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Among primary liver carcinoma cases, the proportion of liver hepatocellular carcinoma (LIHC) cases is 75%–85%. Current
treatments for LIHC include chemotherapy, surgical excision, and liver transplantation, which are effective for early LIHC
treatment. Nevertheless, the early symptoms of liver carcinoma are atypical, so a large proportion of LIHC patients are diagnosed
at an advanced stage. Histocompatibility minor 13 (HM13), located in the endoplasmic reticulum, is responsible for catalysing the
hydrolysis of some signal peptides after cleavage from the precursor protein. Here, we studied the role of HM13 in LIHC
development through bioinformatics analysis. Database analysis showed that HM13 was of great significance for LIHC tu-
morigenesis. Compared to normal liver tissues, HM13 expression was increased to a greater extent in LIHC tissues. After analysis
of Kaplan‒Meier plotter and Gene Expression Profiling Interactive Analysis (GEPIA) datasets, we discovered that highly
expressed HM13 exhibited an association with shorter overall survival (OS), disease-free survival (DFS), and disease-specific
survival (DSS). We conducted Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses to analyse
HM13-related genes, and the data indicated that these genes obviously participated in rRNA processing, ribosome biogenesis,
spliceosome, Huntington’s disease, and ATP-dependent helicase activity. ,e Cell Counting Kit-8 (CCK-8) assay and Transwell
assay showed that reducing HM13 expression hindered LIHC cell proliferation, migration, and invasion. In conclusion, these
findings indicate that HM13 is a biomarker and is related to the poor prognosis of LIHC. Our results are conducive to discovering
new targets for LIHC treatment.

1. Background

It is predicted that liver carcinoma will be the sixth most
common carcinoma once diagnosed and the fourth main
inducer of carcinoma mortality worldwide [1, 2], with ap-
proximately 841,000 new cases and 782,000 deaths occurring
annually [3]. Among primary liver carcinomas, the pro-
portion of liver hepatocellular carcinoma (LIHC) cases is
75%–85% [4]. At present, curative treatments for LIHC
comprise chemotherapy, surgical operation, and liver
transplantation, which are efficacious at an early stage of
LIHC [5–7]. Nevertheless, the early manifestation of liver
carcinoma is uncommon, and most LIHC patients are di-
agnosed at an advanced stage [8]. Advanced-stage LIHC has

become a disease that cannot be cured by surgery, and only a
few patients can receive radical resection [9]. Moreover, due
to the high frequency of metastasis and recurrence of LIHC,
the prognosis of LIHC patients after treatment is poor.,ese
challenges make it necessary to identify potential biomarkers
and discover new targets to uncover more effective treat-
ments for LIHC.

Presently, the pathogenesis of LIHC metastasis is not
clear, which may be related to the unusual expression of
multiple oncogenes and neoplasm inhibitor genes. Some
molecular biomarkers have presented a relationship with
LIHC progression based on the rapid development of
molecular biotechnology. Seeking new molecular markers of
encoding genes is conducive to understanding the etiology
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of LIHC and evaluating the prognostic status of early-stage
LIHC.

Using bioinformatics analyses, we found that histo-
compatibility minor 13 (HM13) was associated with LIHC.
HM13, located in the endoplasmic reticulum, catalyses the
proteolysis of signal peptide cleavage from the precursor
protein [10]. ,is capability of HM13 is essential for pro-
ducing the immune system-recognised human lymphocyte
antigen E epitope and processing the core protein of the
hepatitis C virus. Recent studies have shown that HM13may
be related to the pathogenesis of some carcinomas. For
instance, Goovaerts et al. found that HM13 expression was
upregulated in breast carcinoma [11].

Nevertheless, the role of HM13 in LIHC remains un-
clear. Here, we employed data mining technology to identify
HM13 as a new prognostic indicator in LIHC. ,e associ-
ation between HM13 expression and LIHC was validated by
Kaplan‒Meier (KM) plotter and Gene Expression Profiling
Interactive Analysis (GEPIA) datasets. HM13-related gene
enrichment was analysed by Gene Ontology (GO) terms and
Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathways. Our results suggest that HM13 may increase the
occurrence risk of LIHC and aggravate the prognostic status
of patients.

