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Toll-like receptor 4 (TLR4) plays a crucial role in the early recognition of pathogenic microorganisms and provides an ideal model
to investigate the consequences of genetic variation and susceptibility to diseases. The present study investigated the occurrence
of the single nucleotide polymorphisms (SNPs) rs4986790 (A>G) and rs4986791 (C>T) in the TLR4 gene in chronic carriers of
the hepatitis B (HBV) and C (HCV) viruses. A total of 420 blood samples were collected (HBV, 49; HCV, 72; and controls, 299)
at the liver disease outpatient clinic of Hospital da Fundação Santa Casa de Misericórdia do Pará (FSCMPA). Genomic DNA
extracted from leukocytes was subjected to real-time polymerase chain reaction (qPCR) analysis to identify the genetic profile
of the participants. No significant differences were found in the allele and genotype frequencies between the infected participants
and controls. No significant associations were found between the investigated polymorphisms and inflammatory activity, fibrosis,
and the presence of cirrhosis; the same results were obtained in the haplotype analysis. The results showed a lack of association
between the rs4986790 and rs4986791 SNPs and susceptibility to infection with HBV and HCV, as well as clinical and laboratory
information of the patients.

1. Introduction

The chronic liver diseases caused by hepatitis B virus (HBV)
and hepatitis C virus (HCV) are a public health concern [1,
2]. Genetic and immune differences among individualsmight
be involved in the mechanisms that lead to the perpetuation
of these viruses in the liver, as the elimination of the viruses
requires an adequate immune response [3].

Toll-like receptor 4 (TLR4) recognizes pathogen-associa-
ted molecular patterns (PAMPs). It participates in the innate
immune response via activation of cell signaling pathways [4]
that lead to the transcription of proinflammatory cytokine

genes, such as interleukin- (IL-) 12, IL-6, tumor necrosis fac-
tor (TNF) 𝛼, and type I interferon (IFN) [5]. As a result, TLR4
is involved in the pathogenesis of various viral infections
[6]. Therefore, TLR4 provides an ideal model to investigate
the consequences of genetic variation and its relationship
with receptor function and, consequently, its impact on the
susceptibility to infectious diseases [7].

Polymorphisms of the TLR4 gene are associated with
delayed progression of liver fibrosis [8] and reduced risk of
development of hepatocellular carcinoma [9].The rs4986790
(A>G) and rs4986791 (C>T) SNPs of the TLR4 gene are
located in the fourth exon and affect the extracellular domain
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of the molecule, which is associated with receptor hypore-
sponsiveness [10].

TLR4 signaling results in the activation of intracellular
pathways includingMAPKandPI-3K/Akt in hepatocytes and
reducesHBV replication in an IFN-independentmanner [11].
HBV is capable of neutralizing the actions of both TLR3 and
TLR2/4 through downregulation of TLR expression and the
attenuation of cellular signaling pathways. Furthermore, an
elevated expression of TLR2/4 onDC cell surfaces is observed
in the peripheral blood synergistically, which promotes the
disease progression of chronic HBV infection [12].

Uraki et al. [13] suggest a close association between the
production of IL-6 and TLR4 activation in HCV infected
cells. Amino acid (aa) substitution at position 70 from argi-
nine (70R) to glutamine (70Q) at position 70 of the extracel-
lular HCV core protein enhanced IL-6 production. This was
impaired by TLR4 inhibition in about 40%, which leads to
the development of hepatocellular carcinoma. Additionally,
TLR4 and IL-6 serum levels are associated with the charac-
teristic haemodynamic derangement observed in advanced
phases of cirrhosis. HIV/HCV coinfected cirrhotic patients
present inflammatory and systemic haemodynamic alter-
ations similar to those observed in HCVmonoinfected patie-
nts, suggesting a role of bacterial translocation [14].

Furthermore, another indirect evidence for the role of
TLR4 in HCV infection was provided by Sadik et al. [15] who
suggest that interleukin-10 (IL-10) is one of the upstream reg-
ulators of TLR4. A possible interplay between TLR4 and IL-
10 was suggested by interplay of single-nucleotide polymor-
phisms (SNPs) in TLR4 and IL-10-1082 and the expression
levels of these proteins in predicting the response to treatment
in chronic HCV patients.

