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Abstract: Our previous study showed that 5-aza-2-deoxycytidine (5-aza-dC) could inhibit tumor growth by enhancing 
the susceptibility of ovarian clear cell carcinoma (OCCC) to paclitaxel through decreasing AKT/mTOR expressions. 
The objective of the study is to evaluate the antitumor efficacy of everolimus (RAD001) and 5-aza-2-deoxycytidine 
(5-aza-dC) by targeting AKT/mTOR and EZH2 in OCCC. Paclitaxel-sensitive and resistant OCCC cell lines were es-
tablished. In vitro proliferative and apoptotic assays and flow cytometry were performed. The expressions of EZH2, 
PIK3IP1, phospho-AKT, phospho-mTOR and phospho-Rictor in the OCCC cell lines were evaluated by Western blot-
ting. In vivo animal experiments with RAD001 and 5-aza-dC were performed. RAD001 alone showed significant 
in vitro antitumor activity and inhibited in vivo tumor growth in paclitaxel-sensitive and resistant OCCC cells. In 
addition, 5-aza-dC enhanced the antitumor effects when combined with paclitaxel or RAD001 in both paclitaxel-
sensitive and resistant tumors. Activation of phospho-AKT ser473 and PIK3IP1 was observed in RAD001-treated 
paclitaxel-sensitive and resistant OCCC cells. In contrast, inhibition of phospho-AKT ser473 and EZH2 was observed 
with RAD001 following 5-aza-dC treatment of paclitaxel-sensitive and resistant OCCC cells. Furthermore, RAD001 
following 5-aza-dC enhanced apoptosis of paclitaxel-sensitive and resistant OCCC cells. RAD001 following 5-aza-dC 
may be a promising treatment strategy for the treatment of both chemo-sensitive and resistant OCCC. Further clini-
cal studies are warranted.
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Introduction

Ovarian carcinoma is the fourth most common 
cause of cancer deaths among women in the 
United States [1]. Cytoreductive surgery fol-
lowed by platinum-based chemotherapy is the 
standard initial treatment, and has improved 
the survival of patients with ovarian cancer [2]. 
Ovarian clear cell carcinoma (OCCC) accounts 
for 12% of patients with ovarian cancer, and it 
is the second leading cause of death from ovar-
ian cancer [3]. It is the second most common 
subtype in North America, and the overall inci-
dence is higher in Taiwan and Japan [1, 4, 5]. A 
combination of paclitaxel and platinum is cur-
rently the gold standard treatment regimen for 

ovarian cancer [6], and it is used to treat all sub-
types of ovarian neoplasms including OCCC. 
Compared to ovarian serous carcinoma, OCCC 
is relatively resistant to platinum and taxane-
based chemotherapy, and this chemo-resis-
tance is associated with poor prognosis [4, 5, 7, 
8]. With regards to second-line or salvage ther-
apy, the response rate for recurrent or refracto-
ry OCCC is extremely low compared to other 
histologic tumors, and even in patients with 
platinum-sensitive OCCC, the reported res- 
ponse rate is lower than 10% [9]. Therefore, in 
order to improve the survival of patients with 
OCCC, the development of novel strategies for 
both first-line and salvage treatment of recur-
rent disease are urgently needed. We recently 
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reported that methylation of HIN-1 promoter is 
a novel epigenetic biomarker associated with 
poor outcomes in patients with OCCC, and that 
the ectopic expression of the HIN-1 gene 
increased sensitivity to paclitaxel partly through 
the Akt pathway [10]. Akt targets several sub-
strates and promotes protein synthesis and 
cell growth through phosphorylation of the neg-
ative regulator of mTOR, the TSC1/TSC2 com-
plex [11]. mTORC1 activation has been report-
ed to positively regulate mRNA translation 
initiation through its downstream effectors 
p70S6K and 4EBP1 [12]. In addition, mTORC1 
is more frequently activated in clear cell carci-
noma than in the more common subtype serous 
carcinoma (86.6% vs. 50%). It has also been 
suggested that patients with OCCC are more 
responsive to mTORC1-targeted therapy [13]. 
Although rapalogs have demonstrated signifi-
cant inhibitory effects on a variety of human 
malignancies, their mechanism may not be suf-
ficient to achieve a broad and robust anticancer 
effect due to their inability to inhibit mTORC2 
activity [14]. The clinical benefits of rapalogs 
were not approved in many kinds of malignan-
cies. For example, a phase III clinical study 
reported that patients with renal cell carcinoma 
treated with everolimus experienced a median 
progression free interval of only 4 months [15].

