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biological relevance of this miRNA. We found that miR-181a induced platinum-resistance through the
maintenance of cancer stem cells via the regulation for TGFb and Wnt signaling pathway. In summary, through
the funding provided by the CDMRP we were able uncover several miRNAs that correlate with patient
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that targeting this miRNA as a novel therapeutic option in ovarian cancer (Task 3).
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Introduction

Epithelial ovarian cancer (EOC) is the most lethal gynecologic malignancy. Platinum and taxane-based drugs
are used in combination as first-line chemotherapeutics for women newly diagnosed with EOC, unfortunately
approximately 20% do not respond to this treatment and have very poor outcomes due to chemoresistance,
making advanced ovarian cancer particularly difficult to eradicate. Given the crucial importance to overcome
chemotherapy resistance to platinum therapy, we hypothesize that miRNA profiling in EOC cell lines and
surgical specimens with varying chemosensitivities will uncover a potential predictive “fingerprint” for
individualized therapy, while further biological validation of these miRNAs signatures will allow for the
development of novel therapeutic strategies to enhance chemosensitivity. The overarching goal of this project is
to identify miRNAs involved in the development of ovarian cancer chemoresistance and ascertain their
biological relevance using both in vitro and in vivo models of ovarian adenocarcinoma. To test our hypothesis,
we propose to: 1) Validate the clinical relevance of the miRNA signature we identified in our in vitro model of
chemosensitivity using a well-defined clinical cohort of ovarian cancer specimens; 2) determine the biological
and functional relevance of the miRNAs that correlate with chemotherapeutic response; 3) explore whether in
vivo targeting of miRNAs that are overexpressed in chemoresistant cancer cells can sensitize chemoresistant
ovarian tumors to platinum treatment and inhibit ovarian cancer dissemination in a pre-clinical ovarian cancer
mouse model. Our study, if successful, will identify key miRNAs involved in the regulation of chemoresistance
in EOC and significantly contribute to the understanding of their biology and function in vitro and in vivo.
Those miRNAs may also serve as predictive markers for tailored therapy. Furthermore, targeting these
miRNAs using in vivo will provide a new paradigm for overcoming chemotherapy resistance clinically and thus
improve survival in late stage disease.

KEYWORDS: ovarian cancer, platinum-resistance, microRNA, metastasis, cancer stem cells



ACCOMPLISHMENTS:

What were the major goals of the project?

Given the crucial importance to overcome tumor resistance to first-line agents such as carboplatin, we
hypothesize that miRNA profiling in EOC cell lines and surgical specimens with varying chemosensitivities
will uncover potential predictive markers for individualized therapy, while further biological validation of these
miRNAs signatures will allow for the development of novel therapeutic strategies. Thus, the overarching goal
of this proposal was to identify selected miRNAs involved in the development of ovarian cancer
chemoresistance and ascertain their biological relevance using both in vitro and in vivo models of ovarian
adenocarcinoma.

Task 1: Validate the clinical relevance of the panel of miRNA’s identified in our in vitro model of
chemosensitivity using a well-defined clinical cohort of ovarian cancer specimens.

Task 2: Determine the biological and functional relevance of the miRNAs that correlate with chemotherapeutic
response.)

Task 3: Explore whether in vivo targeting of miR-183 which is overexpressed in chemoresistant cancer cells
can sensitize chemoresistant ovarian tumors to cisplatin treatment and inhibit ovarian cancer dissemination in a
pre-clinical ovarian cancer mouse model

What was accomplished under these goals?

Through miRNA array analysis of an in vitro model of acquired platinum resistance consisting of an OvCa cell
line sensitive to carboplatin, A2780, and its resistant variants, CP20 (moderately resistant) and CP70 (resistant)
which, we have identified a panel of miRNAs that are correlated with carboplatin response (Tables 1 and 2).
Interestingly, the majority of miRNAs were upregulated in the platinum resistant variants compared to the
parental sensitive cell line. Well-known miRNA clusters such as the miR-17-92 and the let7 family were some
the most significantly altered miRNAs. Additionally, we both the moderately resistant and resistant cell lines
had many of the same dysregulated miRNAs with only a few miRNA that were exclusively changed in each cell
line alone (Figure 1).

