
and the latter were not associated with the risks of death 
or HCC. 

CONCLUSION: This study suggests the lack of 
association of SDF-1 3’A , MCP-1 (-2518) , CCR5-∆32  
polymorphisms with death and HCC occurrence in cirrhotic 
HCV-infected patients.

© 2008 WJG. All rights reserved.
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INTRODUCTION
Host factors influencing the course of  hepatitis C virus 
(HCV)-related liver disease are still poorly understood. As 
HCV infection is a major health issue worldwide leading to 
life-threatening complications such as hepatocellular carci-
noma occurrence (HCC), refining the selection of  patients 
with a poorer prognosis in order to intensify anti-viral 
therapy or HCC screening is of  major interest. Among 
these factors, genetic polymorphisms that could either 
influence virological response or hepatocarcinogenesis (or 
both) could be in the future useful markers to improve the 
selection of  HCV-infected patients at higher risk of  devel-
oping end-stage liver diseases[1]. 

Chemokines constitute a large family of  small  
(8-10 kDa) cytokines whose effects are mediated by  
members of  a family of  7-transmembrane domain G-pro-
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Abstract
AIM: To explore the influence of polymorphisms in 
genes encoding for the chemokines Stromal cell-Derived 
Factor-1 (SDF-1)/CXCL12  and Monocyte Chemotactic 
Prote in-1 (MCP-1)/CCL2 , or for the chemokine 
receptor CCR5  on the risks of liver-related death and 
hepatocellular carcinoma (HCC) occurrence in hepatitis C 
virus (HCV)-infected patients.

METHODS: SDF-1 3’A , MCP-1 (-2518)  and CCR5-∆32   
polymorphisms, SDF-1α, Regulated upon Activation 
Normal T cells Expressed and Secreted (RANTES)/CCL5 
and MCP-1 serum levels were determined in 120 HCV-
infected patients, included at time of cirrhosis diagnosis 
and prospectively followed-up. 

RESULTS: During follow-up, 23/120 (19.1%) patients 
died and 47/120 (39.1%) developed HCC. Carriers 
and noncarriers of each genetic marker had similar 
baseline characteristics estimating the severity of liver 
disease. The occurrence of death or HCC during follow-
up was similar among carriers and noncarriers of each 
polymorphism. There was no association between the 
carriage of mutated alleles and chemokine serum levels 
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tein coupled receptors[2]. In the liver, chemokines have 
become increasingly recognized as important mediators of  
hepatic inflammation[3]. In particular, stromal cell-derived 
factor-1 (SDF-1)/CXCL12 plays a role in the recruit-
ment and the retention of  immune cells in the liver dur-
ing chronic HCV and hepatitis B virus infection[4]. Lym-
phocytes infiltrating HCV-infected liver express high levels 
of  the CC chemokine receptor CCR5[5] and the CCR5 
ligand, regulated upon activation, normal T cells expressed 
and secreted (RANTES)/CCL5 may attract naive and ac-
tivated T cells to the portal and periportal areas[6]. Hepatic 
stellate cells (HSCs) have been shown to regulate leukocyte 
trafficking by secreting the CC-chemokine, Monocyte Che-
moattractant Protein-1 (MCP-1)/CCL2 and it has been 
suggested that MCP-1 may have a direct profibrogenic ac-
tion via HSC chemotaxis[7]. 

These three major chemokines involved in the patho-
genesis of  inflammatory liver disease are subject to various 
genetic polymorphisms[3]. Several studies suggested that 
chemokine system polymorphisms could be involved in 
the clinical outcome of  HCV-infected patients, either by 
modulating virological response or by influencing the se-
verity of  liver injury. Indeed, significant associations were 
found between CCR5-∆32, which is a 32-bp deletion in 
the CCR5 gene leading to a nonfunctional protein[8], and 
reduced portal inflammation or milder fibrosis[9], as well 
as enhanced viral clearance[10]. Furthermore, Promrat et al 
suggested that expression of  CCR5 and one of  its ligands, 
RANTES, may be important in the modulation of  hepatic 
inflammation and response to interferon therapy in chron-
ic hepatitis C[11]. This particular CCR5-∆32 polymorphism 
does not appear to be the only chemokine system genetic 
variant influencing the course of  HCV infection; indeed, 
MCP-1 (-2518) allele carriage was found to be associated 
with higher MCP-1 secretion by hepatic stellate cells and 
enhanced inflammation and fibrosis[12]. 

