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Effect of Chemokine Receptor Mutations on Heterosexual Human
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To assess the effect of mutations at the CCR-2 and CCR-5 loci on heterosexual human
immunodeficiency virus (HIV) transmission, 144 persons heterosexually exposed to HIV (in-
fected and uninfected [EU]) and 57 HIV-positive index partners were genotyped. A signifi-
cantly higher frequency of 64I heterozygotes at CCR-2 was observed in HIV-positive than in
EU women ( , relative ). The allele frequency of 64I in women was 8% inP 5 .02 risk 5 1.6
HIV-positive contacts and 1% in EUs ( ). At CCR-5, no difference in the frequency ofP ! .02
D32 was seen between groups, and the CCR-5 genotypes did not differ in accumulated “at-
risk” exposure in EUs. Combining the analysis of the D32 and 64I mutations in index partners
suggested an additive effect on transmission ( ). Thus heterozygosity for 64I at CCR-P 5 .10
2 acts as a risk factor for HIV infection of women after heterosexual contact but heterozygosity
for D32 at CCR-5 has no detectable effect.

Until the last few years, genetic factors shown to affect the
rate of progression to disease in human immunodeficiency virus
(HIV)–infected persons was limited to human leukocyte antigen
(HLA) alleles [1–3]. However, no HLA type has clearly cor-
related with protection from infection [4], although some genetic
component conveying resistance is possible. This was confirmed
after the discovery of the coreceptors for HIV entry. The pre-
dominant coreceptor used by non–T cell line–adapted strains
of virus is the C-C chemokine receptor-5 (CCR-5) [5–8], and
several highly exposed uninfected (EU) persons were found to
be homozygous for a 32-bp deletion (D32) in the CCR-5 gene
[9], resulting in a lack of functional receptor expression. The
deletion is present in white populations at an allele frequency
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of ≈10% [9–11] but absent in persons of all other ethnic
backgrounds.

Extensive screening of HIV EU and infected cohorts revealed
that homozygosity for the deletion in CCR-5 conferred signif-
icant protection against infection in homosexuals and hemo-
philiacs and was present almost exclusively in the uninfected
persons [10, 12–15]. In addition, the studies showed that het-
erozygosity was associated with a slower progression to AIDS
in HIV-positive homosexuals, although it conferred no protec-
tion against infection after homosexual contact.

A further genetic polymorphism in the chemokine receptor
CCR-2 has been reported [16–18]. This polymorphism corre-
sponds to a single base change (GrA position 190), resulting
in the conservative change of valine to isoleucine at amino acid
position 64 (64I). The 64I mutation, which causes the first trans-
membrane loop of CCR-2 to become identical to the corre-
sponding domain in CCR-5, was present in all ethnicities stud-
ied and was associated with slower disease progression [16–18].
However, this mutation was not protective for infection in EU
homosexuals; homozygotes for the mutation 64I/64I were seen
in both HIV-positive and uninfected cohorts [16–18]. Kostrikis
et al. [17] have since suggested a mechanism by which this
conservative mutation, in a receptor rarely used by HIV, exerts
an effect. They showed the mutation to be in 100% linkage dis-
equilibrium with a mutation in the promoter region of CCR-
5. More recently, several other polymorphisms in the CCR-5
promoter region have been reported, and Martin et al. [19]
showed that homozygosity for 1 of 10 haplotypes correlated
with accelerated disease progression.
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Table 1. Study cohort summary.

Women Men Total

Contactsa 180 66 246
Mean age 5 SD 26 5 6 30 5 6
Mean duration of relationship (months)b 52 42
Non-IDU risk contactsc 118 34 152
HIV-negative at recruitmentd 93 27 120
Seroconversions during follow-up 1 1 2
EUs for whom DNA sample was availablee 44 14 58

NOTE. These data have been published [22]. Further details of cohort are
outlined in Material and Methods.

a Total contacts recruited into study.
b Did not differ significantly when those with injecting drug use (IDU) risk

were excluded.
c Persons deemed at risk of infection by IDU were identified at interview and

excluded.
d Persons who were found to be discordant for HIV serostatus (HIV-negative)

at recruitment.
e Exposed uninfected persons (EUs) with DNA sample available for research

purposes.

