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Overexpression of MUC16 predicts favourable prognosis in
MUC16-mutant cervical cancer related to immune response

HAO WANG'*, CHAO YAN?" and HONG YE!

1Department of Gynaecology and Obstetrics, The First College of Clinical Medical Science, China Three Gorges University;
2Department of Orthopaedics, The People's Hospital of China Three Gorges University, Yichang, Hubei 443000, P.R. China

Received September 5,2019; Accepted April 29,2020

DOI: 10.3892/etm.2020.8836

Abstract. Cervical cancer (CC) is the fourth ranking gynae-
cologic tumour in women worldwide, with respect to both
incidence and mortality. MUCI16 is one of the most frequently
mutated genes, which functions as a tumour marker in CC.
In the present study, mutation, clinical and RNA-Seq data
collected from The Cancer Genome Atlas database were
used to investigate the association between MUC16 mutation,
immune response and clinical prognosis in CC. mRNA expres-
sion levels from the TCGA datasets and the results from the
present study demonstrated that MUC16 was overexpressed
in CC samples; however, there was no difference between
mutant and wild-type CC samples. Furthermore, the results
indicated that patients with MUC16-mutant overexpression
had a prolonged survival time. In addition, overexpression of
MUCI16 was associated with immune responses in the micro-
environment of MUC16-mutant CC. Immune responses were
upregulated in patients with early-stage MUC16-mutant. The
results from the present study provided novel biomarkers for
potential immunotherapy approaches for CC.

Introduction

In 2018, it was estimated that there were 570,000 new cases
and 311,000 CC-associated mortality cases (1). Furthermore,
~90% of cases occur in low-income and middle-income coun-
tries, where there is a lack of organized screening (2). CC is
preventable to a large extent, and CC at the early stage can
be treated with surgery or radiation (3). Cervical squamous
cell carcinoma (CSCC) accounts for ~70-80% of CC and
20-25% of endocervical adenocarcinomas (EACs). EAC is
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commonly associated with worse clinical outcome and prog-
nosis compared with CSCC (4). Traditionally, clinical stage is
considered the most prominent prognostic parameter, which
determines the modality adopted for treatment to a great
extent. CSCC antigen levels are closely associated with CC
during the early stage (5). Therefore, research on early-stage
CSCC is essential for accurate diagnosis and effective treat-
ment of CC.

Synthesis of mucin (MUC) is essential for the formation
of the mucous barrier, which helps protect the epithelia of
most organs, such as the stomach, from physical and chemical
damages and infection (6,7). Mucins are generally large
high-molecular-weight glycoproteins that are classified into
two subgroups, the secreted mucins and the membrane-bound
mucins (6,7). MUC2, MUC5AC, MUC5B, MUC6, MUC7,
MUC9 and MUC19 are secreted mucins, whereas MUC3A/B,
MUC4,MUCI12, MUCI13, MUCI15, MUC16, MUC17, MUC20
and MUC21 are membrane-bound mucins. These mucins
are considered to play important roles in cellular interac-
tions, molecular cell signalling and biological processes (8).
Furthermore, it has been demonstrated that dysregulation of
these mucins occurs in different types of cancer. For example,
MUCI is overexpressed in pancreatic, lung, breast, colon,
ovarian and prostate cancers; MUC4 is overexpressed in
colon adenocarcinoma and pancreatic cancer; and MUCI6 is
elevated in ovarian and pancreatic cancers (8).

