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MUC16 affects the biological functions of ovarian cancer cells and 
induces an antitumor immune response by activating dendritic cells
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Background: Ovarian cancer is the 5th most common lethal gynecological malignancy with a 5-year 
survival rate of about 47% and a localized stage diagnosis of 15%, leading to about 125,000 global deaths 
each year. Therefore, it is urgent to explore novel and effective strategies for radical cure. 
Methods: Short hairpin RNA targeting the Mucin16 (MUC16) gene was used to establish MUC16 
knockdown in ovarian cancer cells. RT-PCR was performed to quantify the expression of MUC16 mRNA, 
and western blotting was performed to detect the expression of MUC16 and epithelial-mesenchymal 
transition-related proteins. Cell counting kit 8 (CCK8) wound healing and transwell assays were performed 
to assess cell proliferation and cell invasion. Flow cytometry was used to detect CD80-, CD83-, and CD86-
expressing dendritic cells (DCs) and cytotoxic T lymphocytes (CTLs) activated by MUC16-pulsed DCs.
Results: In this study, we identified MUC16 as a novel target antigen for immunotherapy against 
ovarian cancer, which was significantly up regulated in ovarian cancer cells and high-grade ovarian serous 
adenocarcinoma tissues. MUC16 knockdown in Ovcar3 cells using short hairpin RNA targeting the MUC16 
gene suppressed the proliferation of migration, invasion, epithelial-mesenchymal transition (EMT), and 
PI3K/Akt signaling pathway in Ovcar3 cells markedly. MUC16 significantly up-regulated CD80, CD83, and 
CD86 (mature makers) expression in DCs and T-cell transformation into CD8+ T-cells detected by Flow 
cytometry. 
Conclusions: For malignant ovarian cancer, MUC16 overexpression promoted cell proliferation, 
migration, and invasion via the PI3K/AKT signaling pathway. MUC16 pulsing mediated DC maturation 
and activated CTL response in vitro. Our study offers promising DC-based immunotherapy of considerable 
clinical value for patients with ovarian cancer.
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Introduction

Cancer is still a significant health concern worldwide. 
Ovarian cancer is the fifth leading cause of death because 
of malignant diseases in women, leading to a predictable 

125,000 global deaths each year, associated with the 
high mortality and poor prognosis among gynecological 
malignant tumors (1). Ovarian cancer shows high recurrence 
and mortality rates despite chemotherapy; therefore, a 
breakthrough in the treatment of this aggressive disease is 
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paramount (2).
With the first US FDA-approved dendritic cell (DC) 

vaccine for prostate cancer treatment, the DC-based 
vaccine has become a prospective new therapeutic option 
of cancer immunotherapy and has been presumed to be 
highly effective with minimal toxicity (3-7). As the natural 
professional antigen-presenting cells (APCs), DCs are 
incredibly efficient in phagocytosing, processing, and 
presenting antigens, and to activate the naïve resting T-cells 
for anticancer immunity by transforming to the CD4+ or 
CD8+ T lymphocytes (8,9). Clinically, after being injected 
into patients, the DC vaccines loaded with tumor antigens 
can migrate to the lymphoid tissues to elicit a robust 
antigen-specific T-cell response (4,10).

Mucin16 (MUC16) is highly expressed in over 80% 
ovarian cancer tissues, while nearly undetected in normal 
ovarian tissues (11). CA125, encoded by MUC16, is the 
classic early stage circulating marker monitored in the 
clinical course of ovarian cancer patients (12,13). MUC16 
is a macromolecule transmembrane mucin comprising a 
single membrane-spanning domain, a cytoplasmic tail, 
and an extensive N-terminal domain with a tandem repeat 
sequence (14), with CA125 antigen in the MUC16 tandem 
repeat (15). Therefore, MUC16 may serve as a promising 
novel target in anticancer therapies (16,17). However, 
whether MUC16 can stimulate the cytotoxic T lymphocytes 
(CTLs) to kill the cancer cells delivered by the DC vaccine 
has not been reported in previous studies.

