete H37
Ra adjuvant (no B. pertussis). After lysing the erythrocytes spleen celis
were injected iv. (20 X 10° cells/recipient), | day before active EAE

induction with 50 ug of PLP;,.,5, emulsified in complete H37 Ra adju- -

vant, followed by i.v. injection of B. pertussis 3 days later.

All of these studies were performed with the approval of the Animal
Ethical Committee and in compliance with Dutch governmental regula-
tions on Animal Experimentation. This approval has been filed in the pro-
tocol numbers DEC 803 and DEC 1257.

Histology

Brain tissue and spinal cord of each individual mouse was fixated in 10%
formalin and embedded in paraffin. From each individual mouse three spi-
nal cord sections (4 um) and six sections of cerebellum separated by 100
pm were stained with hematoxylin. The area of each section was measured
by morphometry and the number of infiltrating mononuclear cells per sec-
tion was counted. For each individual mouse the mean number of infil-
trating cells per square millimeter tissue was determined. Results are ex-
pressed as group means. .

Lymphocyte culture

Lymph node cells were isolated from inguinal, axillary and bracchial
lymph nodes. Cells were suspended in RPMI 1640 containing 100 U/mi
penicillin, 100 ug/ml streptomycin, 50 uM 2-ME, 2 mM v-glutamine, and
5% FCS (Life Technologies, Gaithersburg, MD). Lymph node cells (3 X
10° per well) were cultured (four replicate-wells per culture condition) in
200 pl in 96-well flat-bottom microtiter plates (Costar, Cambridge, MA)
and stimulated with 0, 3, 10, or 30 ug/ml PLP,,, ,s,. Replicate plates were
incubated to enable kinetics of proliferation. Cells were labeled on day 3,
4, and 5 with 0.5 uCi [*H)-labeled TdR (2 Ci/mmol; Radiochemical Cen-
ter, Amersham, Buckinghamshire, U.K.) for 6 h and harvested onto glass
fiber filters.- Incorporated label was counted using a Wallac Trilux 1450
Microbeta liquid scintillation counter (PerkinElmer Life Science, Turku,
Finland).

Antibodies

Sera of individual mice were collected on day 58. PLP,;q_,s,-specific
IgG1, 1gG2a, and 1gG2b were measured as previously described (27).
Pooled serum from mice with EAE was used as an external standard, de-

_fined as containing 10,000 arbitrary units of peptide-specific 1gG subclass

Ab per milliliter. Results are expressed as arbitrary units per milliliter. Ab
levels in sera of unimmunized mice are below the detection limit of the
assay.

Statistical analysis

Results of multiple group ‘comparisons were analyzed by one-way
ANOVA, followed by posthoc analysis using the Fisher least significant
difference (LSD) test. p values <0.05 were regarded significant. Where
indicated the Mann-Whitney U test was applied to compare muMR| and
agly muMR1 with the isotype control P1.17 ata 3 X 200 ug dosage.
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Results
Influence of glycosylation of anti-CD154 on its ability to
inhibit EAE

Previous studies have demonstrated that anti-CD154 is very effec-
tive in the suppression of EAE. However, it is as yet unclear to
what extent this inhibitory effect is mediated by mechanisms that
are dependent on its Fc region, such as depletion of target cells via
complement activation or Ab-dependent cell-mediated cytotoxic-
ity. Because Fc effector functions are highly dependent on glyco-
sylation of the Ab CH2.domain (22-24) an aglycosyl form of
anti-CD154 mAb was engineered to address this issue. In'a sepa-
rate study it is shown that the aglycosyl form of a murinized anti-
CD154 Ab (agly muMR1) has CD154 binding activity in vitro and
a pharmacokinetic profile in vivo that are comparable with that of
its glycosylated counterpart.> However, agly muMRI is heavily
impaired in terms of FcR binding and its ability to bind human Clq
is 2-fold decreased (summarized in Table 1). We compared

muMR1 with its aglycosyl form with respect to their ability to”

inhibit the development of EAE in SJL mice induced by immuni-
zation (day 0) with 50 pg of PLP,5, 5, emulsified in complete
H37 Ra adjuvant. On days 0, 2, and 4 mice were treated with
muMRI, agly muMRI, or isotype control Ab P1.17. '