CA125 was first identified ~38 years ago in a screening of
antibodies against ovarian cancer antigens. After two decades,
it was cloned and characterized as a membrane-bound mucin
named MUCI16 (9). MUCI6 is the largest membrane-bound
mucin and represents an adverse prognostic marker of human
cancer. Previous studies have demonstrated that MUCI16 is
overexpressed in several types of cancer, including breast, lung,
pancreatic and colorectal cancers (10,11). Increasing evidence
suggested that MUCI6 is associated with immune responses in
human cancer. Gubbels et al (12) reported that ovarian tumour
cells with high levels of MUCI16 are unable to be attacked
by natural killer cells and monocytes. Patankar et al (13)
demonstrated that tumour-derived MUCI16 functions as a
suppressor of the immune response that is directed against
ovarian tumours. Furthermore, Fan et al (14) reported that the
MUCI16 C terminus promotes forkhead box P3 expression and
enrichment of tumour-associated regulatory cells in tumour
tissues, through tumour-secreted IL-6 activation of the Janus
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kinase 2/signal transducer and activator of transcription 3
signalling pathway in pancreatic cancer. Recent studies have
demonstrated that MUC16 mutations are associated with
better survival outcomes and immune responses in gastric and
endometrial cancers (15,16). Furthermore, MUC16 has been
indicated to serve as a tumour marker in different types of
gynaecological cancer, including CC (17). Although MUC16
is regarded as one of the most frequently mutated genes in
CC, the associations between MUC16 mutations, immune
responses and clinical prognosis remain unclear. Subsequently,
the present study used mutation, clinical and RNA-Seq data
collected from The Cancer Genome Atlas (TCGA) database
(https://portal.gdc.cancer.gov), in order to investigate the asso-
ciation between MUC16 mutation and immune responses, as
well as clinical prognosis in CC.

Materials and methods

Raw data. Data associated with mutation, clinical parameters,
copy number variation (CN'V), DNA methylation and RNA-Seq
of CC samples were downloaded from the TCGA database.
MUCI16 RNA-Seq data from the various types of cancer were
downloaded from the TCGA database (https://portal.gdc.
cancer.gov/). The RNA-Seq data were presented in terms of
fragments per kilobase million (FPKM). Furthermore, the
GSE9750 dataset was downloaded from the Gene Expression
Omnibus (GEO) database (https://www.ncbi.nlm.nih.gov/
geo/query/acc.cgi?acc=GSE9750) (18,19). MUCI16 expres-
sion was assessed in 286 CC and 240 CSCC clinical samples
(=4,000 days of follow-up data) from the TCGA datasets.
Data used in TCGA CNYV, DNA methylation and clinical data
analyses were matched with the respective expression data.

Definitions of clinical survival and recurrence types.
Three types of clinical survival and recurrence outcomes
were selected in the present study: Overall survival (OS),
disease-specific survival (DSS) and progression-free
survival (PFS). The outcomes were defined as follows: OS
referred to the period of time from the date of diagnosis to the
date of mortality from any cause; DSS referred to the period
of time from the date of initial diagnosis to the date of last
contact or the date of mortality from another cause; and PFS
referred to the period from the date of diagnosis to the date of
new tumour occurrence (20).

Patient information and tissue collection. CC tissues and adja-
cent normal tissues were obtained from 9 patients; 3 patients
used to detect the MUCI16 protein expression levels between
adjacent normal tissue and CC tissue, 3 patients used to detect
the MUCI6 protein expression levels in wild-type CC tissues;
and 3 patients used to detect the MUCI16 protein expression
levels in mutant type CC tissues (age range, 44-51 years;
median age, 47 years); who underwent radical resection at
The First College of Clinical Medical Science, China Three
Gorges University (Yichang, China) between March 2019 and
July 2019. All samples were stored at -80°C. The inclusion
criteria were as follows: i) All patients were diagnosed with CC,
following colposcopy and cervical tissue biopsy; ii) no chemo-
therapy or radiotherapy was performed prior to surgery, and
iii) all patients had complete clinical data. Exclusion criteria:
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i) Patients with incomplete clinical data; and ii) patients who
refused to participate in this study. All experimental proce-
dures were approved by the Ethics Committee of The First
College of Clinical Medical Science, China Three Gorges
University (Yichang, China). Written informed consent was
provided by all patients prior to the study.

Western blotting. Total protein was extracted from CC tissues
and adjacent normal tissues using Cell lysis buffer (cat.
no. PO013; Beyotime Institute of Biotechnology, China), and
the protein concentration was quantified using a BCA Assay
kit (cat. no. POO12S; Beyotime Institute of Biotechnology,
China). A total of 50 ug protein was added to each sample
well, separated by 5% SDS-PAGE prior to being transferred
onto polyvinylidene fluoride membranes. Dried, non-fat milk
powder was used for blocking, for 1 h at room temperature.
The membranes were incubated with a MUC16 monoclonal
antibody (cat. no. BM5743; 1:2,000; Wuhan Boster Biological
Technology, Ltd.) at 4°C for 12 h, prior to incubation with
a horseradish peroxidase (HRP)-labelled secondary anti-
body (cat. no. BM2006, 1:1,000; Wuhan Boster Biological
Technology, Ltd.) at room temperature for 1 h. ECL lumi-
nous liquid A and B (cat. no. POO18S, Beyotime Institute of
Biotechnology) were mixed (1:1) and the luminescent droplets
were dropped onto the film. Protein bands were visualized
using a gel imager (Bio-Rad Laboratories, Inc.). f-actin (cat.
no. BA2305; Wuhan Boster Biological Technology, Ltd.) was
used as the reference protein.

