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Summary. Background. Head and neck squamous cell
carcinoma (HNSC) is a common malignant tumor in the
world and has a poor prognosis. The family of
minichromosome maintenance proteins (MCM)
improves the stability of genome replication by
inhibiting the rate of DNA replication in eukaryotic
cells, thus, small changes in physiological MCM levels
would increase the instability of gene replication and
increase the incidence of tumor formation, most of
which are significantly elevated in multiple cancers.
However, the expression of different MCM families in
HNSC and their prognostic value remain unclear.

Methods. ONCOMINE and GEPIA databases were
used to analyze the expression of MCMs in HNSC. The
Kaplan-Meier plotter database was used to identify
molecules with prognostic values. We collected 77
HNSC tissues and 50 normal tissues to validate the
results of the bioinformatics analysis by immunohisto-
chemical staining.

Results. The expression of MCM3, MCMS5 and
MCM6 in mRNA and protein levels were higher in
HNSC. Moreover, the increased expression of MCM3,
MCMS5 and MCM6 in mRNA and protein levels
predicted better prognosis of HNSC patients.
Furthermore, multivariate analysis showed that high
expressions of MCM3, MCMS5 and MCMS6 in protein
level may be independent prognostic factors for HNSC
patients.

Conclusion. The results of this study indicated that
MCM3, MCMS5 and MCM6 play an important role in
occurrence and development in HNSC and might be risk
factors for the survival of HNSC patients.
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Introduction

Head and neck squamous cell carcinoma (HNSC) is
one of the most common malignancies, accounting for
about 900,000 new cases and 500,000 deaths each year
(Bray et al., 2018). Today, although there have been
advances in follow-up treatments, such as surgery,
radiation, and chemotherapy, there is a 5-year survival
rate of less than 50% because many patients are
diagnosed with advanced HNSC (Vigneswaran and
Willians, 2014; Cohen et al., 2016). In recent years,
tumor immunotherapy and targeted therapy have been
widely used in the treatment of HNSC, becoming an
important therapeutic approach (Zhang et al., 2020a,b).
Therefore, we urgently need to find better molecular
markers of HNSC to improve the diagnosis of HNSC
patients, better predict the prognosis of patients, and
provide a reasonable personalized treatment for patients.

In the 1980s, the MCM protein was first isolated
from budding yeast with mutants that were defective in
the initiation of DNA replication (Maine et al., 1984).
Today, we know ten MCM proteins (MCM1-MCM10);
but the MCM protein family includes only eight of them
(MCM2-MCM9). The MCM1 and MCM10 proteins do
not have MCM domain and therefore do not belong to
the family (Rubisz et al., 2021). They improved the
stability of genome replication by inhibiting the rate of
DNA replication in eukaryotic cells (Wang et al., 2020),
and small changes in physiological MCM levels will
increase genomic instability and tend to increase the
incidence of tumor formation (Sedlackova et al., 2020).
Subsequently, many studies have confirmed that MCM
family members play an important role in the occurrence
and development of gastric, kidney, lung, brain, breast
and ovarian cancers. However, MCM has been poorly
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studied in HNSC. Therefore, a comprehensive study of
MCM family members in HNSC will help improve the
diagnosis of HNSC and provide new prognostic and
therapeutic targets for this refractory disease.

In this study, we analyzed the expression of MCM
family in HNSC using the ONCOMINE database and
Gene Expression Profiling Interactive Analysis (GEPIA)
Then, the expression of MCM family and its correlation
with HNSC prognosis were analyzed using Kaplan-
Meier plotter database. Finally, 77 cases of head and
neck squamous cell (HNSC) and 50 cases of normal
tissue samples and relevant clinical data were collected
from 2008 to 2012. Immunohistochemistry was used to
analyze the expression levels of MCM3, MCMS5 and
MCMB6 in HNSC patients' tissues and the impact of the
expression levels on the prognosis of patients, proving
that the MCM proteins family is a potential biomarker of
HNSC.

Materials and methods
ONCOMINE database analysis

ONCOMINE database (www.oncomine.org) is an
open cancer-related database (Ning et al., 2018). We
used ONCOMINE to analyze the transcriptional
expression of 8 different MCM members in different
tumor tissues and their corresponding adjacent normal
tissues. Difference in transcriptional expression was

Table 1. Baseline characteristics of 77 tissue samples of HNSC.

