AD

Award Number: DAMD17-02-1-0099

TITLE: Humanizing the Mouse Androgen Receptor to Study Polymorphisms and Mutations
in Prostate Cancer

PRINCIPAL INVESTIGATOR: Diane M. Robins, Ph.D.

CONTRACTING ORGANIZATION: The University of Michigan
Ann Arbor, Ml 48109-1274

REPORT DATE: January 2006

TYPE OF REPORT: Final

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

DISTRIBUTION STATEMENT: Approved for Public Release;
Distribution Unlimited

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)
01-01-2006 Final 31 DEC 2001 - 30 DEC 2005
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER
Humanizing the Mouse Androgen Receptor to Study Polymorphisms and Mutations

in Prostate Cancer Sb. GRANT NUMBER

DAMD17-02-1-0099

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER
Diane M. Robins, Ph.D.

5e. TASK NUMBER

5f. WORK UNIT NUMBER
E-mail: drobins@umich.edu

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

The University of Michigan
Ann Arbor, MI 48109-1274

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S)
U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

11. SPONSOR/MONITOR’'S REPORT
NUMBER(S)

12. DISTRIBUTION / AVAILABILITY STATEMENT
Approved for Public Release; Distribution Unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

Androgen receptor (AR) plays a critical role in prostate cancer. Length of AR’s

N-terminal glutamine (Q) tract has been associated with disease risk, and AR somatic mutation
may influence disease progression. To study the basis for these effects in an animal model,

we converted the mouse AR gene to the human sequence, using homologous recombination in
embryonic stem cells. Mice bearing “humanized” AR alleles with 12, 21, or 48 Qs are normal

in growth and fertility; subtle differences in some traits and gene expression were within

normal biological variability. Differences are more apparent when crossed with TRAMP,
providing a prostate oncogene. In intact mice, age at initiation is similar for wild type

and 21Q hAR mice , but tumors in 12Q mice arise earlier and those in 48Q mice are
significantly delayed. This corroborates epidemiological data showing inverse correlation of

Q tract length with risk of disease. Remarkably, disease progression in castrated mice,
mimicking androgen-independence, shows the opposite effect — 12Q AR is strongly protective
against onset of disease. The basis of this has been assessed histologically by tissue
microarray, at the molecular level by sequencing AR cDNAs for mutations, and we are pursuing
Q-tract effects on ligand-independent AR activation.

15. SUBJECT TERMS
androgen receptor, targeted mouse mutant, TRAMP transgenic tumor model, glutamine tract,
12Q AR, 21Q AR, 48Q AR

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 19b. TELEPHONE NUMBER (include area
¥ §] U uu 70 code)

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




Table of Contents

(@0 1Y 7=

IO UG O N e e e e e e e e e e

2 0T

Key Research AccompliShments. ... i e e

RepOrtable OULCOMES ... .t ittt i e e et e e e e e e e e e e e e e e e

(O 0] 103 18 E=T 0] 2 K=

R I EI BN G BS ...ttt e

N 07 1= o o =

List of publications, abstracts, personnel
Meeting abstracts (8 total)

Figures 1-6

Submitted manuscript

12
13
21
26

10

10

11



Final Report, DAMD17-02-1-0099 January 2006
INTRODUCTION

Development and progression of prostate cancer (PCa) depend on genetic and
environmental factors that are still poorly defined. One thing all tumors share, however, is an
initial dependence on androgen for growth [1]. Polymorphisms in androgen receptor (AR) may
impact risk of disease, and somatic mutations may affect progression and response to therapy
[2-4]. In most cases, hormonal therapy is initially successful, but tumors ultimately become
androgen-independent and resist further treatment. Despite androgen independence, AR levels
in the tumor remain high and the AR signaling pathway is intact, revealing a continued role of
AR in the disease process. AR molecular genetics underlie two crucial problems in PCa: 1) Do
polymorphisms in AR lead to differential risk of disease? 2) Do somatic mutations in AR
during tumor growth circumvent hormone ablation, and are they selected by treatment?
This project addresses these questions for the human receptor in a transgenic mouse prostate
cancer model, which allows initiation, progression and treatment of disease to be integrated
experimentally. The mechanisms by which genetic variation alters AR action may reveal new
molecular markers in treatment, and, ultimately, novel targets for therapy.

