AD

(Leave blank)

Award Number: W81XWH-08-1-0436

TITLE: Production and Characterization of a Novel 0X40 Ligand for
Clinical Use

PRINCIPAL INVESTIGATOR: Andrew D. Weinberg, Ph.D.

CONTRACTING ORGANIZATION: Providence Health System
Portland, OR 97213

REPORT DATE: August 2009

TYPE OF REPORT: Annual

PREPARED FOR: U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

DISTRIBUTION STATEMENT: (Check one)
X Approved for public release; distribution unlimited

[l Distribution limited to U.S. Government agencies only;
report contains proprietary information

The views, opinions and/or findings contained in this report are
those of the author(s) and should not be construed as an official
Department of the Army position, policy or decision unless so
designated by other documentation.



REPORT DOCUMENTATION PAGE OMa N Dron o188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the
data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing
this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-
4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently
valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)

13- 08- 2009 Annual July 15, 2008-July 15, 2009
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

Production and Characterization of a Novel OX40 Ligand for PC073499

Cinical Use. 5b. GRANT NUMBER

WB1XWH- 08- 1- 0436

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER
Andrew D. Weinberg, Ph.D.
Email: 5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION REPORT
NUMBER

Providence Health System
Portland, Oregon 97213

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR'’S ACRONYM(S)
Dept. of the Arnmy -- USAMRAA

820 Chandl er Street

Fort Detrick, MD 21702-5014 11. SPONSOR/MONITOR’'S REPORT
NUMBER(S)

12. DISTRIBUTION / AVAILABILITY STATEMENT
Approved for public release; distribution unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

The goals of the first year/phase of the DOD fun ded research, PC073499, have been accom plished. W e produced
two human versions of the OX 40 ligand:trimer:Ig protein. The two protein constructs ha ve different human trimer
domains (TRAF2 and Matrillin-4), which confer differing folding patterns within the two-dimension structure of the
protein. Both the TRAF2 and Matrilin -4 trimer domain constructs appear to have as good if not better in vitro
bioactivity when com pared to a mouse anti-human OX40 Ab that is ¢ urrently in a clinical trial for cancer patient
treatment. We have produced enough purified material to test the in vivo activity of these proteins and have planned
a pilot study involving injection of these new hum an OX40 agonists in non-human primates. Upon com pletion of
this project we will hav e important preclinical infor mation that should allow for FDA approval of a fully hum an
0X40 agonist to be tested in a clinical trial.

15. SUBJECT TERMS
T cells, Co-stinmulation, OX40, tunor inmunotherapy

16. SECURITY CLASSIFICATION OF: 17. LIMITATION 18. NUMBER | 19a. NAME OF RESPONSIBLE PERSON
OF ABSTRACT OF PAGES USAMRMC

a. REPORT b. ABSTRACT c. THIS PAGE uu 9 19b. TELEPHONE NUMBER (include area

U U U code)

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. Z39.18




Table of Contents

N 01 0 L= 0 1T o = S

SUPPOITING Data.... ..o e



DOD Prostate Award Research Technical Reporting: 1 year Progress Report

Laboratory-Clinical Transition Award: Stage |

PC073499 — Production and Characterization of a Novel OX40 Ligand for Clinical Use.
PI -Andrew Weinberg, PhD

INTRODUCTION: Cancer cells h ave evo lved to evade immune-m ediated des truction
through several documented m echanisms. Our group has developed a technique to
enhance immune function in tum or-bearing hosts through the us e of OX40 agonists,
which can lead to regression of tumors of va rious histologies, including prostate cancer
(1). In particular, we ha ve produced a hum an OX40 agonist, termed OX40L:ILZ:Ig that
has potent biologic function in vitro and is pr oduced in large quant ities by tissue cu lture
cells. The ILZ portion of the chim eric protein was initia lly a tr imerization domain
obtained from a yeast sequence. Our initial go al is to f ully humanize this m olecule by
incorporating human trimerization domains to replace th e yeast sequen ce, thus lowering
the probability of imm une-mediated recognition of this recom binant protein by treated
cancer patients. Once a fully functional human OX40 ligand protein is developed we will
proceed with production and purification of the protein so that it can be tested for in v ivo
biologic activity in non-human primates. If the biologic activ ity is as potent as an O X40
agonist Ab that we currently have adm inistered to patients we will produce enough GMP
material to test in a formal toxicity study in non-human primates. This should give us the
proper data to approach the FDA for approva | of this drug f or clinica 1 tria 1 use.
Ultimately, the goal of the res earch is to produce clinical grade human OX40L:ILZ:Ig to

