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Abstract

Colon cancer (CC) is a disease with high incidence and mortality rate. The interaction between epithelial-mesenchy-
mal transition (EMT) and immune status has important clinical significance. We aim to identify EMT-immune-related
prognostic biomarkers in colon cancer. The GEO2R and GEPIA 2.0 were utilized to calculate the differential expression
genes between CC and normal mucosa. Immport, InnateDB and EMTome databases were used to define EMT-
immune-related genes. We conducted batch prognostic analysis by TCGA data. The expression patterns were verified
by multiple datasets and lab experiments. GEPIA 2.0 and TIMER 2.0 were utilized to analyze the correlation of the hub
genes with EMT markers and immune infiltration. GeneMANIA, STRING, and Metascape were used for co-expression
and pathway enrichment analysis. Finally, we established a signature by the method of multivariate Cox regression
analysis. CDKN2A, CMTM8 and ILK were filtered out as prognostic genes. CDKN2A and CMTM8 were up-regulated,
while ILK was down-regulated in CC. CDKN2A was positively correlated with infiltration of macrophages, Th2 cells,
Treg cells, and negatively correlated with NK cells. CMTM8 was negatively correlated with CD8+T cells, dendritic cells,
and NK cells. ILK was positively correlated with CD84-T cells and dendritic cells. Moreover, CDKN2A, CMTM8 and ILK
were significantly correlated with EMT markers. The three genes could participate in the TGF-3 pathway. The prog-
nosis model established by the three hub genes was an independent prognosis factor, which can better predict the
prognosis. CDKN2A, CMTM8 and ILK are promising prognostic biomarkers and may be potential therapeutic targets in
colon cancer.
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Introduction

Colon cancer (CC) is a major health problem worldwide
and the second-leading cause of cancer-related deaths
[1]. The incidence and mortality of colorectal cancer were
approximately 10.2% and 9.2% respectively [2]. Although
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the emerging treatments of CC occur, the prognosis is
still poor [3, 4]. Therefore, it is necessary to identify prog-
nostic biomarkers and therapeutic targets.
Epithelial-mesenchymal transition (EMT) is a cellular bio-
logical process in which epithelial cells obtain mesenchymal
phenotype after epithelial characteristics are down-regulated
through specific procedures [5]. EMT plays a significant
role in CC progression by contributing to cell migration
and tumor metastasis, promoting the occurrence of tumor
stem cells characteristics, reducing apoptosis and senes-
cence, facilitating drug resistance [6]. Another important
factor in CC progression is the immune microenvironment.
An effective immune response can eliminate malignant
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cells. However, colon cancer cells can escape from immune
surveillance by multiple mechanisms, such as deficien-
cies in antigen presentation mechanisms, up-regulation of
immune checkpoints, and recruitment of immunosuppres-
sive cells [7]. These phenomena result in impaired function
of immune cells, invalidation of anti-tumor responses, and
ultimately tumor progression and metastasis [8].

Previous studies have found that EMT may interact
with immunosuppression directly or indirectly [9-11].
Some studies also found that tumor cells and immune cells
could respond to similar stimuli by activating alike pro-
grams, leading to the occurrence of EMT and the infiltra-
tion of immunosuppressive cells. For example, one of the
most studied stimuli is TGF-f3, which is a potent inducer of
EMT [12]. In addition, it inhibits the infiltration of immune
cells and promotes the differentiation of suppressed or
exhausted immune cells [13]. If the immunosuppression
and EMT occur together, the survival rate of colon can-
cer patients may be decreased markedly. So, the EMT-
immune-related biomarkers are important.

More and more researches focused on the interaction
between EMT and immune status. Moreover, some related
biomarkers were explored. SNAI1, an EMT-related gene,
is associated with immune infiltration and can be used as
a prognostic biomarker in gastrointestinal cancers [14].
Gao et al. revealed that SLC2A3 plays a significant role in
the progression of colorectal cancer by affecting EMT and
immune response. Furthermore, SLC2A3 may regulate the
expression of PD-L1 [15]. An EMT signature performs well
in predicting the overall survival, and the model is associ-
ated with immune infiltration, proving its potential role in
regulating immune status [16]. Additionally, other EMT-
immune-related biomarkers, for example, LIPH, CDH11,
SETBP1, and so on, also have prognostic value in differ-
ent cancers [17-23]. However, they are far from sufficient,
more biomarkers should be identified and verified.

According to the above information, when EMT and
immunosuppression occur in a patient with CC, the risk
of tumor progression and metastasis will be increased
compared with others, which may affect the prognosis.
As a result, this study identified and validated the EMT-
immune-related prognostic biomarkers named CDKN2A,
CMTMS, ILK by bioinformatics method. Moreover, the
three genes were related to regulating the process of EMT
and immune infiltration. Therefore, CDKN2A, CMTMS,
ILK may serve as good prognostic biomarkers and poten-
tial therapeutic targets.

Materials and methods

Identifying the EMT-immune-related differential
expression genes

The dataset GSE10950 in the GEO (https://www.ncbi.
nlm.nih.gov/geo/) database [24] contains 24 cases of
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colon cancer and matched normal tissues. Differentially
expressed genes (DEGs) between normal and CC were
calculated by GEO2R, |logFC|> 1 and adjust P value <0.05
were the screening criteria. With the same criteria, DEGs
between normal (GTEx) and CC (TCGA-COAD) were
calculated by GEPIA 2.0 online tools (http://gepia2.can-
cer-pku.cn/index.html) [25]. Next, we defined immune-
related genes by InnateDB (https://www.innatedb.com/)
[26] and Immport (https://immport.org/shared/home)
databases [27]. EMT-related genes were defined by
EMTome (www.emtome.org) [28].