As shown in Fig. 1, both forms of anti-CD154 mAb were ef-
fective in inhibiting clinical signs of EAE during the entire fol-
low-up period, when administered as three dosages of 200 ug.
This result was evident from the mean cumulative EAE score-(as
indicated by p values in Fig. 1) and from the mean maximal EAE
score (p < 0.0005 for both groups as compared with P1.17-treated
mice; data not shown) In this respect the Abs were comparable
with hamster MR1 (data not shown).

* Administration of lower dosages of these Abs resulted in less
inhibition of disease as measured by the cumulative EAE score
(Fig. 1). Although muMR1 appears to be slightly more effective
than agly muMRI1 at three dosages of 75 pg, all groups had a
significantly lower maximal EAE score (all groups p < 0.0005 as
compared with P1.17 with the exception of 3 X 25 pug muMRI,
p < 0.05; data not shown). Therefore, these experiments did not
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reveal major differences between the Abs with respect to their
ability to inhibit EAE. .

To assess whether the Abs differed in inhibiting the develop-
ment of inflammatory infiltrates within the CNS, mice treated with
different amounts of Ab were sacrificed on day 16, i.e., at the peak
of disease activity in mice treated with the isotype control Ab.

_ Cerebellum and spinal cord representing the major sites of inflam-

mation were analyzed with regard to the number of infiltrating
mononuclear cells, Our historical data show that mononuclear cell
infiltrates are not detectable in the CNS 18 or 60 days after im-
munization with a non-encephalitogenic peptide (data not shown).

The results are shown in Fig. 2. We observed a dose-dependent
decrease in infiltrates in mice treated with muMR1 or agly muMRI
and sacrificed on day 16, although simultaneous analysis of all
groups by ANOVA did not indicate significant differences at this
time point. However, a less stringent analysis comparing only the
3 X 200 pg groups by the Mann-Whitney U test revealed signif-
icantly less infiltrates in the cerebellum and the spinal cord for the
highest dosage of either form of anti-CD154 as compared with
P1.17, indicating that at this dosage both Abs inhibit infiltration,
No significant differences were observed between the two anti-
CD154 Abs with regard to their ability to suppress the develop-
ment of inflammatory infiltrates within the CNS.

In addition, we evaluated the CNS tissues from 6 (low and in-

termediate dosages) to 14 mice (high dosage and controls) per
group at the endpoint of this study (day 58). The majority of mice
treated with P1.17 still had high numbers of inflammatory cells in
cerebellum, whereas these numbers were 15-fold lower in spinal
cord as compared with day 16. Mice treated with muMR1 or agly
muMR1 revealed significantly less infiltrates in their cerebellum
than P1.17 treated mice; the only difference between the two forms
of anti-CD154 was found at a dosage of 3 X 25 pg in which
muMRI was not effective.

Thus, anti-CD 154 has a slightly inhibitory effect on the infiltra-
tion of the CNS by mononuclear cells at day 16, apparently suf-
ficient to inhibit clinical symptoms, and this is independent of gly-
cosylation of its Fc part. Anti-CD154 inhibits mononuclear
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FIGURE 2. Glycosylation of anti-CD154 is not required for inhibition

of CNS infiltration in EAE. Mice subjected to EAE induction with or
without Ab treatment were sacrificed on day 16 (n = 11, left panels) or day
58 (n = 6-11, right panels). Cerebellum and spmal cord were evaluated
with regard to the number of inflammatory cells, and statistical analysis
was performed as described in Materials and Methods. Mann-Whitney U
test: %, p < 0,05 and $, p < 0.01 as compared with P1.17-treated mice at
day 16. ANOVA and posthoc LSD: §, p = 0.05-0.1 and #, p < 0.05, as
compared with P1.17-treated mice at day 58. The arrow indicates a sig-
nificant difference between muMR1 and agly muMR1 at a dosage of 3 X
25 ug.

