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Abstract. - OBJECTIVE: The morbidity and
mortality of patients with colorectal cancer, one
of the most common malignant tumors world-
wide, is steadily increasing. The aim of this
study was to investigate the association be-
tween prognostic immune-related gene profile
and the outcome of colorectal cancer in patients
by analyzing datasets from The Cancer Genome
Atlas (TCGA).

MATERIALS AND METHODS: Gene Ontolo-
gy (GO) and the Kyoto Encyclopedia of Genes
and Genomes (KEGG) further demonstrated that
these genes were enriched in many immune-re-
lated biological processes. Univariate Cox re-
gression analysis was applied to examine the
association of immune-related genes with the
prognosis in patients with colorectal cancer.
The least absolute shrinkage and selection op-
eration (LASSO) Cox regression model was then
used to establish the immune-related signature
for the prognostic evaluation of colorectal can-
cer in patients. Survival differences were as-
sessed by the Kaplan-Meier method along with
the log-rank test.

RESULTS: A total of 133 prognosticimmune-re-
lated signatures were identified by using the
univariate Cox proportional hazards regression
analysis. A 14-gene signature-based risk score
was constructed using the LASSO Cox regres-
sion. According to the cut-off of the risk-score,
patients were assigned to the low-risk and high-
risk groups. The log-rank test suggested that the
survival time of the low-risk group was signifi-
cantly higher than that of the high-risk group.
In the time-dependent ROC curve analysis, the
AUC for 1-year, 3-year, and 5-year overall surviv-
al (OS) were 0.781, 0.742, and 0.791, respective-
ly. GO and KEGG analysis further revealed that
the gene sets were actively involved in immune
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and inflammatory response, as well as the cyto-
kine-cytokine receptor interaction pathway.
CONCLUSIONS: To summarize, we identified
a novel 14-gene immune-related signature that
may potentially serve as a prognostic predictor
for colorectal cancer, thereby contributing to pa-
tient personalized treatment decisions. Further
research needs to be conducted to validate the
prognostic value of the selected genes.
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Introduction

Colorectal cancer is the third most frequent-
ly diagnosed malignancy and the second leading
cause of cancer-related death globally; it is also the
third most common cancer in men and women'.
Colorectal adenocarcinoma accounts for 90% of
all colon cancer cases and is the most histological
type. Early symptoms of colorectal cancer are not
evident; the most common symptoms in patients
with advanced disease include changes in bowel
habits and fecal traits®*. Despite significant devel-
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opments in the treatment of colorectal cancer in
recent years, its prognosis in patients remains poor
due to a lack of early diagnostic and predictive bio-
markers?®, Therefore, identifying effective poten-
tial diagnostic markers and therapeutic targets to
combat colorectal cancer is an urgent need.

It is well-known that various components of the
immune system are related to the occurrence and
development of cancer®. Various investigations®®
have verified that colorectal cancer is an immu-
nogenic tumor and immunotherapy is strongly
pursued via targeting the immune checkpoints.
Additionally, the normalization of immune-micro-
environment has an effect on improving the other
anti-tumor treatments, including targeted therapy,
radiotherapy, as well as chemotherapy®. A variety
of immune-relevant gene signatures have been re-
ported to be associated with the sensitivity of var-
ious chemotherapeutic drugs'. Notwithstanding,
there has been no immune-relevant gene signature
that can systematically assess and predict the prog-
nosis of colorectal cancer in patients.

In this study, the transcriptome data and corre-
sponding clinical follow-up information were ap-
plied to identify some key immune-related genes
with significant prognostic value. Subsequently,
we constructed a survival model to predict the
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prognosis of colorectal cancer in patients using
these key immune-related genes.

