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Abstract
Background/Aims: Cancer stem-like cells are the main cause of tumor occurrence, progression, 
and therapeutic  resistance. However, the precise signals required for the maintenance of 
the stem-like traits of these cells in ovarian cancer remain elusive. We have thus worked to 
elucidate the functional role of Tyrosine 3-monooxygenase/tryptophan 5-monooxygenase 
activation protein zeta (YWHAZ), a gene encoding the 14-3-3ζ protein, in the regulation of 
multidrug resistance and stem cell-like traits in ovarian cancer. Methods: We detected the 
YWHAZ levels in human ovarian cancer specimens and cell lines using quantitative reverse 
transcription-polymerase chain reaction (qRT-PCR) and western blots. MTS assays, soft agar 
colony formation assays, migration assays, cell cycle analysis, sphere formation assays, and 
flow cytometry were applied to investigate the functional role of YWHAZ in ovarian cancer. 
Results: Our data reveals substantially increased YWHAZ expression in both cisplatin- and 
paclitaxel-resistant ovarian cancer cells. Silencing YWHAZ restored the sensitivity of resistant 
ovarian cancer cells to cisplatin and paclitaxel. Furthermore, in vitro studies showed that 
down-regulation of YWHAZ inhibited cell cycle progression, migration, and the expression of 
stem cell markers. Moreover, tumorigenicity was suppressed in tumor-bearing BALB/c nude 
mice following YWHAZ knockdown. Additionally, we demonstrated that the expression of 
YWHAZ was directly down-regulated by miR-30e in resistant ovarian cancer cells. Conclusion: 
Our results have led to new insights into the essential role of YWHAZ in the regulation of 
tumourigenesis, stem-like traits, and drug resistance in ovarian cancer, thereby helping to 
identify a potential target for ovarian cancer therapy.
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Introduction

Ovarian cancer is the second major cause of gynecologic cancer-associated death in 
the world [1, 2]. There are nearly 240, 000 new cases annually in the world, accounting 
for about 4% of women’s cancers, and about 152, 000 women die from this disease each 
year [3-5]. This high mortality rate is due in part to the fact that most new cases of ovarian 
cancer are detected at advanced stages. Although cancer patients often initially respond to 
postoperative adjuvant platinum and taxane chemotherapy, most of them relapse within 
12-24 months and gradually die of chemotherapeutic drug resistance [6-9]. The standard 
chemotherapy procedure for ovarian cancer is usually accompanied by chemical resistance, 
which is a major obstacle to a lasting cure [10-12]. Selective pressure-induced random 
mutations, continuous genetic alterations, and cancer cell stem cell-like properties are the 
main causes of chemotherapy-resistant cells during chemotherapy [13]. The identification 
of molecular biomarkers of drug sensitivity and drug resistance is critical for effective 
prognosis. A recent study on whole-genome characterization of chemotherapeutic-resistant 
ovarian cancer showed that 62 genes are simultaneously altered in cisplatin-, doxorubicin-, 
and paclitaxel-resistance phenotypes [14]. Acquired chemotherapy resistance is mainly 
associated with the inactivation of tumor suppressors, loss of BRCA1 promoter methylation, 
and overexpression of the drug efflux pump MDR1 [15]. However, little is known about 
the underlying mechanisms that contribute to both cisplatin- and paclitaxel-resistance of 
ovarian cancer under the selective pressure of chemotherapy.

In this study, we explored the candidate genes that could confer both cisplatin- and 
paclitaxel-resistance in ovarian cancer cells. Using genomic analysis, we found that YWHAZ 
gene expression was considerably increased in both cisplatin- and paclitaxel-resistant cells. 
Moreover, YWHAZ silencing restored the sensitivity of resistant ovarian cancer cells to 
cisplatin and paclitaxel. YWHAZ silencing inhibited cell cycle progression, migration, and 
the development of stem cell-like qualities, and it reduced the tumorigenicity of resistant 
ovarian cancer cells. These findings suggest that YWHAZ may be a potential therapeutic 
target for ovarian cancer treatment and for overcoming cisplatin- and paclitaxel-resistance.

