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Background: Although mucins are generally linked to aggressive tumor behavior
and poor clinical outcomes, the role of MUC21 in oral squamous cell carcinoma
(OSCC) remains unexplored. Previous in vitro studies suggest that MUC21 may
inhibit cancer cell adhesion, indicating its potential signi cance in
OSCC pathogenesis.

Methods: We analyzed microarray data from 10 OSCC tissues and paired adjacent
normal tissues (para-OSCC), along with GEO and TCGA RNA-seq datasets, to
identify differentially expressed genes, including MUC21. gRT-PCR was performed
to validate MUC21 expression and its co-expressed epithelial differentiation-
related genes. Additionally, immunohistochemistry (IHC) on 102 paired OSCC/
para-OSCC samples assessed the correlation between MUC21 expression and
clinical outcomes. In vitro functional assays (CCK-8, wound healing, Transwell)
were conducted using OSCC cell lines (CAL27, HN6) with MUC21 overexpression
or knockdown.

Results: MUC21 was signi cantly downregulated in OSCC compared to normal
tissue, supported by high-throughput datasets, qRT-PCR, and IHC. We identi ed
11 co-expressed genes, including epithelial differentiation markers (KRT4, KRT13,
CRNN), which were further validated. Low MUC21 expression correlated with
pathological lymph node metastasis, poor tumor differentiation, and reduced
survival. Furthermore, MUC21 Knockdown signi cantly increased cell
proliferation, migration and invasion in OSCC cell lines and vice versa.
Conclusion: MUC21 downregulation is associated with reduced epithelial
differentiation, increased clinical aggressiveness, and worse prognosis in OSCC.
MUC21 may serve as a novel prognostic biomarker and tumor suppressor gene
in OSCC.

KEYWORDS

biomarker, biomarker analysis, MUC21, oral squamous cell carcinoma, prognosis

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2026.1767261/full
https://www.frontiersin.org/articles/10.3389/fonc.2026.1767261/full
https://www.frontiersin.org/articles/10.3389/fonc.2026.1767261/full
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2026.1767261&domain=pdf&date_stamp=2026-03-25
mailto:wangxuejiu@126.com
https://doi.org/10.3389/fonc.2026.1767261
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2026.1767261
https://www.frontiersin.org/journals/oncology

Mao et al.

1 Introduction

Human mucins are categorized into membrane-bound types
(MUC1, MUC3A, MUC3B, MUC4, MUC12, MUC13, MUC14,
MUC15, MUC16, MUC17, MUC20, MUC21, MUC22) and
secreted forms (MUC2, MUC5AC, MUC5B, MUC6, MUC?7,
MUC8, MUC9, MUC19), based on their structural properties (1).
Physiologically, mucins are crucial for mucosal lubrication and
protection, epithelial renewal, differentiation, and cellular signaling
(2). In oncology, mucins signi cantly in uence tumor genesis and
progression across various cancers. Abnormal or deregulated mucin
expression is associated with enhanced cancer cell proliferation,
differentiation, migration, and invasion (3). For instances, MUC1 is
overexpressed in pancreatic ductal adenocarcinoma and cervical
squamous cell carcinoma and promotes cancer cell proliferation
and metastasis (4, 5). MUC4 plays a vital role in esophageal
squamous cell carcinoma cell proliferation and invasion (6)
MUCI16 is overexpressed in epithelial tumors like ovarian cancer
and lung adenocarcinoma and facilitates increased tumor cell
migration (7, 8).

Oral squamous cell carcinoma (OSCC) is associated with
signi cant morbidity and a high mortality rate. Despite advances
in surgical techniques, radiotherapy, and chemotherapy, the 5-year
survival rate for OSCC remains around 60% (9). This is partly due
to the absence of reliable prognostic indicators that could help
clinicians devise effective primary treatment strategies, as the
traditional TNM staging system has shown limited utility in this
context (10). The molecular events underlying the pathogenesis and
progression of OSCC contribute to its heterogeneity and are
potential sources of diagnostic markers and therapeutic targets
(11). Recent studies have identi ed several mucin members, such
as MUC1 and MUC4, as being implicated in OSCC. These mucins
are associated with more aggressive tumor behavior and poorer
clinical outcomes (12).

