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Backround and Objectives. Recently published data have suggested a potential role of
CC chemokine receptor-5 (CCR5) in a mouse model of graft-versus-host disease
(GvHD). It has also been described that a 32-nucleotide deletion within the CCR5 gene
(CCR5∆32) leads to complete loss of functional CCR5 in subjects homozygous for this
mutation and decreased expression in heterozygous individuals. We analyzed CCR5
genotypes and their relationship to transplant outcome.

Design and Methods. A total of 349 individuals, comprising 186 recipients and 163
donors of allogeneic hematopoietic stem cell transplants, were typed for CCR5 polymor-
phisms.

Results. Recipients carrying the CCR5∆32 allele developed acute GvHD (grades I-IV)
less frequently than did patients lacking the CCR5 deletion mutation (11/35 vs.
76/151, p=0.033). This association was still valid after correcting for other known vari-
ables (recipient age, donor-recipient gender relation, type of donor, conditioning regi-
men, diagnosis, stem cell source and GvHD prophylaxis) by logistic regression
(OD=0.391, p=0.023). Transplantation from a donor other than a matched sibling
(OD=2.007, p=0.028), recipient age (OD=2.117, p=0.041) and myeloablative condi-
tioning regimen (OD=2.235, p=0.014) were found to be factors associated with an
increased risk of GvHD. Moreover, acute GvHD symptoms were not observed in any of
the recipients carrying the CCR5∆32 allele transplanted from donors with this deletion
mutation (0/11 vs. 70/151, p=0.002).

Interpretation and Conclusion. The presence of the CCR5∆32 allele in recipients con-
stituted an independent and protective factor associated with a decreased risk of
GvHD. This protective effect of the CCR5 deletion mutation was particularly marked in
patients transplanted from donors also carrying the CCR5∆32 allele.
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Despite improvements in allogeneic
hematopoietic stem cell transplanta-
tion (HSCT), acute graft-versus-host

disease (GvHD) remains a significant prob-
lem after transplantation, and is still a major
cause of post-transplant mortality. Disease
progression is characterized by the differen-
tiation of alloreactive T cells to effector cells
leading to tissue damage, recruitment of
additional inflammatory cell populations
and further cytokine dysregulation.1,2 A char-
acteristic feature of all inflammatory reac-
tions is extensive recruitment of leukocytes
to the site of inflammation. This process
involves several families of proteins, includ-
ing pro-inflammatory cytokines, adhesion
molecules and chemokines.3,4 Chemokines
constitute a superfamily of polypeptide
mediators, a key component of the leuko-
cyte recruitment process, which together
with their receptors play a major role in the
inflammatory and immune responses that
mediate the outcome of allografts. The co-
ordinated expression of chemokines and
their receptors may, therefore, be important

in the directed migration of alloreactive T
cells during GvHD.
Studies using murine models of acute

GvHD have demonstrated the critical role of
several chemokines and their receptors [e.g.
macrophage inflammatory protein (MIP)-1α,
MIP-2, monokine induced by interferon-γ
(Mig), monocyte chemotactic protein
(MCP)-1, MCP-3 and CC chemokine recep-
tor 5 (CCR5)] which direct T-cell infiltration
into target tissues during acute GvHD.5-7 It
has been shown that CCR5-expressing T
lymphocytes are recruited to the liver during
acute GvHD in mice5 while disrupting the
gene encoding for CCR5 interrupts recruit-
ment of T cells into Peyer’s patches in the
gut and as a result prevents acute GvHD in
non-irradiated haploidentical recipients.8 In
contrast, transferring CCR5-deficient
(CCR5–/–) T cells to lethally irradiated mice
was associated with earlier onset and wors-
ening of GvHD.9 It has also been document-
ed that polarized human Th1 cells, known to
be implicated in the pathomechanism of
acute GvHD, preferentially express CXCR3
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and CCR5.10 In recent human studies, Jaksch et al.,11