The risk of acquiring HIV after heterosexual exposure is less
than for homosexual contact [20], presumably reflecting dif-
ferences between the mucosal surfaces of the rectum and vagina.
We investigated a cohort of heterosexual couples discordant for
HIV serostatus and selected subjects repeatedly exposed to
HIV who remained uninfected. In order to assess the effect of
genetic variation at the chemokine receptor loci on heterosex-
ually acquired infection, these EUs were screened for the pres-
ence of the CCR-5 deletion and the CCR-2 mutation. The
frequency obtained was then compared with those in hetero-
sexual HIV-infected subjects (HIV positives) and in low-risk
uninfected controls. HIV-positive index partners who trans-
mitted virus heterosexually and the nontransmitting index part-
ners were also screened to ascertain whether these mutations
have any effect upon the transmission of HIV during hetero-
sexual exposure. In addition to analyzing the effects of each
locus separately, we also performed a joint analysis to evaluate
whether they were acting independently. The CCR-5 promoter
genotypes were also determined in EUs, heterosexually exposed
HIV-postivies, and low-risk controls to determine whether they
affect the risk of HIV transmission heterosexually.

Material and Methods

Subjects. The Edinburgh Heterosexual Partner Study (EHPS)
recruited heterosexual partners (contacts) of HIV-positive patients
(indexes), whose only risk factor for HIV infection was sexual
contact with an index patient. The majority of the index patients
were infected after an epidemic of HIV-1 subtype B among injecting
drug users (IDUs) [21]. At the initial interview, the length of the
relationship and frequency and nature of sexual contacts were de-
termined and an HIV test was offered along with counseling. If
the interview revealed evidence of continued needle-sharing, those
persons were excluded from this analysis. If discordant for HIV
serostatus at recruitment, couples were followed at ∼6-month in-
tervals at the clinic or by home visit, and HIV status, sexual be-
havior, and contraceptive use were reassessed. Interviews were done
by a trained research nurse. A summary of information about the
cohort is given in table 1 [22].

We identified 58 (44 women, 14 men) heterosexual EUs for whom
DNA samples were available from the EHPS on the basis of their
continued seronegative status despite high-risk exposure to HIV-
1. We also analyzed DNA samples from 86 persons (65 women,
21 men) infected with HIV by heterosexual contact. Of these sam-
ples, 62 (45 women, 17 men) were obtained from the MRC Mo-
lecular Epidemiology Repository, Edinburgh [21]. The remaining
24 samples (20 women, 4 men) were from HIV-infected contacts
from the EHPS. We also analyzed control samples from 50 persons
selected for a study of polycystic kidney disease without regard for
risk of HIV infection.

HIV-positive heterosexual partners of the EUs (nontransmitting
indexes [NTRIs]; ; 10 women, 28 men) and persons whon 5 38
transmitted HIV by heterosexual contact (transmitting indexes
[TRIs]; ; 3 women, 16 men) were also selected from the EHPSn 5 19
cohort. All subjects were white; 95% resided in central Scotland.

Deduction of exposures for EUs. Initial interview data were

assessed and the number of sexual episodes deduced from the fre-
quency of “at-risk” sexual activity reported for the 5 years pre-
ceding the interview or the duration of the relationship if!5 years.
Any periods of abstinence during this time were subtracted as were
the number of protected sexual episodes estimated from the re-
ported frequency of condom usage. Follow-up data were analyzed
similarly and added to the value obtained for the initial interview.
Further details of risk assessment have been published [22, 23].

Polymerase chain reaction (PCR) analysis of CCR-5 gene. Ge-
nomic DNA was extracted from either Epstein-Barr virus–
transformed B cell lines derived previously from some subjects or
archived cryopreserved peripheral blood mononuclear cells
(PBMC) as described previously [24]. Where only plasma samples
were available, we used a more sensitive extraction method as out-
lined by Boom et al. [25].

We determined genotypes by PCR amplification of the region of
the CCR-5 gene in which the deletion site is located by using the
following primers: sense, 5′-CAAAAAGAAGGTCTTCATTACA-
CC-3′ and antisense, 5′-CCTGTGCCTCTTCTTCTCATTTCG-3′,
as described by Huang et al. [26]. The resulting fragments, 189 bp
(wild type, WT/WT), 157 bp (mutant, D32/D32), or both (hetero-
zygotes, WT/D32) were resolved on a 3% Metaphor gel (FMC
BioProducts, Rockland, ME). In addition, selected samples from
each experiment were amplified with the sense primer 5′-CTCGGA-
TCCGGTGGAACAAGATGGATTAT-3′ [7] and the antisense
primer from the above reaction using identical conditions. The
resulting 706-bp product was digested with BglII (Boehringer
Mannheim, Indianapolis) resulting in fragments of 511 and 195 bp
for WT/WT, 511 and 163 bp for D32/D32, and 511, 195, 163 bp
for WT/D32.