Chemokines have also been shown to be involved in 
the development of  various cancers, mainly breast carci-
noma, their physiopathological action including tumour 
growth, invasion and metastasis[13,14]. Recently, our team 
showed that SDF-1 stimulates human hepatoma cell 
growth, migration and invasion, with data obtained in hu-
man liver biopsy specimens confirming in vitro findings[15]. 
The homozygous (G to A) mutation at position 801 of  the 
3’-untranslated region of  the SDF-1 gene, SDF-1 3’A has 
been linked to delayed progression to AIDS in adults with 
HIV-1 infection[16], but its influence in the course of  HCV 
infection is still unknown.

	 When taking in account (1) the previously de-
scribed influence of  chemokine system polymorphisms on 
virological response, liver inflammation and fibrosis in the 
course of  HCV infection and (2) their possible implica-
tion in various cancer development and possibly HCC, we 
hypothesized that these polymorphisms could influence 
the progression of  HCV-related liver injury towards end-
stage liver disease. The aim of  this work was to study the 
influence of  the most studied polymorphisms CCR5-∆32, 
MCP-1 (-2518) and SDF-1 3’A on the prognosis of  pro-
spectively followed-up patients with HCV-related cirrhosis, 
as assessed by the risks of  liver-related death and HCC oc-
currence. As genetic variation affecting the regulatory re-

gions of  chemokine genes may modulate their mRNA and 
protein levels, RANTES, SDF-1α and MCP-1 chemokine 
serum levels were also determined in these patients.

MATERIALS AND METHODS
Inclusion of patients
The present work is part of  a large prospective study, 
which is ongoing in the department of  hepatology of  the 
Jean Verdier hospital, aiming to prospectively assess risk 
factors involved in HCC development in chronic liver 
diseases from various etiologies. Among these factors, 
various genetic polymorphisms have been studied over 
the past few years including chemokine and chemokine 
receptor dimorphisms[17-20]. 

We compiled all new HCV-infected patients who were 
consecutively referred to our liver unit for diagnosis and 
treatment between January 1, 1991 and December 31, 
2001, and who fulfilled the following inclusion criteria: (1) 
transparietal or transjugular biopsy-proven cirrhosis; (2) 
chronic infection by HCV defined by positive serum HCV-
RNA; (3) daily alcohol consumption < 20 g; (4) no other 
cause of  liver disease and no infection by the human im-
munodeficiency virus or hepatitis B virus; (5) no evidence 
of  HCC at the time of  inclusion, as judged by negative 
ultrasonographic findings and serum α-fetoprotein (AFP) 
less than 50 ng/mL; (6) residence in France; (7) availability 
of  a blood sample to prepare DNA; and (8) acceptance of  
a regular follow-up for the detection of  HCC. 

For each patient, the date of  inclusion was the date 
of  the first liver biopsy showing cirrhosis. Gender, age, 
Child-Pugh score, serum alanine aminotransferase (ALT) 
and aspartate transaminase (AST) levels, platelet count, 
HCV genotype were recorded at inclusion. The Ethics 
Committee of  our hospital approved the trial.

Follow-up
Patients were prospectively evaluated every 6 mo by physical 
examination, ultrasonography and AFP measurements. 
When these investigations suggested possible HCC, 
computed tomography and/or magnetic resonance imaging 
and/or a guided liver biopsy were performed according to 
Barcelona criteria[21]. 

The two main end-points of  the study were the 
occur rence of  HCC, and the occur rence of  l iver 
transplantation or death. Follow-up ended at the date of  
death or liver transplantation, or at the last recorded visit 
(or information) within the last 6 mo before August 31, 
2006, which was set as the final time limit for upgrading 
the patients’ file. The virological response was evaluated in 
patients who underwent anti-viral treatment. A sustained 
virological response was defined as the persistence of  
a negative serum HCV-RNA 6 mo after the end of  
treatment.

