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Background: The host immune response is an important indicator of the outcome of hepatitis C 

virus (HCV) infection and disease progression. The aim of this study was to explore cytokine 

gene polymorphisms as a candidate for susceptibility to persistent HCV infection or HCV 

spontaneous clearance in a population from Rio de Janeiro, Brazil.

Methods: Genetic polymorphisms in the cytokines, tumor necrosis factor-alpha (−308), trans-

forming growth factor-beta 1 (codons 10 and 25), interleukin-10 (IL-10; −1082 and −592), IL-6 

(−174), and interferon-gamma (+874) were analyzed by polymerase chain reaction sequence-

specific primers in 245 patients with chronic hepatitis C (CHC), 41 spontaneous recovery 

(SR) patients, and 189 healthy volunteers. Further, polymorphisms in IL-28B (rs12979860, 

rs12980275, and rs8099917) were assessed by real-time polymerase chain reaction in all 

groups.

Results: The IL-28B rs12979860 CC and rs12980275 AA genotypes were significantly associ-

ated with SR of HCV infection and response to therapy, whereas the C allele of IL-6 (−174) was 

associated with protection to CHC. A multivariate analysis showed that the male sex and IL-28B 

rs12979860 CT and TT and transforming growth factor-beta 1 (codon 10) TC genotypes were 

factors associated with CHC. Additionally, IL-6 (−174) C allele was increased in SR patients 

compared with patients with CHC.

Conclusion: IL-28B polymorphisms are associated with spontaneous clearance of HCV and 

response to therapy in a Brazilian population. Also, IL-6 (−174) C allele is involved in SR and 

decreased inflammation scores.
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Background
Chronic hepatitis C virus (HCV) infection commonly induces immune reactive 

inflammation, which results in continuous liver tissue damage and progression of liver 

fibrosis to cirrhosis or hepatocellular carcinoma.1 However, a small portion of patients 

(10%–30%) mount an immune response that successfully eliminates infection.2

Several risk factors have been investigated with the aim of identifying patients 

who may be predisposed to a less favorable outcome. Numerous case–control, can-

didate gene, and allele-association studies have examined the relationship between 

single-nucleotide polymorphisms (SNPs) and disease course in patients with HCV 

infection.3

Cytokines affect the natural course of HCV infection.2 Cytokines represent a large 

family of molecules, which play an important role in the initiation and regulation of 

immune responses, and therefore, these proteins may affect HCV infection outcome.4,5 

Tumor necrosis factor-alpha (TNF-α), transforming growth factor-beta 1 (TGF-β1), 
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Table 1 Characteristics of individuals with CHC, spontaneous 
recovery from hepatitis C virus, and healthy controls

CHC,  
n=245

SR, n=41 Healthy 
control, n=189

Male/female 121/124 26/15 98/91
Age (median ± SD), years 57.3±11.1 56.4±11.8 39.5±11.8
Self-declared ethnicity (n=234)
  White 87 (37.2%) 20 (48.8%) 108 (57.2%)
  Mestizo 127 (54.3%) 17 (41.5%) 45 (23.8%)
  Black 20 (8.5%) 4 (9.7%) 36 (19.0%)
Fibrosis (n=157)
 A bsent to moderate 80 (51.0%)
 A dvanced or cirrhosis 77 (49.0%)
Inflammation (n=135)
 A bsent to mild 109 (80.7%)
  Moderate to advanced 26 (19.3%)
Viral genotype (n=221)
  1 184 (83.3%)
  2/3 37 (16.7%)
Response to treatment (n=111)
 N R 74 (66.7%)
 S VR 37 (33.3%)

Notes: Ethnicity determined by self-declaration from Brazilian Institute of 
Geography and Statistics (IBGE) classification; fibrosis and inflammation according 
to Ishak score (fibrosis: absent to moderate [Ishak =0–3] and advanced [Ishak =4–6]; 
inflammation: absent to mild [Ishak ,9] and moderate to advanced [Ishak $9]); and 
response to treatment: nonresponse (NR) or sustained virologic response (SVR).
Abbreviations: CHC, chronic hepatitis C; SR, spontaneous recovery; SD, standard 
deviation.
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interleukin-10 (IL-10), IL-6, and interferon-gamma (IFN-γ) 