In this study, we investigated the role of MUC16 in ovarian 
cancer cells, and for the first time, the effect of MUC16 on 
DC-mediated immune responses was confirmed. Our results 
showed that MUC16 was up-regulated in the ovarian cancer 
cells and our locally collected ovarian cancer tissues to serve 
as an oncogenic gene and effective immunogenic antigen 
in ovarian cancer. MUC16 was delivered through the DC 
vaccine to stimulate the CD8+ CTLs for the elimination of 
the tumor cells and offer promising and ideal immunotherapy 
for ovarian cancer.

We present the following article in accordance with 
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-6388).

Methods

Antibodies and reagents

Anti-MUC16 (1:1,000, Abcam), anti-PI3K (1:2,000, 
Abcam), anti-β-actin (1:5,000, Abcam) antibodies were used.

Cell lines and cell culture

Human ovarian cancer cell lines (Ovcar3, Skov3, and 
Caov3) were routinely supported and preserved in our 
laboratory. All cell lines were cultured in roswell park 
memorial institute (RPMI)-1640 medium holding 10% fetal 
bovine serum (FBS) and 2 mM L-glutamine at 37 °C with 
5% CO2.

MUC16 gene knockdown in Ovcar3 cells

Three shRNA sequences targeting the MUC16 gene were 
designed: shRNA1 (5'-GCAGATACCAGTGCCATTAGACG 
AATCTAATGGCACTGGTATCTGC-3 '), shRNA2 
(5 '-GGAGCAAACTGGGAAACTTCACGAATGA 
AGTTTCCCAGTTTGCTCC-3'), and shRNA3 (5'-GCAG 
CTGAACAACAGACAAGTCGAAACTTGTCTGTT 
GTTCAGCTGC-3'); shRNA-NC (5'-AAACGTGACAC 
G T T C G G A G A A C G A AT T C T C C G A A C G T G T 
CACGTTT-3’) was used as a control. The shRNA (5 μg) 
and lentivirus expression plasmids were co-transfected 
into human embryonic kidney (HEK) 293T-cells to 
construct a MUC16 gene silencing lentivirus vector. Ovcar3 
cells were then infected with the MUC16 lentivirus for  
72 hours. Fluorescence microscopy detected the infection. 
Puromycin-selected cells were collected and used for 
later experiments. Knockdown efficiency was analyzed by 
immunoblotting with antibodies against MUC16.

Western blotting

Cel l s  or  ground t i s sues  were  d i s so lved  in  rad io 
immunoprec ip i t a t ion  a s s ay  (RIPA)  l y s i s  bu f f e r 
containing 1 mM protease inhibitor cocktail and 1 mM 
phenylmethanesulfonyl fluoride (PMSF). Cytoplasmic 
proteins were extracted using the cytoplasmic protein 
extraction kit (Beyotime Institute of Biotechnology, 
Haimen, China)  according to the manufacturer’s 
instructions. Proteins (10 μg/lane) were separated by 8% 
SDS–PAGE and transferred onto polyvinylidene fluoride 
(PVDF) membranes via electroblotting. The membranes 
were blocked with 5% bovine serum albumin in phosphate 
buffer saline (PBS) for 1 hour and then incubated with 
antibodies against MUC16 (1:1,000), phosphoinositide 
3-kinase (PI3K, 1:2,000), or β-actin (1:5,000) overnight at 
4 ℃. After washing in tris buffered saline tween (TBST,  
50 mmol/L Tris, 145 mmol/L NaCl, and 0.05% Tween-20) 
three times for 10 minutes each, the membranes were 
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incubated with secondary antibodies (1:5,000, Abcam) 
for 1 hour at room temperature. All experiments were 
repeated at least three times.

