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Abstract

Introduction: Sodium taurocholate cotransporting polypeptide has been identified as the hepatitis B virus (HBV) entry receptor. However,
information regarding the role of sodium taurocholate cotransporting polypeptide variants in the development of HBV-related advanced
cirrhosis and hepatocellular carcinoma is limited.
Methodology: Overall, 581 patients with chronic HBV infection were divided into the liver fibrosis or cirrhosis group based on the Fibrosis-4
index. Further, 183 patients with hepatocellular carcinoma were distributed into early/intermediate and advanced/end stage groups based on
Barcelona Clinic Liver Cancer Staging approach. Three single nucleotide polymorphisms were genotyped by high resolution melting curve
method. Serum biomarkers of liver function were detected, and hepatocellular carcinoma properties were collected as well.
Results: Subjects with GA+AA genotypes at the rs4646287 polymorphism site were associated with a significantly higher rate of fibrosis
development (rs4646287 GA+AA genotypes were 13.7% and 20.0% in the non-fibrosis and fibrosis group, respectively; p = 0.038). There
were no significant differences between sodium taurocholate cotransporting polypeptide polymorphisms and hepatocellular carcinoma
progression. The GA+AA genotype carriers of rs7154439 had relatively high albumin levels (p = 0.035). The rs2296651 GA genotype carriers
tended to have solitary tumor nodule and without metastasis (p = 0.004 and 0.015, respectively).
Conclusions: Rs4646287 was associated with HBV-related fibrosis development. Sodium taurocholate cotransporting polypeptide
polymorphisms were correlated with serum albumin level as well as hepatocellular carcinoma multifocality and metastasis. Therefore,
integrating sodium taurocholate cotransporting polypeptide polymorphisms to a risk stratification algorithm may help clinicians manage the
chronic HBV infection patients better.
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Introduction
Hepatocellular carcinoma (HCC) and hepatic
fibrosis culminating into cirrhosis are principal causes
of chronic liver disease-related mortality leading to
more than 2.1 million deaths annually [1,2]. Both of
these disorders process dynamically; thus, screening
populations and identifying individuals at a high risk of
disease progression could be advantageous for
determining the prognosis and translating potential
therapeutic targets into clinical practice.
Chronic hepatitis B virus (HBV) infection is highly
prevalent in Asia-Pacific and sub-Saharan African
regions, which may develop into cirrhosis in
approximately 40% of untreated patients and accounts
for at least 50% of all HCC cases [3]. China has one of
the highest HBV prevalence worldwide [4], and such an
epidemic in certain populations is partially influenced
by ethnic differences and gene polymorphisms.

