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Abstract

Background: Hepatocellular carcinoma (HCC) is one of the most common causes of cancer-mortality globally.
Hepatocarcinogenesis is a complex multifactorial process. Host genetic background appeared to play a crucial role
in the progression of HCC among chronic hepatitis C patients, especially in the era of Genome Wide Association
Studies (GWAS) which allowed us to study the association of millions of single nucleotide polymorphisms (SNPs)
with different complex diseases. This article aimed to review the discovered SNPs associated with the risk of HCV-
related HCC development which was reported in the published GWA studies and subsequent validation studies
and also try to explain the possible functional pathways.

Main text: We reviewed the recent GWA studies which reported several new loci associated with the risk of HCV-
related HCC, such as (SNPs) in MHC class I polypeptide-related sequence A (MICA), DEP domain-containing 5
(DEPDC5), Tolloid-like protein 1 (TLL1), and human leukocyte antigen (HLA) genes. We also explained the possible
underlying biological mechanisms that affect the host immune response pathways. Additionally, we discussed the
controversial results reported by the subsequent validation studies of different ethnicities.

Conclusions: Although GWA studies reported strong evidence of the association between the identified SNPs and
the risk of HCV-related HCC development, more functional experiments are necessary to confirm the defined roles
of these genetic mutations for the future clinical application in different populations.
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Background
Hepatocellular carcinoma is the fifth most common can-
cer worldwide and the third leading cause of cancer-
related death, with a 5-year survival rate of 6.9%. The inci-
dence of HCC is increasing dramatically in the last few
years, the annual estimated number of HCC new cases is
about 782,000 and causing 600,000 deaths annually world-
wide [1].
Hepatocellular carcinoma is a multifactorial disease;

host and environmental risk factors can influence its de-
velopment. About 80% of HCC cases are caused by HBV
and HCV [2].
About 7.8% of new HCC cases were attributed to HCV

[3]. Recognizing patients who are more susceptible to
HCC risk and following them with continuing surveillance

for early detection and treatment will help to decrease
HCC burden.
Recently, host genetics appeared to play a crucial role.

Identifying host genetics would enhance the accuracy of
risk prediction models, increasing the efficacy of surveil-
lance programs, and allowing personalized assessment of
disease management.
Current progress in sequencing technologies has

allowed us for the identification of 500,000 or more
single-nucleotide polymorphism (SNP) DNA markers se-
lected to capture the full human genome, using genome-
wide association studies (GWAS) [4].
In this review, we discussed the four main genome-

wide association studies which investigate the associ-
ation of single nucleotide polymorphisms (SNPs) with
the risk of HCC development among chronic hepatitis C
patients, the subsequent validation studies among differ-
ent ethnicities and the possible underlying biological
functional pathways in HCC carcinogenesis.

© The Author(s). 2020 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made.

* Correspondence: sameera.ezzat@gmail.com
Epidemiology and Preventive Medicine Department, National Liver Institute,
Menoufia University, Gamal Abdel Nasser Street, Shebein El–Kom, Menoufia,
Egypt

Egyptian Liver JournalMoaz et al. Egyptian Liver Journal            (2020) 10:4 
https://doi.org/10.1186/s43066-019-0013-8

http://crossmark.crossref.org/dialog/?doi=10.1186/s43066-019-0013-8&domain=pdf
http://creativecommons.org/licenses/by/4.0/
mailto:sameera.ezzat@gmail.com


MICA (rs2596542) and HCC
The first GWA study of HCV-related HCC was conducted
by Kumar [5], and his colleagues in the Japanese popula-
tion (Table 1), which was a multi-stage study. In the dis-
covery phase, they genotyped for 432,703 SNPs in 721
HCC patients and 2890 healthy HCV-negative controls,
and they identified eight possible loci for the possible asso-
ciation. In the replication stage, independent 673 HCC
and 2596 HCV-negative controls were genotyped at these
8 loci, One SNP rs2596542 showed positive association in
the 5′ flanking region of MICA on the chromosome

(6p21.33), which located within the class I of the major
histocompatibility complex (MHC) region (Fig. 1) [9]. Risk
allele A was statistically significantly higher in HCC cases
than controls (P = 8.62 × 10−9, odds ratio (OR) = 1.44,
95% confidence interval (CI) = 1.27–1.63). The result
remained significant after adjusting for age, gender, and
alcohol consumption. They further analyzed for
rs2596542 in 1730 chronic hepatitis C without cirrhosis
compared with HCC cases and found it was significantly
associated with progression from CHC to HCC (P = 3.13
× 10−8, OR = 1.36).