We recently reported that demethylating agents 
can restore HIN-1 expression and decrease the 
expressions of phospho-Akt at ser473 and 
The308 and phospho-mTOR in paclitaxel-resis-
tant OCCC cells through the HIN-1-AKT-mTOR 
signaling pathway to inhibit tumor growth [16]. 
In addition, a recent report demonstrated that 
PIK3IP1, a direct target of ARID1A and EZH2, is 
upregulated by EZH2 inhibition and contributes 
to synthetic lethality by inhibiting PI3K-AKT sig-
naling, and that pharmacological inhibition of 
EZH2 represents a novel treatment strategy for 
cancers involving ARID1A mutations in OCCC 
[17]. Drug combinations are gaining increasing 
attention in the clinical setting as the most 
appropriate approach to target tumors and 
avoid acquired resistance. Activation of PI3K/
Akt/mTOR pathway inhibitors in combination 
with classical anticancer agents has proven 
highly effective in several experimental sys-
tems [18-20]. Therefore, in this study we ana-
lyzed the effect of treatment with 5-aza-2-deox-
ycytidine (5-aza-dC) followed by the mTOR 
inhibitor everolimus (RAD001). 5-aza-dC exert-

ed at least an additive effect with RAD001, 
possibly through the PIK3-AKT-mTOR and 
EZH2-PIK3IP1 pathway. Both in vitro and in vivo 
results appeared to be correlated with the 
molecular changes induced by the drugs indi-
vidually and in combination. Our results provide 
evidence that targeting not only AKT and mTOR 
but also EZH2 and PIK3IP1 with two drugs with 
different anti-tumor mechanisms could be a 
new strategy to achieve better antitumor activ-
ity. In addition, we investigated the role of AKT/
EZH2/PIK3IP1/mTOR signaling in acquired 
resistance to paclitaxel and RAD001 in OCCC.

Methods

Culture of cell lines

The OCCC cell line ES2 was obtained from the 
American Type Culture Collection (Manassas, 
VA). The ES2 cells were maintained in a humidi-
fied atmosphere containing 5% CO2 at 37°C, 
and were grown in McCoy’s 5A medium with 
10% FBS. Paclitaxel-resistant ES2 cells were 
developed by continuous paclitaxel exposure 
as described previously [16]. The paclitaxel-
resistant ES2 cell line was named ES2TR160.

Reagents 

Paclitaxel was purchased from Genovate 
Biotechnology (Hsinchu, Taiwan), and RAD001 
and 5-aza-dC were purchased from Cell Sig- 
naling Technology (Beverly, MA) and Sigma (St. 
Louis, MI) for the following experiments.

Cytotoxicity by MTT assays

The sensitivities of ES2 and ES2TR160 cells to 
paclitaxel, RAD001 and 5-aza-dC were asse- 
ssed by MTT assay (Sigma). Briefly, cells (4,000 
cells/well) in a 96-well plate were exposed to 
concentrations of 1, 10, 102, and 103 mM of 
RAD001, paclitaxel, or 5-aza-dC for 72 h at 
37°C. The cells exposed to culture medium only 
served as negative controls. MTT at a final con-
centration of 0.5 mg/ml was added to the cells 
and incubated at 37°C for the last 3 h. At the 
end of incubation, the cultured medium was 
removed and 200 μl of DMSO (Sigma) was 
added to dissolve the blue formazan crystals. 
The optical density was measured at 490 nm 
using a universal microplate reader Elx800 
(Bio-tek Instruments, Winooski, VT). Inhibitory 
concentration 50 (IC50) values (the concentra-
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tion of drugs that produced a 50% reduction in 
absorbance) were analyzed and recorded [16].

Cell proliferation by MTT assays

Cell proliferation was also determined by MTT 
assays as described earlier. Briefly, cells (1×104 
cells/well in a 6-well plate) were treated with 
various concentrations of RAD001, paclitaxel, 
or 5-aza-dC for 1, 3, and 6 days in 5% CO2 at 
37°C. The assays were then evaluated as 
described earlier.

Annexin V apoptosis assays 

Apoptosis-positive cells were analyzed with an 
FITC Annexin V apoptosis detection kit I (BD 
Biosciences, NC) according to the manufactur-
er’s protocol with minor modifications. Briefly, 
ES2 and ES2TR160 cells were seeded on 
12-well chamber slides (Ibidi, Martinsried, 
Germany) at a density of 7500 cells/well for 24 
h and then treated with RAD001, paclitaxel, 
5-aza-dC, 5-aza-dC and paclitaxel, or 5-aza-dC 
and RAD001 for a further 24 h. Each well was 
washed with buffer (20 mM Tris, pH 7.4, 150 
mM NaCl, and 1 mM CaCl2) following 15 min of 
incubation in binding buffer containing annexin 
V-FITC and propidium iodide at room tempera-
ture in the dark. Images of apoptotic cells were 
then recorded using a fluorescence microscope 
(Nikon ECLIPSE 80i, NY). Positive annexin V 
cells were counted, and the percentage of 
apoptotic cells was defined as the number of 
positive annexin V cells divided by the total 
number of cells.