Screening genes by prognosis and clinical correlation
analysis

The RNA-seq count data and clinical data of colon
adenocarcinoma were downloaded from The Cancer
Genome Atlas (TCGA) database (https://portal.gdc.can-
cer.gov/) [29]. After normalizing the count data to RPKM
(Reads Per Kilobase of exon model per Million mapped
reads) and combining with clinical data, 338 cases were
finally included in the analysis. We used “survival” [30]
and “survminer” packages [31] of R 4.1.0 to analyze the
prognostic value of EMT-immune-related DEGs. We
validated the prognostic value of the three genes by using
GSE39582, GSE24511 and GSE29621 repectively. Then
we built receiver operating characteristic curves (ROC
curves) and conducted the correlation analysis with clini-
cal and pathological indicators.

Expression analysis and validation of CDKN2A, CMTMS,
and ILK by multiple databases and scRNA-seq data
GSE10950 datasets, GEPIA 2.0 database, and Oncomine
database (www.oncomine.org) [32] were utilized to con-
duct differential expression analysis of hub genes. Fur-
thermore, single-cell transcriptome dataset GSE166555
in the GEO database was enrolled in the analysis. We
chose three cases of colon cancer and matched normal
tissues to build a “Seurat” object [33]. Finally, 15,428
cells were selected (Criteria: RNA Features>500 and
1000 <RNA Counts <20,000). Then we normalized the
data by the “LogNormalize” method, calculated the
highly variable genes, and homogenized according to
the sample sources. Next, principal component analysis
(PCA) calculation was performed. The first 20 PCs were
used for cluster analysis, and the t-SNE method was used
for cluster visualization (resolution=0.3). Then marker
gene calculation was carried out and the “CellMarker”
method was used to annotate cell types.

Expression validation of CDKN2A, CMTMS8, and ILK

by immunohistochemistry experiments

In order to verify the protein expression of
CDKN2A, CMTMS8 and ILK, we collected 24 paired
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paraffin-embedded tissues of colon cancer and adjacent
tissues from the pathology department. All the cancer
patients in our study were primary colon cancer and
without prior treatments. For conducting the experi-
ments, we used Anti-CDKN2A/p16INK4a (Servicebio
GB111143), Anti-CMTMS8 (Proteintech 15039-1-AP),
and Anti-ILK (Proteintech 12955-1-AP). All the sections
were deparaffinized in xylene and rehydrated in etha-
nol. We then used sodium citrate antigen retrieval solu-
tion (Solarbio) for heat-mediated antigen retrieval. After
blocking by 3% H,0, (30 min) and normal goat serum
(1 h), the tissue sections were incubated with CDKN2A
(concentration 1:200), CMTMS (concentration 1:50) and
ILK (concentration 1:50) antibodies overnight (4°C). Then
we stained the tissue sections with the secondary anti-
body (ORIGENE SP-9001) for 20 min at room tempera-
ture. Next, horseradish labeled streptavidin (ORIGENE
SP-9001) was utilized to incubate tissues for 15 min. We
utilized diaminobenzidine (ORIGENE ZLI-9018) for per-
oxidase reaction, and the slides were stained with hema-
toxylin (LEAGENE). CDKN2A and CMTMS8 were mainly
located in the cell nucleus, while ILK was in the cell
nucleus and cytoplasm. Integrated optical density (IOD)
of all tissues was calculated by Image-Pro Plus 6.0 soft-
ware and then the statistical analysis was conducted by
Graphpad Prism 7.0. The studies involving human par-
ticipants were reviewed and approved by the institutional
review board of the second hospital of Hebei Medical
University. The patients provided their written informed
consent to participate in this study.

The immune infiltration analysis and the EMT markers
correlation analysis of CDKN2A, CMTMS8, and ILK

We used R language to conduct immune-related analy-
sis on TCGA-COAD data by the “CIBERSORT” method.
The overall immune infiltration status of all the samples
was analyzed. Moreover, the “Gene” module of TIMER
2.0 (http://timer.comp-genomics.org/) [34] was used to
evaluate the correlation between the expression level of
hub genes and the immune infiltration. Then, we utilized
the “Gene_corr” module to analyze the expressional cor-
relation between the hub genes and the classical immune
cell markers. Furthermore, their correlation with the
immune checkpoints was analyzed with the same
method. GEPIA 2.0 online database was utilized to con-
duct correlation analysis between the hub genes and the
traditional EMT markers by the “spearman” method.

The co-expression and pathway enrichment analysis

of CDKN2A, CMTMS, and ILK

By STRING database (https://string-db.org/) [35], we
regulated the “max number of interactors to show”
to “Ist shell no more than 50” in order to carry out the
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co-expressional analysis of the hub genes. We displayed
the interactions of the genes by GeneMANIA (http://
www.genemania.org) [36]. Moreover, we conducted the
pathway enrichment analysis of the genes by the Metas-
cape database (http://metascape.org) [37] and showed
the top 20 items.

Establishing the ceRNA network in regard to CDKN2A,
CMTMS, and ILK

To further analyze the underlying regulating mecha-
nisms of CDKN2A, CMTMS8 and ILK, we estabilshed the
ceRNA network. miRNA-mRNA and IncRNA-miRNA
interactions were obtained from starBase v3.0 (http://
starbase.sysu.edu.cn/) [38]. The screening criteria of
miRNAs were: refine results with high stringency of
CLIP Data: 1, refine results with used predicting pro-
gram: 4, explore the interaction of miRNA-mRNA with
pan-cancer analysis: 1. The screening criteria of IncRNAs
were: refine results with high stringency of CLIP data: 3,
explore the interaction of miRNA-IncRNA with pan-can-
cer analysis: 5. The IncRNA-miRNA-hub genes’ network
was visualized by Cytoscape 3.8.2 software.

