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microenvironment of colon cancer

Mengdi Hao'?", Huimin Li"", Meng Yi"?! Yubing Zhu'*", Kun Wang'?, Yin Liu'?, Xiaoging Liang'? and
Lei Ding"?"

Abstract

Background Colon cancer is a common and highly malignant tumor. Its incidence is increasing rapidly with poor
prognosis. At present, immunotherapy is a rapidly developing treatment for colon cancer. The aim of this study was to
construct a prognostic risk model based on immune genes for early diagnosis and accurate prognostic prediction of
colon cancer.

Methods Transcriptome data and clinical data were downloaded from the cancer Genome Atlas database. Immunity
genes were obtained from ImmPort database. The differentially expressed transcription factors (TFs) were obtained
from Cistrome database. Differentially expressed (DE) immune genes were identified in 473 cases of colon cancer

and 41 cases of normal adjacent tissues. An immune-related prognostic model of colon cancer was established and
its clinical applicability was verified. Among 318 tumor-related transcription factors, differentially expressed transcrip-
tion factors were finally obtained, and a regulatory network was constructed according to the up-down regulatory
relationship.

Results A total of 477 DE immune genes (180 up-regulated and 297 down-regulated) were detected. We devel-
oped and validated twelve immune gene models for colon cancer, including SLC10A2, FABP4, FGF2, CCL28, IGKV1-6,
IGLV6-57, ESM1, UCN, UTS2, VIR, ILTRL2, NGFR. The model was proved to be an independent prognostic variable with
good prognostic ability. A total of 68 DE TFs (40 up-regulated and 23 down-regulated) were obtained. The regulation
network between TF and immune genes was plotted by using TF as source node and immune genes as target node.
In addition, Macrophage, Myeloid Dendritic cell and CD4™ T cell increased with the increase of risk score.

Conclusion We developed and validated twelve immune gene models for colon cancer, including SLC10A2, FABP4,
FGF2, CCL28, IGKV1-6, IGLV6-57, ESM1, UCN, UTS2, VIP. IL1RL2, NGFR. This model can be used as a tool variable to
predict the prognosis of colon cancer.
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Background

Colon cancer is the leading human cancer, accounting
for about one in 10 of all cancer cases, and thus ranks
third in incidence and second in mortality. As one of
the most common malignant solid tumors worldwide,
the incidence of colon cancer has been increased
year by year [1, 2]. A combination of genetic, dietary,
immune, and intestinal microenvironment factors
would contribute to tumor development and progres-
sion of colon cancer. Neoadjuvant and adjuvant chem-
otherapy have been widely applied in the treatment of
colon cancer. With the emergence of new modalities
of molecular targeted therapy and immunotherapy, the
survival rate of colon cancer has been improved, how-
ever, the incidence of colon cancer keeps increasing
rapidly and its 5 year survival rate remains relatively
low [3, 4]. Therefore, for colon cancer patients, the dis-
covery of new biomarkers to effectively assess survival
risk and prognosis would be urgently needed.

Colonic malignancies correlate with a disrupted
or dysregulated immune system. Cytokines secreted
by tumor cells can inhibit the secretion of Thl-type
cytokines and promote the production of Th2-type
cytokines, leading to immune escape. According to the
NCCN guidelines for colon cancer (Version 2.2021)
[5], immunotherapy has become an essential part of
the standard regimen for colon cancer. However, inad-
equate immune response has caused inconsistent effi-
cacy of immunotherapy. For example, PD-1/PD-L1 or
CTLA4 inhibitors have greater efficacy in colon can-
cer patients with microsatellite instability, while for
patients with microsatellite stability, immunotherapy is
ineffective due to low tumor immunogenicity [6, 7].

Therefore, how to develop immunogenicity-related
prognostic models for colon cancer and to identify fea-
tures of immune infiltration in tumor microenviron-
ment (TME) of colon cancer will be critical to optimize
immunotherapy. In this study, based on gene expression
profile in The Cancer Genome Atlas (TCGA), Immu-
nology, The Immunology Database and Analysis Portal
(ImmPort), and Tumor Immune Estimation Resource
(TIMER) databases, we systematically analyzed the
immune gene expression profile, and constructed a
risk model to predict clinical outcome of colon cancer.
The model facilitates individualized risk assessment of
patients. We identified features of immune infiltration
in the TME. Notably, immune dysregulation contrib-
uted to a suppressive and pathologic TME, providing
directions for the discovery of new molecular markers
and novel therapeutic targets for immunotherapy of
colon cancer.
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Methods

Databases and statistical analysis

Transcriptomic and clinical data were downloaded
from the TCGA (https://tcga-data.nci.nih.gov) data-
base [8]. Immunogenic data were downloaded from the
ImmPort (https://www.immport.org/home) database
[9, 10]. Immune infiltration data were downloaded from
the TIMER (http://cistrome.org/ TIMER) database [11].
The differentially expressed transcription factors (TFs)
were downloaded from the Cistrome (http://cistrome.
org/) database [12]. Immune-cell content was down-
loaded from timer.cistrome.org. The statistical analysis
in this study was generated by R-4.1.0.

Identification of differentially expressed (DE) genes

The limma R package was installed and immuno-
genic difference analysis was performed with Wil-
coxon signed rank test. The threshold value of FDR
and logFC was set-up at 0.05 and 1, respectively. The
Pheatmap R package was used to describe differentially
expressed genes (DEGs). The genes with a FDR<0.05
and logFC > 1 were marked in red whereas those with a
FDR <0.05 and logFC < -1 were marked in green, to cre-
ate a volcano map.

Identification of survival-associated DE immune genes

The DE immune genes were screened from DE genes and
immune genes. According to the American Joint Com-
mittee on Cancer (AJCC), patients with survival time
less than 90 days or unknown were excluded. Using the
SURVIVAL R package, single-factor Cox regression with
a filtering criterion set at a p=0.02 was used to obtain
DE immune genes associated with prognosis and to draw
a forest plot.