SNPs were reported to be associated with the response 

to natural clearance of HCV,6 the response to antiviral 

therapy,7 as risk factors for HCV infection,8 or progres-

sion to hepatic fibrogenesis,9 chronic liver disease,10 liver 

cirrhosis,11 hepatocellular carcinoma,12 or the outcome of 

liver transplantation.13,14

In 2009, three genome-wide association studies 

(GWAS) found that genetic polymorphisms within the 

IFN-λ locus on chromosome 19 (IL-28B rs12979860) 

determined the outcome of pegylated-IFN-α and ribavi-

rin (RBV) treatment responses in patients infected with 

genotype 1 HCV and were associated with spontaneous 

clearance of acute HCV infection.15 Also, in 154 Japanese 

patients with HCV genotype 1, another GWAS identified 

two SNPs, rs8099917 and rs12980275, lying between 

IL-28B and IL-28A that were associated with nonresponse 

(NR) to treatment.16

Cytokine gene polymorphisms are strongly associated 

with ethnicity.17 Considering the great ethnic diversity 

in the world, further studies with subjects from different 

regions and different ethnic backgrounds would provide 

important information to understand the interplay between 

host and viral factors responsible for HCV pathogenesis and 

the clinical course of infection.18 In this context, Brazilian 

population represents a unique group for a study of the 

association between cytokine polymorphisms and HCV 

infection because it is a highly genetically diverse population, 

composed primarily of a pool of individuals derived from 

Western European Caucasians, African Blacks, and South 

American Amerindians.19

Objectives
The aim of our study was to investigate whether a predisposi-

tion to chronic HCV infection or spontaneous HCV clearance 

is associated with a particular cytokine polymorphism in a 

Brazilian population.

Patients and methods
Patients were followed at the Gastroenterology Service at 

the Pedro Ernesto University Hospital of the Rio de Janeiro 

State University between 2004 and 2011. Chronic hepatitis C 

(CHC), spontaneous recovery (SR), and healthy control 

groups were distributed accordingly in Table 1. Self-declared 

Amerindians or donors with parents from Asia were excluded 

as their numbers were too small to be representative.

The study protocol was conducted in accordance with the 

ethical principles and guidance of the Helsinki Declaration 

and was approved by the Ethics Committee of Pedro Ernesto 

University Hospital of the Rio de Janeiro State University. All 

subjects provided written consent to participate in the study.

Patients with CHC
All patients with CHC tested positive for HCV antibodies 

using a second-generation enzyme-linked immunosorbent 

assay and tested positive for HCV RNA with polymerase 

chain reaction (PCR) at least three times in a 6-month 

follow-up. These patients were included in the study. The 

sequencing of the HCV NS5B region and sequence analysis 

were performed as previously described.20

HCV treatment
HCV treatment consisted of 180 µg/wk pegylated-IFN-α 

in combination with RBV dose adjusted to body weight 

(1,000–1,200 mg/d) for 48 weeks for patients with HCV 

genotype 1. Patients with HCV genotype 2 or 3 were 

treated with IFN + RBV for 24 weeks. Sustained virologic 

response (SVR) to treatment was defined using HCV viral 

load (VL) as a parameter at the end of treatment. Patients 

were declared to have treatment failure if the VL was 

detectable and treatment success if the VL was undetect-

able. Responses were defined as SVR and NR.
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Histopathology
Liver biopsies were performed in patients with CHC accord-

ing to the Ishak scoring system.21 Fibrosis of the liver was 

staged from absent to moderate (Ishak 0–3) or advanced 

(Ishak 4–6) in 157 biopsies. For inflammation stages, 

135 biopsies were assessed and subdivided in absent to mild 

inflammation (Ishak 0–8) and moderate to advanced inflam-

mation (Ishak $9).

SR patients
SR patients were positive for antibody by second-generation 

enzyme-linked immunosorbent assay (Abbott Laboratories, 

Abbott Park, IL, USA) and by an immunoblot assay (INNO-

LIA; Innogenetics, Ghent, Belgium) associated with a lack 

of detection of HCV RNA in serum (Amplicor; Hoffman-La 

Roche Ltd, Basel, Switzerland) on at least two occasions over an 

interval of at least 3 months. Patients with HIV/HCV or HBV/

HCV coinfections were also excluded from this group.

Cytokine genotype typing
PCR amplification of TNF-α, TGF-β1, IL-10, IL-6, IFN-γ, 

and an internal control, the human β-globin gene, was car-

ried out according to the manufacturer’s recommendations 

(Cytokine Genotyping Tray; One Lambda, Canoga Park, 

CA, USA).

The IL-28B polymorphisms rs12979860, rs12980275, 

and rs8099917 (ABI assay C_11710096_10) were determined 

with the ABI TaqMan SNP genotyping assays (Thermo 

Fisher Scientific, Waltham, MA, USA) using an ABI 7300 

real-time PCR instrument (Thermo Fisher Scientific), and the 

analysis was performed as allelic discrimination.

