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Background: To explore the clinicopathological significance and prognostic value of thiopur-
ine methyltransferase (TPMT) in patients with colon cancer by bioinformatics analysis.
Materials and Methods: The clinicopathological information and TPMT expression data 
were downloaded from The Cancer Genome Atlas (TCGA) and Gene Expression Omnibus 
(GEO). Wilcoxon signed-rank test was used to evaluate the relationship between TPMT 
mRNA expression levels and clinicopathological characteristics in patients with colon 
cancer. Then, the prognostic value of TPMT mRNA expression for disease-free survival 
(DFS) and overall survival (OS) in patients with colon cancer was assessed by Kaplan–Meier 
and Cox regression analyses. Additionally, gene ontology (GO) and Kyoto Encyclopedia of 
Genes and Genomes (KEGG) enrichment analyses were performed to explore potential 
functions of TPMT in patients with colon cancer.
Results: TPMT mRNA was significantly downregulated in colon cancer compared with 
normal tissues (P < 0.05). Wilcoxon analysis revealed that lower TPMT mRNA expression 
was remarkably associated with lymph node metastasis (P = 0.008), distant metastasis (P = 
0.012) and advanced pathological stage (P = 0.010). Besides, the high TPMT mRNA level 
was also correlated with a favorable DFS and OS in colon cancer patients (both P < 0.05). 
Moreover, GO enrichment analysis indicated that the co-expressed genes of TPMT function 
as extracellular matrix (ECM) structural constituent, insulin-like growth factor binding, cell 
adhesion molecule binding and growth factor binding. KEGG enrichment analysis suggested 
that the co-expressed genes of TPMT were particularly enriched in amino sugar and nucleo-
tide sugar metabolism, ECM-receptor interaction and focal adhesion.
Conclusion: TPMT mRNA level might be a novel prognostic biomarker for patients with 
colon cancer.
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Introduction
Colon cancer, one of the digestive tract tumors, is the third most common malignant 
tumor around the word and numerous newly diagnosed patients is imperceptibly 
increasing recently.1,2 With the progression of diagnostic technologies, continuous 
innovations and development of routine techniques, the 5-year survival rate of colon 
cancer patients in China has steadily increased. However, there is still a lack of 
effective treatment for patients with advanced or metastatic colon cancer.3,4 

Significantly, growing studies have indicated that verification and comprehension of 
new biomarkers can improve clinical outcomes in patients with colon cancer.
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Thiopurine methyltransferase (TPMT), also named 
Thiopurine S-Methyltransferase, is a cytoplasm protein, 
which contains 245 amino acids and with a mass of 
28.18 KDa.5,6 Currently, available studies had fre-
quently detected that single nucleotide polymorphism 
(SNP) of TPMT might occur in several human malig-
nant tumors.7–10 The frequency of heterozygous mutant 
genotypes in TPMT was low, while the patients with 
head and neck cancer harbored either TPMT*3B or 
TPMT*3C variant genotype might resist cisplatin and 
5-FU.11 Additionally, SNPs in TPMT were also asso-
ciated with progression-free survival in patients with 
ovarian cancer who received cisplatin and cyclopho-
sphamide chemotherapy.12 The expression level of 
TPMT in colon cancer is rarely reported.13 What is 
more, little attention has been paid to the relationship 
between TPMT and clinicopathological characteristics, 
and whether it has a prognostic value is unclear.

In this study, TPMT expression and clinicopatholo-
gical data of colon cancer patients were obtained from 
public databases. The differential expressions of TPMT 
were analyzed not only in normal tissue and colon 
cancer, but also in patients with different clinicopatho-
logical characteristics. Furthermore, the prognostic 
value of TPMT was evaluated in disease-free survival 
(DFS) and overall survival (OS). Finally, the potential 
functions of TPMT were explored by Gene Ontology 
(GO) and Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathway enrichment analysis.

