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The effect of host genetic variation on the outcome of hepatitis C virus (HCV) infection and
its treatment is poorly understood. The chemokine receptors CCR5, CCR2, and CCR3 and
their ligands, RANTES, MCP-1, MCP-2, and MIP-1a;, are involved in the immune re-
sponses and the selective recruitment of lymphocytes to the liver in HCV infection. We
studied 20 polymorphisms within these genes and investigated their association with per-
sistent carriage of HCV, severity of liver disease, hepatic inflammation, and response to
treatment in a large European cohort. Significant associations were found between CCR5-
A32 and reduced portal inflammation (P = .011, odds ratio [OR]: 2.3, 95% confidence
interval [CI]: 1.09-4.84) and milder fibrosis (P = .015, OR: 1.97, 95% CI: 1.13-3.42). A
promoter polymorphism at position —403 in the RANTES gene was associated with less
severe portal inflammation (P = .004). An amino acid change in MCP2, Q46K, was asso-
ciated with severity of fibrosis (P = .018, OR: 2.29, 95% CI: 1.14-4.58). In conclusion, our
study suggests a possible role of the polymorphisms CCR5-A32, RANTES —403, and

MCP-2 Q46K in the outcome of HCV infection. (HEPATOLOGY 2003;38:1468-1476.)

See Editorial on Page 1359

epatitis C virus (HCV) is a major global health
problem with 1% to 2% of the world’s popula-
tion chronically infected. The prevalence of in-
fection in the United Kingdom is approximately 0.5%,!
but it is likely that this figure will continue to rise as more
cases come to light. Persistent HCV infection has a very
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tactic protein; MIP, macrophage inflammatory proteins; SNP, single nucleotide
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ligation detection reaction; OR, odds ratio.
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variable outcome, with 25% of those infected developing
cirrhosis within 20 years, of whom 3% to 5% per year will
proceed to hepatocellular carcinoma. A further 5% per
year will develop liver failure, and 2% per year will die of
a liver-related death. There is also a very variable response
to treatment because only 40% of those treated with in-
terferon alfa and ribavirin successfully clear the virus.?3
There are a number of epidemiologic and viral factors that
influence susceptibility to persistent HCV infection, pro-
gression of HCV-related liver disease, and response to
treatment, but host genetic factors are also influential.
This study has examined 20 polymorphisms in the genes
for the CC chemokine receptors (CCR) CCR5, CCR2,
and CCR3 and their ligands, RANTES (regulated and
normal T-cell expressed and secreted), MCP-1 (mono-
cyte chemotactic protein), MCP-2, and MIP-1¢ (macro-
phage inflammatory protein), to try and elucidate their
role in the immunopathologic outcome of HCV infec-
tion.

Chemokines constitute a large family of small (8-10
kD) cytokines that are up-regulated in inflammation and
whose effects are mediated by members of a family of 7
transmembrane domain, G protein—coupled receptors.
Their major role is in leukocyte migration and dependent
processes such as immune surveillance and innate and
adaptive immune responses. Chemokines have been
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linked with several disease states including psoriasis, ath-
erosclerosis, arthritis, and multiple sclerosis.

It is now known that chemokine receptors also have a
role in infectious disease either because of over expression
of receptors or by facilitating entry of pathogens into per-
missive cells. In 1996, the CCR5 was shown to act as a
cofactor for entry of macrophage-tropic strains of HIV-
1.>¢ Shortly after this, a series of reports described the
defective CCR5-A32 allele, which established the role of
CCRS5 in HIV pathogenesis.”> CCR5-A32 is a 32-bp
deletion in the CCRS5 gene resulting in a nonfunctional
protein,” explaining the almost complete protection
against HIV-1 infection in individuals homozygous for
the defective allele and delayed progression to AIDS in
heterozygotes.810

