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Abstract: The present study evaluated the IL8-251 A /T polymorphism in samples from 74 patients
with chronic hepatitis B (HBV), 100 patients with chronic hepatitis C (HCV), and 300 healthy donors
(CG). The correlations of this polymorphism with plasma IL-8 and disease stage were calculated.
Polymorphisms were identified by real-time PCR. IL-8 was measured by enzyme-linked immunosor-
bent assay. The IL8-251 A/T genotype was not associated with susceptibility to infection by HBV or
HCV. The wild-type allele (A) was associated with higher levels of inflammation (p = 0.0464) and
fibrosis scores (p = 0.0016) in the HBV group, representing an increased risk for increased inflamma-
tory activity (OR = 1.84; p = 0.0464) and for high fibrosis scores (OR = 2.63; p = 0.0016). Viral load
was higher in HBV patients with polymorphic genotypes (TA and TT) at the IL8-251 A/T polymor-
phism than in those with the wild-type genotype (p = 0.0272 and p = 0.0464, respectively). Plasma
IL-8 was higher among patients infected with HBV or HCV than in the control group (p = 0.0445
and p = 0.0001, respectively). The polymorphic genotype was associated with lower IL-8 than the
wild-type genotype in the HBV group (p = 0.0239) and the HCV group (p = 0.0372). The wild-type
genotype for IL8-251 A/T and high IL-8 were associated with a worse prognosis for infections;
therefore, they may contribute to viral persistence and the development of more severe forms of

chronic viral liver diseases.
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1. Introduction

The hepatic lesion triggered by the hepatitis B and C viruses is mediated mainly by
host immune responses to viral proteins expressed in infected hepatocytes and, to a lesser
extent, by direct cytopathic effects of viruses [1]. Therefore, variations in the natural course
of infections and the severity of liver inflammation are determined by interactions between
viruses and host factors, which result in a broad spectrum of clinical manifestations of
these infections, ranging from mild and asymptomatic forms to more severe forms of liver
disease, such as hepatocarcinogenesis [2,3].

Although the immune system has adapted to reduce the liver damage caused by
immune responses to infectious agents, the infection caused by the hepatitis B virus (HBV)
and the hepatitis C virus (HCV) can lead to hepatocellular death and, consequently, liver
injury [1].

In chronic viral hepatitis, inflammation is a persistent immune response. In this con-
dition, inflammation and tissue remodeling and repair processes occur simultaneously
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inducing fibrosis, which is initially perceived as a physiological mechanism capable of
limiting the extent of the inflammatory process [4]. However, with persistent injury, this
repair process becomes pathological, characterized by extracellular matrix (ECM) depo-
sition, parenchymal cell death, and angiogenesis, together with tissue remodeling [4]. In
chronic hepatitis, activated hepatic stellate cells (HSCs) become myofibroblasts and play a
dominant role in fibrosis by producing large amounts of collagen, while the upregulation
of tissue inhibitor of metalloproteinases-1 (TIMP-1) contributes to collagen deposition by
inhibiting ECM resolution [5]. The persistent production of growth factors for HSCs, fibro-
genic cytokines, and chemokines by various types of liver cells is involved in fibrogenesis
and chronic inflammation [5]. This scar matrix typically accumulates very slowly, but once
cirrhosis is established, the potential to reverse this process is diminished and complica-
tions develop [3]. Knowledge of the stage of liver fibrosis provides essential information
for the prognosis and helps to determine whether antiviral therapy is necessary, in addition
to allowing for differential diagnosis with other liver diseases [6].

Cytokines play an important role in regulating the inflammatory process of the liver
through the activation of effector cells. However, differences in cytokine production may
lead to a dysregulated inflammatory process [7]. The cytokine interleukin (IL)-8, also
known as C-X-C motif ligand 8 (CXCLS), is a proinflammatory chemokine that acts as
a chemoattractant of leukocytes. It is secreted by several cells—such as macrophages,
neutrophils, and epithelial cells—to promote immune infiltration and angiogenesis and
mediate the activation and migration of peripheral blood neutrophils to tissues, thus
increasing local inflammation [8,9].

The IL8 gene harbors several genetic variations, including the IL8-251 A /T (rs4073)
polymorphism, which has been associated with changes in transcriptional activity and
reduced serum IL-8 [10]. Clinical studies have linked high serum IL-8 with poor prognosis
of diseases because chemokine expression activates the NF-«f3 (nuclear factor-«f3) pathway,
which exacerbates the inflammatory cycle [11]. High serum IL-8 has also been associated
with chronic viral hepatitis and hepatic crisis [12,13].

The objective of this study was to investigate the association of the IL8-251 A/T poly-
morphism with changes in the plasma level of IL-8, which might influence the progression
of chronic diseases caused by HBV and HCV.

2. Materials and Methods
2.1. Study Design and Population Evaluated

This cross-sectional study was conducted at the liver disease outpatient clinic of the
Hospital Universitario Joao de Barros Barreto (Joao de Barros Barreto University Hospital)
and the Hospital Santa Casa de Misericérdia (Santa Casa de Misericordia Foundation
Hospital) in the state of Para, Brazil, where consecutive cases of patients with chronic HBV
and HCV who had not received antiviral treatment were selected at the time of diagnosis.

All selected patients were clinically evaluated, received complementary investigation,
and were divided into two groups. The first group comprised 74 patients with chronic
hepatitis B, who were characterized by clinical changes, liver tests, positive HBsAg, and
positive or negative HBeAg. The second group consisted of 100 patients with chronic
hepatitis C, who were characterized by clinical abnormalities and positive HCV-RNA in
liver tests. A control group composed of 300 volunteer blood donors of the Hemotherapy
and Hematology Center Foundation of Para who were seronegative for HBV, HCV, human
immunodeficiency virus (HIV), human T-lymphotropic virus, Chagas disease, and syphilis,
was used to compare the frequencies of the polymorphism.

