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Abstract: Objectives: MUC16, a mucin marker with a high mutation probability, is closely related to the occurrence,
development, response to treatment, and prognosis of melanoma. As melanoma has high immunogenicity, im-
munotherapy has become a routine treatment. Tumor mutation burden (TMB) is the most common indicator for
determining appropriate immunotherapy. The relationship between the mutation and expression of MUC16 and
the prognosis, TMB, level of immune infiltration, and drug sensitivity in melanoma was investigated in this study.
Methods: Melanoma data were downloaded from the Cancer Genome Atlas and the International Cancer Genome
Consortium database, and the “GenVisR” package was used to visualize the gene mutation types and frequen-
cies. Intersections of the top 30 genes with the highest mutation frequencies were determined. Thereafter, we
investigated the effects of MUC16 mutations on overall survival (0S) and TMB of melanoma patients by multivari-
ate Cox regression and multivariate logistic analyses. Related pathways that were enriched by MUC16 and BRAF
were investigated using gene-set enrichment analysis and gene-set variation analysis. The CIBERSORT calculation
method was used to analyze the proportion of tumor-infiltrating immune subsets. The relationship between MUC16
expression and drug sensitivity was also discussed. Results: Twenty-two genes with high mutation frequencies were
identified in both datasets. MUC16 and ADGRV1 mutations were associated with higher TMB and good clinical
prognosis (P<0.05). Multivariate Cox regression analysis showed that age, clinical stage, and MUC16 mutations
were independent prognostic factors affecting OS of melanoma patients. Multivariate logistic analysis showed that
gender and MUC16 mutations were independent prognostic factors affecting the TMB. MUC16 mutations and high-
expression groups were primarily enriched in immune-related pathways. Furthermore, T-cell CD4 memory activation
and T-cell CD8 were positively correlated with MUC16 expression and activated dendritic cells were significantly
enriched in the MUC16 mutant group. Abnormal MUC16 expression may be related to abnormal methylation and
drug resistance. Conclusion: MUC16 was found to have a higher mutation frequency in melanoma patients, which is
associated with a higher TMB. The mutation and/or expression of MUC16 may affect immune-related pathways and
tumor-infiltrating immune cell subsets, which may improve the prognosis for melanoma patients.
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Introduction cancer mortality [2]. According to a survey

report by the American Joint Commission on

A skin cutaneous melanoma (SKCM) is a malig-
nant tumor that originates from skin melano-
cytes and is potentially fatal. The incidence rate
of melanoma is increasing, whereas the inci-
dence rate of various tumors is decreasing [1].
The high malignancy of SKCM implies that its
mortality accounts for 75% of the total skin

Cancer in 2018, there are approximately
91,270 new cases and 9,320 deaths related to
SKCM every year in the United States [3], and
by 2020, these numbers will be 100,350 and
6,850, respectively [4]. This means that the
number of new cases each year will increase,
but the number of deaths will decrease slightly.
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Globally, there are approximately 200,000
new SKCM cases each year; however, the inci-
dence of SKCM in the Asian population is lower
than that in European/Caucasian populations.
However, as the population of China is large,
there are still approximately 20,000 new cases
in China each year, and the mortality rate is
higher than that in Western countries [5]. Thus,
melanoma presents a serious threat to the
health of Chinese people. When compared with
those for other common malignancies, the
standardized diagnosis and treatment meth-
ods for melanoma are not as advanced.