Parameters Number
Age

<60 21

>60 56
Gender

Male 40

Female 37
Site

Tongue 29

Gingiva 28

Pharynx 8

Buccal 12
Tumour stage

1+l 37

+1V 40
Tumour size

T14T2 41

T3+T4 36
Lymph nodes

NO 66

N1-3 11
Smoking history

Yes 23

No 54
The history of drinking

Yes 10

No 67

compared by students’ t test. Cut-off of p-value and fold
change were the following: p-value: 0.01, fold change:
2, gene rank: 10%, data type: mRNA.

GEPIA database analysis

GEPIA (http://gepia.cancer-pku.cn/) is an online
open analysis site with data from TCGA and GTEx data
centers, containing nearly 10,000 tumor and normal
tissue data samples (Tang et al., 2017). This database
was employed to analyze the expression of 8 different
MCM members between different HNSC tissues and
normal tissues.

Kaplan-Meier plotter database analysis

Kaplan-Meier plotter (http://kmplot.com/analysis/)
including 21 kinds of cancer specimens such as breast
cancer, ovarian cancer, lung cancer and stomach cancer,
was able to analyze the impact of more than 5000 genes
on survival in patients with open database (Nagy et al.,
2018). The influence of expressions of MCM mRNA on
prognosis in HNSC patients was analyzed by Kaplan-
Meier plotter database. HNSC patients were split into
high and low expression groups based on median value
of mRNA expression and validated by Kaplan-Meier
survival curves, with the hazard ratio (HR) with 95%
confidence intervals (CI) and log-rank p-value.

Patients and tissue samples

We collected 136 HNSC tissues and 73 normal
tissues treated in the First Affiliated Hospital of School
of Medicine, Shihezi University, Xinjiang Province from
2008 to 2012. All patients received no treatment before
surgery and had no other medical history. Finally, 77
HNSC tissues with complete clinicopathological and
follow-up data were collected (Table 1). 50 normal
tissues were obtained from the adjacent normal tissues.
The clinical staging of selected cases in this study was
based on the American Joint Committee on Cancer
(AJCC 8th). The research group conducted follow-up
once a year, and the follow-up data of this study was
completed by July 30, 2020.Three cancerous and one
non-cancerous tissue cores (I mm in diameter) were cut
longitudinally from deep layers of cancerous tissue in
each paraffin block and mounted on new paraffin blocks
with fine steel needles to generate tissue microarrays.
This study was approved by the Ethics Committee of the
First Affiliated Hospital of Shihezi University (No.
2021-050-01), and the informed consent of each patient
was obtained.

Immunohistochemistry

Two-step EnVision method was used for
immunohistochemical experiments in this study. First,
tissue chips were cut into tissue sections and adsorbed
on the slide. The fat was then removed, rehydrated
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before heat-induced antigen extraction by EDTA bufter,
followed by blocking the endogenous peroxidase activity
with 3% hydrogen peroxide. Nonspecific antigen
staining was blocked with 3% BSA, then the primary
antibodies MCM3(1:8000, 15597-1-AP, Proteintech,
Wuhan, China), MCMS5(1:8000, 13347-2-AP,
Proteintech, Wuhan, China) and MCM6(1:8000, 13347-
2-AP, Proteintech, Wuhan, China) were incubated
overnight at 4°C. On the next day, the tablets were
redyed and sealed with hematoxylin after coloring with
DAB solution for 1 minute. The results of
immunohistochemical staining were evaluated by 2
pathologists with double-blind method, and the immune
response score (IRS) was calculated as the percentage of
positive cells multiplied with the intensity of cell
staining (Table 3). According to IRS values, the results
were divided into low expression group (<6 points) and
high expression group (>6 points). Section repetition
was performed when tissue chip staining was atypical.