infiltration significantly at day 58, and this effect is also indepen-
dent of glycosylation of its Fc part. The significant, albeit weak
effect of anti-CD154 mAbs at the early time point and significant
effect at the later time point is consistent with previously published
studies (7) showing that anti-CD154 does not eliminate early T cell
- entry into the CNS but rather inhibits retention/expansion of these
cells within the target organ.
Altogether we conclude that FcR-mediated mechanisms do not
play a major role in the inhibition of EAE by anti-CD154, although
we cannot rule out a role for residual Clq binding.

Effect of anti-CD154 treatment on peptide-specific T cell and B
cell responses

To further investigate whether there was subclinical activity in
mice treated with muMR]1 and agly muMRI in the absence of
signs of EAE, the activation state of their T cells was evaluated.
Sixteen days after immunization, i.e., shortly after treatment with
the Abs, we did not observe an effect of Ab treatment on T cell
proliferation. As shown in Fig. 34, lymph node cells from mice
treated with 3 X 200 ug of muMRI or agly muMR1 were com-
parable with lymph node cells from P1.17-treated mice regarding
their ability to proliferate in response to PLP,,,_,5,. Also lower
dosages of the Abs did not reveal significant differences (data not
shown). When T cell proliferation was studied 60 days after im-
munization lymph node cells isolated from muMRI1 or agly
muMR| treated mice showed significantly decreased T cell re-
sponses as compared with cells from P1.17 treated mice (Fig. 3B).
The two forms of anti-CD154 did, however, not differ in their
ability to inhibit peptide-specific T cell proliferation. In two other
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FIGURE 3. Effect of anti-CD154 on PLP, 5, 5, specific T cell prolif-
eration. Lymph node cells from mice subjected to EAE induction and anti-
CD154 treatment were collected 16 or 60 days after immunization. Cells
derived from mice treated with 3 X 200 ug control Ab P1.17 (@), muMRI1
(O), or agly muMR} (A) were stimulated with 30 pg/mi PLP,,, 5, 8s
described in Materials and Methods. Proliferation was assessed after 3, 4,
and S days of culture by [*H]thymidine incorporation. Symbols represent
the response of individual mice; results are expressed as Acpm obtained by
‘subtraction of background proliferation. Statistical analysis was performed
by ANOVA, followed by posthoc LSD: §, p < 0.05; #, p < 0.005; &, p <
0.0001; $, p < 0.000001.

independent experiments, 'using group-wise pooled lymph node
cells collected on day 58, one indicated that agly muMR1 may be
less effective in suppression of T cell proliferation; these experi-
ments also showed that the decreased ability of lymphocytes from
anti-CD154 treated mice to proliferate was reflected by a de-
creased secretion of IFN-y, without evidence for an up-regulation
of IL4 or 1L-10 (data not shown).

Our observations are in line with previous studies by Howard et
al. (6, 7) who found that CD40-CD154 blockade does not affect
early expansion of T cells but rather the development of Thi ef-
fector cells, without the preferential expansion of Th2 cells.

This was further substantiated by the assessment of the subclass
of PLP,;4_,s,-specific Abs in serum (Fig. 4). PLP 3, s,-specific
Abs were undetectable in sera of nonimmunized mice (data not
shown). Mice that had been treated with three dosages of 200 ug
muMR] or agly muMRI1 did not differ from P1.17 treated mice
with regard to peptide-specific IgG1 Abs. However, both forms of
anti-CD154 mAb resulted in lower levels of peptide-specific
IgG2b. Whereas muMR1 treated mice showed a decrease in IgG2a
Abs (p < 0.0001), mice treated with three dosages of 200 ug agly
muMR1 showed only a trend toward a significant decrease (p=
0.098) The lower dosages (3 X 75 pg or 3 X 25 ug) of either
muMRI1 or agly muMR were ineffective in the inhibition of these
Ab responses (data not shown). These data further support the
hypothesis that-anti-CD154 mAb treatment suppresses the devel-
opment of Th1 responses without the concomitant up-regulation of
a Th2 response and indicate that possibly the aglycosyl form of the
mAb is slightly less effective in inhibiting immune reactivity than
the glycosylated anti-CD154 in EAE.

