AD

Award Number: W81 XWH-08-1-0220

TITLE:
Role of IRS1 and IRS2 in Modulating ErbB-induced Tumorigenesis

PRINCIPAL INVESTIGATOR:
Beate Litzenburger

CONTRACTING ORGANIZATION:
Baylor College of Medicine
Houston, TX, 77030

REPORT DATE:
May 2009

TYPE OF REPORT:

Annual Summary

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 Arm y position, policy or decision unless so
designated by other documentation.



Form Approved
REPORT DOCUMENTATION PAGE OMB No. 0704-0188

Public reporting burden for this collection of information is estimated to average 1 hour p er response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the da ta needed, and
completing and reviewing this collection of information. Send comments re garding this burden estimate or any other aspect of this collection of in formation, including suggestions for reducing this burden to Department of Defense,
Washington Headquarters Services, Director ate for Information Operations and Re ports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302. Respondents shou Id 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)
01-05-2009 Annual Summary 04-14-2008 — 04-13-2009
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

Role of IRS1 and IRS2 in Modulating ErbB-induced Tumorigenesis

5b. GRANT NUMBER
W81XWH-08-1-0220

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER
Beate Litzenburger

5e. TASK NUMBER

Email: litzenbu@bcm.tme.edu 5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION REPORT
Baylor College of Medicine, Houston, Texas, 77030 NUMBER

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, 11. SPONSOR/MONITOR’S REPORT
Maryland, 21702-5012 NUMBER(S)

12. DISTRIBUTION / AVAILABILITY STATEMENT

Approved for public release; distribution unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

Insulin receptor substrates 1 and 2 (IRSs) are adapter proteins which are
required for the transformng ability of many oncogenes. Up to date, little is
known about the interaction between IRSs and ErbB2 in epidermal growth factor
receptor (ErbB2/Her2/ Neu) anplified breast cancer. In a nouse study we found
that overexpression of |IRS2 had no effect wupon ErbB2 induced mammary
tunorigenesis in vivo. Wiole nounts and hematoxylin and eosin (H&E) analysis
revealed no mmjor norphological differences in ductal branching and tunor
type(solid adenocar ci nomas) bet ween Er bB2 and bi geni ¢ (ErbB2/ 1 RS2)
overexpressing mce. Furthernore, the netastatic potential of ErbB2 is not
changed by additional overexpression of |RS2.

15. SUBJECT TERMS
Insulin Receptor Substrate (IRS), IRS1, IRS2, epidermal growth factor receptor (EGFR/ErbB), ErbB2,

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 Uuu 17 19b. TELEPHONE NUMBER (include area

U U U code)

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




Table of Contents

INEFOAUCTION. .. .. e e e e e
2 00
Key Research Accomplishments..........cooooiii i e,
Reportable OULCOMES. ... ..o vt e e e e e e e e
(@0 o Tox 1113 (o] o
RETEIEINCES. .. .ttt e e

N 0 T o ot

13

13

13

14

15



INTRODUCTION

Insulin receptor substrate 1 and 2 (IRS1 and IRS2) are adapter proteins that link signaling
from upstream activators to m ultiple downstream effectors. IRSs m odulate and coordinate
multiple signaling cascades involved in norm al growth, metabolism and survival su ggesting that
they may play a role in cancer. Indeed, IRSs are required for the transforming ability of ma ny
oncogenes and IRSs are elevated and hyperactive in many human tumors and high IRS1 levels
are associated with poor prognosis in breast cancer. Adapter proteins have been shown to play an
important role in epide rmal growth f actor rec eptor (ErbB2/Her2/Neu) amplified breast cancer.
However, there is little known about the IRS interaction with ErbB2 in cancer developm ent and
progression. Therefore, | hypothesize that ErbBs bind and phosphorylate IRSs, and that
levels of IRSs will modulate ErbB-induced tumorigenesis. The significance of this research
project is th e realization that IRSs are not sim ply mitogenic and metabolic signaling elements,
but that they have num erous other functions that strongly implicate them in cancer development
and progression. I believe that th is proposal will increase our unde rstanding of ErbBs in cancer
development and progression, and m ay provide eviden ce and strategies for inhibiting IRSs as a
therapeutic strategy in breast cancer.