Statistical analysis
Allele and genotype frequencies were calculated and compared 

among individuals of different sex and ethnic groups using 

Epi Info Version 3.5.1 (CDC/OMS 1996; Centers for Disease 

Control and Prevention, Atlanta, GA, USA – http://www.

cdc.gov/epiinfo/). Hardy–Weinberg equilibrium was tested 

using Arlequin Version 3.5. The chi-square test with Yates’ 

correction or Fisher’s exact test, when appropriated, was used 

to compare allele and genotype frequencies among groups. 

A P-value ,0.05 was considered to be significant using Prism 

software Version 5.0 (GraphPad Software, Inc., La Jolla, CA, 

USA – http://www.graphpad.com). After univariate analyses, 

multivariate analyses were performed in R platform. Linear 

multivariate models were obtained by backward selection, using 

a P-value ,0.2 for removal from the model, with ethnicity and 

sex included in the model.

Results
Table 1 presents demographic, sex, and histopathological 

(fibrosis and inflammation) characteristics as well as the viral 

response to treatment of the 245 patients with HCV enrolled 

in the current study.

The genotype and allele frequencies of polymorphisms 

in IL-28B SNPs in all groups are presented in Figure 1. 

The frequency of the rs12979860 CC genotype was sig-

nificantly higher in the SR group (58.5%) compared to 

the patients with CHC (26.9%) and the control (33.9%) 

group (P=0.0001, odds ratio [OR] =0.26, 95% confidence 

interval [95% CI] =0.13–0.51 and P=0.005, OR =2.75, 

95% CI =1.38–5.50, respectively). Additionally, the 

rs12979860 CT genotype was decreased in the SR group 

(26.8%) compared to the CHC group (55.5%, P=0.001, 

OR =3.40, 95% CI =1.63–7.10) and the healthy control group 

(50.3%, P=0.01, OR =0.36, 95% CI =0.17–0.76).

Similarly, the frequencies of the rs12980275 AA and AG 

genotypes in the SR group (53.7% and 34.1%) were signifi-

cantly different from the frequencies in the other groups. The 

AA genotype was decreased in the CHC (31.4%, P=0.009, 

OR =0.39, 95% CI =0.20–0.77) and the healthy control group 

(35.4%, P=0.04, OR =2.11, 95% CI =1.11–4.43). The AG 

genotype was increased only in the CHC group (53.5%, 

P=0.03, OR =2.22, 95% CI =1.11–4.43).

After comparing patients and controls, it was evident that 

the presence of the C allele at rs12979860 and the A allele at 

rs12980275 was strongly associated with spontaneous clear-

ance of HCV infection. The IL-28B (rs12979860) C allele 

was more frequent in the SR group (72.0%) than in the CHC 

group (54.7%, P=0.005, OR =0.47, 95% CI =0.28–0.78) 

or the healthy control group (59.0%, P=0.04, OR =1.78, 

95% CI =1.05–3.01). The IL-28B (rs12980275) A allele 

was significantly more frequent in the SR group compared 

to the CHC group (70.7% vs 58.2%, P=0.04, OR =0.57, 

95% CI =0.34–0.95). No differences were observed in the 

frequency of the rs8099917 polymorphism in any of the 

groups.

The frequencies of additional cytokine gene polymor-

phisms are presented in Table 2. The frequency of the C allele 

SNP at IL-6 (−174) was increased in the SR group compared 

with the CHC group (32.9% vs 21.8%, P=0.04, OR =0.34, 

95% CI =0.34–0.94). However, no differences were observed 

when the genotype was considered. No other significant 

associations were observed.

The patients’ ethnicity was also examined using self-

declared data. In White subjects, the IL-28B rs8099917GG 

genotype was decreased in the healthy control group (2.8%) 
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Figure 1 Distribution of IL-28B polymorphisms among CHC, SR, and healthy control groups.
Notes: Chi-square test with Yates’ correction. (A) rs8099917. (B) rs12979860: *CC genotype: SR vs CHC, P=0.0001; SR vs healthy control, P=0.0050; **CT genotype: 
SR vs CHC, P=0.0010; SR vs healthy control, P=0.0100. (C) rs12980275: *AA genotype: SR vs CHC, P=0.0095; SR vs healthy control, P=0.0460; **AG genotype: SR vs CHC, 
P=0.0340. (D) Allele distribution of the IL-28B gene: *rs12979860C, SR vs CHC, P=0.0095; SR vs healthy control, P=0.0460; **rs12980275A: SR vs CHC, P=0.0400.
Abbreviations: IL, interleukin; CHC, chronic hepatitis C; SR, spontaneous recovery.
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compared to the SR group (15.0%, P=0.04, OR =6.17, 