RNA extraction, reverse transcription (RT) and real-time 
PCR (RT-qPCR)

Total RNA was isolated from cells or tissues using the 
TRIzol reagent (15596026; Thermo Fisher Scientific), and 
RT-qPCR was performed to synthesize cDNA with Prime 
Script RT reagent kit (Takara Bio Inc., Dalian, China) 
according to the manufacturer’s instructions. Quantitative 
real-time PCR was performed using the SYBR Premix Ex 
Taq TM kit (Takara Bio Inc.) on a real-time PCR system. 
MUC16 expression was normalized to glyceraldehyde-
phosphate dehydrogenase (GAPDH) expression and 
calculated using the 2−ΔΔCt method. The primer sequences 
used to amplify the target fragments were as follows: 
MUC16 forward, CCAGTCCTACATCTTCGGTTGT; 
MUC16 reverse, AGGGTAGTTCCTAGAGGGAGTT; 
GAPDH forward, GGAGCGAGATCCCTCCAAAAT; 
and GAPDH  reverse ,  GGCTGTTGTCATACTT 
CTCATGG.

Immunohistochemistry

Paraffin-embedded tissue was cut to 4 μm thick and 
blocked with endogenous peroxidase. Sections were 
then incubated overnight at 4 ℃ with an anti-MUC16 
antibody at 1:50 dilution. Subsequently, the sections were 
washed three times with a biotin-labeled goat antibody. 
Sections were then stained with peroxidase-conjugated 
streptavidin with 3,3’-diaminobenzidine tetrahydrochloride 
as the chromogen. Finally, the sections were dyed with 
hematoxylin. The light microscopy captured each slide.

Immunofluorescence microscopy

Immunofluorescence microscopy was performed. Cells 
were seeded in 12 plants at 1×106 cells/well and incubated at  
37 ℃ overnight. Cells were fixed by 4% paraformaldehyde 
and permeabilized with methanol and then blocked by 
3% BSA, and then incubated with anti-MUC16 antibody 
followed by incubation with CF568-conjugated goat-anti-
rabbit IgG. Nuclei were revealed by diisopropanolamine 
(DIPA) staining (5 μg/mL in PBS) in the dark for  
10 minutes at room temperature, and the cells were imaged 
using a confocal microscope.

Cell proliferation, wound healing, and invasion assays

Ovcar3 cells were seeded in a 96-well plate (2×103 cells/well)  
and observed at 4, 24, 48, and 72 hours. Cell counting 
kit 8 (CCK8) solution (10 μL; Dojindo, Japan) was added 
to each well, and cells were incubated for 30 minutes 
at 37 ℃. Absorbance was quantified using a microplate 
spectrophotometer (Bio-Rad, USA) at 450 nm.

For the wound healing assay, 3×106 cells were cultured 
to form a tight monolayer in a six-well plate for 24 hours. 
The cells were scraped using a sterile 200-μL pipette tip 
to generate an artificial wound. The resulting gap (wound) 
between the cells was photographed using a microscope at 0, 
4, 8, 18, 24, and 48 hours. Migration capacity was evaluated 
by measuring the change in wound width. ImageJ was used 
to analyze the mean gap distance of the marginal cells in the 
scratched area (gate).

Invasion and migration assays were performed in trans-well 
chambers (8-μm pore size; Costar, Cambridge, MA, USA). 
For invasion assays, cells were seeded into trans-well chambers 
pre-coated with 40 μg/mL Matrigel (BD Biosciences, San 
Jose, CA, USA). For migration assays, cells were seeded into 
trans-wells without Matrigel coating. The upper chambers 
held RPMI-1640 medium supplemented with 0.1% FBS, and 
the lower chamber held RPMI-1640 medium supplemented 
with 20% FBS. After 48 h at 37 ℃, the cells were fixed in 
paraformaldehyde (4%) and stained with crystal violet. Non-
invaded or non-migrated cells on the surface of the upper 
chambers were carefully removed with cotton swabs. The 
number of stained cells on the trans-well insert was observed 
and photographed under a light microscope. ImageJ was used 
to calculate the number of stained cells.