Mutation, Copy number variation, and Methylation
analysis of CDKN2A, CMTMS, and ILK

We analyzed the immune infiltration changes by muta-
tions and copy number variations (CNV) of hub genes by
the TIMER 2.0 database. The database cbioportal (www.
cbioportal.org) [39] was used to analyze the effect of hub
genes’ mutations and CNV on phenotype and progno-
sis. Totally 139 cases consist of 8 patients with the muta-
tion were enrolled. The samples were from 2 datasets,
“CaseCCC, PNAS 2015” and “CPTAC-2 Prospective,
Cell 2019” Moreover, we took advantage of MethSurv
(https://biit.cs.ut.ee/methsurv/) [40] to analyze the effect
of methylation in prognosis. “Single CpG” module was
chosen to do the analysis, and the “split by” option chose
“median”

Construction of EMT-immune-related signature

by CDKN2A, CMTMS8 and ILK

By the results of multivariate Cox regression analysis, the
riskscore of each patient was calculated by the follow-
ing formula: Riskscore=Expression (CDKN2A)*Coef
(CDKN2A) + Expression (CMTMS)*Coef
(CMTMS) + Expression (ILK)*Coef (ILK). Then all
patients were divided into high-risk and low-risk groups
by the median of riskscore. The Kaplan—Meier curve and
ROC were analyzed by the “survival’, “survminer’;, and
“timeROC” packages [41]. These results could assess the
accuracy of the riskscore. The univariate and multivari-
ate Cox regression analyses were used to determine the
independent prognosis factors. A nomogram was used to
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predict the survival probability of CC patients by “rms”
package [42].

Results

EMT-immune-related differential expression genes were
filtered out

Recent studies have found that EMT and tumor immu-
nity are closely related, moreover, they are considered
to be driving factors in tumor progression. The genes
involved in both biological processes may be signifi-
cant. So we screened EMT-immune-related differential
expression genes. The workflow is exhibited in Fig. 1.
In total, 2748 DEGs were calculated by the GSE10950
dataset, and 5349 DEGs were obtained by GEPIA 2.0
database. We defined 2660 immune-related genes by
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InnateDB and Immport databases. 2975 EMT-related
genes were defined by the EMTome database. The inter-
section among the DEGs of GSE10950 and GEPIA 2.0,
immune-related genes, and EMT-related genes were
100 genes, which were defined as EMT-immune-related
DEGs (Fig. 2A).

CDKN2A, CMTMS, ILK were genes with prognostic value
among 100 EMT-immune-related DEGs

By single-gene prognostic analysis, CDKN2A, CMTMS8
and ILK demonstrated the value in predicting prog-
nosis among the 100 EMT-immune-related DEGs in
TCGA dataset (Fig. 2B). The results of GEO datasets
were conform to the results of above (Fig. 2C). Further-
more, the prognostic ROC curves of the three genes were
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Identify DEGs by Identify DEGs by
GEO2R GEPIA 2.0

([logFC[>1, adjust P
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Fig. 1 Flowchart for screening biomarkers in colon cancer
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Fig. 2 Identifying the EMT-immune-related prognostic DEGs. A Venn plot displaying the identification of EMT-immune-related DEGs. B Kaplan—
Meier survival analysis of CDKN2A, CMTM8 and ILK in TCGA-COAD data. C Kaplan—Meier survival analysis of CDKN2A, CMTM8 and ILK in GSE39582,

GSE24551, GSE29621 respectively. D ROC analysis of CODKN2A, CMTM8 and ILK in CC

established, the results showed that the AUC of CDKN2A
was 0.68, 0.66, 0.58 for 1, 3, and 5 years respectively, the
AUC of CMTMS8 was 0.59, 0.51, 0.57 and the AUC of ILK

was 0.71, 0.58, 0.60 (Fig. 2D). The correlation analysis of
the above three genes with clinical and pathological indi-
cators was conducted. The results showed the expression
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of CDKN2A, CMTMS, ILK were correlated with T, N,
stage, vascular invasion, lymphatic invasion and micros-
atellite instability to some extent (Additional file 1: Figure
S1A-C). To sum up, CDKN2A, CMTM8 and ILK were
important genes with prognostic value in CC.

The differential expressions of CDKN2A, CMTMS, ILK
conform to their survival trend and were defined as hub
genes

Expression analysis and validation by bulk RNA data

In order to analyze if the expression differences of the
three genes were accord with the results of K-M curves,
we conducted expression analysis by multiple datasets
from different databases. The GSE10950 dataset showed
that CDKN2A and CMTM8 mRNA expression levels
were up-regulated in colon cancer samples, while ILK
was considerably down-regulated in colon cancer sam-
ples (Fig. 3A). Through GEPIA 2.0 and Oncomine data-
bases, the results were consistent with the GSE10950
dataset (Fig. 3B, C). By the results above, we know that
CDKN2A and CMTM8 were higher expressed in cancer
tissues and the prognosis will be worse when they were
up-regulated. However, ILK was lower expressed in can-
cer tissues and the prognosis will be worse when it was
down-regulated.