95% CI =1.15–33.17). In Mestizos, the rs12979860 C allele 

is more frequent in the SR group (76.5%) than in the CHC 

group (53.9%, P=0.02, OR =0.36, 95% CI =0.15–0.82). This 

allele is also more frequent in the SR group in Blacks (87.5%) 

than in the CHC group in Blacks (50.0%, P=0.02, OR =9.25, 

95% CI =1.08–79.25). No other cytokine associations were 

found with relation to ethnicity.

Next, the clinical characteristics of patients with chronic 

HCV were examined. The presence of the rs12979860 CC 

genotype was significantly increased in patients with SVR 

(P=0.001, OR =0.2, 95% CI =0.09–0.53). The IL-28B 

(rs12980275) AA homozygous genotype was also increased in 

patients with SVR (P=0.008, OR =0.30, 95% CI =0.12–0.69). 

Similarly, the rs12979860 C allele and the rs12980275 

A allele were also increased in patients with SVR (70.3% 

and 73.0%, respectively) compared to NR patients (48.6%, 

P=0.03, OR =0.39, 95% CI =0.21–0.72 and 52.9%, P=0.007, 

OR =0.41, 95% CI =0.22–0.76, respectively, for the two 

alleles; Table 3). No other cytokine polymorphisms were 

associated with the SVR group.

An association between the virus genotype and a 

host cytokine gene polymorphism was observed only for 

rs8099917, where the TT genotype was more common in 

patients with virus genotype 1 (68.3%) than virus genotype 2 

or 3 (48.6%, P=0.03, OR =2.27, 95% CI =1.11–4.65; Table 3). 

No other cytokine was found to influence the occurrence of 

viral genotypes.

No associations were observed between cytokine genotype 

polymorphisms and fibrosis or inflammation. With regard to 

allele distribution, the IL-6 (−174) C allele was significantly 

decreased in patients with moderate/advanced inflammation 

(11.5%) compared to patients with absent/mild inflammation 

(26.1%, P=0.04, OR =2.71, 95% CI =1.10–6.70).

Multivariate analysis showed significant associations 

with parameters in the CHC group when compared to 

the SR group (Table 4). Male sex (P=0.0300, OR =2.20, 

95% CI =1.06–4.71) and IL-28 (rs12979860) CT and TT 

genotypes (P,0.0001, OR =5.30, 95% CI =2.40–12.45 and 

P=0.0400, OR =2.95, 95% CI =1.11–8.87, respectively) 

were found to be associated with susceptibility to CHC. 

However, TGF-β1 (codon 10) TC genotype (P=0.0300, 

OR =0.30, 95% CI =0.09–0.85) was associated with protec-

tion to CHC infection.

We also performed multivariate analysis to detect 

factors that could influence f ibrosis or inflammation 

stage and response to treatment in patients with CHC 

(Tables 5 and 6). The genotypes IL-10 (−592) CA (P=0.01, 

OR =0.16, 95% CI =0.03–0.63), TGF-β1 (codon 10) TC 

(P=0.02, OR =0.24, 95% CI =0.07–0.71), and IL-10 (−1082) 
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Table 2 Genotype and allele distribution in CHC, SR, and healthy 
control groups

Polymorphism Genotype/
allele

CHC,  
n (%)

SR, n (%) Healthy 
control,  
n (%)

IFN-γ (+874) AA 104 (42.4) 17 (41.5) 77 (40.7)

TA 101 (41.2) 20 (48.8) 81 (42.9)
TT 40 (16.3) 4 (9.8) 31 (16.4)
A 309 (63.1) 54 (65.9) 235 (62.2)

IL-10 (-1082) AA 106 (43.3) 22 (53.7) 97 (51.3)

GA 110 (44.9) 16 (39) 67 (25)
GG 29 (11.8) 3 (7.3) 25 (13.2)
A 322 (65.7) 38 (73.2) 261 (69.0)

IL-10 (-592) CC 106 (43.3) 18 (43.9) 85 (40.7)

AC 110 (44.9) 19 (46.3) 78 (41.3)
AA 29 (11.8) 4 (9.8) 26 (13.8)
C 322 (65.7) 55 (67.1) 248 (65.6)

