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Abstract

Studies of mice with a targeted disruption of the CCR5 gene suggest that the CC chemokine receptor 5 (CCR5) is a determinant

of the cytokine response to endotoxin. In humans, a naturally occurring mutation of the CCR5 gene is a 32-basepair (bp) deletion
which precludes the translation of the gene into a functional transmembrane protein. To evaluate the cytokine phenotype of
heterozygosity for the 32 deletion, we studied the endotoxin-stimulated release of tumor necrosis factor-a, Interleukin (IL)-6, IL-8,

IL-10, and IL-12 in whole blood ex-vivo of healthy volunteers and patients undergoing elective cardiac bypass surgery. This
operation represents a major surgical trauma associated with ischemia-reperfusion-injury and triggers a profound inflammatory
response. In these patients, cytokine plasma concentrations were measured during and after cardiac surgery. No difference was

found between the frequencies of the observed and expected CCR5 genotypes in the groups of individuals studied. Furthermore, no
significant difference in ex-vivo or peri- and postoperative cytokine plasma concentrations was detected between CCR5 wild-type
homozygotes and individuals carrying one defective CCR5 allele. Our results indicate that heterozygosity for the 32 bp deletion of
CCR5 is not associated with an altered cytokine response to endotoxin or to a major surgical trauma when compared with

individuals homozygous for the wild-type allele.
� 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The seven-transmembrane spanning G protein-cou-
pled receptor CCR5 binds the CC chemokines macro-
phage inflammatory protein-1a (MIP-1a), MIP-1b, and
RANTES [1]. It is expressed on monocytes as well as
CD45RO+ (memory) T cells [1,2]. Particular interest in
this molecule comes from its role as an HIV co-receptor
required for the infection of CD4 positive cells with
macrophage-tropic HIV isolates [3]. A genetic variant
of this molecule exists consisting of a 32-nucleotide

deletion (D32) in the region encoding the second ex-
ternal loop [4]. This deletion causes a frame shift and
the introduction of a premature stop codon. The pro-
tein encoded by this deleted allele is not translated [4].
Homozygosity for this defect was reported as a mecha-
nism of resistance to HIV infection in multiply exposed
individuals [4,5]. Heterozygosity for the D32 mutation is
associated with a slower progression to AIDS and
a longer disease-free survival compared with wild-type
HIV infected individuals [5,6]. The frequency of the
mutated allele is 10% in Caucasians [7]. Carriers of
the D32 allele are healthy and, so far, under normal
conditions no phenotype could be attributed to the
heterozygous or homozygous genotype. This suggests
that CCR5 function may be dispensable under normal
conditions.

* Corresponding author. Tel.: +31-205-662-533; fax: +31-206-979-

441.
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Studies in mice with a targeted disruption of this
molecule presented evidence for a role of CCR5 in host
defense against infection [8]. After intraperitoneal
challenge with different concentrations of endotoxin
CCR5 deficient mice had a higher survival rate than
CCR5 wild types. Also, the LD50 value of endotoxin was
significantly lower in wild-type compared with the
knock-out mice (18.15 vs. 34.05mg endotoxin/kg animal
body weight). Moreover, peritoneal macrophages of
CCR5 knock-out animals differed from their wild-type
littermates with regard to the cytokine production.
Macrophages of mice lacking CCR5 display reduced
endotoxin-stimulated production of Interleukin (IL)-1b
and IL-6. No difference in the release of tumor necrosis
factor (TNF)-a was found between knock-out and wild-
type mice [8]. Since these results of animal studies relate
CCR5 expression to cytokine release, we hypothesized
that heterozygosity for the D32 allele might be associated
with differences in the cytokine response to endotoxin in
humans as well. We studied healthy human volunteers
and patients scheduled for elective cardiac surgery and
evaluated the ex-vivo cytokine release after incubation
of whole blood with endotoxin. In addition, peri- and
postoperative cytokine plasma concentrations were de-
termined in the patients undergoing cardiac surgery.

