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Inactivation of EGFR/AKT signaling enhances
TSA-induced ovarian cancer cell differentiation
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Abstract. Ovarian tumor is one of the most lethal gynecologic
cancers, but differentiation therapy for this cancer is poorly
characterized. Here, we show that thrichostatin A (TSA),
the well known inhibitor of histone deacetylases (HDACsS),
can induce cell differentiation in HO8910 ovarian cancer
cells. TSA-induced cell differentiation is characterized by
typical morphological change, increased expression of the
differentiation marker FOXA?2, decreased expression of the
pluripotency markers SOX2 and OCT4, suppressing cell
proliferation, and cell cycle arrest in the G, phase. TSA also
induces an elevated expression of cell cycle inhibitory protein
p21°P! along with a decrease in cell cycle regulatory protein
cyclin DI. Significantly, blockage of epidermal growth factor
receptor (EGFR) signaling pathway with specific inhibitors
of this signaling cascade promotes the TSA-induced differen-
tiation of HO8910 cells. These results imply that the EGFR
cascade inhibitors in combination with TSA may represent a
promising differentiation therapy strategy for ovarian cancer.

Introduction

Epithelial ovarian cancer (EOC) is one of the leading causes of
cancer death among women worldwide (1). Although contin-
uous improvement in surgical techniques and initial response
to chemotherapy has been made in the past few decades,
recurrence still occurs in ~70% of patients who underwent
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the first-line chemotherapy within 18 months (2,3). The 5-year
survival rate remains poor at 30.6% for patients with advanced
EOC (4,5). Thus, it is of great clinical importance to develop
effective chemotherapy strategies for EOC.

Differentiation therapy has emerged as a potential
chemotherapy strategy against tumors (6). The clinical effec-
tiveness of differentiation therapy has been demonstrated in
acute promyelocytic leukemia (APL) using all-trans-retinoic
acid as an inducer (7). Recently, arsenic trioxide (As,0;), a
well-established human carcinogen, has also proven to be a
differentiation agent in the treatment of APL patients (8).
Of interest, such effects are not reliably reproduced in solid
tumors. Differentiation agents for ovarian cancer remain
elusive.

Thrichostatin A (TSA), a hydroxamate-type histone deacet-
ylase inhibitor, can promote histone acetylation by remodeling
of chromatin architecture, and induce cell differentiation (9).
TSA also catalyzes the acetylation of non-histone proteins,
which may regulate signaling related to tumorigenesis (10,11).
Accumulated evidence indicates that TSA can activate AKT
signaling pathway (12). Overexpression of epidermal growth
factor receptor (EGFR), the upstream effector of AKT, has
been associated with increased chemoresistance and poorer
clinical outcome (13,14). However, it is unclear whether TSA
transactivates the EGFR/AKT pathway in EOC, and whether
the blockage of this pathway can potentiate the effect of TSA
on EOC differentiation.

In this study, we demonstrate that TSA can induce cellular
differentiation in HO8910 ovarian cancer cells. We show that
TSA transiently activates EGFR/AKT signaling pathway,
causing expression of differentiation-related genes, and
blocking this pathway sensitizes HO8910 cells to TSA. This
implies that a combination of EGFR/AKT pathway inhibi-
tors with TSA may represent a better differentiation therapy
strategy for ovarian cancer.

Materials and methods

Cell line and culture. Human ovarian cancer cell line,
HO8910, was kindly provided by Dr Qixiang Shao of Jiangsu
University (Zhenjiang, China). The HO8910 cells were derived
from ascites of ovarian adenocarcinoma patients. The cells
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Figure 1. TSA induces cell differentiation and proliferation inhibition of HO8910 ovarian cancer cells. (A) Cells were incubated without or with 200 nM
thrichostatin A (TSA) for the indicated times (magnification, x200). (B) Cells were treated with different doses of TSA for 48 h, and cell proliferation was
analyzed by CCK-8 assay. (C) Cells were treated with 200 nM TSA for the indicated times, after which cell proliferation was detected via CCK-8 assay.
(D) Cells were treated without or with TSA 200 nM TSA for 48 h, and then incubated with 50 mM 5-ethynyl-2'-deoxyuridine (EdU) for 2 h and the nuclei
were stained with DAPI. Representative micrographs (left panel, magnification, x400) and quantification (right panel) of EdU-incorporating cells in control
and TSA-treated cells. Green, EdU; blue, DAPI. The error bars represent mean + SEM (n=3). Statistical differences compared with the controls are given as
“P<0.05 and “P<0.01 (Student's t-test). (E) Cells were treated with different doses of TSA for 48 h. Total protein was extracted and blotted with antibodies
against cyclin D1, p21“*', and a-tubulin. The error bars represent the mean + SEM (n=3). Values within the same row with different superscripted letters are

significantly different, P<0.05 (one-way ANOVA).

were maintained for no longer than 3 months as described
previously (15).