The adopted inclusion criteria included individuals aged 18 years and older, from
both sexes, carrying HBsAg for more than 6 months, with positive HCV-RNA, and with or
without high alanine aminotransferase (ALT) persistence. Patients coinfected with hepatitis
delta virus (HDV) or HIV, patients who received specific anti-HBV and anti-HCV antiviral
therapy, and patients with hepatocellular carcinoma (HCC) diagnosis were excluded from
the study.
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2.2. Genotyping of IL8 A/T (rs4073)

DNA was extracted from peripheral-blood leukocytes using the Puregene kit (Gentra
Systems, Minneapolis, MN, USA) according to the manufacturer’s protocol, which included
cell lysis, protein precipitation, DNA precipitation, and rehydration.

The IL8-251 A/T polymorphism was genotyped by real-time polymerase chain reac-
tion (qPCR) in the StepOne PLUS Sequence Detector (Applied Biosystems, Foster City, CA,
USA). The assay used for genotyping the IL-8-251 A /T polymorphism was the predesigned
and commercially available TagMan (C_11748116_10) assay (Thermo Fisher, Carlsbad, CA,
USA). This assay consists of a pair of primers and two probes, VIC (for identification of
the A allele), and FAM (for identification of the T allele). The primer and probe sequences
are not available from the company. For each reaction, TagMan Universal PCR Master
Mix (1x), TagMan Assay (20x), and 20 uL of DNA were used to produce a final reaction
volume of 10 mL. In the amplification reactions, the following temperature cycling was
used: 60 °C for 30 s, 95 °C for 10 min, and 50 cycles of 92 °C for 30 s and 60 °C for 1 min
and 30 s.

2.3. Laboratory Data

Information on the serology of viral liver diseases, levels of liver enzymes, and plasma
viral loads were obtained from updated clinical records. These data were organized in a
worksheet with restricted access and were used only to obtain information related to the
study objectives.

2.4. Histopathological Analysis

Liver biopsy specimens were taken only from patients with medical indication for
the investigation of liver parenchyma abnormalities and staging the degree of fibrosis
as a clinical parameter for the indication of antiviral treatment or not, within the clinical
care protocol. Hepatic biopsies were performed by a medical professional at each hospital
according to the established medical protocol. Each sample was examined at the Pathol-
ogy Anatomy Service of the Federal University of Para (UFPA) according to the routine
protocols of the service.

The histopathological diagnosis followed the French METAVIR classification [6], which
classifies the activity of portal and periportal inflammatory infiltrate with a score from 0
to 3 (A0-A3) with A0-Al indicating inflammation absent to mild and A2-A3 indicating
moderate to severe inflammation. Structural alterations of the liver parenchyma (degree
of fibrosis) were classified from 0 to 4 (FO-F4), with FO-F1 indicating absent to light liver
fibrosis, F2 indicating moderate liver fibrosis, and F3-F4 indicating advanced liver fibrosis
to cirrhosis. All data on the histopathological profile were obtained from the patients’
medical records.

2.5. Quantification of Plasma IL-8

Plasma IL-8 was measured by enzyme-linked immunosorbent assay (ELISA) immu-
noenzymatic test (ELISA Kit Human IL-8 Ultrasensitive, ThermoFisher, Camarillo, CA,
USA). This method used specific monoclonal antibodies to detect the cytokine and was
performed according to the instructions provided by the manufacturer. The measurement
of plasma IL-8 was performed for a different number in each study group: HBV (n = 55),
HCV (n = 66), and control group (n = 55).

2.6. Statistical Analysis

The distribution of genotypes was evaluated for its adherence to Hardy—Weinberg
equilibrium. The allelic and genotypic frequencies were estimated by direct counting.
These frequencies were compared between the groups by the chi-squared test and the
G test. The plasma levels of IL-8 were compared between genotypes by the Kruskal-
Wallis test and between groups by the Mann-Whitney test. The correlation was evaluated
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with Spearman’s test. The statistical analyses were performed with the software BioEstat
v5.0 [14] with an adopted significance level of p < 0.05.

2.7. Plasma Viral Load

Plasma viral load was measured by real-time PCR using an Abbott RealTime HCV
Amplification Reagent Kit (Abbott Park, IL, USA) at the Central Laboratory of the State
of Para (LACEN-PA). HBV viral load quantifications are presented as copies/mL and
logio value. The lowest detection level of HBV load was 1.08 log UI/mL, and the highest
detection level was 9.00 log UI/mL. HCV viral load quantifications are presented as
copies/mL and logjo value. The lowest detection level of HCV load was 1.08 log UI/mL,
and the highest detection level was 8.00 log UI/mL.

3. Results

The majority of the patients in the HBV group were male (n = 46; 62.2%). The median
ALT, aspartate aminotransferase (AST), and gamma-glutamyl transferase (GGT) liver
enzymes were 29 IU/L, 29 IU/L, and 34.5 IU/L, respectively, and the log;g (viral load) was
2.8. In the HCV group, most of the patients were male (n = 51; 51%), with median ALT,
AST, and GGT levels of 58 IU/L, 59 IU/L, and 67 IU/L, respectively. The log;( (viral load)
was 5.4 (Table 1).

Table 1. Clinical, laboratory, and histopathological data of study participants with chronic HBV
and HCV.