CCRS is a strong candidate gene for the outcome of
HCYV infection and the course of HCV-related liver dis-
ease. The immune response in persistent hepatitis C is
compartmentalized, with a predominant Th2 or ThO re-
sponse in the periphery'! and a Th1 response in the liver!?
associated with progressive liver injury. Differences in
chemokine receptor expression between Thl and Th2
cells may influence their selective recruitment to tissues.
In vitro, Th1 cells that express CCR5 migrate to their
respective chemokines, RANTES and MIP-1a,'? which
are largely confined to the portal regions.'# Portal inflam-
mation is the predominant pattern of inflammation seen
in persistent viral infection, including HCV, and is asso-
ciated with a less aggressive course of disease.'> Antigen-
presenting dendritic cells are located in the portal area and
infiltrating T cells are exposed to infected hepatocytes in
the periportal area. Thus, these areas could be sites of the
initial immune response to hepatitis C viruses. Apart from
T-cell migration, CCR5 and other chemokine receptors
mediate cell activation, costimulation, and differentiation
of T cells and monocytes during innate and adaptive im-
munity.'® These are all processes relevant to HCV clear-
ance or persistence, which are likely to be modified by the
loss of a functional CCRS5 receptor. In addition to CCR5-
A32,7 CCR5 promoter single nucleotide polymorphisms
(SNP) were studied here.

CCR2 also serves as an HIV-1 coreceptor, and a role in
modulating the immune response as well as recruiting
monocytes/macrophages to sites of inflammation has
been suggested.!” Only 1 variant has been reported in
CCR2, which leads to a Valine—Isoleucine substitution
at amino acid position 64. This is within the first trans-
membrane region and has been shown to be associated
with a delay in progression to AIDS'81%; this protection is
genetically independent of that conferred by CCR5-A32.

Five polymorphisms have been identified in the CCR3
gene: 2 silent mutations (T51C, C240T) and 3 that en-
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code amino acid changes, an arginine to glutamine at
amino acid position 275 (G824A), a leucine to proline at
amino acid position 351 (T1052C),2°-22 and a cysteine to
serine substitution at amino acid position 218 (T652A).23

Two polymorphisms have been described in the RAN-
TES promoter region. It has been suggested that the
RANTES —28G mutation increased RANTES expres-
sion in HIV-1-infected individuals and thus caused a de-
lay in the progression of HIV-1 disease.?* The second
polymorphism is a G—A substitution at position —403.
There is evidence that the mutant A allele leads to in-
creased transcription of RANTES and that the A allele
is associated with an increased susceptibility to atopy,
asthma,?5 and HIV .26

MIP-1e has both phagocyte stimulating and proin-
flammatory properties?” and is a key ligand for CCR5. A
biallelic dinucleotide microsatellite repeat has been iden-
tified within the MIP-1a promoter region.?8 MCP-1 and
2 are active on multiple leukocyte populations showing
chemotactic activity at low concentration in vitro.2>3°
Hepatic stellate cells (HSC) have been shown to regulate
leukocyte trafficking by secreting MCP-13! and MIP-1a,
and it has been suggested that MCP-1 may have a direct
profibrogenic action via HSC chemotaxis.> Two poly-
morphisms have been identified in the distal regulatory
region of the MCP-1 gene. The polymorphism at —2076
does not appear to affect MCP-1 transcription. However,
in vitro cells from individuals who are heterozygous or
homozygous for G at —2518 appear to produce more
MCP-1 than cells from individuals homozygous for A at
—2518.33 Little is known about the role of MCP-2 in
pathology, although it may act as an effector molecule in
the inflammatory events occurring in multiple sclerosis.>4
One SNP has been identified in the MCP-2 gene to date.
No significant difference in biologic activity has been ob-
served between the 2 isoforms.3

Tables 1 and 2 give an overview of the genes and poly-
morphisms investigated during the course of this study.
Specifically, we report here on our findings of 20 poly-
morphisms in the chemokines CCR5, CCR2, and CCR3
and their ligands RANTES, MIP-1a, MCP-1, and
MCP-2 with respect to persistent HCV infection.