Although until now it is not completely clear how HBV
or HCV induces TLR4 activation, both infections require
strong initial immune response,mainlymediated by IFN𝛼/𝛽,
which are products of activation of TLR4 [5]; it is assumed
that a functional impairment due to changing in the receptor,
caused by polymorphisms studied herein, may be associated
with progression to chronic form of the infection and conse-
quently the worsening of the patient’s clinical and laboratory
markers.

To assess the association between the rs4986790 (A>G)
and rs4986791 (C>T) polymorphisms and liver infectionwith
HBV and HCV, the present study investigated, for the first
time in the Brazilian Amazonia, the prevalence of these poly-
morphisms in chronic infection carriers and in seronegative
controls residing in the city of Belém, the capital of the state
of Pará, in Northern Brazil.

2. Materials and Methods

2.1. Study Population. Samples were collected from 49 chro-
nicHBV carriers and 72 chronicHCV carriers at the liver dis-
ease outpatient clinic of Holy House of Mercy of Pará Found-
ation Hospital (Hospital da Fundação Santa Casa de Mis-
ericórdia do Pará (FSCMPA)). Individuals from both gen-
ders, aged 22 to 80 years, participated in the study. A group

comprised of 299 individuals of both genders who were
seronegative for both HBV and HCV served as the control
group.

Individuals aged 18 years or older, fromboth genders, who
were carriers of HBsAgs for more than six months, positive
for HCV-RNA, and being with or without persistently ele-
vated alanine aminotransferase levels were included in the
study. Individuals who did not meet those criteria or who
were coinfected with the hepatitis D virus (HDV) and/or the
human immunodeficiency virus (HIV) and patients who had
used or were using specific antiviral therapy against the HBV
or HCV were excluded from the study.

The patients were also evaluated by clinical and labora-
tory parameters, including biochemical (alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), gamma-
glutamyl transferase (GGT), and prothrombin time (PT))
and serological tests (HBsAg, HBeAg, anti-HBeAg, anti-HBc
total, and anti-HCV) and histopathology of liver biopsy.

All eligible individuals were informed of the study aims,
and those who agreed to voluntary participation signed an
informed consent form. The study was approved by the
research ethics committee of Federal University of Pará,
protocol number 684,432/2014, in compliance with National
Health Council Resolution number 466/2012, which con-
tains regulatory norms and guidelines for research involving
human beings.

2.2. Sample Collection and Histopathological Analysis. Blood
samples were collected in vacuum tubes containing the
anticoagulant ethylenediaminetetraacetic acid (EDTA); the
plasma was separated by centrifugation and stored at −20∘C
until analysis. An ultrasound-guided biopsy was performed
with a Tru-Cut needle. The liver specimens were separated
into two parts. One part was examined at the Department
of Anatomical Pathology, Federal University of Pará (Uni-
versidade Federal do Pará (UFPA)), according to standard
protocol, and stainedwith the hematoxylin-eosin (HE), chro-
motrope-aniline blue (CAB), Gomori’s reticulin, and Shikata
orcein methods. A histopathological diagnosis was made
based on the French METAVIR classification (METAVIR
Cooperative Study Group); the activity of portal and peripor-
tal inflammatory infiltrates was scored from 0 to 3, and struc-
tural abnormalities were scored from 0 to 4.The other part of
the biopsy specimen was sent to the Laboratory of Virology,
Institute of Biological Sciences/UFPA (Instituto de Ciências
Biológicas/Universidade Federal do Pará (ICB/UFPA)), for
genetic investigation and stored at −70∘C until analysis.

2.3. Genetic Analysis. DNA was extracted from peripheral
blood leukocytes according to the manufacturer’s instruc-
tions (Gentra Systems, Inc., Minneapolis, MN, USA). The
procedure included cell lysis, protein precipitation, DNA
precipitation, and DNA hydration.