Materials and Methods
Data Accessing and Preparing
Two independent colon cancer datasets were utilized in 
this study. The TCGA-COAD dataset was downloaded 
from The Cancer Genome Atlas (TCGA, https://cancer 
genome.nih.gov/) and the GSE40967 dataset was 
obtained from Gene Expression Omnibus (GEO, 
https://www.ncbi.nlm.nih.gov/gds/). In the TCGA- 
COAD dataset, the expression levels of TPMT were 
determined by high-throughput RNA sequencing, mea-
sured by Transcripts Per Kilobase of exon model per 
Million mapped reads (TPM) and normalized by log2 
(TPM+1). In the GSE40967 dataset, the expression 
levels of TPMT were determined by the Affymetrix 
Human Genome U133 plus 2.0 Array and normalized 
by the Robust Multichip Analysis (RMA) algorithm. 
The clinical data extracted from the database included 

gender, age, pathological T stage, lymph node metas-
tasis, distant metastasis, pathological stage and adju-
vant chemotherapy. Patients with colon cancer who 
received radiotherapy were excluded.

Immunohistochemical Analysis of TPMT 
in Colon Cancer
The online tool “human protein atlas” (HPA, https:// 
www.proteinatlas.org) contained six separate parts, 
such as cells, tissues, organs.14,15 This database offered 
information on the expression and localization of 
human proteins in 44 different tissue types and various 
organs. Differential expression of TPMT protein level 
between normal and colon cancer was evaluated online 
with immunohistochemical staining data provided 
by HPA.

Prospecting of Dysregulated TPMT Gene 
in Colon Cancer
The different expressions of TPMT between normal 
tissues and colon cancer were analyzed in the TCGA- 
COAD and GSE40967 datasets, and the different 
expressions of TPMT in the different clinicopathologi-
cal groups were investigated in the GSE40967 dataset. 
All analyses were performed by the Wilcoxon signed- 
rank test in R software. The clinicopathological char-
acteristics included regional lymph node metastasis, 
distant metastasis, pathological T stage and pathologi-
cal stage. P-value <0.05 was considered statistically 
significant.

Correlation Between TPMT mRNA and 
Survival Time in Patients with Colon 
Cancer
To explore the correlation between TPMT mRNA level 
and the risk of survival time in colon cancer, patients in 
the TCGA-COAD and GSE40967 datasets were classified 
into the high or low expression groups, respectively. 
Kaplan–Meier method by the Log rank test was per-
formed on OS and DFS in R software. Furthermore, 
multivariate Cox regression analysis in the GSE40967 
dataset was used to access the independent prognostic 
value of TPMT and visualized by the survminer package 
in R software. All analyses were performed in 
R software. In these analyses, p-value <0.05 was consid-
ered statistically significant.
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Gene Ontology Enrichment Analysis of 
TPMT and the Co-Expressed Genes
The co-expression genes were defined as mRNAs with 
correlation coefficients| >0.3 and p-value <0.05 accord-
ing to Pearson’s correlation test between expression 
levels of TPMT and other mRNAs. Then, we con-
ducted enrichment analysis of GO in cell component 
(CC), biological process (BP) and molecular function 
(MF) categories and KEGG pathway by cluster profiler 
in R software. Adjusted p-value <0.05 was considered 
statistically significant.

Result
Patient Characteristics
The GSE40967 dataset includes 566 samples with both 
clinical and gene expression data. As shown in Table 1, 
the median age of patients when diagnosed with colon 
carcinoma was 68.1; Stage I and II was found in 301 
patients, while stage III and IV were found in 265 
patients; 244 of 566 (43.1%) patients had lymph node 
metastasis, and 61 of 566 (10.8%) patients had distant 
metastasis; 233 patients underwent adjuvant che-
motherapy. The TCGA-COAD dataset contained 455 
tumor samples and 41 paired normal tissues.

TPMT mRNA Was Downregulated in 
Colon Cancer Compared with Normal 
Tissues
Based on analysis results of TCGA and GSE40967 
data, the expression of TPMT mRNA in primary 
colon adenocarcinoma and adjacent normal colon 
mucosa was significantly different. Compared with nor-
mal tissues, in the TCGA-COAD dataset, the TPMT in 
primary colon adenocarcinoma was remarkably down-
regulated (P < 0.001, Figure 1A). Moreover, consistent 
result was obtained in the GSE40967 dataset 
(P < 0.001, Figure 1B).