test in clinical trials for patients suffering from prostate cancer.

BODY: The initial year of funding was  spent on perfecting th e soluble OX40 ligand

molecule. In particular, we proposed to swap the yeast ILZ domain with known hum an
trimerization domains. After modeling the different known human trimerization domains
we m ade a decision to test two types: 1)  a non-covalent trim erization dom ain (from
TRAF?2 sequence) and 2) a disulfide linked covalent trimerization domain (from matrilin-

4 sequence). TRAF?2 is an adapter protein that direc tly associates with the O X40



cytoplasmic tail and ultim ately is involved with transmitting a downstr eam signal to the
nucleus. It has been shown that O X40 and OX40 ligand form a trimer at the cell surface
and the ass ociated TRAF protein(s) from  a trim er within the cytop lasm essentially
forming a stacked three protein trimer complex. Hence we hypothesized that the TR AF2
trimer domain might make a perfect spatial fit between the OX40L extrac ellular domain
and the Ig tail. There are on ly a few of the human trim erization dom ains that form
natural disulfide bonds and the m atrilin-4 protein is one of them . W e reasoned that a
covalently bonded trim erization domain might offer greater stability in vivo and hence
might have increased biologic activity when co mpared to a non-covalent trim er domain.
Therefore we produced both OX40L construc  ts and expressed them in 293 cells as
secreted proteins. Protein G colum n chromotogaphy was used to purify the proteins to
>95% homogeneity and we com pared their si ze by native gel electropho resis. Prior to
these experiments we published (2) that ou r initial recombinant protein, OX40L:ILZ:Ig,
containing the yeas t trim erization dom ain folded predo minantly as a hexam er as
determined by column chromatography. Therefore we ran all three recombinant proteins
side by side on the native gels to get an idea of heterogeneity and com parative molecular
weights (Figure 1). It was clear that th e TRAF2 and matr ilin-4 trimerization domains
gave similar protein products (3 ban ds) but the matrilin-4 protein was less hom ogenous
compared to the TRAF2 construct. We su rmised that the upper band corresponded to a
dodecamer, the m iddle band a h examer, and th ¢ lower band a trim er. The m atrilin-4
domain clearly had m ore of the higher a nd lower MW bands, which m ay or m ay not
correspond to increased biologic activity. At this point we tend to favor the TR ~ AF2
construct due to the more homogenous nature of the product, although we are now in the
process of testing all the prot ein products in our in vitro T cell stimulation assay. Figure
2 shows som e of our i nitial bioassay results and it is ¢ lear that bo th protein constructs
have potent biologic activity, both in the plate-bound and soluble assays. While it is hard
to pick a clear cut “winner” based on our in vitro assays we plan to test both of these
constructs in a non-human primate pilot study.

Initially within our Statement of W ork docum ent we did not include the sm all
pilot study discussed above, but we now fe el that in vivo verification of our full y

humanized ligand(s) is imperative and prudent prior to m oving forward with large-scale



protein production and a full to xicity study proposed in year s 2 and 3. T he pilot project
will also help us m ake a decision as to  which constru ct we should choose as we go
forward when m aking clinical trial m aterial. To this end we have produced 100 mg of
both the TR AF2 and Matr ilin-4/OX40L chimeric proteins and shown that th is material
contains very low levels of endotoxin. Hen ce, we are ready to proceed with the monkey
studies and have obtained IA CUC approval from the Oregon Primate Center and we are
currently seeking approval from the DOD to proceed with the pilo t study. It should be
noted that the hum an OX40 ligand only binds to human and monkey (not mouse or rat),

therefore we need to test our protein constructs in monkeys prior to moving forward.