BODY
1) Research and Training Accomplishments

The Breast Center at Baylor College of Medicine (BCM ) provides a unique training
environment with multiple opportunities for me to grow as a young research scientist. In the past
year, | have taken full advantage of thes e opportunities and will outline m y prim ary
accomplishments here.

- attended and presented data in poster format at the Department of Medicine Research
Symposia (April 2008)

- attended and presented data in poster format at the Gor don Conference on “Insulin-
like growth factors in physiology and disease* (March 2009)

- audited a Translational Breast Cancer Research course taught here at BCM by faculty
members of the Breast Center (December 2008)

- contributed a section to a text book chap  ter e ntitled “ Insulin-Like Growth Facto r
Signaling in Normal Mammary Gland Devel opment and Breast Cancer P rogression,”
which was published in 2008

- contributed to a review article en  titled “The Type-I Insu lin-Like Growth Factor
Receptor Pathway: A Key Player in Cancer ~ Therapeutic Resistan ce”; th is artic le
largely focuses on the role of the insulin- like growth f actor pathway in m ediating
resistance to num erous cancer therapies, such as radiation and chem otherapy, and
targeted therapies, such as Tamoxifen and trastuzumab (May 2008)

- Published a first author research arti  cle entitled “BMS-536924 Reverses IGF-IR-
Induced Transformation of Ma mmary Epithelial Cells and Causes Growth Inhibition
and Polar ization of M CF7 Cells”. This ar ticle was pub lished in Clinical Cancer
Research describing a preclinical study sugge sting that targeting IGF-IR may be an
effective strategy for the treatment of human breast cancer (January 2009).

2) Research Project

IRS1 and IRS2 are adaptor pro  teins that link signaling from upstream activators to
multiple do wnstream e ffectors to m odulate norm al growth, m etabolism, survival, and
differentiation. IRSs can interact with, and are functionally required for the transforming ability
of m any oncogenes, and are el  evated and h yperactive in br east cancer. A recent protein
microarray showed that IRS1 bind ErbB1 and Er bB2 [1]. We have shown that MCF10A cells
overexpressing IRS1 or -2 are hypersensitive to EGF. In dete rmining th e m echanistic
explanation for this, we found that ~ EGF can phosphorylate and activate IRSs.  Therefore, |
hypothesized that ErbBs bind and phosphorylate IRSs, and that levels of IRSs will
modulate ErbB-induced tumorigenesis.

During the first year of the project [ have mainly focused on the role of IRS-2 in ErbB2-
mediated tumorigenesis in transgenic m ice. This was initially plann ed as Specif ic Aim 4,
however the laboratory had set up the breeding before this award as these experiments can take a



long time. I will therefore first discuss the results from Specific Aim 4 as this has direct im pact
upon the other three specific aims.

Specific_Aim_4: Determine whether elevated (MMTV-IRSs) IRS levels affect ErbB2-
induced tumorigenesis.

As described in my proposal Aim 4 was designed to test the effect of cross-talk between
ErbB2 and IRSs on m ammary tumorigenesis in vivo. Therefore we set up the following m ouse
study: Homozygous MMTV-ErbB2 m ice were bred with heterozygous MMTV-IRS2 m ice to
produce 2 cohorts for study — heterozygous MM TV-ErbB2 and bigenic heterozygous MMTV-
ErbB2/MMTV-IRS2. The study was perform ed in m ultiparous (2 preg nancies) mice, since we
have shown that IRS-induced tumorigenesis is significantly enhanced by pregnancy [2].
Multiparous MMTV-IRS2 transgen ic female mice developed tumors significantly faster with a
mean ti me to tum or for mation (MTTF) of 68 weeks compared to  virgin m ice (MTTF =95
weeks) with a p-value <0.001, probably due to  the hormonal stimulation of MMTYV transgene
expression during pregnancy and lactation [2]. Female mice were housed 4 per cage and palpated
twice a week. Animals were harvested when tumors reached 1000mm’.