Enrichment analysis. Gene set enrichment analysis (GSEA) was
performed to determine the correlation between the immune
response in CC and MUC16 expression in patients with mutated
and wild-type MUCI16. Furthermore, genes were arranged from
high to low according to their correlation with MUCI6 expres-
sion. Genes and R values were determined and subsequently
assessed via Kyoto Encyclopaedia of Genes and Genomes and
Gene Ontology (GO) analyses within clusterProfiler v3.10.0
(http://www.bioconductor.org/packages/release/bioc/html/clus-
terProfiler.html) (21). Furthermore, single-sample (ss)GSEA was
performed to calculate the score of immune response-associated
GO terms (22). The gene set used for the ssSGSEA was down-
loaded from the Molecular Signatures database (https:/www.
gsea-msigdb.org/gsea/msigdb/genesets.jsp).

Statistical analysis. Analysis of mutations was performed
using R software version 2.5.0 (23). %* tests were used to
analyze independent of data proportion for the proportion of
MUCI16 mutant/wild-type in CSCC/EAC. Student's unpaired
t-test was used to determine differences in expression levels
between two samples. The level of correlation was determined
using Pearson correlation coefficient (R value) analysis.
Kaplan-Meier survival curves and the log-rank test were used
to determine the effects of MUCI16 expression on patient
survival, using GraphPad Prism software version 7 (GraphPad
Software, Inc.). FPKM values, from the 20-80th percentiles
were considered to classify the samples, and samples with
the lowest log-rank P-values were selected. All graphs were
generated using R software version 2.5.0 (RStudio, Inc.) or
GraphPad Prism software version 7 (GraphPad Software, Inc.).
Bar graph data are presented as the mean + SEM.
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Altered in 233 (80.62%) of 289 samples.
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Figure 1. Landscape of MUC16 mutations in CC. (A) An OncoPlot of the top 10 mutated genes in CC samples from TCGA database. The upper bar plot
indicates the number of genetic mutations/patient, while the bar plot on the right indicates the number of genetic mutations/gene. The CC pathology types and
mutation types are represented as annotations at the bottom. (B) A lollipop plot of MUC16 mutations in CC samples from TCGA database. Amino acid axis
labelled for domain. (C) Proportions of MUCI16 mutations between endocervical adenocarcinoma and cervical squamous cell carcinoma. (D) Proportions
of different types of single nucleotide variants of MUC16 in CC samples from TCGA database. (E) Numbers of different types of single nucleotide variants
of MUCI16 in CC samples from TCGA database. CC, cervical cancer; TCGA, The Cancer Genome Atlas; TTN, Titin; PIK3CA, phosphatidylinositol 3;
MUC4, mucoprotein 4; KMT2C, histone lysine methyltransferase 2C; MUC16, mucoprotein 16; KMT2D, histone lysine methyltransferase 2D; FLG, filaggrin;
DMD, duchenne muscular dystrophy; EP300, E1A binding protein p300; SYNEI, spectrin repeat-containing nuclear envelope protein 1.

Results

MUCIG6 is frequently mutated in CC. The top 10 mutated genes
in CC included TTN (32%), PIK3CA (29%), MUC4 (28%),
KMT2C (20%), MUC16 (17%), KMT2D (15%), FLG (13%),
DMD (13%), EP300 (13%) and SYNEI (13%; Fig. 1A). MUC16
ranked sixth among the most frequently mutated genes in CC,
with a mutational frequency of 17.3%, and most mutations
were missense mutations (Fig. 1B). The proportion of MUC16
mutations in CSCC (19%) was greater than that in EAC (9%; 2,
P<0.05; Fig. 1C). Furthermore, C>G and C>T mutations were
the major types of single nucleotide variants (Fig. 1D and E).

