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A B S T R A C T

Cell-mediated immunity requires costimulatory activity to initiate or inhibit antigen-specific T-cell re-
sponses. CTLA-4 is an inhibitory receptor expressed by activated and regulatory T cells. The single nucleotide
polymorphism (SNP) �49 A/G of the CTLA-4 gene alters intracellular distribution of CTLA-4, interleukin-2
production, and, as a consequence, T-cell proliferation. The aim of this study was to analyze the only coding
SNP CTLA-4 �49 A/G polymorphism in patients with either infectious (Chagas’s, Dengue, and American
cutaneous leishmaniasis) or autoimmune diseases (myasthenia gravis, pemphigus, and psoriasis). No statis-
tically significant differences were reported when all patients of each disease group were compared with
healthy individuals. However, the �49 G/G genotype wasmoderately increased in pemphigus andmyasthe-
nia gravis. Patients with diffuse cutaneous leishmaniasis (DCL) exhibited an increased frequency of the A/G
�49 genotype compared with patients with localized cutaneous leishmaniasis (LCL; p � 0.009; odds ratio
[OR] � 4.25; 95% confidence interval [CI] � 1.245–14.501) and intermediate cutaneous leishmaniasis (ICL;
p � 0.027; OR � 4.44; 95% CI � 1.273–15.516), indicating that the heterozygous genotype, associated with
overactivation of T-cell proliferation, could confer susceptibility to the development of the more severe
clinical formof cutaneous leishmaniasis. The A/A�49 genotypewas increased in LCL patients comparedwith
DCL patients (p � 0.019; OR � 0.25; 95% CI � 0.067–0.953), indicating that this genotype, which has been
associatedwith normal proliferation of T cells, could confer protection to the development of DCL. The results
indicate that the polymorphismof CTLA-4 is an important genetic factor associatedwith risk or protection for
the development of diffuse cutaneous leishmaniasis and has influence in the pathogenesis of autoimmune
diseases. However, other closely linked candidate genes in linkage disequilibriumwith CTLA4, such as CD28
and ICOS, could be associated with the development of autoimmune and infectious disease.

� 2009 American Society for Histocompatibility and Immunogenetics. Published by Elsevier Inc. All rights

reserved.
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. Introduction

CTLA-4 plays an essential role in immunologic homeostasis as a
egative regulator of T-cell activation; however, little is known
bout the regulatorymechanism for CTLA-4 expression. This inhib-
tory signal not only determines whether T cells become activated,
ut also affects the clonal representation in an immune response
1]. In addition, CTLA-4 is highly expressed by T regulatory cells and
ouldplay an important role in their function [2]. Polymorphisms at
ertain locations of the CTLA-4might conceivably affect its expres-
ion [1]. About 16 single nucleotide polymorphisms (SNP) and a
AT)n microsatellite were reported at the CTLA-4 locus [3]; how-
ver, only 3 of them (SNP �49, �318, and the microsatellite) have
eenwidely studied. The SNP �49 A/G is located at position �49 in
he first exon of the CTLA-4 gene, leading to a threonine to alanine
hange in amino acid position 17 of the leader peptide. Recently, it
l
* Corresponding author.

E-mail address: zlayriss@ivic.ve (Z. Layrisse).

198-8859/09/$32.00 - see front matter � 2009 American Society for Histocompatibility
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as been reported that the �49 A/G polymorphism of the CTLA-4
ene alters intracellular distribution of CTLA-4 and interleukin
IL)-2 production and, as a result, alters T-cell proliferation [4,5]. In
umans, several reports have established an association between
pecific polymorphisms of the CTLA-4 gene and autoimmune dis-
ases. The potential explanation is that the CTLA-4:B7 interaction
lays a critical role in regulating self-tolerance and hence suscep-
ibility to autoimmune disease [6]. Likewise, in infectious diseases
here T cells are fundamental components of the mechanisms of
efense of the host versus pathogens, the polymorphism of the
TLA-4 gene could play a role in the regulation of the immune
esponse. We selected just one SNP for study because a direct
orrelation between the �49 A/G polymorphism of the CTLA4 gene
nd T-cell function, as well as that between the CTLA-4 genotype
nd the function of the CTLA-4 protein in T cells, has been reported.
herefore, CTLA-4 exerted less profound inhibitory effects on T-cell
roliferation in patients bearing the G/G genotype than in patients
earing the A/A genotype. A CTLA-4 gene polymorphism in the

eader sequence (exon 1) may influence the level or the pattern of

and Immunogenetics. Published by Elsevier Inc. All rights reserved.
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xpression of the protein. Alternatively, the trafficking properties
f CTLA-4may be altered, such that the total level of CTLA-4may be
imilar but the CTLA-4 levels responsible for the negative signaling
apacity of the molecule may be reduced. Differences in the leader
equence of the gene may result in altered rates of endocytosis or
urface trafficking [4].

