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MICA-129 polymorphism affects the binding affinity of
MICA molecules with the NKG2D receptor and influences ef-
fector cell function. The genotype met/met was associated
with the severity of left ventricular systolic dysfunction
(LVSD) in patients with chronic Chagas heart disease, while
the val/val genotype was associated with the absence of LVSD.
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Chronic Chagas heart disease (CCHD) is one of the severe clin-
ical manifestations of Chagas disease. The condition manifests
as heart failure, heart rhythm and electrical conduction disor-
ders, thromboembolic events, precordial chest pain, and sudden
death [1]. Patients with CCHD usually have a mononuclear cell
infiltrate and interstitial and confluent myocardial fibrosis
throughout the myocardium, accompanied by microvascular le-
sions [2], thus provoking left ventricular remodeling. However,
the precise pathogenic mechanism of Chagas heart disease is
not completely elucidated [3].
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The MICA (major histocompatibility complex class I-related
chain A gene) molecules are recognized by Ty8 and Tof lym-
phocytes, CD8" cells, and natural killer (NK) cells by the
NKG2D receptors on their surfaces [4]. But, changing a single
amino acid, a methionine (met) for a valine (val) at position 454
of exon 3, which corresponds to the amino acid 129 of the pro-
tein, changes MICA alleles from strong (MICA-129 met) to
weak (MICA-129 val) binders of the NKG2D receptor; this
very likely affects the activation of NK cells and the modulation
of T cells [5].

The relationship between the MICA-129 polymorphism
(rs1051792) and severity of CCHD remains unknown. Accord-
ingly, we investigated the relationship between the MICA-129
met > val polymorphism (A > G) in exon 3 of the MICA gene
and the severity of left ventricular systolic dysfunction
(LVSD) in patients with CCHD.

METHODS

The Research Ethics Committee of the Medicine School in Sao
Jose do Rio Preto (FAMERP - # 009/2011) approved this study.
An informed consent form was signed by all participants.

A total of 189 consecutive unrelated male and female patients
with CCHD, treated in the Cardiomyopathy Clinic of Hospital
de Base of Fundagao Faculdade de Medicina de Séo José do Rio
Preto participated in this study. All patients underwent 2-
dimensional echocardiogram. The severity of LVSD was graded
according to left ventricular ejection fraction (LVEF) values
measured with the Teichholz method according to the Brazilian
guidelines of severe chronic heart disease [6]. Patients were
classified into the following 3 groups according to LVEE:
LVEF > 60% (patients without LVSD), LVEF between 60% and
40% (patients with mild to moderate LVSD), and LVEF < 40%
(patients with severe LVSD) (Supplementary Table 1).

The laboratory diagnosis of Chagas disease was made by en-
zyme-linked immunosorbent assay (ELISA) of serum or plasma
using the ELISAcruzi immunoassay (bioMerieux SA Brazil)
and following the manufacturer’s instructions.

Genomic DNA was extracted from peripheral blood using a
silica-membrane column (PureLink, Genomic DNA Mini Kit,
Invitrogen, Carlsbad, California) following the manufacturer’s
instructions. Verification of the MICA-129 polymorphism
(A > G, rs1051792) in exon 3 was performed using nested poly-
merase chain reaction. The val-129 MICA allele was identified by
the presence of a restriction site for the Rsal enzyme (FastDigest,
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Table 1.
Additive, and Codominant Inheritance Models

MICA-129 Polymorphism in Patients With Chronic Chagas Heart Disease From Southeastern Brazil Using Recessive, Dominant,

Without LVSD

Severe LVSD Mild/Moderate LVSD (Normal)
n=48 n=48 n=93
MICA-129 Polymorphism n (%) n (%) n (%) x° P Value
Recessive inheritance model
met/met 12 (25.0) 5(10.4) 7 (7.5) 7.19 .007
met/val + val/val 36 (75.0) 43 (89.6) 86 (92.5)
Dominant inheritance model
met/met + met/val 36 (75.0) 28 (568.3) 48 (51.6) 9.02 .01
val/val 12 (25.0) 20 (41.7) 45 (48.4)
Additive inheritance model
met/met 12 (25.0) 5(10.4) 7 (7.5) 12.36 .002
val/val 12 (25.0) 20 (41.7) 45 (48.4)
Codominant inheritance model
met/val 24 (50.0) 23 (48.0) 41 (44.1) 0.49 .78
met/met + val/val 24 (50.0) 25 (562.0) 52 (44.1)
Genotype comparisons
Recessive inheritance model
Severe LVSD vs without LVSD (normal) 8.29 .004
Severe LVSD vs mild/moderate LVSD 3.50 .06
Mild/moderate LVSD vs without LVSD (normal) 0.33 .56
Dominant inheritance model
Severe LVSD vs without LVSD (normal) 7.19 .007
Severe LVSD vs mild/moderate LVSD 3.00 .08
Mild/moderate LVSD vs without LVSD (normal) 0.57 44
Additive inheritance model
Severe LVSD vs without LVSD (normal) 9.82 .001
Severe LVSD vs mild/moderate LVSD 3.63 .06
Mild/moderate LVSD vs without LVSD (normal) 0.16 .68
Codominant inheritance model
Severe LVSD vs without LVSD (normal) 0.23 .62
Severe LVSD vs mild/moderate LVSD 0.04 .83
Mild/moderate LVSD vs without LVSD (normal) 0.06 .79

Abbreviation: LVSD, left ventricular systolic dysfunction.

Thermo Scientific) created by a mismatch deliberately introduced
into the nonsense primer [7] (Supplementary Table 2).