Mucoprotein (MUP) is a glycoprotein that is pri-
marily composed of mucopolysaccharides,
which not only plays an important role in inter-
cellular signal transduction but is also closely
related to intercellular adhesion and immune
response [6]. The expression of MUP is associ-
ated with various cancers, and its role in tumors
has received increasing attention in recent
years. Studies have reported that MUP can
accelerate cell metastasis and diffusion by
reducing the adhesion between tumor cells and
by enabling tumor cells to regulate the immune
system, and thus escape it [7, 8]. MUP16 (for-
merly known as CA12-5), is a member of the
mucin family and has a high mutation frequen-
cy in many cancers, including gastric cancer,
colorectal cancer, and non-small cell lung can-
cer, and these mutations are often associated
with patient survival [9, 10]. Tumor mutation
burden (TMB) is defined as the total number of
somatic gene coding errors, base substitutions,
gene insertions, or deletion errors detected per
million bases, which is the mutation density of
genes [11]. A higher mutation load indicates
that the tumor has a more prominent personal-
ity and will be targeted by the tumor immunity
as it is more likely to be recognized by the
immune system. Theoretically, the higher the
tumor mutation load, the more effective the
immunotherapy treatment will be, as was con-
firmed by Zhang et al. By analyzing the correla-
tion between MUC16 mutations and immune
checkpoint inhibitor responses in different
solid tumors, MUC16 mutations appeared to be
related to the response of the immune check-
point inhibitors (ICls) in solid tumors and the
genomic factors related to improved prognosis.
It has also been suggested that MUC16 could
be utilized as a marker to guide immunotherapy
responses [9].
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In this study, we aimed to explore the associa-
tions among somatic cell mutations, TMB, and
the prognosis of SKCM patients to determine
the relationship between gene mutations and
immune responses. Specifically, we download-
ed the data of American SKCM patients from
the Cancer Genome Atlas (TCGA) database and
Australia SKCM patients from the International
Cancer Genome Consortium (ICGC) database;
the intersection of mutation genes in the two
cohorts was used to analyze the TMB and prog-
nosis of the patients. On this basis, this study
further explored the immune response, the
functional enrichment of the mutant genes,
and the relationship between the expression
level of the mutant genes and methylation and
drug sensitivity.

Methods
Data

Data for 472 patients with SKCM were down-
loaded for this investigation from the TCGA
website (http://portal.gdc.cancer.gov/projects),
including transcriptome data, clinical informa-
tion, and somatic mutation data. In addition,
the somatic mutation data for 198 SKCM
patients in Australia were downloaded from the
ICGC official website (https://dcc.icgc.org).

Identification of mutant genes

In this study, MAF files were obtained from the
TCGA database using the VARSCAN method to
detect somatic mutations, and they were then
used for mutation frequency analysis. The
mutation data in the ICGC database (TSV files)
were annotated according to the HG19 refer-
ence genome. Finally, the “GenVisR” package
was used to visualize the frequency and type of
the gene mutations in the two datasets, and
the “Venn” package was used to determine the
intersection of the mutant genes in the two
datasets, and only the intersection genes were
analyzed further.

Calculation and prognostic analysis of TMB

TMB is the total number of mutated bases per
million bases. In this study, we only calculated
the number of mutations that caused amino
acid changes. We extracted somatic mutation
information using a Perl script and corrected
the TMB value for each sample by dividing the
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total number of mutations into the total exon
length (38 Mb) [12]. Then, we combined the
patient's TMB information, gene mutation infor-
mation, and clinical information using R soft-
ware and visualized the relationship between
the mutated genes and the TMB using the
“ggboxplot” package. Finally, we divided the
patients into wild-type and mutant-type groups
based on whether a gene mutation occurred.
K-M survival curves were drawn to compare the
survival differences between the two groups,
and the genes with the most significant P val-
ues (MUP16 in this study) were selected for
subsequent analysis.

Independent prognostic analysis of MUP16

Using other clinical information (such as age
and gender) as independent variables and the
OS as a dependent variable, univariate and
multivariate Cox regression analyses were con-
ducted to explore whether MUC16 mutations
could be independent of other clinical vari-
ables. On this basis, a multivariate logistic anal-
ysis was conducted to explore the independent
factors affecting TMB.

Molecular characterization of MUP16

To explore the functions and pathways that
were changed after gene mutation, Gene Set
Enrichment Analysis (GSEA) software V4.0 was
used to analyze the wild-type and mutated
MUP16 patients. This study also used this
method to explore the influence of the changes
in the expression level of MUP16 on the relat-
ed pathways in SKCM patients. Specifically, the
patients were divided into two groups with high
and low expression using the median expres-
sion of MUP16, and then the “GSVA” package
was used to find the path most related to
MUP16 and visualize it.

Relationship between MUP16 and immune cell
infiltration

To evaluate the relative abundances of differ-
ent MUP16 statuses and immune cell infiltra-
tion, we downloaded the “CIBERSORT” pack-
age and the gene characteristic text contain-
ing 22 types of immune cells to transform the
transcriptome matrix into the matrix of the
immune cell content. Only 232 tumor samples
with a P<0.05 were analyzed by quality filtering,
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and the results were further visualized using
the “corrplot” package.