Antibodies and reagents. EGFR, phospho-EGFR (Tyr992),
AKT, phospho-AKT (Ser473), FOX A2, and acetyl-histone H3K9
antibodies were purchased from Cell Signaling Technology
(Danvers, MA, USA). a-tubulin and secondary antibodies
were procured from Bioworld Technology (Shanghai, China).
OCT4, SOX2, p21¢*!, cyclin D1, and histone H3 antibodies
were obtained from Abcam (Cambridge, MA, USA). The
EGFR inhibitor AG1478, AKT inhibitor A6730, and HDAC
inhibitor TSA were procured from Sigma (St. Louis, MO,
USA). TSA and A6730 were dissolved in ethanol as stocks
(6.6 mM) and dimethyl sulfoxide as stocks (20 mM), respec-
tively.

Drug treatment. In TSA experiments, HO8910 cells were
incubated with 100, 200, and 400 nM TSA and harvested at
48 h. When the expression of differentiation-related genes
was examined, cells were harvested at 24 h. For cotreatment
of TSA and EGFR pathway inhibitors, cells were incubated
with 200 nM TSA in presence of AG1478 (10 uM) or A6730
(20 uM) for 24 h.

Morphological evaluation. The morphological changes in
TSA-treated cells were observed during a 72-h time course

with a light microscope (Olympus, Tokyo, Japan), and images
were obtained via a CCD camera (Olympus).

Histone protein and whole-cell extraction and western blot-
ting. Histones were prepared using the bioepitope nuclear and
cytoplasmic extraction kit (Bioworld Technology) following
the manufacturer's protocol. Total cellular proteins were
isolated directly from cultures in 100-mm Petri dishes after
being washed with ice-cold PBS and the addition of 200 pl
Cell and Tissue Protein Extraction reagent (Kangchen
Biotech, Shanghai, China), containing protease inhibitor and
phosphatase inhibitor cocktails (Roche). Antibodies against
OCT4 (1:5,000), SOX2 (1:5,000), FOXA2 (1:1,000), cyclin DI
(1:10,000), p21*! (1:3,000), EGFR (1:1,000), p-EGFR (1:600),
AKT (1:1,000), p-AKT (1:800), a-tubulin (1:1,000), and
histone H3 (1:2,000) were used for western blot analysis,
which was performed as described previously (16).

Cell proliferation assays. The cell proliferation assays were
performed using CCK-8 and EdU. Briefly, HO8910 cells
(5x10%) were seeded in 96-well plates, and then treated with
TSA for 24, 48, and 72 h. For CCK-8 analysis, the cells were
incubated with 1/10 volume of CCK-8 for 2 h. The plates were
then read at 450 nm with a Bio-Rad model 680 microplate
reader (Richmond, CA, USA). The cell proliferation rate =
OD .y periment/ODconirot X 100%. For EdU assay, HO8910 cells



ONCOLOGY REPORTS 37: 2891-2896, 2017

2893

w L]
% = 600 - H3K9ac ¢ — 500 4 FOXA2
0 100 200 400 TSA(nM) § < o 4 £5 . :
83 23 J
£ S 400 - b 3 o
e — H3K9ac 8= i 2 = 300 A
-;i~ g S 300 5 g
S 200 4 a £ 200 - a
g 8 g 8 100 A 2
— — - H3 % 5 100 £ 5
g 0+ g 0-
> : TSA (nM) 0 100 200400 T 0 100200400
R o S o
3 = 150 - sox2 3z oCT4
] E il -
Pu—— oCT4 *E s ™
c s d c 2 c
g2 100y ¢ s 2 100y &
“ s - w—— FOXA2 £ B 0 e3 b
c [ =
qu.\ g 50 . .g 8 50 A a
A S-S | T bylin ] &%
gE 04 g2 o0
TSA (nM) 0 100 200400 TSA (nM) 0 100 200400