MUCI6 expression in CC. MUCI16 expression levels in
different types of cancer were analyzed within the TCGA

datasets (Fig. 2A). A total of three gynaecologic cancers,
including ovarian, endometrial and CC, ranked as having
the highest MUC16 expression levels. Furthermore, the GEO
dataset was used to assess MUCI16 expression in tumour
and normal samples, because TCGA lacks normal sample
data for CC. The results demonstrated that MUC16 was
significantly overexpressed in tumour samples compared with
normal samples, according to the GSE9750 dataset (Fig. 2B,
left panel). However, no significant difference was observed
between mutated MUC16 and wild-type MUCI16 in TCGA
dataset (Fig. 2B, right panel). Subsequently, clinical human
CC and adjacent normal samples were assessed to further
investigate whether MUCI16 is associated with CC. The
results demonstrated that MUC16 protein expression was
overexpressed in CC tissues compared with adjacent normal
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Figure 2. Landscape of MUC16 expression in CC. (A) Bar plot of FPKM for LINC00265 in different types of cancer from TCGA database. Data are presented
as the mean + SEM. (B) Left panel: Bar plot depicting MUC16 expression in CC and normal samples from the GSE9750 dataset. Right panel: Expression levels
of MUC16-mutated and MUC16-wild-type samples of CC from TCGA database. Data are presented as the mean = SEM. (C) MUC16 protein levels were deter-
mined via western blotting for normal and CC samples (top), and mutant and wild-type CC samples (bottom). (D) Association between CNV level and MUC16
expression in MUC16-mutated and MUC16-wild-type samples. (E) Association between DNA methylation level and MUC16 expression in MUC16-mutated
and MUCI16-wild-type samples. CC, cervical cancer; FPKM, fragments per kilobase million; TCGA, The Cancer Genome Atlas; SEM, standard error of the

mean; CNV, copy number variation.

tissues (Fig. 2C, top panel). However, no difference was in order to determine the molecular mechanisms associ-
observed between mutant and wild-type CC samples at the ated with MUCI16 expression in CC. No correlation was
protein level (Fig. 2C, bottom panel). The CNV and DNA  observed between MUC16 expression and CNV in both the
methylation of MUCI16 was analyzed, using TCGA dataset, MUCI16-mutated and the MUC16-wild-type groups (Fig. 2D).
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Conversely, DNA methylation was positively correlated with
MUCI16 expression in both the MUCI16-mutated and the
MUCI16-wild-type groups (Fig. 2E). Taken together, the results
demonstrated that MUC16 exhibited no difference between the
MUCI16-mutated and the MUC16-wild-type groups, although
MUCI16 was overexpressed in CC.

Overexpression of MUCI6 is associated with favourable prog-
nosis in MUCI6 mutant patients with CC. For the purpose of
evaluating the clinical significance of MUCI6 in the survival
of patients with CC and to determine the association between
MUCI16 mutational status and survival, MUC16 expression was
assessed in 286 CC clinical samples (<4,000 days of follow-up
data) from TCGA for OS, DSS and PFS (24). Although OS is
regarded as a vital endpoint, assessment of OS alone decreases
the reliability of the results of a clinical study. When OS and DSS
are used, longer follow-up is required. Therefore, PFS is used in
many clinical trials as a composite of tumour progression and
mortality (24). OS and DSS are associated with survival, while
PFS is associated with recurrence. Overexpression of MUC16
was significantly associated with a longer OS time [hazard
ratio (HR)=0.156; P=0.0399], a longer DSS time (HR=0.277,
P=0.0374) and a longer PFS time (HR=0.271; P=0.0205) in
patients with CC and mutant MUCI16 (Fig. 3A). However, over-
expression of MUCI16 was not associated with OS (HR=0.702;
P=0.2122), DSS (HR=0.637; P=0.1522) or PFS (HR=1.570;
P=0.0926) in patients with CC and wild-type MUCI16 (Fig. 3B).
Furthermore, overexpression of MUCI16 had no significant effect
on OS (HR=0.662; P=0.1082), DSS (HR=0.618; P=0.0765) and
PFS (HR=0.701; P=0.1660) in patients with CC (Fig. 3C). Taken
together, these results suggested that overexpression of MUC16
may specifically predict a favourable prognosis in patients with
CC and mutant MUC16.

