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1. INTRODUCTION:

Epithelial ovarian cancer (EOC) is the leading cause of death among
gynecological malignancies in the United States. Among all EOC subtypes, ovarian
clear cell carcinoma (OCCC) carries the worst prognosis when diagnosed at an
advanced stage, and there is currently no effective therapy for this disease. The gene
ARID1A, which encodes a subunit of the epigenetic SWI/SNF chromatin-remodeling
complex, is the highest mutated gene in OCCC that occurs in over 50% of the cases. In
addition, ARID1A is also mutated in ~30% of endometrioid subtype of EOC. Since
ARID1A is the highest mutated gene and a known driver mutation in OCCC, we
performed an unbiased screen and demonstrated that in ARID1A-mutated OCCC the
inhibition of EZH2, another epigenetic regulator, is synthetically lethal. In addition to
EZH2, our unexplored data suggest that ARID1A-mutated ovarian cancer cells are also
selectively sensitive to the inhibition of HDACG6. Our central hypothesis is that ARID1A-
mutated ovarian cancers can be treated and ultimately eradicated based on the
synthetic lethality through targeting EZH2 and HDACG using clinically applicable small
molecule inhibitors.

2. KEYWORDS:

Epithelial ovarian cancer, ovarian clear cell carcinoma, ARID1A, SWI/SNF, synthetic
lethality.

3. ACCOMPLISHMENTS:
What were the major goals and objectives of the project?

The objective of this proposal is to develop the first effective targeted therapeutic
approach for ARID1A-mutated ovarian cancers.

Specific Aim 1: To investigate the molecular basis underlying the observed synthetic
lethality between ARID 1A mutation and inhibition of HDACG6 activity.

Specific Aim 2: To investigate the effects of a combination therapeutic strategy for
ARID1A-mutated ovarian cancer by simultaneously inhibiting HDAC6 and EZH2.

What was accomplished under these goals?

Since the starting of the award, substantial progress has been made toward achieving
the goals as outlined in the application.

ARID1A-inactivated cells are selectively sensitive to HDACG inhibition.

To examine the role of specific HDACs in the context of ARID 1A-mutated ovarian
cancers, we performed an unbiased short hairpin RNA (shRNA) knockdown-based
evaluation against eleven histone deacetylase genes. This was done in the context of
ARID1A wildtype ovarian clear cell RMG1 cells with or without ARID1A knockdown (Fig.
1a).
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Figure 1. ARID1A-inactivated cells are selectively sensitive to HDAC6 knockdown. (a-c) ARID1A
and a loading control GAPDH protein expression in ARID1A wildtype RMG1 cells with or without
ARID1A knockdown (a). Cells were transduced with lentivirus encoding shRNA to each of the 11
individual HDACs (HDAC1-11) and subjected to colony formation assay. Scatterplot of the integrated
density normalized to control. The x-axis indicates changes in cell growth induced by individual
shHDACSs in control ARID1A wildtype treated cells, while the y-axis indicates changes in cell growth
induced by the same shHDACSs in shARID1A-expressing cells. Individual HDACs are indicated with
their respective numbers (b). n=4 independent experiments. Colony formation by the indicated cells
(c). (d-f) ARID1A protein expression in parental and ARID1A CRISPR OVCA429 cells (d). Colony
formation assay using the indicated OVCA429 cells with or without HDAC6 knockdown (e), which was
quantified (f). n=3 independent experiments. (g-h) A panel of cell lines with known ARID1A mutational
status with or without HDAC6 knockdown were grown in 3D using Matrigel. Shown are acini formed by
the indicated cells (g). Scale bar =75 AU in NIH Image J software. The diameters of acini (n=50;
representative of three biological repeats) were quantified (h). n.s. indicates not significant. Error bars
represent mean with S.E.M. P-value calculated via two-tailed t-test.