Statistical analysis

SPSS.23 software was used for statistical analysis of
all experimental data in this study. The Kappa test was
used to assess the pathologists' degree of agreement in
the immunohistochemical analysis. The chi-square test
and Fisher's exact test were used to examine the
correlation between the expression levels of MCM3,
MCMS5 and MCM6 and the clinicopathological
characteristics of patients with HNSC. For survival

analyses, Kaplan-Meier survival curves were
constructed, and the differences were tested by the log-
rank test. Overall survival (OS) was defined as the time
between the date of surgery and the date of death or the
date of last contact. Multiple Cox proportional hazards
regression (backward, stepwise) was performed to
identify the independent factors with a significant impact
on patients’ survival, and the hazard ratios (HRs) and
95% confidence intervals of the prognostic factors were
calculated. P-value was calculated based on double-
tailed statistical analysis, P<0.05 was considered
statistically significant.

Results
Aberrant expression of MCM family in HNSC

To explore the distinct prognostic and potential
therapeutic value of different MCM members in HNSC
patients, mRNA expression of MCMs was analyzed by
ONCOMINE database and GEPIA database. The mRNA
expression of 8§ MCM family members in 20 types of
cancers was first measured and compared to normal
tissues by ONCOMINE database. We found that the
expressions of MCM2-MCMS8 mRNA were significantly
higher in HNSC tissues for multiple datasets (Fig. 1,
Table 2).

In HNSC 6 dataset, MCM2 high-expression was
found in HNSC tissues compared with normal tissues, as
follows, Cromer et al. (2004) observed (p=4.72E-07) in

Cancer Cancer Cancer
Vs, vs. vs.
Normal Normal Normal
Analysis Type by Cancer
MCM2 MCM3 MCM4

Bladder Cancer

Brain and CNS Cancer
Breast Cancer
Cervical Cancer
Colorectal Cancer
Esophageal Cancer
Gastric Cancer

Cancer Cancer Cancer Cancer Cancer
vs. vs. vs. Vs, Vs,
Normal Normal Normal Normal Normal

MCM5 MCMé MCMm7 MCMm8 MCM9

Head and Neck Cancer

Kidney Cancer
Leukemia

Liver Cancer
Lung Cancer
Lymphoma
Melanoma
Myeloma

Other Cancer
Ovarian Cancer
Pancreatic Cancer
Prostate Cancer
Sarcoma

Significant Unique Analyses
Total Unigue Analyses

292

Fig. 1. Transcriptional expression of MCMs in 20 types of cancer diseases (ONCOMINE database). Difference of transcriptional expression was
compared by students’ t test. Cut-off of P value and fold change were as following: P value: 0.01, fold change: 2, gene rank: 10%, data type: mRNA.
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HNSC, Toruner et al. (2004) observed (p=3.64E-05) in
Oral Cavity Squamous Cell Carcinoma (OCSCC), Pyeon
et al. (2007) observed (P=1.24E-05) in Oral Cavity
Carcinoma (OCC), Ye et al. (2008) observed (P=7.26E-
05) in OCC, Ginos et al. (2004) observed (p=1.43E-08)
in HNSC, Sengupta et al. (2008) observed (P=1.43E-08)
in Nasopharyngeal Carcinoma (NC). In HNSC 1 dataset,
MCM3 high-expression was found in HNSC tissues
compared with normal tissues by Frierson et al. (2002)
who observed (P=1.42E-06) in Salivary Gland Adenoid
Cystic Carcinoma (SGAC). In HNSC 5 dataset, MCM4
high-expression was found in HNSC tissues compared
with normal tissues by Ye Huiet et al. who observed
(P=1.59E-06) in Tongue Squamous Cell Carcinoma
(TSCC), Sengupta et al. (2008) observed (P=2.43E-08)
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Fig. 2. mRNA expression of distinct MCM family members in HNSC tissues and adjacent normal tissues (GEPIA). mRNA expression of MCM3-MCM8
were found to be overexpressed in HNSC tissues compared to normal tissues (A-G). *P<0.05.
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07) in OCC. Pyeon et al. (2007) observed (P=2.47E-05)
in FMC, Frierson et al. (2002) observed (P=1.85E-05) in
Salivary SGAC, Cromer et al. (2004) observed
(P=1.85E-05) in HNSC, Sengupta et al. (2008) observed
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(P=2.54E-07) in NC. In HNSC 1 dataset, MCMS high-
expression was found in HNSC tissues compared with
normal tissues by Sengupta et al. (2008) who observed
(P=4.82E-08) in NC (Table 2).