Bioinformatics

Totally, 318 transcription factors (TFs) obtained from
the Cistrome database were combined with DE gene set.
False Discovery Rate (FDR) and log fold change (log FC)
was setup at 0.05 and 1, respectively, to obtain DE TFs, to
plot heat map and volcano map.

The coefficient filtering criterion was selected as 0.4
(0.3-0.8), p<0.001. After excluding normal samples,
TF was correlated with DE immune genes to screen
out up-regulated (>0.4) and down-regulated (<— 0.4)
genes, respectively. With HR=1 as the cut-off point,
the screened genes were divided into high-risk group
(HR >1) and low-risk group (HR < 1). Immune genes were
used as target points and TFs as resource nodes to obtain
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regulatory network of DE immune genes associated with
TFs and prognosis using JVA and cytoscape software
[13].

Construction and validation of the prognostic risk model
Using the prognosis-related immune genes, multi-factor
analysis was performed and optimized based on signifi-
cantly associated single factors to determine the best fit
model. The expression, coefficient and Hazard ratio (HR)
values involved in the model were output. The risk score
of a sample was calculated based on the combination of
Cox coefficient and gene expression. The risk score was
equal to the sum of the product of expression and coef-
ficient of each gene involved in the model construction.
To validate its accuracy, survival R package was used
to define high risk/low risk genes with HR values. The
median was defined as the threshold value to divide genes
into high- vs. low-risk group, with high-risk indicating a
lower survival rate in colon cancer patients. Survival R
package and Survminer R package were used for sub-
sequent analysis and plotted graphically. Furthermore,
ROC was plotted using the survROC R package to obtain
1, 3, and 5 year overall survival (OS) to assess the accu-
racy of a candidate prognostic model. The area under the
ROC (AUC)>0.7 indicated a high accuracy of a model.
Patients in different groups were ranked from the small-
est to the largest based on risk scores, so that risk score
distribution plots and survival status scatter plots could
be drawn. Immune genes involved in the model con-
struction were extracted and heat maps were drawn for
high- and low-risk groups. Together with ROC curves,
these genes were used to evaluate the model. Moreover,
we used the TCGA database to verify the prognostic risk
model. In addition to the ROC curve, risk score distribu-
tion plots and survival status scatter plots were also used
to evaluate the accuracy of the model.

Independent prognostic value of this new model

To explore if this new model could independently assess
prognosis, survival analysis was performed and forest plots
drawn for colon cancer using univariate and multifacto-
rial cox regression models adjusted with demographic and
clinical characteristics (including age, sex, grade, T stage,
N stage, and M stage). The parameter with a p<0.05 was
identified as an independent prognostic variable.

Clinical application of this new model

The clinical applicability was evaluated. Correlation
analysis was performed between constructed model and
demographic/clinical traits, including age (<65 years,
>65 years), gender (male, female), stage (stage I&II and
stage III&IV), T-stage (T1-2, T3-4), N-stage (NO, N+),
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and M-stage (M0, M1). Parameters were divided into two
groups according to demographic/clinical traits, while
the differences between the two groups was considered
statistically significant when a p <0.05 by an independent
t-test.

Identification of an immune infiltration signature

To assess if this new model could reflect the status of
the TME of colon cancer, immune-cell contents in dif-
ferent databases were downloaded. After excluding nor-
mal samples, different immune cell contents in tumor
patients were obtained, which were divided into high-
vs. low-risk groups according to the constructed risk
model. The pheatmap R package was used to draw heat
maps. Patients’ immune cell contents were analyzed for
correlation with risk scores. p <0.05 was considered as a
good correlation, with cor>0 being a positive correlation
whereas cor <0 being a negative correlation.

The limma R package, reshape2 R package, ggplot2
R package, ggpubr R package were installed. Immune
checkpoint genes significantly differentially expressed
were extracted using Wilcoxon signed rank tests. The dif-
ferences of immune checkpoint genes between high- and
low-risk groups in the constructed model were analyzed
and box line plots drawn to visualize the differences.

Results

Basic information

The workflow was described in Fig. 1. Data of 514 sam-
ples were downloaded from TCGA database, including
473 tumors and 41 normal samples. Our study was con-
ducted on this basis. After screening, 6478 differential
genes were obtained, including 4562 up-regulated and
1916 down-regulated (Fig. 2a and b). The immune genes
were downloaded from immport database, and 2483
immune genes were obtained, and then intersected with
derived differential genes. 477 differentially expressed
immune genes were identified (Fig. 2c and d), with 180
up-regulated and 297 down-regulated. Survival time
>90 days was considered valuable for prognostic analy-
sis. DE immune genes of 391 samples with survival time
>90 days were included. Thus, 29 differential immune
genes associated with prognosis after single-factor Cox
analysis were obtained (Fig. 2e).

Bioinformatics analyses

Three hundred and eighteen tumor-related TFs were
obtained from Cistrome database, with screening crite-
ria of FDR=0.05 and logFC=1. Finally, 68 DE TFs were
obtained, including 40 up-regulated and 23 down-reg-
ulated. The volcano plot and heat map of DE TFs were
drawn (Fig. 3a and b).
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Fig. 1 Diagram of the study

The expression levels of TFs were tested for correla-
tion with immune genes, and thus defined as high-risk
vs. low-risk based on HR values. Finally, 68 differential
TFs were obtained, including 26 high-risk genes and 2
low-risk genes. The TF was used as a source node, an
immune gene as a target node, so that a regulatory net-
work of TFs and immune genes could be drawn (Fig. 3c).
A total of 29 upregulated genes satisfied the screening
criteria.