Sodium taurocholate cotransporting polypeptide
(NTCP) is a liver-specific bile acid transporter, which
has been identified as the cellular receptor for HBV [5].
As heritable factors were long considered to have a
dominant role in explaining the interindividual
variation of human infection susceptibility [6], several
genetic association studies have been carried out, which
explored
the
relationship
between
NTCP
polymorphisms and HBV-related clinical outcomes.
Most of these studies focused on rs2296651, an Asianspecific non-synonymous variant with a minor allele
frequency ranging from 3.1% to 9.2% among different
Asian populations [7], which could diminish the virus
receptor function of NTCP in vitro [8]. Although
association studies yielded conflicting results, several
suggested that rs2296651 was involved in resisting
chronic HBV infection and decreasing the risk for
cirrhosis and HCC in Chinese individuals [9–11].
Furthermore, the relationship between rs2296651 and
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cirrhosis or HCC progression from early to advanced
stage was discussed in a Vietnamese investigation,
which verified the variant’s protective function [12].
Contrastingly, other variants in NTCP have been
less extensively studied. Based on a previous report,
two single nucleotide polymorphisms (SNPs) of NTCP
(rs4646287 and rs7154439) could influence the natural
course of HBV infection. The rs7154439 AA genotype
carriers were prone to HBV clearance, while
individuals carrying rs4646287 AA genotype tended to
HCC [13]. However, both Peng et al. and Chen et al.
indicated that HBV infection was not correlated with
rs4646287 nor rs7154439 [14,15]; Jingmin et al. even
identified that the AA genotype of rs4646287 was
inversely related to HCC occurrence [16]. Accordingly,
confirming the association between rs4646287 or
rs7154439 and end-stage liver disease progression
warrants additional studies.
Presently, the knowledge of NTCP variants in
developing advanced cirrhosis and HCC is still limited
and conflicting. Therefore, this study was conducted to
evaluate the association of NTCP polymorphisms with
HBV-related fibrosis and cirrhosis development or
HCC progression. The relationship between NTCP
polymorphisms and several clinical indicators was also
examined at the same time.
Methodology
Patients
A total of 581 Han Chinese HBV-persistent carriers
were enrolled in the study between 2012 and 2013 from
West China Hospital of Sichuan University. All the
patients were confirmed positive for hepatitis B surface
antigen (HBsAg) and antibody to hepatitis B core
antigen (anti-HBc) over a 6-month interval and were
divided into two groups based on the presence (n = 186)
or absence (n = 395) of HCC. Patients with other
hepatic viral infections or co-infections, anti-human
immunodeficiency virus positivity, autoimmune
disorders, and other non-HBV liver diseases were
excluded.
The study protocol was approved by the Ethical
Committee of West China Hospital of Sichuan
University and conformed to the guidelines set forth by
the Declaration of Helsinki. Written Informed consent
was obtained from all patients.
Data collection and laboratory testing
Patients’ demographic information and tumor
characteristics were obtained from the electronic
medical record, including age, sex, ethnicity, family
history of liver cancer, tumor number, tumor size
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(defined as the maximum tumor diameter), presence of
portal vein thrombus, and metastasis.
At enrollment, levels of serum HBsAg, antibody to
HBsAg (anti-HBs), hepatitis B e antigen (HBeAg ),
antibody to HBeAg (anti-HBe), and anti-HBc were
determined
by
electrochemiluminescence
immunoassay (E170 immunoassay module, Roche
Diagnostics, Basel, Switzerland). HBV DNA was
quantified using quantitative real-time polymerase
chain reaction (PCR) (Light Cycler480 Ⅱ, Roche
Diagnostics, Basel, Switzerland) with a detection limit
of 1.0 × 103copies/mL. This level was set as the cut-off
point for HBV DNA positivity or negativity. Alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), total bilirubin (TB), gamma glutamyltransferase
(GGT), alkaline phosphatase (ALP), total protein (TP),
albumin, platelet count (PLT) and prothrombin time
(PT) were measured at the same time.
Staging of fibrosis and HCC
Considering complications and sampling error with
liver biopsy, Fibrosis-4 (FIB-4) index, a noninvasive
biomarker for assessing fibrosis, was used in this study
to accurately discriminate early fibrosis from advanced
fibrosis or cirrhosis. FIB-4 was calculated as follows:
𝑎𝑎𝑎𝑎𝑎𝑎(𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦) × 𝐴𝐴𝐴𝐴𝐴𝐴(𝐼𝐼𝐼𝐼⁄𝐿𝐿)
FIB-4 =
𝑃𝑃𝑃𝑃𝑃𝑃(109 ⁄𝐿𝐿) × �𝐴𝐴𝐴𝐴𝐴𝐴(𝐼𝐼𝐼𝐼⁄𝐿𝐿)
Patients were classified into three categories of
severity of hepatic fibrosis [17]: non-fibrosis (FIB-4 <
1.45), fibrosis (FIB-4 ≥ 1.45), and cirrhosis (FIB-4 ≥
3.25).
Patients with HCC were diagnosed based on
histological examination (requiring a combination of
gross examination, microscopic examination, and
immunohistochemistry, with stromal and vascular
invasion being common features; the individual tumor
cells are often polygonal with nuclear pleomorphism
and a high nuclear to cytoplasmic ratio [18]) or high
serum alpha fetoprotein (AFP) levels (> 400 ng/mL)
with compatible radiological (contrast -enhanced
magnetic resonance imaging, computed tomography, or
abdominal ultrasound) findings, and were assigned to
stage 0 to D described by the Barcelona Clinic Liver
Cancer Staging system (BCLC) [19].
Genotyping assay
Whole Blood DNA Extraction Kit (Bioteke
Corporation, Beijing, China) was used to isolate the
genomic DNA. SNP genotyping was performed with
the touchdown PCR and high resolution melting
technique, as described previously [13]. The average
180
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call rate for candidate SNPs (rs2296651, rs4646287 and
rs7154439) was > 99%, and the failures were verified
by sequencing.
All polymorphisms were in Hardy–Weinberg
equilibrium in all the patients. Rs2296651 contained
only two genotypes (GG and GA), but three genotypes
were found in the other two SNPs.
Statistical analysis
All analyses were performed using SPSS, version
25 (IBM, Armonk, NY, USA) and PLINK v1.07 [20].
Two-tailed significance levels were set at 0.05.
Approximately normally distributed data were reported
as means ± standard deviations (SD), and skewed data
were presented as medians with interquartile ranges;
comparison between groups were performed using
Student’s t or Mann–Whitney U test, accordingly.
Categorical variables were expressed as numbers with
percentages and were compared using the χ2 test or
Fisher’s exact test. Binary logistic regression models
adjusted for age, sex, HBeAg and HBV DNA were
constructed to examine the association of NTCP
polymorphisms with HBV-related fibrosis, cirrhosis, or
HCC progression.
Results
NTCP polymorphisms were associated with HBVrelated fibrosis
Demographic and clinical characteristics of all
patients are shown in Table 1. According to the FIB-4
index, patients were divided into non-fibrosis (211,
36.3%) and fibrosis (370, 63.7%) groups; the latter
group consisted of non-cirrhosis (215, 58.1%) and
cirrhosis patients (155, 41.9%). Majortity of the patients
were men, and the mean age increased with disease
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progression from non-fibrosis to cirrhosis. HBeAg
positivity decreased significantly in non-cirrhosis group
(24.6%, 8.8%, and 16.1% for non-fibrosis, noncirrhosis, and cirrhosis group, respectively). In
comparison, HBV DNA positivity was higher among
cirrhosis patients (29.0%) than those in the other two
groups (20.4% for non-fibrosis group and 18.1% for
non-cirrhosis group). The multiple serum biochemical
indicators of liver function, including ALT, AST, GGT,
ALP, TB, albumin, PLT, and PT, deteriorated as the
HBV related fibrosis progressed (all p < 0.05); only TP
appeared to be unaffected.
As shown in Table 2, rs4646287 was significantly
associated with susceptibility to HBV-related fibrosis.
The frequency of the minor allele A in the fibrosis
patients was 10.9%, which was significantly higher
than that in the non-fibrosis group (6.9%; p = 0.013).
Similarly, the GA+AA genotypes were significantly
associated with fibrosis development when compare to
the GG genotype (GA+AA genotypes were 20.0% and
13.7% in the fibrosis and non-fibrosis group,
respectively; p = 0.038). However, no significant
difference was found in rs4646287 genotype or allele
frequency distribution between non-cirrhosis and
cirrhosis group (p = 0.16 and 0.24, respectively). In
addition, there was no association observed between the
rs7154439 or rs2296651 variants and HBV-related
fibrosis or cirrhosis development (all p > 0.05).
Association of NTCP polymorphisms with HCC
progression
Rs4646287 was found to be associated with HCC
occurrence [13] and was expected to help in evaluating
the variant effect on HCC progression continually. The