The extracted DNA was subjected to real-time quantita-
tive polymerase chain reaction (qPCR) assays using the Step
One Plus Sequence Detector (Life Technologies, Foster City,
CA, USA). The assays used for each polymorphism included
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a primer pair and a pair of probes; VIC and FAM labeling was
performed for each allele of the respective polymorphisms.
Each reaction included 3.5 𝜇LH

2
O, 5.0𝜇L TaqManUniversal

PCR Master Mix [2X], 0.5 𝜇L TaqMan Assay [20X], and 1 𝜇L
DNA, with a final volume of 10 𝜇L. The following cycling
and temperature protocol was used for amplification and
detection of alleles: 60∘C for 30 seconds, 95∘C for 10 minutes,
and 50 cycles at 92∘C for 30 seconds and 60∘C for 90 seconds.
The C 11722238 20 and C 11722237 20 assays (Life Technolo-
gies, Foster City, CA, USA) were used for the rs4986790 and
rs4986791 polymorphisms, respectively.

2.4. Statistical Analysis. The genotype and allele frequencies
were calculated based on direct counting. The Hardy-Wein-
berg equilibrium was assessed with a chi-square test. The
allele, genotype, and haplotype frequencies were compared
among the groups using Fisher’s exact test and a G-test. The
association between genetic models (dominant, recessive,
and overdominant) and the risks of HBV and HCV infection
were analyzed with simple logistic regression. The risk of
progression of the disease was calculated as an odds ratio
(OR) with a 95% confidence interval. Statistical analyses were
performed using the Bioestat 5.3 software; the significance
level was set as 𝑝 < 0.05.

3. Results

The population data and measurements of biochemical
markers are summarized in Table 1. ALT (82.77 IU/L), AST
(72.21 IU/L), and GGT (87.49 IU/L) mean levels were higher
in the group with HCV, but the HBV group presented the
lowest prothrombin time (78.27%). Correlation analysis of
biochemical data of liver function in the presence of the
studied polymorphisms did not show significant results in
patients infected with HCV. The analysis was not done for
HBV infected subject as only one patient was studied.

Samples from 49 chronic HBV carriers, 72 chronic HCV
carriers, and 299 controls were genotyped. All three groups
met the Hardy-Weinberg equilibrium assumptions. Cirrhosis
was exhibited by nine of the 49 participants infected with
HBV and 17 of the 72 participants infected with HCV.

For the rs4986790 polymorphism, thewild-type homozy-
gous AA genotype was most frequently observed among the
participants with hepatitis B (97.96%), hepatitis C (93.06%),
and control (92.31%). For the rs4986791 polymorphism, the
wild-type homozygous CC genotype was most frequently
observed among the participants with hepatitis B (97.56%),
hepatitis C (94.44%), and control (92.31%). The frequency of
either SNP did not show a significant difference compared to
the control group (Table 2).

Six haplotypes were identified in the patient and control
groups, and theAA/CChaplotypewasmost frequently obser-
ved in all three groups (HBV = 95.12%, HCV = 93.05%, and
controls = 90.64%). No associationwas observed between the
haplotype and viral infection.

No significant result was found in the comparison of poly-
morphismswith inflammatory activity, degree of fibrosis, and

Table 1: Clinical and laboratory information about the HBV and
HCV infected patients.

Variables HBV chronic
hepatitis

HCV chronic
hepatitis

Study subjects (𝑛) 39 72
Gender (female/male) 16/33 33/39
Age (years) mean ± SD 49.21 ± 15.10 52.56 ± 10.05
ALT (UI/L) mean ± SD 70.06 ± 90.89 82.77 ± 61.12
AST (UI/L) mean ± SD 58.89 ± 56.87 72.21 ± 51.35
GGT (UI/L) mean ± SD 58.98 ± 101.43 87.49 ± 75.46
PT (%) mean ± SD 78.27 ± 20.76 88.61 ± 16.56
SD: standard deviation.

cirrhosis (Table 3). None of the geneticmodels of dominance,
recessivity, or overdominance exhibited an association with
risk of infection with HBV (Table 4) or HCV (Table 5).

4. Discussion

TRL4 is a transmembrane receptor and one of the main Toll-
like receptors (TLRs). It is comprised of a leucine-rich extra-
cellular domain responsible for recognition, a transmem-
brane domain, and an intracellular domain that is similar
to the IL-1 receptor [16]. The molecule promotes the innate
immune response through activation of TIR-domain-conta-
ining adapter-inducing interferon-𝛽 (TRIF) and myeloid
differentiation primary response gene 88 (MYD88) adapters
[17], which induce production of proinflammatory cytokines.