MUC21 was rst identi ed in 2008 as the human equivalent of
mouse epiglycanin, a mucin expressed in mammary carcinoma
TA3-Ha cells but absent in TA3-St cells (13). The MUC21 protein is
characterized by an N-terminal signal sequence, an extracellular
mucin domain containing dozens of tandem repeats 15-amino acid
each, a stem domain, a transmembrane domain, and a C-terminal
cytoplasmic tail (14). Increased expression of MUC21 has been
observed to contribute to the anti-adhesion effects of cancer cells in
vitro. Variations in MUC21 expression have been noted in several
types of malignant tumors (15). A Previous study has documented

Abbreviations: MUC, Mucins; MUC21, Mucin 21; OSCC, oral squamous cell
carcinoma; Para-OSCC, paired adjacent normal tissue on OSCC patients; GEO,
gene expression omibus; TCGA, the cancer genome atlas; RNA-seq, RNA
sequencing; KRT4, keratin 4; KRT13, keratin 13; CRNN, Cornulin; gRT-PCR,
Revere transcription quantitative polymerase chain reaction; IHC,
immunohistochemistry; CCK-8, cell counting kit-8; RMA, Robust Multichip
Average; GAPDH, Glyceraldehyde 3-phosphate dehydrogenase; DAB,
diaminobenzidine; MOD, mean optical density; TNM, tumor, node, metastases
stage; OS, overall survival, DFS, Disease-free survival, DMEM, Dulbecco’s
Modi ed Eagle Medium; FBS, fetal bovine serum; HTA, Human
Transcriptome Array; Cl, con dence interval; HR, hazard ratio.
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overexpression of MUC21 in gingival in ammation (16). However,
the role of MUC21 in OSCC has not yet been explored. The aim of
this study is to delve deeper into the potential involvement of
MUC21 in OSCC.

In this study, we rst analyzed cDNA microarray data from our
own research, combined with datasets from the Gene Expression
Omnibus (GEO) and The Cancer Genome Atlas (TCGA), which
revealed a signi cant downregulation of MUC21 and several of its
co-expressed genes in OSCC. Next, we validated the altered
expression of MUC21 and its epithelial differentiation-related co-
expressed genes using quantitative real-time PCR (qRT-PCR) and
immunohistochemistry (IHC). Furthermore, we assessed the
correlation between MUC21 expression patterns and key clinical
characteristics, including patient outcomes. Finally, we explored the
functional impact of MUC21 in OSCC by conducting gain-of-
function (overexpression) and loss-of-function (knockdown)
experiments in OSCC cell lines. Our ndings highlight MUC21 as
a potential novel prognostic biomarker for OSCC.

2 Materials and methods
2.1 Patients and tissue samples

In this study, we initially performed microarray analysis on 10
paired samples (from patient cohort 1) of OSCC and adjacent
normal mucosa (para-OSCC). To validate the candidate genes
identi ed from the microarray and additional datasets obtained
from the Gene Expression Omnibus (GEO) and The Cancer
Genome Atlas (TCGA), we further analyzed 30 paired OSCC and
para-OSCC samples (from patient cohort 2) using qRT-PCR and
IHC. To investigate the association between MUC21 expression and
clinicopathological features, we conducted IHC analysis on a
retrospective cohort of 102 OSCC patients (patient cohort 3,
treated between 2009 and 2013) with complete follow-up data.
The patient enrollment process was shown in the
Supplementary Figure 1.

All tissue specimens (OSCC and para-OSCC) were collected
during surgical resection and histologically con rmed by frozen
section examination prior to microarray pro ling, gqRT-PCR, and
IHC studies. This study was approved by the Medical Ethics
Committee of Capital Medical University School of Stomatology
(Approval No. CMUSH-IRB-KJ-PJ-2018-04), and written informed
consent was obtained from all participants in accordance with
ethical guidelines.

2.2 Differential expressed genes’ analysis
between OSCC and normal oral tissues
based on our microarray data and datasets
downloaded from GEO and TCGA

To perform microarray hybridization, total RNA was extracted
from samples of various groups. RNA labeling and microarray
hybridization were carried out following the protocols outlined in
the Affymetrix Expression Analysis Technical Manual
(Biotechnology Company, Shanghai, China). The microarrays
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were scanned using the GeneChip Scanner 3000 system
(Affymetrix, Santa Clara, CA, USA) with the default settings on
Command Console software 3.1 (Affymetrix). In addition,
GSE34105 was downloaded from GEO data base (https://
www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE34105), which
comprised 62 OSCC and 16 normal oral tissue. Moreover,
RNAseq data of 266 OSCC and 19 normal oral tissue was
downloaded from the website of National Cancer Institute
(https://portal.gdc.cancer.gov). The background correction and
normalization of the three datasets raw data were performed
using the Robust Multichip Average (RMA) algorithm. The
Limma software package in the R programming language was
utilized to identify differentially expressed genes, considering a
fold change of >2 and an adj-P-value of <0.05 as statistically
signi cant. Visualizations included a volcano plot created with
ggplot2 (version 3.1.0) and a heatmap generated using the
pheatmap package (version 1.0.12) in R. Furthermore,
intersections of differential expressed genes (up-regulated and
down-regulated) revealed by the three datasets were created by on
the line tool Evenn (17).