Table 1. Demographic and clinical characteristics of all the chronic HBV infection patients.
Fibrosis
Non-fibrosis
Characteristics
Total
Non-cirrhosis
(n = 211)
(n = 370)
(n = 215)
Age, year
38.50 ± 11.64
52.36 ± 10.44
50.28 ± 10.06
Male, n (%)
141 (66.8)
268 (72.4)
155 (72.1)
HBeAg positivity, n (%)
52 (24.6)
44 (11.9)
19 (8.8)
HBV DNA positivity, n (%)
43 (20.4)
84 (22.7)
39 (18.1)
ALT, IU/L
25 (18, 38)
34 (21, 54)
29 (19, 46)
AST, IU/L
22 (19, 30)
35 (26, 61)
29 (24, 42)
GGT, IU/L
20 (13, 36)
41 (20, 91)
29 (17, 71)
ALP, IU/L
75 (58, 93)
90 (68, 116)
81 (64, 106)
TB, μmol/L
12.9 (9.5, 16.6)
15.3 (11.7, 20.2)
13.6 (10.7, 17.5)
TP, g/L
71.5 ± 6.6
70.4 ± 6.6
70.5 ± 6.3
Albumin, g/L
44.5 ± 5.0
42.0 ± 5.3
43.1 ± 4.7
PLT, 109/L
186 (158, 221)
116 (81, 153)
135 (106, 167)
PT, s
11.2 (10.6, 12.3)
11.9 (11.2, 12.9)
11.7 (11.0, 12.3)

Cirrhosis
(n = 155)
55.26 ± 10.30
113 (72.9)
25 (16.1)
45 (29.0)
43 (24, 75)
53 (32, 102)
58 (29, 137)
98 (77, 139)
18.1 (14.6, 25.3)
70.3 ± 6.9
40.4 ± 5.8
80 (60, 118)
12.3 (11.7, 13.3)

p value
p1

p2

< 0.001
0.15
< 0.001
0.51
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.05
< 0.001
< 0.001
< 0.001

< 0.001
0.86
0.033
0.014
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.83
< 0.001
< 0.001
< 0.001

Data were presented as mean ± SD, number (percentage) or median (25th and 75th percentiles); p1 for comparison between non-fibrosis and fibrosis group; p2
for comparison between non-cirrhosis and cirrhosis group.
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distribution
of HCC patient
summarized
Table
2. Polymorphisms
in NTCPinformation
associated withisHBV-related
fibrosis or cirrhosis development.
in Table 3.

