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Abstract

Background: Overexpression of deoxythymidylate kinase (DTYMK) 
has been associated with more aggressiveness and pathological behav-
iors in hepatocellular carcinoma (HCC) and non-small cell lung can-
cer (NSCLC). However, the expression of DTYMK and its prognostic 
significance in colorectal cancer (CRC) patients are yet unknown. The 
goal of this study was to investigate the DTYMK immunohistochemis-
try reactivity in CRC tissues and to see how it correlated with various 
histological and clinical features as well as survival.

Methods: Several bioinformatics databases and two tissue microar-
rays (TMAs) of 227 cases were used in this study. Immunohistochem-
istry assay was used to study the protein expression of DTYMK.

Results: Based on the GEPIA, UALCAN, and Oncomine databases, 
DTYMK expression has increased in tumor tissues at both RNA and 
protein levels in colorectal adenocarcinoma (COAD) compared to 
normal tissues. A high DTYMK H-score was found in 122/227 (53%) 
of the cases, whereas a low DTYMK H-score was found in 105/227. 
The age at diagnosis (P = 0.036), stage of the disease (P = 0.038), and 
site of origin (P = 0.032) were all linked to a high DTYMK H-score. 
Patients with high level of DTYMK had bad overall survival. Inter-
estingly, high DTYMK protein level was associated with PSM2 (P = 

0.002) and MSH2 (P = 0.003), but not with MLH2 or MSH6.

Conclusion: This is the first study to cover the expression and prog-
nostic significance of DTYMK in CRC. DTYMK was upregulated in 
CRC and could be considered as a prognostic biomarker.
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Introduction

In the United States, colorectal cancer (CRC) is the third most 
common cancer diagnosed both in women and men, next to pros-
tate cancer (PCa) in men and breast cancer (BC) in women. There 
are more than 1.9 million new CRC cases every year [1]. Around 
40% of all CRC cases are diagnosed in the proximal (cecum) 
colon, with the other 22% and 28% including the distal colon as 
well as rectum, respectively [2]. Nevertheless, depending on age 
and gender, there may be differences in the location of origin. 
Despite the fact that the incidence and fatality rates of CRC have 
dropped as a result of improved cancer screening techniques, it 
is expected that 149,500 new cases will be diagnosed in 2021 in 
United States, with an estimated 52,980 people dying from the 
disease according to American Cancer Society [3].

CRC has been linked to a variety of demographic, behav-
ioral, and environmental factors that caused molecular and cel-
lular modification of CRC [4]. The significant risk factors in-
clude irritable bowel illness (IBD), CRC history in first-degree 
relatives, body mass index (BMI), physical activity, cigarette 
smoking, as well as red meat, fruit, and vegetable consump-
tion [4]. Colonoscopy is still the gold standard for detecting 
CRC. Computed tomography (CT) scan of the abdomen, chest, 
and also pelvis with contrast is required before any treatment 
to stage the patient’s CRC. The TNM classification system is 
used to stage primary tumor size (T), regional lymph node (N), 
and distant metastasis (M) [5]. Despite the presence of several 
tumor markers such as carcinoembryonic antigen which can 
be raised in CRC, this is not a specific diagnostic biomarker 
for the disease. Therefore, identifying a novel prognostic and 
potential diagnostic for CRC patients is urgently needed.

Cell replication requires DNA synthesis, which is especially 
important in tumor cells. Several cancer types are widely treated 
with therapeutic drugs that target deoxy-ribonucleotide triphos-
phate production and metabolism [6]. During a de novo process, 
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deoxythymidine-5′-monophosphate (dTMP) is produced by 
thymidylate synthase which adds methyl group to deoxyuridine-
5′-monophosphate [7]. The salvage process generates dTMP by 
phosphorylating thymidine with thymidine kinase (TK). Deoxy-
thymidylate kinase (DTYMK) gene is located on chromosome 2 
at the 2q37 position and belongs to thymidylate kinase proteins 
family. The phosphorylation of dTMP to create deoxythymidine 
diphosphate (dTDP) can be catalyzed by DTYMK. Further-
more, it is the initial step in the formation of deoxythymidine 
triphosphate (dTTP), which is a crucial component for synthesis 
of DNA, that combines both salvage and de novo processes [8].