In addition, we further analyzed the relation-
ship between MUP16 and immune cell in-
filtration using different grouping methods.
Specifically, the patients were divided into wild-
type and mutant-type groups according to
whether the MUP16 was mutated, and differen-
tially expressed immune cells were obtained by
differential analysis. Second, we used correla-
tion analysis to obtain the immune cells related
to MUP16 expression.

Relationship between MUP16 and methylation
and drug sensitivity

The human disease methylation databa-
se (DiseaseMeth, http://bioinfo.hrbmu.edu.cn/
diseasemeth/) is an interactive database de-
signed to provide normal and abnormal DNA
methylation statuses and other relevant infor-
mation for human diseases (especially various
cancers) [13]. We used this database to explore
and visualize the differences in MUP16 meth-
ylation between normal and tumor samples of
SKCM.

We downloaded the data of different can-
cer cell lines from the NCI-60 database (htt-
ps://discover.nci.nih.gov/cellminer/home.do)
and used the Pearson correlation test to
explore the relationship between MUP16
expression and drug sensitivity. Only 263 FDA-
approved drugs or drugs in clinical trials were
included in the analysis.

Statistical analysis

All statistical analyses were performed using
SPSS 22.0 (Chicago, IL, USA) and R 3.6.1
(https://www.r-project.org/), and statistical
images were processed using Adobe lllustrator
CC 2018. The Kaplan-Meier survival analysis
was used to draw the survival curve of the
relationship between gene mutation and prog-
nosis. The Wilcoxon test was used to calculate
the differentially expressed immune cells of
patients with wild-type and mutant variations,
and Spearman correlation analysis was used to
obtain the immune cells related to the expres-
sion of MUC16. The correlation between
MUC16 expression and drug sensitivity was
determined using Pearson’s correlation coeffi-
cient. All data were statistically significant with
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P<0.05, and the definition of “*” was P<0.05,
“**" was P<0.01, and “***” was P<0.001.

Results
Gene mutation in melanoma

The detailed mutation information for the top
30 genes with the highest mutation frequen-
cies from each sample cohort is presented in
a waterfall diagram. In the TCGA cohort, TTN
(75.6%), MUC16 (71.1%), BRAF (53.8%),
DNAH5 (51.7%), and PCLO (46.9%) were the
most frequently mutated genes (Figure 1A).
The top five genes with the highest mutation
frequency in the ICGC cohort were TTN (81.4%),
MUC16 (75.6%), DNAHS5 (58.7%), BRAF (54.1%),
and CSMD1 (53.5%) (Figure 1B).

We then intersected the top 30 genes with
the highest mutation frequencies in the two
cohorts and identified 22 overlapping genes:
TTN, MUC16, DNAH5, BRAF, CSMD1, PCLO,
MGAM, ANK3, LRP1B, PKHD1L1, USH2A, RP1,
CSMD3, CSMD2, ADGRV1, MUC17, DNAH7Y,
MXRA5, APOB, FAT4, FLG, and THSD7B.

Mutations associated with TMB and survival
prognosis

After calculating the TMB value of each sample,
we divided the patients into wild-type and
mutant-type groups according to the status
of the intersection genes, and then compared
the TMB values of the two groups. The results
showed that, except for BRAF, the other 21
genes had higher TMB after mutation (Figure
2A). On this basis, we performed K-M analysis
of the 21 genes mentioned above, and the
results showed that only MUC16 and AdGRV1
mutations were associated with improved prog-
nosis, while BRAF mutations did not affect
patient OS (Figure 2B-D). Considering the
important role of BRAF in the occurrence,
development, and treatment of melanomas,
both BRAF and the gene with the most signifi-
cant P value (MUC16) were selected for subse-
quent analysis.

Effects of MUC16 mutations on OS and TMB

Univariate Cox regression analysis showed that
age, clinical stage, and MUC16 mutations had
an impact on the survival time of melanoma
patients (Figure 3A). Subsequent multivariate
Cox regression analysis showed that age (haz-
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ard ratio: 1.807, 95% confidence interval:
1.332-2.453, P<0.001), clinical stage (hazard
ratio: 1.586, 95% confidence interval: 1.186-
2.121, P=0.002), and MUC16 mutations (haz-
ard ratio: 0.552, 95% confidence interval:
0.403-0.754, P<0.001) were all independent
prognostic factors affecting OS in patients with
melanoma (Figure 3B).