Figure 2. Effects of TSA on expression of SOX2, OCT4, and FOXA?2 proteins in HO8910 cells. Cells were treated with different doses of TSA for 24 h. Protein
levels were detected via western blotting in whole-cell extracts (SOX2, OCT4, and FOXAZ2) or histone protein extracts (H3K9ac and histone H3) from the
above treated cells. H3K9ac, H3K9 acetylation. Histone H3 and a-tubulin, loading control. The error bars represent the mean + SEM (n=3). Values within the
same row with different letters are significantly different, P<0.05 (one-way ANOVA).

were treated with 200 nM TSA for 48 h, and then incubated
with EdU (50 mM) for 2 h, after which the nuclei were stained
with DAPI. The images were photographed by an Olympus
inverted microscope system.

Cell cycle analysis. The effect of TSA on HO8910 cell cycle
phase distribution was determined by flow cytometry. HO8910
cells were fixed in 70% ethanol for 30 min at 4°C. The cells
were then incubated with propidium iodide (50 xg/ml) for
30 min at 37°C, after which the fluorescence was measured
with a flow cytometer (BD Biosciences, Heidelberg, Germany).

Statistical analysis. Data are presented as the mean + SEM.
Statistical significance was calculated by Student's t-test or
ANOVA, and values of P<0.05 were considered statistically
significant.

Results

TSA induces morphological changes of HO8910 cells. To
elucidate the effect of TSA on ovarian cancer cell differen-
tiation, we examined the morphology of HO8910 cells treated
with or without TSA. Microscopic observation of control cells
revealed round, stellate-like appearance and growth in clusters.
Unlike the morphology of control, a majority of TSA-treated
cells exhibited spindle shape and much longer, fine, tapering
processes (Fig. 1A). Treatment with TSA also caused a decrease
in cell density (Fig. 1A), which suggests that TSA may impede
proliferation of HO8910 cells. Consistent with this prediction,
we found that TSA treatment caused a notable reduction in
cell proliferation rate compared with the control in a dose- and
time-dependent manner (Fig. 1B and C). The suppressive
effect of TSA on cell proliferation was further confirmed by
5-ethynyl-2'-deoxyuridine (EdU) assay (Fig. 1D).

To identify the mechanism of action of TSA in decreasing
cell proliferation, we undertook cell cycle analysis with
propidium iodide to label DNA. Table I reveals that treatment
with TSA for 48 h led to an accumulation of HO8910 cells in
the G(/G, phase (60.2 vs. 82.8%, P<0.05) and a concomitant

Table I. TSA causes cell cycle arrest in G,/G, phase in HO8910
cells.

Control TSA (nM)
Groups 0 200
G,/G, 60.2+1.8 82.8+1.7*
S 26.7+1.3 3.8+0.6°

Data are presented as mean + SEM (n=3) for control and TSA groups.
"P<0.05 and °P<0.01 compared with control (Student's t-test),
respectively.

decrease in the S-phase cell fraction (26.7 vs. 3.8%, P<0.01).
The TSA-induced cell cycle arrest was further confirmed
by examining the expression of cell cycle regulatory protein
cyclin D1 in HO8910 cells. Western blot analysis indicated
that TSA treatment exhibited decrease of cyclin D1 levels and
increase of p21<*' protein (Fig. 1E). These data suggest that
TSA induces cell differentiation and proliferation inhibition
of HO8910 cells.

Molecular evidence of TSA-induced differentiation of
HO8910 cells. To verify the role of TSA in HO8910 cell
differentiation, two groups of genes including FOXA?2 as
differentiation marker gene, and SOX2 and OCT4 as pluri-
potency marker genes were evaluated quantitatively. FOXA?2
gene was evaluated because it plays important roles in regu-
lating the expression of genes involved in cell differentiation
in a number of different organs (17), and is essential for differ-
entiation and development of glands in mouse uterus (18). A
dose-dependent upregulation of FOXA?2 protein and H3K9
acetylation was observed in TSA-treated cells compared with
the controls (Fig. 2). In contrast, the expression of SOX?2 and
OCT4 proteins was notably restrained by TSA (Fig. 2). This
molecular evidence confirms that TSA actually induces the
differentiation of HO8910 cells.