DTYMK is upregulated in a variety of malignancies in hu-
mans, including malignant rhabdoid tumors of the kidney [9], 
acute lymphoblastic leukemia (ALL) [10], and pancreatic can-
cer [11]. According to Wang et al [12], DTYMK levels were 
raised in non-small cell lung cancer (NSCLC) using immunohis-
tochemistry (IHC) analysis. Increased expression of DTYMK 
was found to be strongly linked to NSCLC patients’ aggressive 
tumor development, including advanced tumor status, increased 
lymph nodal status, a high TNM stage, and a worse overall sur-
vival (OS) [12]. More recently, DTYMK has been shown to be 
a poor prognostic biomarker in hepatocellular carcinoma (HCC) 
[13]. Another study demonstrated the prognostic significance of 
70 genes in BC. DTYMK was found to be one of the most up-
regulated gene signatures associated with poor OS in BC [14].

There have been no investigations performed on DTYMK 
in CRC regarding the expression or the prognostic significance 
yet. In this study, we investigated the expression of DTYMK 
at mRNA and protein levels using several bioinformatics data-
bases and IHC assay.

Materials and Methods

Reagents and tissue microarrays (TMAs)

Two TMA sections of 227 cases were purchased from US Bio-
max (CO1021a and CO1251). Antibody against DTYMK was 
purchased from Abcam (anti-DTYMK antibody, cat. number: 
ab154867). Rabbit HRP/DAB IHC detection kit was pur-
chased from Abcam (cat. number: ab64261).

IHC staining and evaluation

To determine the clinical importance of DTYMK expression in 
CRC, IHC staining for DTYMK was done on TMA CRC tis-
sues of 227 cases. The TMA slides were prepared for antigen 
retrieval by heating them to 93 °C for 30 min using a citric acid 
antigen retrieval solution (pH 6.0). After that, the sections were 
incubated for 10 min with 3% H2O2. The two slides were treated 
in a humidified atmosphere at 4 °C for 24 h with antibody pro-
duced against DTYMK (1:200 dilution). The IHC detection kit 
was then used to do the IHC staining. DTYMK immunostaining 
was assessed by specialized pathologists. The percentage and 
intensity of positively stained tumor cells were used to assess 
staining. The cells were classified as DTYMK-positive if the 
cytoplasm of the tumor cells was slightly stained with DTYMK 

antibody. The following equation was used to get the H-score: 
H-score = Pi (I + 1), where I is the stained tumor cell intensity (0, 
1+, 2+ and 3+), and Pi is the percentage of the tumor cells that 
stained for each intensity [15]. The H-score mean was used as 
the cutoff value, which was set at 6 out of 12. DTYMK expres-
sion was considered high in cases of an H-score greater than 6.

Expression profile of DTYMK in CRC

The DTYMK gene expression pattern at RNA level for the pairs 
of tumor vs. normal tissues in colorectal and other types of 
malignancies was studied using bioinformatics methods. GE-
PIA is a website that provides RNA data from the GTEx and 
TCGA investigations, which has over 9,700 and 8,487 for tu-
mors and normal samples, respectively. Customizable features 
offered by GEPIA include tumor/normal differential expres-
sion analysis and cancer type-specific profiling. The RNA-Seq 
datasets GEPIA used is based on the UCSC Xena project in 
order to locate the DTYMK gene, and we used the expression 
DIY functionality. After that, we chose profile option from the 
expression DIY menu and added CRC (COAD) to the datasets 
list. Then, automatically, matched normal data, log scale, and 
Jitter size were all established [16].

GEO dataset website [17] was used for searching studies 
on COAD. A validated GEO microarray dataset (GSE156720) 
including three pairs of colorectal tumor and normal tissues 
was obtained from GEO dataset [18].

UALCAN is a web-based resource for studying cancer 
OMICS data that is comprehensive, user-friendly, and interac-
tive. UALCAN is a detailed, viewer, and an interactive website 
resource for evaluating cancer OMICS data. It allows users to 
search for biomarkers, to perform in silico validation of inter-
ested genes, and to create graphs and also plots depicting gene 
level profiles [19].

