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Background: Altered glycosylation of proteins contributes to tumor progression. Dolichol phosphate
mannose synthase (DPMS), an essential mannosyltransferase, plays a central role in post-translational
modification of proteins, including N-linked glycoproteins, O-mannosylation, C-mannosylation and
glycosylphosphatidylinositol anchors synthesis. Little is known about the function of DPMS in liver cancer.
Methods: The study explored the roles of DPMS in the prognosis of hepatocellular carcinoma using
UALCAN, Human Protein Atlas, GEPIA, cBioPortal and Metascape databases. The mRNA expressions of
DPM1/2/3 also were detected by quantitative real-time PCR experiments in vitro. Results:The
transcriptional and proteinic expressions of DPM1/2/3 were both over-expressed in patients with
hepatocellular carcinoma. Over expressions of DPMS were discovered to be dramatically associated with
clinical cancer stages and pathological tumor grades in hepatocellular carcinoma patients. In addition,
higher mRNA expressions of DPM1/2/3 were found to be significantly related to shorter overall survival in
liver cancer patients. Futhermore, high genetic alteration rate of DPMS (41%) was also observed in
patients with liver cancer, and genetic alteration in DPMS was associated with shorter overall survival in
hepatocellular carcinoma patients. We also performed quantitative real-time PCR experiments in human
normal hepatocytes and hepatoma cells to verify the expressions of DPM1/2/3 and results showed that
the expression of DPM1 was significantly increased in hepatoma cells SMMC-7721 and HepG2.

Conclusions: Taken together, these results suggested that DPM1 could be a potential prognostic
biomarker for survivals of hepatocellular carcinoma patients.
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Background: Altered glycosylation of proteins contributes to tumor progression. Dolichol
phosphate mannose synthase (DPMS), an essential mannosyltransferase, plays a central role in
post-translational modification of proteins, including N-linked glycoproteins, O-mannosylation,
C-mannosylation and glycosylphosphatidylinositol anchors synthesis. Little is known about the
function of DPMS in liver cancer.

Methods: The study explored the roles of DPMS in the prognosis of hepatocellular carcinoma
using UALCAN, Human Protein Atlas, GEPIA, cBioPortal and Metascape databases. The
mRNA expressions of DPM1/2/3 also were detected by quantitative real-time PCR experiments
in vitro.

Results: The transcriptional and proteinic expressions of DPM1/2/3 were both over-expressed in
patients with hepatocellular carcinoma. Over expressions of DPMS were discovered to be
dramatically associated with clinical cancer stages and pathological tumor grades in
hepatocellular carcinoma patients. In addition, higher mRNA expressions of DPM1/2/3 were
found to be significantly related to shorter overall survival in liver cancer patients. Futhermore,
high genetic alteration rate of DPMS (41%) was also observed in patients with liver cancer, and
genetic alteration in DPMS was associated with shorter overall survival in hepatocellular
carcinoma patients. We also performed quantitative real-time PCR experiments in human normal
hepatocytes and hepatoma cells to verify the expressions of DPM1/2/3 and results showed that
the expression of DPM1 was significantly increased in hepatoma cells SMMC-7721 and HepG2.
Conclusions: Taken together, these results suggested that DPM1 could be a potential prognostic
biomarker for survivals of hepatocellular carcinoma patients.

Keywords: DPMS, liver cancer, biomarker, bioinformatics analysis, prognostic value
Introduction

Hepatocellular carcinoma (HCC) is one of the most frequently and commonly occurring
malignant tumors worldwide. The global incidence and mortality rate of HCC are ranked 5th and
3rd among all types of cancers (1,2). Despite making remarkable advances in new technologies
for diagnosis and treatment, the incidence and mortality of HCC still continue to growth because
of the poorest prognosis (3,4). Therefore, it is urgently needed to determine reliable predictive
biomarkers for early diagnosis and accurate prognosis, and to develop new molecular targeted
therapeutic strategies.

The occurrence and development of several cancer types are closely associated with
aberrant protein glycosylation (5,6). Studies have suggested that altered glycosylation of proteins
has been observed in liver cancer (7). Although mounting evidence has reported the role of
glycosylation in tumor progression (8-10), there is limited information on how glycosylation
affects the liver cancer development. Recent studies have focused on glycosylation crosstalks
with cellular metabolism and related kinases (11-14).