who monitored the expression of four chemokine
receptors, CCR1, CCR2, CCR5, and CXCR3, by quan-
titative real time polymerase chain reaction (PCR),
observed increasing gene-expression levels for CCR5,
CXCR3, CCR1, and CCR2 chemokine receptors a few
days before acute GvHD was clinically diagnosed.
CCR5 was identified as a co-receptor for the human
immunodeficiency virus-1 (HIV-1) by Deng et al.12 and
Dragic et al.13 CCR5 and CXCR4 facilitate the fusion of
HIV-1 with the plasma membrane of CD4+ cells. The
human CCR5 gene maps to the short arm of chromo-
some 3p21.31. It encodes a 352-amino acid protein with
a calculated molecular mass of 40,600 Da and a poten-
tial N-linked glycosylation site.14,15 Several mutations
have been detected within the CCR5 gene and its pro-
moter, including point mutations (such as single
nucleotide polymorphisms within the promoter region
CCR5-58755-A/G, CCR5-59029-A/G, CCR5-59653-
C/T, CCR5m303), a deletion mutation, or microsatel-
lites (IRI3.1, D3S4579 and IRI3.2, D3S4580) located
respectively 11 kb upstream and 68 kb downstream of
the CCR5 gene deletion. The 32-base pair (bp) deletion
mutation (CCR5∆32) causes a shift in the reading frame,
which results in a severely truncated protein that is
unable to reach the cell surface. This 32 bp deletion in
the encoding region of CCR5 leads to complete loss of
the functional CCR5 receptor in subjects homozygous
for the mutation and decreased expression in heterozy-
gous patients. It has been documented that CD3-posi-
tive cells derived from CCR5∆32 heterozygotes have
reduced surface expression of CCR5 and a weaker
response to its ligands.16

The CCR5 deletion mutation is estimated to have
occurred 700-2000 years ago.17,18 Since then its frequen-
cy has increased to 13% in some northern European
populations.17,19CCR5∆32 is absent in Africans and most
Asian populations, and its frequency in African
Americans (f=0.02) can be explained by admixture.
CCR5∆32 does not produce a functional protein,
explaining the near-complete protection against HIV-1
infection in individuals homozygous for the allele.20

Individuals with the heterozygous CCR5∆32/CCR5
genotype express lower levels of CCR5 correlating with
relatively low viral loads21 and slower progression to
autoimmune deficiency syndrome (AIDS).22-24

In the present study we investigated the relationship
between the incidence and severity of acute or chronic
GvHD, associated with the presence of defective CCR5
expression, caused by the 32-bp deletion mutation in
the recipients and donors of allogeneic hematopoeitc
stem cell transplants. To our knowledge this is the first
study in humans describing the association between the
CCR5 gene polymorphism and outcome of HSCT.

Design and Methods

Characteristics of the HSCT patient group
One hundred and eighty-six patients (132 adults over 16

years of age and 54 children) who underwent allogeneic
HSCT in our Transplantation Unit and 163 stem cell
donors were studied for the CCR5 gene polymorphism in
relation to transplant outcome. This work was approved
by the local ethics committee.
One hundred and three patients were transplanted from

matched sibling donors while 68 and 15 patients were
grafted from matched unrelated (MUD) or family hap-
loidentical donors, respectively. For HLA matched sibling
transplants HLA typing had been performed either sero-
logically or by low-resolution molecular typing for HLA-A
and B and by high-resolution DNA typing for DRB1.
Family haploidentical and unrelated patient–donor pairs
were matched on the basis of DNA high resolution typing
for HLA-A, B, C, DRB1, and DQB1.
As shown in Table 1, there were differences in the con-

ditioning regimen [myeloablative or reduced intensity con-
ditioning (RIC)], source of stem cells [bone marrow (BM)
or peripheral blood stem cells (PBSC)], GvHD prophylaxis
[cyclosporine (CsA) or CsA with methotrexate (MTX) or
CsA with mycophenolate mofetil (MMF)] and donor-
recipient gender relation (sex matched or mismatched)
among the group of patients.
Acute GvHD was graded according to the criteria of the

consensus conference on acute GvHD grading.25 Among
186 patients, 99 did not develop acute GvHD; of the 87
patients who developed acute GVHD, 48 had grades II-IV
disease (Table 1). Sixty patients developed chronic GvHD.
Sixty-four patients died after transplantation (including 28
who died before +100 day post-transplant).

