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Introduction

Summary

Chemokines play a major role in the inflammatory and immune responses that
mediate allograft outcome. CCL5/RANTES expansion chemokine is potent eosi-
nophil, monocyte, basophils and lymphocyte chemoattractant and has recently
been studied in transplantation with discrepant results, but systemic concentra-
tions have been correlated to liver graft survival and incidence of rejection.
Recent studies revealed that a functional mutation at —403 in the promoter may
have a significance for inflammatory and infectious immune responses. Our
objective was to investigate CCL5/RANTES promoter polymorphism in rejec-
tion and graft survival in liver transplant. We examined the CCL5/RANTES
polymorphism in a series of 218 liver transplants and 101 healthy Caucasian
subjects. CCL5/RANTES genotyping was performed by polymerase chain reac-
tion-restriction fragment length polymorphism (PCR-RFLP). After comparing
recipients (with acute rejection episodes versus without rejection) with the con-
trol population, we found no significant deviation in the distribution of the alle-
les or genotypes of CCL5/RANTES dimorphism in any comparison (P > 0.05).
Indeed, 5 years allograft survival was 61.3% in recipients with the GG genotype
against 58.8% in recipients with the GA and AA genotypes. These differences
were also not statistically significant. In conclusion, human CCL5/RANTES gene
promoter polymorphism does not seem to influence acute rejection develop-
ment and allograft survival in liver recipients.

secreted (RANTES), a member of CC chemokine, is one
of the most extensively studied chemokines in inflamma-

A hallmark of allograft rejection is the recruitment of host
inflammatory cells, especially lymphocytes and macroph-
ages, which enter the graft by binding to adhesion mole-
cules on endothelial cells and proceed to traffic through
the tissues and either directly or via release of damaging
products destroy the graft [1]. In this sense, chemokines
and their receptors play a major role in the inflammatory
and immune responses that mediate allograft outcome.
Regulated on activation, normal T cell expressed and

tory and infection diseases, and is also a potent chemoat-
tractant for eosinophil, monocyte, basophils and
lymphocyte, at site of inflammation with particular pref-
erence for CD45RO" T cells and eosinophils [2,3]. It was
originally identified in T cells using subtractive hybridiza-
tion and its promoter sequence and transcriptional regu-
lation have also been characterized [4]. Recently,
RANTES has also been studied in the context of HIV
infection, because CCR5, a receptor for RANTES,
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macrophage inflammatory protein (MIP)-1la, and MIP-
1b, has been identified as a co-receptor for macrophage-
tropic HIV type 1 strains [5-8]. CCL5/RANTES chemo-
kine has also recently been studied in transplantation with
discrepant results [9-12], and systemic concentrations of
CCL5/RANTES have been correlated to liver graft survival
and incidence of rejection [9].

Three polymorphisms at position —28, =109 and —403
have been identified in the promoter region of the human
CCL5/RANTES gene [13-15]. Recent studies revealed that
the mutation at —403 in the promoter may have a signifi-
cance for several inflammatory diseases [16-20]. Indeed,
this polymorphism appears to be functional, which results
in a new consensus-binding site for the GATA transcrip-
tion factor family (AGATAA; underline indicating the
position where nucleotide substitution occurs), detecting
higher constitutive transcriptional activities of —403A-
expressing promoter and increasing CCL5/RANTES
expression [16,21]. No associations have described for the
other two mutations and these are very rare genetic poly-
morphisms in Caucasian populations, although —28 poly-
morphism has recently been associated with asthma in
Oriental populations; however, this polymorphism in
Caucasians presents a mutant allele frequency of only 4%
[10,22-24]. This latter polymorphism has also previously
been studied in liver transplant outcome not finding any
association with acute rejection and allograft survival
[10]. In the same manner, the —109 polymorphism is
even more unusual than the —28 polymorphism and there
are no studies using this position [15].

Our hypothesis was that the polymorphism —403 G/A
for the CCL5/RANTES promoter might be able to differ-
entiate these patients who could develop acute rejection
episodes, and its influence on allograft survival; therefore,
we investigated the CCL5/RANTES promoter polymorph-
ism in a series of liver recipients and control subjects.