2. Results

Ninety blood donors and 122 cardiac surgery patients
were genotyped for the CCR5 polymorphism. In both
groups the frequencies of the wild-type (CCR5) allele
and of the mutated D32 allele were found to be 93 and
7%, respectively. Thus, the genotype frequencies were
87% for CCR5/CCR5 and 13% for the heterozygous
genotype (CCR5/D32). Statistical analysis did not reveal
a difference between the frequencies of the observed
genotypes and those of the expected genotypes, in-
dicating that both study groups were in Hardy–
Weinberg equilibrium.

The concentrations of the cytokines TNF-a, IL-1b,
IL-6, and IL-8 obtained after stimulating whole blood of
blood donors with 100 ng/ml endotoxin for 4 h are given
in Table 1. Overall, no significant difference was found
in the cytokine release of individuals homozygous for
the CCR5 allele or CCR5/D32 heterozygotes.

Tables 2 and 3 summarize the data obtained from
patients scheduled for elective cardiac surgery. In the
whole blood samples taken before surgery and stimu-
lated ex-vivo with various concentrations of endotoxin,
a dose-dependent increase in TNF-a, IL-10, and IL-12
release was observed that did not differ between patients
carrying either one of the CCR5 genotypes (Table 2).
Furthermore, the concentrations of TNF-a, IL-10, and
IL-6 in the blood of these patients during and after
cardiac surgery (Table 3) did not reveal a significant

difference between the CCR5/CCR5 and CCR5/D32
genotype, neither on release of the aortic cross-clamp
nor on arrival at the intensive care unit (ICU) 2 h after
completion of surgery.

3. Discussion

The main finding of the present study is that in
humans the endotoxin-stimulated cytokine release did
not differ between individuals homozygous for the wild-
type CCR5 allele and persons heterozygous for CCR5
D32. This conclusion is based on two observations.
Firstly, using an established and validated whole blood
system to assess the release of TNF-a, IL-1b, IL-6, IL-8,
and IL-12 after 4 h incubation with endotoxin, and IL-
10 after 24 h stimulation, the cytokine release was not
affected by CCR5 genotype. This assay avoids con-
founding factors including adherence-induced expres-
sion of cytokines that can be associated with isolation of
certain cell populations such as monocytes. In addition,
whole blood probably represents the most physiological
environment for cytokine-producing cells. In a second
approach, the cytokine release during and after surgery
was determined in patients undergoing cardiac surgery.
Open heart surgery with cardiopulmonary bypass trig-
gers the release of pro- and anti-inflammatory cytokines
into the systemic circulation [9,10]. Also in the peri-
and postoperative blood samples, the cytokine con-
centrations did not differ according to the CCR5
genotype of the patients.

As a response to cardiac surgery plasma concen-
trations of TNF-a and IL-6 increased whereas IL-10
levels decreased. This finding is in agreement with
previous reports [11–13]. The sources of plasma TNF-a
are monocytes/macrophages and the myocardium [14].
IL-6 is produced by a variety of cells including mono-
cytes, fibroblasts, and hepatocytes [15]. Wan et al. [16]
identified the liver as the primary source of IL-10 in the
perioperative phase of cardiac surgery.

In previous approaches to relate a phenotype to the
D32 mutation, the concentrations of the natural ligands