Patients and Methods

Patients. Participants for this study were recruited
from several large hepatology clinics across Europe be-
tween October 1995 and February 2001. Patients were
categorized on the basis of viral serology, liver histology,
and response to treatment. Exclusion criteria included
coinfection with HBV or HIV. All patients were positive
for HCV antibody with no evidence of liver disease be-
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Table 1. Summary of the Chemokines Analyzed in This Study and Their Receptors
Polymorphisms Polymorphism Disease
Ch ki Recept: Responding Cells Studied Functional Effect Association
RANTES CCR1, CCR3, Eosinophils, monocytes, activated T cells, —28 1 RANTES expression HIV24 Asthma, atopy25:26
CCR5, DARC NK cells, immature dendritic cells —403 1 RANTES expression
or no effect
MCP-1 CCR2, CCR10 Basophils, monocytes, activated T cells, G-2518A 1 MCP-133
NK cells, immature dendritic cells A-2076T None known
MCP-2 CCR1, CCR2, CCR3, Basophils, monocytes, activated T cells, Q46K None known3® Multiple sclerosis3*
CCR4, CCR5 NK cells, immature dendritic cells
MIP-1a CCR1, CCR5 Eosinophils, monocytes, activated T cells, Microsatellite - -

NK cells, immature dendritic cells

NOTE. The receptors shown in bold were studied.

cause of other causes. Patients classified as having a per-
sistent infection were HCV antibody positive and PCR
positive for more than 6 months postpresentation or
likely time of infection. Patients with a self-limiting infec-
tion showed normal concentrations of liver aminotrans-
ferase enzymes; they were HCV antibody positive and
PCR negative at presentation on at least 1 occasion more
than 3 months later.

The response to combined interferon alfa and ribavirin
or interferon alfa therapy alone was evaluated in patients
who had received treatment for more than 3 months.
Viraemia was measured using the Roche Amplicor test
with a lower end sensitivity of 500 genomes per mL. Sus-
tained responders (SR) were defined as individuals with
normal concentrations of liver aminotransferases and no
detectable viraemia for more than 6 months after the
course of drug administration. Nonresponders (NR) were
defined as patients with continuous viraemia more than 3
months into therapy. Relapsers (RL) were those patients
with nondetectable viraemia during the course of treat-
ment and detectable viraemia following the end of drug
administration. Liver biopsy specimens were scored using
Ishak’s modification of the histology activity index
(HAI)'S for the grading of inflammation (0-18) and fibro-
sis (0-6). Patients with persistent infection were divided
into those with a fibrosis score of <2 (mild) or >3 (se-
vere) at the time of presentation and those with a necro-

inflammatory score of <5 (mild) or >5 (severe). Further
details of the patients’ criteria are reported in Thursz et
al.?¢ Six hundred seventy-two patients were genotyped in
total. Information on clinical and environmental factors
was collected at recruitment. Unfortunately, complete
data for all factors were not available for each subject, thus
reducing the numbers available for analysis for some phe-
notypes (Table 3). All subjects were tested for each poly-
morphism.

Genotyping. Sample genotypes for SNP and the
CCR5-A32 were analyzed by the ligation detection reac-
tion (LDR). PCR products containing the SNP of interest
were generated under standard conditions in a 15-uL
reaction containing 1X reaction buffer, 1-2 mmol/L
MgCl,, 0.32 mmol/L dNTP (all reagents Perkin Elmer
Applied Biosystems, Warrington, United Kingdom),
0.12 wmol/L of forward (F) and reverse (R) primer, re-
spectively, 1 U Taq Gold polymerase, 50 ng DNA, and
dH,0. Cycling parameters were 94°C for 14 minutes,
followed by 35 cycles of 94°C for 30 seconds, the specific
annealing temperature (see below) for 30 seconds, and
72°C for 30 seconds, followed by a final step of 72°C for
5 minutes. For PCR primer sequences, PCR annealing
temperatures, and PCR product size, refer to Table 4.

For genotyping by the LDR method, 3 oligonucleotide
probes are required for each SNP. These comprise 2 allele-
specific probes labelled with a different fluorescent tag at

Table 2. Summary of the Chemokine Receptors Analyzed in This Study and Their Ligands

Chemokine Polymorphisms Polymorphism Disease
Receptor Ligands Expression Studied Functional Effect Association
CCR2 MCP-1, -2, -3, 4 Monocytes, T cells, basophils, V64l None known HIV
dendritic cells
CCR3 RANTES, Eotaxin, MCP-4 T cells,2! basophils,2! eosinophils,  T52C, C240T, T652A, G824A, T1052C - -
dendritic cells
CCR5 MIP-1«, -13, RANTES, Monocytes, T cells, dendritic cells A32 | receptor function HIV
MCP-2, -4 A-2733G, G-2554T, G-2459A, T-2135C, (see text) —2459 HIV

C-2132T, A-2086G, C-1835T

NOTE. The ligands shown in bold were studied.