Patients and methods

Patients and healthy controls

In this study, we examined the effect of CCL5/RANTES
promoter polymorphism on transplant outcome in a ser-
ies of 218 orthotopic liver transplants (OLT), performed
between January 1995 and February 2004 at the Univer-
sity Hospital ‘Virgen de la Arrixaca’ from Murcia Region,
in the Southeast of Spain. The inclusion criteria were:
recipients with a first OLT, availability of adequate sam-
ple, and liver graft survival higher than 1 week after OLT.
Indeed, the follow-up comprises a minimum period of
5 years from the date of transplantation and a maximum
period of 10 years. These were divided in patients with
acute rejection (n = 68) and without acute rejection
(n = 150) episodes. The mean age of the recipients was
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Table 1. Indication for liver transplantation in primary transplant
recipients and in the compared groups with respect to acute rejection
apparition.

AR group  NAR group  OLTs

n =68 n=150 n=218
Pre-OLT diseases (%) (%) (%)
Fulminate hepatitis failure 2 (2.9 0(0) 2 (0.9)
Alcoholic cirrhosis 22 (32.3) 52 (34.6) 74 (33.9)
Alcoholic cirrhosis HCV/HBV+ 12 (17.6) 14 (9.3) 26 (11.9)
Amyloidosis 4 (5.9) 16 (10.6) 20 (9.2)
Wilson disease 2(2.9) 6 (4.0) 8 (3.6)
Cirrhosis after HCV+ 16 (23.5) 26 (17.3) 42 (19.2)
Cirrhosis after HBV+ 0 (0) 10 (6.6) 10 (4.6)
Primary biliary cirrhosis 4 (5.9) 10 (6.6) 14 (6.4)
Autoimmune hepatitis 0(0) 2(1.3) 2 (0.9)
Hepatic malignancies 4 (5.9) 8 (5.3) 12 (5.5)
Primary sclerosing cholangitis 0 (0) 2(1.3) 2 (0.9)
Criptogenic cirrhosis 2(2.9) 4(2.6) 6(2.7)

OLT, orthotopic liver transplantation; HCV, hepatitis C virus; HBV,
hepatitis B virus; AR, acute rejection; NAR, nonacute rejection.

46.6 = 10 years, with 162 males (74.3%, mean age:
47.9 years) and 56 females (25.7%, mean age: 44.3). The
primary indication for liver transplants is summarized in
Table 1.

A total of 101 unrelated healthy Caucasoid donors, liv-
ing in the same area and covered by our hospital, were
used as the control group. All study participants —
patients and controls — were of white Spanish origin and
adults.

Patient gave written informed consent to the collection
and storage of blood, isolation of DNA, and determin-
ation of the gene polymorphisms. Indeed, the study was
approved by the local medical committee.

Immunosuppression and rejection diagnosis

Triple immunosuppressive therapy (methylprednisolone,
azathioprine and cyclosporine A) was used in the major-
ity of patients (n = 180) or Tacrolimus-based induction
protocols were also used in a less numerous group of
patients (n = 38).

Acute rejection diagnosis was based on conventional
clinical, biochemical and histological criteria, as previ-
ously published [25-27]. Acute rejection episodes were
managed with high doses of methylprednisolone (bolus
of 500 mg) for 3-5 days, reversing in 92% of cases.
The residual steroid-resistant cases were treated with
OKT3 (Orthoclone, Ortho Pharmaceuticals, Raritan, NJ,
USA).

In this study, only liver recipients with early acute
rejection episodes developed within a 6-week period after
transplant were included with 80% of these occurring
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during the first 3 weeks. Recipients showing acute rejec-
tion episodes were identified as AR group.

Determination of CCL5/RANTES genotypes

Genomic DNA was extracted from peripheral blood leu-
kocytes with standard techniques based on the digestion
with proteinase K (Boehringer Mannheim, Mannheim,
Germany), as previously published [28,29].