No demonstrable long-term unrespansivehess or aclive
suppression by anti-CD154 mAb treatment in EAE

The efficacy of agly muMR1 in EAE demonstrates that FcR inter-
actions do not play a major role in the inhibition by anti-CD154 in
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FIGURE 4. Anti-CD154 treatment inhibits the development of PLP;_
1s1-specific 1gG2a and IgG2b Abs. Mice received three injections (i.p.) of
200 pg isotype control Ab P1.17 (@), muMRI (O), or agly muMR1 (A).
PLP,,,.,5,-specific Abs present in sera collected on day 58 were assayed
as described in Materials and Methods. Results are expressed as arbitrary
units per milliliter. ANOVA was followed by posthoc LSD test: *, p <
0.01; $, p < 0.001; #, p < 0.0001; and &, p < 0.00001

this context. Anti-CD154 mAb treatment has been suggested to
inhibit the rejection of an allogeneic transplant by the induction of
regulatory T cells (13, 14) and at least one study indicated that
CD154 blockade was sufficient (28). To investigate whether anti-
CD154 inhibits EAE via the induction of an active suppressor
mechanism, we assessed whether mice treated with muMR1 or
agly muMRI1 on days 0, 2, and 4 after EAE induction display a
long-lasting resistance to disease. To ensure that levels of circu-
lating Ab would be low enough and not further capable of medi-
ating a direct inhibitory effect, mice were not re-immunized until
80" days after the first immunization and Ab treatments.

As can be concluded from Fig. 5, mice treated with muMR] or
agly muMRI did not develop symptoms of disease after primary
peptide immunization in contrast with mice treated with the iso-
type control P1.17. The muMRI or agly muMR]1 treated animals
also did not develop clinical symptoms during the follow-up pe-
riod of 80 days (data not shown). When mice were re-immunized
with PLP,;,_,s, emulsified in complete H37 Ra adjuvant there
was an increased severity of clinical symptoms in P1.17 treated
animals. Mice that had been treated on days 0, 2, and 4 with either
of the anti-CD154 forms developed EAE after rechallenge with a
severity that was less than observed after reimmunization of P1.17
treated mice, though comparable with the first phase of EAE in
P1.17-treated mice and to that normally found after EAE induction
in untreated mice (data not shown). We therefore conclude that

anti-CD154 mAb treatment did not result in complete or long-

lasting unresponsiveness in this mode) system.

We also studied whether the transfer of 20 X 10° spleen cells
collected from mice, 1 wk after EAE induction and treatment with
muMR! or agly muMRI1, would render naive recipient mice re-
sistant to subsequent active EAE induction. As shown in Fig. 5,
neither spleen cells from muMR1-treated mice nor spleen cells
from agly muMR|-treated mice were capable of transferring re-
sistance against EAE. Therefore, we did not obtain evidence for an
active suppression mechanism in this particular experimental
setting.
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FIGURE 5. No demonstrable long-term unresponsiveness or active sup-
pression of EAE by anti-CD154 mAb. 4, No long-term protection to EAE
by anti-CD154 treatment. Female SIL mice were subjected to EAE induc-
tion by immunization (s.c.) with 50 g of PLP,5o_,5, in complete H37 Ra
adjuvant (day 0). Mice received three injections (i.p.) of 200 ug isotype
control Ab P1.17 (@, n = 8), muMR1 (O, n = 4), or agly muMRI (A, n =
4). On day 80 EAE induction was repeated. The cumulative EAE score of
each individual mouse, assessed during the first 31 days after each immu-
nization is shown. B-D, Spleen cells from anti-CD1 54-treated mice do not
transfer protection to EAE. Recipient mice (n = 6 per group) were treated
(i.v.) with 20 X 10° spleen cells from donor mice, | day before active EAE
induction. Donor spleen cells were isolated on day 7 from mice (n = 2 per
group) that had received three injections (i.p.) of 200 pg isotype control Ab
P1.17 (8). muMR1 (C), or agly muMR! (D) on days 0, 2, and 4 afler
immunization with 50 ug of PLP,3,_,5, in complete 1137 Ra adjuvant (day
0). Each dagger marks a mouse that died as a consequence of EAE.