Dolichol phosphate mannose synthase (DPMS), an essential mannosyltransferase, plays a
central role in post-translational modification of proteins, including N-linked glycoproteins, O-
mannosylation, C-mannosylation and glycosylphosphatidylinositol (GPI) of proteins (15). It has
three subunits containing DPM1, DPM2 and DPM3 in human. DPM1, a mainly catalytic
component of DPMS, is composed of 260 amino acids without any transmembrane domain

Peer] reviewing PDF | (2020:06:50511:1:1:NEW 28 Aug 2020)



Peer]

77
78
79
80
81
82
&3
84
85
86
87
88
&9
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117

region (16,17). DPM2 and DPM3 are regulatory subunits that help DPM1 localize on the
endoplasmic reticulum membrane and enable it to exert catalytic activity (18). The most reported
about DPMS gene is that its absence activity is associated with congenital diseases of
glycosylation (CDG) and a defect in DPM1 has been indentified to cause CDG-Ie (19,20). In
addition to this, studies have reported that abnormal expression or altered enzymatic activity of
DPMS was related to cell proliferation and angiogenesis. Increased DPMS activity in bovine
capillary endothelial cells correlated with rised cellular proliferation (21). Moreover, previous
studies also reported that overexpressing DPMS in capillary endothelial cells significantly
enhanced angiogenesis and strengthened wound healing (22). DPMS activity however, was
lacking and subsquently led to cell cycle arrest and induction of apoptosis in tunicamycin-treated
capillary endothelial cells (23). Reduced gene expression of DPMS also decreased the cellular
angiogenic potential (24). These research results indicate that the genes encoding DPMS and its
protein activity may be positively related to tumor progression. However, the specific role of
DPMS remains unclear in the development and progression of liver cancer. In this present work,
we solved this problem by analyzing the expressions and genetic alterations of three subunits of
DPMS and their association with clinical parameters in HCC patients. Furthermore, we also
analyzed the predicted functions and pathways of DPMS as well as their similar genes.
Materials and methods

UALCAN

UALCAN (http://ualcan.path.uab.edu) is a comprehensive, user-friendly, and interactive web
resource and provides data online analysis and mining based on cancer OMICS data (TCGA and
MET500). It is designed to analyze relative transcriptional expression of potential genes of
interest between tumor and normal samples and association of the transcriptional expression with
relative clinicopathologic parameters. In addition, it is also used to evaluate epigenetic regulation
of gene expression and pan-cancer gene expression (25). In our study, UALCAN was used to
analyze the mRNA expressions of three subunits of DPMS in HCC samples and their
relationship with clinicopathologic parameters. Difference of transcriptional expression or
pathological stage analysis was compared by students’ t test and p <0.05 was considered as
statically significant.

Human Protein Atlas

The Human Protein Atlas (https://www.proteinatlas.org) is a website that provides human
proteins data in cells, tissues and organs, including immunohistochemistry-based expression data
for near 20 common kinds of cancers (26). The database can be conveniently used to compare
the protein differential expressions of interest genes in tumors and normal tissues. In this study,
direct comparison of protein expression of three subunits of DPMS between human normal and
HCC tissues was performed by immunohistochemistry image.

GEPIA

Gene Expression Profiling Interactive Analysis (GEPIA) is a database developed and built by the
team of professor Zhang of Peking University based on the data of the UCSC Xena project. It is
an interactive web server that can dynamically analyze and visualize TCGA (The Cancer
Genome Atlas) gene expression profile data. It can provide customizable and powerful functions,
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including differential expression analysis between tumor and normal samples, profiling plotting,
survival analysis, similar gene detection, and so on (27). In the current study, we operated
correlative prognostic analysis and similar gene detection of DPM1, DPM2 and DPM3,
respectively. p <0.05 was considered as statically significant. The significance of expression
analysis was completed using student’s t-test. Kaplan-Meier curve was used to accomplish
prognostic analysis.

cBioPortal

cBioPortal (www.cbioportal.org), an online open-access website resource, can display
multidimensional cancer genomics data in a visual form. It can also help researchers explore the
genetic changes between samples, genes and pathways, and combine them with clinical results
(28). In this experiment, we studied the genomic profiles of DPMS three subunits, which
included putative copy-number alterations (CNAs) from genomic identification of significant
targets in cancer (GISTIC) and mRNA Expression z-Scores (RNASeq V2 RSEM) were gained
with a z-score threshold £1.8. Genetic alterations in DPMS and their association with overall
survival (OS) and disease free survival (DFS) of HCC patients were exhibited as Kaplan-Meier
plots and log-rank test was implemented to confirm the significance of the difference between
the survival curves, and when a p value <0.05, the difference was statically significant.
Metascape

Metascape (http://metascape.org), a free and credible gene-list analysis device, can be used for
gene annotation analysis and function analysis. It is a mechanized meta-analysis device that can
realize habitual and different pathways in a set of orthogonal target-discovery studies (29). In
this work, Metascape was used to implement function and pathway enrichment analysis of
DPMS members and their similar genes that acquired using GEPIA. Statistically significant
difference was p < 0.05 and minimum enrichment number was 3. Databases containing
OmniPath and BioGrid were used for protein-protein interactions enriched analysis. Futhermore,
Molecular Complex Detection (MCODE) was supposed to recognize closely related protein
components.

Cell Culture

The human hepatoma cells SMMC-7721, HepG2 and immortal hepatic cell QSG-7701 involved
in the experiment were gained from Institute of Cell Biology (Shanghai, China). All cell lines were
cultured in RPMI-1640 or DMEM medium (Gibco/Invitrogen, Camarillo, CA, UNITED
STATES) supplied with 10 % fetal bovine serum (PAN-Biotech, Aidenbach, Germany), and then
all cells were incubated at 37 °C in a 5% CO2 environment.