2. Material and Methods

2.1. Data Sources. ,is study analysed two datasets. ,e first
was GEPIA, and we obtained the clinical and survival in-
formation of LIHC patients from GEPIA (https://gepia.
cancer-pku.cn/). ,e second was KM-plotter (https://
kmplot.com/analysis/). We acquired HM13 gene expres-
sion profiles and Kaplan‒Meier survival curves of the overall
survival (OS), disease-free survival (DFS), and disease-
specific survival (DSS) of LIHC patients from the two
databases.

2.2. Identification of the Signalling Pathways. We conducted
GO enrichment and KEGG pathway analyses to discover the
probable signalling pathways of HM13-associated genes in
LIHC. We applied GEPIA to obtain 1000 HM13-associated
genes in LIHC. Biological process (BP), cell component
(CC), and molecular function (MF) categories, as well as
KEGG pathway analysis, were conducted using the database
for annotation, visualisation, and integrated discovery
(DAVID, https://david.ncifcrf.gov/tools.jsp).

2.3.CellCultureandTransfection. LO2, LM3,Hep3b,MHCC-
97H, Huh7, and SMMC-7221 cells were acquired from the
American Type Culture Collection (ATCC). LM3, SMMC-7221,
and MHCC-97H cells were maintained in Roswell Park Me-
morial Institute 1640 (RPMI-1640, Gibco) medium with 10%
foetal bovine serum (FBS, Sigma‒Aldrich) and 1% penicillin/
streptomycin (Life Technology) at 37°C with 5% CO2. LO2,
Huh7, andHep3b cells were kept in Dulbecco’s modified Eagle’s
medium (DMEM, Gibco) with 10% FBS (Sigma‒Aldrich) and
1% penicillin/streptomycin (Life Technology). Control siRNA

(si-NC, GenePharma) or siRNAs specific for HM13 (si-HM13,
GenePharma) were transfected into Huh7 and SMMC-7721
cells by Lipofectamine 2000 Reagent (Invitrogen) and Opti-
MEM medium (Life Technology) at the indicated times.

2.4. Extraction and Quantitation of RNA. TRIzol
(TAKARA, Japan) was applied to harvest overall RNA
following the manufacturer’s instructions. Harvested
RNA was quantified by a NanoDrop ND-2000 spectro-
photometer and then transcribed into cDNA utilising
PrimeScript RT Master Mix (TAKARA, Japan). Real-
time polymerase chain reaction (PCR) was conducted on
a 7500 Fast Real-Time PCR system (Applied Biosystems,
USA) with Synergy Brands (SYBR) Premix Ex Taq
(TAKARA, Japan). ,e PCR parameters for RT‒PCR
were 95°C for 2 min and 39 cycles of 95°C for 20 s, 58°C
for 30 s, and 72°C for 30 s. Relative gene expression was
calculated by the 2−ΔΔCt method. Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) was an internal
reference.

2.5. Cell Counting Kit-8 (CCK-8) Assay. A total of 2×103 si-
HM13-or si–NC–transfected Huh7 and SMMC-7721 cells
were inoculated into each well of a 96-well plate. We de-
tected cell viability per well after adding CCK-8 solution
(Dojindo, Japan) at specific times. ,e absorbance at 450 nm
was detected utilising a microplate reader (Tecan Group
Ltd.).