Purification and cultivation of DCs and T-cells

Monocytes were isolated from umbilical cord blood by 
centrifugation using ficoll (TBD, Tianjin, China). Umbilical 
cord blood was retrieved from full-term healthy pregnancies 
during cesarean sections. Research approval had been 
previously retrieved from the ethics committee of Beijing 
Chao-Yang Hospital (2020-science-154), and informed 
consent was retrieved from all the patients involved. The 
clinical study was conducted following the provisions of the 
Declaration of Helsinki (as revised in 2013). Red blood cells 
were removed using red blood cells lysis buffer (Solarbio, 
Beijing, China). Monocytes were washed with PBS (Life 
Technologies) and separated using a magnetic activated 
cell sorting (MACS) column with anti-CD14-conjugated 
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microbeads (Miltenyi Biotec, Auburn, CA) according to the 
manufacturer’s protocol. CD14+ monocytes were cultured in 
Iscove’s modified Dulbecco’s medium (Gibco, Gaithersburg, 
MD, USA) supplemented with 10% FBS (HyClone, Logan, 
UT, USA), 100 U/mL recombinant human granulocyte 
colony-stimulating factor (rhGM-CSF), and 50 U/mL 
rhIL-4. CD14− mononuclear cells were cultured in the same 
medium supplemented with rhIL-2 (20 ng/mL) to induce 
the immature DCs.

Sensitization of DCs

Immature DCs were gathered on the fifth day and pulsed 
separately with the ovarian cancer antigen of recombinant 
human MUC16 protein (Fc Chimera Active) or PBS 
(control) for 48 hours. On the seventh day, DCs were 
harvested, washed, and stained with FITC-CD83 or PE-
CD80 monoclonal antibodies, HLA-DR, CD11c, and 
corresponding isotype controls (BD Biosciences). Flow 
cytometry analyzed DCS (FACS Canton II, BD Biosciences).

Generation and induction of CTLs

DCs activated with MUC16 or PBS were harvested and 
separately co-cultured with T-cells in six-well plates at 
different ratios (DCs: T-cells, 1:5, 1:10, or 1:20) for six days. 
On days 1, 3, and 5 of incubation, T-cells were collected and 
labeled with human CD4-PE and CD8-FITC antibodies. 
The proportions of CD4+ T and CD8+ T lymphocytes were 
analyzed using flow cytometry and FlowJo.

Cytotoxicity assay of CTLs

CTLs (as the effector cell) and Ovcar3 or MUC16-KD 
Ovcar3 cells (as the target cell) co-cultured at different ratios 
(effector: target, 2.5:1, 5:1, 10:1, and 20:1) were seeded in a 
96-well plate for 24 hours, with the effector cells or target 
cells alone as the control group. Cytotoxicity was examined 
using the CCK8 reagent for 2 hours and analyzed as 
absorbance at 450 nm. Cytotoxicity was calculated using the 
following formula: [(OD experimental group − OD effector 
cells alone group)/OD target cells alone group] ×100%.

Statistical analysis

Experiments were performed three times independently. 
All the data in these experiments are available for providing 
to others for non-commercial use after the agreement of 

all authors. All data are presented as mean and standard 
deviation. Appropriately per experiment, results were 
analyzed using the nonparametric Mann-Whitney U test or 
analysis of variance with normal distributions to determine 
the significance of differences between groups. Values 
of P<0.05 were considered statistically significant. All 
statistical analyses were performed using SPSS 22.0 (IBM 
Corporation, Armonk, NY, USA).

Results

MUC16 expression in human ovarian cancer cell lines and 
local collected tissues

We detected MUC16 expression levels in human ovarian 
cancer cell lines and local collected tissues. The mRNA 
and protein expression levels of MUC16 were highly up-
regulated in high-grade ovarian serous adenocarcinoma 
tissues, while were insignificant in control ovarian and 
the benign ovarian tissues. Image J software analyzed the 
gray ratio (Figure 1A,B,C). The immunohistochemical 
staining on the five pairs of human ovarian cancer tissues 
was performed. Our results showed that MUC16 protein 
expression in normal and benign ovarian tissues is lower 
than in OC tissues (Figure 1D).