Fibrosis
Non-fibrosis vs. fibrosis
Non-cirrhosis vs. cirrhosis
Nonfibrosis
Total
Non-cirrhosis Cirrhosis
OR (95% CI)
OR (95% CI)
p
p
(n = 211)
(n = 370)
(n = 215)
(n = 155)
rs2296651 Genotype
GG
196 (92.9)
339 (91.6)
197 (91.6)
142 (91.6)
1.00
1.00
0.53
0.88
GA
15 (7.1)
31 (8.4)
18 (8.4)
13 (8.4)
1.29 (0.59 – 2.80)
0.94 (0.43 – 2.06)
rs4646287 Genotype
GG
182 (86.3)
296 (80.0)
166 (77.2)
130 (83.9)
1.00
1.00
0.038
0.16
GA+AA
29 (13.7)
74 (20.0)
49 (22.8)
25 (16.1)
1.76 (1.02 – 3.04)
0.67 (0.38 – 1.18)
Allele
G
393 (93.1)
659 (89.1)
377 (87.7)
282 (91.0)
1.00
1.00
0.013
0.24
A
29 (6.9)
81 (10.9)
53 (12.3)
28 (9.0)
1.89 (1.13 – 3.16)
0.75 (0.45 – 1.23)
rs7154439 Genotype
GG
139 (65.9)
266 (71.9)
151 (70.2)
115 (74.2)
1.00
1.00
0.48
0.31
GA+AA
72 (34.1)
104 (28.1)
64 (29.8)
40 (25.8)
0.86 (0.55 – 1.32)
0.77 (0.47 – 1.27)
Allele
G
346 (82.0)
630 (85.1)
362 (84.2)
268 (86.5)
1.00
1.00
0.55
0.29
A
76 (18.0)
110 (14.9)
68 (15.8)
42 (13.5)
0.89 (0.59 – 1.32)
0.78 (0.49 – 1.24)
OR: odds ratio; CI: confidence interval. Data were presented as number (percentage) for each group. OR (95% CI) and p value were evaluated after adjustment
for age, sex, HBeAg, and HBV DNA status.
SNP ID

Model

Table 3. Demographic and clinicopathological characteristics of the HCC patients.
Characteristics
BCLC stage 0-B (n = 89)
53.96 ± 11.67
Age, year
69 (77.5)
Male
14 (15.7)
HBeAg positive
30 (33.7)
HBV DNA positive
AFP, ng/mL
≤ 400
65 (73.0)
> 400
24 (27.0)
Tumor number
Single
61 (68.5)
Multiple
28 (31.5)
Tumor size, cm
≤3
40 (44.9)
> 3 and ≤ 10
49 (55.1)
> 10
0 (0.0)
0 (0.0)
Portal vein thrombus
0 (0.0)
Metastasis
Data were presented as mean ± SD or number (percentage).

Table 4. Association of NTCP polymorphisms with HCC staging.
SNP ID
Model
BCLC stage 0-B (n = 89)
rs2296651
Genotype
GG
83 (93.3)
GA
6 (6.7)
rs4646287
Genotype
GG
70 (78.7)
GA+AA
19 (21.4)
Allele
G
156 (87.6)
A
22 (12.4)
rs7154439
Genotype
GG
61 (68.5)
GA+AA
28 (31.5)
Allele
G
148 (83.1)
A
30 (16.9)

BCLC stage C-D (n = 97)
48.95 ± 10.90
85 (87.6)
27 (27.8)
44 (45.4)

p
0.003
0.07
0.047
0.10

50 (51.5)
47 (48.5)

0.003

54 (55.7)
43 (44.3)

0.07

12 (12.4)
64 (66.0)
21 (21.6)
41 (42.3)
60 (61.9)

BCLC stage C-D (n = 97)
86 (88.7)
11 (11.3)
80 (82.5)
17 (17.5)
174 (89.7)
20 (10.3)
71 (73.2)
26 (26.8)
167 (86.1)
27 (13.9)

< 0.001
< 0.001
< 0.001

OR (95% CI)
1.00
2.08 (0.70 – 6.17)
1.00
0.66 (0.30 – 1.45)
1.00
0.74 (0.39 – 1.42)
1.00
0.70 (0.36 – 1.37)
1.00
0.71 (0.39 – 1.31)