2.3 Co expression analysis of MUC21

To identify genes related with MUC21, cor.test of R language
was run in the TCGA based dataset to carry out Pearson correlation
analysis of MUC21 and other genes. Genes with R value more than
0.7 and P value less than 0.001 were sorted out. R language package
ggplot2, ggpubr and ggExtra were used to create the correlation
analysis maps; circlize and corrplot were used to generate the
circos map.

2.4 RNA extraction and quantitative gRT-
PCR

Tissue samples were rapidly dip-frozen in liquid nitrogen and
homogenized using an MX-F Vortex mixer (SCILOGEX, LLC,
USA) before immediately preceding to RNA extraction. Total
RNA was extracted from the homogenized frozen tissue using
Trizol reagent (Invitrogen), adhering to the manufacturer’s
protocol. Subsequently, 500 ng of RNA was reverse-transcribed
into cDNA utilizing HiScript Il Reverse Transcriptase (Vazyme,
Nanjing, China). For quantitative real-time PCR (qRT-PCR),
speci ¢ primers were used as follows: MUC21 forward:
GGGGCTCTTTGCTGGGCTCTT,; MUC21 reverse: CCGC
TGTTCCTCCCGCTCAT. KRT4 forward: CGCGAACAG
ATCAAGCTCCT; KRT4 reverse: GGGGCTCAAGGTTTT
TGCTG. KRT13forward: CCCCAGGCATTGACCTGAC; KRT13
reverse: GTGTTGGTAGACACCTCCTTG. CRNN forward:
ATGCCTCAGTTACTGCAAAACA; CRNN reverse: TCAC
ATCGGCAAACTCTTGCT. GAPDH forward: TCAAGAAGG
TGGTGAAGCAGG; GAPDH reverse: GCGTCAAAGGTGGAG
GAGTG. The data were expressed as mean + standard deviation
(S.D.). GAPDH was utilized as the internal control. All assays were
conducted in triplicate using the Roche LightCycler 96 System.
Relative gene expression levels were calculated using the
2-DDCT method.
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2.5 Immunohistochemistry and semi-
quanti cation of the results

For IHC analysis, 4 um-thick paraf n sections of tissue samples
were prepared. The IHC procedure followed previously established
protocols (18). Initially, sections were deparaf nized and
rehydrated. Endogenous peroxidase activity was quenched with a
3% hydrogen peroxide solution. Following antigen retrieval,
sections were blocked with 10% normal serum and then
incubated with either anti-MUC21 antibody (NBP2-31023;
Polyclonal; 1:200; NOVUS Biologicals, Littleton, CO, USA), anti-
KRT4 antibody (CY5773, monoclonal; 1:200; Abways Technology,
Shanghai, China), anti-KRT13 antibody (CY5744, monoclonal;
1:100; Abways Technology, Shanghai, China) or anti-CRNN
antibody (TA811824S, monoclonal; 1:500; OriGene Technologies
Inc, Rockville, MD, US)for 2 hours at 37°C. This was followed by
incubation with a secondary antibody, and color development was
achieved using horseradish peroxidase enzyme and
diaminobenzidine (DAB) chromogen reagent. Positive
immunostaining was identi ed by cytoplasmic and/or membrane
immunoreactivity. The intensities of the immunohistochemical
reactions were evaluated under a light microscope (BX-71;
Olympus, Japan) by three independent trained observers who
were blinded to the subjects’ clinical information. Quanti cation
of MUC21 or KRT4, KRT13 and CRNN expression levels was
conducted using a computerized image analysis system (Image-Pro
Plus V6.0, Media Cybernetics Inc, Bethesda, MD, USA). Five
images at low-power magni cation (x200) were captured
randomly from each slide using a digital camera (DP72;
Olympus, Japan), focusing on areas containing squamous
epithelial carcinoma cells or normal squamous epithelial cells.
Staining intensity was measured by mean optical density (MOD),
corresponding to the positive staining intensity of MUC21.
Expression levels were classi ed into high and low expression
groups based on the median MOD value.