Theaimof this studywas to analyze the�49A/Gpolymorphismof
he CTLA-4 gene in Venezuelan patients with organ-specific autoim-
une diseases (myasthenia gravis [MG], pemphigus [PE], and pso-

iasis [PS]) and patients with infectious diseases (Chagas’s [CH],
engue [D], and American cutaneous leishmaniasis [L]).

. Subjects and methods

.1. Patient and control populations

Whole blood was collected from 405 patients grouped in two
eries: patients with either infectious or autoimmune diseases.
atients with autoimmune diseases included 150 individuals with
hree organ-specific autoimmunediseases: 46withMG, 50with PE,
nd 54 with PS.
PE presented in two clinical forms: pemphigus foliaceus (PF)

nd pemphigus vulgaris (PV). The numbers of patients with infec-
ious diseaseswere as follows: 77with D, 105with CH, and 73with
. The individuals with D viral infection were classified using all
vailable clinical and laboratory data [7] into two different clinical
roups: patients with dengue fever (DF; n � 45) and patients with
engue hemorrhagic fever (DHF; n � 28). Four patients, although
hey were infected with D, were not clinically classified. The pa-
ients with CH were classified according to clinical and electrocar-
iograph (ECG) characteristics [8] as asymptomatic or patients
ithout cardiac symptoms (Group A, n � 34), patients with
rrhythmia-related symptoms (Group B, n � 38), and patients with
vert congestive heart failure (Group C, n � 35). The individuals
nfected with Leishmania parasite were classified into three groups
ccording to clinical, histological, and immunological characteris-
ics [9]: localized cutaneous leishmaniasis (LCL, n � 27); interme-
iate cutaneous leishmaniasis (ICL; n � 25), and diffuse cutaneous
eishmaniasis (DCL; n � 17).

All patients were ethnically mixed Venezuelans (i.e., born in
enezuela and descended frommainly Spanish Europeans, autoch-
honous inhabitants, and West Africans).

Ninety-eight unrelated healthy subjects of similar ethnic back-
round were tested as controls.
A local ethics committee approved the research protocol.

.2. CTLA-4 SNP +49 typing

Genomic DNA was extracted from blood samples using a mod-
fied salting-out procedure [10]. Polymerase chain reaction-based
estriction fragment length polymorphism (PCR-RFLP) was used to
stablish the CTLA-4 genotypes as previously described [4,11,12],
ith somemodifications. Briefly, two pairs of primerswere used to
mplify the appropriate segment of theCTLA-4 gene containing SNP
49. The PCR product was incubated with BbvI (Gibco, Rockville,

able 1
TLA-4 (SNP �49) genotype and allele frequency differences among patients with a

enotype/allele MG (n � 37) PE (n � 48) PS (n � 54)

A 29.7 (11) 22.9 (11) 38.9 (21)
G 46.0 (17) 43.7 (21) 48.1 (26)
G 24.3 (9) 33.3 (16) 13.0 (7)

52.7 (39) 44.8 (43) 63.0 (68)
47.3 (35) 55.2 (53) 37.0 (40)

ntries are percentages and numbers (in parentheses) of individuals or chromosomes.
rgan-specific autoimmune diseases: MG � myasthenia gravis; PE � phemphigus; PS �

ontrol group (healthy individuals).
D) for 16 hours at 37�C and analyzed on 4% agarose gels. w
.3. Statistical analysis

Allele, genotype, and haplotype frequencies were determined
y direct counting. The statistical significance of allele frequency
ifferences between patients and controls was estimated using the
antel—Haenszel �2 test (because of the small sample size) using
� 2 contingency tables; p values were corrected by multiplying

he number of comparisons made (Bonferroni correction) and con-
idered significant when p � 0.05 [13]. Relative risks with corre-
ponding 95% confidence intervals (95% CI)were calculated as odds
atios (OR) according to Woolf’s formula [14] or by the modified
ethod described by Haldane [15] when one element of the equa-

ion was zero.