p
0.18
0.30
0.37
0.30
0.28

OR: odds ratio; CI: confidence interval. Data were presented as number (percentage) for each group. OR (95% CI) and p value were evaluated after adjustment
for age, sex, HBeAg, and HBV DNA status.
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In the HCC group, 47.8% (n = 89) of patients were
in the early or intermediate stage (BCLC stage 0, A or
B) and 52.2% (n = 97) of patients were in the advanced
or end stage (BCLC stage C or D). A significant
difference in tumor size was found across BCLC stages.
Furthermore, other features of the tumor, such as serum
AFP level, present portal vein thrombus, and
metastasis, were significantly different among the two
HCC stage groups (Table 3).
Rs4646287 GA+AA genotypes were 21.4% (19 of
89) of the HCC stage 0-B group and 17.5% (17 of 97)
of the HCC stage C-D group. This data indicated that
rs4646287 was not associated with HCC progression (p
= 0.30; odds ratio [OR] was 0.66 with 95% confidence
interval [CI] from 0.30 to 1.45). No significant
differences were found between rs2296651 or
rs7154439 polymorphisms and the progression of HCC
(Table 4).
Associations between NTCP polymorphisms and
laboratory or clinical manifestations
In order to evaluate the influence of NTCP
polymorphisms on hepatic function, between-group
differences in several laboratory markers were
examined in carriers with the distinct genotype of each
polymorphic site. The same analyses were also
performed for tumor-related indicators in HCC patients.
As shown in Table 5, patients with the variant
GA+AA genotypes of rs7154439 had relatively high
albumin levels compared to those with the wild-type
GG genotype (p = 0.035). Furthermore, the rs2296651
GA genotype was associated with decreasing the
propensity for HCC multifocality and metastasis (p =
0.004 and 0.015, respectively). No other associations
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between polymorphism distribution and clinical (tumor
size, portal vein thrombus, and cirrhosis) or laboratory
(HBV DNA, AFP, ALT, AST, GGT, ALP, TB, TP,
PLT, and PT) features of HBV-related diseases were
found.
Discussion
Although chronic HBV infection has long been
considered to significantly elevate the risk for
developing liver cirrhosis and HCC [21,22], the
underlying molecular mechanism remains complex and
unknown. Since the HBV life cycle begins with viral
attachment to hepatocytes, which is mediated by the
preS1 peptides of the large HBV surface protein and
NTCP [5], this study focused on the mutation of NTCP
to give new clues about the influence of host genetic
factor on the HBV-related cirrhosis or HCC
progression.
Recently, rs4646287 AA genotype was reported to
play a positive role in HCC occurrence [13]. However,
in the current study, after dividing HCC patients into
early/intermediate and advanced/end stage by BCLC
approach, no association was found between rs4646287
and HBV-related HCC progression, nor among the
other studied SNPs (rs2296651 and rs7154439). In
contrast, rs4646287 genotype GA+AA and allele A
were slightly more frequent in the fibrosis group.
Nevertheless, their distribution was not significantly
different between non-cirrhosis and cirrhosis patients.
It is widely accepted that immunologically
mediated events play an important role in the
pathogenesis and outcome of HBV infection [23]. In
addition, observations in immune suppression patients
with chronic hepatitis B and immune-deficient

Table 5. Associations between clinical characteristics and NTCP polymorphisms.
rs2296651
rs4646287
Characteristics
GG
GA
p
GG
GA+AA
p
Laboratory tests
TP, g/L
70.8 ±6.6
70.6 ±6.8
0.82
70.9 ±6.6
70.5 ±6.7
0.56
Albumin, g/L
42.9 ±5.3
42.6 ±5.5
0.70
43.0 ±5.3
42.3 ±5.4
0.24
HBV DNA positive
120 (22.4)
7 (15.2)
0.26
100 (20.9)
27 (26.2)
0.24
Tumor features
Number
Single
99 (58.6)
16 (94.1)
89 (59.3)
26 (72.2)
0.004
0.15
Multiple
70 (41.4)
1 (5.9)
61 (40.7)
10 (27.8)
Size, cm
≤3
46 (27.2)
6 (35.3)
42 (28.0)
10 (27.8)
>3 / ≤ 10
103 (60.9)
10 (58.8)
0.75
91 (60.7)
22 (61.1)
1.00
>10
20 (11.8)
1 (5.9)
17 (11.3)
4 (11.1)
Metastasis
59 (34.9)
1 (5.9)
0.015
51 (34.0)
9 (25.0)
0.30
Cirrhosis*
Presence
78 (46.2)
9 (52.9)
73 (48.7)
14 (38.9)
0.59
0.29
Absence
91 (53.8)
8 (47.1)
77 (51.3)
22 (61.1)
Data were presented as mean ± SD or number (percentage). *Cirrhosis was assessed using Fibrosis-4.

GG

rs7154439
GA+AA

p

70.6 ±6.6
42.6 ±5.5
81 (20.0)

71.4 ±6.5
43.6 ±4.9
46 (26.1)

0.16
0.035
0.10

82 (62.1)
50 (37.9)

33 (61.1)
21 (38.9)

0.90

37 (28.0)
81 (61.4)
14 (10.6)
43 (32.6)

15 (27.8)
32 (59.3)
7 (13.0)
17 (31.5)

64 (48.5)
68 (51.5)

23 (42.6)
31 (57.4)