Materials and Methods

Data Collection

The expression data of mRNA (514 samples,
Workflow Type: HTSeq-Counts) and the corre-
sponding clinical follow-up information were
downloaded from The Cancer Genome Atlas
(TCGA; https://cancergenome.nih.gov). The sam-
ples for which the gene expression was “zero”
were excluded from the analysis. The list of im-
mune-relevant genes consisting of 2498 genes
was downloaded from the Molecular Signature
Database V7.0 (MSigDB; http:/software.broadin-
stitute.org/gsea/msigdb/)!.

Data Processing

Colorectal cancer samples were randomly as-
signed into training and validation cohorts at a
7:3 ratio. Meanwhile, univariate Cox regression
analysis was applied to examine the association
between immune-related genes in relation to the
prognosis in patients with colorectal cancer. In
univariate Cox regression analysis, p < 0.05 was
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Figure 1. The prognostic signature in colorectal cancer. A, Training cohort: a. risk score of each colorectal cancer: the risk
score increased from yellow to blue; b. survival time of each colorectal cancer: blue and yellow scatter represent alive and
dead, respectively; c. heatmap of the 14-gene immune-related signature. B, Validation cohort: a. risk score of each colorectal
cancer: the risk score increased from yellow to blue; b. survival time of each colorectal cancer: blue and yellow scatter repre-
sent alive and dead, respectively; c. heatmap of the 14-gene immune-related signature.
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Figure 2. Kaplan-Meier curves of OS stratified by the 14-gene immune-related signature score in the high- and low-risk

patients in (A) Training cohort and (B) Validation cohort.

considered to be statistically significant. After
that, the LASSO Cox selection method was used
to construct the survival-predicting model'2.

Enrichment Analyses

To better understand the potential function
of immune-related genes, Gene Ontology (GO)
and Kyoto Encyclopedia of Genes and Genomes
(KEGQG) analysis were performed using the
“clusterProfiler” R package". False discovery rate
(FDR) of less than 0.05 was set as the threshold.

Construction of the Prognostic
Immune-Related Gene Signature
The immune-related prognostic risk score

was constructed using the LASSO Cox selection
method at a 10-fold cross-validation', by using
the “glmnet” R package'. The risk score for each
patient was calculated according to the signature
gene expression weighted by its associated Cox
regression coefficient. The prognostic immune-re-
lated gene signatures were shown as risk score =
(exprgenel * coefﬁcientgenel) + (exprgenez * coefficient-

o) T (expr* coefficient ). The “surv_
gene2) | .gene ene
cutpoint” function of the “survminer” R package
was applied to generate the optimal cut-off value
of the risk-score. Based on the cut-off value of the
risk-score, colorectal cancer patients were assigned
into the low-risk group and high-risk group. Sub-
sequently, the area under the curve (AUC) was
calculated to validate the predictive ability of the
immune-related risk signature, by using the “sur-
vivalROC” R package'®. To assess the significance
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of the survival difference between the low-risk
and high-risk group, the “survdiff” function of the
“survival” R packages was applied"’. Additionally,
the differences in the other clinicopathological fea-
tures between these two groups of patients were
evaluated by the Chi-square test. All the analyses
were conducted using R version 3.6.1. Significance
was defined as p < 0.05.

Results

Construction and Assessment of the
Immune-Related Gene Prognostic
Signature

Colorectal cancer samples were randomly as-
signed into training and validation cohorts at a
7:3 ratio. Subsequently, the 2498 immune-related
genes were analyzed using the univariate Cox re-
gression model in the training set. A total of 133
probable prognostic immune-relevant genes were
selected for further evaluation based on p < 0.05.
We then utilized the LASSO Cox regression model
with a 10-fold cross-validation for selecting genes
with the best prognostic value. A total of 14 im-
mune-related genes were identified and the risk
score was calculated based on their expression
level and associated Cox regression coefficient.
The risk score = (expr, ., * -0.116) + (expr, *

-0.429) + (expr,,, * —O.C6§18) + (€XPTyope ™ —OS.II%%))ZJr
(expr, ,* -0.253) + (expr,, ., * 0.050) + (expr, ., *
0.0975) + (eXPr,; ,ep * 0.385) + (€Xprppp * 0.261)+

(expr ,\p * 0.153) + (expr ., * —0.3635}1 (expry, 0z
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Figure 3. Time-dependent ROC curves of OS for the 14-gene immune-related signature score in the (A) Training cohort and

(B) Validation cohort, at 1-, 3-, and 5-year period.