Overexpression of MUCI6 is associated with favourable prog-
nosis in MUCI6 mutant patients with CSCC. CSCC accounts
for 70-80% of CC and antigen levels are associated with
early-stage CC (4). In order to evaluate the clinical significance
of MUCI6 in terms of survival of patients with CSCC and to
determine the association between MUCI16 mutational status
and survival, MUCI16 expression was assessed in 240 CSCC
clinical samples (=4,000 days of follow-up) from TCGA for OS,
DSS and PFS. Overexpression of MUC16 was significantly asso-
ciated with a longer OS time (HR=0; P=0.0247), a longer DSS
time (HR=0.247; P=0.028) and a longer PFS time (HR=0.225;
P=0.019) in patients with mutant MUCI6 (Fig. 3D). However,
overexpression of MUC16 was not associated with OS (HR=1.39;
P=0.2477), DSS (HR=1.44; P=0.293) and PFS (HR=1.618;
P=0.1079) in patients with wild-type MUC16 (Fig. 3E).
Furthermore, overexpression of MUC16 had no significant effect
on OS (HR=0.266; P=0.108), DSS (HR=0.588; P=0.0640) and
PFS (HR=0.701; P=0.166) in patients with CSCC (Fig. 3F). Taken
together, these results suggested that overexpression of MUCI16
may specifically predict a favourable prognosis in patients with
CSCC and with mutant MUCI16.

MUCI16 mutations are involved in T cell- and B cell-related
immune responses. MUC16 mutant patients with CC with
MUCI16 overexpression exhibited a longer OS, DSS and
PFS time, which indicates that overexpression of MUC16
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may be involved in the progression and tumorigenesis of
MUCI16-mutant CC.Previous studies have reported that MUC16
functions as a suppressor of the immune response (12-14). In
order to determine whether overexpression of MUC16-mutant
could decrease suppression of the immune response, GSEA
was performed to identify immune response-associated
gene sets in MUCI16-mutant and MUCI16-wild-type CC
samples (Fig. 4A-C). Gene sets associated with T cell and
B cell activity were negatively enriched in CC samples with
increased MUC16-wild-type expression. However, gene sets
associated with T cell and B cell activity were not enriched
in CC samples with increased MUC16-mutant expression.
Taken together, these results suggested that overexpression
of MUC16-mutant in patients with CC may help decrease the
suppression of immune responses associated with T cells and
B cells.

Immune responses are upregulated in early-stage patients
with CC and MUCI6 mutations. In order to investigate the
association between immune responses, MUCI16 muta-
tion and early-stage CC, an analysis of the differences
between early-stage and stages I-IV CC samples was
performed (Fig. 4D). ssGSEA was also performed to assess
the gene sets associated with immune responses. The results
demonstrated that immune responses associated with T cells
and B cells were significantly upregulated in stages I/II samples
with MUC16 mutations. However, no significant difference
was observed between MUC16-wild-type samples of stages 1/
IT and stages III/TV. Furthermore, leukocyte-mediated immu-
nity was significantly upregulated in stages I/II samples with
MUCI16 mutations. Taken together, these results indicated
that immune responses were upregulated in patients with
early-stage CC and with MUC16 mutations.

Discussion

CC is the fourth most common cancer in women world-
wide (1). CC at the early stage can be treated with surgery
or radiation (3). Furthermore, MUCI16, which is one of the
most frequently mutated genes in CC, has been proven to
serve as a tumour marker in different types of gynaeco-
logic cancer, including CC (17). However, the association
between MUCI16 mutational status and prognosis of patients
with CC remains unclear. To the best of our knowledge,
the present study was the first to demonstrate the prog-
nosis of patients with MUCI16 mutations in CC. A recent
study reported that MUCI16 is also frequently mutated in
endometrial cancer (16). The results of the present study
demonstrated that the proportion of MUC16 mutations in
CSCC is greater than that in EAC. Furthermore, MUC16
mutations were associated with early-stage CC. MUCI16
expression was subsequently assessed in CC samples, and
the results demonstrated that MUC16 was overexpressed
in gynaecologic cancers. Although MUCI16 overexpression
was exhibited in CC, there was no difference in expression
between the MUC16-mutated and the MUC16-wild-type
groups. Furthermore, differences in CNV or DNA meth-
ylation did not affect MUC16 expression in either the
MUCI16-mutated or MUC16-wild-type samples. These
results suggested that the expression difference in MUC16
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Figure 3. Overexpression of MUC16 was associated with favourable prognosis of patients with CC and mutant MUC16. Kaplan-Meier plots depicting the
OS, DSS and PFS time in patients with (A) MUC16-mutant, (B) MUC16-wild-type and (C) all patients with CC from TCGA database. Kaplan-Meier plots
depicting the OS, DSS and PFS time in patients with (D) MUC16-mutant, (E) MUCI16-wild-type and (F) all patients with cervical squamous cell carcinoma
from TCGA database. CC, cervical cancer; OS, overall survival; DSS, disease-specific survival; PFS, progression-free survival; TCGA, The Cancer Genome
Atlas; HR, hazard ratio.