The PCR and digestion of PCR products were per-
formed as described by Hajeer et al. [13] for human
RANTES genotyping by PCR-RFLP method. Sequence-
specific oligonucleotide primers were utilized with PCR to
amplify a 135 bp segment of the RANTES 5’-flanking
region between nucleotide —513 and —378 relative to the
major transcriptional start site (Fig. 1). Briefly, the prim-
ers sequences were 5'-GCG TCA ATT TAC AGT GTG-3’
(forward) and 5-TGC TTA TTC ATT ACA GAT GTT-3’
(reverse). A G base (italic) at the 3’end of the reverse was
mutated from a C to introduce an enzyme site for Maelll.
PCR was performed using denaturation at 94 °C for
3 min, followed by 35 cycles at 94 °C for 30 s, 50 °C for
30 s, and 72 °C for 30 s, and a final extension at 72 °C
for 3 min. PCR products were digested with 2 U of
Maelll (Roche Diagnostics, Mannheim, Germany) at
37 °C for 2 h, and visualized on agarose gels (low-melting
point) stained with ethidium bromide and run during
1 h at low voltage. In the presence of wild-type allele (G)

Botella et al.

the Maelll enzyme cuts the PCR products giving two
bands of 112 and 23 bp, and in the presence of mutant
allele (A) the enzyme does not cut the PCR product
(135 bp).

Statistical analysis

Data were prospectively collected in a database (Microsoft
Access 2.0; Microsoft corporation, Seattle, WA, USA).
Statistical analysis were performed using ssps software
v10.0 (SPSS, Inc., Chicago, IL, USA). The CCL5/RANTES
allele ratios and genotype distributions in liver recipients
and control subjects and the different comparisons
between the groups were analyzed with the chi-squared
and Fisher’s exact tests. Hardy—Weinberg equilibrium test
was calculated using ARLEQUIN software (University
of Geneva, Geneva, Switzerland). A two-tailed P-value
< 0.05 was considered as significant. The sample size was
sufficient to detect an odds ratio of 2.2 for CCL5/
RANTES —403A, with 80% power at a level of 5% signifi-
cance by using PS Power and Sample Size Calculations
2.5 software (Vanderbilt Medical Center, TN, USA). Allo-
graft survival function estimates were computed using the
Kaplan—Meier method. Comparisons between survival
curves were performed using the long-rank test, as pre-
viously published [30]. The Cox proportional multivaria-
ble analysis was also used to evaluate the independent
effect of each of the markers on the primary outcomes.

AAAGGTTCCCAATGOCCAGCTCAGATCAACTGCCTCAATT TACAGTGTGAGTGTGCTCAC -488
RA-403F
CTCCTTTGGGGACTGTATATCCAGAGGACCCTCCTCAATAARACACTTTATAAATAACAT -428
CCT TCCATGGATGAGGGAAAGGAGQ' AAGATCTGTAATGAATAAGCAGGAACTTTGAAGA -368
-403 RA-403R
CTCAGTGACTCAGTGAGTAATAAAGACTCAGTGACTTCTGATCCTGTCCTAACTGCCACT -308
CCTTGTTGTCCOCAAGAAAGCGGCTTCCTGCTCTCTGAGGAGGACCCCT TCOCTGGAAGS -248
TAAAACTAAGGATGTCAGCAGAGAAATTTTTCCACCATTIGGTGCTTGGTCAAAGAGGAAA -188
CTGATGAGCTCACTCTAGATGACAGAGCAGTGAGGGAGAGACAGAGACTCGAATTTCCGG -128
AGGCTATOTTCAGCTTITCTTTTCOGTITTGTGCAATTTCACTTATGATACCGGCCATTGET -68
TGGTTGCTATTTTGGAAACTCCCCTTAGGGGATGCCCCTCAACTGGCCCTATAAAGGGCC -8
J Start of transcription
AGCCTGAGCTGCAGAGGATTCCTGCAGAGGATCAAGACAGCACGTGGACCTCGCACAGCC o3
1
TCTCCACAGGTACCATGAAGGTCTCCGOGGCAGOCCTCGCTGTCATCCTCATTIGCTACT 113

Figure 1 Nucleotide sequence of a fragment of RANTES promoter region. Numbers indicate nucleotide positions relative to the major transcrip-
tion start site marked by a broad arrow. The number —403 indicates the polymorphic position (G/A) and this is boxed. Primer position used for
PCR amplification and sequence determination are underlined with narrow arrows, indicating the direction of the primers.
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The covariates used included sex, age, immunosuppres-
sant treatment and primary diseases.