To clarify the clinical relevance to TPMT, HPA data-
base was used to analyze the expression of TPMT in 
normal and colon cancer tissues. The IHC staining results 
suggested that TPMT was strongly expressed in glandular 
cells of normal colon specimens (negative rate of 0%). 
However, moderate and low TPMT staining with colon 
cancer could be in a clear majority (24/28). And the 
minority was high-stained (4/28) (Figure 2).

Association Between TPMT Expression 
and Clinicopathological Characteristics
As shown in Figure 3, the relationships between TPMT 
mRNA expression and clinicopathological characteristics 
were evaluated by the Wilcoxon signed-rank test. TPMT 
tend to be overexpressed in patients with early patholo-
gical T stage although there was no statistical difference 
(P = 0.054). The low expression of TPMT was signifi-
cantly associated with lymph node metastasis 
(P = 0.008), distant metastasis (P = 0.012) and advanced 
pathological stage (P = 0.010).

Survival Analysis of Colon Cancer 
Patients with Respect to TPMT 
Expression
To explore whether TPMT mRNA level had prognostic 
significance in colon cancer patients, Kaplan–Meier survi-
val analyses were performed and the results showed that 
patients with TPMT-high had better DFS and OS than 
those with TPMT-low, respectively, in both datasets (all 
P < 0.05, Figure 4). Moreover, by multivariate analyses in 

Table 1 The Clinicopathological Characteristics of Patients in 
the GSE40967 Dataset

Clinical Characteristics Total

Gender

Male 310

Female 256

Age at diagnosis (y)

<68.1 282

≥68.1 283

Unknown 1

Pathological T stage

Tis+T1+T2 59

T3+T4 486

Unknown 21

Lymph node metastasis

Yes 244

No 302

Unknown 20

Distant metastasis

Yes 61

No 482

Unknown 23

Pathological TNM stage

Stage I+II 301

Stage III+IV 265

Adjuvant chemotherapy

Yes 233

No 316

Unknown 17
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the GSE40967, TPMT expression level was independently 
correlated with DFS and OS, with a HR of 0.64 (CI: 0.46– 
0.87, P = 0.005, Figure 5A) and 0.73 (CI: 0.54–0.98, 
P = 0.036, Figure 5B), respectively.

Enrichment Analysis
By correlation analysis, 730 co-expressed genes of TPMT 
were identified. The results of GO enrichment analysis are 
summarized in Figure 6. These genes might be located in 
ECM, cell–cell junction and cell-substrate adherens junc-
tion, etc. They mainly functioned as extracellular matrix 
(ECM) structural constituent, insulin-like growth factor 
binding, cell adhesion molecule binding and growth factor 
binding, and participated in the biological process, 

including the generation of precursor metabolites and 
energy, electron transport chain, cellular respiration, pro-
tein localization to the plasma membrane, energy deriva-
tion by oxidation of organic compounds and cell junction 
organization.

The KEGG signal pathway enrichment analysis 
revealed that these genes might be involved in ECM- 
receptor interaction, focal adhesion, amino sugar and 
nucleotide sugar metabolism (Figure 7).

Discussion
Recently, molecular target therapies have improved the 
prognosis of multiple cancers. However, target agents 
available for colon cancer patients are limited compared 

Figure 1 Differential expression levels of TPMT mRNA in colon cancer and adjacent normal tissues based on GSE40967 and TCGA-COAD datasets. Both in the TCGA- 
COAD (A) and GSE40967 (B) datasets, the expression levels of TPMT were significantly lower in colon cancer tissues than those in normal tissues.

Figure 2 Immunohistochemical staining of TPMT in colon cancer based on HPA datasets. The TPMT was highly expressed in normal colon tissue (A) and low expressed in 
colon cancer (B).
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with breast cancer and non-small cell lung cancer. Thus, it 
is important and essential to screen for novel drug targets.

