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Gan et al.: Role of Calponin 2 as a Tumor Inhibitor
Calponin is an actin filament-associated regulatory protein that can inhibit the activity of myosin-
ATPase and stabilize the dynamics of the actin cytoskeleton. Although calponin 2 has been reported to 
play roles in several cancers, whether it takes part in the progression of esophageal cancer still remains 
unknown. To explore the pathologic significance of calponin 2 in esophageal squamous cell carcinoma, 
the expression level of calponin 2 proteins in the tumor tissue of 190 esophageal squamous cell carcinoma 
patients was examined with immunohistochemistry while the expression level of calponin 2 messenger 
ribonucleic acid was analyzed by using the data from The Cancer Genome Atlas database. Both the 
calponin 2 messenger ribonucleic acid and protein level were increasingly expressed in the tumor tissues 
of esophageal squamous cell carcinoma patients compared with the adjacent non-tumor tissue and 
correlated negatively with the tumor grade. Patients with higher calponin 2 in the tumor tissue were 
found to have longer overall survival time. Calponin 2 was shown to be an independent factor influencing 
the overall survival of the esophageal squamous cell carcinoma patients. Methylation analysis based on 
MethSurv database revealed a methylation site in the body of calponin 2 gene, which was associated with 
a better prognosis. Further, in esophageal cancer tumor tissue, calponin 2 gene was found to co-express 
with genes associated with tight junction and the expression level of calponin 2 was observed to correlate 
significantly with the number of infiltrating immune cells. These results supported the idea that calponin 
2 is involved in esophageal cancer and may function as a tumor inhibitor probably through modulating 
cancer cells tight junction and tumor immunity.
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Esophageal Cancer (ESCA), one of the top ten most 
commonly diagnosed cancers worldwide, has caused 
604 000 new diagnosed cases in 2020 and the number 
will continue to increase in 2021[1]. ESCA cancer has 
two most common histologic subtypes; Esophageal 
Squamous Cell Carcinoma (ESCC) and esophageal 
adenocarcinoma[2,3]. In China, more than 90 % ESCA 
cases belong to ESCC[4]. Because of the difficulty 
of early diagnosis, ESCC is frequently found at an 
advanced stage[5]. Although surgical treatment with 
adjuvant chemo-radiotherapy, targeted therapy 
and immunotherapy have been used in patients 
with this disease, the long-term survival is still 
disappointing[6,7]. The poor prognosis is generally 
related to loco-regional recurrence, regional lymph-
node invasion, and distant metastases[8,9]. However, 
the underlying mechanism is far from clear. Thus, 
further exploring the mechanism, finding new disease 
relative markers, and developing novel therapies 
to improve the prognosis of this malignancy have 

become an urgent need.

Calponin is a group of actin filament-associated 
regulatory proteins. The family includes three 
members, calponin 1, calponin 2, and calponin 3 
which are encoded by CNN1, CNN2, and CNN3 
gene respectively[10,11]. Calponin has been reported to 
be associated with lots of biologic functions, such as 
cell proliferation, adhesion, migration, cytokinesis, 
and so on[10,12,13].

In Oncology, calponin has been reported to be 
involved in the pathogenesis of some cancers[14-18]. 
In ESCC, in a previous protein profile analysis 
study, Deng et al.[19] examined the protein profiles 
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of three ESCC patients and observed that CNN2 was 
differentially expressed. Except for this, no study 
has reported the significance of calponin in ESCC. 
To explore the possible pathological significance of 
calponin in ESCC, in this study, we first examined 
the expression of calponin isoforms in the tumor 
tissue of ESCC patients and further explored their 
association with the disease. 