Variables HBV (n =74) HCV (n =100)
Sex, F/M (%) 28/46 49/51
ALT (IU/L), median/IQR 29/37 58/59
AST (IU/L), median/IQR 29/30 59/54.5
GGT (IU/L), median/IQR 34.5/38.75 67/90.5
Viral load (log1p), median/IQR 2.8/1.7 5.4/0.7
Fibrosis score
0to?2 62 (83.8%) 69 (69%)
3to4 12 (16.2%) 31 (31%)
Inflammatory Activity * *
Oto1l 39 (75.4%) 50 (54.9%)
2to3 16 (24.6%) 41 (45.1%)

ALT: alanine aminotransferase (reference value: 16-40IU/L); AST: aspartate aminotransferase (reference value: 08—
54 IU/L); GGT: gamma-glutamyl transferase (reference value: 08-63 IU/L). Fibrosis score METAVIR: 0: absence
of septa; 1: portal fibrosis without septa; 2: portal fibrosis with rare septa; 3: numerous septa but without cirrhosis;
4: cirrhosis. Inflammatory activity: 0: absence of activity; 1: minimum activity; 2: moderate activity; 3: intense
activity. IQR: interquartile range. Inflammatory activity: * n = 65; **n = 91.

According to the METAVIR classification (Table 1), the majority of patients with HBV
were classified as having an absent to moderate degree of fibrosis (F0-F2) (n = 62; 83.8%)
and an absent or mild degree of inflammatory activity (A0O-A1) (n = 61; 93.8%). In the HCV
group, the highest proportion of patients were FO-F2 (n = 69; 69%) and A0-A1l (n = 50;
54.9%).

Inflammatory activity was assessed in only 65 HBV patients and 91 HCV patients
because nine patients from each group were diagnosed with liver cirrhosis through imaging
exams and therefore did not meet the medical indication criteria for biopsy.

The Hardy—Weinberg equilibrium analysis showed that the genotypic frequencies of
IL8-251 A/T were in equilibrium in each group. The evaluation of IL§-251 A/T demon-
strated that there were no statistically significant allele or genotype differences between
groups (Table 2).
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Table 2. Allele and genotype frequencies at the IL8-251 A/T polymorphism in the chronic hepatitis B,
chronic hepatitis C, and control groups.

Genotypic and HBV HCV CG 1 2
Allelic Profiles n (%) n (%) n (%) P P
1L8-251 A/T
AA 17 (22.97) 20 (20) 54 (18) 0.1971 0.9044
AT 41 (55.40) 49 (49) 150 (50)
TT 16 (21.62) 31 (31) 96 (32)
A 0.51 0.45 0.43 0.3212 0.8867
T 0.49 0.55 0.57

pl: HBV vs. CG; p2: HCV vs. CG; chi-squared test.

The analyses of inflammatory activity and fibrosis score when related to the IL-8-251
A/T polymorphism revealed that, in the HBV group, the polymorphic allele (T) was more
frequent in patients with lower inflammatory activity (A0O-A1l) and a low degree of fibrosis
(FO-F2), whereas the wild-type allele (A) was more frequent in individuals with a high
degree of inflammation and in individuals with a high degree of fibrosis (p = 0.0464 and
p = 0.0016; Table 3). The wild-type allele was associated with increased risk of more severe
forms of inflammatory activity (OR = 1.84; p = 0.0464) and fibrosis (OR = 2.63; p = 0.0016).

Table 3. Correlation of the IL8-251 A /T polymorphism with inflammatory activity and fibrosis score in chronic HBV and

HCV carriers.
Inflammatory Activity Fibrosis Score
Genetic Profile Oto1l 2to3 P 0to2 3to4 p
n (%) n (%) n (%) n (%)
IL8-251 A/T
HBV
AA 12 (19.7) 8 (50) 11 (17.7) 6 (50)
AT 35(57.4) 4 (25) 0.4212 % 36 (58.1) 5(41.7) 1.000 *
TT 14 (22.9) 4 (25) 15 (24.2) 1(8.3)
A 0.48 0.63 0.0464 ** 0.47 0.70 0.0016 **
T 0.52 0.37 0.53 0.30
HCV
AA 11 (22) 6 (14.6) 0.3724 ** 15 (21.8) 5(16.14) 0.5135 **
AT 27 (54) 20 (48.8) 35 (50.7) 14 (45.16)
TT 12 (24) 15 (36.6) 19 (27.5) 12 (38.7)
A 0.49 0.39 0.1998 ** 0.47 0.39 0.3174 **
T 0.51 0.61 0.53 0.61

Inflammatory activity: 0: absence of activity; 1: mild activity; 2: moderate activity; 3: intense activity. Fibrosis score: 0: absence of
septa; 1: portal fibrosis without septa; 2: portal fibrosis with rare septa; 3: numerous septa but without cirrhosis; 4: cirrhosis; * G test;
** chi-squared test.

Patients with genotypes with the wild-type allele (AA and AT) had a higher median
HBYV viral load than TT patients, with statistical significance (p = 0.0272 and p = 0.0464,
respectively; Figure 1A). The HCV viral load level did not differ between carriers of differ-
ent genotypes, although the lower viral load levels were grouped into the polymorphic
genotype TT (Figure 1B).
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Figure 1. Viral load in the different genotypes of the IL8-251 A/T polymorphism in patients with (A) HBV: AA (n =17;
median: 3.00; IQR: 2.30), AT (n = 41; median: 3.28, IQR: 1.95), TT (n = 16; median: 2.56, IQR: 1.68) and (B) HCV: AA (n = 20;
median: 5.58, IQR: 0.49), AT (n = 49; median: 5.72, IQR: 1.01) and TT (n = 31; median: 5.47, IQR: 0.83). * Kruskal-Wallis test.

