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Chemokine receptor CCR5 polymorphisms
and Chagas’ disease cardiomyopathy

Abstract: In this study we Investigated the peasibile role of 2w CCRS gene
pudyrnorpbizmes, CCRSAIZ delefion and CORS 58S A—G promoter point
mutation, in deteriumog the susceptilality o Trvbanosoms crear infection
as wiell as in the dewelopment of chagasic heart disease, Theze CCRS poly-
marphisms were asseased i B85 seropozitive (aevmplonatic, =53 cardi-
ornvopathic, =34 and 87 seronegative individualz, The exmemely lowr fre:
cuzency (U081 of the CCESAZE allele 1o our populalioz did not 2w ws te
analyse tbs posstble influence oo T orear infection, We found no differences
in the distribution of CORD 39089 promoter menctvpe or phenotype freguen:
cies between total chagasic patients and controls. Hewever, we observed that
the CORE SA029-A00 penotvpe was sipmificantly increased 10 asympromatic
with respect to cardiomyopathic patients (P 002 OR - 0L33, 95% C1010
0.84). In addition, the presencs of the CORS S90E9-C allele was also in-
criszsed e asymplommbics when compace] with marhomyopathies (P=0002;
=035, 8% C1 012-086), Our data suggest thar the CCRS 59029 pro-
mater polvmorphizm may be involved in a differential susceprinilicy to chag
gsic carthomyopathy,

Trypanosooma cruzi 15 an intracellular protozoan parasite that
cauges Chapas' dizenze or American frypanosomiasis, a disense con-
sidered o be the most serious parasitic disease of the Americas
with an important social and econcmical inpact (1), which bas been
recently considered as an opporoumstic mfection of HIV-1-infected
mdividuals in the United States (21 Although the precise mechan.
1zms of the anti-parasitic response remzin to he characterized, it s
clear that immune and mflammatory molecules are important in
the clesrance of T, eruar

Chemelkines are smal! secreted polypeptides involved in the mi-
gration and activation of inuoune cells at sites of antigenic chal-
lenge, playing important roles in the inflammatory process accur-
rigg 1 response o infection and auloinomme diseases (3-3) The
biological activities of chemekines are medialed by interactions
with their cell-aurface receptors that belong to the soructurally re-
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lated seven-transmembrane dooain superfamily of proteins (6). The
chemokine receplor-d (CCRA) mediates chemotaxiz by the CC-
chemolkines RANTES, MIP-Ta and M1 which have been re
cently proposed 10 enbance ¥ oresl trypomastigote uptake by hu-
man macrophages and induce frypanccidal activity of these cells
vig nitric oxide (MO (7). Besides their physiologic functions
chemoline receptors have themselves been used as pateways hy
several intracellular pathogens for mediating their cellular eatey
(100,

The CCRS chemokine receptor, which is present on T lympho.
cytes and on monocytesmacrophages, has been shown 1o be -
portant in the transmission and pathogenesis of HIV-1 (L) A num-
ber of polvmorphic varants have been desaribed in the CORS gene,
some of which have funciional significance, Of interest, is a 32-base
pair (bp) deletion in the coding region of CCRS (CCRSA3Z) that
results in s non-functional receptor thar i= not expressed on the oell
sirface (124, Homozvgosity for this deletion protects almost com-
pletely against HIV-1 infection while heterozygpocty, which 15 assoc-
ared with a reduced cell sinrface expression of CCRES, correlates with
a delaved progression to acquired Immune deficiency syndrome
CAIDS) (130 Another genetic polymorphism of CCRS lecated in the
promoter region, S9029 A—G, was also shown to affect the level of
CORE expression and the rate of progression to AIDS in HIV-1-
inlected pationts (14).

We hypothesized that CCRE genetic variants with functional
conscouenoss may have the potential o influcnce the susceptibilicy
and clinien] outcome of Veeszr mfschion, To address this, we ana-
Iyzed the distribufion of CCROAZZ and CCRS 59029 A—ir poly-
mnorphisms inoa group of chagasic patients and control subjects
from the same geagraphic and ethnic origin,