RT-qPCR

TRIeasy™ Total RNA Extraction Reagent (Yeasen, Shanghai, China) was used for total RNA

extraction, and then the total RNA was reverse transcribed to cDNA with the Hifair® I 1st Strand

cDNA Synthesis Kit (Yeasen, Shanghai, China) according to the product instruction. Hieff
UNICON® Power qPCR SYBR Green Master Mix (Yeasen, Shanghai, China) was used to
conduct RT-qPCR experiment on a Bio-Rad CFX96 System (Bio-Rad, Hercules, CA, USA). The
reaction conditions were as follows: pre-denaturation at 95°C for 30 s, followed by 40 cycles of
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amplification at 95°C for 10 s and 60°C for 30 s. Relative mRNA expression levels of DPM1/2/3
were measured based on the 2724t method with 18S used for normalization. Table 1 showed the
primers we used in this study.

Results

1. Transcriptional levels of DPMS in liver cancer

In order to explore the gene expressions of three subunits of DPMS in different types of
cancer, mRNA expressions of DPM1, DPM2 and DPM3 were analyzed by UALCAN. As was
shown in Figure 1, we observed that DPM1, DPM2 and DPM3 had higher mRNA expressions
for most kinds of tumor samples compared to normal samples, respectively. For example, mRNA
expression levels of DPM1 and DPM2 were very highly expressed in colon adenocarcinoma
(COAD) (DPM1, p=1.62E-12; DPM2, p<1E-12 ), head and neck squamous cell carcinoma
(HNSC) (DPM1, p <1E-12; DPM2, p=1.62E-12 ), esophageal carcinoma (ESCA) (DPM1,
p=1.22E-07; DPM2, p=2.30E-02 ), liver hepatocellular carcinoma (LIHC) (DPM1, p=1.62E-12;
DPM2, p<1E-12), rectum adenocarcinoma (READ) (DPM1, p=4.07E-09; DPM2, p=1.62E-12)
and so on (Figure 1A,B). Similarly, DPM3 gene was particularly highly expressed in breast
invasive carcinoma (BRCA) (p=1.62E-12), ESCA (p=8.22E-10), LIHC (p=1.11E-16) and
glioblastoma multiforme (GBM) (p=1.53E-05) (Figure 1C). Thus, our results showed that
transcriptional expressions of DPMS were significantly over-expressed in many different types
of cancer. In particular, all three subunits of DPMS were expressed highly in LIHC and ESCA.
Next, we examined the specific mRNA expressions of DPM1, DPM2 and DPM3 in liver tumor
using UALCAN database. As was shown in Figure 2A,B and C, mRNA expressions of three
genes were all found significantly up-regulated in HCC tissues compared to normal samples (all
p<0.001). We next performed the protein expression levels of DPMS in HCC using Human
Protein Atlas database. Results indicated that medium and low protein expressions of DPM1 and
DPM3 were expressed in normal liver tissues, while high protein expressions of them were
showed in HCC tissues (Figure 2D,F). In addition, DPM2 protein were not detected in normal
liver tissues, whereas medium expression of DPM2 were observed in HCC tissues (Figure 2E).
In general, the results indicated that transcriptional and proteinic expressions of DPMS were both
over-expressed in patients with HCC.

2. Relationship between the mRNA levels of DPMS and the clinicopathological
parameters in liver cancer patients

Because we observed mRNA and protein levels of DPMS were over-expressed in HCC
patients, we subsequently investigated the connection between mRNA expressions of DPMS
members with clinicopathological features of HCC patients with UALCAN, containing tumor
grades and patients’ individual cancer stages. As presented in Figure 3, mRNA expressions of
DPMS members were significantly associated with tumor grades, and the mRNA expressions of
DPMS headed to be higher with tumor grade elevated. The maximum mRNA expressions of
DPM1/2 were showed in tumor grade 4 (Figure 3A,B), whereas the supreme mRNA expression
of DPM3 was found in tumor grade 3 (Figure 3C). The reason why mRNA expression of DPM3
in grade 3 seemed to be higher than that in grade 4 may be attributed to the small sample size
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(only 12 HCC patients at grade 4). Similarly, the mRNA expressions of DPMS were noticeably
related to the cancer stage of patients so, the patients with more advanced cancer, the higher in
mRNA expressions of DPMS. The highest mRNA expressions of DPM1/2 were observed in
tumor stage 3 (Figure 3D,E), while the maximum DPM3 mRNA expression was noticed in stage
4 (Figure 3F). Briefly, the results above indicated that mRNA expressions of DPMS were
obviously associated with pathological parameters in HCC patients.