Table 2. Significant changes of MCM expression in transcription level between HNSC and normal tissues (ONCOMINE).

Types of HNSC vs. Normal Fold change p-Value t-test References
MCM2 Head and Neck Squamous Cell 2.945 4.72E-07 11.981 Cromeret al., 2004
Oral Cavity Squamous Cell Carcinoma 2.109 3.64E-05 5.116 Toruner al., 2004
Oral Cavity Carcinoma 2.676 1.24E-05 6.897 Pyeon et al., 2007
Tongue Squamous Cell Carcinoma 2.116 7.26E-05 4.318 Ye et al.,2008
Head and Neck Squamous Cell 6.523 1.43E-08 2.347 Ginos et al., 2004
Nasopharyngeal Carcinoma 2.618 6.63E-06 6.465 Sengupta al., 2006
MCM3 Salivary Gland Adenoid Cystic 43.987 1.42E-06 7.231 Frierson et al., 2002
MCM4  Tongue Squamous Cell Carcinoma 2.120 1.59E-06 5.518 Ye et al.,2008
Nasopharyngeal Carcinoma 2.249 2.43E-08 7.014 Sengupta al., 2008
Tongue Squamous Cell Carcinoma 2.303 3.34E-07 5.875 Estilo et al., 2009
Tongue Carcinoma 2.384 6.61E-06 5.487 Pyeon et al., 2007
Floor of the Mouth Carcinoma 2.915 9.80E-05 9.211 Pyeon et al., 2007
MCM5 Tonsillar Carcinoma 3.129 2.41E-05 6.068 Pyeon et al., 2007
MCM6  Oral Cavity Carcinoma 2.024 2.88E-06 5.817 Pyeon et al., 2007
Head and Neck Squamous Cell Carcinoma 2.054 1.96E-13 10.169 Ginos et al., 2004
Salivary Gland Adenoid Cystic Carcinoma 2.958 5.91E-06 5.814 Frierson et al., 2002
MCM7  Oral Cavity Carcinoma 3.466 6.02E-07 6.624 Pyeon et al., 2007
Floor of the Mouth Carcinoma 5.942 2.47E-05 6.764 Pyeon et al., 2007
Salivary Gland Adenoid Cystic Carcinoma 241.460 3.68E-08 9.681 Frierson et al., 2002
Head and Neck Squamous Cell Carcinoma 4.051 1.85E-05 9.120 Cromer et al., 2004
Nasopharyngeal Carcinoma 2.229 2.54E-07 7.751 Sengupta et al., 2008
MCM8 Nasopharyngeal Carcinoma 3.390 4.82E-08 7.277 Sengupta et al., 2008
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Fig. 3. Prognostic value of mRNA expression of distinct MCM family members in HNSC patients (Kaplan-Meier Plotter). High expressions of MCM3,
MCM5, MCM6 in mRNA level were associated with better OS in HNSC patients (B, D, E).
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GEPIA database was used to further detect the mRNA
expression levels of 8 MCM family members in HNSC.
The expression of MCM2-MCM8 mRNA in HNSC was
significantly higher than that in normal tissues (P<0.05),
while there was no significant difference in MCM9
expression (P>0.05). In summary, our results suggested
that the transcriptional expression of MCM2-MCM8 was
overexpressed in HNSC patients (Fig. 2).

Table 3. Immunohistochemical score table.

Relationship between MCM family members’ expression
and patient prognosis in HNSC

Kaplan-Meier Plotter database analyzed the
relationship between mRNA expression of MCM family
members and the prognosis of HNSC patients. It

Table 4. Positive expression rates of MCM3, MCM5, MCM6 in HNSC
tissues and normal tissues.

