Award Number: W81XWH-14-1-0032

TITLE: Targeting Premalignant Lesions: Implications for Early Breast Cancer Detection and
Intervention

PRINCIPAL INVESTIGATOR: Dr. Aman Mann

CONTRACTING ORGANIZATION: Sanford-Burnham Medical Research Institute
La Jolla, CA 92037

REPORT DATE: April 2015

TYPE OF REPORT: Annual

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 oM N 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 2. REPORT TYPE 3. DATES COVERED 1 Apr 2014 - 31
April 2015 Annual Mar 2015
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

5b. GRANT NUMBER

Targeting Premalignant Lesions: Implications for Early Breast Cancer e

Detection and Intervention S PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

5e. TASK NUMBER
Aman Mann

5f. WORK UNIT NUMBER
E-Mail: amann@sanfordburnham.org

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

Sanford-Burnham Medical Research 10901 N. Torrey Pines Road

Institute La Jolla, CA 92037

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

Breast cancer progression constitutes a multistep process through a series of intermediate hyperplastic and neoplastic stages
to invasive carcinoma. In this study, we aimed to identify peptides that specifically recognize premalignant lesions in the
mammary tissue. To achieve this goal, we utilized the power of phage display to probe hyperplastic lesions associated with
premalignant disease in a transgenic MMTV-PyMT animal model. After multiple ex-vivo and in-vivo rounds of selection, we
identified a peptide, Prem-1, that on intravenous administration, specifically homed to premalignant mammary lesions. Prem-1
also homed to fully developed breast tumors in the same animal model, suggesting that the putative receptor for Prem-1 is
expressed throughout the progression of the disease. Interestingly, Prem-1 did not show any affinity to normal breast tissue.
Furthermore, we also identified 2 other candidate peptides that showed significant homing to premalignant lesions with a very
different binding pattern as compared to Prem-1. We hypothesized that all three peptides recognize early changes in the
breast tissue microenvironment but each bind a different target receptor in the tissue. We are currently investigating these
receptors and analyzing their expression in breast cancer progression.

15. SUBJECT TERMS
Breast cancer, Premalignant lesions, early intervention, homing peptides, nanomedicine,

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 10 19b. TELEPHONE NUMBER (include area
code)
Unclassified Unclassified Unclassified Unclassified

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




Page
1. INtroduction.......coeueeiiieiiiii e e e eaeeae 3
2. KeyWOrds. . ..ottt 3
3. Accomplishments........ccoeuiiinniiiiiiiiiiiiiiiiiicreieeraeaee 3
U § 1)1 T 8
5. Changes/Problems.............eiinneiiiiiiiiiiiiiiiiiiieieeeeieeeaaans 8
6. Products......c.eueiiniiiiiii ittt 8
7. Participants & Other Collaborating Organizations............... 9
8. Special Reporting Requirements............cccooeeiiiineiiiiieniiinnnnn.. 9
9. APPENAICES....uenneiiiiieii it eaas na

Table of Contents



1. INTRODUCTION:

Difficulty in managing treatment of advanced stage breast cancer has led to the goal for detection
and intervention of early-stage disease. However, current non-invasive methods are not specific
enough to reliably detect early breast cancer. Our laboratory has successfully employed in vivo
screening of phage libraries to develop new probes for breast tumors. Progression of breast
cancer constitutes a multistep process wherein each stage is characterized by distinct phenotypic
changes that occur in the mammary gland. We proposed to utilize this animal model to probe
early stage (premalignant) lesions with phage libraries to identify novel peptides that specifically
recognize the premalignant stage of breast cancer. These peptides and the identification of their
putative receptors will help our understanding of the underlying biology of breast cancer
progression. Furthermore, these probes will be used to develop targeted therapeutic nanoparticles
for early intervention in breast cancer.

2. KEYWORDS:

Early breast cancer, early detection, homing peptides, premalignant lesions, targeted
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3. ACCOMPLISHMENTS:

Major Goals and Objectives approved (and completed) for this project are as follows:

Specific Aim 1: Identify peptides that specifically home to premalignant breast lesions
(Months 1-12)

Task 1. To screen phage libraries for new peptides that specifically recognize premalignant
lesions (Months 1-9):
o0 Develop and characterize the CX7C and X7 phage libraries for screening
(COMPLETED)
o Screening of libraries in MMTV-PyMT animals (COMPLETED)
o0 High throughput sequencing on recovered phage from these lesions
(COMPLETED)
o0 Bioinformatics analysis (ONGOING)

Task 2. To validate the homing specificities of individual phage and synthetic peptides
(ONGOING)

o0 Individually test homing of identified phage (ONGOING)
Determine phage specificity to premalignant lesions (TO BE DONE)
Phage overlay on human tissue microarrays (TO BE DONE)
Validation of peptide homing in MMTV-NeuYD transgenic mouse model (TO
BE DONE)
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Specific Aim 2: Identify and characterize putative receptors in premalignant lesions
(Months 12-24).

Task 1: To identify putative receptors of these peptides in these early lesions (Months 12-15)
Task 2: To characterize the identified receptor in early lesions (Months 15-18)

Task 3: To study significance of receptor in disease progression across different stages of breast
cancer (Months 18-24)

Specific Aim 3: Target premalignant lesions utilizing peptide-conjugated nanoparticles to
prevent/delay progression of premalignant lesions to invasive breast cancer (Months 18-36)

Task 1: To engineer and characterize peptide conjugated therapeutic nanoparticles (Months 18-
24)

0 Develop peptide nanoparticle drug conjugates (Months 18-20)

o0 Characterize targeted nanoparticles (Months 20-24)

Task 2: Study the effect of targeted delivery of therapeutic nanoparticles on the onset of the
disease (Months 24-36)
o Treat MMTV-PyMT animals with peptide nanoparticle conjugates (Months 24-
32)
o Evaluate tumor progression (Months 32-36)

RESULTS:

Specific Aim 1: Identify peptides that specifically home to premalignant breast lesions

As part of this aim, we have further characterized two peptides (IDG and CSG) from our panel of
peptides that home to the premalignant lesions. The two peptides show very distinct localization
in these early tumor lesions. For instance, IDG peptide binds to fibroblasts in the premalignant
lesions as shown in Fig.1. We are in the process of confirming if these fibroblasts are the cancer
associated fibroblasts (CAFs). CAFs have been reported to be present in the premalignant lesions
(ref).

On the other hand, the CSG peptide binds to components in the extra cellular matrix. The matrix
seems to undergo a change to facilitate the tumor initiation and progression. We analyzed the
expression of two ECM components in these early lesions, Nidogen-1 and Laminin (Fig. 2).

Both of these members show re-organization of the matrix in the mammary glands containing the
early cancer lesions. On further analysis, we determined that CSG peptide co-localizes with
Nidogen-1 (Fig. 3).












Dissemination of results:
1. Presented highlights of this work on December 3, 2014, at the Annual Holiday Party of
Group of 12 - a community service group in La Jolla stressing health, education, and
friendship.

2. Presented at the inaugural Postdoc Open-Mic Night conducted in La Jolla by Scripps
Research Institute in collaboration with The Salk Institute and UCSD.
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