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XIST lost induces ovarian cancer 
stem cells to acquire taxol resistance 
via a KMT2C‑dependent way
Ruili Huang*  , Lijuan Zhu and Yali Zhang

Abstract 

Background/aims:  The expression levels of long non-coding RNA XIST are significantly associated with paclitaxel 
(Pac) sensitivity in ovarian cancer, but the mechanism of action remains unclear. Therefore, this experimental design 
was based on lncRNA XIST analysis to regulate the effect of XIST on the tumor stem cell and paclitaxel sensitivity in 
ovarian cancer.

Methods:  Sphere assay and fluorescence activated cell sorting (FACS) were used to determine the expression levels 
of XIST and sensitivity to paclitaxel treatment. The effect of the proliferation was detected by MTT assay. Target gene 
prediction and screening, luciferase reporter assays were used to validate downstream target genes for lncRNA XIS 
and KMT2C. The expression of KMT2C was detected by RT-qPCR and Western blotting. RT-qPCR was used to detect 
the expression of cancer stem cell-associated genes SOX2, OCT4 and Nanog. The tumor changes in mice were 
detected by in vivo experiments in nude mice.

Results:  There was an inverse correlation between the expression of XIST and cancer stem cell (CD44 + /CD24−) 
population. XIST promoted methylation of histone H3 methylation at lysine 4 by enhancing the stability of lysine 
(K)-specific methyltransferase 2C (KMT2C) mRNA. XIST acted on the stability of KMT2C mRNA by directly targeting 
miR-93-5p. Overexpression of miR-93-5p can reverse the XIST overexpression-induced KMT2C decrease and sphere 
number increase. Overexpression of KMT2C inhibited XIST silencing-induced proliferation of cancer stem cells, and 
KMT2C was able to mediate paclitaxel resistance induced by XIST in ovarian cancer. The study found that XIST can 
affect the expression of KMT2C in the ovarian cancer via targeting miR-93-5p.

Conclusion:  XIST promoted the sensitivity of ovarian cancer stem cells to paclitaxel in a KMT2C-dependent manner.
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Background
Ovarian cancer is one of the three major malignant 
tumors in female reproductive organs [1, 2]. The inci-
dence rate is second only to cervical cancer and endo-
metrial cancer, but its mortality rate ranks first among 
gynecological tumors [3]. Ovarian cancer has become 

a malignant tumor that seriously threatens women’s 
health and life. Clinically, although chemotherapy has a 
positive effect on tumor control, it is still not clear about 
improving survival rate and reducing distant metastasis 
[4]. Therefore, it is particularly necessary to explore new 
targeted treatments for inhibiting tumor recurrence. 
In recent years, with the deepening of research on the 
mechanism of tumorigenesis and development, it has 
been found that the growth, metastasis and recurrence 
of malignant tumors are related to stem cells [5]. Tumor 
stem cells (TCCs) are abnormal tissues formed by the 
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proliferation of tumor-forming TCCs. TCCs are closely 
related to the malignant biological behavior of tumors, 
and are the determinants of tumorigenesis, development, 
invasion, metastasis, and drug resistance [6]. The theory 
of cancer stem cells proposes a new elaboration for the 
origin of tumors, pointing out new targets for the treat-
ment of tumors.

Long non-coding RNAs (lncRNAs) are a class of non-
coding RNA molecules that are more than 200 nucleo-
tides in length and do not encode proteins [7]. They are 
involved in many biological processes, such as participa-
tion in protein coding [8]. Most of the known lncRNAs 
are involved in many biological processes at the epige-
netic, transcriptional, and post-transcriptional levels [9]. 
More importantly, the dysregulation of lncRNAs in can-
cer involves the progression of a range of diseases [10, 
11]. In vitro and in vivo functional analysis have shown 
that lncRNAs are involved in a variety of cancer malig-
nant behaviors such as unrestricted proliferation, metas-
tasis, radiation therapy, and cancer stem cell phenotype 
[12, 13]. The X-chromosome inactivating specific tran-
script (XIST) gene is localized to the X-chromosome 
inactivation center (Xic) and encodes RNA longer than 
200  bp [14]. Studies have demonstrated that lncRNA 
XIST plays a regulatory role in multiple tumors [15]. At 
present, the regulation mechanism of lncRNAs in pacli-
taxel resistance has not been reported.