Construction and validation of an immune-gene
expression model in colon cancer

Multi-factor Cox regression was performed on 29
prognosis-related immune genes obtained from single-
factor Cox regression analysis. 12 immune genes were
screened into a new model (Fig. 4a), including SLC10A2
(solute carrier family 10 (sodium/bile acid co-transport
protein family), FABP4 (fatty acid binding protein 4)
FGF2 (fibroblast growth factor 2), CCL28: chemokine
(C-C motif) ligand 28, IGKV1-6 (immunoglobu-
lin Kappa variable 1-6), IGLV6-57 (immunoglobulin
Lambda variable 6-57), ESM1 (endothelial cell-specific
molecule 1), UCN (urocortin), UTS2 (Urotensin II),
VIP (vasoactive intestinal peptide), ILIRL2 (interleu-
kin 1 receptor-like 2), and NGFR (nerve growth factor

receptor). The risk score was calculated as follows: risk
score =0.4861* SLC10A2 expression value + 0.027458*
FABP4 expression value + 0.294596* FGF2 expression
value —0.10134* CCL28 expression value + 0.009209*
IGKV1-6 expression value +0.002103* IGLV6-57
expression value +0.146603* ESM1 expression value
4+0.3926* UCN expression value +0.329081* UTS2
expression value +0.075367* VIP expression value
+0.21784* IL1RL2 expression value —0.29771* NGFR
expression value.

Then, all samples were divided into high-risk and
low-risk groups based on median risk score values.
195 colon cancer patients were classified into the high-
risk group whereas 195 into the low-risk group. A sig-
nificant difference in the survival rate was observed
between the two groups (p<0.05) (Fig. 4b), with a
5 year survival rate of 49.5% (95% CI 0.363—-0.676) in
high-risk group whereas 76.3% (95% CI 0.647-0.900)
in low-risk group. The AUC value of immunogenetic
prognostic model at 1, 3 and 5 years OS were 0.808,
0.780, and 0.723, respectively (Fig. 4c-1-c-3). (Fig. 4d—f
represents the distribution of risk scores, survival sta-
tus and risk gene expression heatmap of high-and low-
risk groups). To verify its accuracy, we drew the ROC
curve of the validation cohort (Fig. 5). The AUC value
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network of TFs and immune genes

of validation cohort at 1, 3 and 5 years OS were 0.799, Independent prognostic value and clinical utility of this
0.753, and 0.722 (AUC>0.7) respectively, indicating risk model

this model might accurately predict the prognosis of In single-factor analysis, tumor stage, T/N/M and
colon cancer patients. The risk score distribution plot risk score were significantly associated with prognosis
and survival status plot was shown in Fig. 5. (p<0.05), with a HR > 1, suggesting high-risk (Fig. 6a).
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The multifactorial analysis of variables indicated age,
T/N and risk score significantly associated with prog-
nosis, with a HR>1, suggesting high-risk (Fig. 6b).
Besides T-stage and N-stage, risk score could be used
as an independent prognostic factor to predict the
prognosis of colon cancer.

For the 12 immune genes, the lower level of CCL28
was associated with the higher M category (p <0.05),
whereas the higher levels of ESM1, FABP4 and VIP
associated with the higher T category (p<0.05)
(Fig. 6¢-1-c-5).

Identification of an immune infiltration signature

Immune cell contents obtained from different data-
bases differed slightly. The expression levels of CD4* T
cells, CD8" T cells, neutrophils, macrophages, and den-
dritic cells correlated with risk scores (p<0.05) (Figs. 7,
8,9, 10 and 11), with a cor>0, indicating that immune
cell content was positively associated with a risk score.
This model reflected the TME of colon cancer in which
immune cells were critically involved.

Finally, to explore new immunotherapeutic targets, we
screened 14 immune checkpoint genes that differed in
between high- and low-risk groups. 12 immune check-
points were upregulated in high-risk group. CD44 and

HHLA?2 genes were downregulated in high-risk group.
Notably, TNFRSF4, HHLA2, ADORA2A, NRP1, and
CD276 were more significantly different in two groups,
p<0.001 (Fig. 12).

Discussion
Colorectal cancer is currently the third most prevalent
tumor worldwide, with an estimated 1.9 million new
cases in 2020, accounting for 10% of all new cancer cases.
Malignant tumors originating from colon predominate
this population, with approximately 1.15 million new
cases, 1.57 times the number of rectal cancer cases. As
the second leading cause of cancer mortality, 935,000
deaths from colorectal cancer occurred worldwide in
2020, with 577,000 deaths from colon cancer, accounting
for approximately 61.7% of all colorectal cancer deaths [1,
14]. The high incidence and high mortality of colon can-
cer have attracted more and more attention. Clinically,
specific biomarkers for colon cancer diagnosis have been
widely used, including serum carcinoembryonic antigen
(CEA). Relevant factors affecting the prognosis of colon
cancer are explored [15, 16], however, there is not yet a
molecular marker for predicting the prognosis of colon
cancer [17].

As a systemic disease, tumorigenesis and progression
are driven by genetic and epigenetic factors, as well as



Hao et al. BMC Gastroenterology

(2023) 23:58

Page 7 of 15

T e Highrisk

Risk == Highrisk = Low risk 7 ® lowRisk
¢ o .
a 1.00 2 o
o« o o
z i il
Z o7 ~
8
S ° T T T
S 050
3 0 50 100 150
z Patients (increasing risk socre)
@ 0.25 p=4.024e-05
°
0.00 d _ ® Dead
6 1 2 5 4 5 6 7 s 10 § L
Time(years) S o4
E
T <
g
GHighrisk{74 43 9 4 3 2 0 0 0 0 0 H
or Lowrisk{74 58 22 10 8 5 3 1 1 1 0 3 ~ A
0 1 2 3 4 5 6 7 8 9 10 K SN,
Time(years) ° T - T
0 150
Patients (increasing risk socre)
ROC curve (AUC = 0.799) ROC curve (AUC = 0.753) ROC curve (AUC = 0.722)
e | = o
- = <~ 7
«© «© @©
o o S
L Qo )
S o | ® o© T o
2 ° g ° ] o 7|
£ £ =
o o
e X o s <
g S 3 3 g 37
= = =
o N
o P g -
o o o
= d > |
T T T T T T i T T T T T T b T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

False positive rate

False positive rate

False positive rate

Fig. 5 Validation of the prognostic risk model. a Overall survival (OS) in the validation cohort. b Time-dependent receiver operating characteristic