Expression validation by single-cell RNA data

As the traditional bulk profiles represents the aver-
age expression levels of the constituent cells, it does not
reflect the true condition of cancer cells. Thus, verify-
ing CDKN2A, CMTMS, ILK at the single cell resolu-
tion will increase the authenticity and reliability of the
analysis results, and even improve our understanding of
the underlying mechanism. So, we evaluate the expres-
sion of CDKN2A, CMTMS, and ILK in single-cell level.
T cells, epithelial/tumor cells, macrophages, B cells,
plasma cells, fibroblasts, endothelial cells and smooth
muscle cells were annotated by single-cell RNA sequenc-
ing analysis (Fig. 3D). All cells’ distribution according to
the sample sources was shown in Fig. 3E. CDKN2A and
CMTMS can be expressed in epithelial cells, tumor cells,
and T cells, and the expression density was comparatively
higher in colon cancer cells. ILK can be expressed in epi-
thelial cells, tumor cells, fibroblasts, smooth muscle cells,
and T cells. The expression density was relatively higher
in normal epithelial cells, fibroblasts, and smooth mus-
cle cells (Fig. 3F, G). As a result, the expression patterns
could be verified by single-cell data.

Expression validation by immunohistochemistry wet
experiments

In order to further verify the expression in protein
level. We performed experiments in detecting protein
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expression of CDKN2A, CMTMS8 and ILK by immuno-
histochemistry in the colon cancer tissues and adjacent
tissues. The representative images of IHC were indicated
in Fig. 4A—C. Figure 4D-F showed that the expression of
CDKN2A and CMTMS8 was up-regulated in tumor tis-
sues (**** P<0.0001), while the expression of ILK was
down-regulated in tumor tissues (****, P<0.0001). To
sum up, the expression patterns of the three genes were
verified by different omics and they conformed to the
survival results. So, we can define CDKN2A, CMTMS,
and ILK as hub genes to conduct the following analyses.

CDKN2A, CMTMS, ILK may affect the prognosis of colon
cancer patients by regulating the immune infiltration
and EMT process
To further study how the three genes regulate the
immune microenvironment, we conducted some analy-
ses. Immune infiltration of each TCGA-COAD sample
and the correlation among different immune cell types
were shown in Fig. 5A, B. Figure 5C, D showed the dif-
ference in immune infiltration between CC and normal
samples. The correlations between CDKN2A, CMTMS,
ILK expression, and immune cell infiltrates were con-
ducted by the TIMER algorithm. CDKN2A was positively
correlated with the infiltration of macrophages (r=0.177)
and dendritic cells (R=0.130) with statistical signifi-
cance (Fig. 5E). CMTMS8 was negatively correlated with
CD8+T cells (r= —0.231), neutrophils (r= —0.37), and
dendritic cells (r= —0.289) with statistical significance
(Fig. 5F). ILK was positively correlated with CD8+T
cells (r=0.275), neutrophils (r=0.393), macrophages
(r=0.404), dendritic cells (r=0.472), and negatively cor-
related with B cells (r= — 0.158), the results were statisti-
cally significant (Fig. 5G). Table 1 showed the correlation
between the expression of CDKN2A, CMTMS, ILK and
traditional immune markers. They were significantly
correlated with most immune markers, and the results
were largely conformed to TIMER. Overall, CDKN2A,
CMTMS, ILK could regulate the immune infiltration and
may result in immunosuppression to a certain degree.
Moreover, we also studied the influences of the three
genes in regulating the expression of immune check-
points. The results showed that CDKN2A was positively
correlated with CTLA4, PD-1, TIM, LAG3. CMTMS8 was
negatively correlated with TIGIT, CTLA4, PD-L1, PD-1,
TIM and positively correlated with LAG3. ILK was posi-
tively correlated with TIGIT, CTLA4, PD-L1, PD-1, TIM,
LAGS3 (Table 2). All in all, CDKN2A, CMTMS, ILK may
affect the immune microenvironment by regulating the
expression of immune checkpoints mentioned above.
But, the study about immune microenvironment is com-
plex and sometimes the results may confusing, which is
worth further study.
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E Cluster diagram by the cell origin in the scRNA-seq data. F The feature plots of CDKN2A, CMTM8 and ILK by scRNA-seq data. G The violin plots of
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We have found that CDKN2A, CMTMS, ILK may
influence the prognosis of COAD patients by lead-
ing to immunosuppression. Next, in order to study
how CDKN2A, CMTMS, ILK affect the EMT pro-
cess, we conducted a correlation analysis between the
hub genes and EMT markers. Table 3 showed that
CDKN2A and CMTMS8 were negatively related to the

epithelial-correlated marker TJP1, while ILK was posi-
tively correlated. Mesenchyme-correlated markers,
like MMP3, MMP7, MMP9, were positively related
to CDKN2A and CMTMS, while ILK was negatively
correlated. So, CDKN2A and CMTMS8 may facilitate
the EMT process, while ILK may suppress the EMT
process.
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Fig. 4 The immunohistochemistry images from wet lab. A The representative images of CDKN2A in the tumor and adjacent tissues. B The
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statistical results of CDKN2A expression in the tumor and adjacent tissues. E The statistical results of CMTM8 expression in the tumor and adjacent
tissues. F The statistical results of ILK expression in the tumor and adjacent tissues

CDKN2A, CMTMS, ILK could affect the immune
microenvironment and EMT progress by a series

of pathways

Based on the above studies, we have known that
CDKN2A, CMTMS, ILK may have impact on progno-
sis by regulating the immune microenvironment and
EMT progress. In order to further study the specific
signal pathways, co-expression and pathway enrich-
ment analyses were carried out. 130 co-expressional
genes of CDKN2A, CMTMS8 and ILK were obtained by
the STRING database and we displayed the co-expres-
sion interactions by GeneMANIA (Fig. 6A). Then,

we conducted pathway enrichment analysis of all co-
expressional genes by Metascape. Figure 6B showed that
the genes were concentrated in the following pathways:
ILK pathway, TGF-p pathway, Epithelial to mesenchy-
mal transition in colorectal cancer, Integrin-mediated
cell adhesion, Notch pathway, and so forth. The interac-
tions of the pathways were shown in Fig. 6C. Based on
all the previous results, CDKN2A, CMTMS, ILK could
affect the immune microenvironment and EMT pro-
gress by a series of signal pathways. The three hub genes
may affect the prognosis of COAD patients by the above
mechanisms.
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Exploring the regulatory mechanism of CDKN2A, CMTM8 expression of CDKN2A, CMTMS, ILK could be regu-
and ILK lated by ceRNAs.

