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Introduction. Systemic Sclerosis (SSc) is an autoimmune, inflammatory, and multisystemic disease characterized by the presence of
autoantibodies and fibrosis. The pathogenesis involves the interaction between immune system cells such as macrophages, NK cells,
T cells, and B cells. Killer-cell Immunoglobulin-like Receptors (KIR) are expressed in NK cells and some T cell subsets that
recognize HLA class I molecules as ligands and are involved in regulating the activation and inhibition of these cells. The KIR
family consists of 14 genes and two pseudogenes; according to the gene content, the genotype could be AA and Bx. The aim of
this study was to evaluate the association between KIR/HLA genes and genotypes with SSc and the clinical characteristics.
Methods. We included 50 SSc patients and 90 Control Subjects (CS). Genotyping of KIR, HLA-C, -Bw4, and -A∗03/∗11 was
made by SSP-PCR. Results. In SSc patients, a higher frequency of KIR2DL2 (p = 0 0007, p′ = 0 011), KIR2DS4del (p = 0 001, p′ =
0 021), and HLA-C2 (p = 0 02, p′ = 0 09) was found. This is the first study to evaluate the frequency of HLA-A∗03/∗11 in SSc
patients, of which a low frequency was found in both groups. Compound genotypes KIR2DL2+/HLA-C1+ or KIR2DL2+/HLA-
C2+ have a higher frequency in SSc patients. The Bx genotype was the most frequent and was associated with risk to SSc
(p = 0 007, OR = 3 1, 95% CI = 1 4–7.9, p′ = 0 014). The genotypes with a higher iKIR number than aKIR (iKIR > aKIR) were
found in all individuals; genotypes with 7-8 iKIR genes were increased in SSc patients. We do not find an association between
the KIR genes with the clinical characteristics. Conclusion. The results suggest that KIR2DL2 and 2DS4del could have a risk role
in the development of SSc, but not with clinical manifestations.
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1. Introduction

Systemic Sclerosis (SSc) is a chronic and autoimmune
disease, characterized by vascular dysfunction and damage,
alteration in angiogenesis, inflammation, cytokine release,
and fibrosis. The damage in the endothelial cells can be
mediated by autoantibodies, viruses, oxidative stress, or by
granzymes and perforins. It mainly affects the skin, gastroin-
testinal tract, lungs, and kidneys. According to the extent of
skin fibrosis, SSc can be classified as limited (lcSSc) or diffuse
(dcSSc) [1]. The triggering agents are not entirely established;
however, environmental (silica, asbestos, organic solvents,
and industrial emissions), infectious (mainly Cytomegalovi-
rus and Epstein Barr virus infections), and genetic factors
(mainly HLA class I and II alleles) are commonly involved
in the susceptibility and disease development [2, 3].

Natural Killer (NK) cells play an important role in the
innate and adaptive immune response by the secretion of
cytokines and chemokines or by cytotoxicity. NK cells, in
addition to T cells, have been implicated in different autoim-
mune processes [4]. The functions of NK cells and some sub-
populations of T cells are regulated by membrane receptors
such as the Killer-cell Immunoglobulin-like Receptors
(KIR), which recognize as ligands HLA (Human Leukocyte
Antigen) class I molecules (-A, -B, -C, -F, -G). The KIR extra-
cellular region can have two (KIR2D) or three (KIR3D)
domains, and the intracytoplasmic tail can be long tailed (L;
e.g., KIR2DL and KIR3DL) with an inhibitory function or
short tailed (S; e.g., KIR2DS and KIR3DS) with an activating
function. The KIR/HLA-I interaction occurs between the
extracellular domains and the peptide residues of the HLA-
I molecule. Its affinity is influenced by the amino acid posi-
tions [5]. The HLA-C KIR ligands are classified into the
-C1 (position 77 has a serine and position 80 an asparagine)
ligand of KIR2DL2, 2DL3, 2DS2, and 2DS4 and the -C2
(position 77 has an asparagine and position 80 a lysine)
ligand of KIR2DL1, 2DL2, 2DL3, 2DS1, 2DS4, and 2DS5.
HLA-B alleles are classified into -Bw4 and -Bw6 based on
the amino acid positions 77-83. The products of KIR3DL1
gene variants are associated with HLA alleles with -Bw4
motifs (HLA-ABw4, -Bw4Iso80, -Bw4Thr80). With regard to
HLA-A, it has mainly been described that HLA-A∗03 and
-A∗11 are ligands of KIR3DL2 and, in addition, HLA-A∗11
is a ligand of KIR2DS4 [5, 6].

KIR genes are located in the leukocyte cluster receptor,
at chromosome 19q.13.4. This family includes genes
encoding seven inhibitory receptors (KIR2DL1, 2DL2,
2DL3, 3DL1, 3DL2, 3DL3, and 2DL5), six activating recep-
tors (2DS1, 2DS2, 2DS3, 2DS4, 2DS5, and 3DS1), one
receptor with both functions (2DL4), and two pseudogenes
(2DP1 and 3DP1). KIR3DL2, 3DL3, 2DL4, and 3DP1 are
considered framework genes and usually are present in
all individuals [5, 7]. The KIR haplotype is defined,
depending on the gene content, as A or B. The B haplo-
type is characterized by the presence of at least one of
its exclusive genes, KIR2DL5, 2DS1, 2DS2, 2DS3, 2DS5,
or 3DS1. The A haplotype is identified by the absence of
all exclusive KIR genes from the B haplotype. In addition,
this characteristic is used to define the AA genotype in

subjects. Because we cannot distinguish between AB and
BB genotypes, any of these are called Bx [8].