0.90
0.88
0.46
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transgenic mouse models of HBV infection suggest that
hepatocellular injury may also be induced by
intracellular surface protein accumulation in the
absence of adaptive immune responses [24,25]. NTCP
was responsible for HBV entering cells [5], so it was
supposed that rs4646287 non-GG genotype may be
associated with high expression of NTCP, assisting
HBV infection and re-infection, which resulted in viral
particle overproduction. These infected hepatocytes
would easily become degenerated and necrotic, aided
by immune-mediated destruction of cells. Then, hepatic
fibrosis would develop as a reversible wound-healing
response [26]. In contrast, HBV patients, who do not
carry rs4646287 A allele were unlikely to develop
fibrosis.
As for HCC progression, after NTCP has been
identified as the functional receptor of HBV, several
studies found that HBV susceptibility was consistent
with the expression of NTCP in different cells [27].
NTCP was significantly expressed in HBV-susceptible
cells, including primary human hepatocytes and
differentiated HepaRG cells, but was weakly expressed
or absent in HCC cell lines HepG2 and Huh-7, which
show little to no infection [8]. Recent evidence
suggested that NTCP mRNA levels in HCC tumor
tissues were markedly lower than those in the
peritumoral tissues [16,28]. Rs4646287 minor allele
carriers even have lower NTCP expression than the
wild-type ones [16]. Accordingly, it was assumed that
once HCC formation occurred, the NTCP expression on
hepatocytes would decrease dramatically or may even
be absent, which means HBV could no longer enter the
cells through NTCP. In this case, NTCP
polymorphisms could no longer infect HCC progress
and clinical stages. Because of this, although it was
found that rs4646287 was associated with HCC
development [13], no association between NTCP and
HCC progression from early to end stage can be further
found in this genetic study. Individuals with rs2296651
GA genotype having a decreasing risk of advanced
HCC have been described by Binh et al. [12] in the
Vietnamese population. The discrepancies of the
studies may have been due to race and genotyping
method variation.
Cirrhosis was a precancerous condition of HCC,
and liver parenchyma was substituted by scar tissue
[29]. It was inferred that the NTCP expression would
decrease similarly as HCC tumor cells. Accordingly, no
association
was
found
between
receptor
polymorphisms and cirrhosis development.
As for laboratory indicators, the report concluded
that rs7154439 mutant genotypes were linked to the
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expression of albumin, but not significantly correlated
with the serum total protein concentration. As known,
patients with fibrosis have impaired hepatocellular
function and reduced albumin synthesis, reaching a 60–
80% reduction in advanced cirrhosis [30]. Furthermore,
in the bloodstream, transport of bile acids was
facilitated by their binding to serum proteins [31];
where the major bile acid carrier was albumin [32].
Based on the previous findings, NTCP was important
for bile acids enterohepatic circulation and HBV
infection [5]; therefore, it is hypothesized that
rs7154439 might affect the bile acid transport function
of NTCP, which caused increased bile acid in the
peripheral circulation. During the compensatory state of
the liver, albumin increased through positive feedback
cycle. Meanwhile, rs7154439 may disrupt HBV
entering hepatocytes, thereby reducing subsequent liver
inflammation and damage. Accordingly, subjects with
the mutant genotype have a better function for albumin
synthesis than the wild-type.
HCC was a highly invasive tumor, where distant
metastasis was frequently observed; meanwhile,
intrahepatic metastasis characterized by multifocal
nodules was also readily detected [33]. The present
study found that rs2296651 GA genotype was linked to
reducing tumor aggressiveness. Specifically, there were
fewer multinodular tumors that happened in certain
genotype carriers (GG vs. GA: 41.1% vs. 5.9%), and the
metastasis rate was lower (GG vs. GA: 34.9% vs. 5.9%).
Such clinical manifestation may support the previous
conclusion that rs2296651 was associated with
resistance to chronic HBV infection [9]. Rs2296651
may reduce the chance of HBV attaching and entering
into hepatocytes, and decrease lesion growth and tumor
formation, consequently reducing the possibility of
distant metastasis.
Several aspects must be considered for the correct
interpretation of the results. Firstly, the findings were
preliminary results from a limited number of HBV
patients, especially the sample size of the two different
HCC stage groups were relatively small. Secondly, only
the association of NTCP variants with cross-sectional
disease status in chronic HBV infection was analyzed.
Lastly, exploring the functions of these gene
polymorphisms were needed in the future.
Conclusions
This is a novel study exploring rs7154439 and
rs4646287 with HBV-related fibrosis or cirrhosis
development. The relationship between NTCP variants
and HBV-related HCC clinical progression in the
Chinese population was first evaluated. It was found
184
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that NTCP was significantly associated with fibrosis
development in chronic HBV infection. NTCP
polymorphisms were also correlated with serum
albumin level as well as HCC multifocality and
metastasis.
Therefore,
integrating
NTCP
polymorphisms to a risk stratification algorithm may
help clinicians manage the chronic HBV infection
patients better. Maximizing the sample size and
performing function study are needed to confirm the
present results in future research.
Acknowledgements
This study was funded by grants from the National Natural
Science Foundation of China (grant numbers: 81702002 and
81571561) and Department of Science and Technology of
Sichuan Province (grant number: 2020YFS0137). The
authors declare that they have no competing interests.
References
1.

2.

3.
4.

5.

6.
7.

8.

9.