. Results

.1. The SNP +49 (A/G) of the CTLA-4 gene in two series of patients
nd healthy individuals

The distribution of CTLA-4 genotype frequencies in control sub-
ects and patients with infectious and autoimmune diseases was in
ardy—Weinberg equilibrium (Table 1). No statistically significant
ifferences were reported when the control group was compared
ith all patients in each series. TheA/G�49 genotypewas themost
ommon genotype in every group (healthy controls and patient
roups). However, the frequency of the �49A allele was increased
mong patients with infectious diseases (D � CH � L) compared
ith patientswith autoimmune diseases (MG� PE). Although PS is
onsidered an autoimmune disease, the CTLA-4 genotype frequen-
ies in these patients was not very different from the frequencies
bserved in patients with infectious diseases.

.2. The SNP +49 (A/G) of the CTLA-4 gene in patients with infectious
r autoimmune diseases grouped clinically

The distribution of CTLA-4 genotype frequencies in the different
roups of patients with L exhibited an increased frequency of the
/G �49 genotype in patients with DCL compared with patients
ith LCL (71.42% vs. 37.03%; p � 0.009; OR � 4.25; 95% CI �
.245–14.501) and ICL (71.42% vs. 36%; p � 0.027; OR � 4.44; 95%
I � 1.273–15.516). The A/A �49 genotype frequency was in-
reased in patients with LCL compared with patients with DCL
48.14% vs. 19.04%; p � 0.019; OR � 0.25; 95% CI � 0.067–0.953)
Table 2). No statistically significant differences existed between
atients with DF and patients with DHF. However, the frequency of
he A/A �49 genotype associated with normal expression levels of
TLA-4 ismoderately decreased in DHF patients comparedwith DF
atients (28.57% vs. 40.9%).The distribution of CTLA-4 genotype
requencies in the different groups of serologically positive for
rypanosoma cruzi patients, (asymptomatic, arrhythmic, and car-
iomyopathic) demonstrated no association between the CTLA-4
SNP �49) polymorphism and different clinical forms of CH.

Finally, both groups of patients with PE exhibited a similar
requency of the A/G �49 genotype; however, the frequency of the
/A �49 genotype was increased in patients with PF compared

mune and infectious diseases and control subjects

D (n � 77) CH (n � 105) L (n � 69) Control (n � 98)

35.06 (27) 37.14 (39) 37.68 (26) 32.65 (32)
45.45 (35) 47.61 (50) 44.92 (31) 47.95 (47)
19.48 (15) 15.24 (16) 17.39 (12) 19.38 (19)
57.79 (89) 60.95 (128) 60.14 (83) 56.63 (111)
42.21 (65) 39.05 (82) 39.85 (55) 43.37 (85)

asis. Infectious diseases: D � Dengue; CH � Chagas’s disease; L � leishmaniasis; CG �
utoim
ith patients with PV (36.36% vs. 20.51%; OR � 2.21; 95% CI �
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.517–9.473; p � n.s.). In addition, when CTLA-4 genotype frequen-
ies among patients with PV versus healthy subjects were com-
ared, an increased frequency of G/G �49 genotype was observed
n PV patients compared with healthy individuals (37.83% vs.
9.38%; p � 0.021; OR � 2.32; 95% CI � 1.021–5. 307). Likewise, in
V patients the �49 G allele was increased (OR � 1.78; 95% CI �
.047–3.027; p�0.016) comparedwith the control group (Table 3).
o statistically significant differences existed when the control
roupwas comparedwith the group of patients withMG and those
ith psoriasis PS.

. Discussion

The �49 A/G polymorphism of the CTLA-4 gene alters intracel-
ular distribution of CTLA-4 and IL-2 production, influencing T-cell
roliferation [4,5]. The CTLA-4 gene yields at least twomajormRNA
ranscripts in humans. One transcript encodes a transmembrane
rotein and the other encodes a soluble form of CTLA-4 that lacks a
ransmembrane domain. At the protein level, a variety of studies
ave implicated elevated levels of the sCTLA-4 protein in the
lasma of patients with a variety of immunologically mediated
iseases. Recently, Berry et al. studied four commonly tested SNPs
ithin the CTLA-4 region among 57 patients with autoimmune
iseases and 27 normal volunteers with positive or negative (un-
etected) sCTLA-4 levels and reported no association between cir-
ulating levels of sCTLA-4 and SNP genotypes [16].