KEY RESEARCH ACCOMPLISHMENTS:

e  We produced two novel for ms of the hum an OX40 ligand:trim er:Ig protein that
are now complete human sequences.

e These proteins were translated efficien tly in 293 cells and easily purified by
protein G chromatography.

e [tis clear that the TRAF2 trimer domain and the Matrilin-4 trimer domain confer
differences in protein size ratios, which was ascertained by native gels.

e Both humanized OX40 ligand constructs have potent biologic activity as assessed
by an in vitro T cell costimulation assay.

e We have purified 100 mg quantities of the two humanized OX40 ligand proteins

to be used in an in vivo pilot study in non-human primates.

REPORTABLE OUTCOMES:
We have yet to publish these results as we have just produced these proteins and
have only performed two in vitro costimulation assays (Figure 2). Our hope is that the in

vivo biologic activity may represent a reportable outcome in year 2 of the funded work.

CONCLUSION: In summ ary, we h ave com pleted the f irst year/ph ase of the resea rch,
which was to produce a fully hum an version of the OX40 ligand:trim er:Ig protein. We
produced two protein constructs with two di fferent human trimer domains and both had

biologic activity as assessed by our in vitro T cell costimulation assay. W e h ave



produced enough purified material to test in vivo activity and have planned a pilot study
involving injection of these proteins into non-hum an primates. This pilo t study was not
in the original statement of work, but we are cu rrently in process of submitting a revised
statement and budget to support this in vi ~ vo study. Both the TRAF2 and Matrilin-4
constructs appear to have as good if not bette r in vitro bioactivity when com pared to a
mouse anti-human OX40 Ab that we currently have in clinical trials. In our current phase
I clinical trial with am ouse OX40 agonist Ab that is adm inistered to stage IV cancer
patients we have observed som e tumor shrinka ge in the first 5/20 patients, however we
have not yet observed a com plete response. Our hope is that the fully hum an OX40
agonists d escribed herein will have m ore potent biolog ic activ ity. U Itimately, u pon
completion of this project we will have im  portant prec linical inf ormation th at sh ould

allow for FDA approval of a fully human OX40 agonist.
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Figure 1. Analysis of recombinant human soluble OX40L constructs by native
polyacrylamide gel electrophoresis. Soluble OX40L constructs contain (from N-
terminus to C-terminus) the Fcy domain of human 1Gg1, the coiled coil domain for either
yeast GCN4 (ILZ), human matrilin 4 (MT4) or human Traf2 (TF2) and the extracellular
domain of human OX40L. Aliquots of these three proteins along with marker (M) were
analyzed by native gel electrophoresis using the the coomassie blue method (Invitrogen).
Separation is based on mass and shape as in size exclusion chromatography but with
high resolution. The relative proportion of each band in the three samples was quantified
on an Odyssey Infared scanner (Licor) and shown to the right of the gel.
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Figure 2. Functional comparison of soluble human OX40L constructs.

The activity of two fully human OX40L constructs, Fc-Traf2(TF2)-OX40L and Fc-
Matrilin-4 (MT4)-OX40L were compared human-yeast hybrid construct Fc-
GCNA4(ILZ)-OX40L and to the mouse anti-human OX40 antibody, CD134 mab
(clone 9B12), currently in phase | clinical trial. The assay is based on the ability of
OX40 agonists to stimulate human CD4 T cell proliferation, as measured by
incorporation of 3H-thymidine. A. In the plate bound assay, the activity of the plate
bound OX40 agonist is measured in the presence of plate-bound sub-threshold
anti-CD3 stimulation of the T cell receptor complex. B. In the soluble assay, activity
of soluble OX40 agonist (10 pg/ml) is measured in the presence of sub-threshold
anti-CD3 TCR stimulation.
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