Among the groups studied, the median plasma IL-8 levels were higher among patients
infected with HCV, followed by HBV (p < 0.001) and the control group, such that when
compared with HBV and HCV the differences were significant (p = 0.0445 and p = 0.0075,
respectively; Figure 2A). The polymorphic genotype TT was associated with lower levels
of IL-8 and the wild genotype AA with higher levels of cytokine in all of the investigated
groups (Figure 2B-D). In the polymorphic genotypes AT and TT, IL-8 levels were lower
in all groups when compared with the AA genotype, and the comparison between these
genotypes indicated significance. In the HCV group (AA vs. AT: p = 0.0309; AA vs. TT:
p = 0.0372), in the HBV group (AA vs. AT: p = 0.0315; AA vs. TT: p = 0.0239), and in the
control group (AA vs. TT: p = 0.0012; AT vs. TT: p < 0.0001).

The analysis of cytokine levels in relation to the stages of fibrosis and necroinflamma-
tory activity in the liver tissue demonstrated similarity between HBV and HCV infections.
Patients with moderate to severe necroinflammatory activity (A2-A3) had significantly
higher IL-8 levels than A0-Al in both groups: HBV (p = 0.0159; Figure 3A) and HCV
(p = 0.0252; Figure 3C). In the fibrosis stages, IL-8 levels showed no difference in either
HCV or HCV (Figure 3B,D).

Figure 4 demonstrates that there was a nonsignificant positive correlation between
plasma IL-8 and HBV viral load (Figure 4A), but for HCV the correlation was positive and
significant (p = 0.0375; Figure 4B).
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Figure 2. Plasma IL-8 levels according to the genotypes at the IL8-251 A /T polymorphism. (A) The
investigated groups: Control group (n = 55; median: 6.40; IQR: 3.57), HBV (n = 55; median: 7.55; IQR:
3.66), and HCV (n = 66; median: 14.15; IQR: 14.39). (B) HCV: AA (n = 22; median: 19.75; IQR: 20.95),
AT (n = 22; median: 14.30, IQR: 9.78), and TT (n = 22; median: 13.5; IQR: 7.75). (C) HBV: AA (n =18;
median: 6.94; IQR: 3.47), AT (n = 19; median: 5.30, IQR: 3.75), and TT (n = 18; median: 5.02; IQR: 1.70).
(D) Control group: AA (n = 18; median: 8.38; IQR: 1.83), AT (n= 18; median: 8.28, IQR: 2.04), and TT
(n =19; median: 5.22; IQR 1.41). * Kruskal-Wallis test.
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Figure 3. Plasma IL-8 levels according to the fibrosis stages and necroinflammatory activity in the
liver tissue of the patients. (A) Relationship between IL-8 and necroinflammatory activity in HBV
carriers: AO-Al (n =39, median: 5.3, IQR: 3.3); A2-A3 (n = 16, median: 6.8, IQR: 5.8). (B) Relationship
between IL-8 and cirrhosis in HBV carriers: Fibrosis without cirrhosis (n = 43, median: 5.0, IQR:
3.3); Cirrhosis (n = 12, median: 4.5, IQR: 3.3). (C) Relationship between IL-8 and necroinflammatory
activity in HCV carriers: AO-Al (n = 33 median: 7.9, IQR 5.9); A2-A3 (n = 33 median: 16.8, IQR: 13.3).
(D) Relationship between IL-8 and cirrhosis among HCV carriers: Fibrosis without cirrhosis (n = 35
median: 11.2, IQR: 10.7); Cirrhosis (n = 31 median: 9.6, IQR: 20.6). * Mann-Whitney test.
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Figure 4. Spearman’s correlation between plasma IL-8 levels and viral load in groups with chronic
HBV (A) and HCV (B) infection.

4. Discussion

Genetic variations in the genes encoding important cytokines have been correlated
with the susceptibility to or evolution of several viral infections [15-17]. IL-8 is a proinflam-
matory chemokine whose production is induced by certain viral infections and is involved
in the induction of neutrophil chemotaxis, angiogenesis, and hematopoiesis [9]. IL8 gene
polymorphisms have been evaluated in HBV and HCV infection [18,19].

In the present study, although the frequency of the polymorphic genotype (IT) at the
IL8-251 A/T polymorphism was lowest in the chronic HBV carriers group, this difference
was not significant between the HCV group and the control group. In a previous study,
a higher frequency of heterozygous polymorphic genotypes was observed in patients
infected with HBV or HCV in Turkey, which could play an important role in the chronicity
of infections [19]. The analysis of these different results may be related to the ethnic
differences between the populations evaluated. Patients included in this study were from
the Amazon region of Brazil with different genetic backgrounds, including whites, Africans,
and indigenous peoples [20]. Thus, genetic analysis of the variant IL8-251 A/T alone is
sufficient to predict susceptibility to chronic infection by the viruses investigated. The
analysis of other factors is important to evaluate the complexity of the chronicity of hepatitis
B and hepatitis C.

The analysis of histopathological markers in relation to the IL8-251 A /T polymorphism
showed that the higher frequency of the wild allele (A) was related to high levels of
inflammation (A2-A3) and fibrosis scores (F3-F4) in HBV. This allele was associated
with an almost 2-fold increased risk of higher levels of inflammatory activity and an
almost 3-fold increased risk of higher fibrosis scores. The wild-type allele for the IL8-251
A/T polymorphism is associated with high IL-8 expression, which causes an increase
in neutrophil attraction and local inflammatory processes, leading to the development
of a fibrotic process, which may progress to cirrhosis [8,10]. In contrast, an evaluation
of Chinese patients with chronic hepatitis B revealed that the wild-type genotype was
associated with a decreased risk of liver cirrhosis [18]. This discrepancy might be related
to the different groups used for comparison to verify the association: the present study
evaluated the differences in the levels of inflammation and fibrosis in patients who had
chronic HBV infection, while Qin et al. (2012) compared HBV patients with cirrhosis with
a healthy control group [18].
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The viral load of HBV was higher in individuals with at least one wild-type allele at the
IL8-251/T polymorphism. Few studies have investigated the IL8-251 A/T polymorphism
in HBV infection [18,19], and none have assessed its influence on the viral load. In the
HCV group, the viral load was similar between the three genotypes. These differences
in results may be related to the different characteristics between HBV and HCV in terms
of the immune response. For example, HBV has a low mutation rate, whereas HCV has
a high mutation rate (there are more than 50 subtypes), which seems to give it a greater
ability for immune escape [1].