Materials and Methods

Cell lines and cell culture
The human epithelial serous ovarian cancer cell line OV2008 (cisplatin-sensitive) was purchased from 

ECACC (UK). Cells were maintained in Roswell Park Memorial Institute (RPMI) 1640 medium containing 
10% fetal bovine serum (FBS) and 1% penicillin/streptomycin (Thermo Fisher Scientific, USA) at 37°C in 
a humidified atmosphere of 5% CO2. Cisplatin and paclitaxel (Sigma-Aldrich) were dissolved in dimethyl 
sulfoxide (DMSO). Cells resistant to cisplatin and paclitaxel were obtained from the parental cell line OV2008 
by gradually increasing doses of cisplatin or paclitaxel in cell culture medium during cell passaging for 
about 6 months. According to the ECACC guidelines, CP70 (cisplatin-resistant) and SKOV3/PTX (paclitaxel-
resistant) cells were cultured for 72 h in cultured medium containing 1 μg/ml cisplatin or paclitaxel for each 
passage.

Transfection and infection
EsiRNA transfection was performed using Lipofectamine 2000 (Invitrogen, USA). For stable knockdown 

of YWHAZ, a short hairpin RNA (shRNA) targeting YWHAZ was synthesized and cloned into the lentiviral 
vector (Genechem, Shanghai, China). The lentiviral vector carrying a scrambled shRNA served as negative 
control (shScramble). The lentiviral vectors were co-transfected with pHelper1 and pHelper2 vectors into 
293T cells using Lipofectamine 2000. Viral supernatants were collected 48 h after transfections, cleared 
through a 0.45 μm filter, and ultra-centrifuged. Ovarian cancer cells were infected with lentiviral particles 
for 48 h for YWHAZ knockdown, and stable YWHAZ knockdown cells were obtained under puromycin 
selection.
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Real-time quantitative reverse transcription PCR (qRT-PCR)
Total RNA was isolated from cells using Trizol reagent (Invitrogen, USA) and was used as a 

template to make cDNA using a cDNA Reverse Transcription Kit (Invitrogen, USA). qPCR amplification 
conditions were as follows: 95°C for 10 min, 94°C for 30 s, 55°C for 15 s, and 72°C for 55 s for 35 cycles 
in Real-Time PCR Instrument (Applied Biosystems, USA). The primer sequences were as follows: 
YWHAZ, 5’-GCTGGTGATGACCAAGAAAGG-3’ and 5’-GGATGTGTTGGTTGCATTTCCT-3’;  GAPDH, 
5’-GCCACTCGAATAGTGCAACC-3’ and 5’-ACCACCTCTCAGGTGGTGTA-3’.  Relative mRNA expression levels 
were calculated using the formula 2−(CtYWHAZ-CtGAPDH).

MTS assay
Cells (3×103) were seeded in 96-well plates and cultured at 37°C. At the indicated time points, cells 

were measured with MTS by the manufacturer’s instructions (Promega Corp., Madison, WI). The absorbance 
values were measured at 492 nm in an automatic microplate reader. Each assay was performed three times.

Soft agar colony formation assay
Single cells (500) were seeded in the top agar layer in each well of a 24-well culture plate with a 0.3% 

top agar layer and a 0.4% bottom agar layer (SeaPlaque Agarose, Cambrex, USA). Cells were cultured at 
37°C for 3 weeks. Colonies were then stained with crystal violet (0.01% in 10% MetOH) and counted under 
a microscope.

Migration assay
Cells (1×106) in medium without FBS were seeded into the upper chamber (Millipore, Billerica, MA), 

while medium containing 10% FBS was added to the lower chamber. After incubation at 37°C for 24 h, cells 
were ethanol-fixed and Giemsa-stained (Sigma, St. Louis, MO, USA). The migrated cells were counted under 
an inverted microscope.

Cell cycle analysis
Following transfection, cells were collected and washed with phosphate-buffered saline (PBS). Cell 

pellets were fixed in 70% ethanol overnight at -20°C. The fixed cells were re-suspended in PBS containing 
10 mg/mL RNase A, incubated for 1 h at 37°C, and stained by adding 50 mg/mL PI for 30 min at room 
temperature in the dark. DNA contents of the stained cells were analyzed using Cell Quest Software with a 
FACSCalibur flow cytometry instrument (Becton Dickinson, Bedford, MA).

Luciferase reporter assay
To construct the firefly luciferase reporters, the 3’-UTR and 3’-UTR mutant of YWHAZ were amplified 

by PCR and inserted into the pGL3-control vector (Promega) at the Xba1 site immediately downstream of 
the stop codon of firefly luciferase. Cells were co-transfected with a firefly luciferase reporter vector and a 
Renilla luciferase control vector (pRL-CMV), with or without miRNA mimics, using Lipofectamine 2000 in 
24-well plates. Luciferase activities were measured 24 h after transfection using a dual-luciferase reporter 
assay system (Promega) in which firefly luciferase activity was normalized to Renilla luciferase activity.