between MUCI16-mutant and MUC16-wild-type samples MUCI16 specifically predicted favourable OS, DSS and PFS,
may not have biological significance. However, it was subse-  whereas these associations were not present for wild-type
quently observed that overexpression of mutant MUC16  MUC16 or MUCI16 overall. Furthermore, overexpression
may have biological significance. Overexpression of mutant of MUCI16 specifically predicted favourable OS, DSS and
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Figure 4. MUC16 mutations were involved in immune responses. (A) Volcano plot depicting the NES and negative logarithmically transformed P-value of immune
response-associated gene sets in MUC16-mutant and MUC16-wild-type CC samples from TCGA database. Enrichment of (B) B cell-associated and (C) T cell-asso-
ciated gene sets with overexpression of MUC16, in MUC16-wild-type and MUC16-mutant CC samples from TCGA database. (D) Bar plots depicting the activity
level of multiple immune responses in different disease stages between MUC16-mutant and MUC16-wild-type samples of CC from TCGA database. Data are
presented as the mean + standard error of the mean. NES, normalized enrichment score; CC, cervical cancer; TCGA, The Cancer Genome Atlas.

PFS in patients with MUC16-mutant CSCC. Therefore, the
results suggested that overexpression of MUC16 may predict
favourable prognosis in both patients with MUC16-mutant
CC and patients with MUC16-mutant CSCC. MUC16 served
as an essential prognostic biomarker in CC, particularly in
terms of clinical survival associated with early-stage disease.

The immune response is of great significance for the devel-
opment and progression of CC (25-27). Increasing evidence
demonstrates that gene mutations are associated with cancer
progression, immune response and clinical outcomes in
patients with early-stage disease (28-30). Furthermore, it has
been demonstrated that MUCI16 interacts actively with the
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immune response (12-14). Previous studies have reported that
MUCI16 mutations are closely associated with superior survival
outcomes and the immune response in gastric and endometrial
cancers (12-14,16). However, very few studies have investigated
the effects of MUC16 mutations on the immune response in
patients with CC. Previous studies have demonstrated that
MUCI6 acts as a suppressor of immune response (12-14,16).
In the present study, GSEA demonstrated that negative
enrichment of immune response signatures, such as immune
responses associated with T cells and B cells, was observed
with overexpression of MUCI6 in the MUCI16-wild-type CC
samples. However, the signatures associated with T cell and
B cell activity revealed no enrichment with overexpression
of MUCI16 in the MUC16-mutant CC samples. The present
study demonstrated that MUC16 mutations are associated
with early-stage CC. Thus, the present study investigated the
immune responses associated with T cells and B cells during
different stages of disease in patients with MUC16 mutations.
Immune responses were upregulated in stages I/II of MUC16
patients with CC patients, but not in MUC16-wild-type patients
with CC patients.

In conclusion, the results from the present study suggested
that overexpression of MUC16 may specifically predict favour-
able survival and prognosis in patients with MUC16-mutant
CC. Furthermore, MUCI16 mutational status was associated
with the immune response in CC, particularly in patients at
early stage of disease. MUCI16 mutations are a key marker
in immunotherapy for CC patients. MUC16 overexpression
is not only significantly associated with the prognosis of
MUCI16-mutant patients with CC, but also lead to the enrich-
ment of associated immune activity, which can be used to
identify which patients may benefit from immunotherapy
in CC. Taken together, the findings from the present study
provided novel and promising approaches for immunotherapy
in CC; however, further studies are required to investigate
these methods.
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