The comparison of plasma IL-8 levels between the investigated groups revealed that
patients with HBV and HCV had higher levels than the control. Other studies have also
observed higher IL-8 in patients with chronic hepatitis B or C [2-23], corroborating the role
of this cytokine in the immunopathogenesis of these viral infections and the worsening of
the hepatic lesion [12,13].

Levels of IL-8 appeared to be influenced by the different genotypes of the IL§-251 A/T
polymorphism in all groups investigated. Patients with chronic viral hepatitis and those
with polymorphic genotypes (TA and TT) exhibited significantly lower cytokine levels,
similar to previous studies on respiratory syncytial virus infection [10,24]. These results are
important because they show the relationship between this polymorphism and a cytokine
level both in healthy individuals and in patients chronically infected with HBV or HCV.
The results also suggest that, among patients, carriers of different genotypes may progress
to the most severe form of disease differently. As this is the first study that evaluated IL-8
level in relation to the IL8-251 A/T gene polymorphism in chronic viral hepatitis, other
similar studies in different ethnic groups would be helpful to further define the roles of
IL-8 and this polymorphism in chronic HBV and HCV infection.

We observed an association of higher plasma IL-8 with higher levels of inflamma-
tory activity (A2-A3) in HBV and HCV. Yang et al. (2014) reported that patients with
chronic hepatitis B had higher serum IL-8 and higher liver tissue IL-8 mRNA, and IL-8
expression increased with the severity of liver inflammation and fibrosis stage [13]. In
one study of HCV-infected patients, serum IL-8 increased as the severity of chronic hep-
atitis C progressed to the development of hepatocarcinoma; therefore, it can be used as
a prognostic factor for the development of this cancer [25]. Increased IL-8 was related to
severe liver damage, and its levels decreased when these conditions improved in HBV [26].
Additionally, this cytokine is considered to be one of those responsible for maintaining
the inflammatory environment in HBV infection and was associated with HCC interfering
with antitumor immunity [27].

The correlation of viral load with IL-8 level showed a weak relationship in the HBV
group, perhaps attributed to the sample size in IL-8 dosages in the HBV group, and a strong
positive correlation in the HCV group, suggesting that high IL-8 favors the replication of
the virus in chronic hepatitis C [22,28]. IL-8 has been associated with HCV replication; in
acute infection, it is produced as a consequence of the innate immune response against the
virus, and in chronic infection, the induction of high IL-8 caused by viral persistence could
induce hepatic pathology [29]. The NS5A protein of HCV has been associated with the
upregulation of IL-8, promoting the inhibition of the activation of interferons and favoring
the persistence of viral infection [22].

In our results, it is likely that the high levels of IL-8, in addition to the association
with the wild genotype IL8-251 AA, also influenced the pathogenesis of chronic viral
infection, corroborating previous studies, such as the case of HCV in which regulatory
cells (Tregs) Foxp3* CD4" were identified as an additional intrahepatic source of IL-8 in
chronic hepatitis. IL-8-producing Tregs stimulate HSC by local release of IL-8, leading to
fibrogenesis. This IL-8 secretion was related to chronic active HCV infection, rather than
a general feature of intrahepatic Tregs. Thus, IL-8-producing Tregs have the potential to
simultaneously suppress inflammatory activity through regulatory mechanisms and induce
fibrogenesis [30]. Furthermore, the nonspecific inflammatory infiltration of CD8* T cells
into the liver, responsible for liver damage in hepatitis C, occurs through the interaction
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between secreted intrahepatic chemokines and chemokine receptors expressed on CD8" T
cells [31].

In chronic HBV infection, IL-8 control also appears to be complex and multifaceted,
with the involvement of different signaling pathways, as shown by studies in which IL-8
inhibition increased the antiviral activity of IFN-« against HBV, indicating that: HBV
activates the expression of the IL-8 gene aiming at the epigenetic regulation of the IL-8
promoter; IL-8 can contribute to reducing the sensitivity of HBV to IFN-« [32]; chronic
infected flares of liver inflammation (spontaneous or induced by antiviral withdrawal)
are preceded by a parallel increase in interleukin-8 (IL-8) production and serum HBV
DNA levels; IL-8 can synergize with interferon-alpha (IFN-x) to activate NK cells [33,34];
and HBV-specific T cells that mature in the intrahepatic inflammatory environment can
produce IL-8, which in turn can contribute to the development of liver damage through
the recruitment of granulocytes [26,35].

Thus, IL-8 pathways are involved in the pathogenesis of chronic viral liver disease. In
this context, mechanisms that increase the levels of this cytokine, such as the wild genotype
of the IL8-251 A /T polymorphism and/or immune response mechanisms, may favor the
development of the most severe forms of the disease, further supporting the possible
role of IL-8 in inflammation and fibrogenesis. Otherwise, it is fair to think that inhibiting
IL-8 production or activity would be an alternative to suppressing viral activity, reduc-
ing or blocking liver inflammation, and improving IFN-o antiviral action with effective
immunotherapeutic approaches against HBV.