Over 700 datasets in various types of cancers are available 
in the Oncomine database [20], all of which are of high quality 
and have a substantial study cohort. Oncomine was used to study 
the expression of DTYMK at RNA level in CRC cohort studies.

Using data from the TCGA-COAD cohort, the Cancer 
Genomics Browser [21] at UCSC (University of California in 
Santa Cruz, CA, USA) was utilized to evaluate the association 
between DTYMK at the mRNA level with CRC and under-
stand the DTYMK gene’s prognostic value in COAD.

Clinical characterization of patients with CRC

To further investigate the relationship of DTYMK protein lev-
els with clinical and pathological features in CRC, two TMAs 
(n = 227) were chosen. A total of 105 (46%) of the 227 cases 
were under the age of 59, while 122 (54%) were beyond the 
age of 60 (Table 1). More than half of the cases were males 
(139/227 (60%)), while females accounted for 91/227 (40%). 
According to the TNM staging system, tumor size (T) was 
divided into four categories: for T1, the tumor is only in the 
inner layer (n = 1); for T2, the tumor grows into muscle (n 
= 37); for T3, the tumor grows into the outer lining but not 
grown through it (n = 119); and for T4, the tumor spread (n 
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= 65 cases). The following criteria were used to establish the 
lymph node status: N0 means no lymph node metastasis (n = 
155), N1 means metastasis in 1 - 3 regional lymph nodes (n = 
47) and N2 means metastasis in 4 - 9 regional lymph nodes (n 
= 20). In none of the cases, there were any distant metastases. 
Furthermore, the clinical stage was classified as follows: stage 
I (n = 36), stage II (n = 1,419), stage III (n = 64), and stage IV 
(n = 3). Tumor grade included low grade (n = 44), moderate 
grade (n = 139), and high grade (n = 33).

Statistical analysis

SPSS version 19 was used to evaluate the TMAs and COAD 

data. Student’s t-test and Pearson Chi-squared test were used 
to analyze the expression level of DTYMK at RNA and protein 
level in normal vs. tumor COAD cases, in addition to asso-
ciation of the DTYMK with COAD clinical and pathological 
parameters. To compare survival curves plotted using Kaplan-
Meier analysis, the log-rank test was utilized. P < 0.05 and P < 
0.001 were considered as statistically significant.

Results

Expression level of DTYMK gene in COAD

We compared the levels of DTYMK expression in normal and 
malignant tissues in COAD using GEPIA based on profile 
gene analysis. DTYMK gene was overexpressed in tumor tis-
sues more than normal tissues in breast cancer (BRCA) (tu-
mor (T) = 1,085/normal (N) = 112), COAD (T = 275/N = 
41), liver hepatocellular carcinoma (LIHC) (T = 369/N = 50)), 
lung squamous cell carcinoma (LUSC) (T = 483/N = 59), and 
prostate adenocarcinoma (PRAD) (T = 495/N = 52). Notably, 
the expression of DTYMK was higher in COAD in compari-
son to the other types of cancers, which has an average around 
45 transcripts per million TPM (Fig. 1a). We next obtained an 
RNA seq file based on transcriptome analysis to verify our 
findings. DTYMK levels in tumors were substantially greater 
than in normal tissues (P = 0.009) (Fig. 1b). In addition, as 
shown, we used the UALCAN website to assess the mRNA 
and protein levels of DTYMK in large study samples (Fig. 1c, 
d) with P-value of 1.6 ×10-12 and 9.0 × 10-39, respectively. 
Primary tumor tissues had higher quantities of mRNA and 
protein than normal tissues. We also looked at the degree of 
DTYMK expression in these datasets using different COAD 
cohort studies from the Oncomine database: rectal adenocar-
cinoma vs. normal, Gaedcke colorectal/colorectal carcinoma 
vs. normal, Graudens/colorectal carcinoma vs. normal, Hong 
colorectal/colorectal adenocarcinoma vs. normal, Skrzypczak 
colorectal/colorectal carcinoma vs. normal, Skrzypczak colo-
recta. DTYMK RNA expression was high in majority of the 
study cohorts, as seen in Figure 1e, f. Overall, tumor tissue 
showed a higher level of DTYMK than normal tissue, accord-
ing to these data.