PCR analysis of the CCR-2 gene. We obtained genomic DNA
as above and amplified a 128-bp fragment of the CCR-2 gene using
the following primers [16]: sense, 5′-TTGTGGGCAACATGA-
TGG-3′, and antisense, 5′-GAGCCCACAATGGAGAGTA-3′.
Amplification was performed as for CCR-5, but the annealing tem-
perature was raised to 607C for all cycles. The sense primer contains
a mismatch base (CrA position 184), which in the presence of the
mutation (GrA position 190) generates a restriction site for the
enzyme BsaBI in the amplified product. The resulting 128-bp prod-
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Table 2. CCR-5 and CCR-2 genotypes and allele frequencies in controls, exposed uninfected persons, and human immunodeficiency virus
(HIV)–positive groups.

CCR-5a CCR-2b

WT/WT WT/D32 D32/D32
D32 allele frequency

(95% CI)c WT/WT WT/64I 64I/64I

64I allele frequency
(95% CI)c

Exposed seronegative, n 5 58 40 (69) 17 (29) 1 (2) 16 (10–24) 54 (93) 4 (7) 0 3 (1–8)
HIV-positive, n 5 86 63 (73) 23 (27) 0 13 (8–19) 72 (84) 13 (15) 1 (1) 9 (5–14)
Population controls, n 5 50 38 (76) 10 (20) 2 (4) 14 (8–22) 43 (86) 7 (14) 0 7 (3–14)

NOTE. Data are no. (%) or % allele frequency (95% confidence interval [CI]).
a WT/WT, homozygous wild type CCR-5 genotype; D32/D32 for homozygous mutant for 32-bp deletion in CCR-5 gene and WT/D32 for heterozygote.
b WT/WT, homozygous wild type CCR-2 genotype; 64I/64I for homozygous mutant for valine-to-isoleucine a-a change and WT/64I for heterozygote.
c 95% binomial CIs.

uct was ethanol precipitated and digested with BsaBI (New Eng-
land BioLabs, Beverly. MA). The samples were then resolved on
a 3% Metaphor gel. When the mutation was present, the mismatch
base in the sense primer allowed the digestion of the 128-bp PCR
product to 110- and 18-bp fragments. Homozygous wild type (WT/
WT) persons showed only the uncut 128-bp product; homozygous
mutant persons (64I/64I) showed the digested 110-bp fragment
(since the 18-bp fragment was too small to be resolved); hetero-
zygous persons showed both the 128- and the 110-bp fragments.

CCR-5 promoter genotyping. CCR-5 promoter genotypes were
determined as outlined elsewhere [19] for the heterosexual EUs
( ), HIV positives ( ), and population controls (n 5 51 n 5 70 n 5

).48
Statistical analysis. Exposure levels for the EU group were

analyzed by t test after log transformation. Genotype frequencies
were tested by x2 (rare homozygous mutant persons were pooled
with heterozygotes to avoid low expected values) and by Fisher’s
exact test. Binomial confidence intervals were interpolated from
table W of Rohlf and Sokal [27], and probability values for the
differences between means were obtained from the standardized
normal deviate.

Results

Genotype and Allele Frequencies in Heterosexual HIV EUs

CCR-5. We observed 3 homozygotes for the D32 mutation.
All were HIV negative: 2 were from the control group and 1
was an EU (table 2). There was no difference in genotype fre-
quencies among EUs, heterosexually infected, and control sub-
jects ( , [homozygous mutant persons combined2x 5 .69 P 5 .71
with heterozygotes because of the few homozygotes]) or sig-
nificant departure from Hardy-Weinberg predicted frequencies.
Direct comparison of heterosexually exposed infected and un-
infected persons revealed neither significant difference in
CCR-5 genotype frequencies nor significant differences in the
mean allele frequencies between groups (table 2: 16% EUs, 13%
HIV positive subjects, 14% control subjects). When all groups
were combined, the overall frequency of the D32 allele in this
population was 14% (range, 9%–23%). Because male-to-female
transmission has a greater relative risk [RR] than female-to-
male transmission [23, 28], women contacts were analyzed sep-
arately (table 3: EUs , HIV-positives ); however,n 5 44 n 5 65

there was still no significant difference. In view of the low num-
ber of men contacts, no separate analysis is included.