2.6. Transwell Assay. For the migration assay, 10×104 cells
of stable cell lines (Huh7 si-NC, Huh7 si-HM13, SMMC-
7721 si-NC, and SMMC-7721 si-HM13) in 250 μl of serum-
free medium were inoculated in the upper chamber of 8-μm
Transwell inserts (BD Biosciences, USA). ,en, 500 μl of
medium with 10% FBS was added to the lower chamber. We
removed Huh7 si-HM13 and SMMC-7721 si-HM13 cells in
the upper chamber with a cotton swab. PBS was applied to
wash the migrated cells on the underside. ,e migrated cells
were then fixed with methanol (Solarbio, China) for 10min
and stained with 10 μg/mL diamidino-phenyl-indole (DAPI,
Solarbio, China) for 10min. Positive cells in 5 random fields
were photographed under a 200× inverted microscope
DMI4000 B (Leica, Germany) and counted. For the invasion
assay, the transwell chamber was pretreated with Matrigel,
and the other experimental procedures were the same.

2.7. Statistical Analyses. Statistical Product and Service
Solutions (SPSS) 22.0 (Chicago, USA) and R version 3.6.0
were applied to analyse the data. ,e differences existing
between two groups or amongmultiple groups were assessed
by Student’s t-test and analysis of variance (ANOVA), re-
spectively. ,e KM method was employed to plot survival
curves.,e log-rank test was utilised to compare differences.
A significant difference was indicated when P< 0.05.
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3. Results

3.1. Analysis of the Differentially Expressed HM13 in Carci-
noma and Normal Tissues. We used the Kaplan‒Meier
database to analyse HM13 expression in different tissues.
Our data showed that compared with normal tissues, HM13
expression was higher in adrenal, acute myeloid leukaemia
(AML), bladder, breast, colon, liver, lung adenocarcinoma
(Lung_AC), lung sarcomatoid carcinoma (Lung_SC), ovary,
pancreas, prostate, rectum, renal clear cells (Renal_CC),
renal congenital hydronephrosis (Renal_CH), renal pre-
tubular aggregate (Renal_PA), skin, stomach, testis, thyroid,
uterine caesarean section (Uterus_CS), and uterine endo-
metrial cancer (Uterus_EC) (Figure 1(a)). ,e GEPIA da-
tabase analysis indicated that HM13 expression was
upregulated in LIHC compared with normal tissues
(Figure 1(b)).

3.2. High HM13 ExpressionWas Significantly Associated with
Poor Prognosis of LIHC. We obtained the OS and DFS data
of 364 LIHC patients in the GEPIA database. Patients with
high HM13 expression displayed shorter OS than those with
lowHM13 expression (Figure 2(a)). In addition, shorter DFS

was also observed in patients with high HM13 expression
than in those with low HM13 expression (Figure 2(b)). Our
findings showed that high expression of HM13 exhibited a
close relationship with poor prognostic status of LIHC.

3.3. High Expression of HM13 was a Predictor of LIHC
Prognosis. To further evaluate the prognostic value of
HM13, including OS and DSS, in LIHC with different HM13
levels, we used the KM-plotter database. LIHC patients with
high HM13 expression displayed shorter OS and DSS than
those with low HM13 expression (Figures 3(a) and 3(d)).
,e OS and DSS of LIHC patients with hepatitis virus in the
low HM13 group were significantly higher than those in the
high HM13 group (Figures 3(b) and 3(e)). We observed a
similar result in LIHC patients without hepatitis virus
(Figures 3(c) and 3(f)).,ese results suggest that high HM13
expression is a predictor of poor LIHC prognosis.

3.4. Identification of the Signalling Pathways Involved. GO
analysis showed that these genes could be classified into
some pivotal BPs, including SRP-dependent cotranslational
protein targeting to membrane, translation, cytosolic ribo-
some, cytosolic part, RNA binding, and rRNA binding
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Figure 1: Comparison of HM13 expression in the tissues of carcinoma and normal. (a) Analysis of HM13 expression in different cancer. (b)
Highly expressed HM13 was shown in LIHC tissues. (∗P< 0.05).
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(Figure 4(a)). Figure 4(b) shows the GO analysis of the MFs
related to these genes, comprising cytosolic ribosomes
(including large ribosomal subunit), cytosolic part, and ri-
bosome (including large ribosomal subunit). Figure 4(c)
shows the GO analysis of the CCs for these genes, com-
prising RNA (rRNA, mRNA) binding and translation factor
activity. KEGG analysis revealed that these genes primarily
participated in thermogenesis, nonalcoholic fatty liver dis-
ease, protein processing in the endoplasmic reticulum, the
mRNA surveillance pathway, and Huntington’s disease
(Figure 4(d)).