DTYMK positivity and clinical and pathological param-
eters

The COAD cases were evaluated according to expression 
of DTYMK (negative 0, weak 1+, moderate 2+ and strong 
3+) (Fig. 2a). The percentage of positive and the intensity of 
DTYMK staining were used to determine the H-score (Table 
2). Patients were categorized into two groups depending on 
their H-score, with the mean H-score being 9.6 out of 12. A 
representative image in Figure 2b shows the high H-score ver-
sus low H-score cases, which indicated the cytoplasmic ex-
pression for DTYMK.

The details of DTYMK H-score with clinical and patho-
logical parameters are shown in Table 3. DTYMK was linked 

Table 1.  Clinical and Pathological Features for the 227 Colo-
rectal Cancer (COAD) Patients

Clinicopathologi-
cal characteristics Variables n (%)

Age Less than 59 105 (46)
More than 60 122 (54)

Sex Male 136 (60)
Female 91 (40)

Tumor differentiation Low 44 (19)
Moderate 139 (61)
High 33 (15)
NA 11 (5)

Tumor stage T1 1 (0)
T2 37 (16)
T3 119 (53)
T4 65 (29)
NA 5 (2)
N0 155 (68)
N1 47 (21)
N2 20 (9)
NA 5 (2)

Stage Stage I 36 (16)
Stage II 119 (53)
Stage III 64 (28)
Stage IV 3 (1)
NA 5 (2)

Site of primary tumor Colon 102 (45)
Intestine 1 (0)
Left hemicolon 8 (4)
Right hemicolon 70 (31)
Sigmoidal colon 37 (16)
Transverse colon 4 (2)
Ascending colon 5 (2)

COAD: colorectal adenocarcinoma; NA: not given.
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Figure 1. High expression level of DTYMK in colorectal cancer (COAD). (a) DTYMK gene expression was upregulated in sev-
eral types of human malignancies especially in COAD. (b) Using GEO dataset, analysis of DTYMK expression in three pairs of 
tumors vs. normal of CRC patients. (c, d) Using UALCAN website, analysis of DTYMK at mRNA and protein levels. (e, f) Using 
Oncomine database, analysis of DTYMK in several COAD study cohorts. *P value < 0.05 was considered to be significant [16]. 
CRC: colorectal cancer; DTYMK: deoxythymidylate kinase; COAD: colorectal adenocarcinoma.
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to the patient’s age, tumor stage, and location of origin. There 
was no link between DTYMK and the patient’s gender, tumor 
grade, tumor size, or lymph node status.

High DTYMK H-score was more associated with patient’s 
age more than 60 years old (122/227) (P = 0.036). Moreover, 
DTYMK was associated with earlier stage of the tumor (P = 
0.038) and the primary origin site, left and right colon has the 
highest expression levels (P = 0.032).

The correlation between DTYMK protein expression and 
the mismatch repair (MMR) genes

CRC is caused by germline mutations in the DNA MMR 
genes MSH2, MSH6, or MLH1. These mutations have an au-
tosomal dominant inheritance pattern [22, 23]. PMS2 encodes 
a protein that is required for MMR; nevertheless, mutations in 
this gene have only been recorded in exceedingly rare situa-
tions [24-26]. In this study, we examined the correlation be-

Figure 2. DTYMK protein expression by IHC. (a) These images show the DTYMK IHC grading system (original magnification × 
20). Negative (0), weak (1+), moderate (2+), and strong (3+) grading systems were constructed based on DTYMK staining in-
tensity. (b) In four cases, illustrative photographs depict examples of high DTYMK H-score and low DTYMK low H-score (original 
magnification was × 10 and × 20). DTYMK: deoxythymidylate kinase; IHC: immunohistochemistry.
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tween the MMR proteins IHC results with DTYMK expression 
(Fig. 3a-d). We found that high DTYMK H-score is strongly 
associated with high level of PSM2 (P = 0.003) and MSH2 (P 
= 0.002), but not with MSH6 and MLH1. These results may 
indicate that co-expression level of DTYMK with PMS2 and 
MSH2 could work together in CRC patients.