2.6 Survival analysis of MUC21 expression
and other key clinical pathological factors

Clinicopathological data, including gender, age, tumor (T)
classi cation, node (N) classi cation, and the overall tumor, node,
metastases (TNM) stage, were extracted from clinical records and
pathology reports. The TNM classi cation was based on the 7"
edition of the American Joint Committee on Cancer Staging System
for oral cancer. During the follow-up period, overall survival (OS)
was measured from the date of surgery until the date of the last
follow-up examination or the patient’s death. Patients who were still
alive at the time of analysis were censored at the date of their last
follow-up. Disease-free survival (DFS) was de ned as the time from
the date of surgery to the date of disease recurrence/metastasis or
death from any cause, whichever occurred rst. Patients who were
alive and free of recurrence/metastasis at the time of analysis were
censored at the date of their last disease assessment. The
clinicopathological variables, including the expression of MUC21,
were evaluated in the analysis of survival (both OS and DFS) using
the Kaplan-Meier method, providing a statistical approach to
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estimate the survival probability over time, taking into account
various patient and disease characteristics.

2.7 Cell culture, lentiviral vector
construction and transfection into OSCC
cell lines

Human OSCC cell lines Cal27 and HN6 were acquired from the
American Type Culture Collection (ATCC, USA). These cells were
cultured in Dulbecco’s Modi ed Eagle Medium (DMEM, Gibco, USA).
The culture medium was supplemented with 10% fetal bovine serum
(FBS, Gibco, USA), 100 1U/mL penicillin, and 100 pug/mL streptomycin
(Solarbio, China). In order to overexpress MUC21 in OSCC cell,
Vector GV492 (GeneChem, Shanghai China) was used to construct
MUC21 lentiviral expression system (LV-MUC21 lentivirus,
NM_001010909; GeneChem, Shanghai China). To achieve
knockdown of MUC21 in OSCC cells, the siRNA sequence was
designed, synthesized and integrated into lentivirus (GeneChem,
Shanghai China) targeting the speci c region of the human MUC21
gene sequence, The targeted sequence of the siRNA was as follow:
GTTTGGTCTACTATTGCATTT. The lentiviruses were transfected
into Cal27 and HN6 using Lipofectamine 3000 reagent (Invitrogen,
USA), following the manufacturer’s protocol.

2.8 Cell proliferation, wound healing,
Transwell cell migration and invasion
assays

Cell proliferation was assessed using a Cell Counting Kit-8 (CCK-
8) (Solarbio, China) following the manufacturer’s instructions.
Brie y, 3,000 OSCC cells were seeded into each well of a 96-well
plate and incubated for three days. At designated time points, 10 pL
of CCK-8 solution was added to each well and incubated at 37°C for 2
hours. Absorbance was then measured at 450 nm. An in vitro wound
healing assay was employed to evaluate cell motility. Brie vy,
transfected OSCC cells (1 x 10° cells/well) were seeded into 6-well
plates. Upon reaching 90% con uence, wounds were created by
dragging a 10 pl pipette tip across the well from one end to the
other. The cells were then cultured for up to 24 hours. Wound closure
was monitored under 100X magni cation, and cell migration rates
were calculated by comparing images taken at 0 and 24 hours.
Transwell chambers (Corning, USA) equipped with 8-pm-pore
polycarbonate Iters coated with Matrigel(Corning, USA)or
without were used to assess Cell invasion or migration. OSCC cells
(2 x 10° cells/ml) were suspended in DMEM supplemented with 0.1%
FBS. Subsequently, 200 pl of this suspension was placed in the upper
chamber, and 700 pl of DMEM supplemented with 10% FBS was
added to the lower chamber. Following a 24-hour incubation period
at 37°C with 5% CO2, cells that had migrated or invaded through the
polycarbonate membrane were xed with 4% formaldehyde for 10
minutes and subsequently with 100% methanol for 20 minutes. The
xed cells were then stained with crystal violet for 15 minutes. Cells
remaining on the upper surface of the membrane were removed
using a cotton swab. Six random microscopic elds at 100x
magni cation were photographed and analyzed for cell count. All
experiments were conducted in triplicate.
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2.9 Statistical analysis

Statistical analyses were performed using SPSS 22.0 and
GraphPad Prism 8. For validation experiments, comparisons
between paired OSCC and normal tissues in qRT-PCR and IHC
data were analyzed using the Wilcoxon signed-rank test, and
correlations were assessed with Spearman’s coef cient.
Associations between MUC21 expression and clinicopathologic
features were evaluated with the Chi-square or Fisher’s exact test.
Survival outcomes were compared using Kaplan-Meier curves and
the log-rank test. Prognostic factors were identi ed by univariate
and multivariate Cox proportional hazards regression, with model
assumptions veri ed (Supplementary Figure 2). For in vitro
functional assays, two-tailed unpaired Student’s t test and one-
way ANOVA were performed to evaluate signi cant differences. All
P-values are two-sided, and signi cance was de ned as P< 0.05.