3. Prognostic value of mRNA expression of DPMS in liver cancer patients

To assess the value of differentially expressed DPMS in the progression of HCC, we used
GEPIA to evaluate the relationship between differentially expressed DPMS and clinical
outcome. OS curves were presented in Figure 4. We detected that liver cancer patients with low
transcriptional levels of DPM1 (p=0.007), DPM2 (p=0.0032) and DPM3 (p=0.029), were
significantly connected with longer OS (Figure 4A,B and C). The worth of differentially
expressed DPMS in the DFS of HCC patients was also estimated. Noteworthy, the longer DFS
indicated to the HCC patients with lower DPM2 transcriptional levels (p=0.049) (Figure 4E).

4. DPMS genetic alteration and similar gene network in patients with HCC

Next, we implemented a universal analysis of the molecular characteristics of differentially
expressed DPMS. Genetic variations of differentially expressed DPMS in HCC was analyzed
utilizing cBioPortal. A total of 366 samples from TCGA pan cancer database were studied, and
altered gene set or pathway was detected in 151queried samples (alteration rate was 41%). The
alteration rates of DPM1, DPM2, and DPM3 were 19%, 6% and 24%, respectively ((Figure
5A,B). The most prevalent change in these samples was enhanced mRNA expression. The
Kaplan—Meier plotter results and log-rank test presented a considerable difference in OS
(p=0.0264), but no remarkable difference in DFS (p=0.0841) between the samples with changes
in one of the target genes and those without variations in any target genes (Figures 5C,D).

5. Functional enrichment analysis of DPMS in patients with HCC

Top 50 genes similar to DPM1, DPM2 and DPM3 respectively (a total of 150 genes) were
searched by GEPIA (Supplementary Table 1). Next, the functions of DPMS and their similar
genes were predicted by analyzing GO and KEGG in Metascape. The top 20 GO enrichment
items were classified into three functional groups: biological process group, molecular function
group, and cellular component group (Figures 6A,B and Table 2). The DPMS members and their
similar genes were mainly enriched in biological processes such as ncRNA processing, DNA
repair, viral gene expression, deoxyribonucleoside triphosphate metabolic process and so on. The
molecular functions regulated by DPMS and their similar genes were snRNP binding, ubiquitin
binding, nucleotidyltransferase activity and ubiquitin-like protein transferase activity. The
cellular components affected by DPMS and their similar genes were involved in transferase
complex, methyltransferase complex, chromosomal region and nucleolar part.

The 6 most significant KEGG pathways for the DPMS and their similar genes were
displayed in Figures 6C,D and Table 3. These pathways comprised pyrimidine metabolism, RNA
transport, ubiquitin mediated proteolysis, mTOR signaling pathway and so on. Moreover, for
more comprehending the relationship between DPMS and HCC, we performed enrichment
analysis of protein—protein interaction with Metascape. Figures 6E and F exhibited the protein
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interaction correlation and important MCODE components. The top 3 essential MCODE
components were achieved from the protein—protein interaction network. After function and
pathway enrichment analysis for each MCODE constituents respectively, the results
demonstrated that biological functions regulated by DPMS and their similar genes were mainly
related to mRNA and RNA splicing, protein export form nucleus and nucleocytoplasmic
transport.

6. The mRNA expression levels of DPM1/2/3 in vitro

We evaluated DPM1, DPM2 and DPM3 expression levels in a panel of three cell lines: two
hepatoma cells (HepG2 and SMMC-7721) and one normal liver cell line (QSG-7701). The
mRNA expression measured by RT-qPCR revealed that DPM1 transcription levels in cancerous
cell lines were higher than that in normal liver cells (Figure 7A) and the result was consistent
with our prediction. Moreover, the expression of DPM2 and DPM3 in SMMC-7721 cell was
significantly increased, while those expression did not change significantly in HepG2 cell
(Figure 7B,C). This discrepancy may be due to a number of differences between cell types and
more cell and tissue samples are needed to validate the results. Therefore, DPM1 could be the
most potential prognostic biomarker for survivals of HCC patients.

Discussion

Abnormal glycosylation has been found in human cancer cells decades ago, and more and
more researchers have discovered that protein glycosylation contributed to tumor metastasis,
angiogenesis and progression (30,31). Being an essential component of glycosyltransferase
complex, DPMS protein is involved in multiple protein glycosylation process, including N-
glycosylation, O-glycosylation, C-mannosylation and GPI anchors synthesis (15). Many studies
have reported that overexpressed DPMS promoted cell proliferation and angiogenesis (22), and
silencing DPMS with shRNA significantly reduced cell growth (24). Moreover, increased DPMS
activity also accelerated cellular growth (21,23). In view of the above results, we speculated that
DPMS may be related to tumorigenesis and progression. To confirm this hypothesis, we
predicted the expression of DPMS in cancer through bioinformatics methods, especially in liver
cancer. In addition, genetic alteration and prognostic values of three subunits of DPMS in HCC
were also analyzed.