In recent years, the role of miRNAs in the decline of 
chemotherapeutic drug sensitivity and drug resistance 
has attracted widespread attention [16]. Studies have 
shown that miRNAs can affect the sensitivity of tumor 
cells to chemotherapy drugs by regulating apoptosis reg-
ulators and drug transporters [17]. Studies have found 
that miR-93-5p is closely related to tumorigenesis [18]. 
The KMT2C gene has mutations or deletions in many 
tumors, including leukemia, liver cancer, pancreatic can-
cer, gastric cancer, cholangiocarcinoma, ovarian cancer, 
and bladder transitional cell carcinoma [19, 20]. In recent 
years, several studies have found that lncRNAs may play 
a biological role by regulating downstream target genes 
through miRNA adsorption processes [21]. Based on the 
above studies, it was hypothesized that lncRNA XIST 
may regulate the progression of ovarian cancer stem 
cells through miR-93-5p/KMT2C. The main purpose of 
this study was to investigate the mechanism of action of 
lncRNA XIST in the regulation of ovarian cancer stem 
cells, and to open a new way to reverse the drug resist-
ance of paclitaxel in ovarian cancer.

Materials and methods
Sample collection
A total of 87 patients with ovarian cancer were confirmed 
by pathology, and surgical resection was performed at 

the First People’s Hospital of Shangqiu between 2014 and 
2016. All patients did not receive chemotherapy or radia-
tion before enrollment. The patient’s ovary cancer tissues 
and adjacent normal tissues were collected. The clinical 
stage of the patient was assessed according to the Inter-
national Union Against Cancer (UIAC) tumor-lymph 
node metastasis (TNM) system. The clinicopathological 
features of the patients were shown in Additional file 1: 
Table S1.

Cell culture
SKOV3, ES-2, TOV21G and RMG-1 cell were purchased 
from the American Tissue Culture Collection. Taxol-
resistant SKOV3/txr cell was obtained through Low dose 
sustained Taxol induction based on parental SKOV3 as 
reported in the previous research [22]. ES-2 was cultured 
in McCoy’s SA medium supplemented with 10% FCS, 
while other ovarian cells were cultured in DMEM modi-
fied medium supplemented with 10% FCS.

Cell transfection
For cell experiments, the plasmid based siRNA targeting 
for XIST and XIST overexpression vector were purchased 
from Shanghai Genepharma Co., Ltd. siRNA-XIST: 
5′-AAT​GGA​ACG​GGC​TGA​GTT​TTAG-3′. MiR-93-5p 
mimics, miR-93-5p inhibitor and miRNA control were 
purchased from RiboBio Co., Ltd., Guangzhou, China. 
Briefly, 100  nM of miR-93-5p mimics or miR-93-5p 
inhibitor or 1000 ng plasmid were transfected with each 
6-well plate for 48 h using Lipofectamine 2000 (Invitro-
gen, Waltham, MA, USA). For animal experiments, cells 
were stably transfected with XIST based on lentiviral, 
constructed by Hanyin Biotechnology Co., Ltd., Shang-
hai, China. After transfection, the DMEM was replaced 
with DMEM supplemented with puromycin (3 μg/ml) for 
excluding non-infected cells. Then, the selected cell were 
used in the subcutaneous xenograft.