We first exam ined the effect of IRS- 2 and ErbB2 overexpression on norm al mammary
ductal outgrowth in adult tran  sgenic ErbB2 and bi genic ErbB2/IRS2 m ice. Several studies
support the im portance of the GH/IGF-1 axis  and resp ective recep tors in m ammary gland
branching. IGF causes outgrowth of prim ary branches during development. In addition evidence
also indicates that th e transm embrane tyro sine kinase and potential EGFR partner ErbB2
influences ductal m orphogenesis [3]. Finally, any effect on norm al developm ent would likely
alter subsequent tum origenesis thus we felt it important to first examine the norm al mammary
gland.

Primary branches as well as secondary side-branches w ere counted m anually in 10
bigenic and 9 transgenic ErbB2 whole mounts which is sum marized in table 1. Representative
whole m ounts show no difference in the duc  tal m orphogenesis (Figure 1A). Bigenic m ice
developed 32% primary branches whereas ErbB2 transgenic mice developed 30% primary ducts
which is not significantly different (p-value =~ =0.37) (Figure 1B). W e didn’t observe any
significant difference in seconda ry side branching between the bigenic and E rbB2 mice with
68% and 70% secondary ductal outgrowth (p-value = 0.15), respectively (Figure 1B). Thus, we
concluded that IRS2 does not  alter branching m orphogenesis in adult ErbB2 overexpressing
mice.
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Figure 1: A. Representative whole mounts of mammary glands from adult ErbB2/IRS2 bigenic mice and
ErbbB2 transgenic mice. Pictures were taken at 2x magnification. B. Quantification of manually counted
mammary primary and secondary branch points.

Table 1: Summary of whole mount analysis and primary and secondary branch points

Number of Primary (%) Secondary (%) Total
whole mounts 90° 60° All
. 7.94 £ 0.80 16.5+1.49
+
Bigenic 10 (32%) (68%) 25.15+2.23
9.06 +£0.88 20.56 £2.27
.67 £3.
ErbB2 9 (30%) (70%) 29.67 +£3.04
P value 0.37 0.15 0.24

Given that there was n o m ajor difference in norm al m ammary gland developm ent in
ErrB2 vs. ErrB2/IRS-2 transgenic mice, we next compared the median time to tum or formation
(MMTF) by Kaplan-Meier p lots in the sam e sets of m ice. Table 2 illu strates the percen t of
animals without mammary gland tumors versus the day tumors were first palpated. We found no
significant difference in tum or development between ErbB2 transgenic (MTTF 30.5 weeks) and
bigenic m ice (MTTF 3 0.5 weeks). W hen tumors reached approxim ately 1000m °, they were
harvested and a representative pa rt was cut for histological anal ysis. At the tim e of harvest we
observed macro-metastasis in both groups.

Table 2: Comparing Groups: End of Tumor Study Summary

animal

MMTV-ErbB2 MMTV-ErbB2/ MMTV-IRS2
28 (31) 21 (24)
Number of Tumors 90% 88%
MTTF 30.5wks/ 7.6 m 30.5 wks/ 7.6m
Lung Metastasis Yes Yes
Average number of tumors per 243 205
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Figure 2: Kaplan-Meier tumor curve illustrates the percent of
= += MMTV-ErbB2 animals without mammary gland tumors versus the day
Z 754 tumors were first palpated comparing MMTV-ErbB2
E e MMTV-ErbB2/IRS2 Frgnsgenic mice to bigenic ErpBZ/IRSZ mice. Bigenic mice
2 50 initiated mammary tumorigenesis at the same rate as ErbB2
o I“ transgenic mice alone. Table 2: 90% of females with ErbB2
E 25 . overexpression, and 88% of the bigenic mice developed