Table 1 Brief summary of four main GWAS in HCV-related HCC

Study/year Ethnicity Cases/controls Discovered
SNPs

Gene/Chr. P value OR (95%CI)

Kumar 2011 [5] Japanese Discovery stage: 721 HCV-HCC/2890 healthy controls
Replication stage: 673 HCC/2596 healthy controls

rs2596542 MICA/6p21.33 4.2 × 10-13 1.39 (1.27–1.52)

Miki 2011 [6] Japanese Discovery stage: 212 HCC-HCV/765 chronic HCV without
HCC
Replication stage: 710 HCC-HCV and 1625 chronic HCV
patients

rs1012068 DEPDC5/chr. 22 1 × 10-13 1.75 (1.51–2.03)

Matsuura
2017 [7]

Japanese Discovery stage: cohort group of HCV patients with
INF-SVR.
123 developed HCC/333 did not develop HCC.
Replication stage: 130 develop HCC/356 did not develop
HCC

rs17047200 TLL1/Chr.4 3 × 10-8 2.37 (1.74–3.23)

Lee 2018 [8] Taiwan Discovery stage: 502 HCV-HCC/749 HCV non-HCC controls.
1st replication stage: 669 HCC cases/16000 healthy controls
2nd replication stage 2: 669 HCC cases/429 HCV patients

rs2856723 HLA-DQB1/chr.6 2.58 × 10-43 2.68 (2.32–3.09)

HCV hepatitis C virus, HCC hepatocellular carcinoma, INF-SVR patients received interferon and reached sustained viral response

Fig. 1 The MICA gene locus on the short arm of human chromosome 6 [9]

Moaz et al. Egyptian Liver Journal            (2020) 10:4 Page 2 of 8

https://www.sciencedirect.com/topics/medicine-and-dentistry/dna-flanking-region
https://www.sciencedirect.com/topics/medicine-and-dentistry/major-histocompatibility-complex
https://www.sciencedirect.com/topics/medicine-and-dentistry/major-histocompatibility-complex


They also reported another locus rs9275572 located
between HLA-DQA and HLA-DQB which showed a sig-
nificant association with HCV-induced HCC (P = 9.38 ×
10−9, OR = 1.30), moderate association with chronic
hepatitis C susceptibility (P = 0.03, OR = 1.09), and in-
creased the risk of progression from CHC to HCC (P =
2.58 × 10−5, OR = 1.29).
MHC class I polypeptide-related sequence A (MICA)

is a membrane protein, completely absent or present
only at low levels on the surface of normal cells, but they
are overexpressed by infected, transformed, senescent,
and stressed cells, which play a role as a ligand for nat-
ural killer (NK) group 2D (NKG2D), that triggers natural
killer cells and CD8+ T cells to attack the target cells.
Soluble MICA (sMICA) is secreted into the serum by al-
ternative splicing, proteolytic shedding, and cause block-
ing the anti-tumor action of natural killer cells and
CD8+ T cells.
Kumar and his team [5] identified that the rs2596542

risk genotype AA was significantly associated with low
levels of sMICA. As the levels of sMICA were shown to
be correlated to the level of membrane-bound MICA
which is needed for NK cell activation, they suggested
that persons with rs2596542 A risk allele would show
low levels of membrane-bound MICA in response to
HCV infection, which thus leads to poor natural killer
cell cytotoxicity. That can make them more susceptible
to HCC progression.