Positive cells (%) Intensity IRS
Percentage Score Color Score Total score
<5% 0 No color 0 0-1
6~25% 1 Yellow 1 2-4
26~50% 2 Tan 2 5-8
51~75% 3 Brown 3 9-12
76~100% 4

Protein and pathology type Number Positive Negative %2 P

MCM3 HNSC 77 43 34 13.205 <0.0001
Normal tissues 50 11 39

MCM5 HNSC 77 39 38 8.666 0.003
Normal tissues 50 14 36

MCM6 HNSC 77 42 35 11.573 0.001
Normal tissues 50 12 38

Fig. 4. Immunohistochemical images of MCM3, MCM5, MCM6 in HNSC and normal tissues. MCM3 (A, B), MCM5 (E, F) and MCM®6 (I, J) were
overexpressed in HNSC tissues, whereas MCM3 (C, D), MCM5 (G, H) and MCM®6 (K, L) were not expressed in normal tissues. x 100; x 400.
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suggested that high expression of MCM3 (HR=0.66,
95% CI: 0.49-0.89, and p=0.0055), MCM5 (HR=0.68,
95% CI: 0.5-0.93, and P=0.015) and MCM6 (HR=0.74,
95% CI: 0.55-1, and P=0.047) were associated with
longer OS of HNSC patients. However, high expression
of MCM2 (HR=0.75, 95% CI: 0.55-1.04, and P=0.08),
MCM4 (HR=0.78, 95% CI: 0.58-1.05, and P=0.11),
MCM7 (HR=0.78, 95% CI: 0.6-1.02, and P=0.07),
MCMS8 (HR=0.74, 95% CI: 0.54-1.01, and P=0.058) and
MCM9 (HR=0.86, 95% CI: 0.65-1.13, and P=0.27) had
no correlation with prognosis of HNSC patients (Fig. 3).
These results indicated that mRNA expressions of
MCM3, MCM5 and MCM6 were associated with patient
prognosis and they may be exploited as useful
biomarkers for prediction of HNSC. It is worth noting
that MCM8 (P=0.058) showed no significant difference,
but it was very close to statistical difference, which may
be a statistical variation, and needs to be explored in
future studies.

Expression rates of MCM3, MCM5 and MCM6 in HNSC
tissue and normal tissue

Immunohistochemical results showed that MCM3,
MCMS and MCM6 proteins were mainly distributed in
the nucleus of HNSC cells, which were brownish or
yellow-brown. There was little staining in normal tissue
(Fig. 4).

Kappa-test showed that there was a significant
consistency between the two pathologists in the scores of
MCM3, MCMS5 and MCM6 immunohistochemical groups
(P<0.0001, Kappa=0.602), (P<0.0001, Kappa=0.553) and
(P<0.0001, Kappa=0.458). Positive expression rate of
MCM3, MCM5 and MCM6 in 70 HNSC tissues was
55.84% (43/77), 50.65% (39/77), and 54.55% (42/77),
respectively. The positive expression rates of MCM3,
MCMS5 and MCM6 in 50 normal tissues were only 22%

(11/50), 28% (14/50) and 24% (12/50), respectively.This
suggested that the expression rates of MCM3, MCMS5 and
MCMB6 in HNSC tissues was significantly higher than in
normal tissues (P<0.05; Table 4).

Relationship between the expression of MCM3, MCMS5,
MCM®6 and the clinicopathologic characteristics of
patients with HNSC.

The expression levels of MCM3 and MCM6
proteins had a significant correlation with the tumor
stage and tumor size (P<0.05), and the expression of
MCMS5 protein had a significant correlation with the
tumor stage, tumor size and lymph nodes (P<0.05) in 70
HNSC tissues. In contrast, no significant associations
were observed between MCM3, MCM6 and age, gender,
lymph nodes, smoking history or alcohol consumption
history (P>0.05; Table 5), and no significant associations
were observed between MCMS5 and age, gender,
smoking history or alcohol consumption history
(P>0.05; Table 5). In brief, the results above suggest that
MCM3 and MCM6 were related to tumor stage and
tumor size, and MCMS5 was related to tumor stage,
tumor size and lymph nodes in HNSC patients.

The impact of MCM3, MCM5, MCM®6 expression on
overall survival (OS) in HNSC

To assess the impact of MCM3, MCM5 and MCM6
expression on prognosis in HNSC patients, Kaplan
Meier plotter was used to assess the association between
MCM3, MCMS5, MCM6 expression and OS. The results
suggested that the survival time of patients with high
expression of MCM3, MCM5 and MCM6 was
statistically different from those with low expression of
MCM3, MCMS5 and MCM6 (P<0.05, Fig. 5). In other
words, patients with high expression of MCM3, MCMS5

Table 5. Relationships between the expressions of MCM3,MCM5,MCM6 and the clinicopathologic characteristics in HNSC patients.