Results from our study showed that the transcriptional levels of DPMS were highly
expressed in different types of cancer. Moreover, over-expressions of mRNA and protein were
both found in three subunits of DPMS, and mRNA expressions of DPMS were significantly
associated with patients’ individual cancer stages and tumor grades in HCC patients. Besides,
higher mRNA expressions of DPM1/2/3 were significantly associated with shorter OS in liver
cancers patients. Meanwhile, higher mRNA expression of DPM2 was significantly associated
with shorter DFS in liver cancers samples. These data demonstrated that differentially expressed
DPMS may play a significant role in HCC. Since three subunits of DPMS were significantly
differentially expressed in HCC and closely related to liver tumor prognosis, we next explored
their molecular characteristics in HCC. High alteration rate (41%) of DPMS was observed in
HCC patients and the genetic alteration in DPMS was associated with shorter OS in HCC
patients. Tumorigenesis and development of HCC is sophisticated and various, and genetic
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280 alteration exerts an important function among this process (32). Among the genetic alteration
281 elevated mRNA expression and gene amplification were the most common changes. Gene

282 amplification, or genomic DNA copy number aberration, is frequently observed in some solid
283  tumors and has been thought to contribute to tumor evolution (33-35). Therefore, the high

284  alteration of gene amplification in DPMS may be related to liver cancer progression. However,
285  the specific function of gene amplification of DPMS in liver cancer need to be further studied.
286  Finally, functions and pathways of DPM1/2/3 and their total 150 similar genes in HCC patients
287 were analyzed. Biological processes such as ncRNA processing and DNA repair, cellular

288 components such as transferase complex, molecular functions snRNP binding and ubiquitin

289  binding, signal pathways such as RNA transport were remarkably regulated by DPMS and their
290 similar genes in HCC. Our findings that DPMS was highly expressed in tumor cells are

291  consistent with the conclusion that overexpression of DPMS in capillary endothelial cells

292 promoted cell proliferation (22). In addition, a paper noted that upregulation of DPMS activity
293 may involve in angiogenesis for breast and other solid tumor proliferation and metastasis and
294 identified DPMS as a potential “angiogenic switch” (21). Another report related to prostate

295  tumor invasion pointed out DPM3 was a invasion suppressor using microarray expression

296 analysis of the transcription levels in prostate cancer sublines (36). This result is inconsistent
297  with our conclusion that DPM3 was over-expressed in liver cancer cells, and the relationship
298  between DPM3 and the invasion ability in liver cancer cells is worth further study. In addition to
299 the above, the abnormal expressions of DPMS have been reported to be associated with human
300 health, such as aging (37), Thy-1 lymphoma (38) and CDG (19,39). These findings may help us
301 to deepen our understanding for the role of DPMS in tumorigenesis and specific action

302 mechanism among cancers.

303 It is known that HCC generally occurs in patients with chronic liver disease (CLD) as a

304 result of hepatitis B virus (HBV ) and hepatitis C virus (HCV) infections, nonalcoholic fatty liver
305 disease and alcohol-use disorder (40). The occurrence of CLD caused by above factors is related
306 to the glycosylation changes of key proteins (41-45). For example, hepatocytes in transgenic

307 mice that specifically expressed N-acetylglucosaminyltransferase III (GnT-III) had a swollen
308 oval-like morphology and many lipid droplets (41,42). GnT-III was also likely to play essential
309 roles in the change of glycosylation in viral infected people with liver diseases. DPMS is

310 upstream of GnT-III and whether DPMS participates in the regulation process of this enzyme is
311  worth further studying. In addition, ethanol oxidation products such as acetaldehyde interfered
312 with the N-glycan biosynthesis and/or transfer by binding the involved enzymes in patients with
313 liver disease. Modified glycosylation influenced proteins and receptors binding of the sinusoidal
314 and cell surfaces of the liver in diverse CLD. Main membrane receptors glycosylation

315 orchestrated their function in controlling tumor cell adhesion, motility and invasiveness (43).
316  Furthermore, modification in glycosylated receptor assignment and concentration led to

317  glycoproteins accumulation, which were associated with the tumor size in HCC patients (44,45).
318 Hence, the etiology of liver cancer due to chronic liver disease is perhaps attributed to the major
319 membrane receptors and DPMS as an essential mannosyltransferase may be involved in

320 glycosylation of major membrane receptors in liver cancer.
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Meanwhile, alterations in glycosylation are a common feature of cancer cells, and the
complexity in protein glycosylation improves cell molecules functional diversity (46). Many
glycosyltransferases such as N-acetylglucosaminyltransferase V (GnT-V), N-acetylglu-
cosaminyltransferase III (GnT-III) and a1-6 fucosyltransferase (FUTS) have been considered to
be related to the development of HCC. Genomic analysis of HCC patients inspired that
overexpressed of FUTS gene, the cause of core fucosylation, indicated that these glycan changes
promoted hepatocarcinogenis, letting them potential tumor biomarkers and therapeutic targets
(47). Studies have shown that expression changes of fucosyltransferase 1 and -1,3-
galactosyltransferase 5 led to the occurrence of HCC (48). High expression of these enzymes in
liver cancer patients was closely linked to shorter survival times of HCC patients (49). DPMS is
upstream of these enzymes and the expression of DPMS is closely related to the expression of
these enzymes. Therefore, DPMS may influence prognosis of HCC via affecting these related
enzymes or similar mechanisms with these enzymes.