Western blot analysis 

The tumor cells were first treated with the 
agents described earlier for 3 days. They were 
then lysed in PBS containing 1% Triton X-100 
using an ultrasonic cell disruptor. Lysates were 
separated by SDS-PAGE (12.5%) and trans-
ferred to a PVDF membrane. The membrane 
was blocked in blocking buffer (TBS containing 
0.2% Tween 20 and 1% I-block) and incubated 
with polyclonal Ab including anti-mTOR, p- 
mTOR, Rictor, p-Rictor, AKT, AKT p-Akt (ser473), 
EZH2, and PIK3IP1 Abs (Cell Signaling) sepa-
rately for 1 hour. A purified rabbit anti-human 
GAPDH polyclonal Ab (Santa Cruz Biotechnology, 
Inc., Texas) was also applied at the same time 
to normalize the signals, followed by an alkaline 
phosphatase-conjugated anti-rabbit Ab (Vector 
Laboratories, CA). The membrane was washed 

and the bound Abs were visualized by develop-
ing with NBT/BCIP as chromogenes. 

In vivo animal experiments

All of the experiments were approved by the 
Institutional Animal Care and Use Committee  
of Cathay General Hospital. Five- to 7-week- 
old NOD/SCID (NOD.CB17 Prkdcscid/Jnarl) mice 
were purchased from the National Animal 
Center (Taipei, Taiwan) and maintained in 
accordance with institutional policies. All of the 
experiments were approved by the Institutional 
Animal Care and Use Committee of Cathay 
General Hospital. The mice (n=36) were inocu-
lated subcutaneously into the bilateral flank 
with 1×106 ES2 (n=18) or 1×106 ES2TR160 
tumor cells (n=18). Mice treated with either 
PBS defined as the mock treatment group, or 
those treated with 0.25 mg/kg 5-aza-dC given 
subcutaneous inductions for 4 days (day 1-4) 
after inoculation (day 0), defined as the 5-aza-
dC treatment group [21], with 9 mice in each 
group. Tumor growth was measured using cali-
pers, and volumes were calculated based on 
the modified ellipsoid formula (L×W×W/2). On 
day 8 (tumor >50 mm3), the mice were further 
treated with either PBS (n=3), or 20 mg/kg ip 
paclitaxel per week (n=3), or oral 2.5 mg/m2 
RAD001 twice per week (n=3) in each group 
[22]. Tumor volume was measured every other 
day after tumor challenge, and all of the experi-
ments were carried out in duplicate. Tumor 
weight was measured when the mice were 
sacrificed. 

Statistical analysis

The median IC50 values of RAD001 and pacli-
taxel were calculated using Sigma Plot 8.0 soft-
ware (SPSS Inc., Chicago, IL). All numerical data 
were expressed as the mean ± SD. Significant 
differences between two groups were deter-
mined using the Student’s t-test, and signifi-
cant differences among more than two groups 
were determined with one-way ANOVA. A p 
value less than 0.05 was considered to be sta-
tistically significant.

Results

In vitro growth-inhibitory effects of RAD001 on 
paclitaxel-sensitive and resistant OCCC cells 

To examine the effect of RAD001 on the prolif-
eration of OCCC cells, MTT assays were per-



Everolimus combined with 5-aza-2-deoxycytidine to treat ovarian clear cell carcinoma

59 Am J Cancer Res 2018;8(1):56-69

formed on paclitaxel-sensitive ES2 and pa- 
clitaxel-resistant ES2TR160 cells. The IC50 con-
centrations of RAD001 in ES2 and ES2TR160 
cell lines were 159 mM and 127 mM, respec-
tively. The IC50 concentrations of paclitaxel in 
ES2 and ES2TR160 cell lines were 23.5 nM 
and 220 nM, respectively. The MTT assays of 
ES2 (Figure 1A) and ES2TR160 (Figure 1B) 
OCCC cells treated with RAD001 for 1, 3 and 6 
days showed inhibition of the proliferation of 
ES2 and ES2TR160 OCCC cells in a dose-
dependent manner. The growth-inhibition ef- 
fect of RAD001 on ES2 and ES2TR160 cell 
lines was then evaluated. As shown in Figure 
1C, RAD001 significantly inhibited the growth 
of ES2 cells by 1 mM (P<0.05, Student’s t-test) 
and ES2TR160 cells by 10 mM (P<0.05, 
Student’s t-test). 

