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Abstract
Objectives  MUC16 (mucin 16, also known as CA-125, cancer antigen 125, carcinoma antigen 125, or carbohydrate antigen 
125) has been predicted as tumor biomarker for therapy. We determined to investigate effects and regulatory mechanism of 
MUC16 on cervical tumorigenesis.
Methods  Expression levels of MUC16 in cervical cancer cell lines was analyzed via qRT-PCR (quantitative real-time poly-
merase chain reaction). Knockdown of MUC16 was conducted via shRNA (Short hairpin RNA) transfection. MTT and colony 
formation assays were used to investigate effect of MUC16 on cell proliferation. Wound healing assay was utilized to detect 
migration and transwell assay to detect invasion. The underlying mechanism was demonstrated via western blot analysis.
Results  MUC16 was elevated in cervical cancer cell lines. MUC16 knockdown inhibited cell proliferation, invasion and 
migration. Gain- and loss-of functional assays revealed that over-expression of MUC16 activated Janus Kinase 2 (JAK2)/
signal transducer and activator of transcription 3 (STAT3) via phosphorylation, thus facilitating cyclooxygenase-2 (COX-2) 
expression, while knockdown of MUC16 demonstrated the reverse effect on JAK2/STAT3 activation and COX-2 expression. 
Moreover, inhibition of JAK2/STAT3 attenuated the regulation of MUC16 on COX-2.
Conclusions  MUC16 enhanced proliferation and invasion of cervical cancer cells via JAK2/STAT3 phosphorylation-mediated 
cyclooxygenase-2 expression, suggesting the potential therapeutic target ability of MUC16 to treat cervical cancer.
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Introduction

Cervical cancer is one of the most common gynecological 
malignancies (Khalil et al. 2015), which is accounting for 
10% of all gynecological cancers and about 5% of all tumors 
(Hovland et al. 2010). Although the recent therapeutical 
treatment for cervical cancer, including radiotherapy, chem-
otherapy, or surgery (Tzafetas et al. 2018), has been pro-
gressed tremendously in the last several decades, the 5-year 
survival for cervical cancer patients has not improved due 
to distant metastasis (Burki 2018). Therefore, it is of great 
clinical significance to elucidate the underlying mechanism 

about cervical tumorigenesis, as well as discover therapeutic 
target to regulate cervical cancer progression.

MUC16 (mucin 16, also known as CA-125, cancer anti-
gen 125, carcinoma antigen 125, or carbohydrate antigen 
125) has been characterized as tumor biomarker of epithelial 
ovarian cancer (Sturgeon et al. 2010). Additional, MUC16 
is found to be up-regulated in pancreatic ductal adenocarci-
noma (Shimizu et al. 2012) and ovarian cancer (Clarke et al. 
2011). High expression of MUC16 could promote invasion 
ability of tumor cells (Shimizu et al. 2012) via activation of 
mTOR and c-MYC (Shukla et al. 2015). Study has shown 
that MUC16 binds with Janus Kinase 2 (JAK2) to activates 
JAK2/STAT3 (signal transducer and activator of transcrip-
tion 3) signaling pathway, promotes cell proliferation and 
inhibits apoptosis in breast cancer (Lakshmanan et al. 2012). 
Recently, research has shown that up-regulation of MUC16 
in cervical cancer might be useful marker for prognosis of 
cervical cancer (Porika et al. 2010). However, the molecular 
mechanism of MUC16 in the progression process of cervical 
cancer has not been reported.
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Cyclooxygenase (COX), with two isoforms (COX-1 and 
COX-2), is the key enzyme in the conversion of arachi-
donic acid (Wang et al. 2017). Recent studies have shown 
that COX-2 is highly expressed in many human malignant 
tumors, and might have an impact on apoptosis, angiogen-
esis and immune suppression, as well as cancer progression 
(Feng and Wang 2006; Kanaoka et al. 2007; Takaoka et al. 
2006). Recently, COX-2 was found to be an angiogenic fac-
tor in uterine cervical cancer (Fujimoto et al. 2006), and 
activation of JAK2/STAT3 signaling pathway could promote 
expression of COX-2 (Gao et al. 2009). Therefore, we evalu-
ated the hypothesis that MUC16, together with the down-
stream regulators JAK2/STAT3/COX-2, may be involved in 
regulation of cervical cancer progression.

We first detect the impact of MUC16 on tumor prolifera-
tion, migration and invasion of cervical cancer, and then 
explore the underlying mechanism. The meaning results 
would shed light on development of novel therapeutics to 
cervical cancer.