BODY

Our hypothesis is that genetic variation in human AR affects the initiation and
progression of prostate cancer. Germline variation may affect initiation of disease, while
somatic mutations may drive androgen-independent growth. To confirm this hypothesis, our
first major objective was to replace the mouse AR with human alleles to study their effects in
general mouse physiology and in a transgenic tumor model (Transgenic Adenocarcinoma of the
Mouse Prostate, or TRAMP [5]). Since Q (glutamine) tract length is thought to enter into PCa
risk, we are comparing hAr alleles that vary in Q tract length. We also are comparing mutations
arising in androgen-dependent vs. —independent disease, to identify sites correlating with AR
function. Our aims underlying the Statement of Work were as follows:

Aim |. To study the role in PCa of polymorphisms in human Ar, mAr will be “humanized” by
homologous recombination in embryonic stem cells, to create three h/mAr alleles differing in
glutamine tract length (12Q, 21Q, 48Q). Differences in androgen action (fertility, behavior,
molecular markers) and spontaneous prostate cancer will be studied in mice with h/mAr alleles.

Aim Il. To determine the role of human AR variants on PCa initiation, h/mAr alleles will be
placed on the TRAMP background for transgene-induced oncogenesis. Effect of the Q tract will
be assessed on prostate pathophysiology and gene expression by cDNA microarray.

Aim lll. To determine the role of AR variation on PCa progression, spontaneous mutations will
be identified in AR cDNAs from castrated (androgen-independent) vs. intact h/mAr-TRAMP
mice. The effect of mutations will be determined by introduction into ARs for transfection
analysis, with and without coactivators. The effect of mutations on the oncogenic potential of
prostate cells will be tested by tumor formation and metastasis in SCID mice.

Each Aim corresponds to a Task within the Statement of Work. Aim | is complete as
planned and the significant results are reported in the appended manuscript, “Replacing the
mouse androgen receptor with human alleles demonstrates glutamine tract length dependent
effects on physiology and tumorigenesis in mice”. Experiments for Aim Il are mostly complete,



although the data analysis is still ongoing. For Aim Ill, the AR sequencing is complete; most
functional analysis remains to be performed. Significant findings are summarized below, with
figures and ms. included in the appendix.

Polymorphism in AR’s N-terminal Q tract has been implicated in affecting aspects of
male health from fertility to cancer. Extreme expansion underlies Kennedy disease, a late-onset
neurodegenerative disorder. Length of the Q tract corresponds inversely with capacity of the
AR to activate transcription in vitro. However, whether variation in Q tract length within a
nonpathological range influences physiology or the etiology of disease is controversial and has
not been resolved by epidemiological studies. To assess directly the functional significance of
Q tract variation, we converted the mouse AR to the human sequence by germline gene
targeting, introducing alleles with 12, 21 or 48 glutamines. These three “humanized” (h/mAR)
mouse lines were grossly normal in growth, behavior, fertility and reproductive tract morphology
(see appended ms.). Phenotypic analysis revealed subtle trends, particularly for the 48Q mice
in which slightly increased body fat and lower seminal vesicle weight suggested borderline
androgen insensitivity. Upon molecular analysis, tissue specific differences in AR levels and
target gene expression were detected between mAR and h/mAR lines, and between Q tract
alleles, but largely within the range of normal biological variation. For example, in prostate, AR
MRNA showed a trend to decreased levels with increasing Q tract length, but the differences did
not reach statistical significance. Similarly, expression of the AR target gene Nkx3.1, which is
critical in prostate growth and differentiation, was higher for short compared to long Q tract
alleles (see Fig. 6 in ms.), likely reflecting the greater transcriptional strength of the short Q
tract. However, when crossed with transgenic adenocarcinoma of the mouse prostate (TRAMP)
mice, striking genotype-dependent differences in prostate cancer initiation and progression were
revealed (described in greater detail below). This link between Q tract length and prostate
cancer establishment, likely due to the differential transcriptional strength of these AR alleles
and thus the differential activation of key target genes, corroborates human epidemiological
studies linking shorter Q tracts to increased risk of disease and longer tracts to resistance.