CCR5 genotyping
DNA was extracted from peripheral blood mixed with

EDTA using silica membranes (QiAmp Blood kit and
RNeasy Mini kit, Qiagen, Hilden, Germany) following the
recommendations of the manufacturer. The 32-nucleotide
deletion within the CCR5 encoding gene (CCR5∆32 poly-
morphism) was analyzed using a previously described
PCR technique26 with some modifications. In brief, a pair
of primers (5’-CTT CAT TAC ACC TGC AGC TCT-3’; 5’-
CAC AGC CCT GTG CCT CTT CTT C-3’) flanking the
region of the 32-nucleotide deletion in the CCR5 gene was
used to generate wild-type and deleted DNA fragments of
182 bp and 150 bp, respectively. PCR amplification was
conducted at 94°C for 3 min, followed by two cycles of
94°C for 40s; 68°C for 40s; 72°C for 40s then two cycles
with annealing temperatures of 64°C and 62°C; and 30
cycles of 94°C for 40s; 58°C for 40s and 72°C for 40s with
a final elongation step at 72°C for 5 min.
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Statistical analysis
Univariate analyses of the distribution of CCR5 geno-

types in patients with and without post-transplant compli-
cations were performed using Fisher’s exact test or χ2 test
as appropriate. The Statistical Package for Social Scientists
(SPSS, SYSTAT 10) was used for multivariate complete
logistic regression analysis. Probability values <0.05 were
considered statistically significant, and those between 0.05
and 0.1 as indicative of a trend.

Results

Distribution of CCR5 alleles and genotypes
The distribution of CCR5 genotypes was similar in the

recipients and donors (Table 2). The frequencies of the
CCR5∆32 and wild type allele were 0.108 and 0.892,
respectively, in the recipients and 0.113 and 0.887, respec-
tively, in the donors. These frequencies are similar to those

reported for other central European populations.17,19,27 As
the numbers of individuals (recipients or donors) homozy-
gous for the mutated allele were very low, in the further
analyses the presence of the CCR5∆32 allele (associated
with no or low expression of functional CCR5) was con-
sidered as one of the factors affecting the risk of post-trans-
plant complications.

Recipient CCR5∆32 deletion mutation as an
independent risk factor for acute GvHD
The presence of the CCR5∆32 deletion mutation was

found to be associated with a lower susceptibility to acute
GvHD. Recipients carrying the CCR5∆32 allele (associated
with defective CCR5 expression) had acute GvHD (grades
I-IV) less frequently than did patients lacking the CCR5
deletion mutation (11/35 vs. 76/151, p=0.033). This rela-
tionship was also seen for grades II-IV acute GvHD (5/35
vs. 43/151, p=0.060). The highest grades of GvHD were
observed in recipients lacking the CCR5∆32 allele. Sixteen
out of 17 recipients with grades III-IV acute GvHD were
homozygous for the wild type allele.
The relationship of the CCR5∆32 allele with a lower risk

of acute GvHD was observed in recipients’ groups strati-
fied with respect to age, diagnosis, conditioning regimen,
GvHD prophylaxis, donor-recipient gender relation, type
of donor or source of stem cells for transplantation (individ-
ual data not shown). For all these comparisons the frequen-
cy of acute GvHD was lower in the groups of recipients
carrying the CCR5∆32 mutation than in CCR5∆32-nega-
tive individuals.
This protective role of the recipient CCR5∆32 allele was

confirmed by mutivariate logistic regression analyses for
acute GvHD (grades I-IV and grades II-IV). The following
factors were considered: donor and recipient sex, recipient
age, donor-recipient gender, intensity of conditioning reg-
imen (myeloablative vs non-myeloablative), diagnosis
(hematologic malignancies vs others), source of stem cells
(bone marrow vs peripheral blood) GvHD prophylaxis
(CsA vs multiagent), and type of donor (haplo-
identical/matched unrelated vs sibling donor). These
results are presented in Table 3.
Following logistic regression analysis, three variables

appeared to be significantly associated with the risk of

Table 1. Patients’ characteristics.