With regard to limitations in our study, we mention the difficulty in selecting chronic
HBYV and HCV carriers before antiviral therapy, in addition to this population being part
of a public health service in the State, with its own flow and demand, which, for ethical
reasons of the service, limited our access to some personal information and prevented us
from obtaining other biological samples from patients.

5. Conclusions

In summary, the wild-type genotype at IL8-251 A/T and a high level of IL-8 were
associated with a worse prognosis of HBV and HCV infections. This genotype and a high
IL-8 level may contribute to viral persistence and the development of more severe forms of
chronic viral liver diseases.

Author Contributions: A.C.R.V.and R.I. conceived and supervised the study; W.B.d.B. and S.R.5.d.S.C.
recruited participants and collected samples; E.d.S.G.A., M.A.EQ. and W.B.d.B. optimized and per-
formed the analysis and drafted the manuscript; LM.V.C.V. substantially revised the manuscript

draft. All authors have read and agreed to the published version of the manuscript.

Funding: The study was funded by the National Council for Scientific and Technological Develop-
ment (CNPq No. 480128/2013-8) and the Federal University of Pard (PROPESP/PAPQ/2020).

Institutional Review Board Statement: This study was approved by the Research Ethics Committee
of ‘Joao de Barros Barreto” University Hospital (protocols 962.537/2015 and 2.165.948 /2017) and
by the Research Ethics Committee of Santa Casa de Misericérdia Foundation of Para (protocol
772.782/2014) in accordance with the Declaration of Helsinki. All patients who agreed to participate
in the study signed an informed consent form.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The dataset of the current study will be made available from the
corresponding author by reasonable request.

Acknowledgments: We would like to thank all participants for donating blood for our study.

Conflicts of Interest: The authors declare no conflict of interest.



Biomolecules 2021, 11, 1664 12 of 13

References

1. Shin, E.-C,; Sung, P.S; Park, S.-H. Immune responses and immunopathology in acute and chronic viral hepatitis. Nat. Rev.
Immunol. 2016, 16, 509-523. [CrossRef]

2. Aleman, S.; Rahbin, N.; Weiland, O.; Davidsdottir, L.; Hedenstierna, M.; Rose, N.; Verbaan, H.; Stal, P.; Carlsson, T.; Norrgren,
H.; et al. A risk for hepatocellular carcinoma persists long-term after sustained virologic response in patients with hepatitis
C-associated liver cirrhosis. Clin. Infect. Dis. 2013, 57, 230-236. [CrossRef]

3.  Heim, M.H.; Thimme, R. Innate and adaptive immune responses in HCV infections. J. Hepatol. 2014, 61, S14-525. [CrossRef]

4. Pellicoro, A.; Ramachandran, P; Iredale, ].P; Fallowfield, J. Liver fibrosis and repair: Immune regulation of wound healing in a
solid organ. Nat. Rev. Immunol. 2014, 14, 181-194. [CrossRef]

5. Tanaka, M.; Miyajima, A. Liver regeneration and fibrosis after inflammation. Inflamm. Regen. 2016, 36, 1-6. [CrossRef]

6. Bedossa, P; Poynard, T. An Algorithm for the Grading of Activity in Chronic Hepatitis C. Hepatology 1996, 24, 289-293. [CrossRef]

7. Saile, B.; Ramadori, G. Inflammation, Damage Repair and Liver Fibrosis—Role of Cytokines and Different Cell Types. Z. Fiir
Gastroenterol. 2007, 45, 77-86. [CrossRef] [PubMed]

8. Harada, A.; Sekido, N.; Akahoshi, T.; Wada, T.; Mukaida, N.; Matsushima, K. Essential involvement of interleukin-8 (IL-8) in
acute inflammation. J. Leukoc. Biol. 1994, 56, 559-564. [CrossRef] [PubMed]

9.  Reyes, G.R. The nonstructural NS5A protein of hepatitis C virus: An expanding, multifunctional role in enhancing hepatitis C
virus pathogenesis. J. Biomed. Sci. 2002, 9, 187-197. [CrossRef] [PubMed]

10.  Hull, J. Association of respiratory syncytial virus bronchiolitis with the interleukin 8 gene region in UK families. Thorax 2000, 55,
1023-1027. [CrossRef] [PubMed]

11.  Roebuck, K.A. Regulation of Interleukin-8 Gene Expression. J. Interf. Cytokine Res. 1999, 19, 429-438. [CrossRef]

12.  Masumoto, T.; Ohkubo, K.; Yamamoto, K.; Ninomiya, T.; Abe, M.; Akbar, S.M.; Michitaka, K.; Horiike, N.; Onji, M. Serum
IL-8 levels and localization of IL-8 in liver from patients with chronic viral hepatitis. Hepatogastroenterology 1998, 45, 1630-1634.
[PubMed]

13.  Yang, K,; Guan, S--H.; Zhang, H.; Pan, Y.; Wu, Y.-Y.; Wang, A.-H.; Sun, B.-B. Enhanced Levels of Interleukin-8 Are Associated with
Hepatitis B Virus Infection and Resistance to Interferon-Alpha Therapy. Int. ]. Mol. Sci. 2014, 15, 21286-21298. [CrossRef]

14. Ayres, M.; Ayres Junior, M.; Ayres, D.L.; Santos, A.S. BioEstat 5.3: Aplicagées Estatisticas nas Areas das Ciéncias Biolégicas e Médicas;
Publicagbes Avulsas do Mamiraud: Belém, Brazil, 2011; p. 364.