Two polymorphisms of TLR4 rs4986790 (A>G) and
rs4986791 (C>T) are well known.These polymorphisms lead
to conformational changes that might interfere with the
interaction between the receptor and ligand and with protein
stability [18], in addition to causing deficient recruitment
of MYD88 and TRIF, but they have no effect on receptor
expression [19].

TLR4 plays a crucial role in the promotion of IFN 𝛼/𝛽
transcription, which directs the response that targets prod-
ucts of viral replication [3], because the liver is an organ rich
in innate immune response cells, such as nature killer (NK)
and Kupffer cells [20]. Previous studies have also shown
a relationship between TLR4 and infection with HBV and
HCV, indicating that HCVNS5A protein induces the expres-
sion of TLR4 [6] and that TLR4 is regulated by HBV in the
hepatocytes of chronic carriers of the virus [21], resulting in
inhibition of viral replication through increased production
of IFNs [22]. Additionally, recent evidences show the associa-
tion of TLR4 with HBV andHCV infections by the activation
of intracellular pathways including MAPK and PI-3K/Akt
and IL-6 and IL-10 signaling [11, 13, 15]. TLR4 and IL-6 serum
values have been associated with the characteristic haemo-
dynamic derangement of HIV/HCV coinfected cirrhotic
patients who present inflammatory and systemic haemody-
namic alterations, the same observed in HCV monoinfected
patients, suggesting a role of bacterial translocation [14].
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Table 2: Genotype, allele, and haplotype frequencies of SNPs of the TLR4 gene in the investigated groups.

SNPs HBV
𝑛 (%)

HCV
𝑛 (%)

Control
𝑛 (%)

p1 p2

rs4986790 (A>G)
AA 48 (97.96) 67 (93.06) 276 (92.31)

0.2445 0.7990AG 1 (2.04) 5 (6.94) 22 (7.36)
GG 0 0 1 (0.33)
A 97 (98.98) 139 (96.52) 574 (95.99) 0.1903 0.9510
G 1 (1.02) 5 (3.47) 24 (4.01)

rs4986791 (C>T)
CC 40 (97.56) 68 (94.44) 276 (92.31)

0.3641 0.6891CT 1 (2.44) 4 (5.56) 22 (7.36)
TT 0 0 1 (0.33)
C 81 (98.78) 140 (97.22) 574 (95.99) 0.3009 0.6417
T 1 (1.22) 4 (2.78) 24 (4.01)

Haplotypes
AA/CC 39 (95.12) 67 (93.05) 271 (90.64)

0.6409 0.9305

AA/CT 1 (2.44) 0 5 (1.67)
AA/TT 0 0 0
AG/CC 1 (2.44) 1 (1.39) 4 (1.34)
AG/CT 0 4 (5.56) 17 (5.69)
AG/TT 0 0 1 (0.33)
GG/CC 0 0 1 (0.33)
GG/CT 0 0 0
GG/TT 0 0 0

p1: HBV versus control; p2: HCV versus control.

Table 3: Association of polymorphisms of the TLR4 gene with inflammatory activity, degree of fibrosis, and liver cirrhosis in chronic HBV
and HCV carriers.

Infection Inflammatory activity
𝑝

Degree of fibrosis
𝑝

Cirrhosis
𝑝

0-1 (%) 2-3 (%) 0–2 (%) 3-4 (%) Yes (%) No (%)

HBV
rs4986790

AA 19 (82.6) 4 (17.4) 1.000 20 (87) 03 (13) 1.000 9 (18.8) 39 (81.2) 1.000
AG/GG 01 (100) 0 01 (100) 0 0 01 (100)

rs4986791
CC 17 (85) 03 (15) 0.191 17 (85) 03 (15) 1.000 7 (17.5) 33 (82.5) 1.000
CT/TT 0 01 (100) 01 (100) 0 0 01 (100)

HCV
rs4986790

AA 34 (64.1) 19 (35.9) 0.146 38 (70.4) 16 (29.6) 0.634 17 (25.4) 50 (74.6) 0.331
AG/GG 01 (20) 04 (80) 03 (60) 02 (40) 0 05 (100)

rs4986791
CC 34 (63) 20 (37) 0.290 36 (69.2) 16 (30.8) 0.587 17 (25) 51 (75) 0.567
CT/TT 01 (25) 03 (75) 02 (50) 02 (50) 0 04 (100)
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Table 4: Genetic models and risk of infection with HBV.