Material and methods
Study participants

The study inchuded 172 unrelated individuals from a rural seitle-
ment in the district of Arequipa, Perd, where T crued infechon s
highly endemic. Almost all the study participants (07 %) recognized
the presence of the local parasive vector, Trictoma infestans, around
their dwellings., who are believed to have experienced uniformly
high levels of exposure to the vector. All the individuzls were of
Amerindian origin and they were older than 15 years (range 15-74).
Clindeal hastory, plysical examination, and resting FCG were carried
out. Based on serological screening (ELISA, hemagelutination and
indirect immunotluorescence) mdividuals were divided into sero-

positive patients (=88 and seronsgative heslthy controls (=87
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Patients scrologically positive for T orweed infoction were further
classified according to the absence (asymplomatios, #=53) or pres-
ence {cardiomyopathics, #=328 of cardiac sympioms, which were
assessed by clinical and electrocardingraphic (ECG) charasterislivs
compalible with chagasic cardiomyopathy. The mean age of the
seroposiiive group was 35 (S0 18) vears, and that of the seronega-
tive group 36 (S0 +15) years. The groups were matched {or age and
SEE.

CCRS typing

Tvping was performed divectly on gencomic DRA obtained by stan-
dard methods, CCREASZ typing was carried out as described pre-
viowsly (130 Brieflv, a 189.bp polvmerase chain reaction (PCR) prod-
uct was detected from the normal CCRS allele and a 157-bp PCR
product from the deletion allele. The CCRG 59028 Az promoter
polymorphism was analvzed with a PCR-restriction fragment length
polymerphisn (RFLP) procedure digesting the amplified fragment
of 270 bp with the enzvine Sspl286 |, thal recognizes the 390290
allele as described (14),

Statistical analysis

Genotype [requencies were determimed by direct counting. Compari-
sons bebween seronegative confrols and totzl seropositive patients
as well as bebween asvmptomatics and cardiomyopathics were cal-
culated vsing 22 contingency tables and the Chi-square test and
Fishers exact test when appropriate. Oddsz ratio (OR) were calon-
lated by Woolf's method with 95% confidence interval or by Hald-

ane’s modification.

Results
Frequency of the CCR5A32 polymorphism

The prevalence of the CCRBASZ deletion was investigated among
87 seronegative and 33 seropositive for T oriesd Nooe of the 172
samples from our Peruvian popalation were homozvoons for this
deletion, and only three individuals wrere CCRSUCESAZE hetern.
zygous: two cardiac patients and one control. The extremely low
frequency (0005 of the CCRA3Z allele observed mn this study did
noet allow us to analvze its possible influence on 10 e infection,
The CCRAAZE deletion 1= commeon in Caucasian populations where
between 10-15% are heterozygous and approximately 1% are
homoeygous for the CCREA32 allele and found at lower frequencies
it Midelle Eastoand India, Our findings agree with previous epide-
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Genotype and phanctype distribution of CORS 59029 A /G palymorphism [n chag-
asic patients and contral subjects

Controds Fatients Ay, Cardiormiyop,
) n=87 () =83 (%] n=53 (%] =32 (%)
Ganibyies -
SEO29-G/0 892 12 14.4) Bias) 401250
SHO2AAG A3 (385 28 (32.9) 22441.5) G188
SR02DASA A8 (52.9) 45 (52.9) 23 {43.4) 2 (BR.E)
Fhenctypes
SR02E A1 4471} 4001 (4T 30 |155.6) a0 E1 )
HGDE'EJJ. TED0E) T3 (BE.E 45 [85) 28 (BY.H)

T 4L.0% asymplom, V5, L8.E% cendioryen.: P=0000 0R=0.33, 95% C1 0.10-0.94
* A G asymatem, v, 31% serfanyep =002 0E=L35, O5% 010420058

Tabie 1

miological data indicating that CCRBA3ZE is very rare in Amerind-
iam, native Alricans and East Asians (15).

Frequency of CCRS promoter 58029 A—G polymorphism

The distribution of the CCRE promoter 53029 genotypes in asympto-
matic, cardimnyopathic and control individuals iz shown in Table
1, Freguencies of CORS 50029 G/G, 58029 AN and BOD2E A/A meno-
repes were 98% 379%, and 329% in the controls and 14.1%,
320%, and 520% in the total patients groop, respectively. The
slucdy population was [ound e be in Hardy-Weinberg equilibrinm.
Mo slalistically significant differences were ohserved when the
CCRE 380829 genolype distibution between total chagasic patients
and healthy controls was compared, suggesting that this CCRS pro-
maoter pelvmorphism dees not influence the susceptilality to T cresd
infection.