(ROCQ) curve analysis (b-1:ROC 1 year, b-2:ROC 3 year, b-3:ROC 5 year) in
d Survival status scatter plots in the validation cohort

complex pathways. Tumor recurrence, distant metas-
tasis, intrinsic characteristics of tumor cells have been
considered as fundamental drivers of tumor progression.
With the emergence of immunotherapy, the importance
of TME has been emphasized [18]. Cancer cells disrupt
the integrity of intestinal barrier through interactions
with immune cells, stromal cells and extracellular matrix,
which together form the TME [19, 20]. The TME is not
static but dynamic. The differences in drug sensitivity and
prognosis reflect that colon cancer is highly heterogene-
ous in the TME. Generally, specific genetic and epige-
netic alterations in colon cancer affect the composition
of TME [19, 21, 22]. The development of colon cancer is
inextricably linked to dysregulated TME. Either enlarge-
ment or reduction in cancer tissues under visual or imag-
ing conditions are the results of interactions between
cancer cells and the TME. Overall, tumor development
can be divided into three stages, namely, immune surveil-
lance in the initial stage [23], immune homeostasis in the
middle stage [24] and immune escape in the final stage
[25]. Tumors exhibit immune escape in the final stage as

the validation cohort. ¢ Risk score distribution plot in the validation cohort.

a result of an imbalance between the positive and nega-
tive forces opposing the immune system and tumor cells.
Immune cells and related factors constitute important
components of the TME. The type, density and location
of immune cells in tumors can better predict survival
[26, 27]. Tang et al. [28] classified patients into different
immune subtypes according to immune components of
the TME and demonstrated that immune subtypes can
be used as a reliable predictor of prognosis.

In this study, we have developed an immune-related
prognostic model for colon cancer and validated it as an
independent predictor for prognosis. Meanwhile, TFs
could be involved in prognosis-related immune gene
regulation, so that a regulatory network could be con-
structed based on up- or down-regulation. Finally, this
risk model was correlated with immune cell infiltration.
Different immune cells with different expression levels
presented in tumor samples. We constructed models
for high- and low-risk groups. Immune functions and
immune checkpoints were significantly different between
high- and low-risk groups.
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In this study, we have developed a prognostic predic-
tion model for colon cancer based on 12 immune genes,
including SLC10A2, FABP4, FGF2, CCL28, IGKV1-6,
IGLV6-57, ESM1, UCN, UTS2, VIP, IL1IRL2, and NGFR.
The SLC10A2 gene encodes the apical sodium-depend-
ent bile acid transporter (ASBT) protein, which is located
in the luminal membrane of the distal ileum and proxi-
mal tubules of the kidney, and plays an important role in
bile acid metabolism [29]. Downregulation of SLC10A2
could increase secretion of fecal bile acids and stimu-
late tumor promotion [30]. Fatty acid binding protein
4 (FABP4), a member of the intracellular lipid chaper-
one family, contributes to pro-tumorigenic effects of
adipocytes, macrophages and endothelial cells. Adipo-
cyte-induced FABP4 expression in ovarian cancer cells
promotes metastasis and mediates resistance to carbopl-
atin [31]. Activation of B-linked protein in gastric cancer
leads to upregulation of CCL28 expression and subse-
quent recruitment of Treg cells thereby inhibiting gastric
cancer progression [32]. Urocortins (UCNs) are members
of the adrenocorticotropin-releasing factor (CRF) family,

which participates in biological processes, including
inflammation and cancer development [33]. Fibroblast
growth factor 2 (FGF2) could promote tumor angiogene-
sis, migration, invasion, inflammatory response and stem
cell formation in a variety of solid tumors [34]. Immuno-
globulin kappa variable 1-6 (IGKV1-6) [35] and immuno-
globulin lambda variable 6-57 (IGLV6-57) [36] located in
the V region of the immunoglobulin light chain variable
domain are involved in antigen recognition. The antigen
binding sites consist of a variable region of the heavy
chain and light chain, which can be somatically hyper-
mutated. Endothelial-cells specific molecule 1 (ESM-1)
[37], also known as endoglycan, is a marker of angiogen-
esis, involved in endothelium-dependent pathological
disorders and inflammatory responses. ESM1 is over-
expressed in non-small cell lung cancer, clear cell renal
cell carcinoma and ovarian cancer, to regulate tumor
progression. Urotensin II (UTS2) [38] regulates vasocon-
striction and is associated with a range of diseases with
abnormal blood pressure regulation (e.g. hypertension,
kidney disease, cirrhosis, etc.). UTS2 also participates in
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the development of colorectal, breast, and prostate can-
cers. Vasoactive intestinal peptide (VIP) is a 28 amino
acid peptide with a wide range of biological activities and
is universally expressed in the gastrointestinal tract. VIP
regulates gastrointestinal motility, modulates inflamma-
tory responses and stimulates glandular secretion [39].
VIP behaves as a pro-metastatic factor in prostate can-
cer [40], whereas a protector in hepatocellular carcinoma
dependent on cAMP/Bcl-xL pathway induced apoptosis
[41]. Interleukin-1 receptor-like 2 (IL1RL2), also known
as IL-36 receptor, is produced by monocytes and T/B
lymphocytes and distributed in the intestine, kidney,
skin and brain [42]. ILIRL2 plays a crucial role in inflam-
matory response. ILIRL2 is associated with the TEM
and metastasis in breast cancer [43]. Nerve growth fac-
tor receptor (NGFR) is a member of the neurotrophin
receptor family [44]. This gene induces apoptosis and
is involved in injury, nervous system development and
regeneration. NGFR acts as a tumor suppressor in most
cancers, leading to apoptosis and suppressing meta-
static invasion. However, in gliomas and melanomas, it
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promotes invasion and metastasis [45]. The role of NGFR
in CRC requires further investigation.