ARID1A knockdown allows us to mimic loss of ARID1A protein expression caused by
>90% of ARID1A mutations in ovarian cancer ® and to ensure the same genetic
background for the unbiased evaluation. We transiently transduced pooled shRNAs for
each of the 11 individual HDACs in ARID1A wildtype RMG1 cells with or without
ARID1A knockdown. To measure changes in cell viability, these cells were subjected to
a colony formation assay. Similar to previous reports ', we observed no significant
difference between ARID1A wildtype RMG1 cells with or without ARID1A knockdown
(Fig. 1b-c). HDACG6 knockdown showed the highest selectivity against ARID1A
knockdown with the least growth inhibitory effects on controls (Fig. 1b). Likewise,
HDACG6 knockdown was selective against ARID1A knockout in ARID1A wildtype
OVCA429 cells (Fig. 1d-f).
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Figure 2. The selectivity against ARID1A mutation depends on the enzymatic activity of HDACSG.
(a-b) Expression of HDAC6, FLAG and a loading control B-actin in ARID1A-mutated TOV21G cells
expressing a shHDAC and concurrent expression of FLAG-tagged shRNA resistant wildtype HDAC6
or a catalytically inactive H216/611A mutant (a). The indicated cells were subjected to colony
formation assay and integrated density was measured (b). n=4 independent experiments. (¢) ICs of
HDACS inhibitor ACY1215 is significantly higher in ARID1A wildtype (n=4 cell lines) than mutated (n=4
cell lines) cells. (d) Expression of ARID1A and a loading control B-actin in the indicated primary
cultures of human ovarian clear cell carcinomas determined by immunoblot. () HDACG inhibitor
ACY1215 dose response curves of primary clear cell ovarian tumor cultures with (VOA4841) and
without (XVOA295) ARID1A expression. n=3 independent experiments. (f) Control and ARID1A
CRISPR OVCA429 cells were treated with or without 1.25 uM ACY1215 in a colony formation assay.
(g) Quantification of (f). n=4 independent experiments. (h-j) Immunoblots of the indicated proteins in
ARID1A-mutated TOV21G cells with or without wildtype ARID1A restoration (h). The indicated cells
treated with or without ACY1215 were plated in 24-well plates in quadruplicates and subjected to
colony formation assay for 12 days, after which they were stained with 0.05% crystal violet (shown are
cells treated W|th 625 nM ACY1215). Note that ARID1A restoration inhibits the growth of ARID1A-
mutated cells ' 2. To limit the potential bias in colony formation, the number of cells used for ARID1A
restored cells were 2-fold of the control ARID1A-mutated cells (i). Integrated density was measured
with NIH Image J software as a surrogate for cell growth (j). The concentrations of ACY1215 were 312
nM and 625 nM, respectively. n=4 independent experiments. Error bars represent mean with S.E.M.
P-value calculated via two-tailed t-test.



ARID1A status correlates with response to HDACG6 inhibition.

We next validated the initial findings in a panel of clear cell ovarian cancer cell
lines in 3 dimensional (3D) cultures using Matrigel extracellular matrix that more closely
mimics the tumor microenvironment. HDAC6 knockdown had no appreciable effect on
the growth of ARID1A wildtype cells but significantly suppressed the growth of ARID1A-
mutated cells (Fig. 1g-h). The observed growth inhibition depends on the enzymatic
activity of HDACG6 because the growth inhibition was rescued by a wildtype HDACG6 but
not a catalytically inactive H216/611A mutant * (Fig. 2a-b).

Notably, selective and specific HDACG6 inhibitors have been developed. We
tested the HDACS inhibitor ACY 1215 (Rocilinostat) ® in a panel of cell lines with or
without ARID1A mutation because it was safe in clinical trials ®. Compared with
ARID1A wildtype cells, the ICso of ACY 1215 was significantly lower in ARID1A-mutated
cells (Fig. 2c). Primary clear cell ovarian tumor cultures without ARID1A expression are
more sensitive to ACY1215 compared to those with ARID1A expression (Fig. 2c-d).
The I1Cso values of ACY1215 in primary cells are comparable to those observed in cell
lines (Fig. 2c-e). ARID1A knockout significantly increased the sensitivity of ARID1A
wildtype OVCA429 cells to ACY1215 (Fig. 2f-g). Conversely, restoration of wildtype
ARID1A in ARID1A-mutated TOV21G cells reduced the sensitivity of these cells to
ACY1215 (Fig. 2h-j). We conclude that ARID1A-inactivated cells are selectively
sensitive to HDACG inhibition.

HDACSG inhibition triggers apoptosis in ARID1A-inactivated cells.

