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Background: Mist1 is a basic transcription factor, which plays an important role in the 
development of multiple organs, and may also regulate tumor progression by mediating 
epithelial-mesenchymal transformation. However, there is lack of research on its role of 
squamous cell carcinoma, especially in cervical squamous cell carcinoma.
Methods: Bioinformatic methods were used to analyze gene expression, correlation, and 
patient survival according to the TCGA database. Thirty pairs of cancer tissues and distal 
cancer tissues from cervical cancer patients who received radical surgery were enrolled in the 
study. The expression of Mist1 was analyzed using Western blot. Furthermore, the potential 
associations among Mist1 expression, EMT biomarkers and various clinicopathological 
characteristics were investigated. All statistical tests employed in this study were two- 
sided, and P values <0.05 were deemed statistically significant.
Results: Overall survival data were obtained from TCGA-CESC dataset, containing 3 
control samples and 305 tumor samples. The expression of Mist1 was significantly higher 
in primary tumor than in normal tissues (P<0.001). The samples were divided into a low 
Mist1 expression group (n=144) and a high Mist1 expression group (n=146) according to the 
median expression level. Kaplan–Meier survival analysis revealed that high expression of 
Mist1 was significantly correlated with poor overall survival (P=0.032). We further explored 
the relationships between Mist1 and EMT. Among the 30 primary cervical cancer specimens 
investigated, the difference in Mist1 expressed statuses between cervical cancer tissues and 
distal noncancerous cervical tissues was significant (P=0.001). And the epithelial cell marker 
E-cadherin was downregulated in Mist1 overexpressed cervical cancer cells; however, the 
mesenchymal marker N-Cadherin and Twist was upregulated.
Conclusion: Our study found that Mist1 seemed to play the role of oncogene in cervical 
squamous cell carcinoma and could be a potential biomarker.
Keywords: Mist1, epithelial-mesenchymal transformation, cervical cancer

Introduction
Cervical cancer is the fourth most common female malignant tumor in the world, 
which is a serious threat to the health of women all over the world. According to the 
Global Cancer Statistics, there were about half million new cases of cervical cancer 
in 2018.1 The incidence and mortality of cervical cancer vary greatly according to 
the geographical location and economic conditions of different regions. A study of 
38 countries on five continents shows that compared with the declining incidence of 
cervical cancer in economically developed countries, the incidence of cervical 
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cancer in economically poor areas is stable or even rising.2 

The latest national cancer statistics released by the 
National Cancer Center of China in 2017 show that cervi-
cal cancer accounts for 6.25% of the top 10 female malig-
nant tumors, ranking sixth.3 Mist1, also known as 
bHLHa15, is a member of the helix-loop-helix (basic 
helix-loop-helix, bHLH) protein family.4 This protein 
family is a basic transcription factor, which regulates tar-
get genes by forming homologous or heterodimers that 
bind to the E-box sequence of target genes. In previous 
studies, Mist1 plays an important role in the development 
of multiple organs, and may also regulate tumor progres-
sion by mediating epithelial–mesenchymal transformation 
in the occurrence and development of pancreatic tumor 
and gastric cancer.5–8 However, there is a lack of research 
on the role of squamous cell carcinoma, especially in 
cervical squamous cell carcinoma. Therefore, through the 
different expression levels of Mist1 in cervical cancer, this 
paper attempts to explore its role in cervical cancer.

Materials and Methods
Gene Screening
GEPIA (Interactive Analysis of Gene Expression 
Analysis, http://gepia.cancer-pku.cn/) and UALCAN 
(http://ualcan.path.uab.edu/index.html), the web-based 
tools were used to analyze gene expression, correlation 
analysis, and patient survival analysis according to the 
cancer genome atlas (TCGA) database.9,10 We analyzed 
the expression of Mist1 and its relationship with overall 
survival in cervical squamous cell carcinoma and endocer-
vical adenocarcinoma (CESC) dataset. For survival analy-
sis, the median expression of transcripts per 
kilobase million (TPM) was selected as the threshold for 
splitting the high-expression and low-expression cohorts. 
Samples with expression level higher than this threshold 
are considered as the high-expression cohort and vice 
versa. At the meanwhile, we analyzed the relationship 
between Mist1 expression and clinical characteristics 
including age, race, weight, lymph node metastasis, and 
tumor stage. Further, the relationship between Mist1 and 
other correlated pathway factors was calculated.