To assess the predictive power of this new model, risk
scores were analyzed. Overall survival time of high-
risk group (with higher risk scores) was significantly
shorter than low-risk group. By jointly analyzing clini-
cal variables and risk scores, age, gender, stage, T-stage,
N-stage, M-stage, and risk score were independent
prognostic variables for patients with colon cancer. This
model consisting of immune genes had ability to predict
prognosis. Sobrero et al. [46] conducted a clinical study
including 12,834 colon cancer patients and found that
disease-free-survival of colon cancer patients was influ-
enced by stage [varying from 89% (T1N1la) to T4N2b
(31%)]. Another study from the Netherlands included
117,530 colon cancer patients recruited between 1995
and 2016. The 5 year relative survival rate of patients
diagnosed with stage I, II and III colon cancer was 96%,
90% and 71%, respectively [47]. Patients with higher
stages of colon cancer had a lower survival rate [48, 49].
Thus, survival status of colon cancer may be directly
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Fig. 10 Correlation analysis between the risk score and Myeloid dendritic cell

in proportional to stage. The influence of high expres-
sion of immune genes on clinicopathological factors
has not yet been conclusive. By analyzing the relation-
ship between immune infiltration and clinical traits, we
observed a positive correlation between risk score and
T-stage, which demonstrates the clinical applicability of
this new model. Colon cancers with greater T-stage had
more VIP expression. Similarly, high expression levels
of the ESM1 gene and FABP4 gene were associated with
T3-4. Previous studies have found a significant increase
in VIP in mice with intestinal tumors through AOM/
DSS induction [50]. Elevated expression of EMS1 and
the chemokine CCL28 produced by intestinal mucosal
epithelial cells were common in colon cancer patients.
Overexpression of FABP4 promotes cell migration and
invasion of colon cancer [51-54], which is consistent
with our study. In this study, CCL28 gene expression
was more active in MO patients compared to colon can-
cer with distant metastases. At this stage, how clinico-
pathological factors affect the prognosis of colon cancer
patients in relation to immune infiltration remains
unclear. However, immune risk scores and recognized
risk factors such as T-stage and N-stage constitute

indispensable risk factors affecting the prognosis of
colon cancer. In addition, expression levels of IGKV1-
6, IGLV6-57, and CCL28 were higher in colon cancer,
while VIP and FABP4 were more biased to be expressed
in high-risk group. Thus, positive/negative roles of spe-
cific immune genes should be correlated with clinico-
pathologically relevant molecular markers.

No particular tumor can be identified by molecular
markers that combine high sensitivity and high speci-
ficity. In the treatment of colon cancer, a drug targeting
a specific molecule has its indications and contraindi-
cations, and there is almost no drug that can be effec-
tive for all patients. Due to heterogeneity of colon
cancer, this study analyzed immune genes and down-
stream factors. In Figs. 7, 8, 9, 10 and 11 in this arti-
cle, these cell populations were classified. By examining
correlation trends of immune cells, CD8% T cells and
CD4" T cells were positively correlated with risk score.
Previous studies have suggested that immune score was
used to describe the density of CD3" and CD8" T cell
effectors in tumors and aggressive margins [26]. In con-
trast, Spacek et al. [55] found decreased levels of CD8™,
CD4%, and NK cells and increased levels of B cells in



Hao et al. BMC Gastroenterology

=
['4
o
(2]
o
w
3 e
| o
o
2
R
g o
2
o
58

3
£
%
a 8
O o
T
3
P
(I~
3 o

3
¥ S
Q
Ol“‘

8
L o
‘©
c
+ =
< ©
o o
o
8 g
- o
8 o
2 3
PO
x o
o]
(724
e S
w
o
g s
IN
$ o
[=]
o =
° 3
[}
S o
L 3
Fig. 11

Fig. 12 Immune checkpoint genes that differed in between high and low-risk groups

Cor=-0.059 (p=0.243)

—
i 2
2 4 6 8 10
Risk score
Cor=0.011 (p=0.834)
.
o T T T T T T
0 2 4 6 8 10

Risk score

Cor=0.080 (p=0.116)

(2023) 23:58

T
4 6 8

Risk score

i .
. Se ., .
.o
T T T T
0 2

10

T cell CD4+ naive_CIBERSORT-ABS

T cell CD8+_TIMER

T cell CD4+ memory activated_CIBERSORT-ABS

002 004 006 008

0.00

0.01 0.02  0.03

0.00

02 03 04 05 06

00 0.1

o

Cor=-0.045 (p=0.378)

T cell CD4+ memory resting_CIBERSORT

Risk score

Cor=0.011 (p=0.822)

«Q«

T cell CD4+_TIMER

Risk score

Cor=0.196 (p=9.627¢-05)

Risk score

Correlation analysis between the risk score and CD4*T, CD8™T cell

Gene expression

Risk B8 low BB high

04

01 02 03

0.0

02 03 04 05

00 041

Cor=-0.010 (p=0.848)

Risk score

Cor=0.143 (p=0.005)

T cell CD4+ memory resting_CIBERSORT-ABS

005 010 0.15 0.20

0.00

Page 12 of 15

Cor=0.110 (p=0.030)

Risk score

Cor=0.017 (p=0.732)

=
x 3
o
. 4
©
] 4
g
o
U
& ©
[a]
o -
= 3
8
-
s
Risk score Risk score
Hokk Hokk Hox *okk Kk




Hao et al. BMC Gastroenterology (2023) 23:58

stage II and III colorectal cancer patients by analyzing
blood samples from 22 patients and 25 normal controls.
CDS8™T cell infiltration was positively correlated with a
better survival rate. Similarly, T cell memory expres-
sion was reduced, B cell memory was increased, CD4%
resident memory T cells and CD8" resident memory
T cells were reduced in colorectal cancer [56]. In this
study, samples were obtained from several public data-
bases, which was limited by the type and number of
cells available. Macrophage, myeloid dendritic cell and
CD4" T cells positively correlated with risk scores.
Macrophages promote growth of colonic malignant
cells through the release of pro-inflammatory factors.
Myeloid dendritic cells is essential in antitumor immu-
nity [57, 58]. Further experiments are needed to explore
the functions of immune cells.

This study has the following strengths: Firstly, a prog-
nostic model of immune infiltration in colon cancer
has been constructed by combining the prognosis of
patients with immune genes using a large sample size
derived from public databases. The immune risk score
is an independent prognostic factor for colon cancer.
The reliability of this new model has been validated by
multiple methods. Secondly, associations between clin-
icopathological factors and immunogenes have been
explored to provide more possibilities for molecular
mechanism studies of colon cancer. Thirdly, impor-
tant components of the TME-immune cells and TFs
are extracted. This new model can predict immune cell
infiltration and downstream factors expression levels.
Finally, the combination of immune checkpoints and
immune risk scores can provide new ideas and possi-
bilities for immunotherapy of colon cancer patients.