Materials and methods

Cell culture and transfection

Cervical cancer cell lines (Caski, HeLa and SiHa) and 
human cervical mucosa epithelial cell line H8, purchased 
from CHI Scientific (Maynard, MA, USA), were cultured 
in Dulbecco modified Eagle medium (DMEM; Lonza, 
Basel, Switzerland) supplemented with 10% fetal bovine 
serum (FBS, Gibco, MA, USA) with additional streptomy-
cin (100 μg/mL) and penicillin (100 U/mL). 37 °C constant 
temperature incubator with 5% CO2 was utilized to incubat-
ing cells.

For the over-expression of MUC16, full-length of 
MUC16 was amplified and cloned into pcDNA3.1 (Invitro-
gen, Carlsbad, CA, USA). SiHa cells were seeded at 4 × 105 
cells per well in 12-well plates and then transfected with 
pcDNA3.1-MUC16 or the empty control (pcDNA3.1-NC) 
via Lipofectamine 2000 (Invitrogen). For the knock down 
of MUC16, shRNAs (1#: 5′-ACA​GCA​GCA​TCA​AGA​GTT​
ATT-3′ and 2#: 5′-GCC​ATC​CAC​TTC​AAA​GTA​TTC-3′) 
as well as the negative control (5′-GGA​ATC​TCA​TTC​GAT​
GCA​TAC-3′) were synthesized by GenePharm (Shanghai, 
China) and transfected to HeLa cells via Lipofectamine 
2000. The inhibitors of STAT3, C188-9, was added at a con-
centration of 5 µM to SiHa cells transfected with pcDNA3.1-
MUC16 for 24 h before the subsequently experiments.

Cell proliferation

HeLa cells with different treatment were seeded in 96-well 
plates at a density of 1 × 103 cells per well, and cultured 

as before overnight. The cell viabilities were determined 
via MTT assay and calculated via detection of absorbance 
at 450 nm. For the colony formation assay, 1 × 103 HeLa 
cells per well were plated in six-well plate, and cultured as 
before for 14 days. The colonies were stained by 1% crystal 
violet-2% ethanol suspended in PBS (Beyotime, Shanghai, 
China), counted and photographed under light microscope 
(Olympus, Tokyo, Japan).

Wound healing

HeLa cells at a concentration of 5 × 105/well were seeded in 
six-well plate. 200 μL sterile pipette tip was used to generate 
linear scratch wounds. The plate was then washed with PBS 
to remove debris or suspended cell, and the cells were cul-
tured as before. After 24 h, the wounds were imaged under 
the microscope and calculated the distance.

Transwell

HeLa cells at a concentration of 2 × 104/well were suspended 
in 200 μL serum-free DMEM medium, and plated in the 
upper chamber of well (Corning, Tewksbury, MA, USA) 
with 0.1 mL 50 μg/mL Matrigel-coated membrane (BD Bio-
sciences, Bedford, MA, USA). 400 μL DMEM with 10% 
FBS was added to the lower chamber. 24 h later, stained the 
invasive cells at the bottom of chambers with 1% crystal 
violet for 30 min. The stained cells were imaged and counted 
under microscope (Olympus).

qRT‑PCR

Total RNAs from cervical cancer cell lines were isolated 
with Trizol (Invitrogen). RNAs were then reverse-tran-
scribed by PrimeScript RT Reagent (Takara, Shiga, Japan). 
qRT-PCR was conducted with SYBR Green Master (Roche, 
Mannheim, Germany) on ViiA 7 (Applied Biosystems, Aus-
tin, TX, USA). GAPDH was used as endogenous control 
for normalizing mRNA level. The primer sequences were 
showed as follows:

Primers sequence

ID Sequence (5′–3′)

GAPDH F ACC​ACA​GTC​CAT​GCC​ATC​AC
GAPDH R TCC​ACC​ACC​CTG​TTG​CTG​TA
MUC16 F GCC​TCT​ACC​TTA​ACG​GTT​ACA​

ATG​AA
MUC16 R GGT​ACC​CCA​TGG​CTG​TTG​TG
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Western blot

30 µg proteins extracted from cultured cervical cancer cells 
were separated by SDS-PAGE, and then electro-transferred 
onto PVDF membrane. After blocking with 5% BSA, the 
membrane was incubated overnight with primary antibody: 
anti-MUC16 antibody (1:1500, Abcam, Cambridge, MA, 
USA), JAK2 and p-JAK2 (1:2000, Abcam), STAT3 and 
p-STAT3 (1:2500, Abcam, COX-2 and GAPDH (1:3000, 
Abcam) at 4 °C. Following incubation with HRP labeled 
secondary antibody (1:5000; Abcam), the immunoreactivi-
ties were detected by enhanced chemiluminescence (Key-
Gen, Nanjin, China).