*0.363) + (expryp, * 0.273) + (eXpr,, pp, * 0.081).
Based on the optimal cut-off value of -3.963 for
the risk-score, patients were further assigned into
the low-risk and high-risk group (Figure 1A). The
Kaplan-Meier log-rank test demonstrated that
the high-risk patients had a worse overall surviv-
al (OS) rate compared to that of low-risk patients
in the training set (Figure 2A, p < 0.001). In the
time-dependent ROC curve analysis, the AUC for
1-year, 3-year, and 5-year OS period were 0.781,
0.742, and 0.791, respectively (Figure 3A).

We further verified the prognostic ability of this
14-immune-related gene signature in the validation
cohort. Based on the optimal cut-off value of -3.963
for the risk-score, patients were assigned into the
low-risk and high-risk group (Figure 1B). The
Kaplan-Meier log-rank test demonstrated that the
low-risk patient group had significant survival ad-
vantages compared to those in the high-risk group
in the validation set (Figure 2B, p < 0.001). The
AUC for 1-year, 3-year, and 5-year OS period was
0.682, 0.721, and 0.703, respectively (Figure 3B).

These results demonstrated great applicability
and stability of the immune-relevant gene signa-
ture for predicting prognosis in patients with col-
orectal cancer.

Function Enrichment Analysis

50 significant KEGG pathways and 1698 GO
terms were identified via the enrichment anal-
ysis of 676 immune-relevant genes. The results
showed that the top six KEGG pathways were

hsa04060: Cytokine-cytokine receptor interac-
tion, hsa04061: Viral protein interaction with
cytokine and cytokine receptor, hsa04062:
Chemokine signaling pathway, hsa04010:
MAPK signaling pathway, hsa04640: Hema-
topoietic cell lineage, and hsa04080: Neuroac-
tive ligand-receptor interaction. (Figure 4A).
Further, pathway analysis according to GO
identified various significant terms, the top six
of them being 0050900: leukocyte migration,
0006959: humoral immune response, 0002526:
acute inflammatory response, 0006958: com-
plement activation, classical pathway, 0002920:
regulation of humoral immune response, and
0002673: regulation of acute inflammatory re-
sponse (Figure 4B).

Association Between Immune-Related
Gene Signature and Clinical Parameters

To further confirm the clinical value of the
survival-predicting model, the Chi-square test
was applied to assess the association between the
signature and clinical parameters, including age,
gender, and American Joint Committee on Can-
cer (AJCC) staging system. In the training cohort,
a higher-risk score was found to be associated sig-
nificantly with age (p = 0.001), AJCC staging sys-
tem (p < 0.001), T (p = 0.001), N (p < 0.001), and
M (p = 0.001). However, no significant difference
was found in gender (p = 0.668). Similar results
were found in the validation cohort of colorectal
cancer (Table I and Figure 5).
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Figure 4. Gene functional enrichment of immune-related signature. A, The top six most significant GO terms. B, The top six
most significant KEGG pathways. Function analysis of the 14-gene immune-related signature.

Discussion

Despite significant developments in the treat-
ment of colorectal cancer in the past ten years, its
prognosis in patients remains poor. In most of the

patients diagnosed at an advanced stage, simple
surgical resection treatment could not achieve sat-
isfactory results, and had to be supplemented by
radiotherapy or chemotherapy at the same time'®.
Considering the importance of immune-envi-

Table I. Correlation between the clinical features of colon carcinoma and 14 immune-relevant genes signature.