MATERIALS AND METHODS

Patients:

There were two cohorts of ESCC patients included 
in the present study, TCGA cohort and TZYY 
ESCC cohort. The TCGA cohort included 80 
ESCC patients, including 68 males and 12 females 
with a median age of 57.5 y (ranging from 36 to 
90 y). The data of tumor tissue samples from 80 
ESCC patients and 10 normal oesophagus samples 
and clinicopathological data were downloaded 
from The Cancer Genome Atlas (TCGA) database 
(TCGA-ESCA). The ESCC cohort contained 
190 ESCC patients, including 116 males and 74 
females with a median age of 62 y (ranging from 
42 to 82 y). The patients were hospitalized at the 
Cardiothoracic Surgery Department of Taizhou 
Hospital affiliated to Wenzhou Medical University 
between 2003 to 2018 and were histologically 
diagnosed as ESCC after radicalsurgery. The 
cases were pathologically staged based on the 
8th edition of the Tumor Nodes and Metastases 
(TNM) classification for esophagus cancer. We 
excluded the following cases with history of other 
malignancy or anticancer therapy before surgery; 
mixed histological types; developed other cancers 
during follow-up. The clinical and pathological data 
of the TZYY ESCC cohort patients were obtained 
from medical records and follow-up records. The 
Overall Survival time (OS) was defined as the time 
interval between surgery and death or the date of 
last visit in our study. 

Immunohistochemistry and Masson’s trichrome 
staining:

The sections (2 mm thick) were deparaffinised in 
xylene and rehydrated with graded ethanols. After 
autoclaved for antigen repair, the sections were 
treated with 3 % hydrogen peroxide solution for 
10 min to inactivate the endogenous peroxidase, 
blocked for 30 min in 10 % fetal calf serum, and 
incubated with rabbit anti-human CNN2 antibody 

(NBP2-13848, Novus Biologicals, CO, USA, 
dilution 1:1000) at 4° overnight. Then, the sections 
were washed with PBS, incubated with horseradish 
peroxidase-conjugated secondary antibody for 
30 min at 37°, washed again and developed with 
diaminobenzidine. Finally, the sections were 
counterstained with haematoxylin. Hematoxylin 
and eosin (H&E) and Masson’s trichrome staining 
were performed routinely. 

Two independent researchers scored the level 
of CNN2 in each section according to the 
immunostaining intensity in a blind manner. 1 
weak; 2 mild; 3 medium; 4 strong. The slides with 
different scores obtained by the two researchers 
were reviewed again until the agreed scores were 
made. For survival analysis based on the level 
of CNN2 protein, patients were divided into low 
CNN2 protein group (patients scored as 1 and 2) 
and high CNN2 protein group (patients scored as 
3 and 4).

DNA methylation information of CNN2:

The MethSurv database (https://biit.cs.ut.ee/
methsurv/) is a web portal that provides survival 
analysis based on DNA methylation biomarkers 
using TCGA data.DNA methylation of CNN2 at 
CpG sites and the prognostic value of these CpG 
sites in ESCA were analyzed by MethSurv.

Gene ontology (GO) analysis and Kyoto Encyclopedia 
of Genes and Genome (KEGG) analyses:

The cBioPortal database (https://www.cbioportal.
org/) integrated data from multiple databases 
including TCGA and the International Cancer 
Genome Gonsorium (ICGC), providing cancer 
genome data, comprehensive analysis of genome 
data and clinical data. GO and KEGG analysis 
were performed on co-expressed genes with the 
package R "clusterProfiler" to explore possible 
biological functions and signaling pathways. In 
our study, cBioPortal database was used to obtain 
co-expression information of CNN2. To explore 
the potential molecular biological functions of 
CNN2, the 500 transcriptionally associated genes 
obtained were performed for the GO/KEGG 
pathway analyses. 

Immune infiltration analysis of CNN2:

The Transcripts Per Million (TPM) normalized 
RNA-seq data of ESCA were downloaded from 
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TCGA. Single-sample Gene Set Enrichment 
Analysis (ssGSEA) was analyzed with R package 
GSVA to assess the tumour sample’s immune 
infiltration level and calculate the responding 
immune infiltration score in ESCA. Six immune 
cells of which the number was highly correlated 
(both positive and negative) with the expression 
level of CNN2 were selected for Spearman’s 
correlation analysis.

