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Introduction: Hepatocellular carcinoma (HCC) is the most common malignant tumor of the
liver. Identifying specific molecular markers that can predict HCC prognosis is extremely
important. The protein deoxythymidylate kinase (DTYMK) has been reported to contribute
to unfavorable prognosis in non-small cell lung cancer patients, but its role in the prediction
of HCC patient prognosis has not been clarified.

Methods: Samples from the TCGA and GEO databases were consecutively enrolled for gene
expression analysis, clinicopathology analysis, immune microenvironment analysis and che-
motherapeutic response prediction. The results were validated using 86 samples from the First
Affiliated Hospital of Sun Yat-sen University. Cox regression analysis was used to analyze the
effect of DTYMK on progression-free survival (PFS) and overall survival (OS). Functional
enrichment analysis was used to describe the marker pathways that were significantly related to
DTYMK. TIMER (Tumor Immune Estimation Resource), TISIDB (Tumor and Immune System
Interaction DataBase) and CIBERSORT (Cell type Identification By Estimating Relative Subsets
Of RNA Transcripts) were used to explore the immune microenvironment.

Results: We found that DTYMK expression upregulation is associated with poor prognosis
in HCC patients and tightly related to the pathways regulating the cell cycle and acid
metabolism. Our findings revealed that hepatocellular carcinoma cell lines with high
DTYMK expression were more sensitive to sorafenib and many other chemotherapeutic
drugs. We also found an inhibiting effect of DTYMK on the immune microenvironment in
the process of tumorigenesis.

Discussion: We found that DTYMK has potential as a new prognostic and chemotherapeu-
tic response biomarker for HCC patients and correlates with the immune microenvironment
in HCC. However, there are some deficiencies in our study. First, this is a retrospective study
that may lead to selection bias. Second, the protein expression of DTYMK was investigated
via immunohistochemical analysis. Finally, we did not explore the exact underlying mole-
cular mechanisms of DTYMK in tumorigenesis in this study, which is needed to be clarified
in future research.
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Introduction

Hepatocellular carcinoma (HCC) is the third leading cause of cancer-related death
worldwide, leading to approximately 500,000 deaths worldwide each year.'* HCC is
the leading histological type of primary liver cancer (PLC) and comprises 75%-85% of
PLCs. In the past, hepatitis virus infection, aflatoxin intake and excessive drinking were
the main etiological factors of HCC, but recent studies have revealed that obesity-
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related nonalcoholic fatty liver disease and nonalcoholic
steatohepatitis are also major causes of HCC.** At present,
there are multiple therapeutic methods available for HCC,
including radical resection or liver transplantation. However,
because liver cancer is often in the advanced stages by the
time many patients seek medical advice, the prognosis of
HCC patients is still unfavorable.” Hence, efficient biomar-
kers are vital for identifying early HCC.

Deoxythymidylate kinase (DTYMK), a nuclear deox-
ythymidylate kinase, catalyzes the process of deoxy-TMP
phosphorylation. DTYMK is widely expressed in all tis-
sues and catalyzes the last reaction of the deoxyribonu-
cleoside triphosphate (dTTP) production pathways.’
Previous studies have shown that DTYMK is probably
a predictive factor of poor prognosis in non-small cell
lung cancer (NSCLC) and may be a potential therapeutic
target in NSCLC.”” Yeh et al mentioned that DTYMK
might have relevance to the poor prognosis of HCC
patients,'® but its importance has not yet been evaluated.

This is the first elaborate analysis of the relationship
between DTYMK and HCC development. In this study,
we used samples data The Cancer Genome Atlas (TCGA)
and our cohort to investigate the role of DTYMK expres-
sion on the prognosis of HCC patients. We assessed the
transcriptional changes in DTYMK in HCC and the impact
of these changes on tumor immune cell infiltration and the
chemotherapeutic response. These results may provide
a novel diagnostic and therapeutic strategy for HCC
patients.