Table 1: miRNAs downregulated in platinum resistant ovarian cancer cells FC p-value FC p-value
FC p-value FC p-value (cP20/ (cP70/
(cP20/ (CP70/A2780) A2780) A2780)

A2780) let-7g 26.32 0.000026 50.97 0.000021
miR-92a 0.44 0.008 0.23 0.0005 :e:';b 52'191 g'ggg‘;g 537': g'zgzgg

= et-/1 o A o A
M 079 0.04 0.19 0.00005 | let-7e 8.18 0.001984 15.91 0.000152
(miR-210 025 0.004 0.41 0.01 let-7a 6.42 0.003078 13.72 0.002556
i 4 0.3 0.008 0.2 0.004 miR-132 15.73 0.000028 9.33 0.000391
niR-125b 045 0.01 0.14 0003 | |nip23p 15.94 0.000037 10.69 0.000328
miR-363 0.11 0.02 0.13 0.03 miR-9 36.04 0.00003 38.54 0.000007
miR-130a 0.4 0.002 0.73 0.08 miR-148a 8.64 0.000251 7.97 0.000083
ImiR-193a-5p 0.5 0.08 0.8 0.36 miR-7 9.57 0.000011 3.18 0.003136
miR-20a 0.56 0.06 0.15 0.005 miR-27b 8.03 0.001567 3.92 0.001501
miR-19a 0.57 0.07 0.15 0.008 miR-148b 3.19 0.001814 3.69 0.005809
miR-17 0.61 0.11 0.16 0.01 miR-30c 3.23 0.001991 2.21 0.010526
o miR-200c 7.79 0.002082 5.74 0.002728
miR-183 6.64 0.003117 9.07 0.000999
. miR-146b-5p|  9.44 0.004059 4.52 0.020673
Figure 1 miR-196a 3.87 0.007077 3.45 0.005725
Downregulated Upregulated miR-193b 4.81 0.010541 4.93 0.010036
TGRS T i 3.86 0.016774 4.56 0.01578
miRNA miRNA miR-181c 2.81 0.006823 2 0.111084
3.81 0.025935 2.18 0.361897
CP20 miR-181a 1.97 0.048522 1.54 0.127733
miR-181d 2.03 0.048564 1.08 0.953417
8 miR-181b 1.59 0.053891 1 0.89711
miR-199a-3p 2.2 0.000754 1.01 0.973468
miR-21 2.51 0.002247 1.2 0.15501
miR-126 1.65 0.053338 3.32 0.000606
miR-125a-5p 1.84 0.077812 2.05 0.041421
miR-100 3.03 0.08162 4.13 0.013408
miR-191 1.46 0.210084 1.83 0.034618
miR-29a 0.87 0.519884 1.86 0.032717
miR-15b 1.64 0.000377 2.79 0.000285
let-7d 2.21 0.477048 6.13 0.008461




We next sought to confirm our array findings and validate the clinical relevance of the panel of
miRNA’s identified using a well-defined clinical cohort of ovarian cancer specimens. Firstly, in order to
confirm the miRNA array results several of the significantly upregulated miRNAs which have not been
previously associated with chemotherapy response were analyzed in the panel of platinum-resistant ovarian
cancer cell lines. Tagman PCR analysis confirmed that 4 (miR-203, -183, -23b and -132) of the 5 (miR-203, -
183, -23b, -132 and -7) miRNAs analyzed were significantly upregulated in the platinum-resistant cells (Figure
2). In addition, rather then comparing two distinct groups (i.e., sensitive vs. resistant), we directly correlated the
level of each miRNA expression with the IC50 of each cell lines which is a measure of the effectiveness of
platinum in inducing apoptosis. As shown in Figure 3, the expression of miR-203, -183, -23b and -132 reveal a
positive linear correlation with cell resistance. Strikingly, miR-132 expression displays an almost perfect
correlation with cell resistance (R*> 0.98).

Next, in order to assess the clinical relevance of these miRNA we ascertained whether there was a
correlation between miRNA expression and several clinical parameters including progression-free survival and
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dichotomized into miRNA-high or miRNA-low
expressing tumors. Interestingly, only miR-183
showed a trend towards significance with
survival, high expression of miR-183
correlated with poor overall survival (Figure
4). Specifically, tumors with high expression of
miR-183 had a median survival of 27.2 months
whereas those patients who has low expression
the median survival was 53.8 months (p=0.056,
95% CI 1.4-2.6).