There are also limitations in this study. The robust-
ness of this immunogenetic prognostic model requires
a large number of prospective clinical studies to vali-
date our findings. The data were downloaded from
public databases. It would be more convincing to sup-
plement clinical trials to validate this model. More
detailed basic experiments (both in vitro and in vivo)
should be designed to support our conclusions.

Conclusion

We developed and validated twelve immune gene mod-
els for colon cancer, including SLC10A2, FABP4, FGF2,
CCL28, IGKV1-6, IGLV6-57, ESM1, UCN, UTS2, VIP,
ILIRL2, NGFR. This model can be used as a tool vari-
able to predict the prognosis of colon cancer.

Acknowledgements
Not applicable.

Page 13 of 15

Author contributions

MH, HL and MY contributed to data analysis and manuscript writing; LD
guided and revised the ideas and contents of the article; KW helped to consult
relevant literature; YL and XL revised words and grammar; YZ participated in
the construction of validation cohort and completed the article modification
together. All authors read and approved the final manuscript.

Funding
This study was supported by the National Natural Science Foundation of
China (82170525).

Availability of data and materials

Several databases were used in this study, including TCGA (https://tcga-data.
nci.nih.gov) database, ImmPort (https://www.immport.org/home) database,
TIMER (http://cistrome.org/TIMER) database, Cistrome (http://cistrome.org/)

database. Immune-cell content was downloaded from timer.cistrome.org.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Oncology, Beijing Shijitan Hospital, Capital Medical University,
No. 10, Tieyi Road, Haidian District, Beijing 100038, China. 2Department

of Oncology, Ninth School of Clinical Medicine, Peking University, Bei-

jing 100038, China.

Received: 20 June 2022 Accepted: 15 February 2023
Published online: 08 March 2023

References

1. Hossain MS, Karuniawati H, Jairoun AA, Urbi Z, Ooi DJ, John A, Lim YC,
Kibria KMK, Mohiuddin AKM, Ming LC, et al. Colorectal cancer: a review
of carcinogenesis, global epidemiology, current challenges, risk factors,
preventive and treatment strategies. Cancers. 2022;14(7):1732.

2. JiaS-N,HanY-B, Yang R, Yang Z-C. Chemokines in colon cancer progres-
sion. Semin Cancer Biol. 2022;86(Pt 3):400-7.

3. Ladabaum U, Dominitz JA, Kahi C, Schoen RE. Strategies for colorectal
cancer screening. Gastroenterology. 2020;158(2):418-32.

4. Schmoll HJ,Van Cutsem E, Stein A, Valentini V, Glimelius B, Hauster-
mans K, Nordlinger B, van de Velde CJ, Balmana J, Regula J, et al. ESMO
consensus guidelines for management of patients with colon and rectal
cancer. A personalized approach to clinical decision making. Ann Oncol.
2012;23(10):2479-516.

5. Benson AB, Venook AP, Al-Hawary MM, Arain MA, Chen YJ, Ciombor KK,
Cohen S, Cooper HS, Deming D, Farkas L, et al. Colon cancer, version
2.2021, NCCN clinical practice guidelines in oncology. J Natl Compr Canc
Netw. 2021;19(3):329-59.

6. Yaghoubi N, Soltani A, Ghazvini K, Hassanian SM, Hashemy SI. PD-1/PD-L1
blockade as a novel treatment for colorectal cancer. Biomed Pharmaco-
ther.2019;110:312-8.

7. Kather N, Halama N, Jaeger D. Genomics and emerging biomarkers for
immunotherapy of colorectal cancer. Semin Cancer Biol. 2018;52(Pt 2):189-97.

8. Weinstein JN, Collisson EA, Mills GB, Shaw KR, Ozenberger BA, Ellrott K,
Shmulevich |, Sander C, Stuart JM. The cancer genome atlas pan-cancer
analysis project. Nat Genet. 2013;45(10):1113-20.

9. Shankar RD, Bhattacharya S, Jujavarapu C, Andorf S, Wiser JA, Butte AJ.
RImmPort: an R/bioconductor package that enables ready-for-analysis
immunology research data. Bioinformatics. 2017,33(7):1101-3.

10. Bhattacharya S, Dunn P, Thomas CG, Smith B, Schaefer H, Chen J, Hu
Z, Zalocusky KA, Shankar RD, Shen-Orr SS, et al. ImmPort, toward


https://tcga-data.nci.nih.gov
https://tcga-data.nci.nih.gov
https://www.immport.org/home
http://cistrome.org/TIMER
http://cistrome.org/

Hao et al. BMC Gastroenterology

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

(2023) 23:58

repurposing of open access immunological assay data for translational
and clinical research. Sci Data. 2018;5: 180015.

. LiT, Fan J,Wang B, Traugh N, Chen Q, Liu JS, Li B, Liu XS. TIMER: a web

server for comprehensive analysis of tumor-infiltrating immune cells.
Cancer Res. 2017;77(21).2108-10.

Liu T, Ortiz JA, Taing L, Meyer CA, Lee B, Zhang Y, Shin H, Wong SS, Ma J,
Lei Y, et al. Cistrome: an integrative platform for transcriptional regulation
studies. Genome Biol. 2011;12(8):R83.

Shannon P, Markiel A, Ozier O, Baliga NS, Wang JT, Ramage D, Amin

N, Schwikowski B, Ideker T. Cytoscape: a software environment for
integrated models of biomolecular interaction networks. Genome Res.
2003;13(11):2498-504.

Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, Bray
F. Global cancer statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2021;71(3):209-49.

Wang Y, Zhang X, Dai X, He D. Applying immune-related INcRNA

pairs to construct a prognostic signature and predict the immune
landscape of stomach adenocarcinoma. Expert Rev Anticancer Ther.
2021;21(10):1161-70.