Statistical analysis:

SPSS software (version 17, IBM, CHI, USA) was 
used to analyze the data. Independent sample T 
test was used to compare the CNN1, CNN2, and 
CNN3 messenger ribonucleic acid (mRNA) levels 
in the tumor tissue of ESCC patients with those 
of the normal control group. The Mann-Whitney 
U test was used to compare other differences 
between two groups. The chi-square test was used 
to explore the correlation between CNN2 mRNA 
and protein levels (expressed as scores) and 
clinicopathological parameters. The Kaplan-Meier 
method and log-rank test were used in survival 
analysis. The Univariable and Multivariable 
Cox regression model was used to determine 
which variables affect survival. Missing values 
were excluded from the analysis. All statistical 
tests were two tailed, and p values <0.05 were 
considered significant.

RESULTS AND DISCUSSION
According to the data from TCGA database, 
CNN1 mRNA was significantly decreased while 
CNN2 mRNA was significantly increased in 
ESCC tumor tissues compared with the controls. 
No significant difference in the expression level 
of CNN3 mRNA in the tumor tissue of ESCC 
patients was observed compared with that in the 
normal esophageal tissues (fig. 1A- fig. 1C).

To investigate the association of the expression 
level of CNN1, CNN2, and CNN3 with patients’ 
survival time, patients were respectively divided 
into two subgroups; high expression subgroup 
(mRNA level>median) and low expression 
subgroup (mRNA level≤median). Analysis 
based on the Kaplan-Meier method revealed that 
patients with higher CNN2 mRNA in the tumor 
tissue had a longer OS time than patients with 
lower one (p=0.006), while the expression level 
of CNN1 (p=0.223) and CNN3 (p=0.216) was not 

associated with the survival of ESCC patients in 
fig.1D-fig. 1F.

To determine whether CNN2 is an independent 
risk factor for the survival of ESCC patients, both 
Univariable and Multivariable Cox regression 
were performed. The expression level of CNN2 
mRNA was observed to be an independent risk 
factor for patients’ OS along with the TNM 
stage in both Univariable and Multivariable 
Cox regression, while age was shown to be an 
independent risk factor for patients’ OS only in 
Multivariable Cox regression (Table 1).

Immunohistochemical staining was performed 
on the tumor tissue of 190 ESCC patients of 
TZYY ESCC cohort. CNN2 was observed to 
distribute mainly in the cytoplasm of cells, 
express higher in the tumor tissue rather than 
adjacent normal esophagus tissue. Some tumor 
stromal also expressed CNN2, which was later 
proved to be Fibroblasts by Masson’s trichrome 
(fig. 2). 

According to the score of immunostaining 
intensity for CNN2, the association between 
the expression level of CNN2 protein in the 
tumor tissue of ESCC patients and patients’ 
clinicopathological parameters was analyzed. 
CNN2 protein level in the tumor cells was 
observed to be significantly associated with 
tumor differentiation, T, N, pTNM stage, and 
hypertension status (Table 2). There was no 
significant difference in the expression level of 
CNN2 protein in patients with different ages, 
gender, tumor length, and diabetes status.

To determine whether the expression level of 
CNN2 protein in the tumor cells is associated 
with the survival, according to the level of 
CNN2 in cancer cells, patients were divided 
into two subgroups; high CNN2 subgroup (with 
immunostaining score for CNN2 being 3 or 4) 
and low CNN2 subgroup (with immunostaining 
score for CNN2 being 1 or 2). The Kaplan-Meier 
survival analysis revealed that those patients 
who expressed stronger CNN2 level had a longer 
OS than patients expressed weaker CNN2 level 
(p=0.034, fig. 3). 

We performed Univariable and Multivariable 
Cox regression analyses in order to determine 
whether CNN2 level is an independent risk factor 
for the survival of the patients. As shown in Table 



May-June 2023Indian Journal of Pharmaceutical Sciences712

www.ijpsonline.com

3, results of Univariable Cox regression analysis 
showed that low CNN2 level was significantly 
associated with increased risk of death 
(HR=0.65, p=0.037). However, the significance 
of the association between the expression level 
of CNN2 and patients’ OS disappeared due to 
the close association of CNN2 with the tumor 
stage in Multivariable Cox regression analysis 
(HR=0.37, p =0.097). 