Groups were compared using the y* test with Yates
correction or Fisher exact test using the statistics program
GraphPad Instat version 6.3 (http:/www.graphpad.com/
scientific-software/instat/). The genotype frequencies were also
evaluated using the dominant (met/met + met/val vs val/val),
recessive (met/met vs met/val + val/val), additive (met/met vs
val/val), and codominant (met/val vs met/met + val/val) inher-
itance models. The odds ratio (OR) and the 95% confidence in-
terval (CI) were calculated to determine the risk of developing
LVSD. The Hardy—-Weinberg equilibrium was verified using the
ARLEQUIN program version 3.11 (http:/cmpg.unibe.ch/

software/arlequin3/). Differences in P values <.05 were consid-
ered statistically significant.

RESULTS

In this study population, the distributions of alleles associated
with the MICA-129 polymorphism were in Hardy-Weinberg
equilibrium (P >.05).

The data on genotype and allele frequencies are shown in
Supplementary Table 3. The genotype met/met (P =.007;
OR =4.09; 95% CI, 1.49-11.24) and met allele (P=.001;
OR =2.38; 95% CI, 1.43-3.96) (P =.04; OR=1.90; 95% CI,
1.06-3.41) were significantly associated with increased risk of
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developing severe LVSD, while the MICA-129 val/val genotype
(P=.01; OR=0.35; 95% CI, .16-.76) and val allele (P =.001;
OR =0.41; 95% CI, .25-.69) (P=.04; OR=0.52; 95% CI,
.29-.93) were associated with a lower risk of developing severe
LVSD.

The recessive and dominant inheritance models showed sig-
nificant association between patients with severe LVSD and pa-
tients without LVSD (P = .007; * = 7.19 and P = .004; % = 8.20,
respectively). The additive model also produced a significant as-
sociation (P = .001; x* = 9.82), while the codominant model was
nonsignificant (P=.78; x*=0.49) as expected. Thus, the
met > val polymorphism contributes to CCHD susceptibility
under an additive model; individuals who are homozygous for
the met allele have the highest risk of developing severe LVSD;
those homozygous for the val allele seem to modify CCHD se-
verity (Table 1).

DISCUSSION

To our knowledge, we are the first to address the importance of
the functional MICA-129 polymorphism in the severity of
LVEF in CCHD. LVEF is the powerful independent predictor
of mortality for patients with chronic Chagas disease, in general
[8], and one of the most important predictors of all-cause mor-
tality in Chagas disease patients with chronic systolic heart fail-
ure in particular [9]. Therefore, the identification of MICA as a
candidate gene of susceptibility in patients with these condi-
tions has important implications for a better understanding of
the immunopathogenesis of this disease.

Differences in the sequences of MICA alleles may influence the
interaction of the MICA molecules with the NKG2D receptor. A
study of the polymorphism at codon 129 showed that the alleles
encoding methionine in this position have a considerably greater
capacity to bind to the NKG2D receptor than alleles coding for
valine in the same position [5]. Moreover, the interaction be-
tween NKG2D and the MICA molecules may potentially increase
antitumor immune responses and participate in inflammatory
processes with increases in the production of cytokines by NK
cells. This interaction may also promote costimulatory signaling
to specific CD8" T-cell self-antigens in autoimmunity [4].

Autoimmunity is accepted as one of the main pathogenic
mechanisms responsible for CCHD [10]. Therefore, strong affin-
ity formed by the NKG2D-MICA-129 met/met complex may be
related to the tissue damage observed in CCHD due to a high ac-
tivation of NK cells and CD8" T cells. The greater damage caused
to the cardiac tissue can therefore develop into severe organ dys-
function. On the other hand, the homozygous presence of valine
amino acid may generate a less pronounced immune response in
cells, so that patients with this polymorphism are protected
against the development of severe CCHD due to less affinity to
the NKG2D immunoreceptor with consequent less tissue injury.

Similar to the results found in this study, the MICA-129 poly-
morphism has been reported as a risk factor for the development
of other autoimmune diseases [7, 11, 12].

Inflammatory infiltration in the chronic phase of Chagas dis-
ease presents with signs of cellular activity, with the main cells
found being CD4" and CD8" T cells. However, NK cells,
macrophages, and B lymphocytes are also present [13]. The
function of NK cells and CD8" T cells in the elimination of
transformed or stressed infected cells occurs together with
self-tolerance, a property that is essential to prevent autoimmu-
nity. Inappropriate expression of ligands for NK cell receptors
leads to the activation of autoreactive effector cells and therefore
can cause or exacerbate the autoimmunity [4]. It has been dem-
onstrated that baseline levels of NK, NKT, and CD4* CD25™H
cells with failed immunoregulation mechanisms associated with
an increased expression of activated CD8" T cells are associated
with cardiac events [14, 15].

The data obtained in this study indicated a possible suscept-
ibility related to the homozygous genotype met/met with the
severity of LVSD in the setting of CCHD, whereas the homozy-
gous val/val seem to modify CCHD severity. Several studies
have shown that uncontrolled activation of autoreactive effector
cells may lead to tissue damage that, in turn, leads to the devel-
opment of the clinical manifestations of severe CCHD [14, 15].
However, to better understand the role of cells expressing the
NKG2D receptor as well to clarify the expression of MICA mol-
ecules in the immunopathogenesis of Chagas disease, others
studies such as histopathological analysis in CCHD and cyto-
toxicity assays should be done.

CONCLUSION

Our data suggest that the homozygous met/met genotype may
be related to a risk factor in the severity of LVSD observed in the
setting of CCHD, while the homozygous val/val genotype was
associated with protection against this condition in this study
population.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online
(http://cid.oxfordjournals.org). Supplementary materials consist of data
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materials are not copyedited. The contents of all supplementary data are the
sole responsibility of the authors. Questions or messages regarding errors
should be addressed to the author.
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