— - tumors with a MMTF of 30.5 weeks or 7.6 months
0 . . ; ; . , respectively.
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We next ex amined the histol ogy of ErbB2 overexpr essing tum ors and com pared them with
mammary tum ors overexpressing ErbB2 and IRS2. Histologica 1 analysis was perform ed by
H&E staining of 25 ErbB2 m ammary tumors and 24 bigenic m ammary tumors. ErBB2 tum ors
were predom inantly adenocarcinoma (88%, 22 out of 25 tum ors), which lack myoepithe lium,
keratinization or squamous m etaplasia. Som e of the ErbB2 tu mors had dense strom a wit h
lymphocytic infiltrates. Only two tumors display squamous carcinomas (8%, 2 out of 25 tum ors)
(Table 3).

In contrast to ErbB2 tumors, which are pr  edominantly adenocarcino ma Dearth at al.
reported that MMTV-IRS2 induced tum ors exhi bit only 20% solid nodular adenocarcinom as.
Most of th e IRS-2 tr ansgenic tu mors are  highly differentiated ch aracterized by ductal
architectures or less-differentiated tumors without ductal structure. Highl y-differentiated tumors
display extensive squam ous differentiation, dense strom a with lym phocytic infiltrates,
keratinization, and/or glandular acini formation with lactating properties [2].

We found that 66% of the ErbB2/IRS2 bigenic tumors are predominantly undifferentiated
solid nodular m ammary tum or with sparse strom a being absent of myoepithelial cells and
squamous metaplasia. Interestingly, bigenic tumo rs are more differentiated com pared to ErbB 2
transgenic mice alone. Differentiated tumors displayed squamous differentiation with 21% of all
bigenic tumors being sq uamous carcinomas, other tum ors showed characte ristics of a papillary
tumor with defined cords of br anched ductal arch itecture or glandu lar acin i fo rmation with
lactation (Table 3).

In conclusion, overexpression of IRS and Er  bB2 resulted in tum ors which are more
differentiated than ErbB2 tum ors. However, the difference in the tum or histology does not
correlate with a faster tumor growth as shown previously in the Kaplan Meier survival plots.



Table 3: Histological characteristics of mammary tumors from ErbB2 transgenic and bigenic mice

Histological tvpes MMTV-ErbB2 MMTV-ErbB2/MMTV-IRS2
& yp 25 tumors/18 animals 24 tumors/17 animals

Undifferentiated

Solid Adenocarinoma 188% (22/25) l66% (16/24)

Differentiated

Adenosquamous hone 49 (1/24)

Carcinoma

Squamous Carcinoma 8% (2/25) 21% (5/24)

Papillary None 4% (1/24)

Myoepithelium None None

Stromal reaction Some 28% (7/25) Some 33% (8/24)

Inflammatory infiltrate Necrosis Necrosis

Lactation 4% (1/25) 4% (1/24)

Keratination K14 pqsmve (ER/PR negative) [K14 pqsmve (ER/PR negative)
(no swirls) (no swirls)

IAngiogenesis 76% (19/25) 33% (8/25)

Table 3: H&E staining of mammary tumors promoted by ErbB2 or bigenic (ErbB2/IRS2) overexpression
were analyzed for histology. Histological analysis showed that ErBB2 tumors were predominantly
adenocarcinoma. In contrast bigenic tumors were more differentiated characterized by squamous
carcinoma, papillary structures with defined cords of branched ductal architecture and lactation.

While characterizing th e hi stology we observed that Er bB2 tum ors exhibited higher
angiogenesis com pared to bigenic tum  ors (76% vs. 33%, Table 3). New blood vessel
development is critical for tum or growing and spreading and thus is an im portant process in
tumor progression. Neovascularization influences the dissem ination of cancer cells to distinct
sites and the vascularization level of a solid tum or is thought to be an ex cellent indicator of its
metastatic p otential [ 4]. Thus we next com pared th e m etastatic po tential of M MTV-ErbB2
tumors and bigenic tumors by examining lungs from mice when tumors reached 1000mm”.