GBD 2017 Cirrhosis Collaborators (2020) The global,
regional, and national burden of cirrhosis by cause in 195
countries and territories, 1990–2017: a systematic analysis for
the Global Burden of Disease Study 2017. Lancet
Gastroenterol Hepatol 5: 245–266.
Liu Z, Jiang Y, Yuan H, Fang Q, Cai N, Suo C, Jin L, Zhang
T, Chen X (2019) The trends in incidence of primary liver
cancer caused by specific etiologies: Results from the Global
Burden of Disease Study 2016 and implications for liver cancer
prevention. J Hepatol 70: 674–683.
Tang LSY, Covert E, Wilson E, Kottilil S (2018) Chronic
Hepatitis B infection a review. JAMA 319: 1802–1813.
Tanaka M, Katayama F, Kato H, Tanaka H, Wang J, Qiao YL,
Inoue M (2011) Hepatitis B and C virus infection and
hepatocellular carcinoma in China: a review of epidemiology
and control measures. J Epidemiol 21: 401–416.
Yan H, Zhong G, Xu G, He W, Jing Z, Gao Z, Huang Y, Qi Y,
Peng B, Wang H, Fu L, Song M, Chen P, Gao W, Ren B, Sun
Y, Cai T, Feng X, Sui J, Li W (2012) Sodium taurocholate
cotransporting polypeptide is a functional receptor for human
hepatitis B and D virus. Elife 1: e00049.
Chapman SJ, Hill AVS (2012) Human genetic susceptibility to
infectious disease. Nat Rev Genet 13: 175–188.
Pan W, Song I-S, Shin H-J, Kim M-H, Choi Y-L, Lim S-J, Kim
W-Y, Lee S-S, Shin J-G (2011) Genetic polymorphisms in
Na+-taurocholate co-transporting polypeptide (NTCP) and
ileal apical sodium-dependent bile acid transporter (ASBT) and
ethnic comparisons of functional variants of NTCP among
Asian populations. Xenobiotica 41: 501–510.
Liu C, Xu G, Gao Z, Zhou Z, Guo G, Li D, Jing Z, Sui J, Li W
(2018) The p.Ser267Phe variant of sodium taurocholate
cotransporting polypeptide (NTCP) supports HBV infection
with a low efficiency. Virology 522: 168–176.
Hu HH, Liu J, Lin YL, Luo WS, Chu YJ, Chang CL, Jen CL,
Lee MH, Lu SN, Wang LY, You SL, Yang HI, Chen CJ, for
the REVEAL-HBV Study Group (2016) The rs2296651
(S267F) variant on NTCP (SLC10A1) is inversely associated
with chronic hepatitis B and progression to cirrhosis and

J Infect Dev Ctries 2022; 16(1):179-186.

10.

11.

12.

13.

14.

15.

16.

17.

18.
19.
20.

21.
22.

23.

hepatocellular carcinoma in patients with chronic hepatitis B.
Gut 65: 1514–1521.
Peng L, Zhao Q, Li Q, Li M, Li C, Xu T, Jing X, Zhu X, Wang
Y, Li F, Liu R, Zhong C, Pan Q, Zeng B, Liao Q, Hu B, Hu Z,
Huang Y, Sham P, Liu J, Xu S, Wang J, Gao Z, Wang Y (2015)
The p.Ser267Phe variant in SLC10A1 is associated with
resistance to chronic hepatitis B. Hepatology 61: 1251–1260.
Yang F, Wu L, Xu W, Liu Y, Zhen L, Ning G, Song J, Jiao Q,
Zheng Y, Chen T, Xie C, Peng L (2019) Diverse Effects of the
NTCP p.Ser267Phe Variant on Disease Progression During
Chronic HBV Infection and on HBV preS1 Variability. Front
Cell Infect Microbiol 9: 18.
Binh MT, Hoan NX, Van Tong H, Sy BT, Trung NT, Bock CT, Toan NL, Song LH, Bang MH, Meyer CG, Kremsner PG,
Velavan TP (2019) NTCP S267F variant associates with
decreased susceptibility to HBV and HDV infection and
decelerated progression of related liver diseases. Int J Infect
Dis 80: 147–152.
Su Z, Li Y, Liao Y, Cai B, Chen J, Zhang J, Li L, Ying B, Tao
C, Wang L (2014) Association of the gene polymorphisms in
sodium taurocholate cotransporting polypeptide with the
outcomes of hepatitis B infection in Chinese Han population.
Infect Genet Evol 27: 77–82.
Wang P, Mo R, Lai R, Xu Y, Lu J, Zhao G, Liu Y, Cao Z,
Wang X, Li Z, Lin L, Zhou H, Cai W, Wang H, Bao S, Xiang
X, Xie Q (2017) Genetic variations of NTCP are associated
with susceptibility to HBV infection and related hepatocellular
carcinoma. Oncotarget 8: 105407–105424.
Chen X, Wang Y, Chen X, Cheng K, Li J, Lou J, Ke J, Yang
Y, Gong Y, Zhu Y, Wang L, Zhong R (2016) Genetic variants
in the regulatory region of SLC10A1 are not associated with
the risk of hepatitis B virus infection and clearance. Infect
Genet Evol 44: 495–500.
Yang J, Yang Y, Xia M, Wang L, Zhou W, Yang Y, Jiang Y,
Wang H, Qian J, Jin L, Wang X (2016) A genetic variant of the
NTCP gene is associated with HBV infection status in a
Chinese population. BMC Cancer 16: 211.
Xiao G, Yang J, Yan L (2015) Comparison of diagnostic
accuracy of aspartate aminotransferase to platelet ratio index
and fibrosis-4 index for detecting liver fibrosis in adult patients
with chronic hepatitis B virus infection: a systemic review and
meta-analysis. Hepatology 61: 292–302.
Jain D (2014) Tissue diagnosis of hepatocellular carcinoma. J
Clin Exp Hepatol 4: S67-S73.
Forner A, Reig ME, de Lope CR, Bruix J (2010) Current
strategy for staging and treatment: The BCLC update and
future prospects. Semin Liver Dis 30: 61–74.
Purcell S, Neale B, Todd-Brown K, Thomas L, Ferreira MAR,
Bender D, Maller J, Sklar P, de Bakker PIW, Daly MJ, Sham
PC (2007) PLINK: a tool set for whole-genome association and
population-based linkage analyses. Am J Hum Genet 81: 559–
575.
Di Bisceglie AM (2009) Hepatitis B and hepatocellular
carcinoma. Hepatology 49: S56-S60.
Yoshiji H, Nagoshi S, Akahane T, Asaoka Y, Ueno Y, Ogawa
K, Kawaguchi T, Kurosaki M, Sakaida I, Shimizu M, Taniai
M, Terai S, Nishikawa H, Hiasa Y, Hidaka H, Miwa H,
Chayama K, Enomoto N, Shimosegawa T, Takehara T, Koike
K (2021) Evidence-based clinical practice guidelines for liver
cirrhosis 2020. J Gastroenterol 56: 593–619.
Guidotti LG, Chisari F V (2006) Immunobiology and
pathogenesis of viral hepatitis. Annu Rev Pathol 1: 23–61.

