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Identification and validation of prognostic models and 
survival predictions of T cell-inflamed related genes in 

patients with colorectal cancer 

INTRODUCTION 

Colorectal cancer (CRC) is one of the most             
prevalent forms of cancer along with high morbidity 
as well as death rate in the world (1). As reported, 
about 1.3 million new cases of CRC along with 
600,000 CRC-associated deaths occur every year (2). 
The 5-year survival time of CRC patients was over 
90% upon diagnosis at early stages (3). Nevertheless, 
CRC is often diagnosed with late stage due to lacking 
adequate diagnostic methods (4). In spite of the              
improvements in diagnosis together with therapy, the 
long-time survival for CRC patients remains low (5). 
Thus, it is urgently required to understand the           
molecular mechanisms underlying CRC as well as 
identify novel biomarkers utilized for the early          
detection together with prognosis assessment of CRC. 

Immunotherapy along with immune checkpoint 
inhibitors (ICIs) belongs to currently common for 
cancers, CRC included (6,7). A crucial feature in the 
immune system is to differentiate “foreign” cells and 
normal cells in the body, attacking foreign cells 
whereas reserving normal cells (8). A positive immune 

response is discovered before therapy in patients 
sensitive to immunotherapy, featured by infiltration 
of antigen-specific T cells (9). This phenomenon is 
identified as the T cell-inflamed tumor                           
microenvironment (TME), which can be adopted for 
prediction of responding together with non-
responding tumors (10). The TME belongs to the              
environment surrounding the tumor, composed of 
peripheral blood vessels, immune cells, fibroblasts, 
along with extracellular matrix (11). Tumors are 
strongly linked to the surrounding microenvironment 
as well as constantly interact with each other (12). In 
particular, tumors can affect the microenvironment 
via extracellular signals, accelerating tumor              
angiogenesis, together with stimulating peripheral 
immune tolerance. In turn, cancer cells growth is  
influenced by immune cells in the microenvironment 
(13).  

In recent years, a signature known as the T                
cell-inflamed gene expression profile (GEP) has been 
established to suggest responsiveness to PD-1             
blocking treatment (14). The T cell-inflamed GEP is 
associated with chemokine expression, cytolytic       
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Background: The anti-tumor immune reaction has a critical part in the progression 
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clinicopathological features to further improve prognostic models and survival 
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differential expressed in CRC tissues. GO along with KEGG analyses revealed that T cell
-inflamed associated genes were implicated in the regulation of immune cells. 
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classified all CRC patients into a low- or high-risk group or different disease subtypes 
(C1, C2 and C3). In the C3 group the OS rate of CRC patients was longer compared to 
the C1 group. Additionally, the prognosis Decision Curve Analysis (DCA) map displayed 
that the risk score was increased compared to the extreme curve and higher than 
other indicators, showing the strongest survival prediction ability. Conclusion: These 
results indicated that T cell-inflamed associated gene-based risk score reflected 
immune microenvironment features as well as predicted prognosis in CRC.  
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activity, as well as adaptive immune resistance (15). In 
pan-cancer clinical datasets, it has revealed good  
predictive performance against overall survival (OS) 
following PD-1 therapy. Additionally, the prognostic 
effect of T cell-inflamed GEP on CRC (16).  

In this research we aimed to identify as well as 
validate prognostic models related to T cell                 
inflammation. Our research provided a new target for 
the diagnosis of CRC, and also provides a new                
direction in clinical immunotherapy in the future, so 
as to help CRC patients with more accurate diagnosis 
and effective treatment, and improve the survival 
rate of patients. 

 
 

MATERIALS AND METHODS  
 

Differential expression analysis 
To verify the gene expression between CRC           

tissues together with normal tissues, the limma             
package was implemented. The criteria for                  
differentially expressed T cell-inflamed related were 
|log 2 (fold change) | more than 1 together with the 
false discovery rate (FDR) less than 0.05. 

 

Functional enrichment analysis 
Using edgeR R package for high-risk together with 

low-risk group identification of genes between (|log2 
(a fold change) | more than 1 together with FDR less 
than 0.05), Functional annotations based on GO              
together with KEGG were also made by means of the 
‘clusterProfiler’ R package (adjusted p values < 0.05). 
Metascape (https://metascape.org) was                            
implemented to further certify the function                
enrichment of these genes. P < 0.05 was significance. 

 

Protein–protein interaction (PPI) network  
The PPI information in T cell-inflamed-related 

genes was identified by means of STRING website 
(http://www.string-db.org/). 