The characterization of these mice also revealed some findings noteworthy in a broader
context. First, although differences in physiological and molecular traits between the Q tract
variant mice fall within the range of normal phenotypic variation, these differences are amplified
when the homeostatic balance is upset, in this case by the stress of cancer, and distinct
patterns of disease progression are produced for each allele. Second, these differences are
evident in the homogeneous mouse genetic background, but are not readily demonstrable in a
human population, in part due to the genetic heterogeneity and confounding gene-gene and
gene-environment interactions. Third, one might say that the more rapid disease initiation with
the transcriptionally stronger short Q tract AR might be predicted in this model simply due to its
earlier or more robust activation of the androgen-driven oncogenic transgene in the TRAMP
model. In a sense this is exactly the point — while human PCa does not initiate with T-antigen,
early disease is androgen-dependent and downstream events are similar for both. Further,
additional stochastic androgen-dependent events are required for tumorigenesis and differential
activation of multiple genes are likely involved. Thus, analogous activities in these mice should
prove extremely useful for revealing not only AR-dependent (and possibly androgen-
independent) mechanisms in prostate cancer initiation or progression, but Q tract influence on
other physiological traits as well. Further, these mice provide an animal model to test novel
drugs targeted specifically to the human, rather than mouse, AR.

Results of Aim | validate the effort of creating these mice, and their value for future
studies. Still in progress are aging studies, and additional gene profiling analysis. Previously
we presented microarray data on an early generation of these lines, for testis, liver and kidney



RNA. Now that the lines have been backcrossed several additional generations to the C57BL/6
strain, we are doing a more detailed analysis of prostate gene expression profiles.

For Aim Il, the Q tract variant mice were crossed onto the TRAMP background, in order
to initiate cancer via prostate epithelial-driven T antigen expression. At the age of twelve weeks
one cohort was castrated and another left intact, for each genotype including mAR littermates.
Twelve weeks was chosen as the time for castration since at that age prostatic intraepithelial
neoplasia (PIN) has developed, but mice do not yet have overt disease. Tumor initiation and
progression were followed by external abdominal palpation, and in some cases by magnetic
resonance imaging (MRI). The MRI analysis allows tumor detection about two weeks earlier
than manual palpation, but otherwise agrees with qualitative assessments, and was prohibitively
time-consuming and expensive. Mice were sacrificed when they became moribund, and tumors
collected for histological and molecular analysis. Tissue microarrays have been constructed
and their analysis is ongoing, for AR presence and subcellular localization, as well as presence
of particular coactivators and signaling molecules. Intriguing results with respect to tumor
progression are described below.

As noted by others working with the TRAMP model, castration (or treatment with
flutamide) may delay, but does not prevent, prostate cancer, for about 70% of the treated (with
wild type mAR) mice [6]. However, for about 30% of the mice, more aggressive disease occurs
following androgen ablation. This finding bears remarkable similarity to results of the SWOG
prevention trial in which men were treated with finasteride [7]. Tumor progression is
heterogeneous in TRAMP mice as it is in men, despite the genetic homogeneity of the mouse
model, likely because following the first transgene-induced oncogenic hit, additional stochastic
genetic hits must occur. When intact TRAMP mice bearing the 21Q-h/mAR allele were
compared to littermates with wild type mAR, no significant differences in disease initiation (as
indicated by age of first palpable tumor) or progression (as indicated by survival time) were
evident (see Fig. 1, Appendix). At a 29 week time point, when slightly more than half the mice
with mAR or 21Q-h/mAR alleles had palpable tumors, fewer than 30% of the 48Q-h/mAR mice
had tumors but nearly all the 12Q-h/mAR mice did. This supports the notion from human
studies that the short Q tract AR confers greater risk of disease; in mice, the corollary that the
long Q tract is protective is even more pronounced. Remarkably, the most significant difference
between alleles is in progression, or length of disease, as indicated by time of palpation until
death. As might be expected for the 48Q-h/mAR mice, which show very delayed initiation,
disease course is very slow and mice survive well past one year of age. More intriguingly,
although the 12Q-h/mAR mice show early disease initiation, tumors progress on average even
more slowly that in the 48Q mice. Thus each allele dictates a different disease course. While
this may differ in some specifics from human pathology, these mice represent an allelic series
with regard to AR transcriptional strength, and provide a unique opportunity to explore further in
vivo the role of AR in tumor initiation versus progression.