Dual luciferase reporter assay
To predict the target gene of XIST, we first performed a 
bioinformatics analysis via bioinformatic software tar-
getscan 7.2 and starbase. MiR-93-5p was selected as the 
potential genes based on the RNAhybrid results. Then, 
the XIST sequence containing the predicted miR-93-5p 
binding site or mutation site was subcloned and inserted 
into the pmirGLO vector (Promega, Madison, WI, USA). 
After incubation, the recombinant plasmid or the empty 
pmirGLO vector (200  ng) and the luciferase reporter 
plasmid having the miR-93-5p consensus recognition site 
were co-transfected. Cells were co-transfected with these 
reporter plasmids and miR-93-5p inhibitors or mimet-
ics, respectively. After 48  h of transfection, luciferase 
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activity was measured using a dual luciferase assay sys-
tem (Promega).

RNA immunoprecipitation (RIP) assay
RIP experiments were performed using the Magna RIP 
RNA-Binding Protein Immunoprecipitation Kit (Mil-
lipore, Billerica, MA, USA) according to the manu-
facturer’s instructions. Briefly, cells were lysed in RIP 
buffer after transfected with miR-93-5p mimics and fol-
lowed with incubation with anti-Argonaute 2 (AGO2, 
SAB4200085, Millipore, USA) or anti-IgG antibody 
(R2655, Millipore, USA) at 4  °C overnight. The pellets 
were washed with PBS and resuspended in Tri Reagent 
(Sigma-Aldrich). Co-precipitated RNA was detected by 
reverse transcription PCR.

Quantitative real‑time PCR (qRT‑PCR)
Total RNAs were extracted using TRIzol reagent (Invit-
rogen, Carlsbad, CA, USA). For miR-93-5p, the reverse 
transcription reaction was performed using TaqMan 
MicroRNA Reverse Transcription Kit (Applied Bio-
systems, Foster City, CA, USA). For lnc RNA XIST, the 
reverse transcription reaction was performed by a Pri-
meScript RT reagent kit (TaKaRa, Japan). These cDNA 
samples were amplified with the SYBR® Green PCR 
mix (Applied Biosystems) to detect the expression lev-
els of XIST and miR-93-5p with the following the condi-
tions: 95  °C for 10  min; 35 cycles of 95  °C for 15  s and 
60  °C for 60  s. Glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) and U6 were used as internal control for 
mRNA and miRNA, respectively. The primer sequences 
were shown in Additional file 1: Table S1.

Western blot analysis
The transfected cells were collected, total proteins were 
extracted, and the protein concentration was quanti-
fied using the BCA Protein As-say Kit. Membranes were 
incubated with primary antibody (anti-ABCB1, anti-
ABCC1 and anti-ABCG2 (Novus Biologicals, USA), 
anti-PTEN (Abeam, USA), anti-p-Akt, anti-t-Akt, anti-
p-mTOR and anti-t-mTOR (Cell Signaling Technology, 
USA) and anti-β-actin (Proteintech, USA) at 4  °C over-
night. Then membranes were incubated with anti-rabbit/
mouse IgG secondary antibody (Jackson, USA). Western 
blot analysis were performed as described in previous 
study [23].

Sphere assay
SKOV3 cells were cultured in serum-free medium sup-
plemented with 5 μg/mL insulin (Sigma, St. Louis, MO, 
USA), 20 ng/mL human recombinant epidermal growth 
factor (EGF, Invitrogen) and 10 ng/mL basic fibroblasts. 
Growth factors (bFGF; Invitrogen) and 0.4% bovine 

serum albumin (BSA, Invitrogen) were added in 6-hole 
UltraLow attachment plates (Corning, Corning, NY, 
USA) with a density of 104/hole for 10 d. A sphere having 
a size of 20 μm or more was counted.

Fluorescence activated cell sorting (FACS)
SKOV3 cells were resuspended in PBS and 5 × 105 cells 
were taken for FACS analysis. Specific antibodies used 
for FACS analysis were PE-conjugated anti-human FITC-
conjugated CD44 antibody, PE-conjugated CD24 anti-
body. Then cells were analyzed on a BD FACSCalibur 
after incubation in the dark.