IL-6 (-174) GG 153 (43.3) 17 (46.3) 110 (58.2)

GC 77 (44.9) 19 (41.5) 64 (33.9)
CC 15 (11.8) 5 (12.2) 15 (7.9)
G 107 (78.2) 53 (64.6)* 284 (75.1)

TGF-β1  
(codon 10)

TT 70 (28.6) 12 (29.3) 54 (28.6)
TC 117 (47.8) 24 (58.5) 103 (54.5)
CC 58 (23.7) 5 (12.2) 32 (16.9)
T 257 (52.4) 48 (58.5) 211 (55.8)

TGF-β1  
(codon 25)

GG 213 (86.9) 36 (87.8) 161 (85.2)
CG 30 (12.2) 4 (9.8) 26 (13.8)
CC 2 (0.8) 1 (2.4) 2 (1.1)
G 456 (93.1) 76 (92.7) 348 (92.1)

TNF-α (-308) GG 194 (79.2) 35 (85.4) 152 (80.4)

GA 49 (20.0) 4 (9.8) 34 (18)
AA 2 (0.8) 2 (4.9) 3 (1.6)
G 437 (89.2) 74 (90.2) 338 (89.4)

Notes: Chi-square test with Yates’ correction. *P=0.04 (SR vs CHC).
Abbreviations: CHC, chronic hepatitis C; SR, spontaneous recovery; IFN-γ, 
interferon-gamma; IL, interleukin; TGF-β1, transforming growth factor-beta 1; 
TNF-α, tumor necrosis factor-alpha.

Table 3 IL-28B genotype and allele distribution according to response to treatment and viral genotype in patients with chronic 
hepatitis C

Polymorphism Genotype/ 
allele

NR, n (%) SVR, n (%) VG 1, n (%) VG 2/3, n (%)

IL-28B (rs12979860) CC 13 (18.8) 19 (51.4)* 48 (26.1) 10 (27.0)
CT 41 (59.4) 14 (37.8)* 104 (56.5) 21 (56.8)
TT 15 (21.7) 4 (10.8) 32 (17.4) 6 (16.2)
C 67 (48.6) 52 (70.3)* 200 (54.3) 41 (55.4)

IL-28B (rs12980275) AA 18 (26.1) 20 (54.1)* 57 (31.0) 11 (29.7)
AG 37 (53.6) 14 (37.8) 100 (54.3) 20 (54.1)
GG 14 (20.3) 3 (8.1) 27 (14.7) 6 (16.2)
A 73 (52.9) 54 (73.0)* 214 (58.2) 42 (56.8)

IL-28B (rs8099917) TT 42 (61.8) 27 (73) 125 (68.3)* 18 (48.6)
TG 22 (32.4) 10 (27) 53 (29.0) 17 (45.9)
GG 4 (5.9) 0 (0) 5 (2.7) 2 (5.4)
T 106 (77.9) 64 (86.5) 303 (82.8) 53 (71.6)

Notes: Chi-square test with Yates’ correction. *P,0.05.
Abbreviations: NR, nonresponse; SVR, sustained virologic response; VG 1, viral genotype 1; VG 2/3, viral genotype 2 or 3; IL, interleukin.
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GA (P=0.04, OR =0.24, 95% CI =0.06–0.90) were significantly 

associated with stages of low fibrosis. The IL-28B rs12980275 

GG genotype (P=0.03, OR =3.56, 95% CI =1.15–11.82) was 

associated with a higher fibrosis severity. Further, the presence 

of genotypes associated with intermediate cytokine production 

of TGF-β1 (TC/GC, CC/GG, or TT/GC; P=0.03, OR =0.27, 

95% CI =0.08–0.82) confers protection to elevated grade of 

fibrosis, whereas IL-10 (GCC/ACC or GCC/ATA; P=0.02, 

OR =7.87, 95% CI =1.41–49.83) is associated with fibrosis 

severity (Table 5).

We also observed that the IL-6 (−174) allele C (P=0.003, 

OR =0.16, 95% CI =0.05–0.5) and the IL-28B rs12979860 

CT genotype (P=0.04, OR =0.15, 95% CI =0.02–0.87) are 

protection factors to inflammatory activity. Age also had an 

influence on inflammation severity (P=0.005, OR =1.09, 95% 

CI =1.03–1.16; Table 6).