2894

15 30 60 TSA (min)

SHAO et al: ENHANCEMENT OF TSA EFFECTS BY EGFR INHIBITORS

0 100 200 400 TSA (nM)

| p-£cFR

#% P TR g [EGFR nm EGFR
L s
TSA
Ctrl 0 AG A6

p-EGFR

EGFR

p-AKT

Figure 3. TSA activates EGFR/AKT signaling pathway in HO8910 cells. (A) Cells were treated with 200 nM TSA for the indicated times. The harvested cells
were then subjected to western blotting and probed for phosphorylated EGFR (Tyr992) and total EGFR, and phosphorylated AKT (Ser473) and total AKT.
(B) Cells were treated with different doses of TSA for 30 min, after which the protein levels of p-EGFR, EGFR, p-AKT, and AKT were detected via western
blotting. (C) Cells were pretreated with EGFR inhibitor AG1478 (10 uM) or AKT inhibitor A6730 (20 M) for 2 h prior to the addition of TSA (200 nM) for
30 min. Protein levels of p-EGFR, EGFR, p-AKT, and AKT were detected via western blotting.
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Figure 4. Inhibition of EGFR/AKT signaling pathway enhances TSA-induced differentiation of HO8910 cells. Cells were treated with TSA (200 nM) alone
or in combination with AG1478 (10 xM) or A6730 (20 #M) for 24 h. Cell morphology was photographed under a phase-contrast microscopy (A), and protein
levels were detected via western blotting in whole-cell extracts (SOX2, OCT4, FOXA?2, cyclin D1, p21°?', and a-tubulin) or histone protein extracts (H3K9ac
and histone H3) from the above treated cells (B and C). a-tubulin and histone H3, loading control.

Transactivation of EGFR/AKT pathway by TSA in HO8910
cells. Since EGFR expression strongly correlates with tumor
resistance to cytotoxic agents (19), EGFR could be a poten-
tial target for anticancer therapy. To decipher whether TSA
transactivates EGFR in HO8910 cells, we first examined
phosphorylation of EGFR and AKT in response to TSA. Our
results indicated that TSA caused a time- and dose-dependent
increase in phosphorylation of EGFR (Tyr992) and AKT
(Ser473) (Fig. 3A and B). The TSA-induced phosphoryla-
tion of EGFR and AKT occurred at 15 min and peaked at
30 min (Fig. 3A). The observed changes in EGFR and AKT
phosphorylation were reversed in HO8910 cells in response to

EGFR inhibitor AG1478 and AKT inhibitor A6730 (Fig. 3C).
These data suggest that TSA activates EGFR phosphorylation
and subsequent activation of downstream AKT signaling.

Inhibition of EGFR/AKT pathway promotes TSA-induced
differentiation of HO8910 cells. The above data indicate that
TSA induces ovarian cancer cell differentiation prompted us
to test whether the EGFR/AKT pathway was involved in this
process. HO8910 cells treated with either AG1478 or A6730
markedly promoted TSA-induced cell differentiation with
morphological changes (Fig. 4A). To determine the mechanism
by which inhibition of the EGFR/AKT pathway enhances cell
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Table II. Inhibition of EGFR/AKT signaling pathway enhances
TSA-induced G,/G,-phase cell cycle arrest in HO8910 cells.

Groups Control TSA  TSA+AG1478 TSA+A6730
Gy/G, 583x1.2¢ 79.7x24°>  85.6x1.1° 89.5£2.5"
S 27.1+1.3* 3.9+0.7° 3.8+1.6° 2.6+£1.8°

Data are presented as mean + SEM (n=3) for control, TSA alone,
and in combination with EGFR inhibitor AG1478 (TSA+AG1478)
or AKT inhibitor A6730 (TSA+A6730) groups. Values with different
superscript letters represent statistically significant differences
between G,/G, and S phases, P<0.05 (one-way ANOVA).

differentiation, we tested the expression of differentiation-
related genes in HO8910 cells. As expected, combination of
TSA and AGI1478 or A6730 drastically reduced the levels of
SOX2 and OCT4 and increased the expression of FOXA?2 in
the cells (Fig. 4B). Both inhibitors also caused an increase in
global levels of H3K9 acetylation (Fig. 4B).

Next, we tested the effect of TSA on cell cycle regulation
when EGFR/AKT signaling pathway was inhibited. Treatment
with AG1478 or A6730 decreased the levels of cyclin DI and
increased the expression of p21?' in HO8910 cells in response
to TSA (Fig. 4C). Furthermore, combination treatment
with TSA and AG1478 or A6730 led to an accumulation of
cells in Gy/G, phase in comparison to TSA alone (Table II).
Collectively, our data suggest that TSA plays a role in cell
differentiation and that blockage of EGFR/AKT signaling
pathway enhances TSA-induced differentiation.