3 Results

3.1 MUC21 expression decreased in OSCC
and was related with KRT4, KRT13 and
CRNN

The intersection of HTA (our microarray dataset, Figures 1A,
B), GSE34105(Figures 1C, D) and the dataset from TCGA
(Figures 1E, F) showed that 73 genes were up regulated
(Figure 1G) and 102 genes were down regulated (Figure 1H). The
intersection gene list was presented in Supplementary Table 1.
Among them, MUC15 and MUC21 from the Mucin family were
identi ed, both of which were down regulated, with MUC21
showing the most signi cant decrease (Figure 1lI). The Co-
expression analysis of MUC21 with other genes revealed that 11
genes including KRT4, KRT13 and CRNN were closely related with
MUC21 in expression levels (Figure 2). Differentiation-speci ¢
genes, keratin4/13 for non-keratinizing epithelia and keratin1/10
for keratinizing epithelia, are known to be expressed in pairs within
the oral squamous cell epithelium (19). Besides, CRNN, also known
as Cornulin, is related to the late epidermal differentiation. To
further verify this nding, MUC21, KRT4, KRT13 and CRNN
expression was assessed in additional 30 paired samples using
gRT-PCR and IHC analysis. The results con rmed that both
MUC21 and KRT4, KRT13, CRNN were downregulated in OSCC
tissues (Figure 3). The Spearman rank correlation test showed that
the expressions of MUC21, KRT4, KRT13 and CRNN were related.
(Figures 3E, J).

3.2 Decreased MUC21 expression was
associated with more clinical
aggressiveness in OSCC

The IHC results of MUC21 showed that it was expressed in
para-OSCC epithelium, and obviously decreased in OSCC
(Figures 4A, B, P<0.0001). IHC analysis of MUC21 expression in
102 patients showed that the reduction of MUC21 was correlated
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with different degrees of tumor differentiation (Figures 4C-H).
Analysis using the Chi-square test revealed signi cant
associations between low MUC21 expression and several adverse
clinicopathologic features. Speci cally, the presence of pathological

lymph node metastasis was more frequent in the low MUC21
expression group compared to the high expression group
(P = 0.029). Similarly, poor tumor differentiation was signi cantly
associated with low MUC21 expression (P = 0.01, Figure 41). the
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Quantitative qRT-PCR and immunohistochemistry analysis of MUC21, KRT4, KRT13, and CRNN in OSCC and para-OSCC. (A-D) showed that MUC21,
KRT4, KRT13 and CRNN were down regulated in OSCC than para-OSCC (P< 0.0001), the expression levels were normalized against GAPDH.

(E) Spearman correlation analysis showed that MUC21was related with KRT4, KRT13 and CRNN at mRNA level. (F-1) showed that MUC21 and KRT4
were down regulated in OSCC than para-OSCC (P<0.0001); KRT13 was down regulated in OSCC than para-OSCC (P <0.05); and CRNN was also
down regulated in OSCC than para-OSCC (P<0.001). (J) Spearman correlation analysis showed that MUC21 was related with KRT4, KRT13 and CRNN

at protein level too.

corresponding detailed results and statistical analysis was also
presented in Supplementary Table 2.

3.3 Decreased MUC21 expression was a
prognostic factor for worse OS and DFS in
osccC

We collected clinicopathological and follow-up data from 102
patients, including 29 OS deaths and 41 DFS events. The median
follow-up time was 65 months (56.5-71). Kaplan-Meier survival
analysis, supplemented by the log-rank test, was employed to assess
the differences in OS and DFS among patients with OSCC based on
MUC?21 expression levels. The results indicated that patients in the
low MUC21 expression group had signi cantly lower OS and DFS
rates compared to those in the high expression group (Figures 5A,
B). Similarly, reduced survival rates were also observed in patients
with advanced TNM stages, presence of lymph node metastasis, and
poor tumor differentiation (Supplementary Figure 3). Further
statistical analysis using Cox proportional hazards regression
models in both univariate and multivariate contexts con rmed
the signi cance of MUC21 expression as a prognostic indicator
(Figures 5C—F). In the univariate analysis, low MUC21 expression
was associated with a negative impact on OS (P = 0.044, Table 1)
and was even more strongly correlated with reduced DFS
(P =0.002, Table 2).
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3.4 Overexpression of MUC21 inhibited and
knockdown of it increased cell malignancy
in vitro