Further support of the value of these mice in offering novel insights comes from the
observation that each allele confers a distinct pattern of progression in the castrated TRAMP
mice, which mimic androgen-independent disease progression, as well as in intact mice (Fig. 2).
As noted for TRAMP mice previously, following castration a subset develop early aggressive
disease while many are delayed in onset relative to intact. The proportion of tumors initiating
early versus late varied with AR allele, despite the absence of hormone. Somewhat
surprisingly, 12Q-h/mAR mice developed disease significantly later, and had a disease course
significantly longer, than 21Q- and 48Q-h/mAR mice. The striking difference in early disease
and progression for AR alleles in the absence of androgen suggests Q-tract length is affecting
androgen-independent, as well as androgen-dependent, tumor growth. This has not been



demonstrated previously, and we will be pursuing the underlying mechanism by which Q tract
affects ligand-independent AR activity, both by analysis of mouse tumor samples and by
experiments in tissue culture.

Perhaps even more striking than the differences in disease initiation conferred by each
allele were the pronounced differences in mean length of disease, as determined from age at
first palpation of a tumor until death (Fig. 3). In intact mice, length of disease in mAR and 21Q-
h/mAR mice is comparable, averaging about 5-6 weeks from tumor detection until death.
However, for 12Q and 48Q intact mice, disease length spans a broader range and is much
longer in both groups, with a mean disease length of greater than 14 weeks. Given the delayed
initiation of 48Q mice, slow progression may not be surprising. However, finding similar slow
progression in the more rapidly initiating 12Q mice suggests different pathways of progression
may be in operation. In all castrate groups, length of disease is significantly shorter than in
intact mice (approximately 3-4 weeks), with the 12Q mice again somewhat surprisingly showing
a longer mean length of disease (7.5 weeks) than the other genotypes. The lack of linearity in
the relationship between length of disease and Q tract length suggests that there may be
something “optimal” about the wild type mAR and hAR alleles, and disease course diverges
from this at the gross level for both the short and long extremes of Q tract length. Whether
disease progression is similar in 12Q and 48Q mice at the cellular and molecular level is an
important question. Clues to underlying mechanisms may be found by examination of the tissue
microarray, which is in progress since only recently have the 12Q tumors become available.

By way of summarizing PCa progression in the Q tract variant mice, Fig. 4 compares
tumor status for all groups at a time point of 29 weeks. In each histogram, the red portion
represents the percent of mice in that group that have died of PCa, the yellow portion
represents those with a palpable tumor, and the blue portion are those that are tumor free at 29
weeks of age. In intact mice, about half the mAR and 21Q-h/mAR mice have overt disease
(death or palpable tumor) by 29 weeks, whereas 85% of the 12Q mice have cancer and less
than 30% of the 48Q mice. This again corroborates human data that Q tract length influences
disease initiation [8]. In castrated mice the genotype-dependence presents the inverse image —
MAR and 21Q-hAR mice are again similar to each other, with approximately one-third of the
mice having overt disease, whereas over half the 48Q but less than one-quarter of the 12Q
show PCa. Genetic variation of the AR thus plays a role in initiation and progression of PCa,
both in the presence and in the absence of androgen.

Thus far we have grouped all mice within a genotype together, but there may be
significant differences in mechanisms of progression within a genotype that may correlate with
early versus late disease onset. To begin to characterize these differences, we are analyzing
the tissue microarray by immunohistochemistry, first for intensity and subcellular localization of
AR (Fig. 5). Fig. 5 simply portrays the heterogeneity of staining we obtain within a group,
confirming that we will need to correlate this data with time of disease initiation as well as
staining for additional markers such as T-antigen, coactivators, neuroendocrine markers, and a
panel of signaling molecules. The microarrays, generated by the University of Michigan Tissue
Microarray Core, should prove generally valuable for mouse tumor studies and we have already
shared slides with several collaborators.

