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Background: Colon cancer (COAD) has been identified as being among the most
prevalent tumors globally and ranked the third major contributor to cancer-related
mortality. COAD is a molecularly heterogeneous disease. There are great differences in
clinical manifestations and prognosis among different molecular subtypes.

Methods:379 TCGA-COAD samples were divided into four subtypes: primary
proliferative, with collective, crypt-like, and EMT invasion. The differences among the
four subtypes were analyzed from the multidimensional perspectives of immunity, genomic
variation, and prognosis. The limma package was utilized to identify differentially expressed
genes (DEGs) amongst different molecular subtypes. Phenotype-related coexpressed
gene modules were identified using WGCNA. The polygenic prognosis model was created
utilizing the lasso Cox analysis and verified by time-dependent subject operating
characteristics (ROC).

Results: There are some differences in prognosis, TMB and common gene variation,
immune score, and immunotherapy/chemotherapy between proliferative and three
invasive molecular subtypes. 846 differential genes (DEGs) were obtained by limma
packet analysis. Differential gene analysis was utilized to screen the DEGs among
distinct subtypes, which were significantly enriched in the pathways related to
tumorigenesis and development. Co-expression network analysis found 46 co-
expressed genes correlated with proliferative and three invasive phenotypes. Based on
differentially co-expressed genes, we developed a prognostic risk model of 8-genes
signature, which exhibited strong stability regardless of external and internal validation. RT-
PCR experiments proved the expression of eight genes in tumor and normal samples.

Conclusion: We have developed an eight-gene signature prognostic stratification system.
Furthermore, we proposed that this classifier can serve as a molecular diagnostic tool to
assess the prognosis of colon cancer patients.
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INTRODUCTION

Colon cancer is extensively recognized to be among the most
prevalent tumors globally and has been ranked as the third major
contributor to cancer mortality (Labianca et al.,, 2010). COAD is
the main pathological type of colon cancer. A growing body of data
indicates that COAD is a molecularly diverse illness in which
unique molecular alterations influence the growth and survival of
tumor cells, as well as their differentiation, apoptosis, and distant
metastasis (Comprehensive molecular ¢, 2012). The conventional
TNM staging may not be able to evaluate its metastatic potential
because of the unique heterogeneity of COAD, and its staging may
not be completely positively correlated with survival (Chu et al,
2016). Although the survival rate of COAD patients has been
improved with the increase of treatment methods, the prognosis is
still very poor (Neri et al., 2010; Roncucci and Mariani, 2015).In
addition to targeted therapy, immunotherapy seems to be a
promising treatment for advanced CRC. Recent research has
demonstrated that immunotherapy could be beneficial for colon
cancer patients who have DMMR/MSI-H (Asaoka et al.,, 2015;
Overman et al., 2017), and the benefit is not obvious in MSS/MSI-L
patients. Unfortunately, the proportion of DMMR/MSI-H in
metastatic colon cancer is only about 5% (Jung et al, 2020),
and the effective rate in such patients is only 30-40% (Le et al,,
2017), which indicates that there are some limitations in the
application of MSI status as an immune checkpoint inhibitor.
On the other hand, it shows that due to the obvious heterogeneity
of advanced CRC, a single molecular expression state may not be
enough to reflect the information of the whole tumor. Therefore, it
is urgent to explore a reliable biomarker or prognostic system, and
further clarify the specific information of COAD typing, so as to
provide the basis for clinical individualized treatment.
According to the spontaneous model of canine colorectal cancer
and the characteristics of human CRC, Shayingzhao et al. divided
CRC into the proliferative type and metastatic type, in which the
metastatic type was specifically divided into collective type, crypt-
like type, and EMT. These four subtypes have their unique
biological behavior, pathway activation, and molecular
mutation. Proliferative type shows that abnormal Wnt/p-catenin
signaling pathway activation results in cell cycle and proliferation,
which is the most significant feature of proliferative tumors. In a
series of mechanisms, epithelial cells may be changed into cells with
a mesenchymal phenotype in a process known as epithelial-
mesenchymal transformation (EMT). This transformation
makes it easier for tumor cells to separate from the primary
tissue and metastasize (Thiery, 2002; Friedl and Gilmour, 2009).
Collective invasion is defined as the migration of a group of cells
while maintaining intercellular contact. These cells are usually
epithelial. CryptLike invasion refers to the CryptLike invasion of
cancer cells through CryptLike structures. At present, the research
is limited. Usually, these cancer cells are MYC positive, similar to
crypt stem cells or progenitor cells. The researchers believe that due
to the significant proliferation of fibroblasts, they can develop
crypts in non-mucosal sites, making the microenvironment more
like mucosa (Wang et al., 2018).In this study, only the pathway and
some specific molecular mutation characteristics of each subtype

were preliminarily analyzed, but there was no overall

Gene Signature for Colorectal Cancer

comprehensive analysis of the prognostic characteristics and
potential therapeutic targets of each subtype.

In this study, according to the molecular typing determined by
Zhao et al., we analyzed the differences between the proliferative and
three invasive molecular subtypes in prognosis, TMB and common
gene variation, immune score, and the efficacy of immunotherapy/
chemotherapy.The co-expressed genes related to proliferative
phenotype and three invasive phenotypes were identified by co-
expression network analysis. Based on the differentially co-expressed
genes, we built the prognostic risk model of 8-gene signature
(SPARCL1, HAND1, CRIP2, ZNF385A, CXCL1, CLECI0A,
PTGSI, and PTN). Regardless of external and internal validation,
the 8-gene signature has strong stability, indicating that our risk
prediction model can play a stable predictive effect. Based on this, we
provide a stable prognostic model for colorectal cancer and provide a
basis for individualized treatment of different subtypes of COAD.

MATERIALS AND METHODS

Data Sources

TCGA GDC API was employed to obtain the RNA SEQ data of
TCGA-COAD. After screening, we included a sum of 343 samples. In
addition, we downloaded the GSE17538 chip data set in conjunction
with survival duration from the Gene Expression Omnibus (GEO)
database and finally included 226 samples. The subtypes of TCGA-
COAD were screened from the Supplementary Materials studied by
Shaying Zhao et al. (Wang et al.,, 2018), after deleting redundant
samples through the sample information in the ‘case’ column, a total
of 366 samples were divided into four subtypes, of which 155 samples
were collective subtypes, 76 samples were crypt-like subtypes, 62
samples were EMT subtypes, and 73 samples were identified as
proliferative subtypes. As shown in Supplementary Table S1.

Data Preprocessing

TCGA Data Preprocessing

The RNA-seq data of TCGA were preprocessed in the steps below
to obtain 343 colon cancer samples:

1) Extraction of primary colon cancer samples.

2) Patients having a survival duration of more than 30 days and a
good survival status were included.

3) Patients with molecular typing results in the study of Shaying
Zhao et al.

4) The expression profiles of 25483 genes were obtained by
matching ENSG to GeneSymbol.

GEO Data Preprocessing
Preprocess geo dataset GSE17538 in several steps:

1) Download the standardized probe expression profile data of
GSE17538 chip data from the GEO database;

2) According to the annotation file of the platform
corresponding to each chip data, convert the expression
profile at the probe level into the expression profile at the
gene level. In this regard, when several probes correspond to
the very same gene, the gene expression should be calculated
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using the average of the multiple probes, and the probe should
be removed in the case where only one probe corresponds to
multiple genes;

3) The samples of primary colon cancer were extracted, and
the patients having a survival duration of more than
30 days and a good survival status were included in the
present study. Finally, GSE17538 included 229 samples.

Relationship Between Proliferative and
Invasive Molecular Subtypes and TMB and

Common Gene Variants

Further, we explored whether there were differences in genomic
data between molecular subtypes. We acquired the mutation data
set and copy number variation data processed by mutect2
software of TCGA-COAD. Then, the Fisher test was employed
to screen the genes that have a substantial mutation, significant
copy deletion, and significant copy amplification differences in
each subtype.

Differential Analysis of Proliferative and
Invasive Molecular Subtypes in the
Efficacy of Immunotherapy/
Chemotherapy

We examined the differences among distinct molecular
subtypes in immunotherapy and chemotherapy. TIDE(http://
tide.dfci.harvard.edu/) Software was utilized to evaluate the
potential clinical effects of immunotherapy in proliferative
and invasive molecular subtypes. The higher the tide
prediction score, the higher the possibility of immune escape,
suggesting that the patient is less likely to benefit from
immunotherapy.