Discussion

Previous studies have demonstrated that treatment with anti-
CD154 mAb inhibits induction (5) and progression (6) of EAE and
pointed to reduced-T cell priming, Thi differentiation or reactiva-
tion of previously activated T cells, preventing the development of
Thi effector cells (6, 7). However, it is unclear whether the inhib-
jtory activities of the mAb in this disease context are dependent on
Fc effector mechanisms, i.e., complement-mediated lysis, or FcR-
dependent mechanisms such as Ab-dependent cytotoxicity, Fe/
FcR-dependent distribution of the Ab to critical sites of immune
activation, or scaffolding of the mAb by FcR thereby potentially
increasing its avidity for CD154. In this report, we used 2 novel
tool, an aglycosyl version of anti-CD154 mAb, to address the con-
tribution of Fc function to the inhibitory activity of anti-CD154
mADb in murine EAE. We demonstrate for the first time that the
mechanism of protection against clinical EAE is not dependent on
FcR-mediated  functions of the mAb, although anti-
CD154-mediated effects on subclinical immune activity may be
partly dependent on Fc interactions.

The role of the CD154 pathway in EAE, has previously been
independently demonstrated by resistance of CD154 knockout and
CD40 knockout mice to disease (29). These studies indicate that
the lack of CD154-CD40 interactions is sufficient for protection,
and suggest that mAb blocking of CD154-CD40 may be adequate
for its therapeutic effects. However, the mechanism(s) whereby
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Abs mediatc therapeutic effects may be highly complex and in-
volve secondary Fc-dependent mechanisms. For example, in trans-
plant settings, partial or complete engraftment has been obtained in
CD154 and CD40 knockout mice (30-34). However, a depen-
dence on complement for mAb efficacy was recently demonstrated
in an islet transplant model (15). In addition, there are other reports
showing that treatment with an anti-CD154 mAb results in a better
reduction in immune response than that found in the knockout
mice (35, 36). In these instances, there must be additional activity
of the mAb beyond CD154/CD40 blockade. '

To obtain insight into the role of such mechanisms in the in-
hibitory effect of anti-CD154 on EAE we compared the efficacy of
a murinized form of MR with its agly counterpart. As shown in
this study these Abs did not show major differences with regard to
their efficacy to inhibit clinical signs of EAE. However, we ob-
tained evidence that the aglycosyl form may be less able to sup-
press PLP,;o_,5,-related immune reactivity in this model system.
Although T cell PLP-reactivity at day 58 was comparably inhibited
by muMRI and agly muMR1 in two independent-experiments, the
inhibitory activity of agly muMRI| was somewhat reduced in one
other; in addition, agly muMR1 was less effective in suppressing
the development of PLP, 5, _,s,-specific IgG2a Ab. In contrast, the
3 X 25 ug dosage agly muMRI1 was actually more effective than
muMR] in limiting cerebellar inflammation at day 58. Thus, the
glycosylated form may have an additional mechanism of action
that enables it to limit the generation of peripheral T cell responses.
Because our data also show that the anti-CD154 mAb treated mice
are not protected from disease upon rechallenge, the glycosylated
form of the mAb does not appear to significantly deplete peptide-
specific T cells in this system. We speculate that Fc/FcR interac-
tions of the mAb contribute to its blocking activity by altering its
distribution or increasing its avidity for CD154 in vivo.