DNA methylation plays an important role in 
the regulation of gene expression. To determine 
whether DNA methylation also plays a role in 
CNN2 expression regulation, we examined the 

DNA methylation site in CNN2 gene in ESCA 
patients by using the MethSurv tool. A total of 14 
methylation sites were found (Table 4). Among 
them, cg22902083 had a significant correlation 
with the prognosis of ESCA patients (HR=0.573, 
p=0.022). In fig. 4, results of survival analysis 
also showed that higher DNA methylation level 
of CpG at cite cg22902083 correlated with better 
OS. The highest frequency of methylation was 
observed at cg05220090 and cg10730425 site. 
Although no significant meaning was observed 
between the two sites and OS, the result showed 
the same trend as cg22902083.

Variable
Univariable analysis Multivariable analysis

HR (95 % CI) p HR (95 % CI) p

Age (years) (<63 vs. ≥63) 1.69(0.71-4.03) 0.241 2.81(1.05-7.50) 0.039

Gender (Male vs. Female) 0.03(0.000-1.62) 0.083 0.000(0.000-2.43E149) 0.945

Drinking (Yes vs. No) 0.38(0.09-1.62) 0.189 0.23(0.05-1.07) 0.061

TNM stage (I-II vs. III-IV) 2.71(1.12-6.55) 0.028 2.69(1.05-6.87) 0.039

CNN2 level (Lower vs. Higher) 0.29(0.11-0.74) 0.01 0.22(0.08-0.64) 0.005

Note: CNN2: Calponin2; HR: Hazard Ratio; CI: Confidence Interval; p: p value

TABLE 1: UNIVARIABLE AND MULTIVARIABLE COX REGRESSION ANALYSIS FOR OVERALL SURVIVAL 

Fig. 1: The Expression level of CNN1, CNN2, and CNN3 mRNA in the ESCC tissue and adjacent non-tumor tissue and the results of survival anal-
ysis based on the level of CNN1-3 mRNA in the tumor tissue. (A-C): Expression level of CNN1, CNN2, and CNN3 mRNA in the tumor tissues of 80 
ESCC patients was compared with that in the 10 adjacent non-tumor tissue samples; (D-F): The overall survival was compared between the two 
subgroups by using the Kaplan-Meier method; CNN1, calponin1; CNN2, calponin2; CNN3, calponin3; ESCC, esophageal squamous cell carcinoma; 
FPKM: Fragments per kilobase Million
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Fig. 2: Results of immunostaining for CNN2 in the tumor tissues of ESCC patients
The representative pictures were showing the serial sections of (A): H&E staining; (B): immunostaining for CNN2; (C): Masson’s trichrome stain-
ing; (D): The expression level of CNN2 protein was compared among the adjacent non-tumor tissue of 161 ESCC patients and tumor cells of 190 
ESCC patients; (E): CNN2, calponin2; ESCC: esophageal squamous cell carcinoma; H&E, Hematoxylin and eosin

Variable

CNN2 
expression 

level in tumor 
cells (score)

n 1(%) 2 (%) 3 (%) 4 (%) p

Age (years) <63 95 22(23.2) 25(26.3) 28(29.5) 20(21.1) 0.557

≥63 95 19(20.0) 31(32.6) 31(32.6) 14(14.7)

Gender Male 116 22(19.0) 37(31.9) 31(26.7) 26(22.4) 0.081

Female 74 19(25.7) 25.7(19) 28(37.8) 8(10.8)

Tumor length 
(cm) <4 95 18(18.9) 31(32.6) 29(30.5) 17(17.9) 0.613

≥4 83 22(26.5) 23(27.7) 26(31.3) 12(14.5)

Differentiation Poor 42 12(28.6) 9(21.4) 18(42.9) 3(7.1) 0.036

Moderate/
Well 145 28(19.3) 46(31.7) 40(27.6) 31(21.4)