Cell proliferation assay
Cells at the logarithmic growth phase were trypsinized 
and adjusted to a cell density of 1 × 10 4  mL−1. The 
cells were seeded in a 96-well plate. After the cells were 
attached, freshly prepared 5  g·L-1 MTT solution was 
added to each well. The culture was continued for 4  h, 
the supernatant was aspirated, and 150 μL of DMSO 
was added to each well. The absorbance was measured at 
a wavelength of 490 nm by a microplate reader (SAFAS 
XeniusXL, Ruixuan, Shanghai, China).

Subcutaneous xenograft mouse model
Animal research was approved by the Institutional Ani-
mal Care and Use Committee of Nanjing Medical Uni-
versity. Thirty female nude mice (6–8  weeks old) were 
purchased from the Shanghai Experimental Animal 
Center of the Chinese Academy of Sciences. They were 
randomly divided into 6 groups (n = 5), and the cor-
responding drug treatment was given when the sub-
cutaneous tumor volume was increased to about 100 
mm3 (day 11 after inoculation). Paclitaxel injection of 
20  mg/kg concentration was injected intraperitoneally 
every week. TOV21G with XIST overexpression, which 
were performed with stable transfection, were sub-
cutaneously inoculated into nude mice. As a control 
group, TOV21G without XIST transfection were sub-
cutaneously inoculated into nude mice. Tumor volume: 
V = (width2 × length) / 2. Mice were sacrificed on day 30 
starting from the xenograft graft.

Statistical analysis
The monitoring data were analyzed by SPSS19.0 statisti-
cal software. Data were shown as mean ± standard devia-
tion (SD). Kaplan–Meier was used to evaluate 5-year 
tumor-free survival rate. Multi group data analysis was 
based on one-way ANOVA. LSD test was used for subse-
quent analysis. P < 0.05 indicated that the difference was 
significant.
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Results
The expression levels of XIST were correlated with 
cancer stem cell population and sensitivity to Taxol 
treatment.

As shown in the Fig. 1a, the sphere number of SKOV3 
was significantly lower than that of TOV21G (p < 0.01). 
On the contrary, the expression levels of XIST in SKOV3 
were significantly higher than that of TOV21G (p < 0.01) 
(Additional file  2: Fig. S1). In order to explore the rela-
tion between the sphere formation efficiency (SFE) and 
the expression of XIST, XIST was knocked down in the 
SKOV3, labelled as SKOV3-KD, and overexpressed in 
TOV21G, respectively, labelled as TOV21G-OE (Fig. 
SB). Next, we conducted sphere assay and FACs assay in 
the four groups. As shown in Fig. 1b, the SFE of SKOV3-
KD was significantly higher than that of parent SKOV3 
(p < 0.01), whereas the SFE of TOV21G-OE was signifi-
cantly lower than that of parent TOV21G (p < 0.01). The 
percentage of CD44 + / CD24− cells of SKOV3-KD 
was significantly higher than that of parental SKOV3 
(p < 0.01), whereas the percentage of CD44 + / CD24− 
cells of TOV21G-OE was significantly lower than that 
of parental SKOV3 (p < 0.01) (Fig. 1c, e). In addition, the 
sensitivity of SKOV3 and SKOV3-KD to paclitaxel were 
examined by MTT assay. As shown in Fig. 1d, the IC50 
value of SKOV3-KD was 2.5 times higher than SKOV3 
(p < 0.01). We also measured the effect of knockdown 
of XIST on sensitivity of the taxol-resistant cell line 

SKOV3(Figure SC), and found that IC50 value of the 
knocked-down of XIST taxol-resistant SKOV3-KD was 
2.7 times higher than the taxol-resistant SKOV3. These 
results indicated that the expression levels of XIST were 
correlated with cancer stem cell population and sensitiv-
ity to Taxol treatment.