Multivariate logistic analysis showed that
gender (odds ratio: 1.932, 95% confidence
interval: 1.199-3.113, P=0.007) and MUC16
mutations (odds ratio: 13.762, 95% confidence
interval: 7.800-24.282, P=1.421E-19) were
independent influencing factors of the TMB
value (Table 1).

Functional enrichment analysis of MUC16 and
BRAF

We further studied the potential function and
pathway of MUC16 and BRAF in SKCM by con-
ducting GSEA and gene set variation analysis
(GSVA) on the TCGA cohort (Figure 4A-D). The
GSEA results showed that BASE_EXCISI-
ON_REPAIR, NUCLEOTIDE_EXCISION_REPAIR,
PROTEIN_EXPORT, PYRIMIDINE_METABOLISM,
and RNA_POLYMERASE were significantly
enriched in the MUC16 mutant samples. In
the BRAF mutant samples, the significantly
enriched pathways were GLYCOSAMINOG-
LYCAN_DEGRADATION, GLYCOSPHINGOLIPID_
BIOSYNTHESIS_GANGLIO_SERIES, HISTIDINE_
METABOLISM, PROTEIN_EXPORT, and PYRUVA-
TE_METABOLISM.

Notably, GSVA showed that the MUC16 high-
expression group had significant enrichment in
immune-related pathways, while the BRAF
high-expression group was enriched in tumor-
related pathways.

Correlation analysis of MUC16 and immune
cells

We further used the CIBERSORT algorithm to
evaluate the proportion and correlation of
immune cell infiltration in the SKCM tumor
microenvironment. We constructed 22 immune
cell maps and analyzed the correlation be-
tween the immune cells (Figure 5A, 5B). The
results showed that the mast cells were acti-
vated, the neutrophils were the immune cells
with the strongest positive correlation (r=0.78),
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Figure 2. Relationship between gene mutation and tumor mutation burden and clinical prognosis. Tumor mutation burden after gene mutation almost increased
to different degrees (A); The OS time for patients with MUC16 (B) and ADGRV1 (C) mutations was significantly longer than that for wild type patients, and BRAF (D)
mutations did not affect the OS rate of patients.
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the overall survival rate of melanoma patients.

Table 1. Multivariate logistic analysis results

At the same time, we explored the rela-

95% Cl of OR

tionship between the expression level of

Lower limit Upper limit
Age 1.230 0.767 1.974
Gender 1.932 1.199 3.113
Stage 0.630 0.397 1.000
Fustatu 0.906 0.568 1.443
MUC16 mutant 13.762 7.800 24.282

P value MUC16 and drug sensitivity, and only

0.390 the top four drugs with the most signifi-
’ cant P-values are shown. Among them,

0.007 e .

0.050 the sensitivity of one drug, bisacodyl, an
’ active ingredient of viraplex, was posi-

0.677 tively correlated with the expression of

1.421E-19

MUC16. The sensitivity of the remaining

OR: odds ratio. Cl: Confidence interval.

and the T cells CD8 and macrophages M2 had
the strongest negative correlation (r=-0.64).

In addition, we observed the enrichment of
dendritic cells (DCs) that were activated in the
MUC16 mutant group (Figure 5C). Correlation
analysis showed that there were three types of
immune cells associated with MUP16 expres-
sion. Two of them were positively correlated
with the expression of MUC16, namely CD4
memory activated T cells and T cells CD8. MO
macrophages were negatively correlated with
MUC16 expression (Figure 5D-F). These results
demonstrated that the mutation status and
expression level of MUC16 could affect the
immune activity of SKCM patients.

Relationship between MUC16 and methylation
and drug sensitivity

We explored the relationship between the
expression level of MUC16 and its methylation
status using the DiseaseMeth 2.0 database,
and the results showed that the average meth-
ylation level of MUC16 in the SKCM tumor tis-
sue was significantly decreased (Figure 6A).
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three drugs, namely, epothilone B, ixazo-

mib citrate, and etoposide, was negative-
ly correlated with the expression of MUC16
(Figure 6B-E).