3.5. Reduced HM13 Expression Inhibited LIHC Cell Prolif-
eration,Migration, and Invasion. We carried out CCK-8 and
Transwell assays to explore HM13’s function in LIHC. We
chose Huh7 and SMMC-7721 cells in the following studies
since they highly expressed HM13 compared with the other
cell lines (Figure 5(a)). qRT‒PCR assays showed that HM13
was greatly reduced in Huh7 and SMMC-7721 cells after si-
HM13 transfection (Figures 5(b) and 5(c)).,e CCK-8 assay
demonstrated that reducing HM13 resulted in a decrease in
LIHC cell proliferation (Figures 5(d) and 5(e)). We also
arrived at a similar conclusion that ablating HM13 hindered
cell invasion (Figures 6(a) and 6(b)) and migration
(Figures 6(c) and 6(d)) by the Transwell assay.

4. Discussion

LIHC and cholangiocarcinoma (CHOL) are common pri-
mary liver cancers worldwide [12, 13]. LIHC is a highly
invasive and complex tumour disease caused by multiple
aetiologies, consisting of altered cell behaviour of the

neoplasm, the vascular system, and other causes [14, 15].
LIHC is one of the most common and deadly cancers in
humans, so it is still a major challenge to global public health
[16]. At present, the biological mechanism of liver cancer is
unclear [17]. Nevertheless, Zhu et al. found that the interplay
of chromosome 8 open reading frame 4 (C8orf4) with
N2ICD could inhibit the Notch signalling pathway and
negatively regulate liver cancer stem cell self-renewal [18].
Hu et al. found that linc00511 aggravated the LIHC process
by accelerating cell proliferation andmigration of neoplasms
[19]. Here, we found that HM13 expression was obviously
higher in LIHC than in normal tissues.

Li et al. confirmed that the protein phosphatase Mg2+/
Mn2+-dependent 1D (PPM1D) was a biomarker for LIHC
prognosis [20]. Chen et al. found that collagen triple helix
repeat containing 1 (CTHRC1) was a probable biomarker
for LIHC prognosis [21]. Jiao et al. showed that oxoglutarate
dehydrogenase L (OGDHL) could be considered an indi-
cator of LIHC diagnosis and prognosis [22]. To date, few
studies have examined the association of HM13 expression
with the prognosis of LIHC patients. To this end, we used a
GEPIA dataset and a KM-plotter dataset to reveal the link
between the expression of HM13 and poor prognosis in
LIHC patients. ,e survival curve showed that highly
expressed HM13 exhibited a significant association with
poor prognosis in LIHC patients. ,ese genes may be novel
markers for predicting LIHC prognosis and new targets for
immunotherapy, but further basic and clinical laboratory
identification is needed.

HM13 is also named H13, SPP, IMP1, PSL3, IMPAS,
SPPL1, PSENL3, IMPAS-1, and MSTP086, and it has
widespread expression in human thyroid and salivary gland
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Figure 2: Higher expression of HM13 exhibited an association with worse OS and DFS. ,e survival curve showed that the (a) OS and (b)
DFS of patients with highly expressed HM13 were lower compared to that of patients with lowly expressed HM13 in the GEPIA database.
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tissues [10]. Regarding the current studies on HM13, related
disease studies are few. Further studies on HM13 expression
and function in various diseases remain to be conducted. In
this study, we explored the role of HM13 in LIHC through
bioinformatics analysis and functional experiments. To
further evaluate the integrity of our data, the GEPIA da-
tabase was used to search for HM13-related genes. Our
research screened 1,000 HM13-related genes. Bioinformatics
analysis suggested that these genes were linked to rRNA
processing ribosome biogenesis, spliceosome, Huntington’s
disease, and ATP-dependent helicase activity. ,e above-
mentioned pathways were reported to act as primary
modulators of human cancer. For example, the results of the
study offered genetic proof that the prostate carcinoma
susceptibility gene ElaC ribonuclease Z 2 (ELAC2) perhaps
participated in RNA processing, particularly rRNA pro-
cessing andmitochondrial function [23].,e biosynthesis of
ribosomes is necessary for cell growth and proliferation and
is usually increased in carcinoma [24]. As Huang et al.
demonstrated, Huntington’s disease, a deadly