Identify Phenotype Related Coexpressed

Gene Modules

We used the WGCNA module in R software(Langfelder and
Horvath, 2008) to detect phenotype-related co-expression
modules. Specifically, we selected TCGA expression profile
data set and screened genes having MAD more than 50 percent
as gene expression profiles. Firstly, we clustered the samples
together and screened them for co-expression modules. In the
study, we discovered that the co-expression network
corresponds to the scale-free network, indicating that the
log(k) of the node with linkage degree k is inversely
associated with the log(P (k), which is the probability of the
node, and the correlation coefficient is higher than 0.85. We
then transformed an adjacency matrix from an expression
matrix, and subsequently transformed the adjacency matrix
into a topology matrix. Subsequently, for the purpose of
clustering genes, we utilized the average linkage hierarchical
clustering technique as per the standards of a hybrid dynamic
cut tree with the aid of Tom. We also specified 30 as the limit
quantity of genes present in each gene network module. After
determining the gene modules utilizing the dynamic cutting
approach, we computed the eigengenes of each module one at a
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time and clustered the modules together utilizing the
eigengenes.

Constructing a Prognostic Risk Model on
the Basis of Subtype Differential Expression

and Co-expressed Genes
To begin with, the 343 samples in the TCGA data set are
classified into two groups: the training set as well as the
verification set. As a precaution against random allocation
variation having an adverse effect on the stability of
succeeding modeling, all samples are clustered at random
100 times before being used. In this case, the grouping of
samples is conducted in accordance with the ratio of 1:1 for
the training set to the verification set. Furthermore, utilizing the
training set data, the univariate Cox proportional hazards
regression model was performed on differentially co-
expressed genes utilizing the survival coxph function in the
R-package. The level of p < 0.05 was used as the cutoff value for
filtering in order to get the genes associated with prognosis.
To significantly reduce the gene range while retaining high
accuracy, we performed additional experiments. We
employed lasso regression to additionally narrow the
prognostic genes, resulting in a reduction in the proportion
of genes in the risk model. The Lasso technique is a kind of
estimation that uses compression. When it constructs a
penalty function, it results in certain coefficients being
compressed while others are being set to zero, producing a
more refined model. In this way, it keeps its advantages in
terms of subset shrinking. It is a skewed estimating method for
dealing with complicated collinearity data sets. When
assessing variables, it may be used to optimize the selection
of parameters, and it could be used to effectively handle the
issue of multi-collinearity in regression analysis. The lasso
Cox regression analysis was performed utilizing the R
software program glmnet (Friedman et al,, 2010). In this
regard, we investigated the transformation trajectory of
every independent variable separately. In addition, we
employed a 10-fold cross-validation procedure to construct
the model.

Univariate and Multivariate Cox Analysis

and Establishment of a Nomogram

In the TCGA dataset, univariate and multivariable Cox regression
analyses were utilized to identify the clinical independence
regarding the model. Nomogram is a method that can
intuitively and effectively present the data regarding the risk
model and may be conveniently applied in predicting the
outcomes. The nomogram makes use of the length of the
straight line to depict the effect of several factors on the result,
as well as the effect of various variable values on the outcomes. To
enhance the predictive performance, we integrated multi-factor
meaningful variables and established a new nomogram using the
Cox model. Additionally, the calibration curve was utilized to
determine its predictive performance. Finally, we performed
DCA (Decision curve analysis) to determine its credibility.
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Cell Culture
The Chinese Academy of Sciences (Shanghai, China) provided

the NCM460 cell line and the human colon cancer cell lines
including LoVo, HT29, and HCT116. All the obtained cell lines
were grown in RPMI 1640 accompanied by 10 percent fetal
bovine serum.

RNA Isolation and RT-PCR Analysis

The TRIzol reagent (Invitrogen, Carlsbad, CA, United States)
was utilized to extract RNA from the tissue samples.
Subsequently, QuantiTect Reverse Transcription Kit
(Qiagen, Valencia, CA, United States) was employed to
convert the isolated RNA into cDNA. SYBR Green (Takara,
Otsu, Shiga, Japan) was employed to quantify the results of
real-time PCR analyses, and the levels were subsequently
standardized to GAPDH levels. The primers used in the
upstream and downstream experiments have the following
sequences: SPARCLI1-forward: 5'-CAACTGCTGAAACGG
TAGCA-3%; SPARCLI1-reverse 5'-GAACTCTTGCCCTGTTCTGC-
3y HANDI-forward: 5'- AGCCACCAGCTACATCGCCTAC-3’;
HANDI1-reverse: 5- GCGATCCGCCTTCTTGAGTTC-3%
CLEC10A-Forward: 5'- TACACCTGGATGGGCCTCAG -3’
CLECI10A- reverse: 5'- TGTTCCATCCACCCACTTCC -3;

PTGS1- forward: 5- ATCGCCATGGAATTCAACCA-3;
PTGS1- reverse: 5'- GTGAGCCCACTTGGAAGGAA -3
PTN- forward: 5- CCATTTCCCTTCCGTTCC-3’; PTN -
reverse: 5'- AGGTTGCTACCGCTGAGTCC -3";CXCLI1-

forward: 5- CTCGAGGCCCCTGGGGCAGAAGCCTC-3;
CXCL1- reverse: 5'- GATATCGGGGCTCAGCAGGCGGGTCT
-3’; CRIP2- forward: 5'- ACTGATGCCTCCTCACCATC-3";
CRIP2- reverse: 5'- TGTTTGTGAGCCAACCAGAG-3;

RESULTS

Relationship Between Proliferative and
Invasive Molecular Subtypes and Prognosis

of Colon Cancer

We analyzed the relationship between proliferative and
invasive molecular subtypes and patient prognosis. First, we
examined the correlation between four molecular subtypes and
the OS prognosis. In Figure 1A, it can be observed that there
exist marginal considerable differences among the four
molecular subtypes (p = 0.075). Among the three invasive
molecular subtypes, EMT and CryptLike subtypes have the
worst prognosis, and Collective has the best prognosis;
additionally, we evaluated the correlation between the four
subtypes and PFS and found the same findings, that is, EMT
and CryptLike subtypes exhibited the most unfavorable
prognosis, and Collective exhibited favorable prognosis
(Figure 1B); Finally, we analyzed the relationship with DSS.
EMT and CryptLike exhibited the most unfavorable prognosis,
and Collective exhibited an improved prognosis (Figure 1C).
Our results show that there are invasion-related phenotypes in
colon cancer, in which EMT and CryptLike are more
aggressive.

Gene Signature for Colorectal Cancer

Relationship Between Proliferative and
Invasive Molecular Subtypes and TMB and

Common Gene Variants

We acquired the mutation data set as well as copy number
variation data processed by mutect2 software of TCGA-
COAD. Then, we used the Fisher test to screen the genes with
significant mutation, significant copy deletion, and significant
copy amplification differences in each subtype. The mutation
characteristics of top10 in each subtype are as shown in Figures
2A-D. It can be observed that the copy number amplification of
DCAF12, AK3, ARHGEF6, GLIS3, MAGEA3, RCL1, RLNI,
SLC9A6, and SPANXBI genes in EMT molecular subtypes are
substantially elevated in contrast with that in other subtypes.

Difference in Immune Score Between
Proliferative and Invasive Molecular

Subtypes

From the TCGA dataset, the proportion of 22 distinct immune cells
in each sample was evaluated by the CIBERSORT method, and the
distribution of these immune cell proportions in the four molecular
subtypes was as shown in Supplement Figure 1A. The box diagram
of immune cells is shown in Figure 3A, and the heat diagram of
immune cells is shown in Supplement Figure 1B. It indicated that
the Collective, CryptLike, and EMT in macrophases_ MI,
Macrophages_ M2 was significantly higher than the proliferative
molecular subtype. M1 macrophages play an anti-tumor role by
activating the immune system and releasing tumor necrosis factor,
nitric oxide, and reactive oxygen species, while macrophages M2 is
the main participant and coordinator in promoting tumor
progression in the tumor microenvironment(Atri et al, 2018).
Immune infiltration analysis showed that CryptLike and EMT
molecular subtypes had high immune microenvironment
infiltration, and proliferative had the lowest immune
microenvironment infiltration. Interestingly, CryptLike and EMT
have the highest immune infiltration scores, but the prognosis is the
worst, shown in Figures 3B-D.