Finally, our linear multivariated model indicated some 

factors that were associated with response to treatment, 

where viral genotype 2 or 3 (P=0.015, OR =4.24, 95% 

CI =1.36–14.17) promotes better response to treatment, 

and IL-28B rs12979860 TC and TT genotypes (P=0.003, 

OR =0.18, 95% CI =0.05–0.53 and P=0.003, OR =0.11, 95% 

CI =0.02–0.45, respectively) and the intermediate producer 

haplotype of IL-10 GCC/ACC or GCC/ATA (P=0.008, OR 

=0.14, 95% CI =0.03–0.57) were associated with NR.

Discussion
Our data demonstrate the association between cytokine gene 

polymorphisms and the clinical course of HCV infection in a 

Brazilian admixed population. The most important association 
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was observed in relation to polymorphism in IL-28. This 

polymorphism was significantly associated with spontaneous 

clearance of HCV and response to antiviral treatment.22

Currently, IL-28B has been identified to predict the 

response to interferon-based therapy23 with a strong associa-

tion with the viral kinetics during the first days of therapy,24 

natural clearance of HCV,25 and fibrosis progression.26

Thomas et al found that rs12979860 is strongly associated 

with spontaneous clearance of HCV spontaneously in popula-

tions of African or European ancestry, with an approximately 

three times higher rate of clearance in individuals with the 

rs12979860 genotype CC vs CT or TT.27 In the present 

study, we confirmed the influence of IL-28B genotypes and 

alleles on spontaneous clearance of HCV infection. The 

rs12979860 CT genotype was the most frequent in both 

CHC and healthy control groups (55.5% and 50.3%), but in 

the SR group, the most frequent genotype was CC (58.5%). 

Similarly, the rs12980275 AA was more frequent in the SR 

group (53.7%).

IL-28B polymorphisms are distributed differently among 

populations throughout the world.27 Brazilians are one of 

the most admixed populations and have a representative 

frequency of these SNPs. To our knowledge, we are the first 

group to observe an association between rs12980275 and 

HCV outcome in Brazil. This SNP is also associated with a 

sustained response to therapy in many studies.28

The risk of HCV infection varies according to ethnicity, 

with Asians having the highest risk.25 The observed frequency 

of rs12980275 in our work can be valuable for future analysis 

in Brazilian populations, despite this polymorphism’s strong 

linkage disequilibrium with rs12979860.24

IL-28B (rs8099917) TT is associated with better progno-

sis during interferon-based therapy. In Brazil, this association 

was observed by Ramos et al29 and Garcia et al30 who reported 

an association with spontaneous viral clearance in hepatitis C 

infection. However, it was not observed by Ferreira et al31 

Table 5 Factors associated with fibrosis severity in chronic 
hepatitis C patient biopsies

OR 5%–95% CI P

White Ref
Mestizo 0.47 0.22–1.00 0.05
Black 0.24 0.05–0.99 0.06
Female 0.57 0.26–1.22 0.15
Age 1.04 0.99–1.08 0.06
TGF-β1 TC/GC or CC/GG or TT/GC 0.27 0.08–0.82 0.03*
IL-10 GCC/ACC or GCC/ATA 7.87 1.41–49.83 0.02*
IL-10 (-592) CC Ref
IL-10 (-592) CA 0.16 0.03–0.63 0.01*
IL-10 (-592) AA 0.24 0.04–1.3 0.10
TGF-β1 (codon 10) CC Ref
TGF-β1 (codon 10) TC 0.24 0.07–0.71 0.02*
TGF-β1 (codon 10) TT 0.45 0.15–1.35 0.16
IL-10 (-1082) AA Ref
IL-10 (-1082) GA 0.24 0.06–0.90 0.04*
IL-10 (-1082) GG 0.34 0.06–1.61 0.18
IL-28B rs12980275 AA Ref
IL-28B rs12980275 AG 1.07 0.48–2.87 0.87
IL-28B rs12980275 GG 3.56 1.15–11.82 0.03*

Notes: ORs were calculated for the comparison of patients with no or moderate 
fibrosis vs those with advanced degree of fibrosis. The final model was obtained 
by backward selection (P,0.2), with sex and ethnicity included in the model. Ishak 
score of fibrosis: absent to moderate (Ishak =0–3) and advanced (Ishak =4–6). 
*Indicates statistical significant difference (P,0.05).
Abbreviations: OR, odds ratio; 5%–95% CI, confidence interval 5%–95%; IL, 
interleukin; Ref, reference; TGF-β1, transforming growth factor-beta 1.