He W, Wang B, He J, Zhao Y, Zhao W. SSR4 as a prognostic biomarker and
related with immune infiltration cells in colon adenocarcinoma. Expert
Rev Mol Diagn. 2022;22(2):223-31.

Duan L, Yang W, Wang X, Zhou W, Zhang Y, Liu J, Zhang H, Zhao Q, Hong
L, Fan D. Advances in prognostic markers for colorectal cancer. Expert Rev
Mol Diagn. 2019;19(4):313-24.

Binnewies M, Roberts EW, Kersten K, Chan V, Fearon DF, Merad M,
Coussens LM, Gabrilovich DI, Ostrand-Rosenberg S, Hedrick CC, et al.
Understanding the tumor immune microenvironment (TIME) for effective
therapy. Nat Med. 2018;24(5):541-50.

Plundrich D, Chikhladze S, Fichtner-Feigl S, Feuerstein R, Briquez PS.
Molecular mechanisms of tumor immunomodulation in the microenvi-
ronment of colorectal cancer. Int J Mol Sci. 2022;23(5):2782.

Nagarsheth N, Wicha MS, Zou W. Chemokines in the cancer microenvi-
ronment and their relevance in cancer immunotherapy. Nat Rev Immu-
nol. 2017;17(9):559-72.

Frigerio S, Lartey DA, D'Haens GR, Grootjans J. The role of the immune
system in IBD-associated colorectal cancer: from pro to anti-tumorigenic
mechanisms. Int J Mol Sci. 2021;22(23):12739.

Jin K, Ren C, LiuY, Lan H, Wang Z. An update on colorectal cancer micro-
environment, epigenetic and immunotherapy. Int Immunopharmacol.
2020;89(Pt A): 107041.

Umansky V, Blattner C, Fleming V, Hu X, Gebhardt C, Altevogt P, Utikal

J. Myeloid-derived suppressor cells and tumor escape from immune
surveillance. Semin Immunopathol. 2017;39(3):295-305.

Garrido F, Perea F, Bernal M, Sanchez-Palencia A, Aptsiauri N, Ruiz-Cabello
F.The escape of cancer from T cell-mediated immune surveillance: HLA
class I'loss and tumor tissue architecture. Vaccines (Basel). 2017;5(1):7.
Dumauthioz N, Labiano S, Romero P. Tumor resident memory T cells: new
players in immune surveillance and therapy. Front Immunol. 2018;9:2076.
Pageés F, Mlecnik B, Marliot F, Bindea G, Ou F-S, Bifulco C, Lugli A, Zlobec |,
Rau TT, Berger MD, et al. International validation of the consensus immu-
noscore for the classification of colon cancer: a prognostic and accuracy
study. Lancet. 2018;391(10135):2128-39.

Mlecnik B, Bindea G, Angell HK, Maby P, Angelova M, Tougeron D, Church
SE, Lafontaine L, Fischer M, Fredriksen T, et al. Integrative analyses of
colorectal cancer show immunoscore is a stronger predictor of patient
survival than microsatellite instability. Immunity. 2016;44(3):698-711.
Tang YQ, ChenTF, Zhang Y, Zhao XC, Zhang YZ, Wang GQ, Huang ML, Cai
SL, Zhao J, Wei B, et al. The tumor immune microenvironment transcrip-
tomic subtypes of colorectal cancer for prognosis and development of
precise immunotherapy. Gastroenterol Rep (Oxf). 2020;8(5):381-9.

Qie D, Zhang Y, Gong X, He Y, Qiao L, Lu G, Li Y. SLC10A2 deficiency-
induced congenital chronic bile acid diarrhea and stunting. Mol Genet
Genomic Med. 2021;9(8): e1740.

Raufman JP, Dawson PA, Rao A, Drachenberg CB, Heath J, Shang AC, Hu
S, Zhan M, Polli JE, Cheng K. Slc10a2-null mice uncover colon cancer-
promoting actions of endogenous fecal bile acids. Carcinogenesis.
2015;36(10):1193-200.

Mukherjee A, Chiang CY, Daifotis HA, Nieman KM, Fahrmann JF, Lastra
RR, Romero IL, Fiehn O, Lengyel E. Adipocyte-induced FABP4 expression

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Page 14 of 15

in ovarian cancer cells promotes metastasis and mediates carboplatin
resistance. Cancer Res. 2020;80(8):1748-61.

JiL, Qian W, Guil, Ji Z,Yin P, Lin GN, Wang Y, Ma B, Gao WQ. Blockade of
beta-catenin-induced CCL28 suppresses gastric cancer progression via
inhibition of Treg cell infiltration. Cancer Res. 2020;80(10):2004-16.

Zhu G, Sun Z, LiC,Guo R, LiL, Jin L, Wan R, Li S. Urocortin affects migra-
tion of hepatic cancer cell lines via differential regulation of cPLA2 and
iPLA2. Cell Signal. 2014;26(5):1125-34.

Teng Y, Guo B, Mu X, Liu S. KIF26B promotes cell proliferation and migra-
tion through the FGF2/ERK signaling pathway in breast cancer. Biomed
Pharmacother. 2018;108:766-73.

Schroeder HW Jr, Cavacini L. Structure and function of immunoglobulins.
J Allergy Clin Immunol. 2010;125(2 Suppl 2):541-52.

Teng G, Papavasiliou FN. Immunoglobulin somatic hypermutation.
Annu Rev Genet. 2007;41:107-20.

Pan KF, Lee WJ, Chou CC, Yang YC, Chang YC, Chien MH, Hsiao M, Hua
KT. Direct interaction of beta-catenin with nuclear ESM1 supports
stemness of metastatic prostate cancer. EMBO J. 2021;40(4): e105450.
Giulianelli R, Nardoni S, Bruzzese D, Falavolti C, Mirabile G, Bellangino
M, Tema G, Gentile BC, Albanesi L, Buscarini M, et al. Urotensin Il recep-
tor expression in prostate cancer patients: a new possible marker.
Prostate. 2019;79(3):288-94.