Genetic model Genotype Frequencies OR 95% CI 𝑝

Control 𝑛 (%) HBV 𝑛 (%)
rs4986790

Dominant AA 276 (92.3) 48 (98.9) 1 0.03–1.89 0.9574
AG + GG 23 (7.7) 1 (2.0) 0.2500

Recessive AA + AG 298 (99.7) 49 (100) 1 — 1
GG 1 (0.3) 0 (0) 0

Overdominant AA + GG 277 (92.6) 48 (98.0) 1 0.03–1.99 0.9577
AG 22 (7.4) 1 (2.0) 0.2623

rs4986791

Dominant CC 276 (92.0) 40 (97.6) 1 0.04–2.28 0.9574
CT + TT 23 (8.0) 1 (2.4) 0.3

Recessive CC + CT 298 (99.67) 41 (100) 1 — 1
TT 1 (0.33) 0 (0) 0

Overdominant CC + TT 277 (92.64) 40 (97.6) 1 0.04–2.40 0.9577
CT 22 (7.36) 1 (2.4) 0.3148

Table 5: Genetic models and risk of infection with HCV.

Genetic model Genotype Frequencies OR 95% CI 𝑝

Control 𝑛 (%) HCV 𝑛 (%)
rs4986790

Dominant AA 276 (92.3) 67 (93.1) 1 0.33–2.44 0.9048
AG + GG 23 (7.7) 5 (6.9) 0.8955

Recessive AA + AG 298 (99.7) 72 (100) 1 — 1
GG 1 (0.3) 0 (0) 0

Overdominant AA + GG 277 (92.6) 67 (93.1) 1 0.34–2.57 0.9053
AG 22 (7.4) 5 (6.9) 0.9396

rs4986791

Dominant CC 276 (92.3) 68 (94.4) 1 0.24–2.11 0.9149
CT + TT 23 (7.7) 4 (5.6) 0.7059

Recessive CC + CT 298 (99.7) 72 (100) 1 — 1
TT 1 (0.3) 0 (0) 0

Overdominant CC + TT 277 (92.6) 68 (94.4) 1 0.25–2.22 0.9153
CT 22 (7.4) 4 (5.6) 0.7406

The liver injury caused byHBV andHCV ismainlymedi-
ated by the host’s immune response to the viral proteins [23].
The SNPs investigated in the present study are associatedwith
a different pattern of cytokine production in individuals with
cirrhosis [24], which might contribute to the development of
clinical complications. However, the present study showed no
association between these polymorphisms and inflammatory
activity, the degree of fibrosis, or cirrhosis. Therefore, the
change in TLR4 induced by these polymorphisms does not
seem to modify the course of the infection with HBV and
HCVwith regard to the TLR4-mediated immune response, at
least in the groups analyzed in the present study.

Controversial results have been reported regarding the
association between the SNPs investigated in the present
study and HBV and HCV infection. In the present study, no
significant association was observed regarding the suscepti-
bility to infection and inflammatory activity, the degree of
fibrosis, cirrhosis, or disease progression.These findings cor-
roborate those reported by Nakamura et al. [25], in Japan,
who studied 260 patients, without detecting any polymorphic
allele for both SNPs, and those reported by Agúndez et al.
[26] in a Spanish population who also found a low frequency
of polymorphic allele of the SNP rs4986791 in both groups of
153 infected persons (CC = 85.6% = 13.7%CT and TT = 0.7%)
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and 390 controls (CC = 87.5%, 12.1% and CT = TT = 0.4%).
However, in a study conducted in a population of 450 Saudis,
Al-Qahtani et al. [27] found a significant association between
both SNPs and HCV infection, but not with disease progres-
sion.This can be explained by the high frequency of polymor-
phisms in the population studied, as can be seen in allele fre-
quencies of the control population (G = 10.6% and T = 11.0%).
Cussigh et al. [28] found that, in Caucasian populations, the
rs4986790 polymorphism AA genotype might influence the
progression of liver fibrosis in chronic HBV carriers.