Metastatic lung tum ors were observed in  50% of ErbB2 transgenic m ice (9 out of 18
lungs, Table 4), and 53% of ErbB2/IRS2 bigenic mice (7 out of 17 lungs). The majority of the
metastasis is found in blood vessels, which ar e considered asnoni  nvasive (Figure 3A).
However, 7 out of 49 (14%) m icro-lung metastasis in the ErbB2 transgenic m ice and 10 out of
31 (32%) micro-lung metastasis in the bigenic group were invasive. These lung tumors presented
characteristics of the prim ary tumor (Figure 3B). We observed that each metastatic lung had at
least one a denocarcinoma, other m etastasis a re m ore dif ferentiated sim ilar to their p rimary
tumors (Figure 3B).



Figure 3: Representative H&E
staining of lung metastasis
promoted by ErbB2 and by bigenic
(ErbB2/IRS2) overexpression. For
detection of lung metastasis,
sections were cut at intervals of
100um through one half of the lung
and all sections were stained by
hematoxylin and eosin (H&E) and
then examined microscopically. We
scored lungs positive for lung
metastases if they contained
lesions with more than 100 cells.
A. The majority of the metastasis of
both study groups was found in

7 L AHEG blood vessels, which is considered
L~ ;'.f.ém,B,Z' as non invasive. B. H&E images of
lung metastasis showing
B. bigenic ErbB2 characteristics of the primary
o | (T e T _ . mammary tumor. All pictures were
!:QP'"W % . |[Differentiated . taken at 20x magnification.
- o ¢ r ;
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In summary, we observed that ErbB 2 tumors exhibited higher angiogenesis compared to bigenic
tumors (76% vs. 33%, Table 3). However, this does not correlate with a higher m etastatic
potential of MMTV-ErbB2 with 50 % metastatic lung tumors compared to 53% in ErbB2/IRS2
bigenic mice.

Table 4: Histological characteristics of lung tumors from ErbB2 transgenic and bigenic mice
Lun Number of Tumor
Animal 9 [metastasis/tumor| Macro Micro
Tumor . Type
(macro + micro)
50% 6.5 6/9 mice | 9/9 mice |* Adenocarcinoma
ErbB2 9 /lg 9 animal 1.7 tumors | 5.4 tumors | Differentiated lung tumor
(O/18) antmats per mouse | per mouse |* Apoptotic
3/9 mice 7/9 mice | Adqnocarcmoma
Bigenic 33% >4 2 tumors | 4.4 tumors | Papillary lung tumor
g (7/17) 7 animals ' » Differentiated lung tumors
per mouse | per mouse .
*  Apoptotic

The data I presented to date showed that ~ overexpression of IRS2 has no effect upon ErbB2
induced m ammary tumorigenesis. Whole m  ounts and H&E analysis revealed no m ajor
morphological differences in ductal branching an d tumor type (solid adenocarcinomas) between
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ErbB2 and bigenic anim als. Furtherm ore, the m etastatic potential of ErbB2 is not changed by
additional overexpression of IRS2.

This data directly contradicts m  y hypothe sis and suggests that either there is no
interaction between ErbB2 and IRS2 or that IRS2 is not required for modulation of ErbB2 action.
It is not cle ar yet if there is tru ly no cross-ta lk between ErbB2 and IRS 2. To directly assess
whether there is any functional interaction I wi ll examine interaction between IRSs and E rbB2
(Specific Aims 1 and 2) and I will knockdown expression of IRS2 in ErbB2 m ammary cancer
cells in vitro. I expect that there m aybe no association, or biological effect, of IRS-2 knockdown
which would contradict m y hypothesis and questi on the relevance of previous studies that
suggest there maybe an important function of IRS2 downstream of ErbB2 in breast cancer.