Differential Analysis of Proliferative and
Invasive Molecular Subtypes in the Efficacy

of Immunotherapy/Chemotherapy

We use TIDE (http://tide.dfci.harvard.edu/) Software to evaluate
the potential clinical effects of immunotherapy in proliferative and
invasive molecular subtypes. The higher the TIDE prediction score,
the higher the possibility of immune escape, suggesting that
patients are less likely to benefit from immunotherapy. As
illustrated in Figure 4A, we discovered that there were
substantial ~differences in TIDE scores between distinct
molecular subtypes. The TIDE score of the proliferative subtype
is the lowest, which may benefit more from immunotherapy. At the
same time, we also compared the predicted T cell rejection score
and T cell dysfunction score in different molecular subtypes. As
depicted in Figures 4B,C. it is evident that CryptLike and EMT
have elevated T cell rejection scores and T cell dysfunction scores
than collective and proliferative. It may be that CryptLike and EMT
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relationship between four subtypes and DSS.
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FIGURE 2 | Mutation features of the topmost 10 significantly mutated genes from each subtype sample. (A-D) represent collective, cryptlike, EMT, and proliferative

have high immune infiltration scores, but there are T cell
dysfunction and T cell rejection, resulting in a poor prognosis of
CryptLike and EMT. The distribution difference of different
response states to immunotherapy predicted by tide software in
different immune molecular subtypes is illustrated in Figure 4D. We
discovered that the proportion of response to immunotherapy in
collective and proliferative subtypes is substantially elevated as
opposed to that in CryptLike and EMT subtypes. In addition, we
evaluated the response of distinct subtypes to conventional
chemotherapeutic drugs 5-FU and cisplatin. It was found that

Collective and Proliferative subtypes were more sensitive to
cisplatin than other subtypes (Figure 4E).

Analysis of Differentially Expressed Genes

Among Subtypes

The DEGs among Collective ~ Other, CryptLike ~ Other, EMT ~
Other. and Proliferative-Other were obtained utilizing the limma
package. Filtering was carried out according to the thresholds of |
log2fc | > 1 and FDR <0.05. Collective ~ Other up-regulated and
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down-regulated DEGs are illustrated as the volcano figure as shown
in Figure 5A, which include 11 down-regulated and 28 up-regulated
genes, indicating that Collective ~ Other is mainly up-regulated;
CryptLike ~ Other up-regulated and down regulated DEGs are
illustrated as the volcano figure as shown in Figure 5B, which
include one down-regulated gene and 394 up-regulated genes,
indicating that CryptLike ~ Other is mainly up-regulated; EMT ~
Other down-regulated and up-regulated DEGs are illustrated as the
volcano figure as shown in Figure 5C, which include 58 down-
regulated genes and 232 up- regulated genes. The results show that
EMT ~ Other is mainly up-regulated; The down- regulated and up-
regulated DEGs of Proliferative-Other are shown in Figure 5D,
including 730 down- regulated genes and one up- regulated gene.
The results show that Proliferative-Other is mainly down-regulated.
The heat map of DEGs among subtypes is shown in Figure 5E.
Furthermore, we performed functional enrichment analysis on 846

DEGs after eliminating redundancy of differential genes among the
four subtypes via the clusterProfiler function in R software, and
defined the cutoff value of FDR <0.05. The KEGG is enriched in 55
pathways, mainly Focal adhesion, Cytokine-cytokine receptor
interaction, PI3K-Akt signaling pathway, Cell adhesion molecules
(CAMs), NF-kappa B signaling pathway, Proteoglycans in cancer,
and other pathways associated with tumor occurrence and
progression as depicted in Figure 5F; There are 1165 GO-BP
enrichment results, of which the first six GO-BP are shown in
Figure 5G.

Identify Phenotype Related Coexpression

Gene Modules
We employed the WGCNA module in R software to identify
phenotype-related coexpression modules. Specifically, we
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selected TCGA expression profile data set and screened genes
that had MAD of over 50 percent as gene expression profiles.
Firstly, we clustered the samples and chose the soft threshold
of 3 (Figure 6A). To guarantee a scale-free network, we choose
B = 3(Figures 6B-C). Next, the adjacency matrix was
generated by transforming the expression matrix. The
adjacency matrix was subsequently turned into a topological
matrix. To determine the gene module, we first computed the
eigenvectors for all modules one by one. Then, we clustered the
modules and merged those that are near to one another into
newer modules. We next specified the minModuleSize = 30,
DeepSplit = 2, and height = 0.25 parameters for the gene
module. Finally, a sum of 17 modules was obtained
(Figure 6D). Notably, however, the grey module is
comprised of a gene set that cannot be combined with other
modules. Figure 6E depicts the number of transcripts
produced from each module, in which the grey module is a
gene module that cannot be allocated. We examined the
association between each module and the patients’ M stage,
gender, N stage, T stage, age, Stage, and proliferative and
invasive molecular subtypes, as illustrated in Figure 6F. It
is evident that greenyellow, purple, yellow and red modules
have a substantial positive association with CryptLike and
EMT, and an inverse association with collective and
proliferative. The results of correlation analysis between GS
and MM of genes in the module are shown in Figures 6G-]J the

results show that GS and MM of green, yellow, purple, yellow,
and red modules are highly positively correlated.

Developing a Prognostic Risk Model
According to Subtype Differential

Expression and Co-expression Genes
Construction of Training Set Sample Risk Model

The 343 samples from the TCGA data set have been classified into
two categories: the training set as well as the verification set. As a
precaution against random allocation bias having an adverse
effect on the stability of succeeding modeling, all samples were
clustered at random 100 times before being used. To group the
samples, a ratio of 1:1 was utilized for the training set to the
verification set. The final training set comprises 171 samples,
while the test set contains 172 samples.

Further, using the training set data, for the differentially co-
expressed genes (399 in total) and survival data, the survival
coxph function of the R-package was utilized to carry out a
univariate Cox proportional hazards regression model. The
filtration level was set at p < 0.05. Finally, there were 46 genes
related to prognosis.

At present, 46 differentially co-expressed genes related to
prognosis have been identified. Nevertheless, because of the
substantial proportion of these genes and the inconducive
impact on clinical detection, we must additionally reduce the
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gene range while retaining high accuracy in the process. We
further compressed these 46 genes utilizing lasso regression to
minimize the proportion of the risk model genes. For the lasso
Cox regression analysis, we utilized the glmnet package of R
software. As illustrated in Figure 7A, we examined the change
trajectory of each independent variable. It is evident that when

lambda is progressively increased, the proportion of independent
variable coefficients that are on the verge of zero grows
progressively as well. To construct the model and examine the
confidence interval within each lambda, we employed a 10-fold
cross-validation procedure, as depicted in Figure 7B. It can be
seen from the figure that when lambda = 0.03507542, the model
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reaches the optimum. In view of this, in the following stage, we
picked 14 genes when lambda = 0.03507542, which were then
utilized as targets for the subsequent step.

As part of its stepwise regression procedure, the AIC data
criterion is utilized, which takes into account both the statistical
fit as well as the total number of components employed for
fitting. AIC is reduced using a stepping technique in the Stats
package. We begin with the most complicated model and
remove one variable at a time to lower AIC. The model
performs better when the value is lower than a certain
threshold, demonstrating that the model may get a
satisfactory fit using fewer features. With the help of this
algorithm, we were able to reduce 14 genes to only eight
genes: SPARCL1, CXCL1, HANDI1, CRIP2, CLECI10A,
PTGSI, PTN, and ZNF385A.

Eventually, the signature equation consists of eight genes and
is illustrated below: risk score SPARCLI1*1.8291043-
CXCL1*0.4539938 + HAND1*0.4792704 + CRIP2*1.5098001-
CLEC10A*1.2404183-PTGS1*1.2728945-PTN*2.2581275 +
ZNF385A*0.6856336.

As illustrated in Figure 7C, we computed the risk score of each
sample based on the level of expression of the sample and plotted
the risk score distribution for the sample. From the figure, it is
evident that the mortality rate for samples having an elevated risk
score was substantially greater in contrast with the death rate for
samples having a reduced risk score, indicating that high-risk score
samples have a poorer prognosis. The expression of eight separate
signature genes differs in response to an increase in risk value. The
elevated expression of SPARCL1, HAND1, CRIP2 and ZNF385A
was identified as risk variables. The high expression of CXCL1,
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CLEC10A, PTGS1 and PTN were correlated with low risk,
indicating that these genes have a protective function. In
addition, we utilized the timeROC function of the R software to
examine the ROC of the prognostic categorization of risk score. We
examined the categorization effectiveness of prognostic predictions
in three different time periods: one-, two-, and three-year
(Figure 7D). It is evident that the model has a large area
underneath the AUC line; Eventually, we computed the zscore
on the risk scores and classified the samples with risk scores larger
than zero into two groups: high- and low-risk groups. After
plotting the KM curve as illustrated in Figure 7E, we identified
a substantial difference between the two groups (p < 0.0001), of
which 88 samples were categorized into the low-risk group while 83
samples were categorized into the high-risk group.