Finally, we have analyzed AR mutations arising in these tumors, by sequencing the
equivalent of 10 full-length cDNAs per tumor. We initially had some technical difficulties due to
the highly GC-rich nature of the N-terminus, but have optimized reactions to overcome this. We
also have performed all sequencing from two independent Reverse Transcriptase reactions,
and only consider mutations as “real” if they occur multiple times within a tumor, or in multiple



mice. Although this duplicated the amount (and cost) of the work, it verifies that base
differences are mutations in the tissue, not RT or PCR errors in processing. Because of the
large amount of effort, and because we were not finding strong evidence of colocalization of
mutation site dependent on hormonal status, we completed sequencing for 21Q-h/mAR
samples, but have only done some 48Q tumors and none of the 12Q at this point. Should
interesting results occur as we proceed with analysis, we can sequence more samples in future.

We are finding 1-3 mutant ARs per tumor, in accord with previous observations [9], and
thus far they are a mix of previously noted as well as novel mutations. A pictorial summary of
mutations found thus far is shown in Fig. 6, Appendix. We have not found the strong correlation
between mutation site and hormonal status reported previously [9]. Experimental differences
could enter into this (we have examined a larger number of mice, and doubled the sequencing
per tumor), or it could be differences due to the mouse compared to human gene. Supporting
the notion that these mutations are not just random is that many have been noted previously in
PCa, and are gain rather than loss of function. We have found significant variation around the
Q tract itself, which tends to vary plus or minus a few Qs in many tumors (Fig. 6, lower panel). It
is disappointing that we have not found more mutations in the LBD in intact mice and more in
the N-terminus in castrated animals. It is possible that such differences would be more
pronounced at earlier tumor stages, rather than for the end-of-life necrotic samples we obtained.
Regardless, our findings agree with increasing data from human studies that while AR
mutations certainly occur with progression of PCa, they are but one of many mechanisms
involved in resistance to treatment and frequent or common mutations are not evident.

In sum and in accord with our original plan, this project has focused on establishing a
human AR allelic series in mice, primarily to analyze effect of Q tract variation in initiation and
progression of prostate cancer. These strains function as predicted, in being physiologically
normal but having subtle phenotypes when hormonal effects are examined in greater detail.
These phenotypes become pronounced in the context of a physiological stress, such as cancer.
Thus we are encouraged that these mice will be valuable for assessing the role of androgen
receptor in prostate cancer initiation and progression, may provide better subjects for preclinical
testing, and may lead to new treatments for disease.

KEY RESEARCH ACCOMPLISHMENTS

* 12Q, 21Q, and 48Q h/mAR mouse strains were established and have been crossed onto
the C57BL/6 background for at least 7 generations, with no abnormalities noted. F5
individuals at 6 months, 18 months and 2 years have been compared for molecular and
endocrine markers, and phenotypic characterization of these strains has been submitted
for publication.

* 12Q, 21Q and 48Q h/mAR mice were crossed with TRAMP to generate prostate tumors,
and all tumors were collected when mice became moribund, except for a few remaining
12Q mice that exhibit very slow progression. In intact mice, the Q tract length inversely
correlates with time of disease initiation. Remarkably, in castrated mice, the opposite is
found — in particular the short Q tract has a distinctly protective effect in tumor initiation
and/or progression relative to median or long Q tracts.

* Atissue microarray has been created from normal prostate and tumor samples of these
mice and is being analyzed for presence and subcellular localization of AR, coactivators,
and other biomarkers to characterize differences underlying distinct tumor behaviors.

* AR cDNAs from tumors from intact vs castrated 21Q mice have been sequenced.
Mutations that could aid in androgen resistant progression are found with frequency, but
do not strongly colocalize dependent on hormonal status as previously reported.