XIST upregulated KMT2C by stabilizing its mRNA
Next, we investigated the methylation-H3K4 and the 
expression of KMT2C and KMT2DAs in the four 
groups. As shown in Fig.  2a, the methylation of H3K4 
in TOV21G-OE was significantly higher than TOV21G. 
Compared with the SKOV3, the methylation-H3K4 of 
SKOV3-KD was significantly reduced. KMT2C was sig-
nificantly up-regulated in TOV21G-OE compared with 
that in parental TOV21G (Fig.  2b). The expression lev-
els of KMT2C were significantly reduced in SKOV3-KD 
compared with that in parental SKOV3. However, the 
expression of KMT2D was not significantly altered. In 
addition, overexpression of XIST was unable to regu-
late the stability of the KMT2C protein, evidenced by 
gradual reduction of the expression levels of KMT2C in 
the TOV21G and TOV21G-OE group as the duration 
of action was extended (Fig.  2c). However, TOV21G-
OE group showed more delayed degradation of KMT2C 
mRNA than TOV21G within 24 h, indicating that over-
expression of XIST effectively inhibited the degradation 
of KMT2C mRNA (Fig.  2d). Furthermore, Luciferase 

Fig. 1  XIST expression levels correlated with cancer stem cell populations and sensitivity to paclitaxel treatment. a Ball formation efficiency (SFE) 
of different ovarian cancer cell lines. b XIST expression levels correlated with SFE of SKOV3 and TOV21G. c XIST expression levels correlated with 
the CD44 + / CD24− population in SKOV3 and TOV21G. d XIST regulated the sensitivity of SKOV3 and TOV21G to paclitaxel. *p < 0.05, **p < 0.01, 
***p < 0.001
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experiments showed that the relative luciferase expres-
sion in TOV21G-OE was three times higher than that 
of the parental TOV21G, while the relative luciferase 
expression in SKOV3-KD was five times lower than that 
of the parental SKOV3. However, when KMT2C 3′-UTR 
was replaced by actin 3-UTR, there was no significant 
difference between SKOV3-KD and SKOV3 or TOV21G-
OV and TOV21G (Fig. 2e), indicating that XIST can bind 
with 3′-UTR of KMT2C. Combined with that SKOV3 
had the highest expression levels of XIST and TOV21G-
OV had the lowest expression levels (Fig. SA), we can 
concluded that XIST could increase the expression levels 
of KMT2C by modulating its mRNA stability via target-
ing its 3′-UTR.

The expression of XIST was correlated with KMT2C 
and survival rate in patients with ovarian cancer.

Next, the correlation between XIST and KMT2C and 
cancer stem cell-related genes in human ovarian tumor 
tissues was analyzed. We collected 87 samples and 
their adjacent normal ovarian tissues and measured the 
expression of XIST and KIMT2C. Cancer tissues showed 
a significant lower expression levels of XIST (Fig. 3a) and 

KIMT2C (Fig. 3b) than that in normal tissues (p < 0.01). 
The 87 samples were divided into XIST-high and XIST-
low according to the expression levels of XIST. As shown 
in Fig. 3c, the expression levels of KMT2C were signifi-
cantly higher in the XIST-high group than that in the 
XIST-low group (p < 0.01). In the XIST-high group, the 
expression levels of SOIST2, OCT4 and Nanog were 
significantly lower than those of the XIST-low group 
(p < 0.01) (Fig.  3d–f). In addition, the 5-year tumor-free 
survival rate of patients in the XIST high expression 
group was significantly higher than that in patients with 
low expression levels of XIST (p < 0.01) (Fig. 3g). We con-
cluded that patients with high expression levels of XIST 
tended to show high expression levels of KMT2C and low 
expression levels of SOIST2, OCT4 and Nanog as well as 
high 5-year tumor-free survival rate.