The frequencies of polymorphic alleles vary among differ-
ent populations. In our study, the frequencies of the investi-
gated SNPs varied from 2 to 7% in all of the study groups.
These SNPs are rare in Chinese [29] and Thai populations
[30], while they appear in 10% of Caucasian and African pop-
ulations [31]. Studies conducted with other Brazilian samples
have reported frequencies of heterozygosis similar to ours
[32–34]. These findings suggest the heterogeneous distri-
bution of the frequencies of the investigated SNPs among
populations of different ethnic origins. In addition, such a dif-
ferential distributionmight contribute to the well-established
variation in the response to pathogenic microorganisms
among individuals from different ethnic groups [35, 36]. The
three groups analyzed in the present study were selected
from the overall population in Belém, the capital of Pará,
which is characterized by themiscegenation of themain three
ethnic groups that formed the Brazilian population: white
colonizers, Native American Indians, and black African indi-
viduals brought to Brazil as slaves between the 16th and 18th
centuries.

The results of the present study revealed the low fre-
quency of polymorphic alleles in the population and a lack
of association between the rs4986790 and rs4986791 SNPs
and susceptibility to HCV and HBV infection. Currently, our
group is assessing the correlation of TLR4 gene expression
in hepatic tissue of the chronically infected HBV and HCV
patients.

5. Conclusion

The present study investigated, for the first time in the Brazil-
ian Amazonia, the prevalence of the TLR4 gene polymor-
phisms in HCV and HBV chronic infection carriers and the
results showed a lack of association between the rs4986790
and rs4986791 SNPs and susceptibility to both virus infec-
tions as well as the clinical and laboratory information of the
patients.
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de Pesquisa e Pós-Graduação (PROPESP/UFPA)), and the
Research Support and Development Foundation (Fundação
de Apoio e Desenvolvimento da Pesquisa (FADESP)).

References

[1] D. Lavanchy, “Hepatitis B virus epidemiology, disease burden,
treatment, and current and emerging prevention and control
measures,” Journal of Viral Hepatitis, vol. 11, no. 2, pp. 97–107,
2004.

[2] K. Mohd Hanafiah, J. Groeger, A. D. Flaxman, and S. T.
Wiersma, “Global epidemiology of hepatitis C virus infection:
new estimates of age-specific antibody to HCV seroprevalence,”
Hepatology, vol. 57, no. 4, pp. 1333–1342, 2013.

[3] A. Bertoletti and A. J. Gehring, “The immune response during
hepatitis B virus infection,” Journal of General Virology, vol. 87,
no. 6, pp. 1439–1449, 2006.

[4] S. Akira, K. Takeda, and T. Kaisho, “Toll-like receptors: crit-
ical proteins linking innate and acquired immunity,” Nature
Immunology, vol. 2, no. 8, pp. 675–680, 2001.

[5] S. Akira, M. Yamamoto, and K. Takeda, “Role of adapters in
Toll-like receptor signalling,” Biochemical Society Transactions,
vol. 31, no. 3, pp. 637–642, 2003.

[6] K. Machida, K. T. H. Cheng, V. M.-H. Sung, A. M. Levine, S.
Foung, and M. M. C. Lai, “Hepatitis C virus induces toll-like
receptor 4 expression, leading to enhanced production of beta
interferon and interleukin-6,” Journal of Virology, vol. 80, no. 2,
pp. 866–874, 2006.

[7] B. Ferwerda, M. B. B. McCall, K. Verheijen et al., “Functional
consequences of toll-like receptor 4 polymorphisms,”Molecular
Medicine, vol. 14, no. 5-6, pp. 346–352, 2008.

[8] J. Guo, J. Loke, F. Zheng et al., “Functional linkage of cirrhosis-
predictive single nucleotide polymorphisms of toll-like receptor
4 to hepatic stellate cell responses,”Hepatology, vol. 49, no. 3, pp.
960–968, 2009.

[9] S. Minmin, X. Xiaoqian, C. Hao et al., “Single nucleotide poly-
morphisms of toll-like receptor 4 decrease the risk of devel-
opment of hepatocellular carcinoma,” PLoS ONE, vol. 6, no. 4,
Article ID e19466, 2011.

[10] N. C. Arbour, E. Lorenz, B. C. Schutte et al., “TLR4 mutations
are associated with endotoxin hyporesponsiveness in humans,”
Nature Genetics, vol. 25, no. 2, pp. 187–191, 2000.