REPORTABLE OUTCOMES

We generated three lines of “knock-in” mice for this study, carrying “humanized” AR alleles
varying in glutamine tract length and designated as follows:

12Q-h/mAR (short Q tract humanized AR allele)

21Q-h/mAR (median *“ “ “ )

48Q-h/mAR (long “ “ “ )

The following manuscript is in review at Molecular Endocrinology:
“Replacing the mouse androgen receptor with human alleles demonstrates glutamine
tract length dependent effects on physiology and tumorigenesis in mice”; M. Albertelli,
A. Scheller, M. Brogley, and D.M. Robins.

We have presented our results at local poster sessions and informal seminars, and also as part
of departmental colloquia. Since the last report, these include:
Dept of Cell Biology and Molecular Genetics, University of Maryland, Baltimore, 5/13/05
Cancer Center and Vattikuti Urology Institute, Henry Ford Hospital, Detroit, 11/03/05

Talks or posters were (or will be) presented at the following meetings; the unpublished abstracts
for the Interprostate SPORE meeting from last year as well as the one next week are included in
the Appendix, along with last year's and the upcoming Endocrine Society Abstract:
Interprostate SPORE Conference, Houston, 1/31/05
“ “ “ , 214/06
Endocrine Society 87" Annual Meeting, San Diego, 6/3/05
“ “ “ Boston, 6/17/06

The 21Q h/mAR mice are proving a valuable resource and are being used for a project within
the University of Michigan SPORE in Prostate Cancer, to determine effects of antiandrogens
(flutamide, bicalutamide) on incidence of AR mutations in the humanized mice compared to in
patient samples. Information on that grant is as follows:

NIH/NCI P50 CA69568, S.P.O.R.E. in Prostate Cancer

P.I. Kenneth J. Pienta

7/1/03 — 6/30/08

P.1. of Project #5 — D. Robins; ~150,000/yr direct costs

“Multiple Mechanisms of Antiandrogen Resistance in Prostate Cancer Progression”

The targeting vector used to create the 21Q h/mAR mice has been modified in collaboration
with two junior investigators to create mouse models for other studies. With Andrew Lieberman,
a mouse model of Spinal and Bulbar Muscular Atrophy (SBMA, Kennedy disease) has been
created bearing a CAG tract expanded to 113 Q. A paper characterizing these mice and
elucidating their testis phenotype has been published:
Yu Z, Dadgar N, Albertelli M, Scheller A, Albin RL, Robins DM, Lieberman AP:
Abnormalities of germ cell maturation and Sertoli cell cytoskeleton in androgen receptor
113 CAG knock-in mice reveal toxic effects of the mutant protein. American Journal of
Pathology 2006, 168:195-204.



CONCLUSIONS

Mouse strains carrying human rather than mouse AR sequences have been constructed.
This allows direct testing of the role of AR glutamine tract variation in initiation of prostate
cancer, which may help clarify contradictory results from epidemiological studies. Further,
tumors initiated by transgenes in these mice will allow tracking the role of AR, and AR mutants,
in resistance to antiandrogen therapy and androgen independent growth. The site of mutations
in human AR sequence may lead to downstream interacting proteins that will be novel and
perhaps more effective targets in new treatment strategies.
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9)

List of all publications, meeting abstracts, and personnel receiving pay from this
research effort.

Abstracts for meetings, as listed in appendix 1, # 2.1 — 2.8.

Figure 1 — tumor initiation and survival curve, intact AR variant TRAMP mice

Figure 2 — , Castrated
Figure 3 — Length of disease in h/mAR-TRAMP mice
Figure 4 — Proportion with disease or disease-free at 29 weeks
Figure 5 — Example of tissue microarray, stained with AR antibody

Figure 6 — Mutation summary for 21Q-h/mAR; somatic mutations in PCa

Manuscript submitted, “Replacing the mouse androgen receptor with human
alleles demonstrates glutamine tract length dependent effects on physiology and

tumorigenesis in mice”.
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Publications from this Work (several additional in preparation):
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“Genetic Variation of the Human Androgen Receptor and Prostate Cancer in Mice”
Interprostate SPORE Conference, Houston, 1/31/05

“Replacing the Mouse Androgen Receptor with Human Alleles Varying in Glutamine (CAG)
Tract Length”, Endocrine Society 87" Annual Meeting, San Diego, 6/3/05