Validation studies for MICA and HCC (Table 2)
The same research group conducted a replication study
[10]. However, they genotyped SNP rs2596542 in 407
HBV-HCC cases, 699 CHB subjects, and 5657 non-HBV
controls. SNP rs2596542 showed also a statistically sig-
nificant association with HCC development in chronic

hepatitis B patients. The rs2596542 G allele was more
prevalent in HBV-induced HCC cases than the A allele
(P = 0.029, OR = 1.19, 95% CI 1.02–1.4) compared to
controls. The risk allele was opposite to their previous
study [5] as the A allele was associated with increased
risk of HCV-related HCC.
Similar results to Kumar GWA study [5] reported in

different ethnicities, Chang and his team conducted a
replication study in the Chinese population and reported
a statistically significant difference in the distribution of
SNP rs2596542 A allele between 120 HCC patients and
124 healthy controls (OR = 1.57, 95% CI = 1.07–2.31)
[13]. An Egyptian team also reported that the rs2596542
T allele was significantly higher in HCC versus control
and liver cirrhosis (LC) versus control, suggesting that
the rs2596542 T allele may be a risk factor for develop-
ing HCC and liver cirrhosis [16]. A subsequent study
was conducted by Huang and his colleagues, MICA
rs2596542 genotype and serum MICA (sMICA) levels
were evaluated in 705 chronic hepatitis C patients who
received antiviral therapy and were followed up for HCC
diagnosis. They reported that MICA risk alleles and high
sMICA levels > 175 ng/mL were independently associ-
ated with HCC development in cirrhotic patients non-
SVR, suggesting that combining the MICA gene poly-
morphism and sMICA will give the best accuracy in pre-
dicting HCC [15].
Interestingly, when replicating these studies on the

Caucasian population, opposite rs2596542 A minor allele
association with HCV-HCC was observed. In the study
of Lange and his colleagues [12], they genotyped
rs2596542 in 1860 HCV patients and 68 HCV-related
HCC patients from the European population, rs2596542
allele A was protective for HCC development which rep-
resented an opposite to the results of Kumar [5]. They

Table 2 Validation studies for association of MICA with the risk of HCC development among chronic hepatitis patients

Study/year Ethnicity Cases/controls P value OR (95%CI)

Kumar 2012 [10] Japanese 407 HCC cases/699 CHB subjects and 5657 non-HBV controls 0.029 1.19 ( 1.02–1.4)

Lo 2013 [11] Japanese 1394 HCV-HCC/1629 LC-CHC 0.2 –

Lange 2013 [12] European 68 HCV-related HCC patients/1860 HCV patients 0.03 0.58 (0.35–0.95)

Chang 016 [13] Chinese 120 HCC/124 healthy controls 0.02 1.57(1.07–2.31)

Burza 2016 [14] European 192 LC-HCC/199 LC 0.34 –

Huang 2017 [15] Taiwanese Cohort of 705 patients receiving INF based antiviral
therapy.
58 develop HCC/647 did not develop HCC

0.002 4·37(1.52–12.07)

Mohamed 2017 [16] Egyptian 47HCV-HCC/47HCV-LC and 47 healthy controls HCC vs. healthy 0.01 HCC vs. healthy
2.1 (1.17–3.78)

Hai 2017 [17] Japanese 142 HCV-HCC/575 HCV non-HCC patients 0.0002 4.47 (2.04–9.80)

Augello 2018 [18] Italian 154 HCV-HCC/93 HCV-LC and 244 healthy controls HCC VS controls = 0.03
HCC VS LC = 0.04

HCC VS controls
0.599 (0.371–0.968)
HCC VS LC
0.522 (0.276–0.989)

CHB chronic hepatitis B, LC liver cirrhosis, CHC chronic hepatitis C

Moaz et al. Egyptian Liver Journal            (2020) 10:4 Page 3 of 8



suggested another novel susceptibility locus for HCV-
related HCC development rs2244546 in HCP5 which lo-
cated between MICA and HLA-DQA/HLA-DQB. This
was in agreement with another report from the Italian
population found that homozygous AA was significantly
lower frequent in HCC patients than in healthy controls,
OR = 0.599 (95% CI = 0.371–0.968) [18].
However, Bruza and his colleagues reported in their

study on population from Italy, Switzerland, and Germany
that SNP s2596542 polymorphism had no statistical asso-
ciation with the progression of HCC in cirrhotic patients
[14]. Also, Lo [11] reported after genotyping SNP
rs2596542 in different groups of patients: 1043 chronic
hepatitis C, 586 liver cirrhosis without HCC, and 1394
HCV-induce HCC that it was significantly associated with
disease progression from CHC to LC (OR = 1.17, P value
= 0.048) but was not associated with progression of HCC
from liver cirrhosis.