Method

Patients and Gene Expression Profile

HCC patients with RNA sequencing and clinicopatholo-
gical data available from the TCGA database (https://
gdc.cancer.gov/) were enrolled for the analyses. Sample
data from the GEO database (GSE14520, GSE25097,
GSE63898)
also analyzed. According to the median mRNA expres-
sion level of DTYMK, the patients from the TCGA were
divided into high and low expression groups. We also

(http://www.ncbi.nlm.nih.gov/geo) were

recruited 86 HCC patients without preoperative radio-
therapy or chemotherapy from the First Affiliated
Hospital of Sun Yat-Sen University as a validation
cohort. In accordance with the immunohistochemistry
score of DTYMK, the patient cohort was also divided

into two groups.

Gene Set Enrichment Analysis

Gene set enrichment analysis(GSEA) was used to predict
possible GO and KEGG pathways related to DTYMK
expression using RNA-seq data from the TCGA database.
We performed 1000 gene set permutations times for each
analysis. Enrichment with a false discovery rate < 0.05 and
a nominal p-value < 0.05 was considered statistically
significant.

Immune Infiltration Analysis

The relative fraction of 22 types of tumor-infiltrating
immune cells (TIICs) in HCC patients from the TCGA
database was calculated by CIBERSORT.'! We compared
the relative abundance of TIICs between the high and low
The
Estimation Resource (TIMER)'? was used to conduct inte-

DTYMK expression groups. Tumor Immune
grated correlation analysis between tumor-infiltrating
immune cell signatures and DTYMK expression levels.
Based on an integrated repository portal for tumor-
immune system interactions (TISIDB),"® we explored the
relation between DTYMK expression levels and immune-

related molecules.

Chemotherapeutic Response Prediction

Chemotherapeutic response was predicted for the TCGA
samples based on the Genomics of Drug Sensitivity in
Cancer database (GDSC, https://www.cancerrxgene.org/).

Eighteen selected chemotherapeutic drugs commonly used
for HCC, including sorafenib and others, were evaluated.
The R package “pRRophetic”'*
centration needed to inhibit the growth of half of the cells

was applied, and the con-

(IC50) was estimated by a ridge regression model, which
reflected the drug sensitivity.

Immunohistochemistry Staining

From our validation cohort, 86 formalin-fixed paraffin-
embedded slides were deparaffinated, hydrated, blocked
and mixed with the primary anti-DTYMK polyclonal anti-
body (Abcam, ab241493) and incubated overnight at 4°C.
Finally, HCC tissue staining was conducted and assessed
as previously described.'

Statistical Analysis

All statistical analyses were performed in R (Version
3.6.1). The Wilcoxon rank sum test was used to com-
pare the difference between two groups with quantita-
tive data. The overall and disease-free survival curves
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Figure | High expression levels of DTYMK in HCC shown in the analysis of data from the publicly available GEO and TCGA databases. The analysis of DTYMK levels in (A)
GEO: GSE14520, (B) GEO: GSE25097, (C) GEO: GSE63898, and (D) TCGA grouped by HCC and adjacent tissues.

were assessed by Kaplan-Meier analysis and compared
by a two-sided Log rank test. The relationship between
clinical characteristics and DTYMK expression was
analyzed by Fisher’s exact test. Univariate and

multivariate analyses were performed by Cox regres-
sion models to find independent variables related to
prognosis. A P value less than 0.05 was defined as

statistically significant.
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Ethics Approval

The study was reviewed and approved by the Institutional
Review Board of The First Affiliated Hospital of Sun Yat-
Sen University and conformed to the tenets of the
Declaration of Helsinki. Written informed consent was

obtained from the patients.

Result

DTYMK Expression Upregulation is
Associated with Poor Prognosis in HCC
Patients

To determine the expression of DTYMK in HCC tissues,
we first analyzed 631 adjacent samples and 721 HCC
samples in three GEO datasets (GSE14520, GSE25097,
and GSE63898). The results demonstrated that, compared
with tumor adjacent tissues, DTYMK expression in HCC
tissues was significantly upregulated (Figure 1A-C, p all

Table | Correlation Between DTYMK Expression Level and
Clinicopathological Features of HCC in TCGA Database

(A) Univariate Analysis
Variables Total (n=230) DTYMK Expression P-value
Level
High(118) Low(112)

Age 57 60.5 0.057

Gender 0.573
FEMALE 72 39 33
MALE 158 79 79

Tumor 0.014
TI&T2 163 75 88
T3&T4 67 43 24

Node 0.622
NO 226 115 11
NI 4 3 [

Metastasis |
MO 226 1é 110
M 4 2 2

TNM stage 0.010
Stage | &l 160 73 87
Stage Ill & IV 70 45 25

Tumor grade 0.048
Gl &G2 126 57 69
G3 & G4 104 6l 43

Note: Bold text indicates a significant difference.