Parameters Number MCMB expression MCM5 expression MCM®6 expression
Low High 2 P Low High %2 P Low High %2 P

Age <60 21 9 12 0.020 0.888 9 12 0.487 0.485 7 14 1.711  0.191
>60 56 25 31 29 27 28 28

Gender Male 40 18 22 0.024 0.877 20 20 0.014 0.906 22 18 3.059 0.080
Female 37 16 21 18 19 13 24

Tumour stage [+l 37 22 15  6.765 0.009 27 10 15.901 <0.0001 24 13 10.823 0.001
H+1V 40 12 28 11 29 11 29

Tumour size T1+T2 41 23 18 5.072 0.024 27 14 9.555 0.002 25 16 8.521 0.004
T3+T4 36 11 25 11 25 10 26

Lymph nodes NO 66 29 37 0.009 0.925 37 29 8.322 0.004 32 34 1.711  0.191
N1-3 11 5 6 1 10 3 8

Smoking history Yes 23 12 11 0.239 0.625 11 12 0.020 0.965 13 10 0.159 0.690
No 54 22 32 27 27 22 32

History of drinking  Yes 10 6 4 1.170 0.279 5 5 0.030 0.861 6 4 0.981 0.322
No 67 28 39 33 34 29 38
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and MCM6 had a longer postoperative survival time.

Cox regression analysis of MCM3, MCM5, MCM6
expression on the survival of HNSC patients

Univariate Cox regression analysis showed that the
survival time of HNSC patients with high expression of
MCM3, MCMS5 and MCM6 were significantly longer
than with low expression (P=0.0007, HR=4.515, 95%
CIL:2.123-9.601), (P=0.007, HR=2.919, 95% CI:1.367-
6.232), (P=0.006, HR=3.107, 95% CI:1.46-6.612, Table
6). Multivariate Cox proportional risk model suggested
that MCM3, MCM5 and MCM6 might act as an
independent prognostic factor in HNSC patients
P=0.001, HR=6.366, 95% CIl:2.194-18.467), (P=0.002,
HR=4.348, 95% CI:1.705-11.089), (P=0.007, HR=
4.705, 95% CI:1.534-14.432, Table 6).

Discussion

Nowadays, with the continuous development of
molecular biology, it has been discovered that cancer is
caused by genetic, metabolic, inflammatory and
epigenetic factors (Ruiz de la Cruz et al., 2021). MCMs

family proteins as an important part of complex which
regulates precise DNA replication, is considered to be
closely related to the occurrence and development of
lung squamous cell carcinoma, prostate cancer,
lymphoma, breast cancer and other cancers (Mughal et
al., 2019). Although individual MCM member have been
demonstrated to play key roles in HNSC, the complete
MCMs family in HNSC has not been studied. Therefore,
this study aimed to analyze the relationship between
expressions of different MCMs family members in
HNSC and in patient prognosis.

A large number of studies showed that the
expression of MCM3 is significantly increased in
lymphoma, colon, lung, stomach, kidney, breast cancer,
malignant melanoma, cervical squamous cell carcinoma,
lung cancer and other multi-cancers (Lee et al., 2010;
Nodin et al., 2012; Ashkavandi et al., 2013; Hua et al.,
2014; Mughal et al., 2019; Ma et al., 2021). Increased
expression of MCM3 protein was associated with poor
prognosis in thyroid tumors (Lee et al., 2010), glioma
(Hua et al., 2014), salivary gland tumors (Ashkavandi et
al., 2013), melanoma (Nodin et al., 2012) and cervical
cancer (Ma et al., 2021). This study found the expression
of MCM3 in mRNA and protein levels was significantly

Table 6. Univariate and multivariate survival analysis of MCM3, MCM5, MCM®6 expression levels in HNSC patients