The growth-inhibition effect of RAD001 com-
bined with paclitaxel on OCCC cells was further 
evaluated. A combination of paclitaxel with a 
low dose of RAD001 (1 mM) inhibit the prolifer-
ation of ES2 cells by 93.2% (Figure 1D and 1F). 
In comparison, a combination of paclitaxel with 
RAD001 at concentrations of 1 and 100 mM 
inhibited the proliferation of ES2TR160 cells by 
15.3% and 93.4%, respectively (Figure 1E and 
1F). These results suggested that RAD001 may 
be a promising agent for the treatment of both 
paclitaxel-sensitive and resistant OCCC when 
combined with paclitaxel.

We next examined whether 5-aza-dC could 
inhibit the proliferation of ES2 and ES2TR160 
cells. The proliferation of ES2 cells was inhibit-
ed by 59.0%, 97.5%, and 66.7% when treated 
with 10 mM of RAD001, 10 mM of 5-aza-dC, 

Figure 1. In vitro growth-inhibitory effects of RAD001 and/or paclitaxel on paclitaxel-sensitive (ES2) and paclitaxel-
resistant (ES2TR160) OCCC cell lines. A. The growth curves of ES2 parental cells treated with 0, 1, 10, and 100 mM 
RAD001 for 1, 3 and 6 days. B. The growth curves of ES2TR160 cells treated with 0, 1, 10, and 100 mM RAD001 for 
1, 3 and 6 days. C. Bar figures of the percentages of growth inhibition of RAD001 on ES2 and ES2TR160 cells. Axis 
number 1 to 4 in order represent ES2 cells treated with 0, 1, 10, and 100 mM RAD001 for 6 days, respectively; Axis 
number 5-8 in order represent ES2TR160 cells treated with 0, 1, 10, and 100 mM RAD001 for 6 days, respectively. 
D. The growth curves of ES2 parental cells treated with 23.5 nM paclitaxel and 1, 10, and 100 mM RAD001 for 
1, 3, and 6 days. E. The growth curves of ES2TR160 cells treated with 160 nM paclitaxel and 1, 10, and 100 mM 
RAD001 for 1, 3, and 6 days. F. Bar figures of the percentages of growth inhibition of RAD001 and paclitaxel on ES2 
and ES2TR160 cells. Axis number 1 to 4 in order represent ES2 cells treated with 23.5 nM paclitaxel and 1, 10, and 
100 mM RAD001 for 6 days respectively; Axis number 5-8 in order represent ES2TR160 cells treated with 23.5 nM 
paclitaxel and 1, 10, and 100 mM RAD001 for 6 days, respectively (*represents P<0.05, **represents P<0.005, 
***represents P<0.001).
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Figure 2. The growth curves and bars of cell proliferation in ES2 and ES2TR160 cells treated with 10 mM 5-aza-dC, RAD001, paclitaxel, or 5-aza-dC followed by pacli-
taxel or RAD001 at IC50 concentrations. A: The growth curves of ES2 parental cells. B: Bar figures of the percentages of growth inhibition in ES2 parental cells treated 
with different regimens. (1. PBS, 2. RAD001, 3. RAD001 and 5AZA-dC, 4. 5AZA-dC, 5. Paclitaxel, 6. 5AZA-dC and paclitaxel). C: The growth curves of ES2TR160 
cells. D: Bar figures of the percentages of growth inhibition in ES2TR160 cells treated with with different regimens. (1. PBS, 2. RAD001, 3. RAD001 and 5AZA-dC, 4. 
5AZA-dC, 5. Paclitaxel, 6. 5AZA-dC and paclitaxel).
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and 23.5 nM of paclitaxel alone, respectively 
(P<0.001, one-way ANOVA) (Figure 2A and 2B). 
In addition, the inhibition of the proliferation of 
ES2 cells increased to 94.7% and 99.2% when 
treated with 5-aza-dC and RAD001, or 5-aza-
dC and paclitaxel, respectively (P<0.001, one-
way ANOVA) (Figure 2A and 2B). Furthermore, 
5-aza-dC significantly inhibited the proliferation 
of ES2TR160 cells (96.3%) compared with 
RAD001 (42.2%) or paclitaxel (7.9%) alone 
(Figure 2C and 2D, P<0.001, one-way ANOVA). 