GeneMANIA (http://www.genemania.org) is a web- 
based tool was used to build protein–protein interaction 
(PPI) networks, generating hypotheses about gene func-
tion, analyzing gene lists and prioritizing them. We visua-
lized the physical interaction gene network and then 
highlighted the pathway using GeneMANIA.11,12

Patients and Tissues
Thirty pairs of cancer tissues and distal noncancerous tissues 
from cervical cancer patients who received radical surgery 
were enrolled in the study at the First Affiliated Hospital of 
Xi’an Jiaotong University from July 2019 to April 2020. 
This study was complied with the Helsinki Declaration and 
approved by the Ethics Committee of the First Affiliated 
Hospital of Xi’an Jiaotong University. All patients provided 
their written informed consents. All patients did not receive 
any chemotherapy or radiotherapy before surgery.

RNA Extraction and Quantitative 
Real-Time PCR (qPCR)
All tissue specimens’ RNA was extracted using TRIzol 
reagent following the manufacturer's protocol 
(Invitrogen, USA). Reversed transcription was completed 
using the PrimeScriptTM RT reagent Kit (Takara, Japan) 
and qPCR was performed on Bio-Rad® CFX96 TouchTM 

Real-Time PCR Detection System using SYBR Premix Ex 
TaqTM (Takara, Japan) with the qPCR conditions as fol-
lows: Step1 95°C for 30s; Step 2 95°C for 5s and 60°C for 
30s for 40 cycles. The following primers were used for 
qPCR amplification: Mist1: forward, 5ʹ-CGGATGCAC 
AAGCTAAATAACG-3ʹ; reverse, 5ʹ-GCCGT 
CAGCGATTTGATGTAG-3ʹ. GAPDH: forward, 5ʹ- GTC 
AAGGCTGAGAACGGGAA-3ʹ; reverse, 5ʹ- AAATGAG 
CCCCAGCCTTCTC-3ʹ. The relative mRNA level was 
expressed as the fold change relative to the GAPDH 
gene and normalized to the control group.

Western Blotting
Cells were lysed on ice with RIPA buffer with 1% PMSF 
and 2% protease inhibitor cocktails (CW Bio, China). The 
concentration of protein was quantified by the bicinchoni-
nic acid assay (CW Bio, China). Protein samples were 
separated on 10% sodium dodecyl sulfate-polyacrylamide 
gel, electrophoresed and then transferred to polyvinylidene 
difluoride membrane. The membrane was blocked with 
5% fat free milk at room temperature for 2h and incubated 
overnight at 4°C with primary antibody targeting Mist1, 
E-cadherin, N-cadherin, Snail, Twist1, β-catenin, TCF4, 
c-Myc, cyclin D1 and GAPDH (CST, USA), then follow-
ing by incubation with secondary antibody (Protein Tech, 
China) at room temperature for 1.5h. Immunoreactivity 
was detected by electrochemiluminescence system 
(Millipore, Germany).
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Statistical Analysis
Continuous data were expressed as the mean ± standard 
deviation. Categorical variables were clustered and com-
pared by the χ2 test or Fisher’s exact test. Continuous 
variables were compared by the Student’s t-test. Overall 
survival and diseases free survival (DFS) were estimated 
using the Kaplan–Meier method and Log rank test. All 
statistical tests employed in this study were two-sided, 
and P values <0.05 were deemed statistically significant. 
Statistical analyses were conducted with R software ver-
sion 3.6.2 (http://www.rproject.org).

Results
To detect the role of Mist1 in cervical carcinoma, we first 
analyzed the survival rate and gene expression in patients 
with cervical carcinoma. Overall survival data were 
obtained from TCGA–CESC dataset, containing three 
control samples (median TPM 0.094, ranged 0–0.175) 
and 305 tumor samples (median TPM 0.371, ranged 
0-2.352). The expression of Mist1 was significantly 
higher in primary tumor than in normal tissues 
(P<0.001, Figure 1A). The samples were divided into 
a low Mist1 expression group (n=144) and a high Mist1 

Figure 1 The relationship between Mist1 expression and clinical pathology of cervical cancer. (A) Boxplot showing relative expression of Mist1 in tumor and normal tissues 
from TCGA-CESC patients via UALCAN. (B) Impact of Mist1 expression on overall survival in TCGA-CESC patients. (C) Impact of Mist1 expression on disease-free 
survival in TCGA-CESC patients. (D) Boxplot showing relative expression of Mist1 in nodal metastasis status (Normal, N0 or N1) from normal and CESC patients via 
UALCAN.
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expression group (n=146) according to the median expres-
sion level. Kaplan–Meier survival analysis revealed that 
high expression of Mist1 was significantly correlated with 
poor overall survival (P=0.032, Figure 1B) and disease- 
free survival (P=0.047, Figure 1C). Further, the expres-
sion of Mist1 in different lymph node metastasis groups 
was analyzed, and there was an increased trend of Mist1 
expression in patients with metastatic lymph nodes 
(Figure 1D).