[11] E. Zhang andM. Lu, “Toll-like receptor (TLR)-mediated innate
immune responses in the control of hepatitis B virus (HBV)
infection,”Medical Microbiology and Immunology, vol. 204, no.
1, pp. 11–20, 2014.

[12] X. Lu, Q. Xu, X. Bu et al., “Relationship between expression of
toll-like receptors 2/4 in dendritic cells and chronic hepatitis
B virus infection,” International Journal of Clinical and Exper-
imental Pathology, vol. 7, no. 9, pp. 6048–6055, 2014.

[13] S. Uraki, M. Tameda, K. Sugimoto et al., “Substitution in amino
acid 70 of hepatitis C virus core protein changes the adipokine



Mediators of Inflammation 7

profile via toll-like receptor 2/4 signaling,” PLoS ONE, vol. 10,
no. 6, Article ID e0131346, 2015.

[14] M. Montes-de-Oca, M.-J. Blanco, M. Marquez et al., “Haemo-
dynamic derangement in human immunodeficiency virus-
infected patients with hepatitis C virus-related cirrhosis: the
role of bacterial translocation,” Liver International, vol. 31, no.
6, pp. 850–858, 2011.

[15] N. A. Sadik, O. G. Shaker, H. Z. Ghanem, H. A. Hassan, and A.
Z. Abdel-Hamid, “Single-nucleotide polymorphism of Toll-like
receptor 4 and interleukin-10 in response to interferon-based
therapy in Egyptian chronic hepatitis C patients,” Archives of
Virology, 2015.

[16] P. Rallabhandi, J. Bell, M. S. Boukhvalova et al., “Analysis
of TLR4 polymorphic variants: new insights into TLR4/MD-
2/CD14 stoichiometry, structure, and signaling,” Journal of
Immunology, vol. 177, no. 1, pp. 322–332, 2006.

[17] M.Yamamoto, S. Sato,H.Hemmi et al., “Role of adaptorTRIF in
the MyD88-independent toll-like receptor signaling pathway,”
Science, vol. 301, no. 5633, pp. 640–643, 2003.

[18] U. Ohto, N. Yamakawa, S. Akashi-Takamura, K. Miyake, and
T. Shimizu, “Structural analyses of human toll-like receptor 4
polymorphisms D299G and T399I,” The Journal of Biological
Chemistry, vol. 287, no. 48, pp. 40611–40617, 2012.

[19] L. Figueroa, Y. Xiong, C. Song, W. Piao, S. N. Vogel, and
A. E. Medvedev, “The Asp299Gly polymorphism alters TLR4
signaling by interfering with recruitment of MyD88 and TRIF,”
Journal of Immunology, vol. 188, no. 9, pp. 4506–4515, 2012.

[20] I. N. Crispe, “The liver as a lymphoid organ,” Annual Review of
Immunology, vol. 27, pp. 147–163, 2009.

[21] X.-Q. Wei, Y.-W. Guo, J.-J. Liu, Z.-F. Wen, S.-J. Yang, and J.-L.
Yao, “The significance of Toll-like receptor 4 (TLR4) expression
in patients with chronic hepatitis B,” Clinical and Investigative
Medicine, vol. 31, no. 3, pp. E123–E130, 2008.

[22] M. Isogawa, M. D. Robek, Y. Furuichi, and F. V. Chisari, “Toll-
like receptor signaling inhibits hepatitis B virus replication in
vivo,” Journal of Virology, vol. 79, no. 11, pp. 7269–7272, 2005.

[23] M. E. Guicciardi and G. J. Gores, “Apoptosis: a mechanism of
acute and chronic liver injury,”Gut, vol. 54, no. 7, pp. 1024–1033,
2005.

[24] J. C. Nieto, E. Sánchez, E. Román et al., “Cytokine production
in patients with cirrhosis and TLR4 polymorphisms,” World
Journal of Gastroenterology, vol. 20, no. 46, pp. 17516–17524,
2014.

[25] M. Nakamura, T. Kanda, S. Nakamoto et al., “No correlation
between PNPLA3 rs738409 genotype and fatty liver and hepatic
cirrhosis in Japanese patients with HCV,” PLoS ONE, vol. 8, no.
12, Article ID e81312, 2013.
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