The abnormal expression of the three hub genes may Furthermore, the CNV, mutation and methylation of
result in different overall survival rates. To clarify the hub genes were analyzed. The CNV of CDKN2A was
expression regulatory mechanism of hub genes, the negatively correlated with the infiltration of CD8+ T cells
ceRNA network was established. Figure 7 showed the and neutrophils (Additional file 2: Figure S2A). The infil-
ceRNA network consists of 7 miRNAs and 41 IncRNAs  tration of NK cells was significantly increased in CMTM8
that may mediate the expression of hub genes. So, the mutation-type compared with wild-type (Additional
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Table 1 The expression correlation of CDKN2A, CMTMS8, ILK and immune markers

Cell type Gene markers CDKN2A CMTM8 ILK
COR Pvalue COR Pvalue COR P value
B cell FCRL2 —0.008 8.77e—01 —0.052 7.69e—01 0.077 1.22e—01
cD19 0.05 3.18e—01 0.042 3.98e—01 0.114 2.11e—02
MS4A1 —0.005 9.17e—01 0.009 8.64e—01 0.062 2.15e—01
D22 0.117 1.84e—02 —0.07 1.61e—01 0.202 3.96e—05
CD70 017 5.88e—04 —0.159 1.27e—03 0332 6.64e—12
CD8+T Cells CD8A 0.095 549e—02 —0.204 349e—-05 0.095 5.7e—02
CD8B 0.059 2.39e—01 —0.041 4.04e—01 0.121 1.45e—02
Neutrophils FCGR3B 0.105 3.44e—02 0.022 6.57e—01 0317 59%—11
CEACAM3 0.105 3.36e—01 0.151 23e—03 0323 261e—11
SIGLECS 0.178 3.25e—04 —0.124 1.26e—02 0403 2.64e—17
FPR1 0.159 1.28e—03 —0.148 2.71e—-03 0417 1.75e—18
CSF3R 0.13 8.59e—03 —0.134 6.95e—03 0.323 2.53e—11
ST00A12 0.078 1.18e—01 —0.053 2.86e—01 0.184 2.00e—04
Macrophages (M1) CD68 0.144 3.56e—03 —0.215 1.2e—05 0.301 581e—10
PTGS2 0.058 241e—01 —0.164 9.26e—04 0.039 4.33e—01
IRF5 0.101 4.14e—02 0.032 5.20e—01 0.142 4.06e—03
NOS2 —0.028 5.75e—01 —0.105 3.52e—02 —0.104 3.64e—02
Macrophages (M2) CCL2 0.179 2.79e—04 —0.130 8.55e—03 0.348 493e—13
IL10 0.179 2.64e—04 —0.086 8.26e—02 0.304 411e—10
CD163 0.175 4.09e—04 —0.225 4.80e—06 0326 1.77e=11
VSIG4 0.187 151e—04 —0.149 2.55e—03 0442 7.92e—21
CSF1R 0.155 1.78e—03 —0.163 9.69e—04 0422 0422—-19
FCGR2A 0.124 1.74e—02 —0.185 1.810—-04 0.326 1.66e—11
Dendritic cells CD209 0.084 9.15e—02 —0.068 1.73e—01 0.189 1.23e—04
CLEC9A 0.026 6.05e—01 0.023 6.41e—01 0.181 247e—04
NK cells KIR3DL3 —0.115 2.02e—02 —0.061 2.19e—01 0.055 2.71e—01
NCR1 0.026 6.07e—01 —0.206 3e—05 0.115 2.02e—02
KLRD1 0.085 8.8e—02 —0.264 6.48e—08 0.208 244e—05
Th1 cells TBX21 0.028 5.79e—01 —0.185 1.71e—04 0.127 1.93e—02
Th2 cells GATA3 0.185 1.73e—04 —0.088 7.69e—02 0.267 4.69e—08
Treg FOXP3 0.128 9.96e—03 —0.15 248e—03 0.283 6.69e—09
CCR8 0.059 2.36e—01 —0215 1.21e—05 0.224 5.03e—06
Monocyte C3AR1 0.147 2.93e—-03 —0.168 6.76e—04 0.361 5.63e—14
CD86 0.128 9.92e—03 —0.206 2.76e—05 0321 33e—11
CSF1R 0.155 1.78e—03 —0.163 9.6%e—04 0422 534e—19
CD14 0.207 2.66e—05 —-02 5.09e—05 0438 1.77e=20

Table 2 The expression correlation of CDKN2A, CMTM8, ILK and immune checkpoints

Immune checkpoints CDKN2A CMTM8 ILK

COR P value COR P value COR P value
TIGIT 0.084 8.95e—02 —0.252 2.71e—-07 0.121 1.51e—02
CTLA4 0.103 3.77e—02 —0.207 2.56e—05 0.106 3.22e—-02
CD274 (PDL1) 0.096 541e—02 —0.262 8.64e—08 0.142 4.08e—03
PDCD1 (PD1) 0.198 5.93e—05 —0.206 2.78e—05 0.164 8.82e—04
LAG3 0.135 6.55e—03 0222 6.38e—05 0.135 6.52e—03

HAVCR2 (TIM) 0.154 1.90e—03 —-0216 1.10e—05 0.363 4.14e—-14
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Table 3 The expression correlation of CDKN2A, CMTM8, ILK and EMT markers