Three human ovarian cancer cell lines (Ovcar3, Skov3, 
and Caov3) were then used to explore the biological function 
of MUC16 in ovarian cancer cellular development. MUC16 
expression in Ovcar3 cells was higher than in Skov3 or 
Caov3 cells for both proteins (Figure 2A,B) and the mRNA 
levels (Figure 2C). Figure 2D shows the Immunofluorescence 
staining of MUC16 in ovarian cancer cell lines (Ovcar3, 
Skov3, and Caov3).

MUC16 knockdown in an ovarian cancer cell line

Ovcar3, an ovarian cancer cell line with high MUC16 
expression, was selected to show a stable MUC16 
knockdown cell line. Three specific short hairpin RNAs 
(shRNA01, shRNA02, and shRNA03) targeting the 
MUC16 gene were designed and synthesized to silence 
MUC16 expression in Ovcar3 cells. A scrambled shRNA 
served as negative control (NC). In Ovcar3 cells, shRNA02 
significantly downregulated MUC16 protein expression 
(P<0.01); however, there was no significant difference in 
MUC16 protein expression between NC and Ovcar3 cells 
(P>0.05) (Figure 3A,B); therefore, shRNA02 was selected 
to establish a stable MUC16 knockdown ovarian cancer cell 
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line (MUC16-KD).

Effects of MUC16 knockdown on invasion, proliferation, 
and migration of ovarian cancer cells in vitro

To identify the function of the MUC16 gene in Ovcar3 cells, 
we investigated the ability of NC Ovcar3 and MUC16-KD 
cells to migrate and invade using a trans-well assay. The 
invasive ability of MUC16-KD Ovcar3 cells was markedly 
suppressed compared with NC Ovcar3 cells (P<0.01) (Figure 
4A,B). MUC16 knockdown inhibited cell proliferation, as 
shown by the cell growth curves of CCK8 assay (P<0.01; 
Figure 4C). These results altogether showed MUC16 
silencing inhibited cell migration (P<0.01; Figure 4D,E).

Effects of MUC16 knockdown on epithelial-mesenchymal 
transition (EMT) and the PI3K/Akt signaling pathway in 
Ovcar3 cells

EMT is a process through which epithelial cells acquire a 
mesenchymal phenotype. During EMT, cells gradually lose 
the epithelial characteristics of cell-to-cell adhesion and 
apicobasal polarity to reorganize the cytoskeleton into a 
spindle-like cell shape, thereby gaining increased motility 
and invasiveness. Hence, EMT is considered a critical 

process in tumor invasion. Common molecular markers for 
EMT include the losing expression of epithelial markers 
(e.g., E-cadherin) and gaining expression of mesenchymal 
markers (e.g., N-cadherin and vimentin). We, therefore, 
used MUC16-KD and NC Ovcar3 cells to investigate the 
mechanism of MUC16-mediated regulation of cell invasion. 
The expression of EMT markers (E-cadherin, N-cadherin, 
and vimentin) was detected by western blotting. E-cadherin 
expression was increased, but N-cadherin and vimentin 
expression was decreased in MUC16-KD cells compared 
with those in NC Ovcar3 cells (Figure 5A,B).

The PI3K/Akt signaling pathway is vital for cancer cell 
invasion and metastasis through EMT regulation. Thus, 
we further evaluated the function of MUC16 in PI3K/
Akt signaling pathway activation in Ovcar3 cells. MUC16 
downregulation significantly reduced p-PI3K and p-Akt 
expression (Figure 5C,D). These results suggested that 
MUC16 downregulation inhibited EMT and the PI3K/Akt 
signaling pathway in human ovarian cancer cells.