The prognostic significance of DTYMK in COAD

TCGA-COAD data were downloaded from Xenobrowser web-
site. The survival outcomes were analyzed based on DTYMK 
mRNA level. DTYMK gene expression was separated into two 
groups based on the mean level of DTYMK gene levels, the 
mean expression was 9.86 (Log2 of DTYMK mRNA level). Pa-
tients above the mean had high DTYMK expression. We found 
that patients that had high level of DTYMK (n = 76) have poor 
overall survival (OS) in comparison to those with low level 
of DTYMK (n = 139) (P = 0.028) (Fig. 3e). Patients with high 
level of DTYMK has bad progression free survival (PFI) for 
less than 500 days of the disease. However, no differences 
were found between low vs. high after 600 days of the disease.

Discussion

The main purpose of this study was to assess DTYMK IHC 
reactivity in CRC (COAD) patients retrospectively and to in-
vestigate the link between the degree of its expression and 
histological and clinical factors that may influence patients’ 
prognosis. For measuring DTYMK expression, we utilized a 
DTYMK IHC H-score (percentage multiplied by intensity) 

Table 2.  The Findings of the Scores Obtained for DTYMK Pro-
tein Expression

Score Patients (227) (n, %)
0 3 (1.3)
1 1 (0.4)
2 5 (2.2)
3 6 (2.6)
4 15 (6.6)
6 16 (7.2)
8 30 (13.2)
9 29 (12.8)
12 122 (53.7)

DTYMK: deoxythymidylate kinase.

Table 3.  Comparison of Patients With Low Versus High DTYMK H-Score in Their Colorectal Adenocarcinomas Pathological Vari-
ables (n = 227)

Clinicopathological characteristics Variables DTYMK low 
H-score; n

DTYMK high  
H-score; n P-value

Age Less than 59 60 54 0.036*
More than 60 45 68

Sex Male 64 41 0.436
Female 72 50

Differentiation grade Well 15 79 0.106
Poor/moderate 29 23

Tumor size T1 0 1 0.782
T2 15 22
T3 54 64
T4 31 34

Stage Stage I 14 22 0.038*
Stage II 54 65
Stage III 29 35
Stage IV 3 3

Node N0 58 87 0.842
N1 22 25
N2 10 10

Tumor site Colon 57 45 0.032*
Right colon 29 41
Left colon 12 25
Sigmoidal colon 4 4

Clinicopathological parameters were assessed using Pearson Chi-square analysis. *P < 0.05. DTYMK: deoxythymidylate kinase.
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that has been previously used in various BC and CRC studies 
[15, 27, 28].

In our study, we revealed that DTYMK RNA level in 
COAD tumor was considerably elevated than in surrounding 
normal tissues by evaluating data using UALCAN, GEPIA, 

GEO and Oncomine databases. In this study, we showed that 
DTYMK could be used as a prognostic biomarker in COAD 
patients. The TCGA data were used to validate DTYMK’s 
prognostic value, and Kaplan-Meier analysis was used to esti-
mate survival outcomes. Early-stage COAD patients and those 

Figure 3. Correlation between DTYMK and MMR proteins. (a-d) Analysis of the association between DTYMK IHC and PMS2, 
MLH1, MSH6 and MSH2 IHC results, respectively. P value < 0.05 was considered to be significant. (e) The overall survival (OS) 
and progression-free interval (PFI) analysis for high DTYMK vs. low DTYMK mRNA levels. Log rank P value < 0.05 was consid-
ered to be significant. DTYMK: deoxythymidylate kinase; IHC: immunohistochemistry; MMR: mismatch repair.
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over 60 years old were more likely to have elevated DTYMK 
expression. Moreover, left and right hemicolons have shown 
to be at high DTYMK protein level. DTYMK was found to be 
increased in NSCLC and HCC, which is consistent with our 
findings [12, 13, 29, 30]. To validate these results, 227 CRC 
cases were selected for IHC study. Immunochemical results 
showed that more than half of the patients (122/227, 53%) had 
a high H-score.