Sphere formation assays
We performed sphere formation assays to investigate the impact of YWHAZ on cancer stem cells. Cells 

(1×104) were seeded in ultra-low attachment 6-well plates (Corning Inc., Corning, NY, USA) containing 
serum-free Dulbecco’s modified Eagle’s medium (DMEM)/F-12 (1:1 ratio) media with 1% penicillin-
streptomycin, B27 and N2 supplements (Gibco), 20 ng/ml rhEGF, and 20 ng/ml fibroblast growth factor 
(Invitrogen, USA). After seeding, cells were observed to ensure that spheres were forming as a result of cell 
multiplication and not due to adherence of nearby cells. Spheres (>50 μm) were imaged and counted.

Western blotting
Proteins were electrophoresed on a 10% sodium dodecyl sulfate–polyacrylamide gel electrophoresis 

(SDS-PAGE) gel and  transferred onto a polyvinylidene difluoride (PVDF) membrane. After blocking with 
5% bovine serum albumin for 1 h, the membrane was incubated with primary antibody at 4°C overnight. 
The membrane was washed with Tris-buffered saline and Tween 20 (TBST), and the membrane was then 
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incubated with the horseradish peroxidase (HRP)-conjugated secondary antibody at room temperature for 
1 h. After washing with TBST, proteins were detected using ECL PlusWestern Blotting Detection Reagents 
(GE Healthcare Life Sciences, Piscataway, NJ, USA). The gray value was analyzed using ImageJ software.

Flow cytometry
We used the ALDEFLUOR kit (StemCell Technologies, Durham, NC) to isolate a subpopulation with 

high aldehyde dehydrogenase (ALDH) enzymatic activity. For each sample, a specific ALDH inhibitor, 
diethylaminobenzaldehyde (DEAB), was used as a negative control. Anti-human PE-CD133 antibody 
was purchased from Miltenyi Biotec (Auburn, CA). We analyzed ALDH+/CD133+ and ALDH−/CD133− 
subpopulations using a Flow Cytometer.

Animal experiments
CP70 and SKOV3/PTX cells stably transfected with shRNA were validated and re-suspended in PBS. 

Cells were injected subcutaneously into the right and left flank of female BALB/c nude mice (5×106 cells 
each). Each week, we measured the (a) length and (b) width of tumors with a Vernier caliper, and tumor 
volumes (V) were calculated using the formula V = ab2/2. We evaluated the statistical significance of tumor 
size differences in the shYWHAZ and shScramble control transfected groups by Student’s t-test. The study 
was approved by the Animal Ethics Committee of Hainan General Hospital, China. All animal experiments 
followed relevant guidelines and regulations.

Immunohistochemistry (IHC)
The experiments were approved by the Ethical Review Committees of Human Research Subjects of 

Hainan General Hospital. A total of 84 ovarian cancer patients were enrolled in this study from Hainan 
General Hospital from January 2011 to December 2012. All study subjects approved and signed the informed 
consent form, and we collected tumor tissue samples from each subject. Samples of tumor tissues or 
consented xenograft mouse tissues from CP70- and SKOV3/PTX-transfected cells were paraffin embedded 
and cut into 5 μm sections. We placed sections on slides coated with polylysine, which we then deparaffinized 
in xylene and rehydrated with graded alcohol. Antigen retrieval was performed with heated citrate buffer 
(pH 6; Dako). After blocking with 10% goat serum, samples were either incubated with primary antibody 
[rabbit anti-YWHAZ (1:100)] or a negative control [an isotype IgG (Sigma)] at 4°C overnight in a humidified 
container. According to the manufacturer’s instruction, we performed IHC with the Dako Envision Plus 
system (Dako, Carpinteria, CA, USA). We evaluated the intensity of staining by digital image analysis, and 
scores from 0 to 4 were used to define the percentage of positive tumors (0 for low expression or negative 
control, 1 for 0-10%, 2 for 10-25%, 3 for 25-50%, and 4 for high expression of >50%).

Statistical analysis
All data represent the mean ± standard error (S.E.M.) from at least three independent experiments. We 

assessed statistical significance by two-tailed Student’s t-test or one-way multivariate analysis of variance 
(ANOVA) using SPSS 22.0 statistical software (SPSS, Inc., Chicago, IL, USA). We analyzed the survival rate 
using the Kaplan–Meier method. A P value of less than 0.05 was considered to be statistically significant.