So far alpha-fetoprotein (AFP), des-y-carboxy-prothrombin (DCP) and glypican3 (GPC3)
are the major already-existed cancer biomarkers for HCC (50). These biomarkers could be used
for early detection of HCC and as markers of recurrence in the follow-up of HCC patients. AFP
is more sensitive to the diagnosis of HCC, but its specificity is lower than that of DCP (51,52).
Soluble GPC3 is more sensitive than AFP in monitoring highly or moderately differentiated
HCC. Simultaneous detection of two or more markers increases the overall sensitivity from 50%
to 72% (53). However, about 30% of HCC patients are still negative for these traditional tumor
markers. In our study, DPM1 could be a potential prognostic biomarker for survivals of HCC
patients. Therefore, it is possible to use DPM1 as an effective supplemental biomarker of liver
cancer. The combined application of DPM1 and other already-existed biomarkers would greatly
improve the early diagnosis and accurate prognosis of liver cancers. Our study also has some
limitations. First, despite mRNA expressions of DPM1/2/3 were related to the prognosis of HCC,
all the data performed in our research were obtained from the online website, further studies
containing larger sample sizes are needed to confirm our results and to explore the clinical
application of the DPMS in HCC treatment. Second, we did not assess the potential diagnostic
and therapeutic roles of DPMS in HCC, so future studies are required to explore whether DPMS
could be used as diagnostic markers or as therapeutic targets. Finally, we did not explore the
potential mechanisms of DPMS in HCC. Future studies are worth to investigate the detailed
mechanism between DPMS expression and HCC.

Conclusion

In this paper, we studied the expressions of DPM1/2/3 in tumor cells and its relationship with
tumorigenesis for the first time. Our results showed that over-expressions of DPM1/2/3 were
significantly associated with clinical cancer stages and pathological tumor grades in HCC patients.
Besides, higher mRNA expressions of DPM1/2/3 were found to be significantly connected with
OS in HCC patients. Moreover, high genetic alteration rate of DPM1/2/3 (41%) was also observed,
and genetic alteration in DPM1/2/3 was associated with shorter OS in HCC patients, which provide
a better understanding of molecular targets for improved liver cancer therapeutic strategies in the
future. DPM1 was the most potential prognostic biomarker for liver cancer via cell experiment
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verified. To sum up, these results indicated that DPM1 could be a prognostic biomarker for
survivals of HCC patients.
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Figure legend

Figure 1. Transcriptional expressions of (A) DPM1, (B) DPM2 and (C) DPM3 in different types
of cancer diseases (UALCAN database). Blue: Normal; Red: Tumor.

Abbreviations: BLCA, Bladder urothelial carcinoma; BRCA, Breast invasive carcinoma; CESC,
Cervical squamous cell carcinoma; CHOL, Cholangiocarcinoma; COAD, Colon adenocarcinoma;
ESCA, Esophageal carcinoma; GBM, Glioblastoma multiforme; HNSC, Head and Neck
squamous cell carcinoma; KICH, Kidney chromophobe; KIRC, Kidney renal clear cell carcinoma;
KIRP, Kidney renal papillary cell carcinoma; LIHC, Liver hepatocellular carcinoma; LUAD, Lung
adenocarcinoma; LUSC, Lung squamous cell carcinoma; PAAD, Pancreatic adenocarcinoma;
PRAD, Prostate adenocarcinoma; PCPG, Pheochromocytoma and Paraganglioma; READ,
Rectum adenocarcinoma; SARC, Sarcoma; SKCM, Skin cutaneous melanoma; THCA, Thyroid
carcinoma; THYM, Thymoma; STAD, Stomach adenocarcinomna; UCEC, Uterine corpus
endometrial carcinoma.

Figure 2. mRNA and protein expressions of DPMS in HCC and normal liver tissues. (A-C) mRNA
expressions of DPM1, DPM2 and DPM3 in HCC tissues compared to normal samples (UALCAN
database). *** p<0.001. (D-F) Representative immunohistochemistry images of DPM1, DPM2
and DPM3 in HCC tissues and normal liver tissues (Human Protein Atlas).

Figure 3. Association of mRNA expressions of DPMS with tumor grades and patients’ individual
cancer stages in HCC patients (UALCAN). (A-C) Association of mRNA expressions of DPMI,
DPM2 and DPM3 with tumor grades in HCC patients. (D-F) Relationship between mRNA
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expressions of DPM1, DPM2 and DPM3 and individual cancer stages of HCC patients. *p<0.05,
**p<0.01, ***p<0.001.