DNA extraction, amplification, CCR5, SDF-1 and MCP-1 
genotyping 
Genomic DNA was prepared from blood by standard 
methods[19]. All samples were recoded and blinded. 
Patients gave written consent for blood sampling and 
CCR5, SDF-1, MCP-1 genotyping. Polymerase chain 
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reaction amplification of  CCR5 alleles was performed 
on genomic DNA as previously described[19]. The SDF-1  
3’A variant (801G to A in the 3’-untranslated region) was 
detected by electrophoresis on 2.5% agarose gel after 
PCR amplification and MspI (New England Biolabs, Saint-
Quentin-en-Yvelines, France) digestion as previously 
described[16]. Genotype analysis for MCP-1 (-2518) was 
performed on genomic DNA with PCR with sequence-
specific primers followed by restriction fragment length 
polymorphism analysis as described[22,23]. Briefly, after 
PCR amplification, PCR products were digested with  
PvuⅡ (recognizes the MCP-1 -2518 A/G transition) (New 
England Biolabs).

ELISA assay 
All tests were performed using frozen serum collected at 
fasting and stored at -80℃.	SDF-1α, RANTES, MCP-1 
serum levels were determined on blood samples collected 
at inclusion. ELISA assays were performed in patients 
without evidence of  systemic infection at time of  blood 
sample collection as previously described[19]. 

Statistical analysis 
Qualitative variables were compared using the Fischer 
exact χ2	 test or χ2 trend test with 1 degree of  freedom, 
while quantitative variables were compared using the non-
parametric Wilcoxon test. 

The Kaplan-Meier method was used to estimate death 
and the occurrence of  HCC for each parameter noted at 
enrolment, and the distribution of  death and HCC were 

compared with the Log-rank test[24]. Statistical analysis 
used the SAS System Package version 8.02 (SAS Institute,  
Cary, NC).

All reported P values are two-tailed. Associations were 
first considered statistically significant at a two-tailed α  
of  0.05. 

RESULTS
Characteristics of patients according to the studied 
genotypes
One hundred and twenty patients were included in this 
study. All of  them had CCR5 and SDF-1 genotype assess-
ment and 98 of  them had MCP-1 genotype assessment. 
Demographic, biological and clinical characteristics ac-
cording to the CCR5, SDF-1, and MCP-1 genotypes are 
summarized in Table 1. As a very small number of  patients 
were homozygotes for CCR5-∆32 allele (n = 0), SDF-1  
3’A allele (n = 6), MCP-1 (-2518) allele (n = 6), we gathered 
them with heterozygotes in order to compare patients with 
at least one mutated allele to wild-type homozygotes.

Baseline characteristics estimating the severity of  
liver disease (prothrombin time, bilirubin levels, albumin, 
ascites, encephalopathy, Child-Pugh score) were similar 
among carriers and noncarriers of  each genetic marker 
(Table 1 and data not shown). Demographic data were not 
different according to allele distributions. Finally, we did 
not observe any association between the studied chemok-
ine system polymorphisms and the corresponding baseline 
chemokine serum levels. Thus, there was no association 

Table 1  Characteristics and outcome of patients with HCV-related cirrhosis classified according to MCP1, CCR5 and SDF-1 genotypes

MCP1 genotype (n  = 98) CCR5 genotype (n  = 120) SDF-1 genotype (n  = 120)

MCP-1/MCP-1 
homozygotes

Heterozygotes or 
homozygotes for 

MCP-1 (-2518)  allele

CCR5/CCR5 
homozygotes

Heterozygotes or 
homozygotes for 
CCR5∆32  allele

SDF-1/
SDF-1 

homozygotes

Heterozygotes or 
homozygotes for 
SDF-1 3’A  allele

 (n  = 56)  (n  = 42) P  (n  = 106)  (n  = 14)   P  (n  = 65)  (n  = 55)  P
57.2% 42.8% 88.4% 11.6% 54.1% 45.9%

Age (yr)1,2    58.7 ± 12.3 58.5 ± 11.8 0.9 58.7 ± 12.1   56.6 ± 13.1 0.7    57.3 ± 11.5  59.8 ± 13.0 0.1

Male gender1,3 31 (55.3) 17 (40.4) 0.1 53 (50.0)  8 (57.1) 0.7 35 (53.8)          25 (45.4) 0.4
ALT (× ULN)1,2   2.6 ± 1.0   2.9 ± 1.2 0.5     2.8 ± 1.2   2.2 ± 0.6 0.03    2.7 ± 1.8  2.8 ± 1.1 0.7