HEPATOLOGY, Vol. 38, No. 6, 2003

Table 3. Demographic and Phenotypic Data for Cohort

No. Total

Sex Male 349 (56%)

Female 274 (44%) 623 (93%)
Ethnicity Caucasian 558 (92%)

Afro-Caribbean 30 (5%)

Asian 19 (3%) 607 (90%)
HCV carriage Cleared 128 (19%)

Persistent 544 (81%) 672 (100%)
Fibrosis Mild 318 (72%)

Severe 125 (28%) 443 (66%)
Interferon response Sustained response 90 (26%)

Relapsed 125 (36%)

Nonresponse 131 (38%) 346 (51%)
Necroinflammation <5 189 (62%)

>5 118 (38%) 307 (46%)
Portal Inflammation 0+1 56 (25%)

2,3+ 4 167 (75%) 223 (33%)

NOTE. Fibrosis and inflammation scores are defined in the Patients and
Methods section.

the 5" end and the allele-specific base at the 3" end as well
as a phosphorylated unlabelled common probe. Details of

the LDR method have been described elsewhere.3” For
genotype determination, 1 uL of each LDR amplification
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product was run on an ABI prism 373 sequencer (Perkin
Elmer Applied Biosystems), and sample genotypes were
analyzed using GENESCAN and Genotyper software
programmes (Perkin Elmer Applied Biosystems).

The MIP-1a microsatellite was genotyped by PCR
using a fluorescein-labelled primer. The products were
resolved by polyacrylamide gel and detected on an ABI
prism 373 sequencer (Perkin Elmer Applied Biosys-
tems).

Statistical Analysis. The distribution of genotype
and allele frequencies was analyzed using standard 3 X 2
or 2 X 2 x? tests or Fisher exact tests applying SPSS 10.0.5
for Windows (SPSS Inc.). A value of 2 < .05 was consid-
ered significant. The odds ratio (OR) was calculated to
indicate the risk associated and presented with 95% con-
fidence intervals (CI). The potentially confounding ef-
fects of ethnic group, age at infection, and sex were
corrected for by logistic regression. Data for age at infec-
tion were only available for 60% of patients, thereby re-
ducing the statistical power considerably. Therefore,
power calculations have been performed for each SNP
genotyped and presented as the probability of the study

Table 4. PCR and LDR Primers and Annealing Temperatures for all Polymorphisms Studied