Next, we analyzed the correlation between these co- 
expressed genes with Mist1 in UALCAN (the heatmap is 
shown in Figure 2A) and the EMT related genes were 
analyzed in GEPIA (Figure 2B). As a transcriptional fac-
tor, Mist1 always functions by binding to another protein. 
Through proteome analysis, we found 20 interacting pro-
teins of Mist1 and displayed them in a physical interaction 
network using GeneMANIA (Figure 2C). The five most 
reliable proteins were TCF3, MYOD1, TCF4, GHRHR 
and SLC22A12.

Due to the fact that high expression of Mist1 involved 
poor survival of patients with cervical carcinomas. We 
further explored the relationships between Mist1 and 
EMT, which played a critical role in tumorigenesis and 
metastasis. The 30 cervical squamous cancer patients were 
aged from 30 to 78 years (mean age, 54.53 years). Based 
on the AJCC staging system, 25 tumors were stage I, II 
and 5 were Stage III. The details of other clinicopatholo-
gical characteristics of cervical cancer patients are shown 
in Table 1. Among the 30 primary cervical cancer speci-
mens investigated, 23 showed Mist1 overexpressed 
(Figure 3). The difference in Mist1 expressed statuses 
between cervical cancer tissues and distal noncancerous 
cervical tissues was significant (P=0.001).

Notably, the epithelial cell marker E-cadherin was 
downregulated in Mist1 overexpressed cervical cancer 
cells; however, the mesenchymal marker N-cadherin and 
Twist was upregulated (Figure 4). Previous studies demon-
strated that Mist1 plays an important role in Wnt/β-catenin 
signaling pathway in carcinogenesis, metastasis and EMT, 
among which β-catenin is the core molecule of canonical 
Wntβ-catenin pathway, which regulates activities of many 
downstream signals. In our study, we explored the expres-
sion of Wntβ-catenin signaling pathway in Mist1 
expressed cervical cancer tissues and found that β- 
catenin was upregulated in Mist1 overexpressed cancer 
tissues (Figure 4). Then, we checked downstream signals 
of β-catenin and found TCF-4, c-Myc and cyclin D1 were 

also increased in Mist1 over expressed cancer tissues 
(Figure 4).

Discussion
The occurrence of cervical cancer is a relatively long 
process. It takes about 5–10 years to evolve from cervical 
intraepithelial neoplasia to early invasive cancer, which 
involves the changes of multiple genes. It is very impor-
tant to choose appropriate cervical cancer screening meth-
ods if these genes can be identified in time and targeted 
treatment of cervical precancerous lesions can block the 
progression of cervical epithelial carcinoma and prevent 
further carcinogenesis.13 At present, the screening meth-
ods of cervical cancer include thin prep cytologic test, 
HPV-DNA detection, and cervical biopsy.14,15 In spite of 
the HPV screening and predictive method, the sensitivity 
and specificity of others are still low.

Through our bioinformatics analysis, we found that the 
expression of Mist1 was increased in patients with cervical 
cancer, and its high expression was closely related to the 
overall survival time of patients with cervical cancer. In 
addition, our previous study found that Mist1 was related 
to the expression of E-cadherin and Snail, suggesting that 
Mist1 may be related to epithelial-mesenchymal transfor-
mation. In patients with pancreatic cancer, colorectal can-
cer, gastric cancer and other tumors, Mist1 can activate 
Wnt/β–Catenin signal pathway, and ultimately promote the 
development of tumors.16–18

In the process of tumor development of digestive 
organs, a variety of transcription factors that maintain the 
stable state of normal cells are inhibited. In gastric and 
pancreatic cancer cells, the restoration of expression of 
these transcription factors has been proved to effectively 
reduce the invasiveness and migration of gastric cancer 
and pancreatic cancer cells, such as SPG20, GATA6, 
PTF1A, E47.19–21 At present, many studies have shown 
that the loss of Mist1 expression may be an early event in 
the development of gastric and pancreatic cancer, and its 
expression plays a role in tumor suppressor genes.22 But 
outside of adenocarcinoma, Mist1 seems to play a different 
role in squamous cell carcinoma. Mist1 plays the role of 
oncogenes in squamous cell carcinoma, and its high 
expression may promote the occurrence and development 
of squamous cell carcinoma.23