Statistical analysis

All results are expressed as mean ± SEM. By the means 
of GraphPad Prism software (GraphPad Prism Software 
Inc., San Diego, USA) and one-way analysis of variance 
(ANOVA), we determined the statistical analyses. P < 0.05 
was considered as a mark of statistically significant.

Results

MUC16 was up‑regulated in cervical cancer cell lines

Three available cervical cancer cell lines (Caski, HeLa and 
SiHa), as well as human cervical mucosa epithelial cell line 
H8, were used to detect the dysregulation of MUC16 in cer-
vical cancer. qRT-PCR analysis showed that both of mRNA 
(Fig. 1a) and protein (Fig. 1b) expression of MUC16 were 
elevated in cervical cancer cell lines compared to H8, indi-
cating that MUC16 may be involved in the regulation of 
cervical cancer cell progression. Meanwhile, HeLa cells or 
SiHa with the highest or lowest expression of MUC16 was 
used for the loss- or gain-of function assays, respectively.

MUC16 knockdown inhibited cervical cancer cell 
proliferation, migration and invasion

To identify the functional role of MUC16 in cervical can-
cer, loss-of functional assays via transfection of shRNAs 
target MUC16 (shMUC16#1 and shMUC16#2) in HeLa 
cells were conducted. qRT-PCR (Fig. 2a) and western blot 
(Fig. 2b) analysis confirmed the transfection efficiency of 
shMUC16#1 and shMUC16#2. ShMUC16#2 with the lower 
expression of MUC16 was used for the subsequent experi-
ments and considered as shMUC16. Moreover, MTT assay 
showed that MUC16 knockdown via shMUC16 decreased 
cell viability (Fig. 2c). shMUC16 also inhibited cell prolif-
eration of HeLa cells as demonstrated by colony formation 
assay in Fig. 2d. Mechanically, proteins involved in DNA 
replication, PCNA (proliferating cell nuclear antigen) and 
MCM-2 (Minichromosome Maintenance Complex Compo-
nent 2) were down-regulated by shMUC16 (Fig. 2e). Pro-
teins involved in cell apoptosis, Bcl-2 (B cell lymphoma 2) 
was down-regulated while cleaved caspase-3 was up-regu-
lated in HeLa cells transfected with shMUC16. These results 
revealed that MUC16 knockdown inhibited cervical cancer 
cell viability and proliferation, while induced cell apopto-
sis. In addition to the anti-proliferation ability of MUC16 
knockdown on cervical cancer cells, MUC16 knockdown 
also not only suppressed the cell migration (Fig. 3a) but also 
cell invasion (Fig. 3b) of HeLa cells, indicating the anti-tum-
origenicity role of MUC16 knockdown on cervical cancer.

MUC16 down‑regulated JAK2/STAT3 
phosphorylation‑mediated cyclooxygenase‑2 
expression

In order to uncover the underlying mechanism involved in the 
regulation of MUC16 on cervical cancer, gain-of functional 
assay was conducted via transfection of pcDNA 3.1-MUC16 
in SiHa cells for ectopically over-expression of MUC16. 
qRT-PCR (Fig. 4a) and western blot (Fig. 4b) analysis also 
confirmed the transfection efficiency of pcDNA 3.1-MUC16, 

Fig. 1   MUC16 was up-regulated in cervical cancer cell lines. a 
mRNA expression of MUC16 in cervical cancer cell lines (Caski, 
HeLa and SiHa) and human cervical mucosa epithelial cell line H8 
detected by qRT-PCR. Double asterisk represents cervical cancer cell 