Gene PCR Primers PCR Temp Polymorphism LDR Primers LDR Size LDR Temp
CCR5 For: CCTGGCTGTCGTCCATGCTG 55° CCR5-A32 Wild type: CAGTCAGTATCAATTCTGGAAGAATTTCCAGACA 62°
Rev: CTGATCTAGAGCCATGTGCACAACTCT Deletion: AaaCATTACACCTGCAGCTCTCATTTTCCATACA
Common: TTAAAGATAGTCATCATCTTGGGGCTGGTCCTGCaaaaaaaaaaaataaaaataa
CCR5 prom For: TGGGGTCTCATTTGCCTTCTTA 55° —1835 Com: ATTTGGCAAACACCAAGTGCTCATACAATTATCTTAAAATATATAAAAATTAT 92bp 66°
Rev: AACTGTGACCCTTTCCTTATCT Allelic: GAGATGAGTAAAAGACTTTACAGGAAACCCATARAAGA T/C
—2086 Common: GAAGAACYGTTCTCTGATTCTTTTCGCCTTCAATACAAAATTAAT 89bp 66°
Allelic: ACCAGAGATCTATTMTCTAGCTTATTTTAAGCTCAACTTAAAA G/A
—2132 Common: AARKTTTATTTACGGGCYTTTCTCACTGGATTATTTTGAAAAAAAAAAAA 86bp 71°
Allelic: TITAAGTTGAGCTTAAAATAAGCTAGAKAATAGATCTCAGGTCT A/G
—2135 Common: TTYAGACCAGAGATCTATTMTCTAGCTTATTTTAAGCTCAACTTAAAAGG 83bp 71°
Allelic: CAAAATAATCCAGTGAGAAARGCCCGTAAATAAAM C/T
—2459 Common: CACAGGGTTAATGTGAAGTCCAGGATCCCCaaaatataaatttaaaaaaaatt T7bp 66°
Allelic: CGGGGAGAGTGGAGAAAAAGGGG A/G
—2554 Common: TITCCGTTTACAGAGAACAATAATATTGGGTGGTGAAA T4bp 64°
Allelic: TGAGCCCATAGTTAAAACTCTTTAGACAACAGGTT T/G
—2733 Common: ATCCTGCCACCTATGTATCTGGCATAGTGTGAGTAAAA 80bp 64°
Allelic: AAATTTCTCATAGCTTCAGATAGATTATATCTGGAGTGAAG G/A
CCR2 For: CCAACGAGAGCGGTGAAGAAGT 53° Common: TCCTCATCTTAATAAACTGCAAAAAGCTGAAGTGCTTataaatataaataaa 66°
Rev: AAGCAAACACAGCATGGACAATAG Allelic: aGTTTTGTGGGCAACATGCTGGTC G/A
CCR3 For: TIGTGGGATTGTATTTTTCTTCTT 55° T51C Common: GATGACGTGGGCCTGCTCTGTGAAAAA 67bp 68°
Rev: CCCCTGGCCTGTGGTAA Allelic: ACTAGATACAGTTGAGACCTTTGGTACCACATCCTACTA T/C
C240T Common: CTGCTCTTCCTCGTCACCCTTCCATTCTGATAAATAATAAAATAAA 70bp 68°
Allelic: CTGTCAACCTGGCCATTTCGGA C/T
T652A Common: GCTACACAGGAATCATCAAAACGCTGCTGAAAAAAAAATAATITTITT 73bp 68°
Allelic: TCTCCCTCTGCTCGTTATGGCCATC T/A
G824A Common: GACGAAGCATCTGGACCTGGTCATGCTAAAATATATAAAATAAA 76bp 68°
Allelic: AAATCCATCTTATTTGGAAATGACTGTGAGC G/A
T1052C Common: TCTATTGTGTTTTAGGTCAGATGCAGAAAATTGCCATTTATAATTAATAATTAA 79bp 68°
Allelic: TCCATCCACAGCAGAGCCGGAAC T/C
MCP1-prom For: GCTCCGGGCCCAGTATCT 60° —2518 Common: ACTTTCCAGAAGACTTTCTTTTCTGATTCATACCCAAATAAAAAAAAAAAAAAT 83bp 68°
Rev: GGCCATCTCACCTCATCTTCC Allelic: TAAGCAGAAGTGGGAGGCAGACAGCT G/A
—2076 Common: GATTAGAGAGAGGTTTCCCCGATATGAGGAAAACTTCAAAATTATAATAAAAT 85bp 68°
Allelic: ACACCAAGTTCATGGTAAAGGATGCACTAAC A/T
MCP2 For: TACGGTGGGTCCTAAATGTCT 53° Q46K Common: AACGGGGCAAGGAGGTCTGTGCTGTA
Rev: GGAGGTTGGGGAAAATAAATAAGC Allelic: CTCTCTCCCCCACAGCTTCAAGACC A/C
MIP-1oe For: CTGACCCAGCATCGTTTA 58° - -
Rev: AAGGCATGTATTTCCAAGC
RANTES For: GACCTCCTCAATAAAACACTT 60° —28 Common: AACTGGCCCTATAAtaaaaataCCTGAGCTGCAGAGGtaa 64bp 64°
Rev: GCAGAGGGCAGTAGCAATG Allelic: AACTCCCCTTAGGGGATGCCCCT C/G
—403 Common: TAAGATCTGTAATGAATAAGCAGGAACTTTGAAGACTCAGTGtaaata T4bp 64°

Allelic: a CCTTCCATGGATGAGGGAAAGGAG G/A
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Table 5. Results Table
Persistence of Severity of Interferon Number Successfully Mutant Allele

Gene SNP Infection Fibrosis Response NI Pl Genotyped Frequency Power
RANTES —28 . 330 4% 10%
—403 P = .004 321 15% 76%
CCR2 Vo4l . . 327 9% 36%
CCR5 A32 P =.015 P =.011 547 11% 2%
2733 367 41% 100%
2554 364 36% 99%
2459 212 23% 91%
CCR5 prom 2135 . . 234 25% 96%
2132 P =.048 P =.023 234 8% 22%
2086 260 32% 99%
1835 302 8% 28%
MIP-1a ms 551 30% 99%
2518 477 35% 100%
MCP-1 2076 . 517 17% 97%
MCP-2 K46Q P =.018 373 16% 87%
CCR3 51 347 7% 25%