MUC21 was signi cantly overexpressed and knocked down in
OSCC cell lines CAL27 and HN6 (Figure 6A). Cck-8 test showed
that knockdown of MUC21 caused CAL27 and HNG6 cell
proliferation increased, yet MUC21 overexpression made CAL27
and HNG6 less proliferative (Figure 6B). Transwell experiment
showed that both CAL27 and HN6 migrated and invaded more
violently when MUC21 was knocked down but changed to be less
aggressive when MUC21 was over expressed in contrast to control
(Figures 6C, D). Wound healing test further con rmed that less
MUC21 increased cell migration and more MUC21 inhibited it
both in CAL27 and HNG6 (Figure 6E).

4 Discussion

In this study, we observed that the downregulation of MUC21 is
a prevalent occurrence in OSCC. Furthermore, the extent of this
reduction correlates with the aggressive characteristics of OSCC,
including lymph node metastasis and poor clinical outcomes. In
addition, downregulation of MUC21 in OSCC cell lines CAL27 and
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FIGURE 4

MUC21 expression analysis in OSCC and para-OSCC via immunohistochemistry (IHC) and its relation with critical clinical characters. (A) a whole
block of OSCC and para-OSCC tissue analyzed by IHC showed that MUC21 was expressed in para-OSCC epithelium and lost in OSCC. (B) MUC21
expression between OSCC and para-OSCC in 102 paired patient samples was quanti ed by mean optical density (MOD) values. MUC21 decreased
signi cantly in OSCC (P < 0.0001). Box plots represent the median, 25th, and 75th percentiles of the data. (C—H) displayed matched para-OSCC and
OSCC. (D, F, H) represented well, moderate, and poor differentiation of OSCC, respectively. Unannotated Scale bar = 100 mm. The Scale bar of the
block tissue was 1mm. (I) decreased MUC21 expression level was related with cervical lymphatic metastasis and OSCC differentiation. “pNO” means
no lymphatic metastasis, “pN1-PN3” referred to different degrees of lymphatic metastasis; “well +moderate” and “poor” referred to different degrees

of differentiation.

HNG6 increased their malignancies and upregulation of MUC21
decreased their malignancies. These ndings suggest that MUC21
may serve as a potential novel prognostic marker for OSCC.
Clinically the TNM staging system established by American joint
committee on cancer has been and is now the main basis to appraise
OSCC status and prognosticate its clinical outcome (20). But it still
has been being constantly improved to raise its accuracy in appraising
the malignancy of OSCC to which biomarkers might provide some
extra help (21). Several dozens of biomarkers have been identi ed in
OSCC to help predicting its clinical aggressiveness so as to choose the
appropriate therapy regime or even develop the treatment targets,
such as EGFR, PD-L1 (11, 22, 23). More speci ¢ biomarkers in OSCC
are still on the way to be elucidated. Mucins are a family of highly
glycosylated protein members involved in many gastro-intestinal
cancers and other cancers (24-28). In OSCC, upregulation of
MUCL has been observed compared with normal oral mucosa (29)
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and it promotes OSCC invasion and migration through PI13K-Akt
pathway (30). Silencing MUCL1 inhibits OSCC proliferation invasion
and migration and promotes its apoptosis at the same time (31).
MUCA4 has also been found upregulated in OSCC and is a risk factor
for its prognosis (32). Elevated CA125(MUC16) in saliva has been
found in OSCC patients and might be a prognostic marker (33).
Bioinformatic analysis showed that MUCY is one of hub gene (34).
Increased MUC20 has been related with invasiveness of OSCC cells
(35). However, to our knowledge, MUC21 has never been studied in
OSCC before. Our results may be the rst report about MUC21 in
OSCC and provide new insight into the functions of mucins
in OSCC.

In contrary to our result, several studies show that MUC21 is
upregulated in cancer cells and promote cancer cell migration and
metastasis. MUC21 can promote pancreatic cancer perineural
invasion and metastasis (15). MUC21 expression was signi cantly
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