Figure 4. The prognostic value of different expressed DPM1, DPM2 and DPM3 in HCC patients
(GEPIA). (A-C) Overall survival curves of DPM1, DPM2 and DPM3. (D-F) Disease free survival
curves of DPM1, DPM2 and DPM3.

Figure 5. Genetic alterations in DPMS and their association with OS and DFS in HCC patients
(cBioPortal). (A) Summary of alterations in DPMS. (B) OncoPrint visual summary of alteration
on a query of DPMS. (C) Kaplan—Meier plots comparing OS in cases with/without DPMS gene
alterations. (D) Kaplan—Meier plots comparing DFS in cases with/without DPMS gene alterations.
Figure 6. The enrichment analysis of DPMS and their similar genes in HCC (Metascape). (A)
Heatmap of Gene Ontology (GO) enriched terms colored by p-values. (B) Network of GO enriched
terms colored by p-value, where terms containing more genes tend to have a more significant p-
value. (C) Heatmap of Kyoto Encyclopedia of Genes and Genomes (KEGG) enriched terms
colored by p-values. (D) Network of KEGG enriched terms colored by p-value, where terms
containing more genes tend to have a more significant p-value. (E) Protein—protein interaction
(PPI) network and three most significant MCODE components form the PPI network. (F)
Independent functional enrichment analysis of three MCODE components.

Figure 7. The mRNA expression levels of (A) DPM1, (B) DPM2 and (C) DPM3 in normal liver
cells and hepatoma cell lines. *P <0.05, ***P <0.001.
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Figure 1

The mRNA expressions of DPM1/2/3.

Transcriptional expressions of (A) DPM1, (B) DPM2 and (C) DPM3 in different types of cancer diseases
(UALCAN database). Blue: Normal; Red: Tumor.

Abbreviations: BLCA, Bladder urothelial carcinoma; BRCA, Breast invasive carcinoma; CESC, Cervical
squamous cell carcinoma; CHOL, Cholangiocarcinoma; COAD, Colon adenocarcinoma; ESCA, Esophageal
carcinoma; GBM, Glioblastoma multiforme; HNSC, Head and Neck squamous cell carcinoma; KICH, Kidney
chromophobe; KIRC, Kidney renal clear cell carcinoma; KIRP, Kidney renal papillary cell carcinoma; LIHC,
Liver hepatocellular carcinoma; LUAD, Lung adenocarcinoma; LUSC, Lung squamous cell carcinoma; PAAD,
Pancreatic adenocarcinoma; PRAD, Prostate adenocarcinoma; PCPG, Pheochromocytoma and
Paraganglioma; READ, Rectum adenocarcinoma; SARC, Sarcoma; SKCM, Skin cutaneous melanoma; THCA,
Thyroid carcinoma; THYM, Thymoma; STAD, Stomach adenocarcinomna; UCEC, Uterine corpus endometrial
carcinoma.

Peer] reviewing PDF | (2020:06:50511:1:1:NEW 28 Aug 2020)



Manuscript to be reviewed

(L+Wd 1) zBo|

[ l....nl P
1

———

B
e

T I I
w e =+

(L+Wd 1) z6o|

L

C (L+Wd 1) zbol

Peer] reviewing PDF | (2020:06:50511:1:1:NEW 28 Aug 2020)



PeerJ Manuscript to be reviewed

Figure 2

The mRNA and protein expressions of DPM1/2/3 in HCC and normal liver tissues.

The mRNA and protein expressions of DPMS in HCC and normal liver tissues. (A-C) mRNA
expressions of DPM1, DPM2 and DPM3 in HCC tissues compared to normal samples (UALCAN
database). *** p<0.001. (D-F) Representative immunohistochemistry images of DPM1, DPM2

and DPM3 in HCC tissues and normal liver tissues (Human Protein Atlas).
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Figure 3

Association of mMRNA expressions of DPMS with tumor grades and patients’ individual
cancer stages in HCC patients (UALCAN).

(A-C) Association of mRNA expressions of DPM1, DPM2 and DPM3 with tumor grades in HCC
patients. (D-F) Relationship between mRNA expressions of DPM1, DPM2 and DPM3 and
individual cancer stages of HCC patients. *p<0.05, **p<0.01, ***p<0.001.
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Figure 4

The prognostic value of different expressed DPM1, DPM2 and DPM3 in HCC patients

(GEPIA).

(A-C) Overall survival curves of DPM1, DPM2 and DPM3. (D-F) Disease free survival curves of

DPM1, DPM2 and DPM3.
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Figure 5

Manuscript to be reviewed

Genetic alterations in DPMS and their association with OS and DFS in HCC patients

(cBioPortal).

(A) Summary of alterations in DPMS. (B) OncoPrint visual summary of alteration on a query of

DPMS. (C) Kaplan-Meier plots comparing OS in cases with/without DPMS gene alterations. (D)

Kaplan-Meier plots comparing DFS in cases with/without DPMS gene alterations.
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Figure 6

The enrichment analysis of DPMS and their similar genes in HCC (Metascape).