CCR-2. Only 1 homozygote for the 64I mutation was seen
(in the HIV-positive group; table 2). As for CCR-5, no signif-
icant heterogeneity was observed among the genotype frequen-
cies of the 3 groups (table 2; , [homozygous2x 5 2.79 P 5 .25
mutant persons were combined with heterozygotes because
there were few homozygotes]). However, there were more het-
erozygotes among HIV-positive subjects than among the EUs;
a difference that was near significance ( , exact test, one-P ! .08
tailed); when women contacts were considered separately, this
difference was significant ( , exact test, one-tailed). TheP 5 .02
64I mutant allele thus appears to be a risk factor for hetero-
sexual infection of women ( ; range, 1.3–2.1). The alleleRR 5 1.6
frequency of 64I was also increased in HIV-positive groups
compared with EUs (table 2; , , both sexes; tablez 5 1.77 P 5 .08
3; , , women only).z 5 2.33 P ! .02

Combined CCR-2/5 analysis. Subjects WT at both the
CCR-2 and CCR-5 loci were compared with those of all other
possible genotypic combinations (WT/D32, 64I/WT, 64I/D32,
D32/D32, and 64I/64I), but no significant difference in frequency
was observed among the 3 groups ( , ). The dif-2x 5 .38 P 5 .83
ference between heterosexually exposed groups only (EUs and
HIV-positive subjects) also was not significant.

CCR-5 promoter genotypes. The CCR-5 promoter geno-
types (as described in [19]) were determined for a proportion
of subjects screened for CCR-2 and CCR-5 genotypes for whom
appropriate material was available (table 4). Of the 10 alleles
described, only P1, P2, and P4 were seen in this cohort.

The heterosexually exposed subjects (EUs or HIV positive
subjects) had a similar distribution of both haplotypes (data
not shown) and genotypes (table 4); no significant differences
were seen among the 2 groups. However, the P2 haplotype was
higher in the control group (14%) than in EUs (6%; ,z 5 1.83

) and HIV positive subjects (6%; , ),P 5 .067 z 5 1.85 P 5 .064
a difference that approached significance. Genotypes that con-
tain the P2 allele (table 4) were more common in the control
group, and the difference for P1/P2 was significant (21% of
control subjects, 8% of EUs, 7% of HIV positive subjects; table
4; , ). The significance of this difference in2x 5 6.19 P 5 .045
the control group is unclear; however, the heterosexually ex-
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Table 3. CCR-5 and CCR-2 genotypes and allele frequencies in exposed uninfected persons and human immunodeficiency virus (HIV)–positive
women.

CCR-5a CCR-2b

WT/WT WT/D32 D32/D32
D32 allele frequency

(95% CI)c WT/WT WT/64I 64I/64I (%)
64I allele frequency

(95% CI)c

Exposed seronegative, n 5 44 31 (71) 12 (27) 1 (2) 16 (9–25) 43 (98) 1 (2) 0d 1e (0–6)
HIV-positive, n 5 65 48 (74) 17 (26) 0 13 (8–20) 55 (85) 9 (14) 1d (2) 8e (4–14)

NOTE. Data are no. (%) or % allele frequency (95% confidence interval [CI]).
a WT/WT, homozygous wild type CCR-5 genotype; D32/D32 for homozygous mutant for 32-bp deletion in CCR-5 gene and WT/D32 for heterozygote.
b WT/WT, homozygous wild type CCR-2 genotype; 64I/64I for homozygous mutant for valine-to-isoleucine a-a change and WT/64I for heterozygote.
c 95% binomial CIs.
d , exact test (1-tailed), comparing CCR-2 genotype frequencies in 2 groups and pooling classes to avoid low expected values.P 5 .02
e , , difference between allele frequencies established from standardized normal deviate.z 5 2.33 P ! .02

posed infected and uninfected groups did not differ in the dis-
tribution of the CCR-5 promoter alleles and genotypes. This
was not altered by separate consideration of men and women
(data not shown).

Effect of exposure on genotype distribution. The availability
of quantitative data on exposure levels within the EU group
allowed us to investigate whether CCR-5 genotypes differed
with respect to the average exposures accumulated without se-
roconversion. Because few EUs expressed the CCR-2 mutation
(table 2), this analysis is presented only for the CCR-5
genotypes.

The level of at-risk exposure ranged from !50 sexual contacts
to 11000 (figure 1). The range of exposures for both WT/WT
and WT/D32 was evenly spread, with no difference with respect
to genotype. Median values of 131 and 118 for the WT/WT
and WT/D32, respectively, were obtained. The accumulated
mean exposure for WT/WT and WT/D32 heterozygotes did not
differ significantly ( , ).t 5 .14 P 5 .89

When female contacts were analyzed separately, the median
accumulated exposures were WT/WT, 100, and WT/D32, 129,
but the difference was not significant. We concluded there was
no difference among CCR-5 genotypes in total sexual contacts
between uninfected women and their infected partners.

Genotype and Allele Frequencies in HIV-Positive Partners

CCR-5. HIV-positive index partners were grouped ac-
cording to whether they transmitted the virus to their partner
during the study (TRIs, ; 3 women, 16 men) or did notn 5 19
(NTRIs, ; 10 women, 28 men). No significant differencen 5 38
was observed between CCR-5 genotypes in the 2 groups (table
5), even when only men subjects were examined (data not
shown). No homozygous D32/D32 persons were identified in
either group, and the allele frequencies did not differ signifi-
cantly (table 5: , , both sexes; , ,z 5 .93 P 5 .35 z 5 .59 P 5 .56
men only; data not shown).