At present, there are 19 known members of the Wnt 
gene family, which affect the biological behavior of cells, 
such as cell proliferation, differentiation and tumorigen-
esis. Although different Wnts have their own functions, 
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Figure 2 Functional annotations of Mist1 co-expressed genes and interaction proteins in TCGA-CESC. (A) Heat maps showing genes positively correlated with Mist1 in 
TCGA-CESC. (B) The scatter plot shows Pearson correlation of Mist1 expression with expression E-cadherin, N-cadherin, Snail and Vimentin in TCGA-CESC patients. (C) 
Protein–protein interaction network of Mist1 (GeneMANIA).
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they also have the same effect. According to a large num-
ber of studies, abnormal activation of Wnt plays a role in 
the formation of a variety of tumors, including colorectal 
cancer, head and neck malignant tumors, malignant mela-
noma and so on.24 In normal cells, β-catenin can bind to 
E-cadherin and regulate the adhesion between homologous 
cells. In addition, it can also act on APC gene, glycogen 
synthesis kinase-3 β and cytoskeletal proteins to form 
a polyprotein complex in vivo, and then degrade, so that 
the free β-catenin in the cytoplasm is always kept at a low 
state. Due to the existence of gene mutations, such as APC 
gene or β-catenin gene, the degradation of β-catenin will 
be hindered and concentrated in the cytoplasm, at the same 
time, transfer to the nucleus, and combined with the tran-
scription factor Tcf/Lef, resulting in excessive cell prolif-
eration or the invasiveness. If the Wnt/β-catenin signal 

pathway has been in an abnormal state, a large number 
of β-catenin proteins in the cytoplasm will gather and bind 
to Tcf/Lef at the nuclear location, so that the related 
transcription process is activated, which leads to the occur-
rence of cancer. There is evidence that 85% of the patients 
with sporadic and hereditary colon cancer have lost the 
normal function of APC gene, while colon cancer cells 
have mutated APC gene.25 The reason why APC gene can 
inhibit tumor is to regulate the level of β-catenin in cells. 
Another research observed the expression level of β- 
catenin in a study of ovarian cancer, and the results 
showed that the abnormal expression rate of β-catenin in 
ovarian cancer was much higher than that in benign ovar-
ian tumors. Under microscope, the expression of β-catenin 
was decreased or even not expressed in the membrane and 
cytoplasm. The expression characteristics of these 

Table 1 The Demographic and Clinicopathological Characteristics of Patients with Cervical Cancer

Mist1 Overexpressed Mist1 Not Overexpressed P value

Age (mean ± SD) 54.43 ± 11.05 54.86 ± 13.26 0.933

Stage (n)

Stage I 12 3
Stage II 7 3

Stage III 4 1 0.83

Histology (n)

G1 11 2
G2 7 5

G3 5 0 0.12

Size (mm) 28.00 ±13.43 41.00 ± 24.13 0.076

Lymph node invasion (n)
With 6 2

Without 17 5 0.896

Figure 3 The Mist1 expression in cancer and distal noncancerous tissues of patients with cervical cancer. *P <0.05, **P<0.01, ***P<0.001. 
Abbreviation: n.s.: no significant difference.
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expressions show that there is a certain relationship 
between Wnt/β-catenin pathway and the occurrence and 
development of variety kinds of cancers.26

The study has some limitations. First, the occurrence of 
cervical cancer is closely related to HPV infection, and the 
pathogenesis of cervical cancer in different HPV infection 
states is also different. Regrettably, our study did not 
clarify the pathogenesis of Mist1 in different HPV infec-
tion states, which also requires further research. Second, 
only three normal specimens can be obtained from the 
TCGA public data. This will cause a certain bias of the 
analysis.

To conclude, our study found that Mist1 seemed to 
play the role of oncogene in cervical squamous cell carci-
noma and could be a potential biomarker. This is different 
from the previous expression of Mist1 in other adenocar-
cinomas, so its role in tumorigenesis remains to be further 
studied.
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Figure 4 The relationship between Mist1 and EMT markers and Wnt signaling pathway in patients with cervical cancer. (A) The protein expression of Mist1, E-cadherin, 
N-cadherin, Snail, Vimentin and Twist was measured by the Western blot analysis. (B) Quantification of Mist1, E-cadherin, N-cadherin, Snail, Vimentin and Twist protein 
expression in patients with cervical cancer. (C) The protein expression of β-catenin, cyclin D1, c-Myc and TCF4 was measured by the Western blot analysis. (D) 
Quantification of β-catenin, cyclin D1, c-Myc and TCF4 protein expression in patients with cervical cancer. *P <0.05, **P<0.01. 
Abbreviation: n.s., no significant difference.
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