Table 4 Factors associated with chronic hepatitis C

OR 5%–95% CI P

White Ref
Mestizo 2.10 0.96–4.69 0.07
Black 1.22 0.36–5.04 0.76
Male 2.20 1.06–4.71 0.04*
Age 1.00 0.97–1.03 0.89
IL-10 (-1082) AA Ref

IL-10 (-1082) GA 1.91 0.89–4.19 0.10

IL-10 (-1082) GG 3.02 0.88–14.2 0.11
IL-28B rs12979860 CC Ref
IL-28B rs12979860 CT 5.30 2.4–12.46 ,0.0001*
IL-28B rs12979860 TT 2.95 1.11–8.87 0.04*
TGF-β1 (codon 10) CC Ref

TGF-β1 (codon 10) TC 0.30 0.09–0.85 0.03*

TGF-β1 (codon 10) TT 0.43 0.12–1.34 0.16

Notes: ORs were calculated for the comparison of patients with chronic hepa
titis C vs spontaneous recovery patients. The final model was obtained by backward 
selection (P,0.2), with sex and ethnicity included in the model. *Indicates statistical 
significant difference (P,0.05).
Abbreviations: OR, odds ratio; 5%–95% CI, confidence interval 5%–95%; Ref, 
reference; IL, interleukin; TGF-β1, transforming growth factor-beta 1.

Table 6 Factors associated with inflammation severity in patients 
with chronic hepatitis C

OR 5%–95% CI P

White Ref
Mestizo 1.10 0.38–3.29 0.867
Black 0.0 – 0.992
Female 0.74 0.26–2.04 0.562
Age 1.09 1.03–1.16 0.005*
IL-6 (-174) allele C 0.16 0.05–0.5 0.003*

TGF-β1 (codon 10) allele T 0.44 0.15–1.34 0.147
IL-28B rs12979860 CC Ref
IL-28B rs12979860 CT 0.15 0.02–0.87 0.044*
IL-28B rs12979860 TT 0.05 0.0007–1.66 0.136
IL-28B rs12980275 AA Ref
IL-28B rs12980275 AG 2.31 0.44–15.3 0.346
IL-28B rs12980275 GG 20.36 0.6–1,352.9 0.121

Notes: ORs were calculated for the comparison of patients with no or mild 
inflammation vs those with moderate to advanced degree of inflammation. The final 
model was obtained by backward selection (P,0.2) with sex and ethnicity included 
in the model. Ishak score of inflammation: absent to mild (Ishak ,9) and moderate 
to advanced (Ishak $9). *Indicates statistical significant difference (P,0.05).
Abbreviations: OR, odds ratio; 5%–95% CI, confidence interval 5%–95%; IL, 
interleukin; Ref, reference; TGF-β1, transforming growth factor-beta 1.
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and Conde et al,32 two other works made in Brazil. Grandi 

et al33 in a population from south Brazil reported that the 

rs12979860 CC genotype was significantly associated with 

higher treatment response rates and a lower relapse rate com-

pared to other genotypes. Cavalcante et al34 confirmed this 

result in a population from northeast Brazil, where IL-28B 

rs12979860 CC was associated with SVR, and the CT or 

TT genotypes were associated with failure of therapy. These 

results confirm the extreme heterogeneity in Brazil, justifying 

the achievement of studies in different Brazilian populations 

to better understand CHC outcomes.

Cavalcante et al34 also analyzed IL-28B SNPs with regard 

to ancestry. They observed a high (80.7%) T allele frequency 

that was significantly associated with SVR. In addition, the 

TT genotype frequency in their HCV genotype 1 population 

was 63%. These data are similar to our results in the CHC 

group (TT =65.6%), which displays one of the highest fre-

quencies of this allele described.35 In Cavalcante’s work, 

the African genetic contribution determined by analyzing 

seven ancestry informative markers was significantly greater 

among patients in the nonresponder group compared with 

those in the SVR group. However, ancestry classified using 

self-reported ethnicity was not associated with HCV therapy 

response. We also did not find any associations with HCV 

infection and self-reported ethnicity in our groups, but our 

data suggest a role for ethnicity in the allele frequency of 

rs12979860 in the Mestizo and Black groups because the C 

allele is more frequent in the SR group (76.5% and 87.5%). 

The SR group also has the highest percentage of rs8099917 

GG in White subjects (15.0%).