Multiple Data Sets Confirm the Stability of the
Eight-Gene Signature

The validation set from TCGA as well as all other data sets were
utilized to assess the robustness of the model, with a similar model
and equivalent coefficients as the training set being used to make
the determination. After determining the levels of expression of the
risk score of each sample, the ROC analysis of the risk score of each
sample was performed utilizing the timeROC function in the R
software. We examined the categorization effectiveness of
prognostic predictions in three different time periods: one-,

two-, and three-year. We subsequently computed the zscore and
the risk scores, classified the samples with risk scores larger than
zero into two groups: high-and low-risk. Then, we created the KM
curve. In the TCGA internal validation data, as depicted in Figures
8A-B, we found that the model exhibits an elevated AUC in the
independent internal validation data set, and a substantial
difference was observed between the low- and high-risk groups
according to the risk value (p = 0.016). Specifically, 94 samples were
categorized into the low-risk group while 78 samples were
categorized into the high-risk group. In the whole TCGA data
set, as depicted in Figures 8C,D, it was discovered that the AUC of
the model in 3 years reaches 0.76, and there is also a considerable
difference between the low- and high-risk groups according to the
risk value of the samples (p < 0.0001), of which 162 samples are
categorized into the high-risk groups while 181 samples fall under
the low-risk group.

In the external verification set GSE17538, we employed a similar
model and equivalent coefficients as those utilized in the training
set. In a similar manner, the risk score of each sample was
determined in accordance with the degree of expression of the
sample. In addition, we utilized the timeROC function in the R
software to investigate the ROC of the prognostic categorization of
the risk score. We examined the categorization effectiveness of
prognostic predictions in three different time periods: one-, two-,
and three-year (Figure 8E); In the end, we calculated the risk score,
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classified the samples into low- and high-risk groups, and plotted
the KM curve, as demonstrated in Figure 8F. The findings
illustrated a statistically substantial difference between the two
groups (p = 0.0082), of which 121 samples are categorized into the
high-risk group while 208 samples fall under the low-risk group.

Cox Analysis and Nomogram Construction of 8-Gene
Signature

The risk score was shown to be strongly linked to survival in the
TCGA data set, according to univariable Cox regression analysis
(Figure 9A). Corresponding multivariable Cox regression analysis
found that risk score was still substantially linked to survival
(Figure 9B HR = 1.86, 95% CI = 142—245, P < le-5). The
findings described above demonstrate that our eight-gene signature
model exhibits strong predictive performance in terms of clinical
applicability. Specifically, to examine the correlation between
biological activities and risk scores among various samples, we
utilized the gene expression profiles related to these samples,
performed single sample GSEA analysis utilizing the GSVA
package of the R software, measured the scores of each sample
on various functions, and acquired the ssGSEA scores of each

sample related to each function, and thereafter obtained the
connection between any of these functions and risk scores.
Figure 9C illustrates our selection of functions with correlations
larger than 0.3. It could be observed that eight pathways were
positively linked to the sample risk score, while three pathways
were inversely linked to the sample risk score. As demonstrated in
Figure 9D, we chose the 11 topmost correlated KEGG pathways
and performed cluster analysis on them based on their enrichment
ratings. We found that the tumor-related pathways such as
KEGG_VASCULAR_SMOOTH_MUSCLE_CONTRACTION,
KEGG_FOCAL_ADHESION, and KEGG_ECM_RECEPTOR_
INTERACTION increased as the risk score continued to increase.

The univariate and multivariate analyses illustrated that in
addition to the risk score, the clinical feature M stage was found
to independently function as a prognostic marker, implying that they
had complementary value. To additionally enhance the prediction
performance, we integrated the M stage and risk score, established a
new nomogram using the Cox model, and combined the two
independent prognostic predictors (Figure 9E), according to this
model, we found that risk score has the most contribution to OS, with
the M stage coming second. In addition, we utilized the calibration
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curve to determine the predictive accuracy regarding the model
(Figure 9F). The findings illustrated that the predictive calibration
curve of three estimation points in one-, three-, and five-year is
proximate to the standard curve, indicating that the model possesses
strong predictive accuracy. Furthermore, we utilized DCA (decision
curve) to assess the reliability (Figure 9G) of the model. It was
discovered that at a high-risk threshold of 0.1-0.3, the advantages of
nomogram and risk score substantially outweigh those of M stage and
extreme curve by a wide margin. When the high-risk threshold is
0.3-0.5, the benefits of risk score, nomogram, and M stage are similar.
When the high-risk threshold is greater than 0.5, the net benefits of
the nomogram are greater than 0, which has clinical significance. On
the whole, risk score and nomogram have good reliability when the
high-risk threshold is 0.1-0.5. When the high-risk threshold is greater
than 0.5, the nomogram has a high benefit rate.

Comparison Between Risk Model and Other
Models

Following a review of the literature, we eventually obtained five
prognosis-related risk models to be used for comparison with our

eight-gene model including 15-gene signature (Dai) (Dai et al,
2018), 9-gene signature(Mo) (Mo al, 2019), 12-gene
signature(Sun) (Sun et al, 2018), 13-gene signature(Tian) (Tian
etal,, 2017),15-gene signature(Xu) (Xu et al,, 2017). In the attempt of
making the model more similar to some degree, the risk score of each
COAD sample from TCGA was computed as per the matching
genes in the five models, utilizing the same approach, and the risk
score was zscore. After the zscore, the samples whose risk score was
found to exceed zero were categorized into low- and high-risk
groups. The difference in COAD prognosis between the two
groups was computed and compared. Figures 10A-]J depicts the
ROC and COAD-KM curves of the five models. It can be seen that
the AUC values of the five models in 1, 2, and 3 years are lower than
our model. The COAD prognosis of the low and high grouped
samples of the five models except for the 9-gene signature (Mo)
model was different (log-rank p < 0.05). Our model was discovered
to be more rational and accurate even when fewer genes are used.
Moreover, we also utilized the “rms” package in R to determine the
concordance index (C-index) of various models in order to compare
the predictive accuracy among models. According to Figure 10K,
the C-index of the eight-genes model is the greatest, showing that the
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overall performance of our model is better than the other five
models.

Verification of 8 Gene Expression

In order to study the expression patterns of genes in tumors and
normal cell lines, PCR was used to detect the mRNA expression of
genes, and the results showed that the expression of SPARCLI,
HANDI1, CLECI0A, PTGS1 genes in tumor group was
significantly lower than that in the normal group. However,
the expression of CXCLI in tumor group was significantly
higher than that in the control group. There is no difference
in the expression of ZNF385A and CRIP2 between the tumor and
the control group (Figures 11A-H).

DISCUSSION

The tumor microenvironment performs an integral function in
the progression of tumors and it is not only a barrier for tumor
cell metastasis (Wang and Hielscher, 2017; Lin et al., 2019), but
also a favorable “soil” for tumor cell reproduction, and endows
tumor cells with the ability to metastasize to a distance (Mao and
Schwarzbauer, 2005). In addition to tumor cells, the tumor
microenvironment is composed of stromal cells, inflammatory
cells, vascular system, and extracellular matrix (Frankel et al,
2017), in which tumor-related immune cells are an important
part. Previous studies have shown that stromal-rich tumors have
been proved to be unfavorable for prognosis, and the same
conclusion has been reached in colorectal cancer (West et al.,
2010; van Pelt et al., 2018; Geessink et al., 2019), which is
consistent with our results in this study. The EMT and
cryptlike subtypes with the worst prognosis have high immune
microenvironment infiltration. Of course, our results also provide
another possible reason. In these two subtypes, the T cell rejection
score and T cell dysfunction score are high. It is speculated that
the genetic abnormalities of tumor cells will reprogram the
surrounding infiltrating cells, resulting in the tumor
microenvironment conducive to tumor development. This
gene abnormality is usually manifested in the abnormal
amplification of some specific genes. These results show that
COAD leads to different prognostic outcomes due to its high
heterogeneity. At present, the clinical TNM stage may not fully
reflect its prognosis and the choice of treatment methods. The
2020 ESMO colon cancer clinical practice guide recommends the
application of immune scores to predict the prognosis of patients
with colon cancer and guide clinical medication (Argilés et al.,
2020). On the other hand, our results show that the proportion of
response to immunotherapy in Collective and Proliferative
subtypes is substantially elevated as opposed to that in
CryptLike and EMT subtypes, which cannot be perfectly
explained by the results of this study. However, we speculate
that this may be related to the imbalance of intestinal-specific
microbiota. Studies have shown that in crypt-like infiltration,
mucosal microbiota still exists even if the tumor has distant
metastasis. While in EMT invasion, the tumor seems to lose the
mucosal microbiota (Bullman et al., 2017). The state of intestinal
flora also performs an integral function in the efficacy of immune

Gene Signature for Colorectal Cancer

checkpoint inhibitors (Westdorp et al., 2021). Unfortunately, we
lack the analysis of intestinal flora in this study. We will improve
this part of data in further research to provide a basis for further
guiding clinical medication.