Specific Aim 1: Test whether IRSs bind ErbBs in vitro and in vivo, and if ErbBs directly
phosphorylate IRSs:

I have begun prelim inary investigation into whether IRS2 co-imm unoprecipitate with ErbB2
using imm ortalized MC F-10A human m ammary epith elial cells that s tably overex press either
HA-tagged IRS2 [2]. I was successfully able to pull down HA tagged IRS2. However co-
immunoprecipitation sh owed little or no intera ction between HA tagged IRS2 and ErbB2 or
EGFR, respectively. My preliminary experiments are yet inconclusive. In my future experiments
I will include a positive control, showing the interaction between IRS2 and IGF-IR.

Figure 4: MCF10A cells stably
Her EGF expressing HA tagged IRS2 were
6onMimi t - 1ge 20ngimi + - 188 | starved in serum-free medium (SFM)

EroB2 . [— overnight and then treated for 15 min
r S with  Heregulin  (60ng/ml) or EGF

. HA IRS2 (20ng/ml). IRS2 was immunoprecipitated
HAIRS2 !— - -. = with an HA antibody and protein levels
were detected by Western blot using
antibodies against either HA, ErbB2 or
EGFR.

Input
Input

IP: HA IP: HA

To more completely characteri ze the role of IR S2 in m odulating ErbB2 based upon our results
from Specific Aim 4 (and this was commented on in the peer review of my project), I plan to
investigate the association between ErbB2 a  nd IRS2 by co-imm unoprecipitation in m ouse
mammary tum ors cells from MMTV-ErbB2 tran sgenic mice. Dr. Brown kindly provided us
mouse cell lines which were generated from MMTV-ErbB2 m ice. I pe rformed one initial
experiment to determ ine the expression level  of ErbB2 and also IRS2 in these cell line S.
Immunoblot analysis confirmed ErbB2 overexpression and presence of IRS2 in all 3 m ouse cell
lines. I’'m continuing to plan co-immunoprecipitation in the next couple of m onths. I hope to
resolve the current issue as to whether there is an interaction between

(oY ] =
4 % < | IRS2and ErbB2.
5 & o
woowoou Figure 4: MMTV-ErbB2 mouse cell lines express ErbB2 and IRS2. The
IRS2 o= gy *—= mouse cell lines E15-1A-5, E18-9A-42, E18-7a-51 were cultured in

complete medium. Protein levels were detected by immunoblot analysis

EbB2 (e using antibodies against IRS2 and ErbB2 or beta actin.

Beta actin e ———
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All our previous observations during our m ouse study lead us to the assump tion that there is no
requirement of IRS2 in ErbB2 actio n. To test th is hypothesis, I will th erefore perform transient
reduction of IRS2 levels in the MMTV-ErbB2 m ouse cells with siRNA and ex amine effects on
proliferation. I hope that thes e initial experim ents answer th e phenotype seen in the above
described mouse study.

Specific Aim 2: Compare and contrast IRS signaling activated by ErbB versus IGF-IR

I have perf ormed a pr eliminary experim ent using reverse phase protein lysate arrays
(RPPA) to examine EGF signaling compared to IGF signaling. For this pilot experiment, MCF-7
breast cancer cells were stim ulated with EGF or IGF-1 and then lys ates were pr inted on glas s
slides and h ybridized with over 100 antibodies. The experim ent was s uccessful and we noted
interesting differences in these signaling pathways (data not shown). Thus this technique is now
available to exam ine how IRSs alter ErbB2-1 nduced signaling. However, given the lack of
biological e ffect in the transgen ic mice, we will not pe rform this time consum ing and costly
experiment until we h ave strong evidence that IRSs are modulating the bio logy of ErbB2
induced tumorigenesis.

Specific Aim 3: Test whether IRSs are required for the disruption of polarity by ErbBs

This aim has not yet been started.

-12 -



KEY RESEARCH ACCOMPLISHMENTS

= [RS2 does not alter branching morphogenesis in adult ErbB2 overexpressing mice.

= QOverexpression of IRS2 had no affect upon  ErbB2-induced m ammary tum origenesis,
with median time to tumor formation of 30.5 weeks, respectively.

= Qverexpression of both oncogenes, IRS and Er bB2, resulted in tum ors which are more
differentiated than ErbB 2 tumors. However, the difference in the tum or histology does
not correlate with a faster tum  or growth as shown previously in th e Kaplan Meier
survival plots.