T stage T1-2 78 16(20.5) 15(19.2) 33(42.3) 14(17.9) 0.021

TABLE 2: ASSOCIATION BETWEEN CNN2 EXPRESSION LEVEL AND CLINICOPATHOLOGICAL PARAMETERS 
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Fig. 3: Results of survival analysis of patients with ESCC based on CNN2 protein level in the cancer cells
CNN2: calponin2 and ESCC: esophageal squamous cell carcinoma

T3-4 111 25(22.5) 40(36.0) 26(23.4) 20(18.0)

N stage
N0 99 14(14.1) 30(30.3) 39(39.4) 16(16.2)

0.017
N1-3 90 27(30.0) 26(28.9) 20(22.2) 17(18.9)

pTNM stage
I-II 99 15(15.2) 28(28.3) 38(38.4) 18(18.2)

0.033
III-IV 86 26(30.2) 26(30.2) 19(22.1) 15(17.4)

Diabetes
Yes 17 5(29.4) 5(29.4) 6(35.3) 1(5.9)

0.528
No 172 35(20.3) 51(29.7) 53(30.8) 33(19.2)

Hypertension
Yes 54 11(20.4) 16(29.6) 23(42.6) 4(7.4)

0.048
No 136 30(22.1) 40(29.4) 36(26.5) 30(22.1)

Variable
Univariable analysis Multivariable analysis

HR (95 % CI) p HR (95 % CI) p 

Age (years) (<63 vs. ≥63) 1.34(0.90-1.99) 0.152 1.31(0.87-1.97) 0.194

Gender (Male vs. Female) 0.57(0.37-0.88) 0.011 0.54(0.35-0.85) 0.008

Differentiation (poor vs. moderate/
well) 1.07(0.67-1.72) 0.779 1.23(0.75-2.00) 0.416

pTNM stage (I-II vs. III-IV) 3.25(2.13-4.97) <0.001 2.70(1.75-4.17) <0.001

Hypertension (Yes vs. No) 1.79(1.18-2.72) 0.007 1.94(1.25-3.01) 0.003

CNN2 level (Lower vs. Higher) 0.65(0.44-0.97) 0.037 0.70(0.46-1.07) 0.097

Note: CNN2: Calponin2; HR: Hazard Ratio; CI: Confidence Interval; p: p value

TABLE 3: ASSOCIATION BETWEEN CNN2 EXPRESSION LEVEL AND CLINICOPATHOLOGICAL PARAMETERS 
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CpG HR p 

cg22902083 0.573 0.022

cg10730425 0.636 0.053

cg07754407 1.555 0.062

cg05220090 0.667 0.078

cg11015549 0.71 0.184

cg02945192 1.372 0.248

cg16509142 0.743 0.256

cg09467711 0.771 0.257

cg25547232 1.336 0.294

cg02838309 1.261 0.316

cg04376719 0.799 0.332

cg10192736 0.8 0.336

cg06534022 1.195 0.498

cg19571293 0.857 0.528

TABLE 4: THE INFLUENCE OF HYPER CNN2 METHYLATION LEVEL ON PROGNOSIS IN ESCA

Fig. 4: Methylation analysis of CNN2 gene in ESCA
(A): Waterfall plot of the methylation level of the CNN2 gene. The correlations between CNN2 methylation and its expression were analyzed; (B-D): 
Survival analysis based on methylation at multiple sites; CNN2: Calponin2 and ESCA: esophageal cancer
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Fig. 5: Results of co-expression analysis and GO and KEGG enrichment analysis; GO and KEGG annotations of CNN2; GO: Gene Ontology and 
KEGG: Kyoto Encyclopedia of Genes and Genome

To further explore the possible roles of CNN2 
gene in ESCA, a co-expression analysis was 
performed by using cBioPortal database. A 
total of 500 transcriptionally associated genes 
were selected (|r|>0.6, p<0.05). Based on these 
genes, GO and KEGG analysis were performed. 
As shown in fig. 5, these genes were enriched 
in “cell-cell junction organization”, “cluster of 
actin-based cell projections”, “apical junction 
complex”, “actin binding”, and “structural 
constituent of cytoskeleton”. The KEGG pathway 
analysis revealed that CNN2 co-expressed genes 
were highly enriched in tight junction.