Training cohort (n = 280) Validation cohort (n = 123)
Parameters
High risk Low risk p-value High risk Low risk p-value

Age (years) 0.001 0.459
>65 57 103 44 32
<65 43 77 24 23

Gender 0.668 0.250
Female 44 84 30 30
Male 56 96 38 25

AJCC stage <0.001 0.004
I+ 39 118 32 40
HI+v 61 62 36 15

T 0.001 0.005
T0-2 9 46 10 14
T3-4 91 134 58 41

N <0.001 0.005
NO 40 120 35 42
N1-3 60 60 33 13

M 0.001 0.001
MO 66 151 44 47
M1 34 29 24 8
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ronment in the progression of cancer, the identi-
fication of immune-relevant biomarkers is very
important for the prognosis of colorectal cancer
in patients”. We therefore established a robust
prognostic signature according to immune-rel-
evant genes using the TCGA datasets to predict
patients’ survival outcomes.

The survival-predicting model revealed a to-
tal of 14 immune-related genes with a prognostic
ability. We showed that the signature was asso-
ciated significantly with the OS of patients with
colorectal cancer in the training and validation
cohort. These results demonstrated great applica-
bility and stability of the immune-relevant gene
signature for predicting prognosis in patients
with colorectal cancer. We further evaluated the
association between the signature and clinical
parameters to figure out the clinical value of this
immune-related signature. It was found that high-
risk patients were associated significantly with
age, AJCC staging system, T, N, and M. These
results further highlight the prognostic ability of
the immune-related signature.

There is growing evidence® that innate and
adaptive immune systems make a crucial contribu-
tion to the occurrence and development of cancer.
In this study, we utilized GO and KEGG analysis
to better understand the potential function of im-
mune-related genes. The results showed that these
immune-related genes were actively involved in
cytokine-cytokine receptor interaction, function-
ing as significant contributors in the inflamma-
tory process of tumor occurrence and develop-
ment?. These cytokines and cytokine receptors
can directly or indirectly affect tumor cells in the
tumor-microenvironment via chronic inflammato-
ry reactions, free radicals, and signal pathways?.
They can function to inhibit the development and
progression of tumor and are also verified to be
effective in the treatment of cancer”*. Future re-
searches might uncover their therapeutic potential
in tumor immunotherapy by elucidating the mech-
anisms of cytokines and immune response.

In addition, the pathway enrichment analyses
increased the evidence of its association with can-
cer and the clinical applicative potential. PI3K-
Akt signal pathway is one of the key regulatory
pathways in multiple cancers, including colorec-
tal cancer. PI3K-Akt signaling pathway inhibitors
can inhibit the growth of colorectal cancer xeno-
grafts and enhance the cytotoxic effect of cetux-
imab and panitumumab®. Furthermore, other
pathways such as MAPK signaling pathway, Ras
signaling pathway, Chemokine signaling path-
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way, and RAS signaling pathway were also in-
volved in the growth, invasion, proliferation, and
metastasis of cancer cells and played a key role in
colorectal cancer*?.

To the best of our knowledge, this is the first
study to focus on the association between prog-
nostic immune-related genes and the outcome of
colorectal cancer in patients. Nonetheless, this
investigation has some limitations. First, the sig-
nature was established using retrospective data.
Thus, it is necessary to carry out clinical verifica-
tion using a sufficient number of colorectal cancer
samples to confirm the clinical value of this sur-
vival prediction model. Second, due to a lack of
patients treated with immune-checkpoint inhibi-
tors, we could not verify the association between
the prognostic immune-related signature and re-
sponses to tumor immunotherapy.

Conclusions

To summarize, we identified a novel 14-gene
immune-related signature that may potentially
serve as a prognostic predictor for colorectal can-
cer, thereby contributing to patient personalized
treatment decisions. Future prospective studies
are needed to verify the clinical value of this sur-
vival-predicting model in patients with colorectal
cancer.
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