lines vs. H8, P < 0.01. b Protein expression of MUC16 in cervical 
cancer cell lines (Caski, HeLa and SiHa) and human cervical mucosa 
epithelial cell line H8 detected by western blot. Double asterisk repre-
sents cervical cancer cell lines vs. H8, P < 0.01
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as demonstrated by up-regulation of MUC16 compared to 
pcDNA3.1-NC. Moreover, although MUC16 knockdown did 
not affect the expression of JAK2 and STAT3, it significantly 
decreased p-JAK2/JAK2 and p-STAT3/STAT3 ratio (Fig. 4c), 
indicating the inactivation of JAK2/STAT3 signaling pathway 
by MUC16 knockdown. However, ectopically over-expression 
of MUC16 reversed the effect of shMUC16 on JAK2/STAT3 
signaling pathway, as demonstrated by increase of p-JAK2/
JAK2 and p-STAT3/STAT3 ratio (Fig. 4d). Moreover, the 
downstream of JAK2/STAT3 signaling pathway, COX-2, 
was up-regulated by over-expression of MUC16 (Fig. 4d) 
while down-regulated by sh-MUC16 (Fig. 4c), revealing that 
MUC16 down-regulated JAK2/STAT3 phosphorylation-medi-
ated cyclooxygenase-2 expression in cervical cancer cells.

Suppression of JAK2/STAT3 pathway attenuated 
the promotion ability of MUC16 on COX‑2

SiHa cells were treated with inhibitors of STAT3 (C188-9) 
and transfected with pcDNA3.1-MUC16 to detect whether 

the regulation ability of MUC16 on COX-2 was mediated 
by JAK2/STAT3 signaling pathway. Western blot analysis 
revealed that treatment with C188-9 alone decreased expres-
sion of p-STAT3 while did not affect STAT3, thus decreas-
ing p-STAT3/STAT3 ratio (Fig. 5). Moreover, treatment with 
C188-9 alone also decreased expression of COX-2 (Fig. 5). 
Treatment with C188-9 increased expression of p-STAT3 in 
SiHa cells transfected with pcDNA3.1-MUC16 compared 
to cells treated with C188-9 alone (Fig. 5), thus increasing 
p-STAT3/STAT3 ratio (Fig. 5). The decrease of COX-2 by 
C188-9 treatment was also reversed by additional transfection 
of pcDNA3.1-MUC16 (Fig. 5). These results indicated that 
suppression of JAK2/STAT3 pathway attenuated the promo-
tion ability of MUC16 on COX-2.

Fig. 2   MUC16 knockdown 
inhibited cervical cancer cell 
proliferation. a Transfec-
tion efficiency of shRNAs 
target MUC16 (shMUC16#1 
and shMUC16#2) in HeLa 
cells detected by qRT-PCR. 
Double asterisk represents 
shMUC16#1 or shMUC16#2 
vs. shNC, P < 0.01. b Trans-
fection efficiency of shRNAs 
target MUC16 (shMUC16#1 
and shMUC16#2) in HeLa 
cells detected by western blot. 
Double asterisk represents 
shMUC16#1 or shMUC16#2 
vs. shNC, P < 0.01. c MUC16 
knockdown via shMUC16 
decreased cell viability detected 
by MTT assay. Double asterisk 
represents shMUC16 vs. shNC, 
P < 0.01. d MUC16 knock-
down via shMUC16 decreased 
cell proliferation detected by 
colony formation assay. Double 
asterisk represents shMUC16 
vs. shNC, P < 0.01. e MUC16 
knockdown via shMUC16 
decreased PCNA, MCM-2 and 
Bcl-2, while increased cleaved 
caspase-3 detected by western 
blot. Double asterisk represents 
shMUC16 vs. shNC, P < 0.01
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Discussion

Despite widespread of cervical screening dramatically 
reducing the incidence of cervical cancer, it remains third 
leading cause of cancer-related death among females in 
the developing countries (Bray et al. 2018). Moreover, the 
highly recurrence and metastasis limited the usage of tra-
ditional drug therapy for cervical cancer (Li et al. 2017). 
Therefore, new therapeutical drugs with anti-proliferation, 
anti-migration and anti-invasion abilities are needed to 
improve the therapeutic efficacy for cervical cancer. Con-
sidering the promotion ability of MUC16 on various tumors, 
we prospectively suggested that MUC16 may participate in 
cervical cancer pathogenesis.

One of the major findings of the present study is that 
high expression of MUC16 was occurred in cervical cell 
lines, in line with previous report that MUC16 was up-reg-
ulated in southern Indian cervical cancer patients (Porika 
et al. 2010). However, devoid of directly analysis between 
MUC16 expression and clinical parameters of cervical can-
cer patients, the clinical significance of MUC16 in cervi-
cal cancer patients needs to further investigated. Moreover, 
in vitro loss- of function assays for the first time showed 
that MUC16 knockdown inhibited cell proliferation, sup-
pressed cell invasion and migration of cervical cancer cells, 

