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Lack of association between NRAMPL gene
polymorphisms and Trypanosoma cruzi

infection

Abstract: Genellc analysis in mice and bemans have established the ke
rode of the human natural resistanceassocialed macrophape protein |
MEAMEL) i resiztance to intracellular infections. In the present study we
investigeted whether four MEAMF polymorphisms (390G Tm, —236 C—=T,
DN, and 2'UTR deleticn) were impertant in determining the susceptibil-
ity 1o Trypenasoma cret infecticns a5 well as in the development of chapazic
cardiar disease. Genotyping for these vanants was assessed in 83 seroposi-
Lave Gasymnptomatic, # =31, cardiocwopathic, w=32) and 55 sercnegative ndi-
viduals from a Peruvian population where T orest 15 endemic, Mo statisti-
cally significent differences. either between patients aod controls or beteeesn
gsvmpromatic and carcdhomyopathic individuals were observed with respect
o NEARMP] variants, Our data suggest that the MEAMP1 genetic poly-
morphism analvaed do ot play a major vole in the pathogenesis of 17 crus
infertinn i this Ferovian sample.

Trypangsoma cruzi is an intracellular parasite that caoses Chagas”
digease, a major health prolilem in Latin America (1) In endemic
areps primary infections ocours mainly during childhood, A com-
monly mild zcute phase 15 followed by a state of latent chronic
infection characterised by lack of evidence of the disease other than
positive serology. However, wvears or cven decades post infection
nearly onethird of mfected individuals will eventually develop heart
lesions (2, The reasons for the existence of unindected individuals
hving in mghly endemic areas and why only a proportion of pa-
tients suffer chronic heart disease remams unknown.,

There iz growing evidence that host genetic factors, together
with environmental factors and palhogens strain differences, are
major determinants of infectious disesse prevalence and manifes-
tutions in humans (3). Indeed, it bas been demonsteaced that mote
than half of the varation m seropositivity to 70 eread micctions in
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endemic areas may be attributable to genetic factors (). In this
comtext, HLA variation has heen recently neseciated with differen.
tial resistance or susceptibility to 10 cruzi infection (5-8). Since the
resistance/susceptibility to most infections diseases is clearly 2
polygenic trait, it is likely that other non-HLA genes, particularly
these involved In the nnale immune response, may also contribuce
1o Chagas' disease genetic predisposition,

The human nalural resistance-associated macrophage protein 1
(NRAMPL) represents a potential candidate for influencing the dif-
ferential outcome of T cruef infection. This protein has been impli-
cated in the early macrophage activation pathway leading to several
effects on macrophage antimicrobial activity, inchuding upregulation
of mducible nitric oxide synthase (NOS), tumor necrosis factor al-
pha (THF-w), interleukin 1 beta {IL-1[) and major lstocompatibility
complex (MHC} class I expression, (for reviews, see refs. 9-11)
Although the biochemical mechanism of action of NRAMP is pres-
ently unknown, it has been sugpested that this protein contrals (he
replication of intacellular pathogens by actively transporting di-
valent cations through the microbe-containing fagosome (9-12),

Genetic analvsis in mice and humans have established the key
role of MEAMPL in resistance o mycobacteria and other intracelln-
lar pathogens (5-11). A single amine acid substitution in the mouse
gene, Mrampl, was discovered to be responsible for resistance 1o
miracellular  infections {13
NRAMPT gene have heen found to be associated with susceptibility
to tuberculosis, leprosy and HIV infection (14-16). Considering these

previous disease association fndings and the propesed role of

Futhermore, wvariants at  huaman

HEAMFE] in macrophage activation and [unction, we evaluated the
pozsible influence of MEAMPL gene polymorphizms on susceptibil-
ity or resistance to T crued infection and in the development of
cardiac disease,