Effects of MUC16 stimulation on DC maturation

CD14+ monocytes isolated from umbilical cord blood 
were cultured with 100 U/mL recombinant human GM-
CSF (rhGM-CSF) and 50 U/mL IL-4 (rhIL-4) to produce 

Figure 1 The expression levels of MUC16 protein and mRNA in human ovarian cancer tissues. (A,B) Western blot showing the relative 
MUC16 expression levels in ovarian cancer, benign ovarian, and normal ovarian tissues (OC, ovarian cancer; Benign, benign ovarian; 
Normal, normal ovarian). (C) RT-qPCR shows the relative mRNA MUC16 expression levels in ovarian cancer, benign ovarian, and normal 
ovarian tissues. (D) Immunohistochemical staining of MUC16 in ovarian cancer, benign ovarian, and normal ovarian tissues. The bar chart 
is a statistical analysis from the results of three independent experiments. Data are expressed as mean ± SEM. **, P<0.05.
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monocyte-derived DCs. On the fifth day, DCs were 
stimulated with recombinant MUC16 or PBS for 48 hours. 
Recombinant MUC16 stimulation significantly up-regulated 
CD80, CD83, and CD86 (mature makers) expression in DCs 
compared with that in the controls (Figure 6), indicating an 
efficient cancer antigen of the MUC16 in ovarian cancer.

The ability of MUC16-pulsed DCs to promote T-cell 
transformation into CD8+ T-cells

Mature DCs can sensitize and activate T lymphocytes (5).  

Thus, we evaluated the activation ability of MUC16-
presenting DCs, as assessed by the number of CD8+ T-cells. 
PBS-loaded DCs or MUC16-pulsed DCs were co-cultured 
with T lymphocytes at a ratio of 5:1, and the morphology 
of activated T-cells was observed using an Olympus 
microscope (Figure 7A). The percentage of CD8+ T-cells 
was measured via flow cytometry (Figure 7B). MUC16-
pulsed DCs induced more CD8+ T-cells than PBS-loaded 
DCs (Figure 7C). According to the results, MUC16-pulsed 
DCs can induce a strong activation function compared to 
the controls.

Figure 2 The expression of MUC16 protein and mRNA in human ovarian cancer cell lines. (A,B) Western blot showing the MUC16 
expression levels in ovarian cancer cell lines (OVC: Ovcar3; SKO: Skov3; CAO: Caov3). (C) RT-qPCR shows the relative MUC16 mRNA 
expression levels in ovarian cancer cell lines (Ovcar3, Skov3, and Caov3). (D) Immunofluorescence staining of MUC16 in ovarian cancer cell 
lines (Ovcar3, Skov3, or Caov3). The bar chart is a statistical analysis from the results of three independent experiments. Data are expressed 
as mean ± SEM. **, P<0.05.
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Effects of MUC16-pulsed DCs on the cytotoxicity of T-cells 
against ovarian cancer cells

Ovcar3 cells were used as targets and T lymphocytes as 
effectors to investigate whether MUC16-pulsed DCs 
induced a specific CTL response in vitro. A dose-dependent 
cytotoxic effect against Ovcar3 cells was examined at various 
ratios (T-cells: Ovcar3 cells = 2.5:1, 5:1, 10:1, or 20:1). The 
cytotoxicity of CTLs induced by MUC16-pulsed DCs was 
significantly higher than CTLs induced by PBS-loaded 
DCs at the ratio of 20:1 (Figure 8). These data showed 
that MUC16-pulsed DCs induced potent and specific 
cytotoxicity against ovarian cancer cells in vitro.

Discussion

MUC16 is a classic biomarker for ovarian cancer owing 
to its aberrant expression in this malignancy. From 
its transmembrane structure with different domains 
coordinately mediating various signaling pathways, MUC16 
may bear more responsibilities rather than only being a 
biomarker (14). MUC16 has been reported to promote 
cancer cell progression by stimulating cell adhesion, 
growth, and metastasis, and evading attacks from natural 
killer cells (18-21). In this study, we further confirmed 
the function of MUC16 to promote ovarian cancer cell 
proliferation, migration, and invasion, which was triggered 
by the activation of the PI3K/AKT signaling pathway.