Hirayasu'Y, Oya M, Okuyama T, Kiumi F, Ueda Y. Vasoactive intestinal
peptide and its relationship to tumor stage in colorectal carcinoma: an
immunohistochemical study. J Gastroenterol. 2002;37:336-44.
Fernandez-Martinez AB, Bajo AM, Sanchez-Chapado M, Prieto JC,
Carmena MJ. Vasoactive intestinal peptide behaves as a pro-metastatic
factor in human prostate cancer cells. Prostate. 2009;69(7):774-86.
Hara M, Takeba Y, liri T, Ohta Y, Ootaki M, Watanabe M, Watanabe D, Koi-
zumi S, Otsubo T, Matsumoto N. Vasoactive intestinal peptide increases
apoptosis of hepatocellular carcinoma by inhibiting the cAMP/Bcl-xL
pathway. Cancer Sci. 2019;110(1):235-44.

Wen S, He L, Zhong Z, Mi H, Liu F. Prognostic model of colorectal
cancer constructed by eight immune-related genes. Front Mol Biosci.
2020;7: 604252.

Shani O, Vorobyov T, Monteran L, Lavie D, Cohen N, Raz Y, Tsarfaty G,
Avivi C, Barshack I, Erez N. Fibroblast-derived IL33 facilitates breast
cancer metastasis by modifying the immune microenvironment and
driving type 2 immunity. Cancer Res. 2020;80(23):5317-29.

Wu R, Li K, Yuan M, Luo KQ. Nerve growth factor receptor increases the
tumor growth and metastatic potential of triple-negative breast cancer
cells. Oncogene. 2021;40(12):2165-81.

Parsi S, Soltani BM, Hosseini E, Tousi SE, Mowla SJ. Experimental verifica-
tion of a predicted intronic microRNA in human NGFR gene with a
potential pro-apoptotic function. PLoS ONE. 2012;7(4): e35561.
Sobrero AF, Puccini A, Shi Q, Grothey A, Andre T, Shields AF, Souglakos
I, Yoshino T, Iveson T, Ceppi M, et al. A new prognostic and predictive
tool for shared decision making in stage Il colon cancer. Eur J Cancer.
2020;138:182-8.

Qaderi SM, Dickman PW, de Wilt JHW, Verhoeven RHA. Conditional
survival and cure of patients with colon or rectal cancer: a population-
based study. J Natl Compr Canc Netw. 2020;18(9):1230-7.

LiQ, Cai G, Li D, Wang Y, Zhuo C, Cai S. Better long-term survival in
young patients with non-metastatic colorectal cancer after surgery,
an analysis of 69,835 patients in SEER database. PLoS ONE. 2014;9(4):
e93756.

Weinberg BA, Marshall JL. Colon cancer in young adults: trends and
their implications. Curr Oncol Rep. 2019;21(1):3.

Vinuesa AG, Sancho R, Garcia-Limones C, Behrens A, ten Dijke P,
Calzado MA, Munoz E. Vanilloid receptor-1 regulates neurogenic
inflammation in colon and protects mice from colon cancer. Cancer
Res. 2012;72(7):1705-16.

Kim JH, Park MY, Kim CN, Kim KH, Kang HB, Kim KD, Kim JW. Expression
of endothelial cell-specific molecule-1 regulated by hypoxia inducible
factor-1alpha in human colon carcinoma: impact of ESM-1 on prog-
nosis and its correlation with clinicopathological features. Oncol Rep.
2012;28(5):1701-8.

Tian W, Zhang W, Zhang Y, Zhu T, Hua Y, Li H, Zhang Q, Xia M. FABP4
promotes invasion and metastasis of colon cancer by regulating fatty
acid transport. Cancer Cell Int. 2020;20:512.



Hao et al. BMC Gastroenterology

53.

54.

55.

56.

57.

58.

(2023) 23:58

Qi X, Xu J, Gu P, Yang X, Gao X. PTEN in smooth muscle cells is

essential for colonic immune homeostasis. Int J Biochem Cell Biol.
2014;53:108-14.

Muthuswamy RV, Sundstrom P, Borjesson L, Gustavsson B, Quiding-
Jarbrink M. Impaired migration of IgA-secreting cells to colon adenocarci-
nomas. Cancer Immunol Immunother. 2013:62(6):989-97.
Spacek J, Vocka M, Netikova |, Skalova H, Dundr P, Konopasek B, Zavadova
E, Lubos P.Immunological examination of peripheral blood in patients
with colorectal cancer compared to healthy controls. Immunol Invest.
2018;47(7):643-53.

Noble A, Pring ET, Durant L, Man R, Dilke SM, Hoyles L, James SA, Carding
SR, Jenkins JT, Knight SC. Altered immunity to microbiota, B cell activation
and depleted gammadelta/resident memory T cells in colorectal cancer.
Cancer Immunol Immunother. 2022;71(11):2619-29.

Kaler P, Godasi BN, Augenlicht L, Klampfer L. The NF-kappaB/AKT-depend-
ent Induction of Wnt signaling in colon cancer cells by macrophages and
IL-1beta. Cancer Microenviron. 2009;2(1):69-80.

Bourquin C, Hotz C, Noerenberg D, Voelkl A, Heidegger S, Roetzer

LC, Storch B, Sandholzer N, Wurzenberger C, Anz D, et al. Systemic

cancer therapy with a small molecule agonist of toll-like recep-

tor 7 can be improved by circumventing TLR tolerance. Cancer Res.
2011;71(15):5123-33.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 15 of 15

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Development of an immune-related gene prognostic risk model and identification of an immune infiltration signature in the tumor microenvironment of colon cancer
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Databases and statistical analysis
	Identification of differentially expressed (DE) genes
	Identification of survival-associated DE immune genes
	Bioinformatics
	Construction and validation of the prognostic risk model
	Independent prognostic value of this new model
	Clinical application of this new model
	Identification of an immune infiltration signature

	Results
	Basic information
	Bioinformatics analyses
	Construction and validation of an immune-gene expression model in colon cancer
	Independent prognostic value and clinical utility of this risk model
	Identification of an immune infiltration signature

	Discussion
	Conclusion
	Acknowledgements
	References