Results

Upregulation of YWHAZ in cisplatin and paclitaxel-resistant ovarian cancer cells
To determine the key factor associated with cisplatin- and paclitaxel-resistance in 

ovarian cancer, differences in gene expression levels were compared between chemosensitive 
cells (OV2008) and chemotherapy-resistant cells (CP70 and SKOV3/PTX). The data from 
qRT-PCR and western blotting showed that YWHAZ was significantly upregulated in both 
CP70 and SKOV3/PTX cells (Fig. 1A, B). The rate of positive YWHAZ protein expression 
was significantly higher in ovarian cancer samples than in normal ovarian tissues (Fig. 1C). 
Moreover, high YWHAZ expression was significantly associated with poor overall survival (P 
= 0.025) and poor progression-free survival of ovarian cancer patients (P = 0.003, Fig. 1D). 
These findings suggest that YWHAZ may play an important role in the regulation of both 
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Fig. 1. Upregulation of YWHAZ in cisplatin and paclitaxel-resistant 
ovarian cancer cells. The expression of YWHAZ in cisplatin- and 
paclitaxel-resistant ovarian cancer cells was measured using (A) 
qRT-PCR and (B) western blotting. C: YWHAZ expression in ovarian 
cancer tissue samples detected by IHC. D: High YWHAZ expression was 
significantly associated with poor overall survival and progression-free 
survival in ovarian cancer patients.

cisplatin- and paclitaxel-
resistance in ovarian cancer 
cells.

YWHAZ knockdown 
inhibited the 
progression of cell cycle 
in resistant ovarian 
cancer cells
Cell cycle progression 

is critical in chemotherapy 
drug resistance. To find 
the molecular mechanism 
of YWHAZ in cisplatin- 
and paclitaxel-resistance 
in ovarian cancer cells, 
we analyzed the effect of 
YWHAZ knockdown on 
cell cycle distribution. We 
performed qRT-PCR to 
examine the efficiency of 
YWHAZ knockdown in both 
cisplatin- and paclitaxel-
resistant ovarian cancer 
cells after YWHAZ esiRNA 
(esiYWHAZ) transfection 
(Fig. 2A, P < 0.05). Flow 
cytometry analysis 
revealed that YWHAZ 
knockdown increased the 
cell population in G0/G1 
phase but decreased the 
cell population in S phase 
in both cisplatin- and 
paclitaxel-resistant ovarian 
cancer cells (Fig. 2B, P < 0.05). These data indicate that YWHAZ knockdown inhibits cell 
cycle progression in resistant ovarian cancer cells.

YWHAZ knockdown inhibited cell growth, migration, and drug resistance of resistant 
ovarian cancer cells
Next, we studied the effects of YWHAZ silencing on cell growth, migration, and drug 

resistance of resistant ovarian cancer cells. Cell growth of both cisplatin- and paclitaxel-
resistant ovarian cancer cells was reduced significantly after YWHAZ silencing (Fig. 3A). 
A Transwell migration assay showed that the migration abilities of both cisplatin- and 
paclitaxel-resistant ovarian cancer cells were suppressed dramatically following YWHAZ 
knockdown (Fig. 3B). Moreover, the sensitivity of resistant ovarian cancer cells to cisplatin 
and paclitaxel significantly increased following YWHAZ knockdown (Fig. 3C). Taken together, 
these findings suggest that YWHAZ knockdown inhibits cell growth, migration, and drug 
resistance of resistant ovarian cancer cells.

YWHAZ knockdown inhibited colony formation and stem cell-like traits in resistant ovarian 
cancer cells
A soft agar colony forming assay revealed that the colony forming abilities of both 

cisplatin- and paclitaxel-resistant ovarian cancer cells were noticeably inhibited by YWHAZ 

Figure 1 
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Fig. 3. YWHAZ 
knockdown inhibited 
cell growth, migration, 
and drug resistance of 
resistant ovarian cancer 
cells. A: Cell proliferation 
was significantly reduced 
after YWHAZ knockdown 
in both CP70 and SKOV3/
PTX cells, as detected 
by MTS assay. B: Cell 
migration rates of both 
cisplatin- and paclitaxel-
resistant ovarian cancer 
cells were reduced 
dramatically after 
YWHAZ silencing, which 
was measured using 
a Transwell migration 
assay. C: Drug sensitivity 
of resistant ovarian 
cancer cells to cisplatin 
and paclitaxel increased 
after YWHAZ silencing, 
which was detected 
by MTS assay. *P<0.05 
(t-test).