 

Construction of T cell-inflamed-related prognostic 
signature 

Using the LASSO prognostic model, patients with 
CRC were divided into high- and low-risk groups, or 
C1, C2, and C3 groups, and the OS was compared            
using the Kaplan-Meier methodology. Additionally, 
the survival ROC was calculated to verify the                 
predictive accuracy. To investigate the relationship 
between clinical variables and risk score, both              
univariate and multivariate Cox regression models 
were used. A nomogram containing calibration maps 
was implemented to assess the clinical outcome of 
CRC patients using an RMS R package. 

 

Comparison of immune cell infiltration 
The normalized matrix data of gene expression 

levels were examined using the R software's limma 
package in order to investigate the T cell-inflamed-
related genes in further detail between low- and high

596 

-risk immunological score colorectal cancer cases. 
Furthermore, genes associated with immunity were 
obtained from the ImmPort database (https://
www.immport.org/), and these genes were used to 
determine immune-related T cell-inflammatory genes 
in order to create a predictive risk model. To compute 
the microenvironment score, the "ESTIMATE"               
software was used.  

 

Statistical analysis 
All statistical analyses were implemented by 

means of R software (version 3.6.3, http://www.           
R-project.org). We used the t-test for comparing the 
variables. Kaplan-Meier curves were applied to              
assess the survival curves, and a log-rank test was 
carried out to evaluate them. Differences were                   
significant when P < 0.05. 

 
 

RESULTS 
 

Expression difference and enrichment analysis of T 
cell-inflamed related genes 

Expression difference in transcription levels of 17 
T cell-inflamed related genes were analyzed in              
unpaired samples. In comparison with normal             
tissues, 14 genes containing CCL5, CD27, CD8A, 
CMKLR1, CXCR6, HLA-DQA1, HLA-DRB1, HLA-E, 
LAG3, NKG7 and PDCD1LG2 were down-regulated 
while CD276, CXCL9 and STAT1 were up-regulated in 
tumor tissues (figure 1A). At the same time,                  
expression differences in transcription levels of these 
17 genes were analyzed in paired samples. The                 
outcomes displayed that, CCL5, CD27, CD8A, 
CMKLR1, CXCL9, CXCR6, HLA-DQA1, HLA-E, LAG3 
and STAT1 were significantly down-regulated while 
CD276, HLA-DRB1 and NKG7 were high-expressed in 
tumor tissues (figure 1B). To assess the biological 
functions of these T cell-inflamed related genes, GO 
enrichment together with KEGG pathway analyses 
were implemented. As displayed in figure 1C, these T 
cell-inflamed related genes were mainly enriched in 
organic acid biosynthetic process, collagen-
containing extracellular process, steroid metabolic 
process together with small molecule catabolic             
process. Besides, scatter plot of GO together with 
KEGG enrichment analyses exhibited that T cell-
inflamed related genes were majorly implicated in T 
cell activation, cell adhesion molecules, regulation of 
T cell activation, external side of plasma membrane 
and regulation of leukocyte cell-cell adhesion (figure 
1D). 

 

Enrichment analysis of T cell-inflamed linked 
genes based on Metascape 

A significant heat map was constructed based on 
biological items from different datasets. As displayed 
in figure 2A, T cell-inflamed related genes were     
mainly enriched in hallmark interferon gamma             
response, regulation of T cell activation and positive 
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regulation of immune response. Besides, a significant 
heat map was constructed based on DisGeNET 
(https://www.disgenet.org/) database. It was found 
that T cell-inflamed related genes were mainly                
enriched in immunosuppression, hepatitis C, chronic 
and infection (figure 2B). Furthermore, Metascape 
was used to analyze the GO data set, and discovered 
that T cell-inflamed related genes were mainly               
involved in immune system process, regulation of 

biological process along with positive regulation of 
biological process (figure 2C). In addition, the PPI 
network was built. It was observed that T cell-
inflamed related genes were majorly implicated in 
hallmark interferon gamma response, regulation of T 
cell activation and positive regulation of immune  
response (figure 2D - 2E). The two most important 
subnetworks in the PPI network were exhibited in 
figure 2F.  

Qian et al. / T cell-inflamed genes in CRC prognosis  597 

Figure 1. Expression difference and enrichment analysis of T cell-inflamed related genes. (A) Unpaired samples revealed differences 
in transcription levels of 17 genes. (B) Differences in gene transcription levels in paired samples. (C) Bar charts and bubble charts 

showed the GO/KEGG enrichment analysis results of T cell-inflamed gene sets. (D) Scatter diagram of GO/KEGG enrichment               
analysis. 