Proliferation and metastasis are the two characteristics of
tumors. There is a deviation in the gene expression of these two
characteristics of tumors. We extracted the DEGs of these two
groups of COAD to screen the genes that perform an instrumental
function in tumors. The results of pathway enrichment suggest that
the pathways involved by these genes are concentrated in Cell
adhesion molecules (CAMs) (Bronikowska et al., 2021), cytokine
receptor interaction (Wen et al., 2021), focal adhesion (Lu et al.,
2021), NF kappa B signaling pathway (Takakura et al., 2021),
proteoglycans in cancer (Jinmin Sun et al, 2021), PI3K Akt
signaling pathway (Xue et al, 2021), etc, which are strongly
associated with to the onset and progression of tumors. Further
cluster analysis showed that CryptLike, EMT, Collective and
Proliferative were distributed in different modules respectively.
These results showed that different clinical subtypes of colorectal
cancer not only showed differences in tumor behavior, but also the
fundamental reason was the abnormal activation of different genes
and pathways, which was not only an important reason for tumor
progression but also a key clinical target.

In order to further enhance clinical applicability, we
established prognostic gene signatures related to differential
genes. After lasso regression analysis, the combination with the
maximum occurrence frequency includes 8 genes: SPARCL1
(SPARC-like protein 1), CXCL1 (Growth-regulated alpha
protein), HAND1 (Heart- and neural crest derivatives-
expressed protein 1), CRIP2 (Cysteine-rich protein 2),
CLECI0A(C-type lectin domain family 10, member A),
PTGS1 (Prostaglandin G/H synthase 1), PTN (Pleiotrophin),
ZNF385A (Zinc finger protein 385A), The role of these genes in
tumors has been preliminarily studied. SPARCLLI is considered
a tumor suppressor, which inhibits tumor progression in a
variety of tumors. SPARCL1I may prevent the activity of
colorectal cancer through its DNA methylation (Hu et al,
2021). The expression of SPARCL1 in HeLa cells is low at
the protein level and transcription level. When SPARCLI is
overexpressed in HeLa cells the proliferation, migration, and
invasion of cells are strongly inhibited (Zhang et al.,, 2021).
CXCL1, as a chemokine, has been proved to promote tumor
progression in a variety of tumors. The CXCL1 overexpression
has a positive relationship with the migration and invasive
activity of osteosarcoma cell lines (Lee et al., 2021). In acute
leukemia, bladder cancer, and other tumors, its expression is
increased, and its prognosis is poor, (Xiaoqi Sun et al., 2021;
Yazdani et al., 2021). HANDI1 is a mesodermal marker (Yi et al.,
2020). At present, there are many studies on its role in EMT, but
there are contradictions about its role in tumors. HANDI is
expressed in invasive gastrointestinal stromal tumors (GIST)
(Hemming et al., 2021). However, in medulloblastoma, HAND1
expression may be the key to weaken EMT, which may be
different from previous research conclusions (Asuthkar et al.,
2016), but it may be related to different apparent modifications
of HANDI in tumors (Tan et al., 2014). CRIP2 is a transcription
factor, which is an unfavorable prognostic factor for breast
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cancer as well as colorectal cancer (Shi et al., 2016; Zhang et al.,
2020). CRIP2 is an autophagy inhibitory protein. CRIP2
mediated copper metabolism activates autophagy in cancer
cells (Chen et al., 2021). Moreover, CRIP2 was confirmed to
be up-modulated at the mRNA and protein levels of anti-
radiation cells, which is a potential diagnostic biomarker and
a key biomarker for predicting prognosis (Li et al., 2021).
CLEC10A, also known as MGL (macrophage galactose type
C lectin), has recently been reported to perform a crucial part in
enhancing immune cell activities. CLEC10A can recognize
tumor-associated antigens and pass them to CD4 T cells
(van Vliet et al., 2007). Moreover, CLEC10A has been shown
to greatly enhance the stimulation of antigen-specific CD8
T cells (Napoletano et al., 2012). The role of CLEC10A in
enhancing the anticancer effects of immune cells has
undoubtedly drawn the interest of researchers, and it has
been identified as a potential target for cancer
immunotherapy treatment (Eggink et al., 2018). Constitutive
cyclooxygenase (COX) - 1 (gene PTGS1) is significantly related
to the concentration of PGE2 in the colon and is highly
expressed in colon cancer. Therefore, PTGS1 may be
regarded as another potential target for colon cancer
prevention in high-risk groups (Sidahmed et al., 2016;
Ayiomamitis et al., 2019). In colorectal cancer, PTN may
play a role as the downstream of PRPH and promote tumor
progression (Huang et al., 2021). Tumor-related macrophages
increase the proportion of tumor stem cells in lymphoma via the
secretion of PTN (Wei et al,, 2019). Upregulation of PTN by
activating the NF- k B pathway promotes tumor cell
proliferation, inhibits apoptosis and chemosensitivity (Huang

et al, 2018). According to the results of a meta-analysis,
increased expression of PTN was substantially associated
with advanced TNM stage and dismal OS in cancer patients
(Zhou et al., 2018). ZNF385A, as RNA binding proteins (RBPs),
is a constituent factor of the COAD prognosis model, but its
specific mechanism is not clear (Chang et al,, 2021). These
results show that although these genes play different roles in
tumors, according to the current research results, more genes
may participate in apparent modification, which may also be
why there exist obvious differences in the expression of these
genes in distinct phenotypes of COAD, which performs an
instrumental function in the prognosis of COAD, but this needs
our further verification.

In conclusion, in this study, we further analyzed the
differences between molecular subtypes of prognosis of
patients with COAD, TMB and common gene variants,
immune score, and efficacy of immunotherapy/
chemotherapy based on the research of Shayingzhao et al.
Moreover, the risk score prognostic model of 8 genes is
constructed according to the differential genes. The risk
score constructed according to these 8 genes can divide the
patients into low- and high-risk groups. The death proportion
of the samples with a high-risk score is substantially elevated
as opposed to that with the low-risk score, implying that the
high risk score samples exhibit unfavorable prognoses.
Further application of the training set as well as
verification set have higher AUC shows that risk score
constructed by our 8 genes has a stable role in predicting
prognosis and provides a basis for clinical precision
treatment.

Frontiers in Cell and Developmental Biology | www.frontiersin.org

15

February 2022 | Volume 10 | Article 828415


https://www.frontiersin.org/journals/cell-and-developmental-biology
www.frontiersin.org
https://www.frontiersin.org/journals/cell-and-developmental-biology#articles

Gu et al.

DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and
accession number(s) can be found in the article/
Supplementary Material.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct and intellectual
contribution to the work, and approved it for publication. LG:
Conceptualization, Methodology, Software, Writing-Reviewing
and Editing. CJ: Conceptualization, Methodology, Software,
Writing-Reviewing and Editing. CX: Methodology, Software.
Dongyang Wang: Methodology, Software. Yuguang Shen:

REFERENCES

Argilés, G., Tabernero, J., Labianca, R., Hochhauser, D., Salazar, R., Iveson, T, et al.
(2020). Localised colon Cancer: ESMO Clinical Practice Guidelines for
Diagnosis, Treatment and Follow-Up. Ann. Oncol. 31 (10), 1291-1305.
doi:10.1016/j.annonc.2020.06.022

Asaoka, Y., Jjichi, H., and Koike, K. (2015). PD-1 Blockade in Tumors with
Mismatch-Repair Deficiency. N. Engl. J. Med. 373 (20), 1979. doi:10.1056/
NEJMc1510353

Asuthkar, S., Guda, M. R., Martin, S. E., Antony, R., Fernandez, K., Lin, J., et al.
(2016). Hand1 Overexpression Inhibits Medulloblastoma Metastasis. Biochem.
biophysical Res. Commun. 477 (2), 215-221. doi:10.1016/j.bbrc.2016.06.045

Atri, C., Guerfali, F.,, and Laouini, D. (2018). Role of Human Macrophage
Polarization in Inflammation during Infectious Diseases. Int. J. Mol. Sci. 19
(6), 1801. doi:10.3390/ijms19061801

Ayiomamitis, G. D., Notas, G., Vasilakaki, T. Tsavari, A., Vederaki, S.,
Theodosopoulos, T., et al. (2019). Understanding the Interplay between
COX-2 and hTERT in Colorectal Cancer Using a Multi-Omics Analysis.
Cancers (Basel) 11 (10), 1536. doi:10.3390/cancers11101536

Bronikowska, J., Kldsek, M., Janeczko, T., Kostrzewa-Sustow, E., and Czuba, Z. P.
(2021). The Modulating Effect of Methoxy-Derivatives of 2’-hydroxychalcones
on the Release of IL-8, MIF, VCAM-1 and ICAM-1 by colon Cancer Cells.
Biomed. Pharmacother. = Biomedecine pharmacotherapie 145, 112428. doi:10.
1016/j.biopha.2021.112428

Bullman, S., Pedamallu, C. S., Sicinska, E., Clancy, T. E., Zhang, X., Cai, D., et al.
(2017). Analysis of Fusobacterium Persistence and Antibiotic Response in
Colorectal Cancer. Science 358 (6369), 1443-1448. doi:10.1126/science.aal5240

Chang, K., Yuan, C,, and Liu, X. (2021). A New RBPs-Related Signature Predicts
the Prognosis of Colon Adenocarcinoma Patients. Front. Oncol. 11, 627504.
doi:10.3389/fonc.2021.627504

Chen, L,, Li, N,, Zhang, M., Sun, M., Bian, J., Yang, B., et al. (2021). APEX2-based
Proximity Labeling of Atox1 Identifies CRIP2 as a Nuclear Copper-binding
Protein that Regulates Autophagy Activation. Angew. Chem. Int. Ed. 60 (48),
25346-25355. doi:10.1002/anie.202108961

Chu, Q. D, Zhou, M., Medeiros, K., and Peddi, P. (2016). Positive Surgical Margins
Contribute to the Survival Paradox between Patients with Stage IIB/C (T4NO0)
and Stage IITA (T1-2N1, T1N2a) colon Cancer. Surgery 160 (5), 1333-1343.
doi:10.1016/j.surg.2016.05.028

Comprehensive Molecular Characterization of Human colon and Rectal Cancer.
Nature 2012, 487(7407):330-337.d0i:10.1038/nature11252

Dai, W, Li, Y., Mo, S., Feng, Y., Zhang, L., Xu, Y., et al. (2018). A Robust Gene
Signature for the Prediction of Early Relapse in Stage I-III colon Cancer. Mol.
Oncol. 12 (4), 463-475. d0i:10.1002/1878-0261.12175

Eggink, L. L., Roby, K. F., Cote, R., and Kenneth Hoober, J. (2018). An Innovative
Immunotherapeutic Strategy for Ovarian Cancer: CLEC10A and Glycomimetic
Peptides. J. Immunotherapy Cancer 6 (1), 28. doi:10.1186/s40425-018-0339-5

Gene Signature for Colorectal Cancer

Writing-Reviewing and Editing. YL: Data curation, Writing-
Original draft preparation. HZ: Supervision.

ACKNOWLEDGMENTS

The authors thank all contributors of the present study.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fcell.2022.828415/
full#supplementary-material

Supplementary Table S1 | A total of 366 samples were divided into four subtypes
based on TCGA-COAD.

Frankel, T., Lanfranca, M. P., and Zou, W. (2017). The Role of Tumor
Microenvironment in Cancer Immunotherapy. Adv. Exp. Med. Biol. 1036,
51-64. doi:10.1007/978-3-319-67577-0_4

Friedl, P., and Gilmour, D. (2009). Collective Cell Migration in Morphogenesis,
Regeneration and Cancer. Nat. Rev. Mol. Cel Biol 10 (7), 445-457. doi:10.1038/
nrm2720

Friedman, J., Hastie, T., and Tibshirani, R. (2010). Regularization Paths for
Generalized Linear Models via Coordinate Descent. J. Stat. Softw. 33 (1),
1-22. doi:10.18637/jss.v033.i01

Geessink, O. G. F., Baidoshvili, A., Klaase, J. M., Ehteshami Bejnordi, B., Litjens, G.
J. S, van Pelt, G. W., et al. (2019). Computer Aided Quantification of
Intratumoral Stroma Yields an Independent Prognosticator in Rectal
Cancer. Cell Oncol. 42 (3), 331-341. doi:10.1007/s13402-019-00429-z

Hemming, M. L., Coy, S., Lin, J.-R., Andersen, J. L., Przybyl, J., Mazzola, E., et al.
(2021). HANDI1 and BARX1 Act as Transcriptional and Anatomic
Determinants of Malignancy in Gastrointestinal Stromal Tumor. Clin.
Cancer Res. 27 (6), 1706-1719. doi:10.1158/1078-0432.ccr-20-3538

Hu, H., Wu, D, Liu, X,, Yu, H.,, Xu, J., Cai, W,, et al. (2021). SPARCLI1 Exhibits
Different Expressions in Left- and Right-Sided colon Cancer and Is
Downregulated via DNA Methylation. Epigenomics 13 (16), 1269-1282.
doi:10.2217/epi-2021-0231

Huang, H., Xu, S., Chen, A, Li, F., Wu, ], Tu, X,, et al. (2021). Identification of a 5-
Gene-Based Scoring System by WGCNA and LASSO to Predict Prognosis for
Rectal Cancer Patients. Anal. Cell. Pathol. (Amsterdam) 2021, 6697407. doi:10.
1155/2021/6697407

Huang, P., Ouyang, D.-j,, Chang, S., Li, M.-y,, Li, L., Li, Q.-y., et al. (2018).
Chemotherapy-driven Increases in the CDKN1A/PTN/PTPRZ1 axis Promote
Chemoresistance by Activating the NF-Kb Pathway in Breast Cancer Cells. Cell
Commun Signal 16 (1), 92. doi:10.1186/512964-018-0304-4

Jung, G., Benitez-Ribas, D., Sanchez, A. and Balaguer, F. (2020). Current
Treatments of Metastatic Colorectal Cancer with Immune Checkpoint
Inhibitors-2020 Update. J. Clin. Med. 9 (11), 3520. doi:10.3390/jcm9113520

Labianca, R., Beretta, G. D., Kildani, B., Milesi, L., Merlin, F., Mosconi, S., et al.
(2010). Colon Cancer. Crit. Rev. oncology/hematology 74 (2), 106-133. doi:10.
1016/j.critrevonc.2010.01.010

Langfelder, P., and Horvath, S. (2008). WGCNA: an R Package for Weighted
Correlation Network Analysis. BMC Bioinformatics 9, 559. doi:10.1186/1471-
2105-9-559

Le, D. T., Durham, J. N., Smith, K. N., Wang, H., Bartlett, B. R., Aulakh, L. K,
et al. (2017). Mismatch Repair Deficiency Predicts Response of Solid
Tumors to PD-1 Blockade. Science 357 (6349), 409-413. doi:10.1126/
science.aan6733

Lee, C.-W., Chiang, Y.-C., Yu, P.-A,, Peng, K.-T., Chi, M.-C,, Lee, M.-H,, et al.
(2021). A Role of CXCL1 Drives Osteosarcoma Lung Metastasis via VCAM-1
Production. Front. Oncol. 11, 735277. doi:10.3389/fonc.2021.735277

Li, F., Bing, Z., Chen, W., Ye, F., Liu, Y., Ding, L., et al. (2021). Prognosis Biomarker
and Potential Therapeutic Target CRIP2 Associated with Radiosensitivity in