Patients (female/male) 186 (69/117)

Age, median (range) years 24 (0.3-55)

Diagnosis
Hematologic malignancies 151
Anemias or immunodeficiencies 35

Donor
Sibling 103
Alternative (haploidentical/matched unrelated) 15/68

Conditioning regimen*
Myeloablative (standard/aggressive) 101
Non-myeloablative 83
No conditioning 2

Source of hematopoietic stem cells
Peripheral blood 107
Bone marrow 79

GvHD prophylaxis
CsA alone 137
Multiagent (CsA + MMF or MTX) 49

Acute GvHD, n (%)
Grades I-IV 87 (47%)
Grades II-IV 48 (26%)
No acute GvHD 99 (53%)

Chronic GvHD, n (%)°
Present 60 (38%)
Absent 98 (62%)

Survival status, n (%)
Dead 64 (25%)
Alive 122 (75%)

*Therapy: standard myeloablative: busulfan + (cyclophosphamide or total body
irradiation)+ antithymocyte globulin; aggressive myeloablative: busulfan+
cyclophosphamide + (vepesid or thiotepa); non-myeloablative: (busulfan or
melphalan) + fludarabine + antithymocyte globulin. CsA: cyclosporine A; MMF:
mycophenolate mofetil; MTX: methotrexate). °28 patients who died before day
+100 after HSCT were excluded from the analysis of chronic GvHD.

Table 2. Distribution of CCR5 genotypes in HSCT recipients and
donors.

CCR5 genotype Recipients (n=186) Donors (n=163)

n (%) n (%)
CCR5∆32 homozgous 5 (2.7%) 4 (2.4%)

CCR5∆32 heterozygous 30 (16.2%) 29 (17.8%)

CCR5 wild type homozygous 151 (81.1%) 130 (79.8%)
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developing acute GvHD. The presence of CCR5 deletion
mutation was found to be associated with a lower risk of
developing acute GvHD (OD=0.391, p=0.023).
Transplantation from a haploidentical/matched unrelated
donor (OD=2.007, p=0.028), recipient age (over 35 years)
(OD=2.117, p=0.041) and myeloablative conditioning reg-
imen (OD=2.235, p=0.014) were found to be factors asso-
ciated with an increased risk of acute GvHD (grades I-IV).
Similar correlations were observed with multivariate
analysis for grades II-IV acute GvHD (Table 3).
This analysis confirmed the contribution of recipient

CCR5 polymorphism to the risk of developing acute
GvHD. Thus the presence of CCR5∆32 allele was found to
be an independent risk factor associated with a lower risk
of developing acute GvHD (grades I-IV and II-IV). A simi-
lar, although not statistically significant, relationship was
observed for more severe acute GvHD.More patients with
the wild type homozygous genotype developed grades III
and IV GvHD than those carrying the CCR5∆32 allele.
Among the 35 recipients carrying the CCR5 deletion
mutation, only one developed grade III acute GVHD and
none developed grade IV disease. In contrast, 16 out of 151
patients homozygous for the wild type allele had severe
acute GVHD (11 with grade III and five with grade IV) .

Organ damage in CCR5∆32 allele-positive recipients
with acute GvHD
The skin, gastrointestinal tract and liver are the major

targets of GvHD. Previous studies in murine models sug-
gested that transfer of CCR5–/– T cells resulted in reduced
donor cell infiltration in liver and lymphoid tissues.8,28 We,
therefore, also looked to see whether there was any differ-
ence in the distribution of the CCR50∆32 allele in patients
with acute GvHD involving different organs. No differ-
ence was found between the organmanifestations of acute
GvHD according to either recipient or donor CCR5 geno-
type.