Results and discussion

Table 2 lists the allelic distribution of CCL5/RANTES —403
G/A polymorphism in recipients and controls. The allelic
distribution of CCL5/RANTES —403A in our control popu-
lation was 17.8%, which is a good correlation with that
found previously in other Caucasoid, American and Euro-
pean populations: 16.5% in Hungarian, 16.1% in Britain,
20% in German, 15% in Americans, but significantly
higher in Japanese population (39.3%), African-American
(43%), Afro-Caribbean (44%) and Colombian (30%)
[13,16,19,31-35]. Allele frequencies were in Hardy—Wein-
berg equilibrium in both the patients and control groups.

After comparing patients with acute rejection and with-
out acute rejection as two independent groups, with the
control population, we found no significant deviation in
the distribution of the alleles or genotypes of —403GA
dimorphism (P > 0.05). Similarly, when both groups were
considered as a whole, no statistically significant differ-
ence was also found between recipients and controls. In
the acute rejection development and CCL5/RANTES
polymorphism analysis, of the AR recipients, 67.6% had
the GG genotype, 32.3% the GA genotype and the AA
genotype was not found. The G allele frequency was
83.8% and the A allele frequency 16.2%, as shown in
Table 2. Of the NAR recipients, 69.3% were GG genotype,
29.3% were GA and 1.3% were AA genotype. The G allele
frequency was 84% and the A allele 16%.

Allograft survival data were also analyzed with respect
to CCL5/RANTES promoter polymorphism. In this analy-
sis, the actuarial allograft survival at 5 years was 61.3% in
recipients with GG genotype against 58.8% of survival

Table 2. Distribution of genotypes in controls, liver recipients, AR
group and NAR group for the RANTES promoter polymorphism at
position —403 G/A.

Controls Recipients AR Group NAR Group

RANTES promoter n = 101 n=218 n =68 n =150
-403 G/A n (%) n (%) n (%) n (%)
Genotype

G/G 69 (68.3) 150 (68.8) 46 (67.6) 104 (69.3)

G/A 28 (27.7) 66 (30.3) 22(32.3) 42(29.3)

A/A 4 (3.9 2(1.0 0 (0) 2(1.3)
Allele

-403*G 166 (82.2) 366 (83.9) 114 (83.8) 252 (84.0)

—403*A 36(17.8) 70 (16.1) 22 (16.2) 48(16.0)

RANTES, regulated on activation, normal T cell expressed and secre-
ted; AR, acute rejection; NAR, nonacute rejection; all comparisons
performed with P > 0.05.
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Figure 2 Actuarial allograft survival rates of liver recipients with
—403 RANTES promoter polymorphism analysis (n = 218). The differ-
ence in liver graft survival between the recipients with GG genotype
(n = 150; 61.3%) versus GA and AA genotypes (n = 68; 58.8%) was
not statistically significant.

percentage in recipients with GA and AA genotypes
(Fig. 2). These differences between allograft survival
curves were not statistically significant (P > 0.05) and the
etiology of graft loss is shown in Table 3. Indeed, on
multivariable analysis, none of the markers had a predic-
tive role in determining graft loss or acute rejection.

The polymorphism of CCL5/RANTES has also been
compared with the frequency of postgraft viral infectious
complications (e.g. HCV recurrence n = 39, 17.9%; and
CMV infection n = 34, 15.6%) and no relationship was
found (data not shown).

Thus, in our population of liver allograft recipients, we
did not found any correlation between the CCL5/RAN-
TES promoter polymorphism at position —403 G/A and
short- and long-term liver allograft transplantation out-
come.

Our objective was to analyze the role of CCL5/RANTES
in liver transplantation because of a series of studies that
would suggest its participation in immune responses
implicated in solid organ transplantation. In this sense,
eosinophils participate in the process of acute rejection in

Table 3. Causes of graft loss during follow-up (n = 86).

n (%)
Retransplantation 36 (41.8)
Rejection 12 (13.9)
HCV recurrent cirrhosis 2(2.3)
Hepatic arterial thrombosis 3 (3.5)
Cardiac complications 2(2.3)
Sepsis 15 (17.4)
Renal failure 2(2.3)
Primary graft nonfunction 3(3.5)
Cerebral vascular accident 2(2.3)
Other 9 (10.5)

OLT, orthotopic liver transplantation; HCV, hepatitis C virus.
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solid organ allografts and graft eosinophilia has been
incorporated as one of the diagnostic criteria for acute
rejection in liver allografts by several hospitals [36]. These
eosinophils probably act through the chemokines IL-5
and RANTES in the pathogenesis of acute rejection.