Material and methods
Participants

The study population (n=16£) was recruited as part of a clinoo-
epidemniological study carried out in a rural settlement of Peru
(Sowh America), where 70 oreat infections iz highly endemic. All
participants were older than 15 years (range 15-74) and most of
them (57%) recognized the presence of the local parasite vector,
Triatorna infestans, around their dwellings, This, it is assumed that
all the participants have experienced vmiformly high levels of ex-
posure to the vector Clinical bistory, physical examination, and
resting ECG were carried our,

a5 Tissu Antigans 2001: 67 353-367

Serological screening

Because of the low specificity of serological tests for Chagas' dis-
ease, it is generally recommended that a serum specimen tests posi-
tive in at least two different assavs before it is accepled as positive,
Therefore, sera were tested blindly using KLISA {Chagas' [gG ELL
54; Gull Laboratories, Salt Lake City, UT USA) and indirect
immunoflucrescence. When discordant results were obtained the in-
direct hemuagllutination assay was used. Individuals were then di-
vided into seropositive (n="74) and seronegative (n=85) groups. The
mean age of the seropositive group was 35 (3D18) years, and that
of the seronegative group 36 (SD15) years. Seropositive suhjects
with cardiac symptoms andfor ECG compatible with chagasic car-
diomyopathy were ascribed to the cardiomyopathic group =232
the rest of seropositives made up the asymptomatic group {n=47.

HRAMPL genotyping

DINA from all parlicipants was purified by standard methoeds, In
the present study we analysed four NRAMP gene polymorphisms:
DG TIn, =236 C—=T, DR4AN and 3'UTER. The 370G T is 3 dinucle
otide microsatellite in the immediate 5’ region of the gene and was
typed a8 described (14). Foor alleles have heen identifed in previoos
studics: allele 1 (tipthaciatlacigth:g, allele 2 itmacEsacigth g,
allele 3 {tigtiacigti;acigllag and allele 4 Hgdaciglye. The promoter
point mutation —236 CoT (17} was analysed by a method de
veloped in our laboratory and based on polvmerase chain reaction:
restriction fragment length polymorphem (PCR-EFLEF with ampli-
fication-created resirichion site [ACRS)L A 165-hp fragment was
amplitied with sense primer: 5-GTGTGGTCATGGGTATTGACAT
GAGTAS" and antisense primer 5 TGGTTACCCATGGAGTGG-
ACCTTTGTTC-3". The mutated sense primer introduces a restric-
lion site for the restriction enzvine Rsa [ that recopnises the wilid
tvpe allele —236 C The TGTG deletion n the 3'UTE of the mene
(1729+55deld) and a non-conservative single base polymorphism at
coron 543 that changes aspartatic acid to aspargine (D543N), were
detected by PCR-RFLD as previously described (18),

Statistical analysis

Genotype requencies were determinad by direct counting, Compari-
sons between seronegative healthy controls and total seropositive
palients as well as between asymptomatics and cardiomyopathics
were ciloulated using 2X2 contingency zbles and the chisquare
test and Fishet's exact test when appropriate. (dds ratio (OR) were
caloulated by Woolf's method with 95% confidence interval or by
Haldane's modification,



Genotype distributlon of NRAMPL polymarphism in chagasle patlents and control
subjects
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Results

T stoddy the rele of NRAMPL in T creel infection we selected four
NEAMPL polymorphisms with the potential to affect NRAMPI ex-
pression, those located in regulatory sequences in either the pro.
moter (the 596G Tn and —236 C=T) or 3" unfranslated regions (3
UTHR), or [unction {(nonconservative TE43N amino acid substitution
in the predicted cytoplasmic C© terminus of the proteind, The preva-
lence of NRAMPL genotypes in chagasic patients with or without
cardiomyopathy and i controls subjects s shown in Table 1. The
study population was shown to be in Lhe Hardy-Weinberg equilil-
rium. We Tound no significant differences in the distribution of these
genetic variants among controls and Lolal group of patients, In thas
Peruvian sample, the DO43N and the 4-bp deletion in the 2'UTR
appears to be in strong lnkage diseguilibrivm, as has been pre-
vigusly reported in other populalions wilh different penetic back-
ground (14217 All the four alleles at (GTn microsatellite were
obzerved i the Peruvian population; allele Land 4 were present at
very low frequency. The promeler sigle base transition — 236 C—=T
was uncemmaen (allelic requency =0.012); none of the samples were
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homozygotes for this mulabion and ooly four mdividuals were het-
erozvgotes (3 healthy contrels and 1 asvmptomatic patient), there-
fore, it was nol possible to assess ks influence of T o infection.