(A) Heatmap of Gene Ontology (GO) enriched terms colored by p-values. (B) Network of GO
enriched terms colored by p-value, where terms containing more genes tend to have a more
significant p-value. (C) Heatmap of Kyoto Encyclopedia of Genes and Genomes (KEGG)
enriched terms colored by p-values. (D) Network of KEGG enriched terms colored by p-value,
where terms containing more genes tend to have a more significant p-value. (E)
Protein-protein interaction (PPIl) network and three most significant MCODE components form
the PPI network. (F) Independent functional enrichment analysis of three MCODE

components.
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Figure 7

The mRNA expressions of DPM1/2/3 in vitro.

The mRNA expression levels of (A) DPM1, (B) DPM2 and (C) DPM3 in normal liver cells and

hepatoma cell lines. *P <0.05, ***P <0.001.
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Table 1l(on next page)

Primers used for quantitative real-time PCR.
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1 TABLE 1 Primers used for quantitative real-time PCR.

Gene Primers Sequences (5'—3)
Forward ACAGGAAGTTTCAGATTATACCGAA
DPM1
Reverse ATTCACCATAAACACGATCCACA
Forward GCATCCTTAGCCGCTACACT
DPM2
Reverse GCGTTTGCCATGCCTAAGAG
Forward TCGCAGTGACCATGACGAAA
DPM3
Reverse TTAGGCTGTCAGAAGCGCAG
Forward CGGCTACCACATCCAAGGAAG
18S

Reverse

AGCTGGAATTACCGCGGCT
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Table 2(on next page)

The GO function enrichment analysis of DPM1/2/3 and their similar genes in HCC.
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1

2

TABLE 2 The GO function enrichment analysis of DPM1/2/3 and their similar

genes in HCC.
GO Category Description Count % Logl10(P) Log10(q)
GO0:0034470 GO Biological Processes ncRNA processing 11 9.32 -5.54 -2.25
GO:0006281 GO Biological Processes DNA repair 13 11.02  -542 -2.21
GO:0019080 GO Biological Processes viral gene expression 7 5.93 -4.32 -1.25
GO:0009200 GO Biological Processes deoxyribonucleoside triphosphate metabolic process 3 2.54  -4.06 -1.03
G0:0000726 GO Biological Processes non-recombinational repair 5 424  -374 -0.8
GO:0071900 GO Biological Processes regulation of protein serine/threonine kinase activity 10 847 357 -0.79
GO:0008033 GO Biological Processes tRNA processing 5 424 341 -0.74
GO0:0032006 GO Biological Processes regulation of TOR signaling 4 3.39 -2.81 -0.38
GO0:0072594 GO Biological Processes establishment of protein localization to organelle 8 6.78 -2.26 -0.1
GO0:0006353 GO Biological Processes DNA-templated transcription, termination 3 2.54 -2.23 -0.09
GO:0006412 GO Biological Processes translation 9 7.63 -2.04 0
GO0:1990234 GO Cellular Components transferase complex 18 1525 -7.42 -3.54
GO0:0034708 GO Cellular Components methyltransferase complex 6 5.08 -4.89 -1.74
GO:0061695 GO Cellular Components transferase complex, transferring phosphorus-containing groups 7 5.93 -3.6 -0.79
GO:0098687 GO Cellular Components chromosomal region 6 508  -2.11 -0.04
GO:0044452 GO Cellular Components nucleolar part 4 339  -1.96 0
GO:0070990 GO Molecular Functions snRNP binding 4 339  -7.73 -3.54
GO:0043130 GO Molecular Functions ubiquitin binding 4 339  -3.19 -0.63
GO:0016779 GO Molecular Functions nucleotidyltransferase activity 4 339 247 -0.25
GO0:0019787 GO Molecular Functions ubiquitin-like protein transferase activity 7 5.93 -2.4 -0.2
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Table 3(on next page)

The KEGG function enrichment analysis of DPMS and their similar genes in HCC.
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1 TABLE 3 The KEGG function enrichment analysis of DPMS and their similar genes

2 in HCC.
3
GO Category Description Count % Logl0(P) Logl0(q)
KEGG )
hsa03040 Spliceosome 6 5.08 -4.29 -1.59
Pathway
KEGG o .
hsa00240 Pyrimidine metabolism 5 424 -3.8 -1.57
Pathway
KEGG
hsa03013 RNA transport 6 5.08 -3.7 -1.57
Pathway
KEGG Ubiquitin mediated
hsa04120 . 4 339 -2.34 -0.55
Pathway proteolysis
KEGG Bacterial invasion of
hsa05100 . 3 2.54 -2.21 -0.47
Pathway epithelial cells
KEGG ) .
hsa04150 mTOR signaling pathway 3 2.54 -1.42 0
Pathway
4

Peer] reviewing PDF | (2020:06:50511:1:1:NEW 28 Aug 2020)