Recipient CCR5 gene polymorphism and the incidence
of chronic GvHD, relapse or death
As expected, the incidence of chronic GvHD was more

frequent among patients with acute GvHD (37/72 vs.
23/86, p<0.002 and 23/37 vs. 37/121, p<0.001, for grades I-
IV and II-IV acute GvHD, respectively). However, the pres-
ence of the CCR5∆32 allele in recipients was not found to
be associated with chronic GvHD. The incidence of chron-
ic GvHD was similar in patients with or without the
CCR5∆32 allele (10/25 vs. 50/128; p=ns).
No significant difference was observed in the incidence

of relapse in recipients with or without the CCR5∆32
allele (4/35 vs. 14/151; p=ns). The CCR5 polymorphism
was not found to affect the patients’ survival (data not
shown).

Donor CCR5 genotype and HSCT outcome
Although some direct associations of donor genotype

with the risk of GvHD could be expected from previous
animal studies,8,9,28 in the present study no relationships
were found between the presence of the CCR5∆32 allele
in donors and transplant outcome: development of acute
GvHD - independently of the severity of the disease and
stratification of transplant recipients with respect to age,
diagnosis, conditioning regimen, type of donor or source
of stem cells for transplantation; manifestation of chronic
GvHD independently of the limited/extensive classification;
the incidence of relapse or death (individual data not shown).
Analysis of different combinations of donor-recipient

CCR5 genotypes demonstrated that the presence of the
CCR5 deletion mutation in both the recipients and their
donors was the most protective combination. None of 11
recipients carrying the CCR5∆32 allele transplanted with a
graft from a donor also carrying the CCR5∆32 allele devel-
oped acute GvHD (grades I-IV) whereas 70 out of 151
donor-recipient pairs carrying the other combinations of
CCR5 alleles (0.00 vs 0.46, p=0.002) did so. Thus the pro-
tective effect of the CCR5∆32 deletion mutation was espe-
cially seen in recipients transplanted with donors carrying
the CCR5∆32 allele.

Discussion

Acute GvHD is a major complication following allo-
geneic stem cell transplantation. The recent literature has
suggested a potential role for CCR5 in a mouse model of
GvHD.8 In this model, acute GvHD was prevented
when recruitment of T cells into Peyer’s patches in the
gut was interrupted by disrupting the gene encoding for
CCR5. Moreover, the presence of the CCR5 deletion
mutation has been documented to lead to either com-
plete loss of the functional CCR5 receptor or its
decreased expression in subjects homozygous or het-
erozygous for this mutation, respectively.16 In the pres-
ent study we investigated the relationship between the

Table 3. Multivariate analyses of risk factors for acute GvHD.

Factor* Acute GvHD grades I-IV Acute GvHD grades II-IV
OD 95%CI p OD 95% CI p

Type of donor 2.007 1.078-3.736 0.028 2.020 1.001-4.075 0.050

Recipient age 2.117 1.032-4.345 0.041 2.380 1.075-5.272 0.030

Conditioning 2.235 1.175-4.252 0.014 2.331 1.108-4.902 0.026
regimen

Recipient 0.391 0.174-0.880 0.023 0.336 0.130-1.031 0.047
CCR5∆32

*type of donor (haploidentical/matched unrelated vs. sibling donor); recipient age
(over vs. below or equal 35 years of age); conditioning regimen (myeloablative vs.
reduced intensity conditioning or no conditioning), CCR5∆32 (the presence of the
CCR5∆32 deletion mutation in the recipients vs. lack of the CCR5∆32 allele).
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incidence and severity of acute GvHD and the CCR5
gene polymorphism associated with defective CCR5
expression in humans.16