MiR‑93‑5p mediated XIST‑induced KMT2C upregulation
It was predicted by bioinformatics that miRNA 93-5p was 
a potential target for XIST and KMT2C. The predicted 
binding sites of miRNA 93-5p sequence and 3′-UTRs of 
its target genes are shown in Fig. 4a. In order to confirm 

Fig. 2  XIST up-regulated KMT2C expression by stabilizing its mRNA. a XIST expression was associated with methylation of histone 3. b XIST 
regulated KMT2C expression levels. c XIST did not regulate the stability of the KMT2C protein. d XIST increased the stability of KMT2C mRNA. e XIST 
regulated KMT2C mRNA stability by its 3-UTR. *: compared with SKOV3, #: compared with TOV21G. *p < 0.05, **p < 0.01, ***p < 0.001; # p < 0.05, ## 
p < 0.01, ### p < 0.001
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Fig. 3  XIST correlated with KMT2C and cancer stem cell-associated gene expression in ovarian cancer tumor tissues. a. Relative mRNA expression 
of XIST in the normal tissues from the patients. b Relative mRNA expression of KMT2C in the normal tissues from the patients. c Relative mRNA 
expression of KMT2C in human ovarian tumor tissues. d Relative mRNA expression of SOX2 in human ovarian tumor tissues. e Relative mRNA 
expression of SOX2 in human ovarian tumor tissues. f Relative mRNA expression of and Nanog in human ovarian tumor tissues. g Five-year 
disease-free survival was assessed using the Kaplan–Meier method. *p < 0.05, **p < 0.01, ***p < 0.001

Fig. 4  miR-93-5p mediated XIST-induced up-regulation of KMT2C. a Prediction of the binding site of miR-93-5p in XIST and KMT2C mRNA 3-UTR. b 
Luciferase reporter assay of XIST and miR-93-5p. c RNA immunoprecipitation assay of XIST and miRNA-93-5P. d Relative expression of miRNA-93-5P 
in each group. e Sphere number in each group. f Relative expression of KMT2C in each group. **p < 0.01, ***p < 0.001
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the direct relation between miRNA 93-5p and XIST, 
we conducted dual luciferase report assay. It revealed 
that the activity of luciferase reporter was significantly 
elevated by co-transfection of miRNA 93-5p and XIST, 
which was abrogated when the target site was mutated 
(Fig. 4b). RNA immunoprecipitation revealed that AGO2 
antibody was able to pull down both endogenous XIST 
and miR-93-5P (Fig. 4c), further demonstrating that miR-
93-5P was the target of XIST (Fig. 4c). Furthermore, miR-
93-5P inhibitor significantly abolished the elevated SFE 
and reduced the expression levels of KMT2C induced by 
XIST knockdown in the SKOV2 (p < 0.01). In the mean-
time, the transfection of miR-93-5P mimics remark-
ably inverted the decreased SFE and increased KMT2C 
expression induced by overexpression of XIST in the 
SKOV2 (p < 0.01). These data indicated that miRNA 
93-5p mediated XIST-induced KMT2C upregulation.

Overexpression of KMT2C impaired XIST lost-
induced cancer stem cells and Taxol resistance in vitro.

To further confirm the role of KMT2C in the cancer 
stem cells and Taxol resistance, we respectively over-
expressed XIST in the SKOV3-KD group, as well as 
knocked down XIST in the TOV21G-OE group, labelled 
as SK-KD + 2C-OE and T-OE + 2C-KD, respectively. As 
a result, the expression levels of KMT2C were greatly 
elevated in the SK-KD + 2C-OE group compared with 
SKOV3-KD (Fig. SD). The expression of KMT2C was 
obviously reduced in the T-OE + 2C-KD compared with 
TOV21G-OE (Fig. SE). The overexpression of KMT2C 
significantly decreased the up-regulation of the CD44 + /
CD24 population in the SKOV3 cell induced by XIST 
knockdown (p < 0.01) (Fig. 5a, c). Furthermore, the reduc-
tion of KMT2C notably inverted the down-regulation 
of the CD44 + / CD24− population in TOV21G cell 
induced by XIST overexpression (p < 0.01) (Fig.  5b, d). 
Consistent with its role in the CD44 + / CD24− popu-
lation, the knockdown of KMT2C significantly elevated 
the SFE of SKOV3 (P < 0.01), while the over expression 
of KMT2C significantly inhibited the SFE of TOV21G, 
indicating that KMT2C was directly related to the can-
cer stem cells (p < 0.01) (Fig. 5e, f ). Furthermore, overex-
pression of KMT2C reduced the IC50 value in SKOV3 
elevated by knockdown of XIST (p < 0.01) (Fig. 5g), while 
knockdown of KMT2C increased the IC50 value in 
TOV21G reduced by overexpression of XIST (p < 0.01) 
(Fig. 5h). These results demonstrated that overexpression 
of KMT2C impaired XIST lost-induced cancer stem cells 
and Taxol resistance in vitro.