I order to investigate the possible influence of the NEAMPL
variants in the development of Chagss' disease cardiomyopathy, the
genolype Irequencies hebwsen seropositive patients with manifes-
tation of the disease [asymptomatios) and those with chagasic car-
diomyopathy were compared. We fziled to detect statistically sig-
nificant differences m the distribution of NRAMPL allele ar geno-
Types between asymbomatic and cardiac individoalzs, Tnterestingls,
we noted an increased frequency, in the borderline of slalistical sig-
nificance, of individuals honosveous for the 5 (G allels 3 in
cardiomyopathic compared with asvmptomartics (x*=3.30; =007

Discussion

It has been clearly demonstrated that macrophages are important
effector cells for the contral and killing of intracellalar pathogens
Homrever, macrophages may also serve as long-tenn host that facih-
tate the replication and sarvival of some pacasites. T cruzd 18 cap-
able of infecting a wariety of nucleated cells meluding the macrn.
phage lineage. Infection by this parasite results in & wide spectrom
of disense phenotypes, ranging from asymptomatic infections to the
severe cardiac andfor gastrointestinal forms of Chagas disease,
Therefore, it 15 lkely that &= genetic defect 5t any key point in the
macrophage activation pathway will contribute 1o Chagas’ disease
susceptivilibv/outecome, [n this context, it has been suggested that
NRAMPL plavs an impertant role in macrophage activation and
function, and that this protein affects the intraphagosomal pathogen
replication by modulating the divalent cations content in this organ-
elle (84-12).

Although there is bo doubt about the importance of mouse
Mearnpl nonmiural resistance o infection with certain intracellular
pathogens (Myeobeoleria, Salmonella, Letshmaniz), the results of
genetic association studies between human NRAMPD variants and
mfectious disease have been controversial A number of studies
have established an association between allelic variants of WEAMEP
geng and susceptibility to indectious discase (14-18), although no
causal relationship between NEAMPL alleles and risk of infection
can be dravwn from these agzociation studies. However, other sludies
have failed to detect an association hetween NREAMPL and suscepti-
bility to infection (15-23). The rexzon for these discrepant resulis
rermaing to be delermined bul the complex genelic model of most
infecticus diseases, mvolving more than ene susceptibility loous,
may in part account for these contradictory Dndings.

Tissee Antigens 2001: 67 353-357
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In the present study a clear association between the four
NRAMP] variants and 77 cruzi infections in a Peruvian populstion
have not been demonstrated, indicating that these polymorphisms
may not bave a major role in determining disease suzceptitility
and/or cutcome, The molecular mechanisms conlrolling infection
with 77 criezi might be differenl from those that have been pre-
viously shown to play an important role o other discazes caused
by intracellular pathogens, In this sense, an interesting correlations
bias been observed between the effect of Nrampl mutations in infec-
tion and the intracellular survival strategies adopled by different
pathogens {10). Thus, the phagusome containing those intracellular
pathogens affected by Nrampl mutations, as Mveobacteria, Sabmon-
eliy and Letshamanta, acquire a late endosomal marker Lamp-1,
which co-localizes with Mrampl, while Lesterfe or Legfonella, not
affected by Nrampl mutations, do not acquire endosomal or lysoso-
mial markers (10, 24, 25), Of note, epimastigotes forms of T orus
i not contain lysosomal markers as Lampl (26). Although further
studies to elucidate the functional significance of these observations
are warranted, it s tempting (o speculate that the lack of associ
ation between NEAMDPL and T crezd susceplibility may be related
to the presence of certain endosomal or lysozomal proteing with the
capability te medify the intracelhular behaviour of this prolozoan
parasite,

Genetic susceptibility to Chagas' disease iz complex and hetern.
geneaus and, as most infectious discases, possibly involves a laspe

umber of polymorphic genes, perhaps each contriouting with a
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