CCR-2. Genotype frequencies for CCR-2 did not differ
between TRIs and NTRIs when both sexes were included (table
5) or for men only (data not shown). Allele frequencies also
did not differ (table 5: TRIs, 3%; NTRIs, 11%; ,z 5 1.47 P 5

, both sexes; , , men only; data not shown)..14 z 5 1.27 P 5 .20

Combined CCR-2/5 analysis. When we compared the fre-
quency of persons WT at both the CCR-2 and CCR-5 loci with
those with all other genotypic combinations (as outlined above)
(TRIs, 14 WT:WT, 5 non-WT:WT; NTRIs, 20 WT:WT, 18 non-
WT:WT) the difference between the 2 groups increased (P 5

, exact test, one-tailed). Thus the two mutations appeared.10
to have an additive effect on the probability of heterosexual
transmission by HIV-positive index partners.

Discussion

We studied the distribution of mutations in genes encoding
the chemokine receptors CCR-2 and CCR-5 in a cohort of
heterosexually exposed subjects and population controls. An
overall frequency for the mutant CCR-5 allele of 14% (range,
9%–23%) was obtained, which is higher than reported for con-
tinental European white populations (9.2%, ; 9.8%,n 5 704

) [9, 11] and significantly higher than the 8% found inn 5 122
an American population (95% white; [26]).n 5 637

Previous studies established that homozygosity for the CCR-
5 mutant allele substantially protected subjects from HIV-1 in-
fection after homosexual contact [10, 26], with EUs showing
an increased frequency of D32/D32 homozygotes and departing
from Hardy-Weinberg expected frequencies. We, too, found
D32/D32 persons only in our HIV-negative groups, but found
no departure from Hardy-Weinberg expected frequencies. Al-
though the lack of observed effect may be due to smaller sample
size, the increased allele frequency in this Scottish population
would have made any effect easier to detect.

Although persons heterozygous for the D32 mutant in
CCR-5 have shown a slower rate of progression in several US
cohorts [10, 29–31], no effect of heterozygosity on transmission
has been seen, including transmission by heterosexual sex [32].
In a small-scale study of a racially mixed group, Hoffman et
al. [33] found that heterosexual but not homosexual couples
had increased WT/D32 heterozygotes in the exposed uninfected
partners compared with HIV-positive partners. In our study
group, which was substantially larger than Hoffman’s and care-
fully assessed for exposure, there was no significant difference
in the CCR-5 D32 genotype distribution of the heterosexual
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Table 4. Frequency of CCR-5 promoter mutation genotypes in ex-
posed uninfected (EUs), human immunodeficiency virus (HIV)–
positive, and control groups.

P1/P1 P1/P2a P1/P4 P2/P2 P2/P4 P4/P4

EU, n 5 51 19 (37) 4 (8) 21 (41) 1 (2) 0 6 (12)
HIV-positive, n 5 70 29 (41) 5 (7) 26 (37) 1 (1) 2 (3) 7 (10)
Controls, n 5 48 16 (33) 10 (21) 13 (27) 0 3 (6) 6 (13)

NOTE. Promoter haplotypes outlined elsewhere [19]. Data are no. (%).
a , , comparing genotype frequencies of this genotype among2x 5 6.19 P 5 .045

3 groups.

Figure 1. Human immunodeficiency virus (HIV) exposure among
seronegative partners of HIV-positive persons related to CCR-5 ge-
notype. HIV exposure levels (plotted on log scale) are no. of at-risk
exposures for each contact person (estimated as outlined in Materials
and Methods). Horizonal bars, median values. CCR-5 genotypes are
identified as WT/WT for homozygous wild type, D32/D32 for homo-
zygous mutant for 32-bp deletion in CCR-5 gene, and WT/D32 for
heterozygote. Mean exposure values were 279.9 (WT/WT) and 215.9
(WT/D32) ( , ).t 5 .14 P 5 .89

Table 5. CCR-5 and CCR-2 genotypes and allele frequencies in transmitting indexes (TRIs) and non-TRIs (NTRIs).