15. Lee, T.C; Savoldo, B.; Barshes, N.R.; Rooney, C.M.; Heslop, H.E.; Gee, A.P,; Caldwell, Y.; Scott, ].D.; Goss, J.A. Use of cytokine
polymorphisms and Epstein-Barr virus viral load to predict development of post-transplant lymphoproliferative disorder in
paediatric liver transplant recipients. Clin. Transplant. 2006, 20, 389-393. [CrossRef] [PubMed]

16. Xu, D, Li, J.; Huang, X,; Lin, A.; Gai, Z.; Chen, Z. Impact of IL-8-251A /T gene polymorphism on severity of disease caused by
enterovirus 71 infection. Arch. Virol. 2016, 161, 203-207. [CrossRef] [PubMed]

17.  Queiroz, M.A.F,; Azevedo, V.N.; Amoras, E.S.G.; Moura, T.C.E,; Ishak, M.O.G.; Ishak, R.; Vallinoto, A.C.R.; Feitosa, RN.M. IENG
+874A /T Polymorphism Among Asymptomatic HTLV-1-Infected Individuals Is Poten-tially Related to a Worse Prognosis. Front.
Microbiol. 2018, 18, 795. [CrossRef] [PubMed]

18. Qin, X,; Deng, Y.; Liao, X.-C.; Mo, C.-J; Li, X,; Wu, H.-L.; He, Y.-N.; Huang, X.-M.; Peng, T.; Chen, Z.-P; et al. The IL-8 Gene
Polymorphisms and the Risk of the Hepatitis B Virus/Infected Patients. DNA Cell Biol. 2012, 31, 1125-1130. [CrossRef]

19. Borekci, G.; Karakas Celik, S.; Kandemir, O.; Aras, N.; Yalin, S. Kronik hepatit B ve C hastalarinda IL-1 beta, IL-1 reseptor
antagonisti ve IL-8 gen polimorfizmlerinin arastirilmasi Investigation of IL-1 beta, IL-1 receptor antagonist and IL-8 gene
polymorphisms in patients with chronic hepatitis B and C. Mikrobiyol. Bul. 2014, 48, 271-282. [CrossRef] [PubMed]

20. Santos, N.P,; Ribeiro-Rodrigues, E.M.; Ribeiro-Dos-Santos, A.K.; Pereira, R.; Gusmao, L.; Amorim, A.; Guerreiro, J.F.; Zago, M.A.;
Matte, C.; Hutz, M.H.; et al. Assessing individual interethnic admixture and population substructure using a 48-insertion-deletion
(INSEL) ancestry-informative marker (AIM) panel. Hum. Mutat. 2009, 31, 184-190. [CrossRef] [PubMed]

21. Al-Wabel, A.; Al-Knawy, B.; Raziuddin, S. Interleukin-8 and Granulocyte-Macrophage Colony-Stimulating Factor Secretion in
Hepatocellular Carcinoma and Viral Chronic Active Hepatitis. Clin. Immunol. Immunopathol. 1995, 74, 231-235. [CrossRef]

22. Polyak, S.J.; Khabar, K.S.A.; Rezeiq, M.; Gretch, D.R. Elevated Levels of Interleukin-8 in Serum Are Associated with Hepatitis C
Virus Infection and Resistance to Interferon Therapy. . Virol. 2001, 75, 6209-6211. [CrossRef]

23. Han, Z.Q.; Huang, T.; Deng, Y.Z.; Zhu, G.Z. Expression profile and kinetics of cytokines and chemokines in patients with chronic
hepatitis C. Int. J. Clin. Exp. Med. 2015, 8, 17995-18003.

24. Tian, M.; Zhao, D.Y.; Wen, G.Y.; Shi, S.Y.; Chen, R.H. Association between interleukin-8 gene-251 locus polymorphism and
respiratory syncytial virus bronchiolitis and post-bronchiolitis wheezing in infants. Zhonghua Er Ke Za Zhi 2007, 45, 856-859.

25. Tachibana, Y.; Nakamoto, Y.; Mukaida, N.; Kaneko, S. Intrahepatic interleukin-8 production during disease progression of chronic
hepatitis C. Cancer Lett. 2007, 251, 36—42. [CrossRef]

26. Zimmermann, H.W.,; Seidler, S.; Gassler, N.; Nattermann, J.; Luedde, T.; Trautwein, C.; Tacke, E. Interleukin-8 Is Activated in
Patients with Chronic Liver Diseases and Associated with Hepatic Macrophage Accumulation in Human Liver Fibrosis. PLoS
ONE 2011, 6, €21381. [CrossRef] [PubMed]

27. Zhang, C.; Gao, Y,; Du, C.; Markowitz, G.J.; Fu, J.; Zhang, Z.; Liu, C.; Qin, W.; Wang, H.; Wang, E; et al. Hepatitis B-Induced IL8

Promotes Hepatocellular Carcinoma Venous Metastasis and Intrahepatic Treg Accumulation. Cancer Res. 2021, 81, 2386-2398.
[CrossRef] [PubMed]