Ethnic and racial differences are known to influence 

HCV infection outcomes.36 Wu et al37 suggested that IL-28B 

allele frequency and racial descent itself can contribute to 

the difference in SVR rates across different population 

groups. Our results contribute to a better understanding of 

IL-28B polymorphisms and HCV infection in an admixed 

population like Brazilians. Self-reported ethnicity can be 

very useful in strategic planning aiming at an individual 

therapeutic approaches and adverse drug effect profile 

prediction in an admixed population.38 In fact, we previ-

ously reported the influence of ethnicity on the association 

between human leukocyte antigens and spontaneous viral 

clearance of HCV.39

We observed a higher frequency of the TNF-α (−308) 

A allele in absent/mild inflammation; further studies with a 

large sample should be done to confirm the relevance of this 

result. Recently, Talaat et al40 suggest that a TNF-α polymor-

phism may not be a host genetic factor associated with the 

severity of HCV infection but may be an independent risk 

factor for hepatocellular carcinoma.

In Brazil, few studies have demonstrated these asso-

ciations between cytokine gene polymorphisms and HCV 

infection outcomes.41 Recently, Ramos et  al,29 in addition 

to examining an association with IL-28B polymorphisms, 

reported the participation of IL-10 (−1082) GG and IL-4 (+3) 

CT genotypes during acute hepatitis C with viral clearance. 

We failed to find an association with these cytokines, but the 

controversy regarding cytokine polymorphisms and CHC42–44 

encourages us to continue studying the influence of host poly-

morphisms and hepatitis C outcomes. Recently in a similar 

article, Pasha et al45 reported that IL-28B, TGF-β1 (−509), 

and TNF-α (−308) polymorphisms that appear to influence 

cytokine production may be host genetic factors associated 

with HCV genotype 4 infection susceptibility and response to 

combined antiviral treatment, demonstrating the importance 

of host genetic factors in HCV infection outcome.

IL-6 is a circulating cytokine secreted by activated 

macrophages and lymphocytes, which acts as an important 

modulator of immune responses.46 In HBV infection, the IL-6 

(−174) CC gene polymorphism at the −174 locus affects the 

outcome of chronic hepatitis B.47 In HCV infection, Pavón-

Castillero et al48 reported that the IL-6 serum concentration 

is a factor that is independently associated with SVR. We 

found a higher frequency of the IL-6 (−174) C allele in SR 

patients compared with patients with CHC, confirming the 

data from Barrett et al.49 This is the first reported association 

study of IL-6 polymorphisms and spontaneous viral clearance 

of hepatitis C in Brazil.

In our study, we failed to detect a direct effect of TGF-β1 

on HCV infection outcome. However, multivariate analysis 

revealed an association between the TGF-β1 (codon 10) 

genotype and CHC outcome and severity of fibrosis. Many 

studies have reported an association between TGF-β1 

and chronic hepatitis, but the results of these studies are 

controversial. Romani et  al concluded that SNPs in the 

TGF-β1 gene cannot be used as prognostic factors for HCV 

infection in an Iranian population, despite the possibility that 

most of the population is susceptible to HCV infection.44 

However, the functionally relevant TGF-β1 polymorphism 

(GG) at codon 25 may play a role in the rapid development of 

HCV-induced graft fibrosis, and the presence of the C allele 

in addition to younger donor age, female sex of the recipient, 

and HCV genotype other than 1b seems to protect against 

the development of advanced stages of fibrosis.50

In Brazil, Pereira et al identified a statistically significant 

relationship between the TGF-β1 codon 25 polymorphism 
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and the HCV infection; however, there was no such asso-

ciation with polymorphisms in codon 10.41 Here, we have 

investigated the same cytokine polymorphisms, and we found 

an association with only codon 10 of the TGF-β1 gene rather 

than codon 25.

No association in IFN-γ (+874) was found, confirming 

recent findings in which this polymorphism seems to have 

any effect on the outcome of therapy in patients with HCV 

infection.51

A limitation of the present study was the small number 

of SR group, which restricts statistical power, inference, and 

generalizability. Therefore, our results should be interpreted 

with caution. Further studies in other populations or compris-

ing a large cohort are necessary to reevaluate our findings 

and to establish whether our results can be replicated or 

indeed whether we may have missed positive associations 

with regard to cytokine polymorphisms.

Conclusion
In conclusion, our results demonstrated that the SNPs 

rs12979860 and rs12980275 upstream of IL-28B are 

associated with spontaneous clearance of HCV and treat-

ment response in a population from Rio de Janeiro, Brazil. 

Furthermore, we found an influence of the IL-6 (−174) 

C allele on the clearance of HCV. Our results concern-

ing histopathological characteristics provide important 

insights to better understand HCV infection outcomes. 

Since Brazil is a continental country, with many differ-

ent genetic background, our study is useful to show some 

genetic characteristics in patients with CHC in Rio de 

Janeiro population.
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