<0.001), which was in line with the expression data from
the TCGA database cohort (Figure 1D, p <0.001).

We analyzed the relationship between the expression of
DTYMK and clinicopathological features in HCC patients
from the TCGA database (Table 1). The results indicated
that the DTYMK expression level was significantly associated
with primary tumor size, disease stage and pathological grade.
As shown in Table 2, we further explored connections between
DTYMK expression and overall survival (OS) or disease-free
survival (DFS) and other clinicopathological characteristics in
HCC patients. Univariate analysis showed that there were four
factors associated with HCC OS (disease stage, tumor size,
metastasis and expression level group) and three factors asso-
ciated with HCC DFS (disease stage, tumor size and expres-
sion level group) (Table 2A). Our multivariate analysis
demonstrated that the DTYMK expression level (p<0.05)
was an independent prognostic factor. Figure 2A shows the
distribution of DTYMK expression and the survival status of
HCC patients. The AUC of the DTYMK expression level for
forecasting overall survival was 0.633 (Figure 2B). We
divided HCC patients from the TCGA database into two
groups based on DTYMK expression level, and survival ana-
lysis was further performed. As shown in Figure 2C and D, the
expression level of DTYMK was tightly related to patient
survival and disease recurrence.

GSEA Investigation of DTYMK

To wunderstand the possible biological functions of
DTYMK, we performed GO term enrichment and KEGG
pathway analysis by the GSEA method. The results
revealed that the DTYMK expression level was signifi-
cantly different with an FDR<0.05 and a p-value<0.05 in
the pathway enrichment analysis. As shown in Table 3A,
GO analysis showed that protein activation cascades,
monooxygenase activity, androgen metabolism, organic
acid catabolism and monocarboxylic acid catabolism
were negatively correlated with DTYMK; DNA biosynth-
esis, checkpoint signal transduction involved in the cell
cycle, condensed chromosome centromeric region and
negative cell cycle regulation were positively correlated
with DTYMK. As shown in Figure 3A and B, cell cycle
progression and acid catabolism were the key biological
processes and were closely associated with DTYMK.
Meanwhile, KEGG pathway analysis uncovered five
terms negatively correlated with high levels of DTYMK,
fatty acid metabolism, complement and coagulation cas-
cades, drug metabolism cytochrome p450, valine leucine
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Table 2 Univariate or Multivariate Analysis of OS/DFS and Clinicopathological Parameters in HCC Patients

(A) Univariate Analysis

os DFS

HR HR.95L HR.95H p-value HR HR.95L HR.95H p-value

Gender 0.830 0.515 1.336 0.443 0.844 0.568 1.252 0.399
Age 1.003 0.985 1.021 0.773 0.997 0.982 1.012 0.724
Stage 3.117 1.969 4.932 0.000 2404 1.633 3.541 0.000
Tumor grade 1.104 0.698 1.745 0.674 1.18 0.812 1.713 0.385
Tumor size 3.134 1.980 4.960 0.000 2.392 1.618 3.536 0.000
Node 2.205 0.691 7.035 0.182 0.847 0.209 3438 0817
Metastasis 3.877 1.215 12.368 0.022 3.146 0.985 10.044 0.053
Group* 2.580 1.565 4.252 0.000 1.646 1.127 2.404 0.0l
(B) Multivariate analysis

os DFS

HR HR.95L HR.95H p-value HR HR.95L HR.95H p-value

Stage 0.561 0.044 7232 0.658 4.110 0.452 37.334 0.209
Tumor grade 1.142 0.708 1.840 0.586 1.187 0.804 1.753 0.389
Tumor size 5.117 0.392 66.783 0.213 0.564 0.063 5.030 0.608
Node 3.163 0.695 14.405 0.137 0.388 0.046 3.243 0.382
Metastasis 2.109 0.615 7232 0.236 1.733 0.499 6.014 0.387
Group* 2.190 1.312 3.655 0.003 1.479 1.001 2.186 0.049

Notes: *Group is divided by high or low expression level of DTYMK. Bold text indicates a significant difference.

and isoleucine degradation and tryptophan metabolism.
Five positively associated pathways were also confirmed,
including base excision repair, pyrimidine metabolism,
homologous recombination, DNA replication and the cell
cycle (Table 3B-D). In summary, DTYMK expression was
tightly related to the pathways regulating the cell cycle and
acid metabolism, which are crucial in HCC.