Given that none of these preliminary

miRNAs correlated with outcome we continued to expand our clinical cohort and examine the expression of
other miRNAs that correlated with platinum-resistance (Table 1&2) Upon expansion of our clinical cohort we
uncovered a novel miRNA, miR-181a, which was shown to be significantly induced in platinum-resistant cells
(Table 2), correlated with patient outcome and tumor recurrence (Figure SA & B). MicroRNA-181a expression
dichotomized into miR-181a-high or miR-181la-low expressing tumors based on median expression in a

;



clinically annotated patient cohort of high-

. . - . . B.
grade stage III primary papillary serous ovarian Progression-free interval e -
cancer, revealed significant differences in the 1o = miR-181a low 5 S5 sdes
00 ' : - - oaucs}f... 1
median progression-free survival (PFS) (59.9 s =i miR-181a high g w@ Lot g
. . . R
months) for patients with low miR-18la & e e *
| . . E 60 "P=0-002 Sensitive Tumor Resistant Tumor
expression, compared to 7.1 months in patients g % :
with high miR-181a expression (Figure 5A, g miR-181a
P=0.002, OR 7.8; CI: 7.2-8.4). Furthermore, 10
patients with low miR-181a levels exhibited a 025 S0 78 100 125 150 175 200 T ™ -
. . . onths s
median overall survival (OS) of 66.6 months in Survival § § ‘e
. . »
contrast to a median OS of 24.9 months in 44 " %
. . . . . 1 iR-
patients with high miR-181a expression 100 e g
. = 90 g -
(Figure 5A, P=0.002, OR 2.7; CI: 2.1-33). % e
.. . . . 70 E 01
Additionally, given that a major contributor to % 60 ¥p=0,002 gt
. . . . 50
the overall poor survival of patients with high- g w0 “F o - .
. . 30
grade serous ovarian cancer is tumor § = & §
: o
recurrence, we also assessed whether miR- S Figure 5 miR.I8la levels are
181a was differentially expressed in recurrent Months associated poor outcome and shorter
dt tched . time to recurrence in HGSOC. (A)
tumors compare 0 matched-primary tumor.s. Low High Kaplan-Meier curves for progression-
The expression of miR-181a was assessed in miR-181a miR-181a free survival (PFS) (top) and overall
. . . survival (OS) (bottom) according to
patient-matched tumor biopsies that were taken Median  55.9 7.1 relative eipre)ssi(on leve)ls of miR_fg la
at primary surgery (PS-O: chemotherapy naive i (dichotomized at the median). ~(B.)
. . **p ) . Box plot diagrams showing the
ovarian tlll’l’lOI') and at Secondary surgery (SCR P=0.002, OR 7.8;95% Cl: 7210 8.4 expression analysis of miR-181a in a
after tumor has recurred after at least two lines Median 666 2439 cohort of patient matched tumor
: Survival specimens from PS-O, primary
of chemotherapy). In the SCR tumors, miR- surgery. ovary and SCR, secondary
181a expression was upregulated 2.51-fold **P=0.002, OR 2.7; 95% Cl: 21 t0 3.3 surgery.

compared to PS-O (P=0.0006) (Figure 5B).

Given the crucial importance of miRNAs in the regulation of global gene expression and cancer-relevant
signaling pathways, our initial hypothesis was that a number of miRNAs play a yet unappreciated role in
HGSOC development and chemotherapy resistance.
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Following those studies we have also

..  found that miR-181a overexpression also
enhances the stem-like features of HGSOC
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signaling pathway (Figure 7). We found

B. C.I HEY cells

0v81 cells
HEY cells (primary cells)

12 ) mppase

&

PBABE

w

w
n

W pBABE
10 - "P18less #pigla

Fold change Tumor spheres
N

3.0 1
<. . S2s . [ that miR-181a expressing cells have
E E., eanez 1812 jncreased expression of stem cell markers
&6 % A 9V81 cells 5 F. 7B I dd.t. t h
£ 5. (primary cells) g “ ( igure b %1 Hn af ll(iln, umor Sp el'ef
24 s .7 % Doy £ 4 assays which allow for the assessment o
o S 1. by gy . . .
L =0 e, 2ot I whether a single cell harbors the potential to
. . WYy £ cra arbo .
J ' gﬁi}& S 2 both initiate and maintain tumors in the
o 0.0 £ . .
§ PP POUSFLNANOG LGRS £, absence of cellular interaction and
O & Y 2 l adhesion, revealed that enhanced miR-181a

o

pease p181a  expression significantly increased CICs
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What opportunities for training and professional development has the project provided? Nothing to report

How were the results disseminated to communities of interest? A manuscript detailing some of these
findings was published in Nature Communications and was featured in FierceDiagnostics (01/14); EurekAlert
(01/14),; ScienceDaily (01/14) and The ASCO Post (02/14). In addition, Dr. DiFeo (PI) has presented this data
at several scientific meetings as well as at gynecological cancer survivor groups at local hospitals.