DEPDC5 (rs1012068) and HCC
Another GWAS conducted in the Japanese population
identified a new SNP associated with the increased risk
of HCV-related HCC. The SNP rs1012068 located in the
DEP domain-containing 5 genes (DEPDC5) on chromo-
some 22 (Fig. 2) [19]. They identified it after analyzing
467,538 SNPs in 212 chronic HCV-HCC and 765 indi-
viduals with chronic HCV without HCC, followed by in-
dependent replication case-control study (710 cases and
1625 controls), (rs1012068 G, P combined = 1.27 ×
10−13, odds ratio = 1.75) and the significance level of
rs1012068 increased after adjusting for age, gender, and
platelet count (P = 1.35 × 10−14, OR = 1.96) [6].
Further adjusting of other predictive factors of HCV-

related HCC including alcohol consumption, diabetes
mellitus, obesity, ethnicity, and co-infection with HBV
was performed using multiple logistic regression analysis
in only 994 subjects (480 cases and 514 controls) with
fully available data for these factors and rs1012068
remained highly significant with OR = 1.87 (95% CI
1.39–2.52). Looking for the function of DEPDC5 poly-
morphism, they investigated the association between
rs1012068 genotype and DEPDC5 mRNA expression in

43 HCV patients. DEPDC5 mRNA expression was
significantly higher in tumor tissues than non-tumor
tissues, but no significant difference in DEPDC5 mRNA
expression concerning rs1012068 genotype [6]. They
recommended further research on the effect of
rs1012068 polymorphism and the role of the DEPDC5
gene in HCV-related hepatocarcinogenesis.
The function of the DEPDC5 has not been defined yet;

however, the protein encoded by this gene is a compo-
nent of the GATOR1 (GAP activity toward Rags) com-
plex, which has been demonstrated to act as an inhibitor
of the mammalian target of rapamycin (mTOR) pathway,
a multi-functional protein involved in many cellular sys-
tems including inflammation, cell growth and tumori-
genesis including hepatocarcinogenesis. Most pathogenic
variants described in DEPDC5 are inactivating leading to
decreased amounts of the encoded protein or no protein
at all, which predicted to increase the activity of the
mTORC1 signaling pathway [20].

Validation studies for DEPDC5 and HCC (Table 3)
In the few past years, several studies were conducted to
identify the association of the DEPDC5 gene with HCC
development. Al-Qahtani and his colleagues validated
the susceptible association of DEPDC5 variants with the
risk of developing HCC in chronic HCV-infected pa-
tients among the Saudi Arabian population [22]. They
genotyped for DEPDC5 polymorphisms (rs1012068 and
rs5998152) in 601 HCV patients and 592 healthy con-
trols. They reported that subjects carrying G allele of
rs1012068 or C allele of rs5998152 appeared to have a
higher risk for HCV-related cirrhosis/HCC compared to
T allele carriers of both SNPs (P = 0.038, OR = 1.353, 95
% CI = 1.017–1.800) (P = 0.043, OR = 1.342, 95 % CI =
1.010–1.784), respectively.
Similar results noticed in the Han Chinese population,

two separate studies postulated that The DEPDC5-
rs1012068 C allele was associated with increased suscep-
tibility to HBV-related HCC [23, 24].
In contrast, a Japanese study tried to identify the asso-

ciation of MICA and DEPDC5 genetic polymorphisms
with HCC recurrence following hepatectomy [21]. They