We found that the presence of the CCR5∆32 allele in
the recipient was associated with a significantly lower
incidence of developing acute GvHD after allogeneic
HSCT. After adjusting for other variables known to be
associated with the development of acute GvHD by
logistic regression analysis, the independent contribution
of the CCR5 gene polymorphism to the risk of acute
GvHDwas confirmed. Interestingly, the protective effect
of the CCR5 deletion mutation was particularly evident
in mutation-positive recipients transplanted with grafts
from donors carrying the CCR5∆32 allele as none of
those recipients developed acute GvHD (grades I-IV).
Furthermore severe acute GvHD (grades III or IV) was
seen only in recipients transplanted with donors
homozygous for the wild type genotype (lacking the
CCR5 deletion mutation). To our knowledge this is the
first study in humans describing the association between
the CCR5 gene deletion mutation polymorphism and
the outcome of allogeneic HSCT, although several stud-
ies have analyzed the role of this CCR5 gene polymor-
phism in relation to the outcome of organ transplanta-
tion (i.e. kidney,29,30 heart31 or liver transplantation32,33).
Interestingly, Jaksch et al. reported increasing gene-

expression levels for CCR5, CXCR3, CCR1, and CCR2
chemokine receptors a few days before acute GvHD
was clinically diagnosed.11 In their study, the expression
of functional chemokine receptors, including CCR5, was
found to contribute to the risk of developing acute
GVHD in patients after allogeneic HSCT. Thus, two
independent studies, that of Jaksch el al.11 and the present
one, suggest that the presence of functional CCR5
(assessed by CCR5 gene expression or polymorphism) is
associated with the development of acute GvHD in
humans. Increased expression of the CCR5 gene associ-
ated with lack of the CCR5 deletion mutation16 were
found in these two independent studies to be factors
contributing to the risk of acute GvHD in patients under-
going allogeneic HSCT. These results suggest that
chemokine receptors may not only act as a potential tar-
get for modulation of acute GvHD but also as a diagnos-
tic marker for early detection of the disease.
We found that recipient CCR5∆32 allele carriership

was associated with a lower incidence and severity of
acute GvHD but not with the other post-transplant com-
plications (chronic GvHD, relapse, survival). No direct
relationship with donor genotype was found, although a
significantly lower incidence of acute GvHD was
observed among recipients carrying the CCR5∆32 allele
grafted from donors with the same deletion mutation as
compared to among the other donor-recipient pair com-
binations. This association of recipient CCR5∆32 allele
and lowered incidence of acute GvHDwas an unexpect-
ed observation considering the recent data from murine

models of GvHD,8,9,28 suggesting that associations would
be found with donor CCR5 genotype rather than recipi-
ent genotypes. However, these studies also indicated
that the role of CCR5 in allogeneic bone marrow trans-
plants and GvHD is quite complex as the absence of
donor expression of CCR5 on T cells ameliorates GvHD
in models using no conditioning of the recipient8 while,
on the other hand, in a murine transplant model admin-
istered intensive conditioning, the overall effect of
absent CCR5 expression on donor cells was a greater
incidence/severity of GvHD9,28 and donor T-cell expan-
sion.28 Interestingly, in the present study, a relationship,
albeit not statistically significant, was seen between the
incidence of GvHD and pre-transplant conditioning reg-
imen. Grafts from donors having one wild type allele
induced more GvHD in recipients who had received
myeloablative conditioning regimen than in recipients
who had had non-myeloablative conditioning and who
did not receive any conditioning (0.29 vs. 0.07; p=ns).
This observation concurs with the results of Wysocki et
al,9 who showed that transferring CCR5-deficient
(CCR5–/–) T cells to lethally irradiated mice was associat-
ed with earlier onset and a worsening of GvHD.Welniak
et al.28 suggested that transplantation of full MHC-mis-
matched donor bone marrow and splenocytes from
CCR5-knockout mice might result in higher interferon-γ
and tumor necrosis factor-α production by recovered T
cells and better proliferation in response to a T-cell mito-
gen with a lower expansion of CD8+ T cells, indicating
that CCR5 plays a role in down-regulating donor allore-
active CD8+ T-cell expansion.
It is difficult to explain why the lack of functional