Many previous studies have focused on the muta-
tion of TPMT expression and inflammatory bowel 
disease.16–18 TPMT is a key enzyme in the metabolism 
of thiopurine drugs in vivo. The activity of TPMT can 
directly affect the accumulation of 6-thioguanine 
nucleotide, and then affect the clinical efficacy. There 
is sufficient evidence that patients with inflammatory 
bowel disease have an increased risk of colorectal 
tumors.19 Recently, the expression of TPMT and its 
functions has been reported in several cancers.7–12The 
polymorphisms of TPMT may be associated with treat-
ment response of chemotherapeutic agents in patients 
with head and neck cancer.11 As for colon cancer, the 

expression of TPMT and its potential prognostic sig-
nificance has not been reported. Therefore, the bioin-
formatics method was performed to explore the 
expression level of TPMT mRNA in colon carcinoma 
and its potential prognostic value.

In this study, analysis in two independent datasets 
demonstrated reduced expression of TPMT in cancer com-
pared with normal tissues, which means that the down-
regulation of TPMT might be a generalization in colon 
cancer. Moreover, low expression of TPMT was associated 
with poor clinical pathological features, such as patholo-
gical stage, lymph node metastasis and distant metastasis. 
These results demonstrated that TPMT might play an 
inhibitory role in tumor development. Meanwhile, patients 
with high expression of TPMT have longer survival time. 

Figure 3 Relationships between TPMT expression and clinicopathological characteristics in the GSE40967 datasets, including: (A) pathological T stage, (B) lymph node 
metastasis, (C) distant metastasis, (D) pathological stage.
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It suggested that TPMT could be a potential prognostic 
marker and served as a novel therapeutic target in patients 
with colon cancer.

Previous studies have demonstrated that TPMT was 
a key enzyme in the metabolism pathway of mercap-
topurine drugs, and it was also one of the most char-
acteristic drug metabolism enzymes, which had various 
genetic polymorphisms.13,20 In testicular germ cell 
tumor, the SNP rs4380755 and rs372534 were asso-
ciated with PFS and OS, respectively.9 What is more, 
the relationship between TPMT and PFS in ovarian 
cancer patients was also reported,12 which was similar 

to our findings in colon cancer. Nevertheless, further 
study is still needed to confirm the role of genetic 
polymorphisms of TPMT in colon cancer.

Additionally, we identified 730 co-expressed genes, 
which may have similar functions or participate in the 
same pathways. The enrichment analysis showed that 
they might be involved in ECM receptor interaction, 
focal adhesion, amino sugar and nucleotide sugar meta-
bolism pathway. Accumulated reports have demonstrated 
that ECM and organ microenvironment could play a key 
role in solid tumor.21–23 Focal adhesion kinase is upre-
gulated in several epithelial tumors and the inhibition of 

Figure 4 Kaplan–Meier survival analyses of DFS and OS based on the expression of TPMT mRNA in the GSE40967 and TCGA-COAD datasets. DFS curve of patients with 
colon cancer based on TPMT expression in the GSE40967 (A) and TCGA-COAD (C) datasets. OS curve of patients with colon cancer based on TPMT expression in 
GSE40967 (B) and TCGA-COAD datasets (D).
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focal adhesion kinase in FAK-deficient squamous cell 
carcinoma can suppress both tumor cell proliferation 
and migration.24,25 As for colon cancer, the potential 
molecular mechanism of TPMT will be verified and 
discussed in our future research.

Conclusion
Taken together, the present bioinformatics findings sug-
gested that TPMT might be a novel tumor suppressor 
gene and played an important role in development of 
colon cancer. Furthermore, it was also an independent 

Figure 5 Multivariate Cox analyses of clinicopathological characteristics and TPMT expression in patients with colon cancer in the GSE40967 dataset. The expression of 
TPMT was an independent risk of DFS (A) and OS (B) in colon cancer patients.
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Figure 7 Enrichment analysis of KEGG pathway of TMPT co-expressed genes.

Figure 6 Enrichment analysis of Gene Ontology based on TMPT co-expressed genes. (A) Biological processes. (B) Cellular components. (C) Molecular functions.

https://doi.org/10.2147/IJGM.S338575                                                                                                                                                                                                                                 

DovePress                                                                                                                                   

International Journal of General Medicine 2022:15 158

Jia et al                                                                                                                                                                Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


prognostic biomarker in colon cancer. In the future, 
this interesting observation is worthy of profounder 
investigation and affirmation from the aspect of clinical 
trials and fundamental experiments.
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