In vivo growth-inhibitory effects of 5-aza-dC 
and paclitaxel on paclitaxel-sensitive and resis-
tant OCCC cells

To examine the in vivo growth-inhibitory effects 
of 5-aza-dC, the athymic mice were subcutane-
ously inoculated with 1×106 ES2 or ES2TR160 
cells. The mice were then treated with either 
PBS or 0.25 mg/kg 5-aza-dC on days 1-4, as 
described in the Materials and Methods. When 
the tumors reached approximately 50 mm3 (on 
day 8), the mice were randomized into 3 treat-
ment groups, receiving no treatment as control 
groups, treatment group with ip 20 mg/kg 
paclitaxel per week without 5-aza-2-dC induc-
tion on day 1-4, and ip 20 mg/kg paclitaxel per 
week with 5-aza-2-dC induction on day1-4 as 
described in “Material and Methods”. Overall, 
drug treatment was well tolerated with no 
apparent toxicity throughout the study. The 
ES2-bearing mice treated with PBS alone had a 
similar mean tumor size at day 23 (316.49 
mm3) compared to the 5-aza-dC (363.64 mm3, 
P=0.150) and paclitaxel-treated (265.93 mm3, 
P=0.119) groups. However, the mice treated 
with 5-aza-dC and paclitaxel had the lowest 
tumor volumes (140.36 mm3, P<0.001) com-
pared with the other three groups at day 23 
(P<0.001, one-way ANOVA) (Figure 3A). In addi-
tion, the ES2TR160 tumor-bearing mice that 
were treated with 5-aza-dC and paclitaxel had 
significantly smaller tumor volumes (209.77 
mm3) than those treated with PBS (372.79 
mm3, P=0.001), paclitaxel (293.35 mm3, 
P=0.027), or 5-aza-dC (308.88 mm3, P=0.039) 
at day 23 (Figure 3B). 

We further evaluated the weights of the tumors 
of the ES2 and ES2TR160-bearing mice in the 
different groups. The ES2-bearing mice treated 
with 5-aza-5C and paclitaxel had a lower tumor 
weight (0.19±0.10 g) than those treated with 
PBS (0.46±0.05 g) or paclitaxel alone (0.37± 

0.08 g) (P<0.001, one-way ANOVA). In addition, 
the ES2TR160-bearing mice treated with 
5-aza-5C and paclitaxel had a lower tumor 
weight (0.26±0.10 g) than those treated with 
paclitaxel (0.46±0.08 g) or PBS alone (0.65± 
0.09 g) (P=0.001, one-way ANOVA) (Figure 3C). 
These results indicated that 5-aza-dC followed 
by paclitaxel had a significant antitumor effect 
on both paclitaxel-sensitive and resistant 
OCCC.

In vivo growth-inhibitory effects of RAD001 
and 5-aza-dC on paclitaxel-sensitive and resis-
tant OCCC

To further examine the in vivo growth-inhibitory 
effects of RAD001 and 5-aza-dC followed by 
RAD001, we used a subcutaneous xenograft 
model in athymic mice inoculated with ES2 or 
ES2TR160 cells. As shown in Figure 4A, the 
mean ES2 tumor volumes were similar in the 
mice treated with PBS (316.5 mm3) or 5-aza-dC 
(363.6 mm3) alone (P=0.167, one-way ANOVA) 
23 days after tumor inoculation. However, the 
mice treated with 5-aza and RAD001 had a sig-
nificantly smaller volume (176.1 mm3) than 
those treated with PBS alone (316.49 mm3), 
paclitaxel (265.93 mm3), and RAD001 (253.97 
mm3) (P=0.006, one-way ANOVA) (Figure 4A). 
The ES2TR160 tumor-bearing mice treated 
with 5-aza-dC and RAD001 also had a sig- 
nificantly smaller mean tumor volume (188.7 
mm3) than the other groups after 23 days of 
tumor inoculation (PBS 333.75 mm3, 5-aza-dC 
308.88 mm3, paclitaxel 293.34 mm3, and 
RAD001 239.54 mm3, P<0.001, one-way AN- 
OVA) (Figure 4B). These results indicated that 
5-aza-dC combined with RAD001 had potent 
anti-tumor effects in both of paclitaxel-sensi-
tive and resistant OCCC tumors.

RAD001 combined with 5-aza-dC could inhibit 
not only the phosphorylation of Akt, mTOR, 
and Rictor, but also EZH2 signaling pathways