Table 1

Whole blood cytokine response of healthy volunteers to endotoxin

according to CCR5 genotypes

CCR5/CCR5 (n=78) CCR5/D32 (n=12) p Values

TNF-a 2198 (1684–3709) 3278 (2237–3872) 0.345

IL-1b 381 (247–737) 280 (175–725) 0.544

IL-6 2876 (2329–4634) 3586 (2944–4368) 0.717

IL-8 1452 (833–2186) 1025 (582–2670) 0.430

Cytokine concentrations are ng/ml. Values are given as median

with interquartile ranges (25th–75th percentile) in parentheses. Whole

blood was stimulated with 100ng/ml endotoxin (E. coli O5 :B55) for

4 h at 37 �C. Cytokine plasma concentrations were determined by

measuring immunoreactivity by means of chemiluminescence.
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of this receptor, the chemokines MIP-1a, MIP-1b, and
RANTES were studied. Higher concentrations of these
chemokines were reported in two individuals homo-
zygous for the D32 mutation compared with wild-type
homozygotes [17]. Yang et al. [18] studied chemokine
concentrations in individuals homozygous for the wild-
type and in D32 heterozygotes. This group was unable
to find a difference in the chemokine synthesis after
endotoxin stimulation.

In contrast, animal studies related the lack of the
CCR5 molecule to the cytokine production. Mice with
a targeted disruption of CCR5 showed a 50% reduc-
tion in the levels of IL-1b and IL-6 after endotoxin
stimulation of peritoneal macrophages whereas no dif-
ference was observed for TNF-a [8]. We therefore hypo-
thesized that the cytokine response may characterize
the CCR5/D32 genotype. The D32 allele is a mutation
introducing a premature stop codon and the deleted
allele is not translated [4]. Carriers of the genotype
CCR5/D32 thus lack one functional allele. One would
expect that individuals carrying one D32 allele which
does not code for an intact protein have about half the
number of CCR5 molecules on the cell surface. How-
ever, the amount of CCR5 surface expression showed
a 20-fold variation among individuals with two intact
CCR5 alleles, using an MIP-1b binding assay or anti-
CCR5 monoclonal antibodies [19,20]. The reasons
for this high interindividual variability in wild-type
homozygotes remain unclear. It cannot be excluded that
genetic factors other than the D32 mutation determine
the cellular density of CCR5. This high variance
may by far outnumber the role of the defective CCR5
allele.

Among the reasons for the lack of association
between cytokine release and CCR5 genotype, genetic
polymorphisms of the cytokine genes have to be
mentioned. Such genetic variations have been identi-
fied for all cytokines determined in our study [21–24].
These polymorphisms were shown to influence the syn-
thesis of the respective cytokine. For instance, the TNF-
a gene has a polymorphism at position �308 of the
promoter region which regulates gene transcription [21].
The promoter region of the IL-1b gene bears two
polymorphic sites, �31 and �511 [22]. The �31
polymorphism affects DNA binding and is in a link-
age disequilibrium with the �511 site. Similarly, the
promoter of the IL-6 gene was also found to carry
a polymorphism consisting of a G/C substitution at
position �174 [23]. In a reporter gene assay, the �174C
oligonucleotide had a lower expression than the �174G
construct suggesting a higher IL-6 synthesis by the G
allele. Polymorphisms were also found in the IL-10 gene
and associations with gene transcription were reported
[24]. The study by Zhou et al. [8] suggested that in mice
the concentrations of IL-1b and IL-6 are under the
influence of the CCR5 polymorphism. It is not knownT
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whether the above-mentioned IL-1b and IL-6 poly-
morphisms which were described in humans also exist in
mice. In humans, these cytokine genetic variations might
outweigh the effect of a defective CCR5 molecule.

In conclusion, our study suggests that heterozygosity
for the D32 mutation of CCR5 is not associated with
a significant phenotype affecting the cytokine response
to an infectious or inflammatory stimulus when com-
pared with that in individuals homozygous for the wild-
type allele.

4. Materials and methods

4.1. Subjects and cytokine measurements

Written informed consent from each individual and
approval of the local medical ethics committee were
obtained. Two groups of subjects were studied. The first
group consisted of Caucasian healthy blood donors
(aged 18–65 years). Twenty milliliters of heparin-anti-
coagulated blood was drawn and mixed 1 : 1 with RPMI
1640 (Gibco BRL, Karlsruhe, Germany) and stimulated
with 100 ng/ml endotoxin (Escherichia coli O5 : B55,
Sigma, St. Louis, MO) for 4 h at 37 �C. The plasma
concentrations of TNF-a, IL-1b, IL-6, and IL-8 were
determined by measuring immunoreactivity by means
of chemiluminescence (Immulite, DPC Biermann, Bad
Nauheim, Germany).