chemokine receptor on recipient cells protects against
GvHD. However, our study suggests that also the
expression of CCR5 on recipient cells, especially early
after transplantation, plays a role in the alloresponse
leading to GvHD. Interestingly, recent studies in solid
organ transplant recipients have suggested that the
expression of CCR5 may play an important role in
directing T cells into allografts to mediate acute rejection.
A lack of functional CCR5 on recipient cells has been
found to be associated with a better outcome of solid
organ transplants. For example, prolonged survival of
cardiac allografts was reported in recipients either lack-
ing CCR5 or treated with CCR5 neutralizing monoclon-
al antibody.34 In clinical renal transplantation, the pres-
ence of a homozygous mutation encoding non-function-
al CCR5 in recipients was associated with decreases in
acute rejection and better graft outcomes as compared to
recipients expressing functional receptor.30Data from the
present study would suggest that a lack of functional
CCR5 on recipient cells may play a protective role also
in HSCT. It could be speculated that enhanced migration
of recipient T cells lacking functional CCR5 to lymphoid
tissue in response to pro-inflammatory chemokines
induced by a conditioning regimen (irradiation) may
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limit T-cell engraftment and expansion. Indeed the study
of Wysocki et al.9 showed that, in irradiated recipients, T
cells lacking CCR5 had enhanced migration to CXCL10
(the interferon-inducible CXCR3 ligand). In addition, it
has been documented that CD4+CD25+ T regulatory
cells (T regs), whose presence is associated with a lower
risk of developing acute GvHD, need CCR5 to func-
tion.35 All these results, from the studies in mice and the
present one in humans, indicate that the role of CCR5 in
allogeneic HSCT and GvHD is more complex than ini-
tially thought. Moreover, a direct association between
levels of CCR5 and differentiation of monocytes to
macrophages has been documented.36 It has also been
found that cross-linking of CCR5 on monocytes leads to
activation and differentiation of monocytes into dendrit-
ic cells while following the cross-linking of CCR5,
monocytes synthesize high levels of M-CSF, RANTES,
MIP-1α, and MIP-1β associated with a readily detectable
down modulation of CD14, CD4, CCR5, and CXCR4
expression.37 It would, therefore, be of interest to look at
changes in CCR5 expression at different times after trans-
plantation, during acute GvHD and in different cell popu-
lations including not only lymphocytes, but also those that
might function as professional antigen-presenting cells
such as monocytes/macrophages. However, these aspects
remain to be investigated.
There also has been some intriguing data suggesting

that the CCR5 gene polymorphism may have a role in
the perpetuation of viral infections. Initial indications on
this came from studies in HIV-1 infected patients.
Homozygosity for the CCR5∆32 allele or lower expres-
sion of CCR5 in these patients was found to be associat-
ed with lack of clinical symptoms and heterozygous
individuals had slower progression to AIDS.20-24

Furthermore, very recent data showed that the absence
of CCR5∆32 allele or increased expression of CCR5 in
peripheral blood cells was associated with increased
Epstein-Barr virus load in patients after allogeneic HSCT
(preliminary data reported in 38,39).
These data support the theory that CCR5 genotype

may be of prognostic value for transplant outcome.
These results add significantly to those of studies high-
lighting the potential importance of non-HLA polymor-
phisms in HSCT40,41 and indicate that non-HLA genotyp-
ing may be useful for identifying patients at the highest
risk of complications. Thus, CCR5 and probably also its
ligands might be novel target molecules for therapeutic
interventions in patients undergoing allogeneic HSCT.
However, the results of the effect of the CCR5 gene
polymorphism need to be confirmed in other patient-
donor pairs to assess whether analysis of this polymor-
phism could be included in standard patient-donor geno-
typing to complement traditional histocompatibility
testing and increase the ability to predict the risk of
transplant-related complications.
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