Frontiers in Cell and Developmental Biology | www.frontiersin.org

February 2022 | Volume 10 | Article 828415


https://www.frontiersin.org/articles/10.3389/fcell.2022.828415/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcell.2022.828415/full#supplementary-material
https://doi.org/10.1016/j.annonc.2020.06.022
https://doi.org/10.1056/NEJMc1510353
https://doi.org/10.1056/NEJMc1510353
https://doi.org/10.1016/j.bbrc.2016.06.045
https://doi.org/10.3390/ijms19061801
https://doi.org/10.3390/cancers11101536
https://doi.org/10.1016/j.biopha.2021.112428
https://doi.org/10.1016/j.biopha.2021.112428
https://doi.org/10.1126/science.aal5240
https://doi.org/10.3389/fonc.2021.627504
https://doi.org/10.1002/anie.202108961
https://doi.org/10.1016/j.surg.2016.05.028
https://doi.org/10.1038/nature11252
https://doi.org/10.1002/1878-0261.12175
https://doi.org/10.1186/s40425-018-0339-5
https://doi.org/10.1007/978-3-319-67577-0_4
https://doi.org/10.1038/nrm2720
https://doi.org/10.1038/nrm2720
https://doi.org/10.18637/jss.v033.i01
https://doi.org/10.1007/s13402-019-00429-z
https://doi.org/10.1158/1078-0432.ccr-20-3538
https://doi.org/10.2217/epi-2021-0231
https://doi.org/10.1155/2021/6697407
https://doi.org/10.1155/2021/6697407
https://doi.org/10.1186/s12964-018-0304-4
https://doi.org/10.3390/jcm9113520
https://doi.org/10.1016/j.critrevonc.2010.01.010
https://doi.org/10.1016/j.critrevonc.2010.01.010
https://doi.org/10.1186/1471-2105-9-559
https://doi.org/10.1186/1471-2105-9-559
https://doi.org/10.1126/science.aan6733
https://doi.org/10.1126/science.aan6733
https://doi.org/10.3389/fonc.2021.735277
https://www.frontiersin.org/journals/cell-and-developmental-biology
www.frontiersin.org
https://www.frontiersin.org/journals/cell-and-developmental-biology#articles

Gu et al.

NSCLC Cells. Biochem. biophysical Res. Commun. 584, 73-79. doi:10.1016/j.
bbrc.2021.11.002

Lin, T. C, Yang, C. H,, Cheng, L. H,, Chang, W. T,, Lin, Y. R,, and Cheng, H. C.
(2019). Fibronectin in Cancer: Friend or Foe. Cells 9 (1), 27. doi:10.3390/
cells9010027

Lu, X,, Zhou, B., Cao, M., Shao, Q., Pan, Y., and Zhao, T. (2021). CTEN Inhibits
Tumor Angiogenesis and Growth by Targeting VEGFA through Down-
Regulation of B-Catenin in Breast Cancer. Techn. Cancer Res. Treat. 20,
15330338211045506. doi:10.1177/15330338211045506

Mao, Y., and Schwarzbauer, J. E. (2005). Fibronectin Fibrillogenesis, a Cell-
Mediated Matrix Assembly Process. Matrix Biol. 24 (6), 389-399. doi:10.
1016/j.matbio.2005.06.008

Mo, S., Dai, W., Xiang, W, Li, Y., Feng, Y., Zhang, L., et al. (2019). Prognostic and
Predictive Value of an Autophagy-Related Signature for Early Relapse in Stages
I-II colon Cancer. Carcinogenesis 40 (7), 861-870. doi:10.1093/carcin/bgz031

Napoletano, C., Zizzari, I. G., Rughetti, A., Rahimi, H., Irimura, T., Clausen, H.,
et al. (2012). Targeting of Macrophage Galactose-type C-type Lectin (MGL)
Induces DC Signaling and Activation. Eur. J. Immunol. 42 (4), 936-945. doi:10.
1002/€ji.201142086

Neri, E., Faggioni, L., Cini, L, and Bartolozzi, C. (2010). Colonic Polyps:
Inheritance, Susceptibility, Risk Evaluation, and Diagnostic Management.
Cancer Manag. Res. 3, 17-24. doi:10.2147/cmar.s15705

Overman, M. J., McDermott, R., Leach, J. L., Lonardi, S., Lenz, H.-J., Morse, M. A.,
et al. (2017). Nivolumab in Patients with Metastatic DNA Mismatch Repair-
Deficient or Microsatellite Instability-High Colorectal Cancer (CheckMate
142): an Open-Label, Multicentre, Phase 2 Study. Lancet Oncol. 18 (9),
1182-1191. doi:10.1016/s1470-2045(17)30422-9

Roncucci, L., and Mariani, F. (2015). Prevention of Colorectal Cancer: How many
Tools Do We Have in Our Basket. Eur. J. Intern. Med. 26 (10), 752-756. doi:10.
1016/}.¢jim.2015.08.019

Shi, W., Bruce, J., Lee, M., Yue, S., Rowe, M., Pintilie, M., et al. (2016). MiR-449a
Promotes Breast Cancer Progression by Targeting CRIP2. Oncotarget 7 (14),
18906-18918. doi:10.18632/oncotarget.7753

Sidahmed, E., Sen, A, Ren, J., Patel, A., Turgeon, D. K., Ruffin, M. T., et al. (2016).
Colonic Saturated Fatty Acid Concentrations and Expression of COX-1, but
Not Diet, Predict Prostaglandin E2in Normal Human Colon Tissue. Nutr.
Cancer 68 (7), 1192-1201. doi:10.1080/01635581.2016.1213866

Sun, D., Chen, J,, Liu, L., Zhao, G., Dong, P., Wu, B., et al. (2018). Establishment of a
12-gene Expression Signature to Predict colon Cancer Prognosis. Peer] 6, €4942.
doi:10.7717/peerj.4942

Sun, J., Xu, Y., Liu, J., Cui, H., Cao, H., and Ren, J. (2021). PDRG1 Promotes the
Proliferation and Migration of GBM Cells by MEK/ERK/CD44 Pathway.
Cancer Sci. 113 (2), 500-516. doi:10.1111/cas.15214

Sun, X., Chen, Q., Zhang, L., Chen, J., and Zhang, X. (2021). Exploration of
Prognostic Biomarkers and Therapeutic Targets in the Microenvironment of
Bladder Cancer Based on CXC Chemokines. Math. Biosci. Eng. 18 (5),
6262-6287. doi:10.3934/mbe.2021313

Takakura, Y., Hori, N., Terada, N., Machida, M., Yamaguchi, N., Takano, H., et al.
(2021). VGLL3 Activates Inflammatory Responses by Inducing Interleukin-1a
Secretion. FASEB J. 35 (11), €21996. doi:10.1096/£}.202100679rr

Tan, J.,, Yang, X, Jiang, X., Zhou, ], Li, Z,, Lee, P. L, et al. (2014). Integrative
Epigenome Analysis Identifies a Polycomb-Targeted Differentiation Program
as a Tumor-Suppressor Event Epigenetically Inactivated in Colorectal Cancer.
Cell Death Dis 5 (7), e1324. doi:10.1038/cddis.2014.283

Thiery, J. P. (2002). Epithelial-mesenchymal Transitions in Tumour Progression.
Nat. Rev. Cancer 2 (6), 442-454. doi:10.1038/nrc822

Tian, X., Zhu, X, Yan, T., Yu, C,, Shen, C,, Hu, Y., et al. (2017). Recurrence-associated
Gene Signature Optimizes Recurrence-free Survival Prediction of Colorectal
Cancer. Mol. Oncol. 11 (11), 1544-1560. doi:10.1002/1878-0261.12117

van Pelt, G. W., Kjeer-Frifeldt, S., van Krieken, J. H. J. M., Al Dieri, R., Morreau, H.,
Tollenaar, R. A. E. M,, et al. (2018). Scoring the Tumor-Stroma Ratio in colon
Cancer: Procedure and Recommendations. Virchows Arch. 473 (4), 405-412.
doi:10.1007/s00428-018-2408-z

van Vliet, S. J., Aarnoudse, C. A., Broks-van den Berg, V. C. M., Boks, M,,
Geijtenbeek, T. B. H., and van Kooyk, Y. (2007). MGL-mediated

Gene Signature for Colorectal Cancer

Internalization and Antigen Presentation by Dendritic Cells: a Role for
Tyrosine-5. Eur. J. Immunol. 37 (8), 2075-2081. doi:10.1002/€ji.200636838
Wang, J., Wang, T, Sun, Y., Feng, Y., Kisseberth, W. C., Henry, C. ], et al. (2018).
Proliferative and Invasive Colorectal Tumors in Pet Dogs Provide Unique
Insights into Human Colorectal Cancer. Cancers (Basel) 10 (9), 330. doi:10.