240 491 - -

652 457 - —
824 476 1% 3%

1052 423 - -

NOTE. P values given for significant results; a dot indicates no significant association. A power calculation is given for each polymorphism (see Patients and Methods)
assuming that all genotyped samples were included in the analysis; however, in practice the number available for analysis for each phenotype varied.

detecting a relationship assuming a 5% significance level

(Table 5).

Results

In this study, 20 polymorphisms were studied in 7
genes. All polymorphism frequencies were analyzed for an
association with spontaneous clearance versus persistent
carriage, mild versus severe fibrosis, interferon response,
and overall necroinflammatory score. When appropriate,
the overall necroinflammatory score was subdivided and
analyzed in more detail. The significant associations are
described below and summarized in Tables 5 and 6.

A significant association was found between severe fi-
brosis and carriage of CCR5 A32 (P = .015; OR: 1.97,
95% CI: 1.13-3.47). When looking at the subgroup com-
parison for portal inflammation, although the number of
patients was markedly reduced to 124, there was a signif-
icant association between —A32/—A32 homozygotes
and mild portal inflammation (P = .011, OR: 2.3, 95%
CI: 1.09-4.84). The promoter polymorphism at position
—2132 was found to be significantly associated with sus-
ceptibility to persistent HCV infection, with presence of
the C allele increasing risk of persistent carriage (P =
.048). Carriage of the C allele at —2132 was also associ-
ated with an initial response to interferon, i.c., sustained
responders and relapsers versus nonresponders (2 = .023,
OR: 3.15, 95% CI: 1.14-8.72).

The genotype frequency of the RANTES promoter
polymorphism at position —403 was significantly associ-

ated with portal inflammation (P = .015). AA homozy-
gotes are associated with milder portal inflammation than
those carrying the G allele (P = .004)

For MCP-2 Q46K, a significant association was found
between severity of liver fibrosis and genotype (P = .027).
Carriage of the K variant is associated with more severe
fibrosis (P = .018, OR: 2.29, 95% CI: 1.14-4.58).

When logistic regression was applied for the variables
sex, ethnicity, and age at infection, the associations be-
came nonsignificant because of the reduction in sample
numbers and reduced statistical power. However, if each
variable was assessed individually, there was no significant
change in the OR, suggesting that these variables are not
significant confounders.

There was no association between the polymorphisms
analyzed in CCR2, CCR3, MIP-1a, or MCP-1 and any
of the phenotypes. Three of the SNP described in CCR3
(C240T, T652A, and T1052C) were not polymorphic in
this population.

Discussion

This is a large case control study, looking at 20 poly-
morphisms in a group of 7 CC chemokines and their
receptors. Interest in these genes was initially raised by the
presence of the functional polymorphism CCR5-A32,
which gives rise to a truncated protein that, in the context
of HIV-1, does not act as a competent receptor. With the
finding that CCR5 is partly responsible for the recruit-
ment of T cells to the portal region, it was expected thatan
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Table 6. Details of Significant Associations Found in This Study