able 2
TLA-4 (�49) genotype and allele frequencies in three clinical groups of
eishmania infection (LCL, ICL, and DCL)

enotype/allele LCL (n � 27) ICL (n � 25) DCL (n � 17)

A 48.14 (13) 40 (10) 17.64 (3)
G 37.03 (10) 36 (9) 70.58 (12)
G 14.81 (4) 24 (6) 11.76 (2)

66.66 (36) 58 (29) 52.94 (18)
33.33 (18) 42 (21) 47.05 (16)

ntries are percentages and numbers (in parentheses) of individuals or chromosomes.
CL � localized cutaneous leishmaniasis; ICL � intermediate cutaneous leishmaniasis;
CL � diffuse cutaneous leishmaniasis.

able 3
TLA-4 (SNP �49) genotype and allele frequencies with significant differences
mong diverse groups

TLA-4
SNP �49)

PV (n � 37) CG (n � 98) OR 95% IC p

enotypes
GG 37.83 (04)1 19.38 (19) 2.53 0.022
lleles
G 59.45 (44)1 43.37 (85) 1.92 0.013
A 40.50 (30) 56.63 (111)1 0.522 0.013

PV � MG (n � 85) D � CH � L (n � 251) OR 95% IC p

lleles
A 48.23 (82) 59.76 (300)1 0.62 0.005
G 51.76 (88)1 40.23 (202) 1.59 0.005

LCL (n � 27) DCL (n � 17) OR 95% IC p

enotypes
AA 48.14 (13)1 17.64 (03) 0.23 0.04
AG 37.03 (10) 70.58 (12)1 4.08 0.03

ICL (n � 17) DCL (n � 17) OR 95% IC p

enotypes
AG 36 (09) 70.58 (12)1 4.26 0.028

ntries are percentages and numbers (in parentheses) of individuals or chromosomes.
rgan-specific autoimmune diseases: MG � myasthenia gravis; PE � phemphigus; CG �
w
ontrol group (healthy individuals). Infectious diseases: D � Dengue; CH � Chagas’s
isease; L � leishmaniasis.
Our study of the (A/G) polymorphism of the CTLA-4 gene in two
eries of patients, those with autoimmune and infectious diseases,
ndicated no significant genotype frequency difference when all
atients in each group were compared with healthy individuals.
owever the �49 G/G genotype was moderately increased in pa-
ients with PE and MG. This genotype is associated with a reduced
ontrol of T-cell activation and in this way probably contributes to
he pathogenesis in autoimmune diseases. Accumulating evidence
erifies the importance of CTLA-4 in the pathogenesis of MG. Anti-
TLA-4 antibody treatment triggers determinant spreading and
nhances murine MG [17]. Several studies have confirmed that
TLA-4 polymorphism is associated with MG [18–20]. Recently,
avoni et al. studied the influence of CTLA4�318 and�49 polymor-
hisms in the pathogenesis of PF; however, no statistically signifi-
ant association between PF and variants of the CTLA4 gene was
bserved [21], similar to our results. On the other hand, in our study
he frequency of the G/G �49 genotype, associated with a reduced
ontrol of T-cell activation and in this way probably contributing to
he pathogenesis, was increased in PV patients compared with
ealthy individuals. The potential explanation for the association
etween specific genetic polymorphisms of the CTLA-4 gene and
utoimmune diseases is that such genetic polymorphism may af-
ect the expression or function of the CTLA receptor, thus resulting
n autoreactivity [22].