EMT markers CDKN2A CMTM8 ILK
COR P value COR P value COR P value
Mesenchymal markers
MMP7 0.56 9.5e—52 0.74 1.6e—107 —048 6.8e—37
MMP9 049 8.6e—40 0.71 8.8e—96 —046 1.2e-33
MMP3 041 31e=27 0.38 1.3e—12 —0.11 0.0048
Epithelial markers
TIP1 —-0.10 1.6e—02 —047 8.2e—35 0.68 2.5e—85
@ M71: PID ILK PATHWAY
@ hsa05220: Chronic myeloid leukemia
R-HSA-69231: Cyclin D associated events in G1
G WP710: DNA Damage Response (only ATM dependent)
R-HSA-5663202: Diseases of signal transduction by growth factor receptors and second messengers.
R-HSA-1236382: C« Signaling by Ligand: EGFR Cancer Variants
G0:0070848: response to growth factor
@@E @ WP366: TGF-beta Signaling Pathway
G0:0031589: cell-substrate adhesion
R-HSA-446353: Cell-extracellular matrix interactions
WP4239: Epithelial to mesenchymal transition in colorectal cancer
l@ @ M281: PID FAK PATHWAY
WP185: Integrin-mediated Cell Adhesion
G0:0045859: regulation of protein kinase activity
R-HSA-157118: Signaling by NOTCH
e d o] M1529: SA G1 AND S PHASES
M105: PID TELOMERASE PATHWAY
WP615: Senescence and Autophagy in Cancer
@z WP3888: VEGFA-VEGFR2 Signaling Pathway
M195: PID CMYB PATHWAY
feorzo) @ 0 20 40 60 80
@ @ Hog10(P)

enrichment analysis of hub genes by Metascape. C The interactions among the enriched pathways

file 2: Figure S2B). The infiltration of CD4+T cells, neu-
trophils, and DC in the ILK mutation-type was signifi-
cantly higher than that in the wild-type (Additional file 2:
Figure S2C). The Sangerbox database was used to show
mutation sites of CDKN2A, CMTMS, ILK (Additional
file 3: Figure S3A). The phenotypic changes with the
statistical difference between mutant samples and oth-
ers showed in epithelial and EMT phenotypes, genomic
changes, and microsatellite stability (Additional file 3:
Figure S3B). There was no statistical difference in overall

survival(OS) and disease-free survival (DFS) between
mutant samples and no-mutant samples, while there was
a trend of poor OS in the mutant group (Additional file 3:
Figure S3C). Additional file 4: Figure S4 showed that
there was no statistical difference in prognosis between
methylation samples and no-methylation samples. The
results above proved that the expression of the three
genes could be regulated by CNV, mutation and meth-
ylation. As a result, the EMT phenotypes and immune
infiltration could be changed by CNV, mutation and
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Fig. 7 The competing endogenous RNA (ceRNA) network of INcRNA-miRNA-mRNA in colon cancer

methylation to some extent although there was no sur-
vival difference in OS and DEFS.

The EMT-immune-related signature was an independent

prognosis factor, which could better predict the prognosis
To better predict the prognosis of COAD patients,
we built an EMT-immune-related gene signa-
ture by CDKN2A, CMTM8 and ILK with the
method of multivariate Cox regression analy-
sis. The riskscore were calculated by the follow-

ing formula: 0.193446914316988*Expression level
(CDKN2A) 4 0.453316103231676 * Expression level
(CMTMB8) — 0.667999829487826 * Expression level

(ILK). Figure 8A showed that the high-risk groups were
less likely to survive than the low-risk group (p=0.001).
ROC curves showed the AUC scores of the riskscore

in 1-years were 0.784. If we combined the riskscore
with other clinical indicators, the AUC score can reach
0.797(Fig. 8B). Figure 8C displayed that all patients from
TCGA-COAD were divided into high-risk and low-risk
groups. Figure 8D showed the distribution of survival
time in the high-risk group and low-risk group. The
expression of hub genes in the high-risk group and low-
risk group were shown in the heatmap (Fig. 8E). By the
univariate and multivariate Cox regression analysis, we
found the riskscore was an independent prognosis fac-
tor (Fig. 8F, G). Nomogram is significant to predict prog-
nosis, our nomogram includes the riskscore, gender, age,
stage (Fig. 8H). The calibration curves were shown in
Additional file 5: Figure S5. The signature we constructed
could predict the prognosis of colon cancer better than a
single gene.
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Discussion
An accumulating number of studies have shown that
EMT and immunosuppression could appear together in
multiple tumors. This phenomenon could promote the
metastasis of the tumor and finally affect prognosis [10].
Some researchers have conducted primary explorations
on biomarkers related to EMT and immune infiltration.
The results demonstrated the significant role of the EMT-
immune-related biomarkers in prognosis predicting, and
they could be seen as potential therapeutic targets. How-
ever, more biomarkers should be identified. To further
explore prognostic biomarkers associated with EMT and
immune infiltration, we conducted differential expression
analysis by GSE10950 data and TCGA&GTEx data. 100
differentially expressed EMT-immune-related genes were
screened out. By prognostic analysis, CDKN2A, CMTMS8
and ILK demonstrated the value in predicting prognosis.
CDKN2A, CMTMS, ILK could be seen as potential prog-
nostic biomarkers in CC and deserve further studies.
Cyclin-Dependent Kinase Inhibitor 2A (CDKN2A) is a
significant gene belonging to the family of cyclin-depend-
ent kinase inhibitor genes, which serves a regulatory role
in cell proliferation and apoptosis [43]. Recent studies
have found that CDKN2A is positively correlated with
LIPH expression and affects the EMT process [17]. More-
over, CDKN2A is related to immune infiltration [44].
As a result, combined with our analysis, CDKN2A may
take part in the process of affecting EMT and immune.
A study revealed that CDKN2A is the target of querce-
tin in reducing death caused by COAD [45]. Another
study showed that CDKN2A, as one of the 8 autophagy
genes prognostic signature in colon cancer, can be seen
as a good biomarker [46]. These are consistent with our
results and prove the prognostic value of CDKN2A in
CC. Nowadays, the CDKN2A gene has been rarely stud-
ied in colon cancer. However, many studies have found
that CDKN2A is related to poor prognosis in bladder
cancer, pancreatic adenocarcinoma, hepatocellular car-
cinoma (HCC), and so on [47-49]. Among these stud-
ies, Luo et al. found that CDKN2A is highly expressed
in HCC and associated with poor overall survival and
disease-free survival. They also found that the expression
of CDKN2A is associated with immune cells infiltration.
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Another study showed that CDKN2A may lead to the
downregulation of the immune response and enhance the
recurrence risk of metastatic colorectal cancer [50]. We
found that CDKN2A is up-regulated in CC and result in
poor OS. Moreover, CDKN2A may lead to immunosup-
pression by affecting immune infiltration and the expres-
sion of immune checkpoints. We found that CDKN2A
has a stronger association with M2 subtype macrophages
and it shows a positive correlation. We also found that
the CD8+ T cell infiltration will decrease when the copy
number of CDKN2A increases. It could explain why
CDKN2A may influence the immune microenvironment
and the prognosis of patients. Our results conform to the
previous studies. In this study, CDKN2A was negatively
correlated with epithelial-related markers and positively
correlated with mesenchyme-related markers. This pos-
sibly suggests the promoting effect of CDKN2A on EMT
progression to some extent. It’s consistent with the find-
ings from Zhuang et al. [17]. To sum up, CDKN2A is
up-regulated in CC and result in a poor prognosis. This
phenomenon may be caused by two potential mecha-
nisms, one is immunosuppression and the other is the
progression of EMT.