neurodegenerative disease, was induced by amplification of
the CAG repeats in the huntingtin genes [25]. Esmee
Koedoot et al. demonstrated that obtaining a better un-
derstanding of the role of the spliceosome in the develop-
ment of carcinoma could be conducive to developing
strategies for treating carcinoma patients [26]. Li et al.
showed that helicase, POLQ-like (HELQ) helicase could be
applied to treat ovarian carcinoma [27]. Predicting protein
analysis showed that HELQ mainly possessed ATP-depen-
dent helicase activity and participated in DNA repair. ,ese
results showed that HM13 did have a crucial role in LIHC
progression. ,e results of in vitro functional analysis
showed that HM13 promoted LIHC cell proliferation, mi-
gration, and invasion. Our study showed that HM13 might
act as an oncogene in LIHC and induce its proliferation,
invasion, and migration.

Taken together, these results suggest that HM13may be a
promising candidate biomarker for LIHC diagnosis and
prognosis. Reduction of HM13 resulted in inhibition of
LIHC cell proliferation, migration, and invasion. Inhibition
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Figure 3: Kaplan–Meier survival curves of LIHC patients with highly expressed and lowly expressed HM13. (a) Survival curves of OS in
LIHC patients in KM-plotter database. (b–c) Survival curves of OS in LIHC patients with or without hepatitis virus in KM-plotter database.
(D) Survival curves of DSS in LIHC patients in KM-plotter database. (e–f) Survival curves of DSS in LIHC patients with or without hepatitis
virus in KM-plotter database.

Genetics Research 5

https://doi.org/10.1155/2022/7067743 Published online by Cambridge University Press

https://doi.org/10.1155/2022/7067743


SRP-dependent cotranslational protein targeting to membrane (GO:0006614)

translation (GO:0006412)

rRNA processing (GO:0006364)

ribosome biogenesis (GO:0042254)

rRNA metabolic process (GO:0016072)

cotranslational protein targeting to membrane (GO:0006613)

protein targeting to ER (GO:0045047)

nuclear-transcribed mRNA catabolic process, nonsense-mediated decay (GO:0000184)

peptide biosynthetic process (GO:0043043)

ncRNA processing (GO:0034470)

Biological Process

(a)

cytosolic ribosome (GO:0022626)

cytosolic part (GO:0044445)

ribosome (GO:0005840)

large ribosomal subunit (GO:0015934)

cytosolic large ribosomal subunit (GO:0022625)

cytosolic small ribosomal subunit (GO:0022627)

small ribosomal subunit (GO:0015935)

nucleolus (GO:0005730)

polysomal ribosome (GO:0042788)

polysome (GO:0005844)

Cellular Component

(b)

RNA binding (GO:0003723)

rRNA binding (GO:0019843)

mRNA binding (GO:0003729)

translation factor activity, RNA binding (GO:0008135)

snRNA binding (GO:0017069)

translation initiation factor activity (GO:0003743)

U6 snRNA binding (GO:0017070)

ATP-dependent helicase activity (GO:0008026)

RNA helicase activity (GO:0003724)

ATP-dependent RNA helicase activity (GO:0004004)

Molecular Function

(c)

Ribosome

Spliceosome

RNA transport

Proteasome

Ribosome biogenesis in eukaryotes

Huntington disease

mRNA surveillance pathway

Protein processing in endoplasmic reticulum

Non-alcoholic fatty liver disease (NAFLD)

�ermogenesis

KEGG

(d)

Figure 4: GO and KEGG analysis. (a–c) GO analysis of HM13-associated genes in BP, CC, andMF. (d) KEGG analysis of HM13-associated
genes.