The Lasso regression model is used to screen the 
prognostic genes and construct the prognostic 
model 

A prognostic risk evaluation model on the basis of 
5 T cell-inflamed related genes (CD276, CXCL9, 
CXCR6, HLA-DQA1 and LAG3) was constructed using 
the LASSO model. The cvfit together with lambda 
curve were displayed in figures 3A and 3B. Then, an X
-tile diagram indicated the optimal cutoff value for 
the risk score. Based on this cutoff value, The CRC 
patients were separated into a high-risk group               
together with a low-risk group. Prognostic curves and 
scatter plots show the risk score of each case with 
CRC as well as survival status (figure 3C). Besides, the 
death cases were majorly presented in the high-risk 
group. Additionally, the heat map of candidate 
mRNAs demonstrated that CD276, CXCL9, CXCR6, 
HLA-DQA1 and LAG3 were high-expressed in the 
group of high risk. Three different disease subtypes 
were constructed based on consistent clustering 
(figure 3D-3E). Kaplan–Meier survival analysis        

presented that the OS time of CRC cases in the C3 
group was better compared to the C1 group (figure 
3F). Besides, compared to C2 and C3, the risk score 
was elevated in patients with C1 (figure 3G). The AUC 
values of CRC in predicting the OS time was 0.68 for 
C1, 0.67 for C2 and 0.62 for C3 (figure 3H). 

 

Relationship among risk score, disease subtypes 
and immune infiltration 

It was investigated how the infiltration levels of 
twenty-four different kinds of immune cells varied. 
High-risk patients showed higher NK CD56bright 
cells together with NK cells while the low-risk group 
showed higher aDC, B cells, eosinophils, T cells, T 
helper cells, Tcm, Tgd, Th1 cells, Th17 cells and Th2 
cells (figure 4A). Meanwhile, the illness subtype was 
used to categorize the variations in infiltration levels 
in 24 different types of immune cells. As displayed in 
Figure 4B, compared to C1 and C3, C2 obtained a 
higher immune score, which insinuated an                      
immunologically “hot” phenotype. The correlation 
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between risk score and infiltration scores of twenty-
four kinds of immune cells was positively correlated 
(figure 4C). Patients with high scores of T helper 
cells, Tgd and NK CD56bright cells had shorter             
survival time compared to low scores, while patients 
with high scores of TH2 cells, aDC, B cells, TH17 cells 
along with NK cells harbored longer survival time 

(figure 4D). The correlation between risk score and 
matrix score, immune score and EASIMATE score was 
constructed based on EASIMATE algorithm, and was 
found to be positively correlated (figure 4E). In con-
trast to high risk group, CRC patients possessing low 
risk scores had higher immune scores and EASIMATE 
scores (figure 4F).  
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Figure 2. Enrichment analysis of T cell-inflamed related gene set based on Metascape. (A) A significant heat map was constructed 
based on biological entries from different data sets. (B) A significant heat map was established based on DisGeNET database. (C) A 

significant heat map was built based on GO data set. (D) Protein-protein interaction network was constructed based on protein 
interaction data, and color genes with pathways. (E) Coloring genes with P-values in protein-protein interaction networks. (F) Two 

of the most important subnetworks in the protein-protein interaction network. 

Risk score is combined with clinicopathological 
features to further improve prognostic models and 
survival predictions 

As revealed in figure 5A, CRC patients with low 
risk scores harbored longer survival time. The impact 
of five potential biomarkers and disease subtypes on 
patient outcomes was displayed in figure 5B.              

Calibration curve evaluated the predictive veracity of 
T cell-inflamed correlation prognostic model (figure 
5C). Additionally, the prognosis DCA map revealed 
that the risk score was higher than the extreme curve 
and higher than other indicators, showing the strong-
est survival prediction ability (figure 5D). 
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Figure 3. The Lasso regression model is used to screen the prognostic genes and construct the prognostic model. (A) Variable     
trajectory diagram. (B) Lasso coefficient screening results. (C) T cell-inflamed prognostic model and risk factor map. An X-tile               
diagram indicated the optimal cutoff value for the risk score. (D) Three different disease subtypes were constructed based on              

consistent clustering. (E) Sample clustering consistency. (F) Survival curves of three disease subtypes were drawn based on TCGA 
database. (G) Risk scores were compared in the groups of three disease subtypes. (H) ROC curve verified the stability of the             

prognostic model. 
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Figure 4. Relationship among risk score, disease subtypes and immune infiltration. (A) The difference between the infiltration levels 
of 24 kinds of immune cells was explored in groups with high or low risk score. (B) Differences in infiltration levels in 24 types of 
immune cells grouped by disease subtype. (C) Heat maps of correlation between risk score and infiltration scores of 24 kinds of 