Discussion

MUP is a high molecular weight O-glycoprotein
that is primarily expressed on the apical sur-
face of epithelial cells and plays a complex role
in the protection of epithelial cells and in carci-
nogenesis. Abnormal MUP overexpression in
tumor cells can regulate various signal trans-
duction pathways and can ultimately promote
tumor cells to develop into more aggressive
phenotypes [14]. Current studies have report-
ed that MUC16 is one of the three most fre-
quently mutated genes in tumors. It is overex-
pressed in different types of cancers, such as
pancreatic, breast, and lung cancers, and is
closely related to disease prognosis [15-18]. By
analyzing gastric cancer data from the TCGA
database, Li et al. found that MUC16 mutations
were significantly related to patients’ OS and
response to treatment, and this was further
verified by using an external data set [10]. This
indicates that it is feasible for clinical research-
ers to explore the functions of target genes and
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Figure 5. Relationship between MUC16 and tumor infiltrating immune cells. The CIBERSORT algorithm was used to calculate the proportions of the 22 types of im-
mune cells in each of the skin melanoma samples (A) and the correlation matrix of the immune cells (B), with blue indicating a positive correlation and red indicat-
ing a negative correlation. Immune cells differentially expressed by the MUC16 mutation and wild type groups (C). The three types of immune cells associated with
MUC16 expression (D-F).
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identify therapeutic targets by using gene data-
base analysis. However, there are few studies
on MUC16 expression in melanoma. Current
melanoma diagnosis and treatment methods
require improvement, and this highlights the
need to further explore the potential functions
and roles of MUC16 in melanoma.

In this study, TCGA and ICGC cohorts were ana-
lyzed, and MUC16 was confirmed to be one of
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the most mutable genes in melanoma. We
found that MUC16 mutations were significantly
associated with higher TMB and improved prog-
nosis and were independent factors affecting
patient OS. TMB is regarded as a biomarker of
immunotherapy and has been used to identify
patients who may benefit from immunotherapy
for many cancer types [19, 20]. Previous clini-
cal trials have shown that patients with high
TMB can benefit more from ICIS in patients with
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melanoma and non-small cell lung cancer [21,
22]. As one of the most immunogenic tumors,
melanoma has an ideal response to immuno-
therapy [23]. The above viewpoint was also
confirmed by Wang et al., who demonstrated
that patients with melanoma with MUC16
mutations have increased expression of
immune checkpoints (e.g., PD-L1, PD-1, and
CTLA-4). Additionally, the response rate to
treatment in patients with melanoma with
MUC16 mutations was significantly higher than
that in patients without MUC16 mutations.
However, these results were only observed in
male patients with melanoma [24].

Consequently, melanoma has been used to
promote immunotherapy use for solid tumors.
Clinical trials in recent years also further con-
firmed the effectiveness of ICIS in patients with
advanced melanoma; the 5-year OS rates of
pembrolizumab, nivolumab, and nivolumab
combined with ipilimumab were 34%, 44%,
and 52%, respectively [25, 26]. In addition,
Kang et al. reached similar conclusions via an
analysis of melanoma data from the TCGA
database, which revealed that TMB was posi-
tively correlated with the prognosis of patients
and was associated with a lower pathological
stage [27]. On this basis, we have speculated
that the development of drugs targeting MUC-
16 could improve the prognosis of melanoma
patients by increasing their TMB and conse-
quently improving the effects of immuno-
therapy.