Discussion

Epigenetic regulation of gene expression represents a prom-
ising strategy for differentiation-based therapy (20). Histone
acetylation is determined by antagonistic actions of histone
acetyltransferases (HATs) and HDACs (21,22). A variety of
HDAC inhibitors have been demonstrated to induce differenti-
ation in some solid tumors (23). In this study, we characterized
the effect of TSA, one of the potent HDAC inhibitors, on cell
differentiation of ovarian tumors. We show that TSA increases
the levels of H3K9 acetylation, and induces cell differentiation
in HO8910 ovarian cancer cells with marked morphological
transformation. Molecular evidence for differentiation is
demonstrated by decreased expression of SOX2, OCT4, and
cyclin D1, and increased expression of FOXA2 and p21¢P',
Significantly, blockage of EGFR/AKT signaling pathway
enhances the TSA-induced differentiation of HO8910 cells.
Cancer stem cells (CSCs) that retain both the self-renewal
and differentiation, contributes to tumorigenesis and chemo-
therapy resistance in malignancies (24,25). The poor clinical
outcome in patients with ovarian cancer may be due to the
existence of CSCs (24). Overexpression of OCT4 and SOX2
is detected more frequently in poorly differentiated cancers
than in well-differentiated ones, and is not detected in para-
neoplastic tissues and benign tumors (26,27). OCT4 is also
overexpressed in CSCs and is closely related to chemotherapy
resistance (28), suggesting that OCT4 is a pluripotency marker
for CSCs. In addition, FOXA2 is a sensitive marker of CSC
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and cancer cell differentiation (29,30), and it was reported
that apicidin, another HDAC inhibitor, upregulates FOXA2
expression, leading to enhanced differentiation of dopami-
nergic neurons (29). Our current data demonstrated that TSA
may promote cell differentiation through upregulation of
FOXAZ2 expression and downregulation of OCT4 and SOX2
expression. Strikingly, inhibition of EGFR/AKT signaling
pathway enhances the induction of cell differentiation and
FOXAZ2 expression in response to TSA. These data suggest
that the EGFR signaling may overcome the TSA-induced cell
differentiation through downregulation of FOX A2 expression.

The Cdk inhibitor p21“'*! plays a critical role in mediating
proliferation inhibition and acts as a cell cycle arrest point (31).
There is accumulating evidence linking p21“?*' to carcino-
genesis in many tumors, including ovarian cancer (32-34).
The increase in p21¢?! could be associated with increased
cell cycle suppression by TSA in our study. The concomitant
reduction in cyclin D1 expression may cooperate with induc-
tion of p21°P! to arrest the cell cycle, and thus contribute to
proliferation inhibition induced by TSA. The upregulation of
p21€*" might lead to preferential cell cycle arrest upon TSA
treatment.

HDACI in combination with chemotherapy has been
confirmed to give better clinical outcome than chemotherapy
alone (35,36). One potential strategy to increase treatment
efficacy is the combination of HDACi with other novel agents.
A recent study found that inhibition of EGFR/PI3K signaling
pathway enhanced TSA-induced cell death and inhibited
cell migration (37). The EGFR/PI3K pathway also mediates
Lewis(y)-induced cell proliferation (38). In this study, the
reduction of cell proliferation was additionally enhanced when
TSA was combined with the EGFR/AKT pathway inhibitors
AG1478 or A6730, in accordance with a previous report (37).
This finding suggests that EGFR signaling pathway could be a
target for improving therapeutic efficacy of TSA.

Here, we provide a link between the inhibition of EGFR
signaling and the differentiation effect of TSA on HO8910 cells.
Our data indicate that TSA transactivates the EGFR signaling
pathway, which overcomes the TSA-induced differentiation of
HOB8910 cells via regulation of differentiation-related genes.
Blockage of the EGFR signaling pathway by AG1478 or A6730
enhances the TSA-mediated cell differentiation. Although
TSA is an epigenetic regulator, the present study did not estab-
lish a mechanistic link between TSA and epigenetic regulation
of cell differentiation in HO8910 cells. Further studies are
needed to determine how TSA activates the EGFR pathway in
an epigenetic manner and how such activation affects ovarican
cancer cell differentiation.
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