Profiles of 22 Tumor Infiltrating Immune
Cells (TIICs) in HCC

First, to investigate the potential interaction among differ-
ent immune cell types infiltrating HCC, we computed the
correlations between 22 immune cell types and the
CIBERSORT p-values. Some immune cell types had
a potential relationship in the TCGA cohort (Figure 4A).
The most relevant cells were resting mast cells and acti-
vated mast cells with a negative R value of —0.65. Naive
B cells and memory B cells also had a negative R value of
—0.58. Interestingly, however, there was a moderate corre-
lation between regulatory T cells and resting NK cells with
an R value of —0.47. These results suggested that mast
cells and humoral immunity are critical in the pathogenesis
of HCC.

We next analyzed the distribution of the 22 TIICs in
different DTYMK expression level groups. As shown in
Figure 4B, follicular helper T cells (Tths), regulatory
T cells (Tregs) and MO macrophages were significantly
different between the high- and low-expression groups,
which implied the importance of Ttfhs, Tregs and MO
macrophages. Moreover, the largest difference was found
in M2 macrophages in both groups, suggesting a critical
role for these cells in tumor progression.

Then, we evaluated the relationship between DTYMK
expression and immune infiltration levels using TIMER.
As illustrated in Figure 4C, the expression level of
DTYMK was positively correlated with tumor purity
(r=0.139, p=9.50e-03). Moreover, there was a positive
relationship between DTYMK expression and the infiltra-
tion levels of CD4+ T cells (r=0.314, p=2.56e-09), B cells
(r=0.364, p=2.83e-12), macrophages (r=0.303, p=8.99e-
09), myeloid dendritic cells (r=0.46, p=1.64e-19) and neu-
trophils (r=0.3009, p=4.51e-09) in HCC. It is worth noting
that the correlation between DTYMK and CD8+ T cells
was not significant.

Finally, we verified the correlation between DTYMK
and immune-related molecules in 373 sample from
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Figure 2 (A) DTYMK expression distribution and survival status, (B) ROC curves of DTYMK, (C and D) Kaplan-Meier overall and disease-free survival analysis of DTYMK

expression based on data obtained from the TCGA dataset.

patients with liver hepatocellular carcinoma (LIHC) by
using the TISIDB database. As illustrated in Figure 5,
eight immunostimulatory molecules and five immunosup-
pressive molecules were correlated with DTYMK expres-
sion. Specifically, DTYMK expression had positive or
negative correlations with stimulatory molecules, such as
CD28 (r=—0.137, p=7.99¢-03), CD40LG (r=—0.137,
p=8.07e-03), CXCLI12 (r=—0.301, p=3.49¢-09), ICOS
(r=0.132, p=1.08e-02), ICOSLG (r=—0.126, p=1.48e-02),

IL-6 (r=—0.229, p=8.6e-06), TNFSF9 (r=—0.162, p=1.71e-
03) and TNFSF19 (r=—0.283, p=3.06¢-08). Similarly, five
inhibitory molecules were correlated with DTYMK,
CD160 (r=0.13, p=1.23e-02), CTLA4 (r=0.223, p=1.51e-
05), LAG3 (r=0.257, p=5.4e-07), PDCD1 (r=0.173,
p=8.08e-04) and CD274 (r=—0.264, p=2.64¢-07). In addi-
tion to these molecules, some molecules tested for in the
LIHC cohort had no significant correlation with DTYMK

(Figure S1).

https:

876

Dove!