Fig. 2. YWHAZ knockdown 
inhibited the cell cycle 
progression in resistant 
ovarian cancer cells. A: The 
expression of YWHAZ was 
significantly knocked down 
following YWHAZ esiRNA 
transfection in both CP70 
and SKOV3/PTX cells, which 
was detected by qRT-PCR. 
*P<0.05 (t-test). B: YWHAZ 
knockdown significantly 
increased cell population in 
G0/G1 phase but decreased 
cell population in S phase in 
both CP70 and SKOV3/PTX 
cells, which was detected by 
flow cytometry.

Figure 2 
 

 
 
 
 
 
 
 
 
 

Figure 3 
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Fig. 4. YWHAZ knockdown inhibited colony formation and stem cell-like properties in resistant ovarian 
cancer cells. A: Cellular anchorage-independent growth was significantly inhibited in cisplatin- and 
paclitaxel-resistant ovarian cancer cells after stable silencing of YWHAZ, which was detected by a soft agar 
assay. B: ALDH+, CD133+, and ALDH+/CD133+ cell populations were significantly decreased after YWHAZ 
knockdown, which was measured by flow cytometry. C: Tumor sphere-forming ability of both resistant 
ovarian cancer cells was significantly inhibited after stable silencing of YWHAZ, which was detected using a 
sphere formation assay. *P<0.05 (t-test).

knockdown. This result serves as evidence that the silencing of YWHAZ inhibited the cellular 
anchorage-independent growth of resistant ovarian cancer cells in vitro (Fig. 4A). Additional 
evidence suggested that cancer cell stem-like qualities are a major cause of cancer occurrence 
and drug resistance. CD133 and ALDH are used to define cancer stem cells in multiple 
cancers. Using these two markers and flow cytometric analysis, we found that stem cell-like 
populations were significantly decreased following YWHAZ knockdown (Fig. 4B, P < 0.05). 
Consistently, the tumor sphere-forming abilities of both resistant ovarian cancer cell lines 
were significantly inhibited after YWHAZ silencing in the sphere formation assay (Fig. 4C, 
P < 0.05). These data suggest that YWHAZ knockdown inhibits colony formation and stem 
cell-like properties in resistant ovarian cancer cells.

Figure 4 
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miR-30e regulated the expression of YWHAZ in resistant ovarian cancer cells
We used a luciferase reporter assay to determine if YWHAZ was potentially regulated 

by miR-30e. To determine if the 3’-UTR of YWHAZ mRNA can be recognized directly by miR-
30e, we cloned a 3’-UTR sequence containing the predicted target site and a mutated 3’-UTR 
sequence into a pGL3 vector to produce the vectors pGL3-YWHAZ-wt and pGL3-YWHAZ-
mut, respectively (Fig. 5A). miR-30e mimics or controls were co-transfected into HEK293 
cells along with the produced vectors. The transfection efficiency was normalized with a 
Renilla luciferase vector (pRL-TK). Compared with the control group, luciferase activity was 
dramatically decreased in cells co-transfected with miR-30e mimics and the pGL3-YWHAZ-
wt vector (Fig. 5B). The protein expression of YWHAZ was then detected in resistant ovarian 
cancer cells transfected with miR-30e mimics or controls. The results showed that miR-30e 
overexpression decreased YWHAZ expression in resistant ovarian cancer cells (Fig. 5C). 
These findings suggest that miR-30e regulates the expression of YWHAZ in resistant ovarian 
cancer cells.

Silencing of YWHAZ inhibits tumorigenicity of resistant OC cell in vivo
Using an in vivo mouse model, we further investigated the effect of YWHAZ silencing 

on the tumorigenicity of resistant ovarian cancer cells. Resistant ovarian cancer cells stably 
transfected with YWHAZ shRNA or with a shScramble control were subcutaneously injected 
into immunodeficient Balb/C mice. During the tumorigenic period, the tumor growth for 
both CP70 (Fig. 6A) and SKOV3/PTX (Fig. 6B) cells was slower in the shYWHAZ group than 
in the shScramble control group. Expression of YWHAZ was significantly decreased in tumor 
tissues of the shYWHAZ group than in those of the shScramble control group, indicated by IHC 
staining (Fig. 6C). These data illustrate that the silencing of YWHAZ inhibits tumorigenicity 
of resistant ovarian cancer cells in vivo.