http://doi.org/10.1038/nri.2016.69
http://doi.org/10.1093/cid/cit234
http://doi.org/10.1016/j.jhep.2014.06.035
http://doi.org/10.1038/nri3623
http://doi.org/10.1186/s41232-016-0025-2
http://doi.org/10.1002/hep.510240201
http://doi.org/10.1055/s-2006-927395
http://www.ncbi.nlm.nih.gov/pubmed/17236124
http://doi.org/10.1002/jlb.56.5.559
http://www.ncbi.nlm.nih.gov/pubmed/7964163
http://doi.org/10.1007/BF02256065
http://www.ncbi.nlm.nih.gov/pubmed/12065893
http://doi.org/10.1136/thorax.55.12.1023
http://www.ncbi.nlm.nih.gov/pubmed/11083887
http://doi.org/10.1089/107999099313866
http://www.ncbi.nlm.nih.gov/pubmed/9840119
http://doi.org/10.3390/ijms151121286
http://doi.org/10.1111/j.1399-0012.2006.00498.x
http://www.ncbi.nlm.nih.gov/pubmed/16824159
http://doi.org/10.1007/s00705-015-2645-2
http://www.ncbi.nlm.nih.gov/pubmed/26497182
http://doi.org/10.3389/fmicb.2018.00795
http://www.ncbi.nlm.nih.gov/pubmed/29867783
http://doi.org/10.1089/dna.2011.1438
http://doi.org/10.5578/mb.7219
http://www.ncbi.nlm.nih.gov/pubmed/24819264
http://doi.org/10.1002/humu.21159
http://www.ncbi.nlm.nih.gov/pubmed/19953531
http://doi.org/10.1006/clin.1995.1034
http://doi.org/10.1128/JVI.75.13.6209-6211.2001
http://doi.org/10.1016/j.canlet.2006.10.028
http://doi.org/10.1371/journal.pone.0021381
http://www.ncbi.nlm.nih.gov/pubmed/21731723
http://doi.org/10.1158/0008-5472.CAN-20-3453
http://www.ncbi.nlm.nih.gov/pubmed/33653774

Biomolecules 2021, 11, 1664 13 of 13

28.

29.

30.

31.

32.

33.

34.

35.

Yu, Y,; Gong, R.; Mu, Y.; Chen, Y.; Zhu, C.; Sun, Z.; Chen, M,; Liu, Y.; Zhu, Y.; Wu, ]. Hepatitis B Virus Induces a Novel Inflammation
Network Involving Three Inflammatory Factors, IL-29, IL-8, and Cyclooxygenase-2. J. Immunol. 2011, 187, 4844—-4860. [CrossRef]
[PubMed]

Koo, B.C.A.; McPoland, P.; Wagoner, ].P.; Kane, O.].; Lohmann, V,; Polyak, S.J. Relationships between Hepatitis C Virus Replication
and CXCL-8 Production In Vitro. J. Virol. 2006, 80, 7885-7893. [CrossRef] [PubMed]

Langhans, B.; Kramer, B.; Louis, M.; Nischalke, H.D.; Hiineburg, R.; Staratschek-Jox, A.; Odenthal, M.; Manekeller, S.; Kalff, M.EJ.;
Fischer, H.P; et al. Intrahepatic IL-8 producing Foxp3+CD4+ regulatory T cells and fibrogenesis in chronic hepatitis C. J. Hepatol.
2013, 59, 229-235. [CrossRef] [PubMed]

Larrubia, ].R.; Moreno-Cubero, E.; Lokhande, M.U.; Garcia-Garzodn, S.; Lazaro, A.; Miquel, J.; Perna, C.; Sanz-de-Villalobos, E.
Adaptive immune response during hepatitis C virus infection. World ]. Gastroenterol. 2014, 20, 3418-3430. [CrossRef] [PubMed]

Pollicino, T.; Bellinghieri, L.; Restuccia, A.; Raffa, G.; Musolino, C.; Alibrandi, A.; Teti, D.; Raimondo, G. Hepatitis B virus (HBV)
induces the expression of interleukin-8 that in turn reduces HBV sensitivity to interferon-alpha. Virology 2013, 444, 317-328.
[CrossRef] [PubMed]

Dunn, C.; Brunetto, M.; Reynolds, G.; Christophides, T.; Kennedy, P.T.; Lampertico, P; Das, A.; Borrow, P.; Williams, K;
Humphreys, E.; et al. Cytokines induced during chronic hepatitis B virus infection promote a pathway for NK cell-mediated liver
damage. J. Exp. Med. 2007, 204, 667—680. [CrossRef] [PubMed]

Tan, A.T,; Koh, S.; Goh, W.; Zhe, H.Y.; Gehring, A.J.; Lim, S.G.; Bertoletti, A.A. longitudinal analysis of innate and adaptive
immune profile during hepatic flares in chronic hepatitis B. J. Hepatol. 2010, 52, 330-339. [CrossRef] [PubMed]

Gehring, A.J.; Koh, S.; Chia, A.; Paramasivam, K.; Chew, V.S.; Ho, Z.Z.; Lee, K.H.; Maini, M.K.; Madhavan, K.; Lim, S.G.; et al.
Licensing virus-specific T cells to secrete the neutrophil attracting chemokine CXCL-8 during hepatitis B virus infection. PLoS
ONE 2011, 6, €23330. [CrossRef]


http://doi.org/10.4049/jimmunol.1100998
http://www.ncbi.nlm.nih.gov/pubmed/21957142
http://doi.org/10.1128/JVI.00519-06
http://www.ncbi.nlm.nih.gov/pubmed/16873245
http://doi.org/10.1016/j.jhep.2013.04.011
http://www.ncbi.nlm.nih.gov/pubmed/23624000
http://doi.org/10.3748/wjg.v20.i13.3418
http://www.ncbi.nlm.nih.gov/pubmed/24707125
http://doi.org/10.1016/j.virol.2013.06.028
http://www.ncbi.nlm.nih.gov/pubmed/23890815
http://doi.org/10.1084/jem.20061287
http://www.ncbi.nlm.nih.gov/pubmed/17353365
http://doi.org/10.1016/j.jhep.2009.12.015
http://www.ncbi.nlm.nih.gov/pubmed/20137825
http://doi.org/10.1371/journal.pone.0023330

	Introduction 
	Materials and Methods 
	Study Design and Population Evaluated 
	Genotyping of IL8 A/T (rs4073) 
	Laboratory Data 
	Histopathological Analysis 
	Quantification of Plasma IL-8 
	Statistical Analysis 
	Plasma Viral Load 

	Results 
	Discussion 
	Conclusions 
	References