3390/cancers10090330

Wang, J. P, and Hielscher, A. (2017). Fibronectin: How its Aberrant Expression in
Tumors May Improve Therapeutic Targeting. J. Cancer 8 (4), 674-682. doi:10.
7150/jca.16901

Wei, X, Yang, S., Pu, X,, He, S., Yang, Z., Sheng, X, et al. (2019). Tumor-associated
Macrophages Increase the Proportion of Cancer Stem Cells in Lymphoma by
Secreting Pleiotrophin. Am. J. Transl Res. 11 (10), 6393-6402.

Wen, J., Mao, X., Cheng, Q., Liu, Z., and Liu, F. (2021). A Pan-Cancer Analysis
Revealing the Role of TIGIT in Tumor Microenvironment. Sci. Rep. 11 (1),
22502. doi:10.1038/s41598-021-01933-9

West, N. P., Dattani, M., McShane, P., Hutchins, G., Grabsch, J., Mueller, W, et al.
(2010). The Proportion of Tumour Cells Is an Independent Predictor for
Survival in Colorectal Cancer Patients. Br. J. Cancer 102 (10), 1519-1523.
doi:10.1038/sj.bjc.6605674

Westdorp, H., Sweep, M. W. D., Gorris, M. A. ]., Hoentjen, F., Boers-Sonderen,
M. J., Post, R. S. v. d., et al. (2021). Mechanisms of Immune Checkpoint
Inhibitor-Mediated Colitis. Front. Immunol. 12, 768957. d0i:10.3389/fimmu.
2021.768957

Xu, G., Zhang, M., Zhu, H., and Xu, J. (2017). A 15-gene Signature for Prediction of
colon Cancer Recurrence and Prognosis Based on SVM. Gene 604, 33-40.
doi:10.1016/j.gene.2016.12.016

Xue, C., Li, G, Lu, J., and Li, L. (2021). Crosstalk between circRNAs and the PI3K/
AKT Signaling Pathway in Cancer Progression. Sig Transduct Target. Ther. 6
(1), 400. doi:10.1038/541392-021-00788-w

Yazdani, B., Hassanshahi, G., Mousavi, Z., Ahmadi, Z., Khorramdelazad, H.,
Moradabadi, A., et al. (2021). CXCL1, CXCL10 and CXCL12 Chemokines
Are Variously Expressed in Acute Myeloid Leukemia Patients Prior and Post
Bone Marrow Transplantation. Asian Pac. ]. Cancer Prev. 22 (10), 3377-3384.
doi:10.31557/apjcp.2021.22.10.3377

Yi, J.-K.,, Park, S., Ha, J.-J.,, Kim, D.-H., Huang, H., Park, S.-]., et al. (2020). Effects of
Dimethyl Sulfoxide on the Pluripotency and Differentiation Capacity of Mouse
Embryonic Stem Cells. Cell reprogramming 22 (5), 244-253. doi:10.1089/cell.
2020.0006

Zhang, S., Zhang, F., and Feng, L. (2021). The Inhibition of HeLa Cells Proliferation
through SPARCL1 Mediated by SPP1. Cytotechnology 73 (1), 71-78. doi:10.
1007/s10616-020-00443-2

Zhang, X., Zhao, H., Shi, X,, Jia, X,, and Yang, Y. (2020). Identification and
Validation of an Immune-Related Gene Signature Predictive of Overall Survival
in colon Cancer. Aging 12 (24), 26095-26120. doi:10.18632/aging.202317

Zhou, J., Yang, Y., Zhang, Y., Liu, H.,, and Dou, Q. (2018). A Meta-Analysis on the
Role of Pleiotrophin (PTN) as a Prognostic Factor in Cancer. PloS one 13 (11),
€0207473. doi:10.1371/journal.pone.0207473

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Gu, Jiang, Xu, Liu and Zhou. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Cell and Developmental Biology | www.frontiersin.org

17

February 2022 | Volume 10 | Article 828415


https://doi.org/10.1016/j.bbrc.2021.11.002
https://doi.org/10.1016/j.bbrc.2021.11.002
https://doi.org/10.3390/cells9010027
https://doi.org/10.3390/cells9010027
https://doi.org/10.1177/15330338211045506
https://doi.org/10.1016/j.matbio.2005.06.008
https://doi.org/10.1016/j.matbio.2005.06.008
https://doi.org/10.1093/carcin/bgz031
https://doi.org/10.1002/eji.201142086
https://doi.org/10.1002/eji.201142086
https://doi.org/10.2147/cmar.s15705
https://doi.org/10.1016/s1470-2045(17)30422-9
https://doi.org/10.1016/j.ejim.2015.08.019
https://doi.org/10.1016/j.ejim.2015.08.019
https://doi.org/10.18632/oncotarget.7753
https://doi.org/10.1080/01635581.2016.1213866
https://doi.org/10.7717/peerj.4942
https://doi.org/10.1111/cas.15214
https://doi.org/10.3934/mbe.2021313
https://doi.org/10.1096/fj.202100679rr
https://doi.org/10.1038/cddis.2014.283
https://doi.org/10.1038/nrc822
https://doi.org/10.1002/1878-0261.12117
https://doi.org/10.1007/s00428-018-2408-z
https://doi.org/10.1002/eji.200636838
https://doi.org/10.3390/cancers10090330
https://doi.org/10.3390/cancers10090330
https://doi.org/10.7150/jca.16901
https://doi.org/10.7150/jca.16901
https://doi.org/10.1038/s41598-021-01933-9
https://doi.org/10.1038/sj.bjc.6605674
https://doi.org/10.3389/fimmu.2021.768957
https://doi.org/10.3389/fimmu.2021.768957
https://doi.org/10.1016/j.gene.2016.12.016
https://doi.org/10.1038/s41392-021-00788-w
https://doi.org/10.31557/apjcp.2021.22.10.3377
https://doi.org/10.1089/cell.2020.0006
https://doi.org/10.1089/cell.2020.0006
https://doi.org/10.1007/s10616-020-00443-2
https://doi.org/10.1007/s10616-020-00443-2
https://doi.org/10.18632/aging.202317
https://doi.org/10.1371/journal.pone.0207473
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cell-and-developmental-biology
www.frontiersin.org
https://www.frontiersin.org/journals/cell-and-developmental-biology#articles

	Based on Molecular Subtypes, Immune Characteristics and Genomic Variation to Constructing and Verifying Multi-Gene Prognost ...
	Introduction
	Materials and Methods
	Data Sources
	Data Preprocessing
	TCGA Data Preprocessing
	GEO Data Preprocessing

	Relationship Between Proliferative and Invasive Molecular Subtypes and TMB and Common Gene Variants
	Differential Analysis of Proliferative and Invasive Molecular Subtypes in the Efficacy of Immunotherapy/Chemotherapy
	Identify Phenotype Related Coexpressed Gene Modules
	Constructing a Prognostic Risk Model on the Basis of Subtype Differential Expression and Co-expressed Genes
	Univariate and Multivariate Cox Analysis and Establishment of a Nomogram
	Cell Culture
	RNA Isolation and RT-PCR Analysis

	Results
	Relationship Between Proliferative and Invasive Molecular Subtypes and Prognosis of Colon Cancer
	Relationship Between Proliferative and Invasive Molecular Subtypes and TMB and Common Gene Variants
	Difference in Immune Score Between Proliferative and Invasive Molecular Subtypes
	Differential Analysis of Proliferative and Invasive Molecular Subtypes in the Efficacy of Immunotherapy/Chemotherapy
	Analysis of Differentially Expressed Genes Among Subtypes
	Identify Phenotype Related Coexpression Gene Modules
	Developing a Prognostic Risk Model According to Subtype Differential Expression and Co-expression Genes
	Construction of Training Set Sample Risk Model
	Multiple Data Sets Confirm the Stability of the Eight-Gene Signature
	Cox Analysis and Nomogram Construction of 8-Gene Signature

	Comparison Between Risk Model and Other Models
	Verification of 8 Gene Expression

	Discussion
	Data Availability Statement
	Author Contributions
	Acknowledgments
	Supplementary Material
	References