The second group were Caucasian patients under-
going elective cardiac surgery with cardiopulmonary
bypass. On the morning just before surgery blood
samples for the determination of ex vivo cytokine
production were collected using heparin-anticoagulated
tubes. Cytokine production was determined in whole-
blood samples ex vivo as previously described [25].
Lipopolysaccharide (E. coli 0111 : B4, Difco, Detroit,
MI) was added to final concentrations of 10, 100, and
1000 ng/ml and cells were stimulated for 4 or 24 h at
37 �C. The operative procedures including premedica-
tion and anesthesia are described elsewhere [9]. During
operation, blood samples were taken immediately upon
release of the aorta clamp and upon arrival at the ICU

2h after completion of surgery. Blood samples were
collected in pyrogen-free ethylenediaminetetraacetic
acid (EDTA) tubes and immersed in ice. Plasma was
prepared by centrifugation at 3000� g for 5–10min at
4 �C and stored at �70 �C. TNF-a, IL-10, IL-12, and IL-
6 concentrations were determined with an ELISA
technique (Central Laboratories for Bloodtransfusion,
Amsterdam, The Netherlands and Medgenix diagnos-
tics, Floury, Belgium) [26].

4.2. Genotyping for the CCR5 D32 polymorphism

Genomic DNA was isolated from peripheral blood
cells using the QIAmp Blood kit (QIAgen, Hilden,
Germany). Twenty nanograms of DNA was used in
a 50 ll polymerase chain reaction (PCR) containing
1.5mM MgCl2 and 20 pmol of the forward primer 59-
ATCTCAAAAAGAAGGTCTTCATTAC-39 and the re-
verse primer 59-GAGTAGCAGATGACCATGACAA-39,
as described previously [5]. PCR conditions were as
follows: 94 �C for 5min followed by 35 cycles with 94 �C
for 20 s, 55 �C for 30 s, 72 �C for 20 s, and a final elonga-
tion step (72 �C for 5min). The PCR product was visual-
ized on a 2% agarose gel. Based on the band size an allele
was classified as wild-type (187 bp) or D32 (155 bp).

4.3. Statistical analysis

Data analysis was performed with the SPSS for
Windows Release 10.0.7 program. The 2 � 2 table chi-
square test was used to test for the Hardy–Weinberg
equilibrium by comparing the expected with the observed
genotype frequencies. Cytokine concentrations are given
as median and interquartile range (25th–75th percentile).
The Wilcox Mann–Whitney-test served for the compar-
ison of cytokine data between the two CCR5 genotypes.
Statistical significance was set at p-levels ,0.05.
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Table 3

Perioperative and postoperative plasma concentrations of various cytokines in patients undergoing elective cardiac bypass surgery

Upon release of aorta cross-clamp Upon arrival at ICU

CCR5/CCR5 CCR5/D32 CCR5/CCR5 CCR5/D32

TNF-a 2.4 (0.6–4.3) 2.7 (0.2–5.9) 4.3 (2.3–7.5) 5.1 (3.1–7.5)

IL-10 32 (11–81) 39 (6–207) 9 (4–26) 5 (0–17)

IL-6 39 (20–64) 35 (13–67) 300 (103–750) 146 (103–198)

Cytokine concentrations are in ng/ml. Values represent median with interquartile range (25th–75th percentile) in parentheses.

All p-values for differences between homozygous and heterozygous genotype > 0.40, except for IL-6 values upon arrival at ICU, p ¼ 0:068.

Data on homozygous and heterozygous genotype available for TNF-a n ¼ 86 and 16; IL-10 n ¼ 110 and 21; IL-6 n ¼ 57 and 9. Plasma cytokine

levels were determined by ELISA.
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