To further explore the possible role of CNN2, the 
correlation analysis between CNN2 expression 

and immune cells quantified was performed. The 
lollipop diagram in fig. 6A showed the correlation 
between CNN2 expression levels and 24 immune 
cells in ESCA quantified by ssGSEA algorithms. 
The expression level of CNN2 was positively 
correlated with the enrichment of Tcm, NK 
CD56dim cells, NK cells, Th2 cells, Tgd, and 
macrophages, and negatively correlated with 
the enrichment of Th17 cells, eosinophils, pDC, 
CD8 T cells, NK CD56bright cells, B cells, Tem, 
T cells, and mast cells. Six immune cells with 
the strongest positive or negative correlation 
with CNN2 expression level were selected for 
further Spearman’s correlation analysis (fig. 
6B-fig. 6G). 
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In the present study, for the first time, we 
investigated the expression of calponin in the 
tumor tissue of ESCC patients and associated 
them with the clinicopathological parameters. 
According to the TCGA database, compared with 
that in the adjacent non-tumor esophagus tissues, 
the expression level of CNN1 in the tumor 
tissues was much lower while the expression 
level of CNN2 in the tumor tissues was much 
higher. The expression level of CNN3 showed 
no significant change in the tumor tissues 
compared with adjacent non-tumor esophagus 
tissues. Patients with higher level of CNN2 
mRNA were observed to have longer OS time. 
The expression level of CNN1 and CNN3 mRNA 
did not seem to correlate with the survival of the 
patients. Considering that genes work primarily 
through the proteins they encoded rather than 
mRNA, we further examined the expression 
level of CNN2 protein in the ESCC cancer cells 
by immunohistochemistry. Much higher CNN2 
protein was found in the tumor tissues compared 
with the adjacent non-tumor esophagus tissues, 
which was in accordance with the results of 
mRNA expression. The increased CNN2 was 
observed mainly in the cancer cells and interstitial 
fibroblast. Furthermore, the expression level of 
CNN2 in the cancer cells was found to correlate 
with tumor stage and patients’ OS. All these 
results suggested that CNN2 might be involved 

in the pathogenesis of ESCC and might act as a 
tumor-inhibiting factor.

DNA methylation plays an important role in 
the regulation of gene expression and thus 
participates in the pathogenesis of a variety of 
human diseases. Aberrant DNA methylation has 
been reported in various cancers[20,21]. Increased 
DNA methylation within the promoter often 
results in silencing of a gene, whereas a high 
level of intragenic methylation (gene body, 
5’UTR, and 3’UTR) is linked to increased gene 
expression[22-24]. To determine whether DNA 
methylation also plays a role in CNN2 expression 
regulation, three intragenic methylation sites 
were found in CNN2 gene in ESCA patients in 
our study. Among them, two highly methylated 
sites (cg05220090 and cg10730425) were at the 
body of the gene, another site (cg22902083) 
was at the 5’UTR of the gene, suggesting that 
DNA methylation in these sites might contribute 
to the increased expression of CNN2 in ESCA 
patients. Interestingly, the level of methylation 
at another CpG site in 5’UTR (cg22902083) was 
significantly associated with prognosis, patients 
with higher frequency of methylation at this site 
were found to have longer OS, which emphasized 
that CNN2 might be involved in the pathological 
process of ESCA and further supported our idea 
that CNN2 might play a role in ESCA and work 
as an inhibitor.