AST (× ULN)1,2   2.1 ± 0.8   2.1 ± 0.7 0.9     2.2 ± 0.8   1.6 ± 0.6 0.008    2.1 ± 0.8   2.2 ± 0.9 0.6

Platelet count
 (103/mm3)1,2

138.3 ± 64.7 142.8 ± 65.0 0.5   138.3 ± 64.7 142.8 ± 65.0 0.5  128.6 ± 60.1 152.9 ± 71.3 0.07

Child Pugh score1,2  5.1 ± 0.6 5.1 ± 0.7 0.4     5.2 ± 0.7   5.0 ± 0.2 0.6    5.2 ± 0.8   5.1 ± 0.5 0.2

MCP1 serum levels
 (pg/mL)1,2

448 ± 150 564 ± 168 0.9 - - - - - -

RANTES serum levels 
 (pg/mL)1,2 

- - -     28847 ± 18878  29576 ± 15905 0.6 - - -

SDF-1 serum levels
 (pg/mL)1,2

- - - - - -  2347 ± 690  2201 ± 333 0.7

HCV genotype 13 40 (71.4) 35 (83.3) 0.2       82 (77.3)     13 (92.8) 0.2      49 (75.3)     46 (83.6) 0.3

Anti-viral treatment3 32 (57.1) 26 (61.9) 0.6       62 (58.4)     10 (71.4) 0.4      44 (67.9)     28 (52.7) 0.1

Sustained virological3

Response
14 (25.0) 11 (26.1) 0.9       25 (23.5)       3 (21.4) 0.9      16 (24.6)     12 (21.8) 0.8

HCC development3 17 (30.3) 19 (45.2) 0.1       43 (40.5)       4 (28.5) 0.5      26 (40.0)     21 (38.1) 0.7

Death3 10 (17.8)   6 (14.2) 0.7       20 (18.8)       3 (21.4) 0.7      11 (16.9)     12 (21.8) 0.4

1Parameters recorded at inclusion. 2mean ± SD. 3Number (percentage) of patients. ALT: Alanine aminotransferase; AST: Aspartate transaminase; HCV: Hepatitis 
C virus; HCC: Hepatocellular carcinoma occurrence.
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between the carriage of  CCR5-∆32 and the serum levels 
of  RANTES, neither between the carriage of  SDF-1 3’A 
and SDF-1α serum levels, nor between MCP-1 (-2518) al-
lele carriage and MCP-1 serum levels.

Outcome of patients
The incidence of  death or transplantation among carriers 
and noncarriers of  each polymorphism is shown in Table 1.  
Figure 1 displays their prospective influence on these 
events. 

During follow-up, 23/120 (19.1%) patients died 
or underwent liver transplantation (n = 2). Death was 
attributable to liver disease in all cases, due to advanced 
HCC in 19 cases or due to variceal bleeding and/or liver 
failure in 4 cases. None of  the patients included in this 
study were lost during follow-up. Mean time of  follow-up 
of  the cohort was 90.7 ± 43.2 mo. 

The incidence of  death or transplantation during follow-
up was similar among carriers and noncarriers of  each 
genetic marker (Table 1). Using the Kaplan-Meier method, 
we successively studied the influence of  the mutated alleles 
as risk factors for death/liver transplantation in this cohort. 
None of  the studied polymorphisms had an influence on 
these events (Figure 1). According to genotypes, quartile 
time of  survival was 112 mo in patients carrying at least 
one allele CCR5-∆32 vs 120 mo	 in wild-type homozygotes 
[RR = 1.0 (95% CI = 0.3-3.4), P = 0.3]; 114 mo in patients 
carrying at least one allele SDF-1 3’A vs 149 mo in wild-
type homozygotes [RR = 1.9 (95% CI = 0.8-4.4), P = 0.1]; 
139 mo in patients carrying at least one allele MCP-1 (-2518) 
vs 115 mo	in wild-type homozygotes [RR = 0.5 (95% CI = 
0.1-1.5), P = 0.2]. 

Seventy-two/120 patients underwent curative anti-
viral therapy during follow-up. According to genotype 
distribution, the proportion of  treated patients was similar 
in each group, as well as the infection by HCV genotype 
1 which was the most represented in the cohort. None 
of  the studied polymorphisms influenced the sustained 
virological response (SVR) (Table 1).