The transformation of the immature antigen-capturing 
DCs into the mature antigen-presenting DCs is the crucial 
process in preparing DC-loaded antigen vaccination, 
endowed with the ability to interact with T-cells and initiate 
specific immune responses (3,4,10). Several coordinated 

events accompany DC maturation, including the movement 
of MHC/peptide complexes to the cell membrane, 
upregulation of the classic markers for DC maturation, 
including the costimulatory molecules (CD40, CD83, 
CD80, and CD86) (9). In current work, we found that the 
recombinant MUC16 stimulation significantly up-regulated 
the mature makers of DCs, including the CD80, CD83, and 
CD86, which indicated the MUC16 could be an efficient 
antigen of ovarian cancer and designated it as an ideal target 
for immunotherapy against ovarian cancer. Currently, the 
molecular mechanisms underlying the effect of MUC16 
on the maturation of DCs and activation of CTL activity 
in the progression of cancers remain unknown. MUC16 
is involved in a variety of signaling pathways affecting the 
cellular proliferation, immigration, as well as invasion. 
For example, MUC16 regulates the activity of cervical 
cancer cells through the JAK2/STAT3 pathway (22). More 
importantly, Xin et al. (23) found that MUC16 played a 
role in promoting the p120-catenin to translocate to the 
cytoplasm, thereby activating the RhoA/Cdc42 to enhance 
the ability of migration and proliferation of ovarian cancer 
cells. Here, we found that the expression of PI3K/Akt were 
decreased in the MUC16-knockdown group, suggesting a 
role of PI3K/Akt pathway involved in the effect of MUC16 
on ovarian cancer cells. However, more studies such as 
inhibiting the PI3K/Akt pathway should be conducted 
to further confirm the involvement of PI3K/Akt in these 
processes in the future. Though the MUC16 binds siglecs 
and masks Toll-like receptors (TLRs) on DCs, promoting 
an immature DC phenotype that, in turn, decreases T 
cell effector functions have been reported (24). However, 
the detection of circulating MUC16-specific antibodies 

Figure 3 Establishment of stable MUC16 knockdown ovarian cancer cells. (A,B) Western blot showed the MUC16 expression levels in three 
short hairpin RNAs, negative control, and ovcar3. The bar chart is a statistical analysis from the results of three independent experiments. 
Data are expressed as mean ± SEM. ***, P<0.01. 
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Figure 4 Down-regulation of MUC16 inhibits invasion, proliferation, and migration of ovarian cancer cells in vitro. (A,B) The Transwell 
showed that MUC16 silencing in ovcar3 cells suppressed the invasive ability of ovcar3 cells. Significantly decreased invasion was observed in 
MUC16-KD ovcar3 cells than in NC cells (9,424±829.6 vs. 14,554±1,036, P<0.01). (C) According to the cell growth curves of CCK-8 cell 
proliferation assay, the MUC16 deficiency inhibited the proliferation of ovcar3 cells (P<0.01). (D,E) Wound-healing cell migration assay in 
ovcar 3 cells following MUC16-KD. MUC16-KD inhibited cell migration and wounding-healing repairing (P<0.01). Scale bar =50 μm. **, 
P<0.05. 
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Figure 5 Down-regulation of MUC16 inhibits the epithelial-mesenchymal transition (EMT) process, and the PI3K/Akt signaling pathway 
takes part in the inhibitory effect in ovarian cancer cells. (A,B) The protein levels of EMT-related markers by western blot analysis in 
MUC16-KD ovcar3 cells compared with corresponding NC cells (P<0.05). (C,D) Down-regulation of MUC16 decreased the protein 
expression of p-PI3K and p-Akt in ovcar3 cells (P<0.05). **, P<0.05. 