“Human Androgen Receptors Varying in Q-Tract Length Differentially Influence Initiation and
Progression of Prostate Cancer in Mice”, Interprostate SPORE Conference, Houston,
2/4/06

“Variation in Q-tract Length of the Androgen Receptor Influences Initiation and Progression
of Prostate Cancer in “Humanized” AR Mice”, Endocrine Society 87" Annual Meeting,
San Diego, 6/17/06
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Diane M. Robins, Ph.D., P.I.
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Sara Peters, B.A.
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Leslie Larkins, M.S.
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Appendix 2.1 — abstract for Sex and Gene Expression Conference, 4/02

Genetic Variation of Androgen Receptor in Prostate and Breast Cancer
Diane M. Robins
Department of Human Genetics
University of Michigan Medical School
Ann Arbor, MI 48109-0618

Despite diverse genetic and environmental factors contributing to prostate and breast
cancer, both tumors initially are steroid hormone dependent. This in part reflects crucial
developmental roles of androgen in the prostate and estrogen in the breast, working via their
intracellular receptors (AR, ER) to regulate gene expression. The steroid receptors are critical in
initiation and progression of disease, and therefore are key targets in therapy. For AR in prostate
cancer (unlike ER in breast cancer), genetic polymorphisms have been associated with disease
risk, and somatic mutations are observed in later stages. The significance of these variations has
been difficult to study, however, due to the lack of patient material from early stage disease and
the paucity of animal models to address underlying mechanisms.

To test the oncogenic role of AR polymorphisms, and the function of somatic mutations
in disease progression, we have “humanized” the mouse by converting its AR gene to the human
sequence, using homologous recombination in embryonic stem cells. The mouse and human
ARs are identical in DNA and ligand binding domains, but diverge by 15% in the N-terminal
transactivation domain, most notably in the extent and position of a glutamine tract. The length
of this tract is inversely correlated with tumor risk in man and receptor strength in vitro. The
effect of AR alleles differing in glutamine tract length is being tested in the context of a
transgenic mouse tumor model, TRAMP, developed by Norm Greenberg at Baylor. This model
also allows us to examine mutations that arise in AR during progression. AR mutations in
TRAMP tumors occur in different receptor domains dependent on hormonal status. Such
mutations may be associated with acquisition of androgen-independent growth which, in man,
leads to resistance to therapy, a major clinical problem. The sites of mutation in human AR
sequence, particularly within the transactivation domain, may identify proteins that, by their
interaction with receptor, are potential therapeutic targets. These mice also allow preclinical
testing of innovative anti-androgen regimens, suggested by differences in vitro in the mechanism
of action of the common antagonists, flutamide and bicalutamide. Further, these mice may be
informative for breast cancer studies, since long glutamine tract ARs appear to increase the risk
of breast cancer in men.

To assess broad interactions of androgen and estrogen, some of which underlie side
effects of hormonal therapies, we are also studying mice deficient in one or both receptors.
Perhaps surprisingly, mice deficient in both AR and ER are generally healthy, but effects in
testes, bone, and liver underscore the importance of estrogen in males. These mice highlight cell
and tissue specificity of enhancing and opposing actions of sex steroids, and may reveal species-
specific differences in AR function in diverse pathways, helping to define human physiology.

13



Appendix 2.2 — abstract for 2" International Conference on Prostate
Cancer, lowa City, 10/02

Androgen Receptor Genetic Variation and Prostate Cancer in Mice.
Arno Scheller, Ivelisse Gonzalez, Michele Brogley, Mara Steinkamp and Diane M. Robins.
Dept of Human Genetics, University of Michigan Medical School, Ann Arbor, MI 48109-0618.

Despite diverse genetic and environmental factors contributing to prostate cancer, tumors initially depend
on androgen for growth, reflecting crucial roles of the intracellular hormone receptor (AR) in regulating gene
expression. Because of its importance in disease initiation and progression, AR is a key target in therapy. Genetic
polymorphisms in AR have been associated with disease risk, and somatic mutations are observed in later stages.
The significance of these variations has been difficult to study, however, due to the lack of patient material from
early stage disease and the paucity of animal models to address underlying mechanisms.

T