Variable Univariate Analysis Multivariate Analysis
HR 95% ClI P HR 95% CI P
MCM3 High vs Low 4.515 2.123-9.601 0.0007 6.366 2.194-18.467 0.001
MCM5 High vs Low 2.919 1.367-6.232 0.007 4.348 1.705-11.089 0.002
MCMé6 High vs Low 3.107 1.46-6.612 0.006 4.705 1.534-14.432 0.007
Age >60 vs <60 1.189 0.53-2.668 0.668
Gender Male vs Female 1.419 0.65-3.097 0.351
Tumour stage -1l vs 1HI-IV 1.413 0.647-3.082 0.353
Tumour size T1+T2 vs T3+T4 1.439 0.638-3.244 0.329
Lymph nodes NO vs N1-3 1.356 0.412-4.46 1.356
Smoking history Yes vs No 1.107 0.455-2.692 0.819
Drinking history Yes vs No 1.631 0.499-5.33 0.491
A B Cc
=1 1 e
§ — Low MCM3 = — qu MCM5 § h?“;‘ mgmg
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Fig. 5. Survival analysis of MCM3, MCM5, MCM6 expression and the prognosis of HNSC patients. Higher expressions of MCM3,MCM5 and MCM6

were associated with better OS in HNSC patients (A-C).
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overexpressed in HNSC tissues, and the expression of
MCM3 in protein level was related to patients’ tumor
stage and tumor size. Further, studies found that MCM3
might promote the occurrence and development of
cancer in different ways. In prostate cancer, the
expression of MCM3 in normal epithelial cells was
significantly lower than in mesenchymal cells, and
highly expressed MCM3 may promote the induction of
EMT and tumor metastasis (Stewart et al., 2017). In
renal cell carcinoma, PLK1 improved the proliferation in
cancer cells and inhibited apoptosis by the
phosphorylation of MCM3 (Gao et al., 2020). Besides,
the high expression of MCM3 in HCC might resist the
radiotherapy by activating the NF-xB signaling pathway,
but this process might be reversed by the NF-«kB
inhibitor: JSH-23 (Yang et al., 2019). In addition, we
found that highly expressed MCM3 in mRNA and
protein levels was also significantly associated with
longer OS in HNSC patients, and may be an independent
prognostic factor. Our findings suggest that MCM3 is
involved in the tumorigenesis of HNSC and it could be a
potential prognostic marker.

Studies showed that increased expression of MCM5
was related to tumor size, lymph node metastasis and
greater progression of oral squamous cell carcinoma (Yu
et al., 2014). High expression of MCM5 was associated
with malignancy in gastric adeno carcinoma (Giaginis et
al., 2009), bladder cancer (Korkolopoulou et al., 2005),
ovarian cancer (Gakiopoulou et al., 2007), and skin
cancer (Liu et al., 2007). In our study, significantly
higher expression of MCMS5 in the level of mRNA and
protein were found in HNSC tissues, and the expression
of MCMS in protein level was remarkably correlated
with tumor stage, tumor size and lymph nodes.
Furthermore, studies found that high expression of
MCMS5 was related to poor prognosis in patients with
liver cancer (Hu et al., 2020), renal cell carcinoma
(Gong et al., 2019), gastric adeno carcinoma (Wang et
al., 2018) and lung cancer (Zhang et al., 2021). In
addition, we found that high expression of MCMS5 at the
protein level was also significantly associated with better
OS in HNSC patients. MCMS5 can be used as an
independent prognostic factor in HNSC patients, which
indicates that MCMS is involved in the tumorigenesis of
HNSC and is a potential prognostic marker. Moreover,
MCMS can eliminate the inhibitory effect of miR-3607
on malignant behavior and epithelial-mesenchymal
transformation (EMT) in HCC cells, and then improved
the abilities of growth, migration and invasion in HCC
cells. A recent study found that MCMS5 and HDACI1
work together to promote EMT-dependent malignant
progression in lung cancer, whereas, astragaloside IV
was able to inhibit the association between MCMS5 and
HDACI, thus inhibiting the progression of lung cancer
(Zhang et al., 2021).