We previously reported that an overexpression 
of the HIN-1 gene significantly reduced cell 
growth, induced apoptosis, and increased sen-
sitivity to paclitaxel by reducing the phosphory-
lation of Akt (Ho et al., 2012). In this study, 
5-aza-dC with or without RAD001 enhanced 
the expression of HIN-1 (Figure 5A). In addition, 
the phosphorylation of mTOR and Rictor 
(mTORC-2) was decreased in both the ES2 and 
ES2TR100 groups treated with RAD001 (mTOR 
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Figure 3. In vivo tumor growth curves of mice 
(n=3, in each group) treated with paclitaxel 
and/or 5-aza-2-dC. A: Tumor growth curves of 
ES2 parental cells in mice. B: Tumor growth 
curves of ES2TR160 cells in mice. C: Tumor 
weights in mice challenged with ES2 parental 
and ES2TR160 cells.
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Figure 4. In vivo tumor growth curves of mice (n=3, in each group) treated with RAD001 alone or combined with 5-aza-2-dC. A: In vivo tumor growth curves of ES2 
parental cells. B: In vivo tumor growth curves of ES2TR160 cells.
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inhibitor) alone or RAD001 with 5-aza-dC 
(Figure 5A). These results indicated that inhibi-
tion of mTOR enhanced the expression of HIN-1 
and downregulated the phosphorylation of 
mTOR and Rictor.

The phosphorylation of AKT ser473 increased 
in the ES2 and ES2TR160 cells treated with 
RAD001 (Figure 5A). However, 5-aza-dC inhib-
ited the phosphorylation of AKT (thr308), AKT 
(ser473), mTOR, and Rictor in both ES2 and 
ES2TR160 cells. These results indicated that 
5-aza-dC combined with RAD001 could reverse 
paclitaxel-resistance through downregulating 
the phosphorylation of several signaling 
pathways. 

We further evaluated whether the expression of 
EZH2 or PI3K3IP1 was influenced by 5-aza-dC 
or RAD001. As shown in Figure 5B, the expres-
sion of EZH2 decreased in the ES2 and ES- 
2TR160 cells treated with 5-aza-dC and RAD- 
001, whereas the expression of PIK3IP1 incre- 
ased (Figure 5B). These results indicated that 
5-aza-dC combined with RAD001 could regu-
late the expressions of EZH2 and PIK3IP1 in 
both the paclitaxel-sensitive and resistant 
OCCC tumor cells. 

We then investigated the apoptosis of OCCC 
tumor cells treated with different regimens. As 
shown in Figure 6A, the percentage of annexin 
V-positive ES2 cells treated with 5-aza-dC with 
RAD001 was higher (96.7±1.0%) than the other 
groups (P<0.001, one-way ANOVA), whereas 
there was no significant difference in the per-
centage of annexin V-positive cells in the ES2 

(Figure 6B). These results indicated that treat-
ment with 5-aza-dC followed by RAD001 could 
enhance apoptosis in both paclitaxel-sensitive 
and resistant OCCC tumor cells. However, con-
current treatment with 5-aza-dC and RAD001 
did not enhance the apoptosis of both paclitax-
el-sensitive and resistant OCCC tumor cells 
(data not shown).

Discussion

In this study, we evaluated the efficacy of 
RAD001 in vivo using a subcutaneous xeno-
graft model (Figure 4). Treatment with RAD001 
decreased the ES2- and ES2TR160-derived 
tumor burden by 20% and 28%, respectively, 
compared with PBS. In addition the oral admin-
istration of RAD001 was well tolerated by the 
mice. These findings suggest that RAD001 
could have a modest antitumor effect as a sin-
gle agent for clear cell carcinoma as first- and 
second-line therapy. Moreover, the paclitaxel-
resistant clear cell carcinoma cell lines exhibit-
ed increased expressions of phospho-AKT 
ser473 and thr308 and phospho-mTOR com-
pared to the corresponding paclitaxel-sensitive 
parental cell lines (Figure 5A). The increase in 
phospho-AKT ser473 expression was associat-
ed with increased activation of Rictor. The 
involvement of AKT in resistance to cisplatin 
has been reported [23, 24]. Although the inhibi-
tion of AKT activity can sensitize human ovarian 
cancer cells to conventional anticancer agents 
such as cisplatin [23] and paclitaxel [25], there 
are concerns that inhibiting AKT could affect 
certain biologically important cell processes 
such as glucose metabolism [26]. Thus, we 

Figure 5. Western blotting analyses of ES2 parental and ES2TR160 cells treat-
ed with RAD001 and/or 5-aza-2-dC. A: The expression levels of HIN-1, mTOR, 
p-mTOR, Rictor, p-Rictor, AKT, p-AKT ser473, and p-AKT ser308. B: The expres-
sion levels of EZH2 and PIK3IP1. 