CCR-5a CCR-2b

WT/WT WT/D32 D32/D32
D32 allele frequency

(95% CI)c WT/WT WT/64I 64I/64I

64I allele frequency
(95% CI)c

TRIs, n 5 19 15 (79) 4 (21) 0 11 (3–24) 18 (95) 1 (5) 0 3 (0–14)
NTRIs, n 5 38 25 (66) 13 (34) 0 17 (10–27) 32 (84) 4 (11) 2 (5) 11 (5–20)

NOTE. Data are no. (%).
a WT/WT, homozygous wild type CCR-5 genotype; D32/D32 for homozygous mutant for 32-bp deletion in CCR-5 gene and WT/D32 for heterozygote.
b WT/WT, homozygous wild type CCR-2 genotype; 64I/64I for homozygous mutant for valine-to-isoleucine a-a change and WT/64I for heterozygote.
c 95% binomial CIs.

EUs compared with heterosexually infected persons. Because
some of the HIV-positive subjects studied by Hoffman et al.
[33] became infected by other modes of transmission, they were
unable to directly assess the effect of heterozygosity on heter-
osexually acquired infection.

In order to address the effects of heterozygosity at the CCR-
5 locus on infection more sensitively, we analyzed the distri-
bution of WT/D32 heterozygotes with regard to the level of at-
risk exposure. Increased exposure confers an enhanced risk of
infection [22, 23]; however, we found no evidence for any in-
crease in the mean exposure accumulated for WT/D32 hetero-
zygous EUs. Indeed, the highest levels of exposure (estimated
unprotected sexual contacts 11000) were in persons who were
wild type at the CCR-5 locus. Thus we found no evidence that
heterozygosity for the D32 mutant CCR-5 provides significant
protection against heterosexual HIV transmission. As the fre-
quency of homozygotes for the mutant CCR-5 does not appear
to be 11% in any white population and is absent in nonwhite
populations, the D32 mutation may not contribute substantially
to variation in susceptibility to heterosexual infection.

The more recently discovered point mutation in CCR-2,
which causes a single amino acid change (V64I), also affects
the rate of progression in seroconversion cohorts [16–18]. We
analyzed the distribution of the CCR-2 mutation in our groups
and found that, whereas the frequency of 64I in HIV-positive
persons was similar to that of population controls, there were
significantly fewer persons heterozygous for the 64I mutation
in CCR-2 among EUs than in heterosexually infected HIV-
positive subjects, when women only were analyzed. Thus, CCR-
2 64I acted as a risk factor for heterosexual infection of women
in this cohort ( ). HIV transmission is less frequentRR 5 1.6
from women to men than from men to women [20, 23, 28], so
it is appropriate to analyze the sexes separately; more men

contacts would be required to detect any possible effect of ge-
notype on the infection of men. The majority of contacts in
this study were women, and the significance of the difference
between genotypes was reduced ( ) when men contactsP ! .08
were included in the analysis. No difference in infection risk
for 64I heterozygotes has been seen among homosexual con-
tacts [16, 17, 34], which may reflect contrasting mechanisms of
transmission in these risk groups.

The mechanism by which a conservative amino acid change
in the transmembrane region of a receptor could affect trans-
mission is not obvious but may be due to linkage disequilibrium
with another mutation. The 64I mutation in CCR-2 is in strong
linkage disequilibrium with a mutation, known as both 59673T
and 927T, in the promoter region of the closely linked CCR-5
gene [17]. However, 927T is in a putative intron, and no obvious
mechanism to explain these results has been forthcoming. We
also assessed previously described [19] CCR-5 promoter hap-
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lotypes and genotypes in our cohort, but we found no haplotype
or genotype differences between the 2 heterosexually exposed
cohorts. One recent study [35] assessed the effects of the 64I
polymorphism on coreceptor activity of CCR-2, CCR-3, CCR-
5, and CXCR-4. It found that the 64I mutation had no effect
on CCR-2 function or its use by HIV as a coreceptor, confirm-
ing the hypothesis that this conservative mutation does not alter
CCR-2 greatly. Altered expression of CCR-5 and CXCR-4 was
seen in the PBMC of WT/64I heterozygotes, although only the
latter was significant. The mechanism by which such differences
occur is unresolved and may reflect polymorphisms either in
the CCR-5 gene or in as yet unidentified genes that may affect
the level of expression of CCR-5, which correlates with infec-
tibility [36].

Because genetic host factors influence progression [1–3, 10,
16–18, 29–31, 37] and the disease status or CD4 cell count of
the transmitting index person has affected the probability of
transmission in the EHPS and in other studies [23, 38], we also
assessed whether the chemokine receptor genotype of the HIV-
positive index patients affected the probability of transmission.
No significant effect was seen for either mutation, although,
when 64I and D32 mutations were analyzed together, an ad-
ditive effect was seen that would require a larger study for
confirmation. These mutations may affect progression by in-
fluencing virus load [39]. Differences in virus load could affect
how much virus the contact is exposed to and hence alter the
risk of transmission. However, direct assessment of virus load
was not possible in this study. Viral variation is unlikely to be
an important factor affecting the probability of transmission
in this cohort, since viral strains from Edinburgh IDUs are
closely related and fall into a single cluster within the B subtype
[21].