Journal of Hepatocellular Carcinoma 2021:8


https://www.dovepress.com/get_supplementary_file.php?f=312604.pdf
https://www.dovepress.com
https://www.dovepress.com

Dove

Guo et al

Table 3 Signaling Pathways Most Strongly Associated with DTYMK Expression Level Based on Their Normalized Enrichment Score

(NES) and p-value

(A) GO Annotation
GO Name NES | NOM p-value | FDR g-value
Negative GO_Protein_Activation_Cascade —2.17949 0 0.024736
GO_Monooxygenase_Activity —2.11688 0 0.039394
GO_Androgen_Metabolic_Process —2.09886 0 0.036316
GO_Organic_Acid_Catabolic_Process —2.07874 0.001901 0.038857
GO_Monocarboxylic_Acid_Catabolic_Process —2.06001 0 0.041592
Positive GO_DNA_Biosynthetic_Process 2.377608 0 0.002169
GO_ Negative_Regulation_of_Cell_Cycle_Phase_Transition 2336135 0 0.001865
GO_Negative_Regulation_of_Cell_Cycle_Process 2.294165 0 0.004995
GO_Condensed_Chromosome_Centromeric_Region 2.29015 0 0.003746
GO_Signal_Transduction_Involved_in_Cell_Cycle_Checkpoint | 2.266043 0 0.004237
(B) KEGG Annotation
KEGG Name NES | NOM p-value | FDR g-value
Negative KEGG_Fatty_Acid_Metabolism —2.32252 0 0
KEGG_Complement_and_Coagulation_Cascades —2.29765 0 0
KEGG_Drug_Metabolism_Cytochrome_P450 —2.18277 0 0.002823
KEGG_Valine_Leucine_and_Isoleucine_Degradation —2.16062 0.002083 0.002763
KEGG_Tryptophan_Metabolism —2.11349 0 0.004277
Positive KEGG_Base_Excision_Repair 2.260003 0 0.009595
KEGG_Pyrimidine_Metabolism 2.239599 0 0.004797
KEGG_Homologous_Recombination 2221476 0 0.004391
KEGG_DNA_Replication 2.135919 0 0.006331
KEGG_Cell_Cycle 2.127497 0 0.005757

More Sensitivity to Chemotherapeutic
Drugs in the High DTYMK Expression
Group

Chemotherapy is a critical therapy for patients with later-
stage HCC, and we evaluated the response of high and low
DTYMK expression human hepatocellular carcinoma cell
lines to 18 chemotherapeutic drugs (Table S1), such as
sorafenib and cisplatin, by applying the “pRRophetic”
R package. Interestingly, the high DTYMK expression
group showed more sensitivity to 12 of the 18 chemo
drugs, with a lower IC50 (Figure 6 and Figure S2). This
finding gives physicians a hint about offering HCC
patients the individualized therapy.

Data Validation Based on Our Cohort

Based on our patient cohort of 86 patients with HCC,
immunohistochemistry staining results showed that 63 had
high expression of DTYMK, while 23 had low expression
(Figure 7A and B). DTYMK protein expression was

obviously upregulated in HCC compared with normal tis-
sue. We checked the relevance between the expression of
DTYMK and clinicopathological features in HCC patients
from our cohort (Table 4). We found that DTYMK expres-
sion correlated with the pathological differentiation grade.
Univariate and multivariate Cox regression analyses
showed that DTYMK expression was an independent risk
factor for prognosis in HCC patients (Table 5). In addition,
a significant validated correlation existed between DTYMK
expression and poor OS and DFS rates by Kaplan-Meier
survival analysis (Figure 7C and D).

Discussion

Currently, very little is known about the role of DTYMK
in cancer. Only a few reports have shown that high expres-
sion of DTYMK is closely correlated with poor prognosis
in patients with LKB1 mutant NSCLC.”® In these studies,
Liu et al hypothesized that DTYMK could serve as
LKB1 mutation-associated

a therapeutic target for
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Figure 3 (A) GO term analysis revealed five positively correlated terms, (B) GO term analysis uncovered five negatively correlated terms, (C) KEGG pathway analysis
showed five positively correlated pathways, and (D) KEGG pathway analysis revealed five negatively correlated pathways.

NSCLC. Hence, we designed the present study with the
aim of investigating the role of DTYMK in HCC and its
potential correlation with tumorigenesis and the prognosis
of HCC patients.