Overexpression of XIST sensitized ovarian cancer 
cells to Taxol treatment by decreasing cancer stem cells 
in vivo.

Finally, the effect of overexpression of XIST on the 
sensitivity of tumor cells to paclitaxel was examined 

in  vivo by subcutaneous xenograft of XIST overex-
pressed TOV21G in mice. The mice were treated with 
PTX once the diameter of tumors reached 3  mm. We 
collected cancer tissues after subcutaneous xenograft 
30 days (Fig. 6a). As expected, tumors from TOV21G-OE 
almost stopped growing, while control tumors still grew, 
indicating that overexpression of XIST drastically ham-
pered tumor growth compared to control group (p < 0.01) 
(Fig. 6b). Furthermore, as shown in Fig. 6c, d, the number 
of CD44 + /CD24−population cells in mice grafted with 
XIST overexpressed TOV21G was significantly reduced 
compared with mice grafted with TOV21G (p < 0.01). 
Besides, the expression of KMT2C was significantly ele-
vated in tumors from TOV21G-OE (p < 0.01) (Fig.  6e). 
These results indicated that overexpression of XIST 
increased the sensitivity of tumor cells to paclitaxel by 
inhibiting cancer stem cells and upregulating KMT2C.

Discussion
Ovarian cancer is the most common malignant tumor of 
the female reproductive system, which seriously threat-
ens women’s life and health [24]. The important methods 
of treatment of ovarian cancer is surgical therapy, com-
bined with chemotherapy via paclitaxel (Pac) and plati-
num [25, 26]. Pac is a new anticancer drug extracted from 
Taxusbrevifolia. Clinical studies in the United States have 
shown that Pac has outstanding efficacy in ovarian can-
cer and breast cancer [27]. As a first-line chemothera-
peutic drug, Pac is mainly used to treat ovarian cancer. 
However, the tumor cell’s resistance to Pac leads to tumor 
recurrence, rendering just 40% overall five-year survival 
rate in ovarian cancer patients [28].

Studies have shown that lncRNAs play important 
roles in many biological activities such as epigenetic 
regulation, cell cycle regulation and cell differentiation 
regulation [10]. Studies have shown that the abnormal 
expression of lncRNA is closely related to the occur-
rence, development, invasion and metastasis of ovarian 
cancer [29, 30]. Studies have found that the expression 
of lncRNA NEAT1 is abnormally elevated in breast and 
ovarian cancer, and interference with the expression 
of lncRNA NEAT1 in  vitro inhibits the proliferation of 
ovarian cancer cells [31]. LncRNAs have been reported 
to be involved in tumorigenesis and drug sensitivity and 
drug resistance [32]. For example, studies have found 
that overexpression of lncRNA UCA1 in ovarian cancer 
cell line SKOV3 increases cellular cisplatin resistance, 
the mechanism of which may involve overexpression 
of RPK1 and subsequent dysregulation of the apoptotic 
pathway related protein [33]. Studies have confirmed that 
lncRNA XIST plays a regulatory role in multiple tumors 
[34, 35]. Our study found that SKOV3, which had high-
est XIST expression, showed significantly lower SFE than 
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Fig. 5  KMT2C mediated XIST silencing-induced cancer stem cells and in vitro paclitaxel resistance. a, b Effect of KMT2C on the number of CD44 +  
CD24−population cells induced by XIST silencing. c KMT2C expression was associated with SFE in SKOV3 and TOV21G.d KMT2C was associated with 
SKOV3 and e TOV21G with paclitaxel sensitivity. *: compared with SKOV3; #: compared with TOV21G. *p < 0.05, **p < 0.01, ***p < 0.001; # p < 0.05, ## 
p < 0.01, ### p < 0.001
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TOV21G that had lowest XIST expression. The percent-
age of SFE and CD44 + / CD24− cells of SKOV3-KD was 
significantly higher than that of parental SKOV3, while 
the result of TOV21G-OE was reversed. Moreover, XIST 
knockdown reduced IC50 value on SKOV3 and taxol-
resistant cell line SKOV3, indicating that the expression 
of XIST was correlated with cancer stem cell population 
and sensitivity to Taxol treatment.