Fig. 2 The DEP domain-containing 5 genes (DEPDC5) location on chromosome 22 [19]
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genotyped for MICA (rs2596542) and DEPDC5
(rs1012068) and compared recurrence-free survival rates
(RFS) for different genotypes in 96 HCC patients who
underwent hepatectomy. They reported that neither
MICA nor DEPDC5 genetic polymorphisms were associ-
ated with increased HCC recurrence risk after hepatec-
tomy. This was consistent with another recent Japanese
study that genotyped for MICA, DEPDC5, HCP5, and
PNPLA3 SNPs in 717 patients with CHC (HCC = 142
and non-HCC = 575) [17]. These results were in line
with the recent reports from Europe, which reported
that the DEPDC5 variant was not associated with HCC
but associated with increased fibrosis. The frequency of
DEPDC5 rs1012068G was higher in cirrhotic patients
(stage F4) than in those with no/mild fibrosis (stage F0-
F1). The DEPDC5 rs1012068 G allele was associated
with a 40% increased risk of cirrhosis, OR 95%CI (1.40:
1.08–1.81; P = 0.011) [25]. Another European study ge-
notyped for 7 SNPs (DEPDC5 rs1012068, GRIK1
rs455804, KIF1B rs17401966, STAT4 rs7574865, MICA
rs2596542, DLC1 rs2275959, and DDX18 rs2551677) in
1020 HCC, 2021 chronic liver diseases (CLD) but with-
out HCC and 2484 healthy subjects and found also no
significant association of MICA or DEPDC5 with HCC
development [26]. This is indicating that the role of the
DEPDC5 gene in the HCC development needs further
research and validation in different ethnicities.

TLL1 (rs17047200) and HCC
Matsuura and his colleagues were interested in identifying
the genetic variants associated with HCC development in
HCV patients who achieved SVR after IFN-based therapy
by conducting a GWA study [7]. 457 DNA samples for
the discovery stage and subsequent independent 486 DNA
samples for the replication stage obtained from Japanese

patients who successfully achieved SVR after IFN-based
therapy. The patients were followed up, and the endpoint
was the HCC diagnosis date in patients who develop HCC
and the date for confirming the absence of HCC in the last
follow-up. In the discovery stage, they genotyped 123 pa-
tients who developed HCC and 333 who did not develop
HCC ≥ 5 years. The 70 SNPs which reached the GWAS
level of significance further genotyped in the replication
stage. Their results showed that the SNP rs17047200, lo-
cated within the intron of the Tolloid-like 1 (TLL1) gene
on chromosome 4 (Fig. 3) [19] had the strongest associ-
ation (OR = 2.35; 95%CI = 1.48–3.75) with HCC develop-
ment after the eradication of HCV by IFN-based therapy.
By performing Cox proportional hazard analysis, they
developed a multivariate predictive model for HCC occur-
rence including rs17047200 AT/TT as an independent
risk factor [(HR) = 1.78; 95%CI = 1.17–2.70, P = 0.008],
male gender, older age, presence of diabetes, advanced
hepatic fibrosis stage, and higher post-treatment AFP
level.
For evaluating the biological role of the TLL1 gene in

hepatocarcinogenesis, they assessed TLL1 mRNA ex-
pression which was higher in mice models of liver injury
and fibrotic human liver tissues, compared with controls.
Their results were consistent with previous literature
that suggested that TLL1 may be involved in carcinogen-
esis through activating hepatic fibrogenesis pathways by
upregulation of TGF-β signaling and subsequently acti-
vate human hepatic stellate cells (HSCs), causing exces-
sive accumulation of the various extracellular matrix
proteins in the liver [27, 28].
Cirrhosis is thought to cause initiation and promotion

of neoplastic clones in regenerative nodules by facilitat-
ing genetic aberrations and cellular transformation,
resulting in HCC development [29].

Table 3 Validation studies for association of DEPDC5 with the risk of HCC development among chronic hepatitis patients

Study/year Ethnicity Cases/controls P value OR(95%CI)

Motomura 2012
[21]

Japanese Cohort of 96 HCC hepatectomy patients. 0.47 –

Al-Qahtani
2014 [22]

Saudi 151 cirrhotic patients + HCC patients/450
Chronic HCV patients.

0.038 1.353 (1.017–1.80)

Ma 2014 [23] Chinese 308 HBV-HCC/373 HBV carriers and 111
cirrhotic patients

HCC VS HBV 0.001
HCC VS cirrhosis
0.009

HCC VS HBV carriers 1.549
(1.207–1.988)
HCC VS cirrhosis 1.837
(1.168–2.902 )

Hai 2014 [17] Japanese 142 HCV-HCC/575 HCV non-HCC patients 0.51 –

Burza 2016
[14]

Italy, Switzerland,
Germany

192 LC-HCC/199 LC 0.15 –

Liu 2019 [24] Chinese 308 HBV-HCC patients/217 chronic HBV,
258 cirrhotic, and 506 healthy controls.