cells treated with paclitaxel 
alone (31.3±5.0%) or pacli-
taxel with 5-aza-dC (37.4± 
4.6%) (P=0.191, one-way AN- 
OVA). In addition, the ES- 
2TR160 cells treated with 
5-aza-dC with RAD001 had 
the highest percentage (91.9 
±5.0%) of annexin V-positive 
cells among all of the groups 
(P<0.001, one-way ANOVA). 
The percentages of annexin 
V-positive cells treated wi- 
th paclitaxel alone (20.6± 
1.32%) and paclitaxel with 
5-aza-dC (17.2±2.9%) were 
not significantly difference 
(P=0.447, one-way ANOVA) 
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used RAD001 to target downstream therapeu-
tic effectors such as mTOR, and the results 
showed that RAD001 treatment inhibited tumor 
growth in the paclitaxel-resistant ES2TR160 
cells in vitro. However, the in vivo antitumor 
effect of RAD001 was not as pronounced in the 
paclitaxel-resistant cell-derived tumors as in 
the paclitaxel-sensitive cell-derived tumors 
(Figure 4A and 4B). 

AKT activation has been reported to be a bio-
marker to predict sensitivity to mTOR inhibitors 
[19, 27, 28]. However, our results indicate that 
RAD001 treatment in paclitaxel-resistant OCCC 
cells may have activated phospho-AKT ser473/
mTORC2 signaling, and this may cause cancer 
cell proliferation. Our results suggest that 
mTORs inhibition may be only modestly effica-
cious in the clinical management of paclitaxel-
resistant clear cell carcinoma. Recently, His- 
amatsu et al. [29] reported that treatment with 
RAD001 induced mTORC2-mediated AKT acti-
vation in both RAD001-sensitive and RAD001-
resistant OCCC cells, and that inhibition of 
mTORC2 during RAD001 treatment enhanced 
the anti-tumor effect of RAD001 and prevented 
OCCC cells from acquiring resistance to RA- 
D001. We used phospho-Rictor as an mTORC2 
surrogate to represent RAD001-resistant cells, 
and the expressions of phospho-AKT ser373 
and phospho-Rictor were increased in the ES2 
and ES2TR160 cells treated with RAD001, 
which may indicate that anti-mTORC2 drugs 
may be able to overcome RAD001 resistance. 
In our previous study, we found that 5-aza-dC 

could inhibit phospho-AKT ser373 and phos-
pho-mTOR [16]. In the current study, 5-aza-dC 
followed by RAD001 treatment suppressed 
phospho-AKT ser373 and thr308, phospho-
mTOR and Rictor activity. Importantly, treat-
ment with 5-aza-dC followed by RAD001 signifi-
cantly enhanced the efficacy of RAD001 in 
inhibiting tumor growth in our experimental 
model. Moreover, the continuous inhibition of 
phospho-AKT ser473 by 5-aza-dC prevented 
the OCCC cells from acquiring resistance to 
RAD001 in the paclitaxel-treated OCCC cells. 
Of note, RAD001 treatment following 5-aza-dC 
enhanced apoptosis in paclitaxel-sensitive and 
resistant OCCC cells and significantly enhanced 
the therapeutic efficacy of RAD001 in OCCC.

EZH2, the catalytic subunit of polycomb repres-
sive complex 2, silences gene expression 
through the generation of the lysine 27 trimeth-
ylation mark on histone H3 (H3K27Me3) by its 
catalytic SET domain [30]. EZH2 is often over-
expressed in OCCC (Li et al., 2010), and EZH2 
was overexpressed in the ES2 and ES2TR160 
cells in this study whereas the expression of 
PIK3IP1 was decreased. 5-aza-dC treatment 
followed by RAD001 successfully suppressed 
EZH2 and increased PIK3IP1 expression. In 
mice inoculated subcutaneously with ES2 and 
ES2TR160 cells, treatment with paclitaxel did 
not significantly decrease the ES2- and 
ES2TR160-derived tumor burden with PBS. 
However, 5-aza-dC followed by paclitaxel sig-
nificantly decreased the ES2- and ES2TR160-
derived tumor burden with PBS (Figure 3). 

Figure 6. A: Percentages of annexin V-positive ES2 cells treated with different regimens. B: Percentages of annexin 
V-positive ES2TR160 cells treated with different regimens. Axis number 1 to 6 represents ES2 or ES2TR cells 
treated with (1) 5AZA-dC (2) RAD001 (3) paclitaxel (4) 5AZA-dC followed by RAD001 (5) 5AZA-dC and paclitaxel (6) 
no treatment.
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These results suggest that 5-aza-dC can 
enhance the anti-tumor effect of paclitaxel in 
both paclitaxel-sensitive and also paclitaxel-
resistant OCCC cells. Because the ES2 and 
ES2TR160 cells used in this study mimic the 
development of resistance in paclitaxel-treated 
patients, our results suggest that administering 
5-aza-dC followed by RAD001 or paclitaxel may 
be a promising treatment strategy for patients 
with OCCC.