Fig. 5. miR-30e-regulated YWHAZ expression in resistant ovarian cancer cells. A: The predicted binding 
sites of YWHAZ mRNA 3’-UTR and miR-30e. B: Compared with the control group, luciferase activity was 
dramatically decreased in cells co-transfected with miR-30e mimics and pGL3-YWHAZ-wt. C: Overexpression 
of miR-30e decreased YWHAZ expression in resistant ovarian cancer cells, as was indicated by western 
blotting.

Figure 5 
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Fig. 6. YWHAZ knockdown inhibited tumorigenicity of resistant ovarian cancer cells in vivo. Tumor growth 
was significantly slower in shYWHAZ stably transfected (A) CP70 and (B) SKOV3/PTX cells than in those of 
shScramble transfected control cells, as we have shown via tumor images (left) and a tumor growth curve 
(right). *P<0.05 (t-test). C: YWHAZ expression in tumor tissues was significantly decreased in the shYWHAZ 
stably transfected group when compared to those in the shScramble control transfected group, as we have 
indicated by IHC.

Discussion

YWHAZ is a member of the protein tyrosine phosphatase (PTP) family [16]. YWHAZ 
is involved in several cellular processes such as cell growth, differentiation, mitosis, and 
oncogenic transformation [17-19]. YWHAZ could serve as a promising prognostic biomarker 
in localized PCa to predict poor prognosis and to identify a subgroup of tumors [20]. YWHAZ 
silencing restored doxorubicin-based drug sensitivity in breast cancer cells [21]. These 
findings suggest that YWHAZ plays an important role in the development of cancer and 
chemotherapy resistance.

Chemotherapy based on platinum is currently the first-line treatment for HGSC patients 
with advanced-stage cancer [22, 23]. Tumors resistant to platinum, however, are a key 
obstacle in clinical treatment [24]. Platinum-resistant ovarian cancer exists in the spectrum 
of heterogeneous and complex diseases [25]. The mechanisms of platinum resistance may 
include cisplatin transport and trafficking changes, apoptosis disruption, increased tolerance 
to cisplatin-DNA adducts, and increased DNA repair to cisplatin-DNA interactions [26]. Many 
phenotypes of ovarian cancer exhibit different resistance pathways simultaneously [27]. 
According to the free interval to platinum for less than or greater than 6 months, patients with 
recurrent ovarian cancer are categorized as either platinum resistant or platinum sensitive 
[28]. Some second-line chemotherapeutic drugs have been approved for the treatment of 
ovarian cancer such as paclitaxel, topotecan, etoposide, gemcitabine, and trabectedin [29]. If 
recurrence occurs within 6 months of the initial treatment, or if it occurs following complete 
clinical response to chemotherapy including platinum, liposomal paclitaxel can be used 
alone [30]. However, if recurrence happens after more than 6 months, liposomal paclitaxel 

Figure 6 
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may be combined with platinum for treatment. Unfortunately, these second-line drugs have 
had poor outcomes in trials using large populations of unselected relapsed patients [28]. 
Hence, it is important to determine the factors involved in both cisplatin- and paclitaxel-
resistance in HGSC under the selective pressure of chemotherapy.

In this study, YWHAZ upregulation was found to promote drug resistance to both 
cisplatin and paclitaxel. Recent studies have shown that activating YWHAZ mutations 
promotes the proliferation and migration of cholangiocarcinoma cells and is related to tumor 
relapse [24, 25]. Moreover, transfection of YWHAZ in cell lines increased cell proliferation, 
colony formation, and migration [31]. Our study found that miR-30e can regulate YWHAZ 
in resistant ovarian cancer cells. Therefore, the miR-30e/YWHAZ signaling pathway may 
take part in both cisplatin- and paclitaxel-resistance of HGSC under the selective pressure 
of chemotherapy.

It has been reported that YWHAZ is an oncogene in gastric cancer, colon cancer, and 
breast cancer [18, 21, 32]. YWHAZ, however, can inhibit the proliferation and migration of 
lung cancer cells by promoting the endocytic EGFR degradation, which suggests that YWHAZ 
can to be a tumor suppressor in lung cancer [33]. In this study, YWHAZ expression increased 
in about one-third of clinical ovarian cancer tissue samples, whereas it could not be detected 
in normal ovarian tissue samples. Furthermore, high YWHAZ expression significantly 
correlated with poor overall survival in ovarian cancer patients. YWHAZ silencing inhibited 
proliferation, cell cycle progression, migration, drug resistance, stemness, and tumorigenicity 
of resistant ovarian cancer cells. These data suggest that YWHAZ can promote drug resistance 
and stem cell-like traits, and that YWHAZ may be a potential therapeutic target for ovarian 
cancer.
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