HCC VS healthy
controls = 0.015
HCC VS CHB = 0.02
HCC VS LC = 0.004

HCC VS healthy controls
2.008 (1.145, 3.520)
HCC VS CHB
2.241 (1.226–4.461)
HCC VS LC
2.706 ( 1.371- 5.340)

HCC hepatocellular carcinoma, LC liver cirrhosis, HCV hepatitis C virus, HBV hepatitis B virus, CHB chronic hepatitis B
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Another probable explanation, suggesting that the
TLL1 gene has an independent pro-oncogenic role by
activating insulin-like growth factors (IGFs) through
cleavage of their binding proteins and IGF signaling
pathway [30]. Moreover, activation of NF-κB and ERK
by activated HSC promoting HCC development [31].

HLA-DQB1 (rs2856723)
Another recent GWAS [8] genotyped 502 HCV-related
HCC cases and 749 HCV non-HCC controls, 8 SNPs
showed a significant statistical association with the risk of
HCC. The SNPs clustered in the human leukocyte antigen
region HLA-DQB1 on chromosome 6. In the replication
stage, 7 SNPs remained significantly associated with HCC,
when they compared 16000 healthy controls with 669 HCC
cases, and 429 HCV patients with 669 HCC cases. The SNP
with the highest odds ratio was rs2856723, OR (95% CI) =
2.68 (2.32–3.09), P = 2.58 × 10-43.
Because the HLA region is highly polymorphic, they

performed a cohort study genotyping the DQB1 locus in 994
HCV patients and measuring the HCC cumulative risk
among different HLA-DQB1 variants. They reported that
HLA-DQB1*03:01 and DQB1*06:02 (P < 0.05) were

statistically associated with HCC occurrence, and the ad-
justed HRs were 0.45 (0.30–0.68) and 2.11 (1.34–3.34) for
DQB1*03: 01 and DQB1*06: 02, respectively.
To identify the reported association in different HCV ge-

notypes, they performed a stratified analysis by HCV geno-
types, DQB1*03: 01 showed protective effects on HCC
development with HCV genotype-1 patients; meanwhile,
DQB1*06:02 increased risk of HCC only with HCV non-1
genotype patients.
The role of HLA genotypes in HCC development is not

fully identified. HLA genes located on the short arm of
chromosome 6 (Fig. 4) [32]; these genes encode proteins that
are present on the surface of almost all cells, and their role is
binding to peptides and presenting them to the immune sys-
tem to be recognized as foreign to initiate a cascade of im-
mune responses. Many studies were conducted to identify
the role of HLA variants in liver disease progression, but
most of them have used limited numbers of patients with a
cross-sectional design and have reported inconsistent results
with different ethnicities [33, 34]. This reflects the import-
ance of providing insights into a more detailed understand-
ing of the association of HLA polymorphism with HCC
development and its functional pathway.

Fig. 3 The Tolloid-like 1 (TLL1) gene location on chromosome 4 [19]

Fig. 4 Gene map of the human leukocyte antigen (HLA) region [32]
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Conclusions
Undoubtedly, host genetic variants influence the clinical
progression of HCV infection. In the present review, we
summarized the four published genome-wide association
studies of HCV-related HCC in the Asian population.
Their subsequent validation studies were recruited to
discuss GWAS efficiency. Most of the discovered SNPs
were approved to be involved in the pathway of immune
reactions. However, the identified polymorphisms need
further functional analysis for their molecular role in
carcinogenesis. Further GWA studies and replication
studies of HCV-related HCC in different ethnicities are
necessary for the future as all previous published GWA
studies were conducted on the Asian population. The
identified polymorphisms may serve as the potential
markers for screening the patients at high risk of HCC
and help in modeling preventive or therapeutic strategies
based on inter-individual susceptibilities, which present
a great step toward personalized medicine.
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