In this analysis of the influence of genotype at CCR-5 and
CCR-2 on heterosexual transmission, we found no evidence
that either acts to protect the exposed person when heterozy-
gous. More surprisingly, we found that the presence of the 64I
alteration in CCR-2 increases the risk of infection in this cohort.
This mutation may act as a marker for a mutation in the reg-
ulatory region of the CCR-5 gene [17], and we await further
understanding of the functional effects of both mutations before
this result can be more clearly defined. However, it is possible
that a mutation of this kind in the regulatory region of the
CCR-5 gene or other mutations in the CCR-5 gene may alter
the level and expression of CCR-5 in different tissues and cell
types and thus may affect the risk of heterosexual transmission.

Acknowledgments

We are very grateful to A. Wright (MRC Human Genetics Unit,
Edinburgh) for supplying DNA samples for the control cohort. We
thank L. Zhang (Aaron Diamond Research Center, New York) for
advice on primers and PCR conditions and J. Whitelaw (SNBTS, Ed-
inburgh) and M. Arnott (University of Edinburgh) for assistance with
samples.

References

1. McNeil AJ, Yap PL, Gore SM, et al. Association of HLA types A1-B8-DR3
and B27 with rapid and slow progression of HIV disease. QJM 1996;89:
177–85.

2. Steel CM, Ludlam CA, Beatson D, et al. HLA haplotype A1 B8 DR3 as a
risk factor for HIV-related disease. Lancet 1988;1:1185–8.

3. Kaslow RA, Carrington M, Apple R, et al. Influence of combinations of
human major histocompatibility complex genes on the course of HIV-1
infection. Nat Med 1996;2:405–11.

4. Just JJ, Abrams E, Louie L, et al. Influence of host genotype on progression
to acquired immunodeficiency syndrome among children infected with
human immunodeficiency virus type 1. J Pediatr 1995;127:544–9.

5. Alkhatib G, Combadiere C, Broder CC, et al. CC-CKR5: a RANTES, MIP-
1a, MIP-1b receptor as a fusion co-factor for macrophage-tropic HIV-1.
Science 1996;272:1955–8.

6. Choe H, Farzan M, Sun Y, et al. The b-chemokine receptors CCR3 and
CCR5 facilitate infection by primary HIV-1 isolates. Cell 1996;86:
1135–48.

7. Deng H, Liu R, Ellmeier W, et al. Identification of a major co-receptor for
primary isolates of HIV-1. Nature 1996;381:661–6.

8. Dragic T, Litwin V, Allaway GP, et al. HIV-1 entry into CD41 cells is mediated
by the chemokine receptor CC-CKR-5. Nature 1996;381:667–73.

9. Liu R, Paxton W, Choe S, et al. Homozygous defect in HIV-1 co-receptor
accounts for resistance of some multiply-exposed individuals to HIV-1
infection. Cell 1996;86:367–77.

10. Dean M, Carrington M, Winkler C, et al. Genetic restriction of HIV-1 in-
fection and progression to AIDS by a deletion allele of the CKR5 struc-
tural gene. Science 1996;273:1856–62.

11. Samson M, Libert F, Doranz B, et al. Resistance to HIV-1 infection in cau-
casian individuals bearing mutant alleles of the CCR-5 chemokine recep-
tor gene. Nature 1996;382:722–5.

12. Biti R, French R, Young J, Bennetts B, Stewart G, Liang T. HIV-1 infection
in an individual homozygous for the CCR-5 deletion allele. Nat Med
1997;3:252–3.

13. O’Brien TR, Winkler C, Dean M, et al. HIV-1 infection in man homozygous
for CCRD32. Lancet 1997;349:1219.

14. Theodorou I, Meyer L, Magierowska M, Katlama C, Rouzioux C, Seroco
Study Group. HIV-1 infection in an individual homozygous for CCR5D32.
Lancet 1997;349:1219–20.

15. Balotta C, Bagnarelli P, Violin M, et al. Homozygous D32 deletion of the
CCR-5 chemokine receptor gene in an HIV-1–infected patient. AIDS
1997;11:F67–71.

16. Smith MW, Dean M, Carrington M, et al. Contrasting genetic influence of
CCR-2 and CCR-5 variants on HIV-1 infection and disease progression.
Science 1997;277:959–65.

17. Kostrikis LG, Huang Y, Moore JP, et al. A chemokine receptor CCR2 allele
delays HIV-1 disease progression and is associated with a CCR5 promoter
mutation. Nat Med 1998;4:350–3.