6 Genetics Research

https://doi.org/10.1155/2022/7067743 Published online by Cambridge University Press

https://doi.org/10.1155/2022/7067743


0

H
ep

3B

SM
M

C-
77

21

H
U

H
7

M
H

CC
-9

7HLM
3

LO
2

1

2

3

4

5

*
*

*
*

**

Re
la

tiv
e H

M
13

 m
RN

A
 ex

pr
es

sio
n

(a)

Huh7

*

si-NC si-HM13

Re
la

tiv
e H

M
13

 m
RN

A
 ex

pr
es

sio
n

0.0

0.5

1.0

1.5

si-NC
si-HM13

(b)

Re
la

tiv
e H

M
13

 m
RN

A
 ex

pr
es

sio
n

si-NC si-HM13
0.0

0.5

1.0

1.5

si-NC
si-HM13

SMMC-7721

*

(c)

Time (hour)
0 24 48 72 96

2.0

O
D

 4
50

 n
m

0.0

0.5

1.0

1.5

si-NC
si-HM13

*

Huh7

(d)

Time (hour)
0 24 48 72 96

0.0

0.5

1.0

1.5

O
D

 4
50

 n
m

si-NC
si-HM13

*

SMMC-7721

(e)

Figure 5: Assessment of reduced HM13 on LIHC cell proliferation. (a) qRT-PCR analysis of HM13 expression in LIHC cell lines and
normal cells LO2 (∗P< 0.05; ∗∗P< 0.01). (b–c) To measure HM13 expression in HUh7 cells and SMMC-7721 cells by si-HM13 (∗P< 0.05).
(d–e) To analyse the influence of reduced HM13 on cell proliferation of HUH7 and SMMC-7721 cells (∗P< 0.05).

si-NC si-HM13

Huh7

SMMC-7721

(a)

Re
la

tiv
e i

nv
as

io
n 

to
 N

C

Huh7 SMMC-7721
0.0

0.5

1.0

1.5

***

si-NC
si-HM13

(b)

Figure 6: Continued.

Genetics Research 7

https://doi.org/10.1155/2022/7067743 Published online by Cambridge University Press

https://doi.org/10.1155/2022/7067743


of HM13 expression may be an effective approach to im-
prove the prognosis and treatment of LIHC. Overall, this
study has certain significance for LIHC research and pro-
vides new ideas and insights for the diagnosis and treatment
of LIHC. However, the study also has limitations. ,e
sample size was relatively small, and the exact mechanism of
HM13 in LIHC clinicopathological staging and prognosis
remains to be explored. Further studies should focus on
evaluating the relationship between serum HM13, efficacy,
and prognosis by large-sample-size in vitro and in vivo
studies.

5. Conclusion

Our current research first showed that HM13 is overex-
pressed in LIHC and that its reduction inhibits LIHC cell
proliferation and metastasis. ,ese results indicate that
HM13 could be a biomarker for LIHC. Kaplan‒Meier
plotter and GEPIA dataset analyses showed that high ex-
pression of HM13 was related to shorter OS, DFS, and DSS.
,rough GO and KEGG analyses of HM13-associated genes,
we found that these genes greatly participated in rRNA
processing, ribosome biogenesis, and other processes. ,e
CCK-8 and Transwell assays showed that ablating HM13
resulted in reduced cell proliferation, migration, and inva-
sion of LIHC. Our findings are beneficial for uncovering new
targets for LIHC patient treatment.
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Figure 6: To evaluate the impacts of decreased HM13 on LIHC cell invasion and migration. (a–b) Evaluation of the influence of reduced
HM13 on LIHC cell invasion (∗P< 0.05; ∗∗P< 0.01). (c–d) Validation of the effect of ablated HM13 on LIHC cell migration (∗P< 0.05).