Figure 6 CD14+ monocytes stimulated by MUC16 acquired dendritic cells. (A,B) CD14+ monocytes cultured for 5 days with rhGM-CSF 
and rhIL-4, and another 48h with the cancer antigen of recombinant MUC16, which significantly up-regulated the expression of CD80, 
CD83, and CD86 (the mature DCs) compared with phosphate buffer saline (PBS) (P<0.05). **, P<0.05. 
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in cancer patients indicates their immunogenic potential 
in stimulating antigen-specific humoral responses (25,26). 

Moreover, a recent study published in Nature identified 
MUC16 as a hotspot with a 4-fold higher neoantigen 
frequency in the long-term survivors of pancreatic cancer 
as versus the short-term survivors (27). Meanwhile, 
though the receptor-based endocytosis involving TLRs, 
Fc receptors, integrins, C-type lectins, and scavenger 
receptors, DCs internalize exogenous antigens for the 
processing and presentation (9). Notably, the C-type 
lectin receptors (CLRs) recognize carbohydrate structures 
containing antigens, which strongly indicates CLRs of DCs 
may positively recognize MUC16 for the phagocytose, the 
antigen processing, and presentation. Through this process, 
the extracellular MUC16 peptide (CA125 antigen) would 
primarily present by cross-presentation, a particular capacity 
of DCs for presenting exogenous antigenic peptides to 
activate CD8+ T-cells via MHC-I directly.

DCs in the peripheral blood may also affect the activity 
of ovarian cancer cells by regulating the immune responses. 
Previous study showed that number of peripheral DCs was 

Figure 7 Mature dendritic cells (DCs) activated T lymphocytes and induced CD8+ T cells. (A) Mature DCs activated T lymphocytes at the 
ratio of 1:5 (×10). (B) MUC16-pulsed DCs induced more CD8+ T cells than phosphate buffer saline (PBS)-loaded DCs (P<0.05). (C) The 
statistical analysis is from (B) results of three independent experiments. Data are expressed as mean ± SEM. **, P<0.05.
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Figure 8 MUC16 pulsed dendritic cells (DCs) to activate T 
cells and trigger cytotoxic lymphocytic cell responses on ovarian 
cancer cells in vitro. When T cells and OVC cells at ratio 20:1, the 
cytotoxicity of cytotoxic T lymphocytes (CTLs) against target cells 
induced by MUC16-pulsed DCs was more substantial than that 
induced by phosphate buffer saline (PBS)-pulsed DCs (**, P<0.05). 
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increased by Fms-like tyrosine kinase 3 ligand (FLT3L), 
and thereby enhancing the in vivo immunity against the  
tumors (28). In ovarian cancer, FLT3L can increase the 
expression of CD40 in DCs and activates cytotoxic T 
lymphocytes (29). More and more scholars believed that 
DC-targeted immunotherapy can be a promising strategy 
for the treatment of ovarian cancer. The advantages favoring 
DC-based vaccines over other immunotherapies include the 
well-tolerated Nature and minimal toxicity, which inspire 
further exploration to optimize their effects, mainly by 
improving the antigen-loading methods and capacity of DC 
cell migration to lymphoid tissues, as well as optimizing 
tumor microenvironment. However, DC vaccines attacking 
tumor cells may be blocked by the immune-evasive tumor 
microenvironment, including insufficient tumor antigens, 
secretion of immunosuppressive cytokines, increase in the 
number of inhibitory ligands, and induction of Treg cells. 
This urges the investigation of DC vaccines combined with 
other strategies to overcome these barriers. Indeed, there 
have been several successful trials on the combination of 
DCs and CTLs with cytokine-induced killer therapy, as 
well as the DC vaccines with photodynamic therapy for 
enhanced antigen presentation (30,31).

In conclusion, the data in our study showed that MUC16 
served as an oncogenic gene and an effective immunogenic 
antigen in ovarian cancer. MUC16 delivered through the 
DC vaccine could boost an endogenous antitumor response 
and stimulate the CD8+ CTLs to lysis the ovarian cancer 
cells, which may provide an effective therapeutic strategy 
against ovarian cancer in the clinical setting.
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