The expression of MCM6 was significantly
increased in cervical cancer, lung cancer, meningioma,
chondrosarcoma, craniopharyngioma, mantle cell

lymphoma and other cancers (Mughal et al., 2019). This
study found the expression of MCM6 in mRNA and
protein levels was significantly higher in HNSC tissues,
and the expression of MCM6 in protein level was related
to tumor stage and tumor size. Besides, high expression
of MCM6 was found to be related to poor survival and
early recurrence in HCC patients (Liu et al., 2018a,b).
Increased expression of MCM6 was correlated with poor
prognosis in clear-cell renal cell carcinoma (Jang et al.,
2021), adenocarcinoma (Xie et al., 2021), Neuro-
blastoma (Gu et al., 2021) and gastric cancer patients
(Chen et al., 2019). This was consistent with our results,
where overexpression of MCM6 in mRNA and protein
levels was also significantly associated with longer OS
in HNSC patients, and it was an independent prognostic
factor in HNSC patients, suggesting that MCM6 is
involved in tumorigenesis of HNSC and is a potential
prognostic marker. Recent studies have shown that
MCMB6 can promote the development and metastasis by
activating the MEK/ERK signaling pathway in triple-
negative breast cancer (Shao et al., 2021). Tumor
suppressor CDK5RAP3 can prevent MCM6 from
migrating to the nucleus and then inhibiting tumor
growth in GC cell lines (Chen et al., 2019). Bleomycin
induction significantly inhibit the 53BP1 nuclear
chromatin fraction and the focal formation through
MCM6 in chemotherapy patients with liver cancer, thus,
targeting MCM6 may relieve the chemotherapy response
of patients with liver cancer (Chen et al., 2018).

On the whole, our results suggested that in HNSC
tissues, mRNA levels of MCM2-MCMS8 were
overexpressed, and protein levels of MCM3, MCMS5 and
MCM6 were highly expressed. High expression of
MCM3 and MCMG6 in protein level was obviously
related to tumor stage and tumor size in HNSC patients,
and high expression of MCMS5 in protein level was
significantly associated with tumor stage, tumor size and
lymph nodes in HNSC patients. In addition, high
expression of MCM3, MCM5 and MCM6 in mRNA and
protein levels were obviously related to longer OS in
HNSC patients. Univariate Cox regression analysis and
Multivariate Cox regression analysis suggested that the
survival time of patients with highly expressed MCM3,
MCMS5 and MCMG6 in protein level were significantly
longer than that with low expression. In contrast, there
was no significant associations with patients' age,
gender, tumor stages, tumor size, lymph nodes, smoking
history and alcohol consumption history. The findings
indicated that MCM3, MCM5 and MCM®6 might act as
independent prognostic factors in HNSC patients. This
means that the survival time of HNSC patients has no
significant impact on the clinical characteristics, which
may be related to the few cases and the short follow-up
time. In addition, the expression of MCM3, MCMS5 and
MCM6 in HNSC was indeed shown to be a good
predictor of the survival time for patients, and our
research group intends to further study with later stage
HNSC.
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Conclusion

Our results showed that overexpression of MCM3,
MCMS5 and MCM6 in mRNA and protein levels were
found in HNSC tissues and they were related to OS in
HNSC patients. MCM3, MCM5 and MCM6 were
independent prognostic factors for HNSC patients,
indicating that MCM3, MCMS5 and MCM6 could be
prognostic biomarkers for survival of HNSC patients.

Future perspective

HNSC is one of the most frequent neoplasms
worldwide, showing aggressive behavior, propensity for
lymph-node metastasis, and a poor prognosis. Despite
improvements in HNSC treatments, the outcomes of
patients with HNSC are still dismal due to the limited
knowledge about its molecular pathogenesis, the
difficulty in detecting the disease at its early stages, and
the lack of effective therapies. Early diagnosis and
treatment of HNSC is an important opportunity to
improve the prognosis of patients; however, we lack the
reliable molecular markers. In this study, biological
informatics analysis and immunohistochemical
verification methods have proved that MCM3,MCMS5
and MCM6 can be used as potential molecular marker
for high-risk genotypes in HNSC. However, the
significance and molecular mechanism of MCM3,
MCMS and MCM6 in HNSC need to be further verified
by a large number of clinical data and long-term follow-
up combined with relevant molecular biological
experiments. We will further study the significance and
mechanism of MCM3, MCMS5 and MCM6 in HNSC,
and explore the targeted inhibitors to improve the quality
of life with HNSC patients.
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