* In summary, we observed that ErbB2 tum ors exhibited higher angiogenesis com pared to
bigenic tumors (76% vs. 33%, Table 3). Howe ver, this does not correlate with a higher
metastatic potential of MMTV-ErbB2 with 50% metastatic lung tumors compared to 53%
in ErbB2/IRS2 bigenic mice.

REPORTABLE OUTCOMES

= (Casa, A., Litzenburger, B., Dearth, R., and Lee A.V. Insulin-like growth factor signaling
in normal mammary gland developm ent and breast can cer progression. Breast C ancer:
Prognosis, Treatm ent, and Prevention . 2™ Ed. Editor: Jor ge R. Pasqualin i. New York,
NY, 2008. 303-321.

= (Casa, A., Dearth, R.K., Litzenburger, B.C., Lee, A.V., and Cui, X. The type [ ins ulin-
like growth factor recep tor pathway: a key p layer in cancer therapeu tic resistance. F ront
Biosci. 2008 May 1; 13: 3273-87. Review.

= Litzenburger BC, Kim HJ, Kuiatse I, Carboni, J. M ., Attar, R. M., Gottardis, M. M.,
Fairchild, C. R., Lee, A. V. BMS-536924 re  verses IGF-IR-induced transform ation of
mammary epithelial cells and cause s growth i nhibition and polarizatio n of MCF7 cells.
Clin Cancer Res 2009; 15(1): 226-37.

CONCLUSION

IRSs ar e adapt er pr oteins which are required for the tr ansforming ability of m any
oncogenes. In addition, IRSs are elevated  and hyperactive in m any hum an tumors. Adapter
proteins have been shown to play an im  portant role in ErbB2 (Her2/ Neu) am plified breast
cancer. However, there is little known about the IRS interac tion with ErbB2 in cancer
development and progression. A better understandi ng of the how IRS modulate ErbB2 induced
mammary tumorigenesis may provide evidence and strategies for inhib iting IRS as therap eutic
target in breast cancer. The research I have pe rformed so far suggests that IRS2 is not required
for modulating ErbB2 induced tum origenesis in vivo. However, the experiments in the past year
still leave many more questions open that need to be addressed. My imm ediate goal is to assess
whether IRS2 is d irectly binding to ErbB2 vi a co-immunoprecipitation. Additionally, I want to
se whether loss of IRS2 affects ErbB2 function in ce 1l lines. IfI find no effect here, this would
be strong evidence that IRS2 doesn’t signal down stream of ErB2. While this would directly
contradict my hypothesis, this is an im portant observation that challenges the rationale for the
study and would be reported so as to make other investigators aware of the lack of interaction.

-13 -



Over the past year [ have also attempted to expand m y studies. Recently, m y mentor
developed and published on a unique transgenic model overexpressing constitutively active IGF-
IR (CD8-IGF-IR) which showed disrupted m ammary gland developm ent and rapid appearance
of mammary gland tumors [5]. Accum ulating evidence indicates that crosstalk occu rs between
IGF-IR and ErbB2/Her2, and in particular that  this cro sstalk m ay mediate resis tance to anti-
HER?2 therapy [6]. To better understand the mech anism of crosstalk in tum origenesis between
these two oncogenes, we interbred heteroz ygous MMTV-CD8-IGF-IR m ice with heterozygous
MMTV-ErbB2 m ice to generate 4 different  genotypes: MMTV-CDS8-IGF-IR/MMTV-ErbB2
(bigenic), MMTV-CD8-IGF-IR only, MMTV-ErbB2 only, and FVB/N wild type (wt). The data,
to date, is prom ising. Bigenic m ice developed tu mors significantly faster than either of the
transgenic m ice alone. Currently, we are anal  yzing the histology by H&E staining and by
Immunohistochemistry. This mouse study may provide us with clues of how the two pathways,
IGF-IR and ErbB2, may interact.
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