First, we found that the DTYMK expression level in
HCC tissues was significantly higher than that in adjacent
normal tissues by analyzing the data from the GEO and
TCGA databases. In the current study, we demonstrated
that DTYMK might serve as a prognostic biomarker in
HCC patients. The prognostic value of DTYMK was

validated using data from the TCGA, and survival prob-
ability was predicted using Kaplan-Meier analysis. Poorly
differentiated liver cancer was more likely to exhibit high
expression of DTYMK. To validate this conclusion, 86
pairs of HCC and adjacent normal tissue samples were
selected from our center. Immunochemical results showed
that the difference in DTYMK expression between the
HCC tissues and adjacent normal tissues was significant,
and DTYMK levels in tumor tissues were higher than
those in adjacent normal tissues. The above results implied
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Table 4 Correlation DTYMK Expression and
Clinicopathological Features of HCC in Our Validation Cohort

Between

Clinicopathological n DTYMK P-value
Variables Expression
High Low
(63) (23)
Age 50 47 0.369
Sex |
Male 73 53 20
Female 13 10 3
AFP, ng/L 0.226
<200 42 28 14
2200 44 35 9
Tumor size, cm 0.468
<5 50 35 15
>5 36 28
Tumor number 0.622
Solitary 51 36 15
Multiple (22) 35 27 8
PVTT 0.427
Absence 60 42 18
Presence 26 21
TNM stage 0.808
Early (I & 1) 45 32 13
Advance (lll & IV) 41 31 10
Differentiation grade 0.035
Well 59 39 20
Poor 27 24 3

Notes: Bold text indicates a significant difference.
Abbreviations: AFP, alpha fetus protein; PVTT, portal vein tumor thrombosis.

the critical role of DTYMK in HCC progression and
development.

We carried out further study to investigate the function
of DTYMK in HCC by performing GSEA using the TCGA
data. GO term and KEGG pathway analyses suggested that
upregulated DTYMK expression was closely related to the
cell cycle and acid metabolism in cancer. The results
showed that DNA biosynthesis, condensed chromosome
centromeric region, signal transduction involved in the cell
cycle, checkpoint negative regulation of the cell cycle in
GO and base excision repair, pyrimidine metabolism,
homologous recombination, DNA replication, and cell
cycle in KEGG were differentially enriched in tissues with
high DTYMK expression. These results all indicated that
DTYMK has the potential to be a prognostic marker and
therapeutic target for HCC patients.

Furthermore, we revealed the connection between
DTYMK expression and immune infiltration levels in
HCC tissues using the TIMER database. The heatmap of
22 immune infiltrating cells in HCC samples suggested
that Tregs were correlated with resting NK cells. Our
CIBERSORT analysis showed a positive correlation
between DTYMK expression and immune cell infiltration,
particularly Tths, Tregs and MO macrophages. HCC
patients with high DTYMK expression had a higher infil-
tration level of Tregs, which caused impaired functional
activity of NK cells. Robinson et al reported that NK cells
could release cytotoxic granules to kill tumor cells.'® In
addition, NK cells inhibit angiogenesis and tumor cell
proliferation by secreting inflammatory cytokines.'’
These findings revealed that Tth cells, Tregs and MO
macrophages had higher infiltration levels in the high
DTYMK expression group, which indicated a potential
regulatory pathway of DTYMK on the function of
T cells and macrophages in HCC. In addition, we found
close links between DTYMK and CD4+ T cells, B cells,
and myeloid dendritic cells, implying a possible effect of
DTYMK on those immune cells in the process of
tumorigenesis.

In addition to immune cell infiltration, we investigated
the correlation between immune-related molecules and
DTYMK. As seen in our results, DTYMK had a negative
association with most immunostimulatory molecules and
a positive association with most immunosuppressive mole-
cules, suggesting that DTYMK might promote tumor pro-
gression by inhibiting antitumor immunity. The results
revealed that the immunostimulatory molecules CXCL12,
IL6, and TNFSF13 and the immunosuppressive molecules
CTLA4, LAG3, and CD274 were the most strongly asso-
ciated with DTYMK expression. As CTLA4 and LAG3 are
immunosuppressive molecules, their high expression has

18,19 and

been studied in relation to HCC patient prognosis,
previous findings are consistent with our results. DTYMK
may influence the prognosis of HCC patients by modulating
the expression levels of CTLA4 and LAG3. However, the
expression levels of CXCL12, IL6, TNFSF13 and CD274
found here are inconsistent the levels reported in previous
studies.?’* In tissues with high expression of DTYMK, we
found that the expression of CXCL12, IL6, TNFSF13 and
CD274 was downregulated. Previous reports showed that
these molecules were related to poor prognosis.*>> 2’
Therefore, DTYMK may affect the prognosis of HCC

through other molecular pathways. However, the mechanism
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Table 5 Univariate or Multivariate Analysis of OS/DFS and Clinicopathological Parameters in HCC Patients from Our Validation