OCCC is a distinct subtype of epithelial ovarian 
cancer, and it is associated with poorer sensi-
tivity to platinum-based chemotherapy and a 
worse prognosis than more common serous 
carcinomas both in first-line and recurrent set-
tings [7, 9, 31]. We previously reported that 
treatment with paclitaxel-platinum-based che-
motherapy resulted in better survival than 
treatment with platinum-based chemotherapy 
among our patients with advanced pure clear 
cell carcinoma, especially in those with optimal 
cytoreduction (40.95 vs. 9.02 months, P= 
0.028) (Ho et al., 2004). However, the response 
rate to salvage chemotherapy for cisplatin-
resistant clear cell carcinoma has been report-
ed to be only 1% [9], indicating the urgent need 
for new treatment strategies for recurrent clear 
cell carcinoma of the ovary.

Previous investigations have indicated that 
mTORC1 is frequently activated in OCCC, and in 
vitro studies have suggested that mTORC1 can 
be targeted therapeutically [21, 32]. In addition 
to mTORC1, the role of mTORC2 as a therapeu-
tic target in OCCC has also recently been pro-
posed [29]. There is emerging evidence that 
mTORC2 may be an important driver for tumori-
genesis. For example, it has been reported that 
the exogenous overexpression of Rictor can 
promote mTORC2 activity, increase the prolif-
erative and invasive potential of cancer cells 
[33], and induce malignant tumors in mice [34]. 
In the current study, we found that Rictor, an 
essential component of the mTORC2 complex, 
was highly expressed in paclitaxel-sensitive 
and paclitaxel-resistant OCCC cells. These 
results suggest that mTORC2 plays an impor-
tant role in the development of OCCC, and that 
it may represent a viable therapeutic target in 
this disease. The Rictor-mTORC2-AKT feedback 
loop induced by RAD001 treatment has been 
reported to be, at least in part, responsible for 
acquired resistance to RAD001 [29]. In addi-

tion, our results revealed the activation of 
phosphor-AKT ser473 after RAD001 treatment, 
which is consistent with previous reports.

Early trials of mTOR inhibitors have shown some 
clinical benefits in gynecologic malignancies, 
particularly in endometrial and ovarian can-
cers. Recent results of combinations of PI3K/
mTOR inhibitors and other treatment modali-
ties such as hormonal therapy, chemotherapy, 
or targeted therapy have been encouraging, 
demonstrating clinical benefit without signifi-
cant additional toxicity [35-37]. A more attrac-
tive approach would be sequential treatment 
followed by the inhibition of PI3K by mole- 
cular profiling of the resistant tumor [38]. In the 
current study, we used RAD001 as an mTOR 
inhibitor, and it showed significant in vitro and 
in vivo antitumor activity toward OCCC cells. 
Furthermore, our results showed that treat-
ment with RAD001 effectively attenuated the 
phosphorylation of mTOR and Rictor in vitro 
and markedly inhibited the proliferation of 
OCCC cells. Nevertheless, there are concerns 
that inhibiting mTOR may trigger a feedback 
mechanism that activates AKT to potentially 
promote tumor growth and consequently 
reduce the antitumor effect of mTOR inhibitors 
[39-42]. 

Candidate DNA methylation drivers of acquired 
cisplatin resistance in ovarian cancer have 
recently been identified by methylome and 
expression profiling [43]. However, few poten-
tial key drivers of chemo-resistance in OCCC 
whose expressions can be silenced by DNA 
methylation have been identified, and further 
studies to identify therapeutic targets to over-
come resistance to various drugs are warrant-
ed. Preclinical and clinical studies have strongly 
supported the use of a combination of regi-
mens, and reported that hypomethylating 
agents such as 5-aza-dC can restore platinum 
sensitivity in chemo-resistant ovarian cancer 
cell lines, xenografts, and patients with ovarian 
cancer [44-47]. 5-aza-2-deoxycytidine (decita- 
bine) has been shown to inhibit the ex vivo 
tumor growth of OCCC partly through affecting 
the HIN-1-related AKT-mTOR signaling pathway 
in both paclitaxel-sensitive and paclitaxel resis-
tant OCCC [16]. In the current study, 5-aza-dC 
followed by RAD001 more effectively inhibited 
ES2- and ES2TR160-derived tumors by up to 
45% compared to RAD001 alone.
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In conclusion, treatment with 5-aza-dC followed 
by RAD001 is a promising treatment strategy 
by enhancing apoptosis of OCCC cells in both 
first-line chemotherapy and as second-line 
treatment for recurrent OCCC previously treat-
ed with paclitaxel. This combination can also 
overcome RAD001 chemo-resistance through 
inhibiting phospho-AKT and phospho-Rictor. 
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