Fig. 6: Correlation between CNN2 with immune cell infifiltration in ESCA
(A): Association analysis between CNN2 expression and immune cells quantified by ssGSEA algorithms; (B-G) Association analysis of CNN2 expres-
sion with immune infifiltration levels of (B): Tcm; (C): CD56dim cells; (D): NK cells; (E): Th17 cells; (F): Eosinophils and (G): pDC cells. CNN2: 
calponin2; ESCA: esophageal cancer; pDC: plasmacytoid DCs
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Cytoskeleton is the basic structure of a 
cell, playing key roles in cell morphology, 
movement, and invasion[25-29]. Cell-cell junctions 
included Adherens Junctions (AJs) and tight 
junctions (TJs)[30,31]. When tumor cells lose their 
intercellular connection, they would become 
invasive and spread from the primary site, then 
tumor metastases occur[32-34]. GO enrichment 
analysis showed that CNN2 and interacted genes 
participate in the cell-cell junction organization 
and structural constituent of cytoskeleton with 
500 transcriptionally associated genes. The 
KEGG pathway analysis revealed that CNN2 
co-expressed genes were highly enriched in 
tight junction. Thus, we considered that the 
high expression of CNN2 and its co-expression 
genes might influence tumor proliferation and 
metastasis in ESCA via regulating cytoskeleton, 
cell-cell junctions and other relevant mechanisms.

Tumor development and growth typically 
requires an appropriate microenvironment, 
which consists of a complex network of 
extracellular matrix components and distinct 
cell types containing infiltrating immune 
cells[35-37]. In our research, we also investigated 
the relationship between the expression level 
of CNN2 and infiltrating level of immune cells 
by ssGSEA. The result showed that the CNN2 
expression level was positively correlated 
with the infifiltrating level of Tcm cells, NK 
CD56dim cells, and NK cells, and negatively 
correlated with the infifiltrating level of Th17 
cells, Eosinophils, and pDC. Among them, Tcm 
cells, CD56dim NK cells and NK cells play 
important roles in killing cancer cells,whileTh17 
cells, Eosinophils, and pDCs are associated with 
chronic inflammation or angiogenesis, which 
could drive tumor development further more[36,38-

49]. The expression level of CNN2 was positive 
correlated with the infifiltrating level of tumor 
inhibition cells and negatively correlated with 
the infifiltrating level of those cells related to 
chronic inflammation or angiogenesis.The cell 
surface receptors, which expressed in immune 
cells are immune checkpoints and Programmed 
cell Death protein 1 (PD-1) is one of the most 
concerned immune checkpoints[50,51]. PD-
L1 was mainly expressed in human cancers 
and contributes to cancer immune evasion by 
engaging with PD-1 on immune cells[52]. PD-

L1 in different cells can be induced by several 
signaling pathways, like MEK, MAPK, PI3K, 
and AKT, and several transcriptional factors, 
including HIF-1α, STAT3, and NF-κB [51]. 
It’s worth mentioning that in hepatocellular 
carcinoma, CNN2 could affect tumor 
progression by regulating the phosphorylation 
level of ERK1/2 in the MAPK pathway, while 
in pancreatic ductal adenocarcinoma, CNN2 
affected tumor progression by inhibiting PI3K/
AKT and NF-κB pathways [15,18]. In the ESCA, 
therefore, we speculated that CNN2 might could 
via some pathways to regulate PD-L1 expression 
in cancer cells and then influence the engagement 
of PD-1, and then affect immune invasion.

There are some limitations to our study. Firstly, 
some clinical information is missing due to the 
retrospective nature of data collection which 
might impact on data analysis. Secondly, since 
this is a study based on tumor specimens, there 
may be deviations due to specimen selection. 
Thirdly, the present study has not explored the 
concrete mechanism, further mechanism research 
is essential to explore how CNN2 exerts its roles 
in ESCA. 

In summary, for the first time, the present 
study investigated the expression of CNN2 
in the tumor tissues and combined that with 
clinicopathological parameters of ESCC 
patients. CNN2 was increasingly expressed in 
the cancer cells and correlated negatively with 
the tumor grade and positively with the survival 
of the patients. Furthermore, DNA methylation 
of CNN2 was related to the prognosis of ESCA. 
CNN2 was co-expressed with genes associated 
with tight junction and the expression level of 
CNN2 was observed to correlate significantly 
with infiltrating level of immune cells.CNN2 
may not only participate in the occurrence and 
progression but also the immune regulation 
of ESCA. Of all, over-expressed CNN2 might 
play as a tumor inhibitor in ESCA. Thus, the 
present study may help us obtain deeper insights 
into therapeutic targeting for ESCA. Further 
experiments are still needed to confirm these 
ideas.
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