Cohort
(A) Univariate Analysis
os DFS
HR HR.95L HR.95H | p-value HR HR.95L | HR.95H | p-value
Gender 0.329 0.118 0.921 0.034 0.389 0.150 1.013 0.053
Age 0.999 0.967 1.032 0.938 0.996 0.964 1.03 0.827
Differentiation grade 2.082 1.184 3.662 0.000 2210 1.265 3.859 0.005
TNM stage 2.402 1.342 4.297 0.003 2.780 1.545 5.004 0.001
Tumor size 2.687 1.499 4816 0.001 2.879 1.613 5.138 0.000
Tumor number 1.271 0.724 2234 0.404 1.378 0.789 2.407 0.259
PVTT 2.205 0.691 7.035 0.182 1.914 1.091 336 0.024
AFP 1.648 0918 2.957 0.094 1.614 0.906 2.875 0.104
Group* 2.026 1.008 4.070 0.047 2.062 1.027 4.14 0.042
(B) Multivariate Analysis
os DFS
HR HR.95L HR.95H | p-value HR HR.95L | HR.95H | p-value
Gender 0317 0.108 0.930 0.037 NA NA NA NA
TNM stage 2.983 1.259 7.067 0.013 3.278 1.436 7.487 0.005
Differentiation grade 1.138 0.604 2.146 0.689 1.135 0.596 2.162 0.700
Tumor size 1.783 0.899 3.538 0.098 0.564 0.063 5.030 0.608
PVTT 0.620 0.277 1.389 0.245 0.505 0.232 1.095 0.084
Group* 2.589 1.243 5.394 0.011 2.460 1.192 5.072 0.015

Notes: *Group is divided by high or low expression level of DTYMK. Bold text indicates a significant difference.
Abbreviations: AFP, alpha fetus protein; PVTT, portal vein tumor thrombosis; NA, not available.

by which DTYMK promotes tumor development by inhibit-
ing antitumor immunity still needs more investigation.
Sorafenib obviously improves patient prognosis and
was approved for treating advanced HCC in 2007;*® how-
ever, not all patients had a positive response to the
mechanism of the drug. Our findings revealed that hepa-
tocellular carcinoma cell lines with high DTYMK expres-
sion were more sensitive to sorafenib and many other
chemotherapeutic drugs. It should be noted that these
findings do not contradict with our finding that DTYMK
expression upregulation is associated with poor prognosis
in HCC patients. Firstly, the data of these HCC patients
were obtained from the TCGA database. However, there
are no available data concerning whether these HCC
patients had received one or more drugs of those 18
chemotherapeutic drugs analyzed or not. Secondly, the
data of those hepatocellular carcinoma cell lines were
obtained from the GDSC database. So the origins of the
data in these two seemingly opposing facts are different
and these two facts should not be simply combined into
one conclusion. In 2014, Yu et al developed circulating

tumor cells cultures from patients for individualized test-
ing of drug susceptibility.”’ In the future, DTYMK expres-
sion may serve as a marker to predict chemotherapeutic
response in the clinical setting by evaluating the response
of high and low DTYMK expression hepatocellular carci-
noma cell lines from patients to chemotherapeutic drugs.

However, there are some deficiencies in our study.
First, this is a retrospective study that may lead to selec-
tion bias. Second, the protein expression of DTYMK was
investigated via immunohistochemical analysis. Finally,
we did not explore the exact underlying molecular
mechanisms of DTYMK in tumorigenesis in this study,
which is needed to be clarified in future research.

Conclusions

This is the first study to evaluate the role of DTYMK in
HCC. DTYMK expression upregulation is associated with
poor prognosis in HCC patients and tightly related to the
pathways regulating the cell cycle and acid metabolism.
Our findings revealed that hepatocellular carcinoma cell
lines with high DTYMK expression were more sensitive to
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sorafenib and many other chemotherapeutic drugs. We
also found an inhibiting effect of DTYMK on the immune
microenvironment in the process of tumorigenesis.
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