Different mechanisms of action of CTLA-4 have been reported.
ne is delivery of a negative signal to T cells,with rapid inhibition of
-cell activation, and another is B7 (CD80, CD86) sequestration on
ntigen-presenting cells and induction of T-cell anergy [23]. A role
or CTLA-4 in autoimmune disease is suggested by the observation
hat blockade of the B7:CTLA-4 interaction via administration of
ntibodies against CTLA-4 exacerbates autoimmune diseases in
nimal models, whereas stimulation via CTLA-4Ig ameliorates ex-
erimental autoimmune MG [reviewed in 20]; indeed, an exoge-
ous recombinant CTLA-4/Igmolecule infused to the patients ame-
iorated symptoms in several autoimmune diseases including PS
24,25]. On the other hand, sCTLA-4may similarly inhibit the inter-
ction of the cell membrane-anchored CTLA-4molecule with CD80
nd CD86, thus blocking the inhibition of T-cell activation [20]. In
ight of the findings mentioned above, it has been hypothesized
hat elevated sCTLA-4 concentration in PS results in its successful
ompetition with activated T-cell membrane-anchored CTLA-4 for
nteraction with CD80/CD86 ligands, weakening the control over
-cell response and resulting in the aggravation of disease symp-
oms [26]. Although in our study CTLA-4 exon 1 polymorphismwas
ot associated with susceptibility to PS, other variants such as
/C-1772, associated with levels of sCTLA-4 in sera [27], could play
n important role in this autoimmune disease.
Our data indicate that the �49A allele increases the risk of

evelopment of viral and parasitic diseases (D, CH, L), but confers
esistance to autoimmune diseases (MG, PE). In contrast, the�49 G
llele might be a risk factor for autoimmune disease (PE). Different
echanisms are postulated to explain the protective effect of in-

ections on autoimmune diseases, such as competition, regulation,
nd stimulation of innate immunity [28]. The occurrence of over-
ominant selection in the population (a heterozygote advantage),
n which homozygotes for a specific allele are resistant to one
isease but susceptible to another, could explain genetically the
nverse relationship between infectious and autoimmune diseases
29]. There could be opposing effects of the two homozygotes:
hile one of the three genotypes confers susceptibility to one type
f disease (infectious disease), the other confers susceptibility to a
ifferent disease (autoimmunity).
The analysis among the different clinical groups of patients

nfected with Leishmania demonstrated an increased frequency of
heA/G�49 genotype in patientswithDCL comparedwith patients

ith LCL and ICL, indicating that the heterozygous genotype, asso-
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iated with overactivation of T-cell proliferation, could confer sus-
eptibility to the development of the more severe clinical form
f cutaneous L. The A/A�49 genotypewas increased in LCL patients
ompared with DCL patients, indicating that this genotype, which is
ssociated with the normal proliferation of T cells, could confer pro-
ection to the development of DCL. Recently, Favali et al. demon-
trated that CD28:B7 is important in IFN-� and TNF-� production
y peripheral blood mononuclear cells from cutaneous L patients
30]. These cytokines are essential to control parasite multiplica-
ion because they influence macrophage activation, and the block-
de of the CD28:B7 pathway leads to downmodulation of both
roinflamatory cytokines. The three active forms of American teg-
mentary L are characterized by cytokine patterns in lesions: LCL
y a Th1 response, DCL by a Th2 response, and ICL by a mixed
attern of cytokines [31]. CTLA-4 engagement during differentia-
ion inhibits polarization of naive CD4� cells to the Th2 but not the
h1 cell subset. Once polarized, CTLA-4 engagement inhibits cyto-
ine production in both Th2 and Th1 effector cells. All together,
hese data indicate that CTLA-4 may interfere not only with the
ignaling involved in transcriptional activation of both Th1 and Th2
ells, but also with the development of one of the Th cell subsets
32]. CTLA-4 is a critical and potent inhibitor of Th2 differentiation.
hus, the B7-CD28/CTLA-4 pathway plays a critical role in regulat-
ng Th2 differentiation in two ways: CD28 promotes Th2 differen-
iation, whereas CTLA-4 limits Th2 differentiation. Hence, reduc-
ions in CTLA-4 expression (GG or A/G �49 genotype) promote a
h2 response that favors the development of DCL. Although DCL
ay be Th2 mediated and less effective, CTLA-4 could play a role

�49 G). MG is also antibody mediated, yet there is no association
ith �49 G, possibly because only a subgroup of MG/thymoma
atients has been associatedwith CTLA-4 gene polymorphism. Our
roup included patients with thymic hyperplasia and patients with-
ut thymoma or hyperplasia; only 4/46 patients had thymoma.
The results indicate that the polymorphism of CTLA-4 is an

mportant genetic factor associated with the risk of or protection
or development of diffuse cutaneous L, which is infrequent in
enezuela, with only 20 cases reported up to 1995 [33]. However,
ther closely linked candidate genes in linkage disequilibriumwith
TLA4, such as CD28 and ICOS, could be associated with the devel-
pment of autoimmune and infectious disease.
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