Final ly, basel ine RANTES, SDF-1α or MCP-1 
serum levels were not associated with the risk of  death/

transplantation in our cohort or with the probability of  
SVR (data not shown). 

HCC occurrence
Although inclusion criteria required the absence of  
detectable HCC at the time of  inclusion, 47/120 (39.1%) 
patients developed HCC during follow-up. Mean time to 
occurrence of  HCC in this cohort was 78.5 ± 40.5 mo. 

HCC occurrence during follow-up was not different 
among carriers and noncarriers of  each polymorphism 
(Table 1). Using the Kaplan-Meier method, we successively 
studied the influence of  the mutated alleles as risk factors 
for HCC development in this cohort. None of  the studied 
polymorphisms had an influence on this event (Figure 2). 
According to genotypes, quartile time to HCC occurrence 
was 72 mo in patients carrying at least one allele CCR5-
∆32 vs 68 mo	 in patients wild-type homozygotes [RR 
= 0.5 (95% CI = 0.2-1.6), P = 0.3]; 72 mo in patients 
carrying at least one allele SDF-1 3’A vs 68 mo in wild-
type homozygotes [RR = 1.1 (95% CI = 0.6-2.0), P = 0.6];  
67 mo in patients carrying at least one allele MCP-1 (-2518) 
vs 72 mo	in patients wild-type homozygotes [RR = 1.1 (95% 
CI = 0.5-2.1), P = 0.8]. 

Finally, baseline RANTES, SDF-1α or MCP-1 serum 
levels were not associated with the risk of  HCC occurrence 
in our cohort (data not shown). 

DISCUSSION
The results of  this study are consistent with a lack of  
influence of  CCR5-∆32, SDF-1 3’A and MCP-1 (-2518) 
chemokine system polymorphisms on the prognosis of  
patients with HCV-related cirrhosis as observed in patients 
with alcoholic cirrhosis[19]. Our hypothesis, based on 
the results of  several case-control studies displaying an 
involvement of  these genetic variants in the progression 
of  liver injury in HCV-infected patients, was tested on a 
large cohort of  prospectively followed-up patients with a 
large number of  events allowing us to be confident in such 
a conclusion. The observed discrepancies between the 
present work and the previously published studies could 
have several explanations[9,10,12,25]. 
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Figure 1  Survival according to CCR5-∆32, SDF-1 3’A 
and MCP-1 (-2518) allele carriage. None of the studied 
polymorphisms had an influence on survival (at least 
one mutated allele carriers vs wild type homozygotes). 
CCR5-∆32: Quartile time of survival = 112 mo vs 120 
mo [RR = 1.02 (95% CI = 0.3-3.4), P = 0.3]; SDF-1 3’A:  
Quartile time of survival = 114 mo vs 149 mo [RR = 1.9 
(95% CI = 0.8-4.4), P = 0.1]; MCP-1 (-2518): Quartile 
time of survival = 139 mo vs 115 mo [RR = 0.5 (95% CI = 
0.1-1.5), P = 0.2]. 
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Case-control studies are subject to many methodo-
logical biases, including selection bias. Some controversial 
results have a lready been repor ted regarding the 
involvement of  chemokine system polymorphisms in the 
course of  HCV infection. Indeed, Woitas et al reported 
a higher prevalence of  the CCR5-∆32 allele carriage in 
HCV-infected patients compared with controls, suggesting 
that this genetic variant could be associated with a higher 
risk of  developing chronic infection when exposed to 
the virus[25]. This finding has never been confirmed[9-11,26], 
raising the issue of  selection of  specific sub-groups of  
patients displaying different levels of  HCV exposure and 
the need to confirm such results in independent cohorts. 
Nevertheless, despite these methodological limitations and 
controversies[25,27] common to all case-control studies, the 
influence of  chemokine system polymorphisms on HCV-
related liver injury relies on solid histological and biological 
data obtained in human biopsy specimen[9-11]. 