Fig. 3   MUC16 knockdown inhibited cervical cancer cell migra-
tion and invasion. a MUC16 knockdown via shMUC16 inhibited 
cell migration detected by wound healing assay. Double asterisk 
represents shMUC16 vs. shNC, P < 0.01. b MUC16 knockdown via 
shMUC16 inhibited cell invasion detected by transwell assay. Double 
asterisk represents shMUC16 vs. shNC, P < 0.01

Fig. 4   MUC16 down-regulated JAK2/STAT3 phosphorylation-
mediated cyclooxygenase-2 expression. a Transfection efficiency 
of pcDNA 3.1-MUC16 in SiHa cells detected by qRT-PCR. Dou-
ble asterisk represents pcDNA 3.1-MUC16 vs. pcDNA 3.1-NC, 
P < 0.01. b Transfection efficiency of pcDNA 3.1-MUC16 in SiHa 
cells detected by western blot. Double asterisk represents pcDNA 
3.1-MUC16 vs. pcDNA 3.1-NC, P < 0.01. c MUC16 knockdown via 

shMUC16 decreased the expression of p-JAK2, p-STAT3 and COX-
2. Asterisk, Double asterisk represents shMUC16 vs. shNC, P < 0.05, 
P < 0.01. d Over-expression of MUC16 via pcDNA 3.1-MUC16 
increased the expression of p-JAK2, p-STAT3 and COX-2. Asterisk, 
double asterisk represents pcDNA 3.1-MUC16 vs. pcDNA 3.1-NC, 
P < 0.05, P < 0.01
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indicating that MUC16 is a potential therapeutic target in 
cervical cancer.

Since the “oncogene” function of MUC16 on cervical 
cancer has been uncovered, the underlying mechanism was 
then clarified. The present study found that MUC16 knock-
down could decrease PCNA and MCM-2 to suppress cervi-
cal cancer cell proliferation. Moreover, we also confirmed 
that MUC16 knockdown could decrease Bcl-2 and increase 
Cleaved caspase-3 to activate apoptosis signaling, thus sup-
pressing cervical cancer growth and progression. In addi-
tion, Bcl-2 can also regulate cell migration and invasion dur-
ing tumor progression (Bonneau et al. 2013), the functional 
targets of MUC16 involved in regulation of cervical cancer 
migration and invasion are the hotspot of further research.

In molecular level, we then found that MUC16 could 
facilitate cervical cancer progression via JAK2/STAT3 phos-
phorylation-mediated cyclooxygenase-2 expression, and 
suppression of JAK2/STAT3 pathway attenuated the regu-
lation ability of MUC16 on COX-2. As well known, activa-
tion of STAT3 via JAK2-mediated phosphorylation plays an 
important role in cell proliferation, apoptosis, migration and 
invasion (Behera et al. 2010; Kundu et al. 2014). Propofol 
demonstrated anti-tumor activity in cervical cancer via inac-
tivation of JAK2/STAT3 signaling pathway (Li et al. 2017). 
Inactivation of STAT3 was also involved in the suppression 
of cervical cancer growth, invasion and metastasis (Fan et al. 
2015). Moreover, up-regulation of COX-2 via JAK2/STAT3 
signaling pathway is correlated with proliferative effect on 
gastric cancer cells (Xu et al. 2013). The present study 
indicated that MUC16 knockdown could inactivate JAK2/
STAT3 signaling pathway and down-regulated COX-2 to 
suppress cervical cancer progression. Additionally, research 
has shown that administration of COX-2 inhibitors could 
suppression of uterine cervical cancer regrowth or recur-
rence (Fujimoto et al. 2006). Therefore, MUC16 might be a 
therapeutical target for cervical cancer progression via regu-
lation of JAK2/STAT3 phosphorylation-mediated COX-2. 
However, JAK2/STAT3 signaling pathway also participates 
in the epithelial-mesenchymal transition of cancer cells 

(Teng et al. 2014) to facilitate for cervical cancer stemness 
(Qureshi et al. 2015). JAK2/STAT3-mediated COX-2 also 
modulate inflammatory/immune responses in cervical can-
cer (Zhu et al. 2018). The functional roles of MUC16 on cer-
vical cancer stemness or inflammatory response are needed 
to be further studied.

In conclusion, our results demonstrated that MUC16 
knockdown inhibited cell proliferation, migration and inva-
sion of cervical cancer cells, via JAK2/STAT3 phosphoryl-
ation-mediated COX-2. This finding illuminated the relation 
between MUC16/JAK2/STAT3/COX-2 regulatory axis and 
cervical cancer progression, suggesting potential application 
of MUC16 in treatment for the disease.
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