Polymorphism/ Genotype Distribution P Value Allele Presence/ P Value OR
Phenotype Number (%) HWE (x? value) Absence (x? value) (95% CI)
CCR5 A32 ww wA32 A32/A32
Pl <1 19 8 3 0.378 0.045 ww vs A32/A32 0.011 2.3
(63.3%) (26.7%) (10%)
Pl >2 73 20 1 0.960 (5.722) (6.410) (1.09-4.84)
(77.7%) (21.3%) (1.1%)
Fibrosis <2 193 39 6 0.086 0.017 ww vs w/32 + A32/A32 0.015 1.97
(81.1%) (16.4%) (2.5%)
Fibrosis >3 61 27 1 0.571 (7.583) (8.365) (1.13-3.47)
(68.5%) (30.3%) (1.1%)
—2132 T TC cC
Cleared virus 23 2 0 0.979 0.164 TTvs TC + CC 0.048 4.01
(92%) (8%) (0%)
Persistent carriage 155 47 7 0.368 (3.241) (3.903) (0.91-17.56)
(74.2%) (22.5%) (3.3%)
SR + RL 37 26 2 0.594 0.026 TTvs TC + CC 0.023 3.15
(57%) (40%) (3%)
NR 25 4 2 0.06 (7.334) (7.539) (1.14-8.72)
(81%) 13%) (6%)
RANTES —403 GG GA AA
Pl <1 28 10 3 0.359 0.031 GG vs AA 0.004 1.52
(68.3%) (24.4%) (7.3%)
Pl >2 82 31 0 0.240 (7.122) (8.433) (0.78-2.96)
(72.6%) (27.4%) (0%)
MCP-2 Q46K QQ QK KK
Fibrosis <2 107 32 4 0.705 0.027 QQ vs QK + KK 0.018 2.29
(74.8%) (22.4%) (2.8%)
Fibrosis >3 26 16 4 0.802 (6.563) (5.592) (1.14-4.58)
(56.5%) (34.8%) (8.7%)

Abbreviations: PI, portal inflammation; SR, sustained response to treatment; RL, relapse after initial response; NR, nonresponse to treatment.

incompetent receptor would result in the presence of less
inflammation in this region. The finding that there is an
association between CCR5-A32 and lower levels of portal
inflammation is in agreement with this hypothesis. The
same finding was not found when CCR5-A32 was as-
sessed in the context of interface hepatitis, or with overall
necroinflammatory score. How this observation can be
put in context with the other finding that carriage of
CCR5-A32 is associated with more severe fibrosis is a
matter of conjecture. It is likely that the recruitment of T
cells to the liver is not dependent on the locally expressed
chemokine receptors but that they are responsible for dif-
ferential recruitment once the cells enter the liver. It is
possible, therefore, that, if fewer cells are recruited to the
portal regions, which are associated with a more benign
fibrosis outcome, then more cells will be available for
recruitment to areas of interface or lobular hepatitis,
which are associated with a more severe outcome in liver
fibrosis. However, in this study, an association between
CCR5-A32 and increased interface hepatitis was not
found, although data were only available on a relatively
small number of patients. Other groups have suggested
that the presence of CCR5-A32 may be associated with a
less favorable outcome in HCV infection. A study in Ger-

many compared the frequency of this mutation among
patients with HCV infection, HIV infection, and those
with HIV/HCV coinfection. They found an increased
frequency of A32/A32 genotypes among patients with
HCV infection and also increased viral loads, suggesting
unfavorable effects of this mutation on the course of HCV
infection.?® Data on viral load were not available to make
this comparison in our study. However, the frequency of
A32/A32 genotypes in those chronically infected with
HCV was 1.6% close to the expected frequency in Cau-
casian subjects and much less than the 7.8% reported by
Woitas et al.38 This has also been shown in another recent
study,? and the high prevalence of CCR5-A32 homozy-
gosity in the earlier study may reflect resistance to HIV in
hemophiliacs rather than a susceptibility to HCV infec-
tion.

Of the 7 promoter polymorphisms studied in CCR5,
only —2132 was found to have significant associations
with HCV phenotypes, although it does not appear to
have an effect on CCR5 expression. In this study, the C
allele was weakly associated with the persistent carriage of
HCYV, although the numbers in the group of individuals
who cleared the virus spontaneously are very small, so this
could be a chance finding. There also appeared to be an
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association between this allele and interferon response. In
this instance, individuals who carried the C allele were
more likely to have an initial response to interferon (i.e.,
SR + RL) than individuals who were homozygous for the
T allele.

The RANTES promoter polymorphism at position
—28 showed no significant association with any of the
phenotypes studied. However, this is a rare polymor-
phism in Caucasian subjects with a mutant allele fre-
quency of only 4%, and a study of this size may miss an
association. This is also the case for the CCR3 polymor-
phisms, CCR2 V641, and the closely linked CCR5 pro-
moter polymorphisms at position —1835.