8 Genetics Research

https://doi.org/10.1155/2022/7067743 Published online by Cambridge University Press

https://doi.org/10.1155/2022/7067743


Conflicts of Interest

,e authors declare that they have no conflicts of interest.

Acknowledgments

,is study was supported by the National Natural Science
Foundation of China Youth Training Project (2021GZR003).

References

[1] N. Okoronkwo, Y. Wang, C. Pitchumoni, B. Koneru, and
N. Pyrsopoulos, “Improved outcomes following hepatocel-
lular carcinoma (HCC) diagnosis in patients screened for
HCC in a large academic liver center versus patients identified
in the community,” Journal Clin Transl Hepatol, vol. 5, no. 1,
pp. 31–34, 2017.

[2] A. Waghray, A. R. Murali, and K. N. Menon, “Hepatocellular
carcinoma: from diagnosis to treatment,” World Journal of
Hepatology, vol. 7, no. 8, pp. 1020–1029, 2015.

[3] A. Kusnik, N. Hunter, E. Rasbach et al., “Co-Medication and
nutrition in HCC: potentially preventative strategies in He-
patocellular carcinoma (HCC),” Digestive Diseases, vol. 39,
2021.

[4] Y. Tang, Y. Zhang, and X. Hu, “Identification of potential hub
genes related to diagnosis and prognosis of hepatitis B virus-
related hepatocellular carcinoma via integrated bio-
informatics analysis,” BioMed Research International,
vol. 2020, p. 4251819, 2020.

[5] F. Donskov, “Immunomonitoring and prognostic relevance
of neutrophils in clinical trials,” Seminars in Cancer Biology,
vol. 23, no. 3, pp. 200–207, 2013.

[6] X. G. Hu, W. Mao, S. Y. Hong, B. W. Kim, Wg Xu, and
H. J. Wang, “Surgical treatment for hepatocellular carcinoma
with bile duct invasion,” Ann Surg Treat Res, vol. 90, no. 3,
pp. 139–146, 2016.

[7] S. L. Ye, T. Takayama, J. Geschwind, J. A. Marrero, and
J. P. Bronowicki, “Current approaches to the treatment of
early hepatocellular carcinoma,” %e Oncologist, vol. 15,
no. S4, pp. 34–41, 2010.

[8] J. Bruix, J. L. Raoul, M. Sherman et al., “Efficacy and safety of
sorafenib in patients with advanced hepatocellular carcinoma:
subanalyses of a phase III trial,” Journal of Hepatology, vol. 57,
no. 4, pp. 821–829, 2012.

[9] M. Nagahashi, Y. Matsuda, K. Moro et al., “DNA damage
response and sphingolipid signaling in liver diseases,” Surgery
Today, vol. 46, no. 9, pp. 995–1005, 2016.

[10] J. W. Wei, J. Q. Cai, C. Fang et al., “Signal peptide peptidase,
encoded by HM13, contributes to tumor progression by af-
fecting EGFRvIII secretion profiles in glioblastoma,” CNS
Neuroscience and %erapeutics, vol. 23, no. 3, pp. 257–265,
2017.

[11] T. Goovaerts, S. Steyaert, C. A. Vandenbussche et al., “A
comprehensive overview of genomic imprinting in breast and
its deregulation in cancer,” Nature Communications, vol. 9,
no. 1, Article ID 4120, 2018.

[12] K. Jiang, S. Al-Diffalha, and B. A. Centeno, “Primary liver
cancers-Part 1 histopathology, differential diagnoses, and risk
stratification,” Cancer Control, vol. 25, no. 1, Article ID
107327481774462, 2018.

[13] R. J. Y. Chong, M. S. Abdullah, M. M. Hossain,
P. U. Telisinghe, and V. H. Chong, “Rising incidence of
primary liver cancer in Brunei Darussalam,” Asian Pacific

Journal of Cancer Prevention, vol. 14, no. 6, pp. 3473–3477,
2013.

[14] M. A. Kinney, C. Y. Sargent, and T. C. McDevitt, “,e
multiparametric effects of hydrodynamic environments on
stem cell culture,” Tissue Engineering Part B Reviews, vol. 17,
no. 4, pp. 249–262, 2011.