immune cells. (D) Survival curve was constructed based on different immune cell infiltration scores and patient prognosis data in 
TCGA. (E) Correlation between risk score and matrix score, immune score and EASIMATE score based on EASIMATE algorithm. (F) 
The difference between matrix score, immune score and EASIMATE score was compared in groups according to high or low risk 

score. 
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DISCUSSION 
 

Our study firstly explored the expression             
difference and enrichment assessment of T cell-
inflamed associated genes. It was observed that 14 T 
cell-inflamed related genes were significantly highly 
expressed or down-regulated in CRC tissues. Besides, 
GO enrichment together with KEGG pathway analyses 
was implemented to display the biological potentials 
of these T cell-inflamed linked genes in CRC. The        
results indicated that these T cell-inflamed linked 
genes were mostly implicated in T cell activation, 
modulation of leukocyte cell-cell adhesion, cell               
adhesion molecules, and external side of plasma 
membrane and regulation of T cell activation.               
Previous studies have revealed a fundamental                
association between T-cell-inflamed profiles and  

tumor immune infiltration,  cancer progression, and 
treatment response. T-cell-inflamed profiles have the 
potential to serve as biomarkers for cancer diagnosis, 
prognosis, and treatment response (17). 

In addition, the prognosis of T cell-inflamed            
associated genes was analyzed by LASSO regression. 
It was found that a large proportion of the 
death cases were presented in the group of high risk. 
Additionally, the heat map displayed that CD276, 
CXCL9, CXCR6, HLA-DQA1 along with LAG3 were 
high-expressed in the group of high risk. It has been 
reported that overexpression of CD276 predicts poor 
outcome in CRC patients, and can promote CRC             
angiogenesis (18,19). CXCL9 expression is related to 
good prognosis for CRC patients (20). CXCR6 is linked 
to unfavorable prognosis of CRC (21). CRC patients 
harboring expression of HLA-DQA1 have good                

Qian et al. / T cell-inflamed genes in CRC prognosis  601 

Figure 5. Risk score is combined with clinicopathological features to further improve prognostic models and survival predictions. (A) 
Survival curve based on high and low risk score groups of CRC patients. (B) The tabulated table showed the impact of five potential 

biomarkers and disease subtypes on patient outcomes. (C) Calibration curve evaluated the predictive accuracy of T cell-inflamed 
correlation prognostic model. (D) Prognostic DCA chart indicated that the risk score was higher than the extreme curve. And higher 

than other indicators, showing the strongest survival prediction ability. 

 [
 D

O
I:

 1
0.

61
18

6/
ijr

r.
22

.3
.5

95
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
ai

l.i
jr

r.
co

m
 o

n 
20

26
-0

4-
28

 ]
 

                               7 / 8

http://dx.doi.org/10.61186/ijrr.22.3.595
https://mail.ijrr.com/article-1-5593-en.html


survival (22). Tumour-infiltrating lymphocytes with 
high LAG-3 expression are found in CRC (23). Besides, 
3 different disease subtypes were constructed based 
on consistent clustering. According to Kaplan-Meier 
survival analysis, the C3 group's OS time for CRC             
cases was superior to that of the C1 group.  

To further identify whether these specific T              
cell-inflamed related genes were utilized for         
prognostic factors, the prognostic prediction model 
was built. In groups with high or low risk scores, the 
variations in the infiltration levels of 24 different 
types of immune cells were investigated. In the 
meantime, illness subtype was used to categorize the 
variations in infiltration levels in 24 different types of 
immune cells. Compared to C1 and C3, C2 obtained a 
higher immune score, which insinuated an                     
immunologically “hot” phenotype. There was a             
positive association found between the risk score and 
the infiltration scores in 24 different types of immune 
cells. Accordance to the EASIMATE algorithm, a             
positive correlation was discovered between the risk 
score and matrix score, immune score and EASIMATE 
score. Additionally, to enhance prognostic models 
and survival forecasts, risk score was paired with 
clinicopathological variables. We found that the risk 
score had the highest survival prediction capacity, 
being greater than other indicators and increased 
when compared to the extreme curve. These studies 
provided a promising avenue for future study by 
demonstrating for the first time the prognostic            
significance of the T cell-inflamed related gene for 
CRC patients. 

Nonetheless, this study has limitations. First, the 
outcomes are short of in vitro together with in vivo 
experiments to verify the credibility. Hence, more 
assays should be arranged to validate the                   
mechanistic relations of these genes and CRC in the 
future, 

 
 

CONCLUSSION 
 

Five prognosis-associated T cell-inflamed related 
genes were linked to the OS of CRC patients. A              
prognostic model was built with effective effects. Of 
note, this study may provide novel targets for the 
treatment of CRC patients. 
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