With respect to the role of CCL5/RANTES in trans-
plantation is rather promiscuous, with numerous and
recent studies in renal transplant [37,38]. For example,
RANTES has been implicated in T-cell apoptosis in
human renal allograft [39] and in acute rejection develop-
ment [37]. Indeed, chemokine—chemokine receptor inter-
actions and the subsequent recruitment of T lymphocytes
to the graft are early events in the development of chronic
rejection of transplanted hearts or cardiac allograft vascul-
opathy (CAV) in murine models, and in this sense, it has
been reported that antagonism of the chemokine recep-
tors CCR1 and CCR5 with Met-RANTES attenuates CAV
development in vivo by reducing the mononuclear cell
recruitment to the transplanted heart, proliferative
response to donor antigens, and intragraft CCL5/RANTES
and monocyte chemoattractant protein-1 gene transcript
levels [40—42]; these antagonists also seem to reduce hep-
atic injury in murine T-cell-mediated hepatitis [43].

With respect to liver transplantation, systemic concen-
trations of CCL5/RANTES have been correlated to graft
survival and incidence of rejection [9,44]. Indeed, CCL5/
RANTES is implicated in viral responses and/or mimetic,
such as these published with cytomegalovirus and HCV
[21,45-48], which could be implicated in the allorespons-
es that mediate liver graft rejection [27]. CCL5/RANTES
gene polymorphism also influence response to antiviral
therapy in chronic hepatitis C [32,49].

Thus, CCL5/RANTES seems to have a important role,
unclear at the moment, in immune responses occurring
on liver. Finally, CCL5/RANTES polymorphism has also
been studied in liver transplant outcome not finding any
association with acute rejection and graft survival,
although this study only considered the —28G/C poly-
morphism [10], whose frequency is very low in Caucasian
population. Our results in the position —403 G/A corro-
borate this previous study, suggesting that CCL5/RANTES
promoter polymorphism does not seem to influence the
liver transplant outcome.

However, CCL5/RANTES may have a role in the
selective recruitment of T cells to portal and, in partic-
ular, periportal regions [50]. It might be expected, there-
fore, that the mutant allele would be associated with
increased portal inflammation, interface hepatitis, and
severity of fibrosis [21]. This is counterintuitive because
the A allele has been associated with increased transcrip-
tion of CCL5/RANTES in some studies [17] and might,
therefore, have been expected to lead to more severe graft
inflammation. RANTES is not, however, a dedicated
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CCR5 ligand because it also binds CCR1 and CCR3; it
is also expressed at sites of interface hepatitis [50]. It
is possible, therefore, that, if CCL5/RANTES expression is
increased as a result of this polymorphism, inflammatory
reactions could increase their intensity. In contrast to this
point, our data suggest that CCL5/RANTES promoter
polymorphism does not seem to influence liver transplant
outcome.

Therefore, the study of genetic association is difficult,
and is confounded by sample selection, genetic admix-
ture, and regional differences in gene frequencies and
gene—environment interactions [21,49,51]. It is notewor-
thy that there are considerable differences in the frequen-
cies of these polymorphisms among the different races.
Because these polymorphisms could be functional, i.e.
they could alter the expression of important biological
active compounds, these inter-race differences must have
an impact on disease processes, or immune responses to
infections, allografts, or drugs.

Thus, more extensive studies are warranted to analyze
these facts, because currently the number of studies that
have been performed on chemokine polymorphisms with
transplantation outcome association is relatively low and
it is necessary discard or no possible genetic associations.
Therefore, we want to continue this study with other
chemokine polymorphisms implicated in inflammatory
immune responses, such as CCR5, MCP-1, CCR2, SDF,
or MIP.

In conclusion, human CCL5/RANTES promoter gene
polymorphism at position —403 does not seem to influ-
ence the liver transplantation outcome.
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