185

Su et al. – SNPs of NTCP and HBV-related fibrosis

24. Sugiyama M, Tanaka Y, Kurbanov F, Maruyama I, Shimada
T, Takahashi S, Shirai T, Hino K, Sakaida I, Mizokami M
(2009) Direct cytopathic effects of particular hepatitis B virus
genotypes in severe combined immunodeficiency transgenic
with urokinase-type plasminogen activator mouse with human
hepatocytes. Gastroenterology 136: 652–62.e3.
25. Pol S (2013) Management of HBV in immunocompromised
patients. Liver Int 33 Suppl 1: 182–187.
26. Hernandez-Gea V, Friedman SL (2011) Pathogenesis of liver
fibrosis. Annu Rev Pathol 6: 425–456.
27. Li W, Urban S (2016) Entry of hepatitis B and hepatitis D virus
into hepatocytes: Basic insights and clinical implications. J
Hepatol 64: S32–S40.
28. Wu W, Zeng Y, Lin J, Wu Y, Chen T, Xun Z, Ou Q (2018)
Genetic variants in NTCP exon gene are associated with HBV
infection status in a Chinese Han population. Hepatol Res 48:
364–372.
29. Bataller R, Brenner DA (2005) Liver fibrosis. J Clin Invest
115: 209–218.
30. Carvalho JR, Verdelho Machado M (2018) New Insights about
albumin and liver disease. Ann Hepatol 17: 547–560.
31. Rudman D, Kendall FE (1957) Bile acid content of human
serum. II. The binding of cholanic acids by human plasma
proteins. J Clin Invest 36: 538–542.
32. Ceryak S, Bouscarel B, Fromm H (1993) Comparative binding
of bile acids to serum lipoproteins and albumin. J Lipid Res 34:
1661–1674.

J Infect Dev Ctries 2022; 16(1):179-186.

33. Zhou J, Sun H-C, Wang Z, Cong W-M, Wang J-H, Zeng M-S,
Yang J-M, Bie P, Liu L-X, Wen T-F, Han G-H, Wang M-Q,
Liu R-B, Lu L-G, Ren Z-G, Chen M-S, Zeng Z-C, Liang P,
Liang C-H, Chen M, Yan F-H, Wang W-P, Ji Y, Cheng W-W,
Dai C-L, Jia W-D, Li Y-M, Li Y-X, Liang J, Liu T-S, Lv G-Y,
Mao Y-L, Ren W-X, Shi H-C, Wang W-T, Wang X-Y, Xing
B-C, Xu J-M, Yang J-Y, Yang Y-F, Ye S-L, Yin Z-Y, Zhang
B-H, Zhang S-J, Zhou W-P, Zhu J-Y, Liu R, Shi Y-H, Xiao YS, Dai Z, Teng G-J, Cai J-Q, Wang W-L, Dong J-H, Li Q, Shen
F, Qin S-K, Fan J (2018) Guidelines for diagnosis and
treatment of primary liver cancer in China (2017 edition). Liver
Cancer 7: 235–260.

Corresponding author

Professor Lanlan Wang, PhD
Department of Laboratory Medicine, West China Hospital of
Sichuan University, No. 37 Guoxue Road, Wuhou District,
Chengdu 610041, Sichuan, China
Phone: +86 28 85422752
Fax: +86 28 85422751
Email: wanglanlanhx@163.com

Conflict of interests: No conflict of interests is declared.

186