The role of DTYMK in cancers has been investigated 
previously in HCC. It was identified that DTYMK acts as an 
oncogene, and knocking down DTYMK in HCC cells reduced 
cell growth and disturbed the cell cycle. The expression of cell 
cycle proteins which are implicated in the G0/G1 and S phases 
was drastically reduced after inhibition of DTYMK in HCC 
cells. Furthermore, after loss of DTYMK function, Hep3B 
and Huh7 HCC cells lines developed to be more susceptible to 
sorafenib and oxaliplatin [29].

In CRC, one of the standard medications used in chemo-
therapy regimens is 5-fluorouracil (5-FU). In two differ-
ent 5-FU resistance CRC cell lines, DTYMK was found to 
be upregulated in both cell lines, which may be linked to 
medication resistance in CRC cells [31]. Furthermore, it was 
demonstrated that, by using two HCT116 colon cancer cell 
lines with p53+, + and another p53-, -, loss of DTYMK ex-
pression using lentivirus short hairpin RNA (shRNA) led to 
decrease in the dTTP pool without affecting p53 expression 
levels [32]. In addition, it has shown that inhibited DTYMK 
p53-, - colon cells enhanced doxorubicin sensitivity. After 
exposure to low-dose doxorubicin, the DNA damage re-
sponse was augmented and apoptotic induction was acceler-
ated, resulting in cell death [32]. There have been no reports 
that state the level of DTYMK expression or the association 
between DTYMK level and the clinic-pathological aspects 
of patients.

Apoptosis evasion, which is a hallmark of cancer, is criti-
cal for cancer survival, cell growth, therapy-resistance, in 
addition to metastasis in CRC [33]. Microsatellite instabil-
ity (MSI) has been revealed in CRC to be immunogenic with 
substantial lymphocytic infiltrate due to enhanced mutational 
signatures. MSI CRC is defined by the absence or high level 
of one or more MMR proteins which include MSH2, MLH1, 
PMS2 and MSH6 [34]. IHC identification of DNA MMR pro-
teins in CRC screening for CRC is being studied extensively. 
In our study, and in consistency with another study [35], 48-
59% of the cases showed low expression of MMR proteins 
and almost 17% of the cases showed high expression of MMR 
proteins. Interestingly, high protein expression of DTYMK 
was associated with PSM2 and MSH2 but not with MSH6 or 
MLH1. DTYMK based on our preliminary study (not shown) 
has a strong protein-protein interaction with RAD51 which 
has a vital role in DNA repair by homologous recombination 
[36]. No direct interaction has been found between DTYMK 
and MMR proteins except through RAD51. A previous study 
demonstrated that RAD51 was overexpressed in CRC and as-
sociated with tumor stage for patients with CRC as we found 
for DTYMK [37]. Further studies are needed to clarify the cor-
relation between MMR protein and DTYMK and RAD51 in 
patients with CRC.

More recently, stomatin-like 2 (STOML2) was shown to 

be highly overexpressed in CRC, and its presence was linked 
to a poor prognosis [38]. Based on the yeast 2 hybrid and com-
putational biology analysis, the authors screened the most in-
teracted proteins with STOML2. DTYMK was one of the most 
similar proteins in terms of signaling pathways and biological 
reactions, which may indicate an important role of DTYMK 
in CRC [38].

There are a few things to mention. Firstly, the impor-
tance of DTYMK expression levels as a biomarker needs to 
be established by a prospective validation study because this 
research was retrospective. Second, based on our findings, 
DTYMK was linked to poor OS in CRC, which we believed to 
be age-related. Additionally, the link between early stage and 
DTYMK expression does not support the result. Therefore, 
more investigations are required.

Conclusion

We detect in this study high level of DTYMK at mRNA and 
protein levels in CRC patients more than normal tissues. High 
DTYMK H-score was detected in 53% of CRC and low H-
score in 47%. It has been discovered that patients with a high 
DTYMK level had a worse OS rate in comparison to those 
with a low level. DTYMK may be a novel, potent prognostic 
biomarker, as well as a therapeutic target in CRC, according 
to the study, which recommends for more researches.
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