What do you plan to do during the next reporting period to accomplish the goals? Nothing to report



IMPACT

What was the impact on the development of the principal discipline(s) of the project?
A greater understanding of the molecular alterations driving ovarian cancer treatment resistance will allow for

the development of rationally designed targeted molecular therapies to treat the underlying drivers of the
disease. Clinically, 80% of women diagnosed with advanced ovarian cancer initially respond to the combination
of taxane- and platinum-based chemotherapy; however, the majority of them relapses after one year and
respond poorly to additional chemotherapy due to the development of drug resistance. Thus, circumventing
chemoresistance to commonly use first-line agents requires innovative strategies that could ultimately improve
the outcome of adjuvant therapy and result in prolonged disease-free interval and survival. This study which
focused on the identification and functional assessment of key miRNAs that are involved in ovarian cancer
chemoresistance lead several important findings that expand our knowledge on miRNA biology, uncovers a
novel miRNA that could be used as a prognostic biomarker as well as a therapeutic target. The miRNA
signature we uncovered may eventually help predict patients’ response to clinically available first-line agents
and thus provide guidance for the selection of tailored chemotherapeutic regimens in order to decrease the
incidence of recurrence. Lastly, uncovering that one of the miRNAs, miR-181a, drives chemotherapy resistance
through the maintenance of cancer stem cells also strengthens the rationale to uncover compounds that inhibit
this miRNA.
What was the impact on other disciplines?

o Ifthere is nothing significant to report during this reporting period, state "Nothing to Report.”

»  Describe how the findings, results, or techniques that were developed or improved, or other products

from the project made an impact or are likely to make an impact on other disciplines.

What was the impact on technology transfer?

Nothing to report.

What was the impact on society beyond science and technology?
Nothing to report.

CHANGES/PROBLEMS
Nothing to Report

PRODUCTS

Manuscripts:
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. Fishman D, Wang F, DiFeo A and Narla G Quantitative PCR array identification of microRNA clusters

associated with epithelial ovarian cancer chemoresistance. Gynecologic Oncology 120 (2011) S2-S133
Nagaraj A, Joseph PL, DiFeo A miRNAs as Prognostic and Therapeutic Tools in Epithelial Ovarian Cancer.
Biomark Med. 2015 Mar;9(3):241-57.

Parikh A, Lee C, Joseph P, Marchini S, Baccarini A, Kolev V, Fruscio R, Shah H, Mullokandov, Fishman
D, Romualdi C, D’Incalci M, Rahaman J, Kalir T, Redline RW, Brown BD, Narla G, and DiFeo A. miR-
181a induces TGF-B-mediated epithelial-to-mesenchymal transition and promotes epithelial ovarian cancer
progression. Nat Commun. 2014;5:2977. doi: 10.1038/ncomms3977.

Nagaraj A, Joseph PL, Kovalenko O, Singh S, Resnick K, Zanotti K, Waggoner S, DiFeo A Wnt/j-
catenin signaling regulates platinum resistance in ovarian cancer. Oncotarget. 2015 Jun 29.

Enrica C, Paracchini L, Fruscio R, DiFeo A, Ravaggi A, Clivio L, Katsaros D, D’incalci M, Marchini S,
Romualdi C Integrated analysis to identify regulatory networks associated to patients survival with stage

I epithelial ovarian cancer JCO (under review)

Employment:

1) Received an Impact Score of 15 which was in the 1% percentile on an R0O1 application based on
preliminary data obtained from the grant.

2) Promoted to a tenure-tracked Assistant Professor at the Case Comprehensive Cancer Center, Case
Western Reserve University, Cleveland, OH in 2012

3) Received Norma C. and Albert I. Geller Designated Professor In Ovarian Cancer Research in 2013
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Contribution to Project:
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