The polymorphism at position —403 appears to be
functional, increasing RANTES expression, and has
been associated with increased susceptibility to asthma,
atopy,?> and HIV.2¢ RANTES may have a role in the
selective recruitment of T cells to portal and, in particular,
periportal regions.® It might be expected, therefore, that
the mutant allele would be associated with increased por-
tal inflammation, interface hepatitis, and severity of fibro-
sis. A significant association was found with portal
inflammation, suggesting that homozygotes for the less
frequent allele (A) at position —403 had less severe portal
inflammation than homozygotes for the wild-type allele
(G). This is counterintuitive because the A allele has been
associated with increased transcription of RANTES in
some studies?> and might, therefore, have been expected
to lead to more severe portal inflammation. RANTES is
not, however, a dedicated CCRS5 ligand because it also
binds CCR1 and CCR3; it is also expressed at sites of
interface hepatitis.“ It is possible, therefore, that, if RAN-
TES expression is increased as a result of this polymor-
phism, T cells are not recruited specifically to the portal
regions. No associations were found with the degree of
interface hepatitis in this study, although only small num-
bers could be included in this subset analysis.

Although there is no published evidence of a role for
MCP2 in the immunopathology of HCV, it is a reason-
able candidate gene because it could potentially be
involved in susceptibility to persistent carriage, inflamma-
tory response, or fibrosis. The results from this study
showed no significant association with susceptibility to
persistent HCV carriage. They did, however, show a sig-
nificant association between carriage of the K allele and
severe fibrosis (P = .018, OR: 2.29, 95% CI: 1.14-4.58)
but, interestingly, not with inflammation. In HCV, fibro-
sis is largely driven by the inflammatory response, and it
would be expected that a chemokine involved in T-cell
migration would lead to fibrosis through increased in-
flammation. Functional studies revealed no difference in
chemotactic and calcium-mobilizing abilities of the 2 iso-
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forms of MCP-2.3 Ciritically, these functional assays did
not assess the abilities of the 2 isoforms to block HIV-1
binding to CCR5, but it is unlikely that the polymor-
phism is directly responsible for associations seen in either
HIV or HCV and may be acting as a marker for a func-
tional polymorphism in MCP2 or a nearby gene. Given
that MCP2 is on chromosome 17 within the 3-chemo-
kine gene cluster, this is a strong possibility, and it is,
therefore, likely that the associations with HIV and HCV
do not necessarily imply that the same gene is involved.
Therefore, to elucidate the role of MCP2 in HCV, par-
ticularly that related to fibrosis, further functional studies
will need to be performed.

A recent publication has looked for associations of
these HCV phenotypes with polymorphisms in CCR5,
CCR2, and RANTES.? An association was identified for
RANTES —403 homozygotes and inflammation but
with the overall necroinflammatory score rather than the
portal inflammation subgroup. An association between
CCR5-A32 and fibrosis was not observed and possible
association with portal inflammation not assessed. A mar-
ginal association between CCR5 promoter polymor-
phism at position —2459 (position 59029 from U95626)
was noted, which we cannot confirm. As in this study, no
associations were found with CCR2 —64I or RANTES
—28.

In this study, 20 polymorphisms in 7 genes have been
studied, raising the issue of multiple comparisons. A Bon-
ferroni correction is too conservative in the domain of
human complex trait genetic association, in which many
genes are expected to be associated with the phenotype to
some extent. Taking the limitations of our data as out-
lined above into account, we therefore believe that we
have carried out the most appropriate evaluation of our
results but acknowledge that our subgroup analysis is
based on smaller sample numbers. Thus, the associations
in this study should be reassessed in other studies and
populations, but all of the positive results are with muta-
tions that are known to be (CCR5-A32, RANTES —403)
or may well be (MCP-2) functional.

In conclusion, this study has attempted to elucidate the
role of CC chemokines and their receptors in the immu-
nopathologic outcome of HCV. This is a complex area
because of the large number of chemokines in this group
and the likelihood that there is an overlap in their roles
and, therefore, a degree of redundancy. This may influ-
ence the observed effect of polymorphisms on individual
chemokines or receptors. Importantly, the results add fur-
ther weight to the role of CCR5 and its ligands in the
recruitment of T cells to the portal regions of the liver and

suggest that CCR5-A32, RANTES, and MCP-2 may



HEPATOLOGY, Vol. 38, No. 6, 2003

have an effect on the outcome of HCV-related liver dis-
ease.
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