[15] H. Hu, X. Ding, Y. Yang et al., “Changes in glucose-6-
phosphate dehydrogenase expression results in altered be-
havior of HBV-associated liver cancer cells,” American
Journal of Physiology—Gastrointestinal and Liver Physiology,
vol. 307, no. 6, pp. G611–G622, 2014.

[16] F. Heindryckx and P. Gerwins, “Targeting the tumor stroma
in hepatocellular carcinoma,” World Journal of Hepatology,
vol. 7, no. 2, pp. 165–176, 2014.

[17] X. S. Meng, N. N. Li, Y. R. Bao, S. Wang, and T. J. Li,
“Evidence for the involvement of COX-2/VEGF and PTEN/
Pl3K/AKT pathway the mechanism of oroxin B treated liver
cancer,” Pharmacognosy Magazine, vol. 14, no. 54,
pp. 207–213, 2018.

[18] P. Zhu, Y. Wang, Y. Du et al., “C8orf4 negatively regulates
self-renewal of liver cancer stem cells via suppression of
NOTCH2 signalling,” Nature Communications, vol. 6, no. 1,
Article ID 7122, 2015.

[19] P. Hu, H. Cui, T. Lei, S. Li, E. Mai, and F. Jia, “Linc00511
indicates A poor prognosis of liver hepatocellular carcinoma,”
OncoTargets and %erapy, vol. 12, pp. 9367–9376, 2019.

[20] G. B. Li, X. L. Zhang, L. Yuan, Q. Q. Jiao, D. J. Liu, and J Liu,
“Protein phosphatase magnesium-dependent 1δ (PPM1D)
mRNA expression is a prognosis marker for hepatocellular
carcinoma,” PLoS One, vol. 8, no. 3, Article ID e60775, 2013.

[21] Y. L. Chen, T. H. Wang, H. C. Hsu, R. H. Yuan, and
Y. M. Jeng, “Overexpression of CTHRC1 in hepatocellular
carcinoma promotes tumor invasion and predicts poor
prognosis,” PLoS One, vol. 8, no. 7, Article ID e70324, 2013.

[22] Y. Jiao, Y. Li, Z. Fu et al., “OGDHL expression as a prognostic
biomarker for liver cancer patients,” Disease Markers,
vol. 2019, Article ID 9037131, 9 pages, 2019.

[23] Y. Chen, A. Beck, C. Davenport, Y. Chen, D. Shattuck, and
S. V. Tavtigian, “Characterization of TRZ1, a yeast homolog of
the human candidate prostate cancer susceptibility gene
ELAC2 encoding tRNase Z,” BMC Molecular Biology, vol. 6,
p. 12, 2005.

[24] L. Montanaro, D. Trere, and M. Derenzini, “Nucleolus, ri-
bosomes, and cancer,” American Journal Of Pathology,
vol. 173, no. 2, pp. 301–310, 2008.

[25] K. Huang, M. H. Kang, C. Askew et al., “Palmitoylation and
function of glial glutamate transporter-1 is reduced in the
YAC128 mouse model of Huntington disease,” Neurobiology
of Disease, vol. 40, no. 1, pp. 207–215, 2010.

[26] E. Koedoot, M. Smid, J. A. Foekens, J. W. M. Martens, S. E. Le
Devedec, and B. van de Water, “Co-regulated gene expression
of splicing factors as drivers of cancer progression,” Scientific
Reports, vol. 9, no. 1, p. 5484, 2019.

[27] Y. P. Li, J. J. Yang, H. Xu, E. Y. Guo, and Y. Yu, “Structure-
function analysis of DNA helicase HELQ a new diagnostic
marker in ovarian cancer,” Oncology Letters, vol. 12, no. 6,
pp. 4439–4444, 2016.

Genetics Research 9

https://doi.org/10.1155/2022/7067743 Published online by Cambridge University Press

https://doi.org/10.1155/2022/7067743