Our main end-points were the occurrence of  liver-
related death and HCC in our cohort. These events depend 
on various and numerous factors, including therapeutic 
management that can modify the natural course of  the 
disease. As a matter of  fact, active preventive procedures 
aiming to lower life-threatening complications have been 
carried out in this cohort such as digestive hemorraghe 
prevention by band ligation or interferon therapy which 
has been shown to improve survival and lower the risk of  
HCC incidence in patients with HCV-related cirrhosis[28,29]. 
As well, as regular HCC screening was carried out in 
our cohort, patients with small HCC underwent curative 
treatment, thus modifying their prognosis. Despite the 
prospective aspect of  this study, one could wonder if  such 
therapeutic interventions could induce major changes 
in the natural course of  the disease, thus modifying the 
importance of  chemokine system involvement on the 
progression of  liver injury.

A secondary aim of  this work was to assess the 
influence of  the studied polymorphisms on anti-viral 
therapy. Indeed, several reports showed that CCR5 
polymorphisms could be host genetic factors predicting 
anti-viral treatment success, suggesting that this chemokine 
receptor could be involved in interferon therapy 

response[11,30,31]. In the present paper, we did not observe 
any influence of  the studied polymorphisms on anti-viral 
treatment response. 

The funct iona l consequences of  the s tud ied 
polymorphisms are still poorly understood, requiring 
further in vitro and in vivo studies aiming to assess if  
chemokines may be fair serum host factors to explain 
the inter-individuals differences of  evolutions in HCV-
infected patients. No association was found between the 
polymorphisms under study and the baseline serum levels 
of  the corresponding chemokines. Furthermore, these 
serum levels did not influence the outcome of  patients. 
Nevertheless, the selection of  cirrhotic patients is unlikely 
to be a good choice for the study of  the association of  
polymorphisms with serum levels of  a given compound 
as liver function might affect circulating levels. The 
assessment of  the correlation between chemokine 
system genetic variants and the corresponding circulating 
chemokines as well as their possible influence on hepatic 
injury should be conducted in patients without liver 
function impairment. 

However, these data do not exclude that the chemokine 
levels in the liver may vary during the course of  HCV-
related liver disease, as demonstrated by others[32]. Indeed, 
a statistically significant association between the intrahepatic 
RANTES expression and the inflammatory activity of  
chronic hepatitis C was found[32].

It seems reasonable to consider that the progression 
of  liver injury in the course of  HCV infection is a 
continuous pathological process from primo-infection to 
the development of  end-stage liver disease. Nevertheless, 
mechanisms involved in this progression may not have the 
same implication before and after the onset of  cirrhosis. 
Thus, the influence of  chemokine system could be therefore 
more critical during the first steps of  the infection during 
which liver inflammation and fibrogenesis are the main 
physiopathological events. Conversely, their involvement 
in hepatocarcinogenesis or the progression of  liver injury 
towards liver failure and portal hypertension may not be 
significant enough (or such events the consequences of  
too many pathological pathways) to observe an influence 
of  their genetic variants.

Figure 2  HCC incidence according to CCR5-∆32, SDF-1 3’A  
and MCP-1 (-2518) allele carriage. None of the studied 
polymorphisms had an influence on the risk of HCC 
occurrence (at least one mutated allele carriers vs wild type 
homozygotes). CCR5-∆32: Quartile time to HCC occurrence 
= 72 mo vs 68 mo [RR = 0.5 (95% CI = 0.2-1.6), P = 0.3]; 
SDF-1 3’A: Quartile time to HCC occurrence = 72 mo vs 68 
mo, [RR = 1.1 (95% CI = 0.6-2.0), P = 0.6]; MCP-1 (-2518): 
Quartile time to HCC occurrence = 67 mo vs 72 mo [RR = 1.1 
(95% CI = 0.5-2.1), P = 0.8].
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In conclusion, the results of  this study display a lack 
of  influence of  major chemokine system polymorphisms 
towards liver-related death and HCC occurrence that 
were previously described as possible host factors 
influencing the course of  HCV infection. This finding 
highlights the need to assess the prognostic value of  such 
polymorphisms in prospectively followed-up cohorts of  
patients. If  confirmed by other independent cohort studies 
as previously reported[27], these results suggest that	CCR5-
∆32, SDF-1 3’A and MCP-1 (-2518) polymorphisms are 
not fair candidate genetic variants to select HCV-infected 
patients at higher risk of  developing end-stage liver 
disease.
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