We further analyzed the influence of the MUC16
mutation and its expression on the related
molecular mechanisms and pathways in mela-
noma patients. GSEA and GSVA showed that
the mutation and upregulation of MUC16
expression increased the signaling pathways
of mutation repair and immune responses. By
considering the relationship between MUC16
and immune responses and immunotherapy in
previous literature, we analyzed tumor-infiltrat-
ing immune cells in patients with melanoma.
The results showed that more DCs were acti-
vated in the MUC16 mutant samples. Combin-
ed with the better prognosis of patients with
MUC16 mutations, the results of this study
support previous findings that DCs promote
immune activation in the tumor microenviron-
ment and play an important role in immune
response [28-30].
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This study also found that in melanoma
patients, both the T cells CD4 memory activat-
ed and T cells CD8 were positively correlated
with the expression of MUC16. Recent studi-
es have also reported that to slow down the
growth of tumors and prolong the survival of
patients, the efficacy of adoptive immune cell
therapy can be improved by infiltrating CD4+ T
lymphocytes and CD8+ T lymphocytes into
tumor tissues. This has been confirmed in
patients with solid tumors such as melanoma,
breast cancer, and lung cancer [31, 32]. In
addition, anti-tumor research on infiltrating T
immune cells showed that the tumor tissue
infiltration activated CD4+ T Ilymphocytes,
CD8+ T lymphocytes, natural killer cells, and
other immune active cells in vitro for a period of
time after separation; reinjection of these cells
into patients’ bodies effectively killed tumor
cells and had curative effects on esophageal
cancer, colorectal cancer, lung cancer, and
other tumors [33-35]. Therefore, after the anal-
ysis of the mutation and expression of MUC16,
it was suggested that MUC16 may interfere
with the maintenance and regulation of the
immune activity of the melanoma patients in
both direct and indirect ways and could thus be
utilized as a new therapeutic and research tar-
get for immunotherapy.

With the development of new gene research,
epigenetics has been found to play an increas-
ingly important role in tumorigenesis, and DNA
methylation is an important epigenetic form
for tumorigenesis [36]. Studies have confirmed
that abnormal methylation is closely related to
abnormal gene expression and carcinogenesis
[37, 38]. Therefore, the methylation level of
melanoma patients was explored in this study,
and it was found that MUC16 was hypome-
thylated in melanoma tumor tissues. However,
owing to the small number of adjacent samples
in the database, we were unable to compare
the expression differences of MUC16 in tumors
and adjacent tissues. However, based on the
central law of gene expression and the possible
demethylation of the MUC16 promoter region
in melanoma tumor tissues, we speculated
that the expression of MUC16 would be signifi-
cantly upregulated in tumor tissues, but this
requires further investigation [39].

Considering the in-depth research on melano-
ma and the continuous progress of biotechnol-
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ogy in recent years, targeted therapies and
immunotherapies have achieved remarkable
results [40]. Although melanoma patients do
not respond well to chemotherapy, it is still an
important treatment for patients with wild-type
BRAF and those who are resistant to targeted
therapies [41]. Therefore, we also explored the
relationship between MUC16 expression and
drug resistance in tumor cells. The results
showed that with the increase in MUC16
expression, cells showed increased resistan-
ce to chemotherapeutic drugs, such as epothi-
lone B, ixazomib citrate, and etoposide. Epo-
thilone B has a mechanism of action similar to
that of paclitaxel, but it has better anticancer
activity; thus, it is expected to be a more effec-
tive anticancer drug than paclitaxel and has
been approved by the Food and Drug
Administration as a single or combination drug
for the treatment of advanced breast cancer
[42, 43]. Ixazomib is an oral, highly selective
proteasome inhibitor recently approved by the
FDA and the European Medicine Agency for use
in combination with lenalidomide and dexa-
methasone for the treatment of multiple myelo-
ma that has previously received at least one
line of treatment [44, 45]. Etoposide is a cell
cycle-specific antitumor drug that is widely
used in the treatment of various cancers,
including non-small cell lung cancer, breast
cancer, and bladder cancer [46-48]. These
data suggest that MUC16 may play a role in the
sensitivity or resistance of tumor cells to drug
therapy and may serve as a therapeutic target
to overcome drug resistance or increase drug
sensitivity.

This study has some limitations. First, data for
Chinese melanoma patients were not included
in the data for the two cohorts; thus, we were
unable to verify whether the impact of the
MUC16 mutation and changes in its expression
in Chinese patients are consistent with the find-
ings of this study. Second, further studies are
required to explore the relationship between
MUC16 mutations and high TMB, as well as
immune cell infiltration.

Conclusions

Our study shows that MUC16 has a high muta-
tion frequency in melanoma patients and
that this mutation is associated with a higher
TMB and improved prognosis; furthermore, the
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mutation and expression of MUC16 affects
immune-related pathways in melanoma pa-
tients. Together with the results for tumor
immune cell infiltration and drug resistance,
the findings of this study suggest that MUC16
could form the basis for the development or
improvement of existing immunotherapy regi-
mens. Therefore, we believe that MUC16 is a
potential therapeutic target, but further studies
are required to confirm this.
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