18. Rizzardi GP, Morawetz RA, Vicenzi E, et al. CCR2 polymorphism and HIV
disease. Nat Med 1998;4:252–3.

19. Martin MP, Dean M, Smith MW, et al. Genetic acceleration of AIDS pro-
gression by a promoter variant of CCR5. Science 1998;282:1907–11.

20. Giesecke J, Ramstedt K, Granath F, Ripa T, Rado G, Westrell M. Partner
notification as a tool for research in HIV epidemiology: behavior change,
transmission risk and incidence trends. AIDS 1992;6:101–7.

21. Leigh Brown AJ, Lobidel D, Wade CM, et al. The molecular epidemiology
of human immunodeficiency virus type 1 in six cities in Britain and Ireland.
Virology 1997;235:166–77.

22. Robertson JR, Wyld R, Elton R, Brettle R. Heterosexual transmission of
HIV in men and women in a Scottish cohort. AIDS 1998;12:823–4.

23. Fielding KL, Brettle RP, Gore SM, et al. Heterosexual transmission of HIV
analyzed by generalized estimating equations. Stat Med 1995;14:1365–78.

24. Simmonds P, Balfe P, Ludlam CA, Bishop JO, Leigh Brown AJ. Analysis of



620 Lockett et al. JID 1999;180 (September)

sequence diversity in hypervariable regions of the external glycoprotein
of human immunodeficiency virus type 1. J Virol 1990;64:5840–50.

25. Boom R, Sol CJA, Salimans MMM, Jansen CL, Wertheim-van Dillen PME,
Van Der Noordaa J. Rapid and simple method for purification of nucleic
acids. J Clin Microbiol 1990;28:495–503.

26. Huang Y, Paxton WA, Wolinsky SM, et al. The role of a mutant CCR5 allele
in HIV-1 transmission and disease progression. Nat Med 1996;2:1240–3.

27. Rohlf FJ, Sokal RR. Statistical tables. San Francisco: WH Freeman, 1969.
28. European Study Group. Comparison of female to male and male to female

transmission of HIV in 563 stable couples. BMJ 1992;304:809–13.
29. Eugen-Olsen J, Iversen AKN, Garred P, et al. Heterozygosity for a deletion

in the CKR-5 gene leads to prolonged AIDS-free survival and slower CD4
T-cell decline in a cohort of HIV-seropositive individuals. AIDS 1997;11:
305–10.

30. Meyer L, Magierowska M, Hubert JB, et al. Early protective effect of CCR-
5 D32 heterozygosity on HIV-1 disease progression: relationship with viral
load. AIDS 1997;11:F73–8.

31. Stewart GJ, Ashton LJ, Biti RA, et al. Increased frequency of CCR-5 D32
heterozygotes among long-term non-progressors with HIV-1 infection.
AIDS 1997;11:1833–8.

32. O’Brien TR, Padian NS, Hodge T, Goedert JJ, O’Brien SJ, Carrington M.
CCR-5 genotype and sexual transmission of HIV-1. AIDS 1998;12:444–5.

33. Hoffman TL, MacGregor RR, Burger H, Mick R, Doms RW, Collman RG.

CCR5 genotypes in sexually active couples discordant for human im-

munodeficiency virus type 1 infection status. J Infect Dis 1997;176:1093–6.

34. Michael NL, Louie LG, Rohrbaugh AL, et al. The role of CCR-5 and CCR-

2 polymorphisms in HIV-1 transmission and disease progression. Nat Med

1997;3:1160–2.

35. Lee B, Doranz BJ, Rana S, et al. Influence of the CCR2-V64I polymorphism

on human immunodeficiency virus type 1 coreceptor activity and on che-

mokine receptor function of CCR2b, CCR5 and CXCR-4. J Virol 1998;72:

7450–8.

36. Wu L, Paxton WA, Kassam N, et al. CCR5 levels and expression pattern

correlate with infectibility by macrophage-tropic HIV-1, in vitro. J Exp

Med 1997;185:1681–91.

37. Winkler C, Modi W, Smith MW, et al. Genetic restriction of AIDS patho-

genesis by an SDF-1 chemokine gene variant. Science 1998;279:389–93.

38. Laga M, Taelman H, Van der Stuyft P, Bonneux L, Vercauteren G, Piot P.

Advanced immunodeficiency as a risk factor for heterosexual transmission

of HIV. AIDS 1989;3:361–6.

39. Fiore JM, Zhang YJ, Björndal A, et al. Biological correlates of HIV-1 het-

erosexual transmission. AIDS 1997;11:1089–94.