In erder te investigate the possible influence of the CCRS 59024
A= variant o the development of Chagas' disease cardiomyo-
pathy, the genctvpe and phenotype frequencies between seropost-
bve patients wilhoul manifestation of the disease (asymptomatics)
and those with chagaszic cardiomiopathy were compared, Interest-
ingly, we found that the CCRS 58020000 genotype was sigmilicant-
Iy increased in asvoplomatic with respect Lo cardicemvopathic pa-
tients (P=0.02 OR=033, CT 95% 010-0%4), In addition, we ob-
served that the 58026-G allele was present at significantly higher
frequency in asymptamatics as comnpared with cardiomyopathics
(P=002 OR=0235 05% CI 0.12-096), Taken together, these resulis
suggest that this CCRES promoter polymorphism seems to play an
important rale in Chagas' disease cutcome, or 15 tghtly Linked o oa
polymorphism tal s importanl.
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Discussion

The immunogenetice of most infectious diseases is complex, and it
involves inferactions between pathogen and host susceptibility
genes {16). Genes encoding chemoliine receptors are attractive can-
didates as host genetics factors related to susceptibility and out-
come of infectious diseases, as T cruer infection, due to their kev
tole in inflammation, regulation of nmone response and (heir ex-
ploitation by certain microorganism Lo initiate infection (3-3, 17).
The results of the present study provide the first evidence that gen-
etic polymorphism in the CCRS promoter region may alfect the de-
velopment of Chagas' dizeaze related cardiomyopatlny

[None of the individuals analyzed in this study was homozygous
fror the CORBAZZ allele, which encodes for a non-functionzl CORS re-
coplor, Thus, it was not possible to assess the importance of CCRSAZ2
deletion n 77 cruzi cell infection, In addition, the low frequency of
CCREASZ allele cheerved i our population did not allow 1s to further
investizate the possible influence on Chagas'diseass outcome, On the
other hand, the low distribution of the CCREASZ allele i the Peruvian
sample is consistent with its anthropologics] origin, which is 2 mes-
tize population with a strong Amerindizn component (185, Similar 1o
our findings varions studies bave confirmed the low prevalence of the
AZ2 allele among Amerindian populations (15, 19, 20), and correho-
rate: the hypothesis that the CCR3A3Z allele has a European origin,
and that its presence in South American poputations is probably the
result of immigration, HIV-1 bas only recently become endemic in
Europe o consider selective pressure mechanisms as responsible for
the fixation of this CCRS genetic variation in the population. It is poss-
ible that another ancestral and important parasite sharing the same
HIV-1 enlrance mechanism might be implicated in determining this
seleclive advantage,

The CCES 39029 A— G promoter polymorphism was frequently
lound m the studied Peruvian populalion. There were no significant
differences in genobvpe or phenotype distribution among healthy
controls and total patient group, suggesting a lack of effect on pri-
mary T ocrwad indection by this single nuclectide polymorphism
(5P Interestingly, we found a significant higher frequency of the
BO028-A/G genotype and the presence of the 590880 allele in asvm-
tommatic with respect to cardiomyopathic patients, Our cdata can be
interpreted as showing a protective role of the CCRS 59020-G allele
in the development of chagasic cardiomyopathy, although it is poss-
ible that this association could be due fo linkage disequilibrium
with other CCRE promoter polymorphisms not studied here (21, 25,
These results are consistent with the previously reported genetic
associations of these CCRD variants with AIDS progression in HIV-
L-infected individuals (14, 23),



Recent studies have reported that the S2025-G allele had a lower
promotes & ive activity than the 59028-4 allels and that the 55084
A penotype resulls moa higher CCRS expression in CIM T cells
(14, 243 1t is likely that the possible protective role of S9029-G allele
miay be the result of a reduced CCRS membrane expression in indi-
vidugls bearing thiz allele. The enhanced local procduction of the
chemolines RANTES, MIP-1o and MIP-1P that occors during 1
crazd macrophage iofections may drive the selective migration o
ward affected tissues of immune cells preferentially expressing
CCRE, such as Thl-like cells (250 Therefore, the membrane level of
this CORS chemaolking recepror cowdd determing not only the amournd
and type of monune cells in the infected organs buat also the degree
of the inflammmalery response in 1 cree infection. I£ has been deme
enstrated that T-cell-anedialed control of infection s almost mevi-
tably accompanied by some degree of immunopathology, In fact,
cardize lesions observed during T orgzl chronic infections have
been azsociated with the lecal mflammatory respoense produced by
the host's immune cells (26, 270 It is therefore likely that a reduced

recruitment of Thl cells into cardiac inflamed bssue due to a de-
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