A growing body of evidence supports the important 
role of epigenetic regulation in the induction of can-
cer stem cells, including DNA methylation and histone 
modifications [36, 37].It has been demonstrated that 
XIST can act through epigenetic modifications [38]. In 
recent years, with the advancement of research meth-
ods such as high-throughput sequencing, the role of 
KMT2C in many solid tumors has become increasingly 
prominent [39]. KMT2C has a high mutation rate in 
the sequencing data of cancer specimens provided by 
different research institutions [40]. This study found 
that XIST increased KMT2C expression by regulating 
mRNA stability. The expression of KMT2C was signifi-
cantly higher in the XIST high expression group than 
in the XIST low expression group. The expression of 
cancer stem cell-associated genes SOIST2, OCT4, and 
Nanog was significantly decreased in the XIST high 
expression patients. And the 5-year tumor-free survival 
rate of patients in the XIST high expression group was 

significantly increased. In addition, this study found 
that KMT2C overexpression inhibited XIST silenc-
ing-induced cancer stem cell and paclitaxel resistance 
in vitro. Furthermore, in vivo studies further confirmed 
that XIST overexpression increased the sensitivity of 
tumor cells to paclitaxel by down-regulating cancer 
stem cells. Thus, we can conclude that the regulation 
effect of XIST in Ovarian cancer stem cells and pacli-
taxel resistance depend on KMT2C.

In recent years, the research of miRNAs in tumor 
biological function is a hot spot. It not only regulates 
the normal metabolism of cells but also participates 
in the formation of tumors [41]. It can also reverse the 
sensitivity of tumor cells to chemotherapy drugs [42, 
43]. Studies have found that miR-21-3p can target the 
regulation of NAV3 gene to reduce the sensitivity of 
ovarian cancer cells to paclitaxel [44]. Different miR-
NAs can play different biological roles by targeting dif-
ferent genes. Our research demonstrated that miRNA 
93-5p was a potential target for XIST and KMT2C. Co-
transfection with wild-type XIST reversed the expres-
sion level of luciferase activity in the miRNA93-5p 
overexpression group. Furthermore, overexpression of 
miRNA 93-5p can reverse the effect induced by over-
expression of XIST. We concluded that miR-93-5p 
can mediate XIST-induced up-regulation of KMT2C 
expression.

Fig. 6  XIST overexpression reduced cancer stem cells in vivo and thereby increased the sensitivity of ovarian cancer cells to Taxol treatment. a XIST 
overexpression impaired tumor volume in ovarian cancer cells. b XIST overexpression improved the role of paclitaxel in the body. c XIST correlated 
with the percentage of CD44 +  CD24−population in tumors. d KMT2C protein expression in tumors of TOV21G-OE and parental TOV21G.*p < 0.05, 
**p < 0.01
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Conclusion
Overexpression of XIST can enhance the anti-cancer 
sensitivity of paclitaxel to ovarian cancer cells, and its 
effect may be related to the up-regulation of KMT2C. 
The results of this study suggested that miR-93-5p/
XIST/ KMT2C signal axis can provide new potential 
therapeutic target and may play an important role in 
the treatment of ovarian cancer in the future.
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