The CKLEF-like MARVEL transmembrane domain-con-
taining (CMTM) family regulates aggressive phenotype
in many cancers, which consists of 8 member proteins
(CMTM1-8). The roles of CMTM members in differ-
ent cancers are largely unknown [51, 52]. Some studies
have found that CMTMS is associated with EMT and the
immune system [53, 54]. Although CMTMS8 was rarely
studied in colon cancer before, previous researches of
other fields could give us some guides. Lu et al. contend
that the CMTM family is highly correlated with tumor
and immune diseases, and has important value in diagno-
sis and treatment [55]. Some researchers have shown that
the deletion of CMTMS can inhibit the migration and
invasion of pancreatic cancer, whereas high expression of
CMTMBS can promote migration and invasion. The inter-
action between CMTMS8 and LPA1 leads to activation
of oncogenic Wnt-fB-catenin signalling [52]. By facilitat-
ing the Wnt-pB-catenin signaling pathway, CMTMS8 may
induce EMT and tumor growth and metastasis [56]. We
found that CMTMS is highly expressed in colon cancer

(See figure on next page.)

Fig. 8 Verification the accuracy of the riskscore and predicted the survival probability of colon cancer patients combined with other clinical
characters. A Kaplan—-Meier curves between high-risk group and low-risk group by TCGA-COAD data. B The AUC score of the riskscore and other
clinical indicators at 1 year in the TCGA-COAD data. C The patients from TCGA are divided into high-risk group and low-risk group based on the
riskscore median values. D The distribution of survival time in the high-risk group and low-risk group in the TCGA data. E The expression heatmap
of CDKN2A, CMTMS, ILK in the high-risk group and low-risk group in the TCGA data. F Univariate cox regression analysis of age, gender, stage,
and riskscore in the TCGA data. Riskscore is significantly associated with the survival of colon cancer. G Multivariate cox regression analysis of age,
gender, stage, and riskscore in the TCGA data. Riskscore is an independent prognostic factor for the survival of colon cancer. H Nomogram for the
prediction of 1-, 3-, 5-year survival probability in patients with colon cancer
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and leads to a poor prognosis. Furthermore, CMTMS8
is negatively correlated with epithelial-related mark-
ers and positively correlated with mesenchyme-related
markers. This possibly suggests the promoting effect
of CMTMS8 on EMT progression to some extent. These
results are consistent with former researches. In another
hand, our immune infiltration related studies suggested
that CMTMS8 may affect the functions of immune killing
and antigen presentation, which finally leads to immuno-
suppression. The previous analysis about the relation of
CMTMB8 and immune infiltration is little, so it deserves
more studies in the future to verify our results. In sum-
mary, CMTMS is up-regulated in CC and result in a poor
prognosis. It may be caused by immunosuppression and
the progression of EMT. But a research demonstrated
that CMTMS is low expressed in tumors, for example,
lung, gastrointestinal tract, and so on [53]. Another study
showed that CMTMS is down-regulated in gastric can-
cer, which is associated with poor prognosis [57]. Nota-
bly, some contended that the CMTM family is complex
that could exert either a positive or negative effect on
tumor cells. CMTM research is still in its infancy and
needs further studies [54]. The exact effect of CMTMS in
colon cancer needs additional analysis and validation.
Integrin-linked kinase (ILK) plays a key role as a mul-
tifunctional effector of growth factor signaling and cell-
matrix interaction [58]. Some studies have found that
ILK is associated with the process of EMT and immune,
which could be seen as an EMT-immune-related gene
[59, 60]. A study found that ILK is up-regulated in colo-
rectal cancer and other tumors [60]. We found that
ILK is down-regulated in colon cancer and leads to a
poor prognosis. The previous studies were not consist-
ent with our findings. The expression of ILK have been
validated by multiple datasets in this study, for example,
GSE10950 from GEO database, TCGA and GTEx data-
sets from GEPIA database, Oncomine database. Then, we
also used a single-cell RNA sequencing dataset and the
results were conform to the expression trend of the bulk
data. Furthermore, we conducted immunohistochemis-
try experiments to do further validation in protein level.
All the results above could support the results of expres-
sion of ILK. So we contend that ILK may be a relatively
complex gene in cancer and need further studies in the
future. Huang et al. found that down-regulated PARVA
in prostate cancer might promote cancer progression
through releasing the inhibition of ILK activity and con-
sequently upregulating the MAPK/ERK pathway [61].
As a result, ILK could act as a tumor suppressor gene to
affect the prognosis of tumors, which is consistent with
our findings. Furthermore, we found that ILK may affect
the function of immune infiltration and antigen presen-
tation, and eventually promote immune killing. ILK may
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not only positively associated with M2 subtype mac-
rophages, but also M1 subtype macrophages. So it’s influ-
ence on immune microenvironment may not depend on
macrophages alone, but also CD8+T cells, neutrophils,
dendritic cells. On the other hand, ILK may suppress
EMT, because it was positively correlated with epithelial-
related markers and negatively correlated with mesen-
chyme-related markers. So, ILK is down-regulated in CC
and result in a poor prognosis. This phenomenon may
be caused by two potential mechanisms, one is immu-
nosuppression and the other is the progression of EMT.
However, we should know that the function of ILK in CC
is complex, so its exact effect needs further analysis and
validation.