Interestingly, a study using an agly mutant of a humanized anti-
CD154 mAb in non-human primates showed that it could inhibit
the humoral immune response and was comparable in this respect
with the glycosyl form, but had decreased efficacy in allograft
rejection in cynomolgus monkeys.® Thus the contribution of Fc
interactions in anti-CD154-mediated efficacy depends on the na-
ture or magnitude of the immune response, Possibly, the use of
CFA, which is required for the induction of EAE and the concom-
itant production of IL-12, is responsible for the somewhat dimin-
ished efficacy of agly muMR1 in the EAE setting. Thus our data
substantiate the notion that the importance of Fc effector function
for immune inhibition is depcndent on the type of immune
challenge.

Apart from the inhibition of T cell reactivity, anti-CD154 treat-
- ment might result in the development of a tolerizing or active
suppressive mechanism. Although anti-CD154 treatment was as-
sociated with prolonged graft survival we did not obtain evidence
that anti-CD154 treatment during EAE-induction resulted into
long-tenn protection to EAE. In anti-CD154 treated mice the se-
verity of EAE after re-immunization was comparable with the dis-
ease activity during first phase in P1.17-treated mice (or untreated
mice, data not shown) and the increase in discase activity during
the'second phase in P1.]17-treated mice. Also spleen cells isolated
on day 7 after anti-CD154 treatment and EAE induction did not
protect naive recipients from subsequent EAE induction. In a study
by Howard et al. (37), T cells from anti-CD154-treated animals
were shown to have retained their encephalitogenic capacity inas-
much as they aggravated EAE when cotransferred with suboptimal
nuimbers of encephalitogenic Th1 biasts. These and our data do not
provide support for the possibility that anti-CD154 treatment of
EAE is associated with an active suppressor mechanism. At this’
stage the reason for the discrepancy between observations in the

Fc EFFECTOR MECHANISMS IN ANTI-CDI154 INHIBITION OF EAE

transplantation models wherein anti-CD154 induces long-term
grafl acceptance, possibly through T regulatory activity, and in the
EAE model in which it did not induce long-term unresponsiveness
or active suppression, are uncertain. In the transplantation models

- alloantigen is present for a prolonged period of time and when

these are recognized when other inflammatory signals have sub-
sided, lack of appropriate costimulation may favor expansion of
regulatory T cells and active suppression. In the EAE model de-
scribed, it is likely that the encephalitogenic peptide will eventu-
ally disappear and with it a stimulus for regulatory T cells. Con-
versely, it should be taken into account that EAE induction
occurred by immunization of the peptide in an emulsion with com-
plete adjuvant, containing M. tuberculosis and by additional ad-
ministration of heat-killed B. pertussis bacteria. Indeed, we have
demonstrated that B. pertussis or pertussis toxin can abrogate 1ol-
erance induction in a setting in which tolerance to EAE (i.c., re-
sistance to active induction of disease) is induced by immunization

, with a mannosylated form of the encephalitogenic peptide.* Most
" likely, in the classical EAE model T cell recognition occurs in the

presence of costimulatory signals and in the context of ligation of
Toll-like receptors. Therefore, additional studies are required to
address the role of regulatory T cells in anti-CD154-mediated sup-
pression of experimental autoimmune models that do not require
strong adjuvants.

Anti-CD154 mAb is a promising tool in the treatment of a va-
riety of immunological disorders. Understanding their mechanism
of action is key to the development and optimization of safe and
effective therapeutic candidates. Thromboembolic complications
that occurred during the course of anti-CD154 human 5¢8 clinical
studies remain unexplained but could be related to FcR interac-
tions. Our studies show that mice treated with agly MR1 may
develop some subclinical immune reactivity; however, this reac-
tivity is insufficient to allow for the development of EAE. Thus the
efficacy profile of the agly form of anti-CD154 mAb may be ben-
eficial for dampening the T cell reactivity that is heightened in
immune disorders without completely abrogating protective re-
sponses of the host to infectious agents.
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