We next determined the mechanism whereby HDACG inhibition suppresses the
growth of ARID1A-inactivated cells. HDACG inhibitor ACY 1215 treatment induced
apoptosis of ARID1A-inactivated cells as shown by an increase in Annexin V positive
cells and upregulation of cleaved caspase 3 and cleaved PARP p85 (Fig. 3a-c).
Consistent with the observed selectivity of HDACG inhibition in cells with ARID1A
inactivation (Fig. 1), ACY1215 did not induce a significant increase in apoptosis in
ARID1A wildtype cells (Fig. 3b-e), and wildtype ARID1A restoration suppressed
ACY1215 induced apoptosis in ARID1A-mutated TOV21G cells (Fig. 3f-g). Compared
with ARID1A wildtype controls, the HDACG6 inhibitor ACY1215 or knockdown of HDAC6
increased markers of apoptosis in ARID1A knockdown cells (Fig. 3d-e). Notably, a pan-
caspase inhibitor Q-VD-Oph or knockdown of intrinsic apoptotic pathway initiator
caspase 9 or effector caspase 3  significantly suppressed the apoptosis induced by
ACY1215 (Fig. 3h-i). We conclude that HDACG6 inhibition promotes apoptosis in
ARID1A-inactivated cells.
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Figure 3. HDACSG inhibition induces apoptosis in ARID1A inactivated cells. (a) ARID1A-mutated
TOV21G cells treated with 1.25 uM ACY 1215 or DMSO control were examined for expression of
markers of apoptosis cleaved caspase 3, cleaved PARP p85 or a loading control GAPDH by
immunoblot. (b) Percent apoptosis in the indicated cell lines was quantified by FACS based on
Annexin V staining. (¢) Percent apoptosis of in the indicated primary clear cell ovarian tumor cultures
was quantified by FACS based on Annexin V staining. (d) ARID1A wildtype RMG1 cells with the
indicated knockdown of ARID1A, HDACS6, or a combination was examined for expression of apoptotic
markers cleaved caspase 3 and cleaved PARP p85 and a loading control GAPDH by immunoblot. (e)
ARID1A wildtype RMG1 cells with or without ARID1A knockdown were treated with 1.25 uM ACY1215.
Expression of apoptotic markers cleaved caspase 3 and cleaved PARP p85 and a loading control
GAPDH determined by immunoblot. (f) Expression of ARID1A and a loading control B-actin in
TOV21G cells with or without wildtype ARID1A restoration. (g) Percent apoptosis based on Annexin V
staining in ARID1A-mutated TOV21G cells with or without wildtype ARID1A restoration and treated
with 1.25 uM ACY 1215 or DMSO controls for 96 hrs. (h) Percent apoptosis based on Annexin V
staining in ARID1A-mutated TOV21G cells treated with 1.25 uM ACY1215, 20 uM pan-caspase
inhibitor Q-VD-Oph or a combination for 48 hrs. (i) Percent apoptosis based on Annexin V staining in
ARID1A-mutated TOV21G cells treated with 1.25 uM ACY 1215 for 48 hrs with or without knockdown of
caspase 3 or caspase 9. For quantifications in b, c, g, h and i, n=3 independent experiments. Error
bars represent mean with S.E.M. P-value calculated via two-tailed t-test.
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What opportunities for training and professional development did the project
provide?

“Nothing to Report.”

How were the results disseminated to communities of interest?
“Nothing to Report.”
What do you plan to do during the next reporting period to accomplish the goals
and objectives?
In the next reporting period, we plan to:
1) Investigate the molecular mechanism underlying the observed selectivity against
ARID1A inactivation by HDACG inhibition.

2) Investigate the effects of HDACG6 inhibition on the growth of ARID1A-inactivated
OCCCs in vivo in preclinical models.
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4. IMPACT:

“Nothing to Report.”

What was the impact on the development of the principal discipline(s) of the
project?

“Nothing to Report.”
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“Nothing to Report.”
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“Nothing to Report.”

What was the impact on society beyond science and technology?

“Nothing to Report.”
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“Nothing to Report.”

Changes in approach and reasons for change

“Nothing to Report.”

Actual or anticipated problems or delays and actions or plans to resolve them

“Nothing to Report.”

Changes that had a significant impact on expenditures

“Nothing to Report.”
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* Technologies or techniques
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e Other Products
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