To sum up, we found that CDKN2A and CMTMS
were up-regulated in colon cancer, while, ILK was
down-regulated. We verified the expression in different
omics. Moreover, 338 colon cancer patients from TCGA
were enrolled in the prognostic analysis. We found that
CDKN2A and CMTMS8 were tumor promoters, while
ILK was tumor inhibitors. Therefore, the results of this
study were credible to some extent. The difference from
the previous studies may be related to the complex func-
tions of the genes, distinct ways of getting specimens,
different experiment methods, and the bias of sam-
ples. Immune microenvironment is complex and could
be affected by many aspects. For example, immune cell
infiltration, immune checkpoint regulation, antigen pres-
entation process and so forth. The study about immune
microenvironment is complex and sometimes the results
may contradictory. These all worth further studies.

CDKN2A, CMTMS, ILK, and their co-expression
genes were enriched in the following pathways: ILK
pathway, TGF-B pathway, epithelial to mesenchymal
transition in colorectal cancer, integrin-mediated cell
adhesion, signaling by Notch, and so on. These results
not only proved their effect on the EMT process but also
further studied the possible pathways to affect the EMT
process. It is worth noting that a large number of stud-
ies have found that TGF-$ pathway activation can not
only induce EMT development but also induce immuno-
suppression [10, 62]. Combined with our results, it can
be inferred that the up-regulated CDKN2A, CMTMS,
and down-regulated ILK may aggravate the progres-
sion of EMT by the TGF-p pathway in colon cancer, as a
result, promoting the infiltration and metastasis. Besides,
CDKN2A, CMTMS and ILK may affect intercellular sig-
nal transduction through the TGF-p pathway. Then they
could result in abnormal immune infiltration, expression
of the immune checkpoints, and antigen presentation
function. Eventually, this phenomenon will lead to the
formation of the immunosuppressant microenvironment.
So, CDKN2A, CMTMS8 and ILK may affect the prognosis
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of colon cancer by influencing EMT and immune simul-
taneously. However, TGF-f may not be the only signal-
ing pathway in these processes. Previous studies have
shown that the Notch pathway is not only involved in
the induction of EMT [63, 64] but also regulates the
immune microenvironment and leads to the occurrence
of immune escape [65—-67]. In conclusion, the three genes
may affect the progression of immune infiltration and
EMT by the TGF-P and the Notch pathway.

miRNA and IncRNA could exert the important func-
tion of regulating gene expression, and their regulatory
networks are involved in many biological processes.
We think ceRNA is important for helping us to find the
targets and pathways for colon cancer. As a result, this
analysis lays a foundation for our subsequent research.
In general, the expression of CDKN2A, CMTMS8 and
ILK could be regulated by CNV, mutation and methyla-
tion. As a result, the EMT phenotypes and immune infil-
tration may be changed to some extent. However, there
was no survival difference in OS and DES based on CNV,
mutation and methylation. The specific effects and cor-
responding mechanisms need to be further studied by
expanding sample size and conducting basic experiments.

At last, we established an EMT-immune-related signa-
ture using CDKN2A, CMTMS, ILK. This signature was
an independent prognosis factor in colon cancer, which
could predict the prognosis better. A nomogram has been
built using the riskscore, gender, age and stage. It could
give us important guidance in predicting the survival rate
of colon cancer in the clinic.

There are some limitations in the current study, and it
is necessary to do further analysis to verify the results, for
example, stain the tumor slides with EMT markers and
immune markers. And we will use our own samples in
subsequent experiments to verify the prognostic value of
the three genes. Futhermore, the studies about immune
microenvironment and so on are complex and sometimes
the results may confusing. So, further experiments are
needed to study the function of genes and the specific
mechanisms affecting EMT and immune function.

Conclusions

In conclusion, CDKN2A, CMTMS8 and ILK could be
involved in promoting the process of EMT and form-
ing the immunosuppression microenvironment through
the TGF-B pathway, the Notch pathway, and so forth.
As a result, the three genes could significantly affect the
prognosis of colon cancer patients ultimately. CDKN2A,
CMTMS8 and ILK are valuable prognostic factors and
potential therapeutic targets, which need further study
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