Studies in different populations have reported associa-
tions of KIR genes and KIR/HLA-I genotypes with SSc
susceptibility: KIR2DS2+/2DL2- in Germany [9]; KIR2DS1
+/2DS2- and 2DS1+/HLA-C2+ in Canada [10]; 2DS3+,
2DS2+HLA/-C1+, and 2DL2+/HLA-C1+ in Turkey [11];
and 3DL1+/HLA-Bw4Thr- in Iran [12]. On the other hand,
other studies have shown the association of KIR genes and
KIR/HLA-I genotypes with lower risk to SSc: 2DL2+ in Brazil
[13] and 2DL3+ in Turkey [11]. In the Mexican population,
there are only a few studies performed in SSc patients and
the role of KIR in SSc has not been evaluated. Therefore,
the aim of our study was to evaluate the association between
KIR and HLA-I genes with SSc and the clinical manifesta-
tions in patients from Guerrero state (southern Mexico).

2. Material and Methods

2.1. Studied Populations. We included 50 patients with SSc
and 90 Control Subjects (CS) without familiar autoimmune
antecedents. A rheumatologist evaluated all patients and
classified for SSc according to the 2013 American College of
Rheumatology and The European League Against Rheuma-
tism (ACR/EULAR) criteria. The patients were recruited by
continuing inclusion during January 2016 to June 2017, in
the Hospital General de Chilpancingo Dr. Raymundo Abarca
Alarcón, Guerrero, México. The patients were matched with
CS in a 1 : 2 ratio, considering age and gender. All subjects
were from Guerrero state (southern Mexico), at least until
the third generation. Due to the genetic heterogeneity of the
Mexican population previously demonstrated in KIR and
HLA genes [14, 15], we did not include patients from other
regions to conserve the ethnic homogeneity and to avoid, as
much as possible, this influence in our results. The study
was part of a protocol about genetic associations inMexicans,
and informed consent was obtained from each individual.
This project was conducted according to the Helsinki Decla-
ration and approved by the Committee of Biosecurity and
Ethics of the Centro Universitario de Ciencias de la Salud at
the Universidad de Guadalajara and at the Universidad
Autónoma de Guerrero, México.

2.2. KIR and HLA Genotyping. Genomic DNA was obtained
from peripheral blood, using EDTA as an anticoagulant. For
the DNA extraction, we utilized the modified technique of
Miller et al. [16]. The DNA samples were quantified in a
NanoDrop (Thermo Fisher Scientific, USA) at 260/280 nm
wavelength, and work dilutions were settled at 100ng/μL.

The identification of KIR genes (2DL1, 2DL2, 2DL3,
3DL1, 3DL2, 2DS1, 2DS2, 2DS3, 2DS4, 2DS5, 3DS1, 2DP1,
3DL3, 2DL4, 2DL5, and 3DP1) was made by Sequence Spe-
cific Primer Polymerase Chain Reaction (SSP-PCR). The
primers and conditions were established according to the
method described by Vilches et al. [17]. The unique KIR
genotype profile was analyzed and confirmed in duplicate.
For KIR2DS4, we identify the full gene and del variant, which
was considered for the group assignment. HLA-C (-C1 and
-C2) typing was made by SSP-PCR using the methodology
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established by Hiby et al., [18]. HLA-Bw4 (-ABw4, -Bw4Iso80,
and -Bw4Thr80) were identified by SSP-PCR using primers
described by Tajik et al. [19] and the conditions described
by Omar et al. [20]. We used 100ng of DNA in each reaction.
The electrophoresis of KIR and HLA-C PCR products were
done in 3.0% agarose gel (Vivantis®) and the HLA-Bw4
PCR products in 2.0% agarose gel (Vivantis®). All gels were
prepared with Ultrapure 0.5x TBE buffer (Life Technolo-
gies®) and stained with SYBR Green Safe (Invitrogen®). A
Kodak® Gel Logic 112 imaging system was used for visualiza-
tion and photography. Genotyping of HLA-A∗03 and -A∗11
was made by SSP-PCR, according to Kurz et. al., [21]. With
this strategy, alleles of both allelic groups are coamplified
from two PCR mixes and the products visualized in a 6%
polyacrylamide gel stained with silver nitrate. Subsequently,
to discriminate between HLA-A∗03 and -A∗11, samples pos-
itive for HLA-A∗03/-A∗11 were purified and genotyped by
sequence-based typing (SBT) of a fragment containing exons
2 and 3 of the HLA-A gene. Sequencing was performed by
using the Dye Terminator Cycle Sequencing (DTCS) Quick
Start Kit (Beckman Coulter, Fullerton, CA) and, after dye ter-
minator washing, samples were sequenced in a Genetic Ana-
lyzer Beckman Coulter CEQ8800 instrument according to
the manufacturer’s recommendations. For allele assignment,
all sequences were analyzed in the Chromas Software Ver-
sion 2.4.6 and online blasted with those reported in the
IMGT-HLA database.

2.3. Statistical Analysis. The carrier frequency (CF) estima-
tion of each KIR and HLA gene was done using direct count-
ing. The KIR and HLA gene frequency (GF) was determined
by Bernstein’s formula GF = 1 − 1 − F (using CF) [22].
The differences in clinical parameters, KIR/HLA genes, and
genotype frequencies were analyzed by Fisher’s exact test
and adjusted p′ with Holm-Bonferroni correction for multi-
ple comparisons. Hardy-Weinberg equilibrium was evalu-
ated in both study groups according to the KIR genotype
profile. Comparisons between KIR and HLA genes with the
clinical characteristics and clinical evaluation scales were
done with multiple comparisons, and each group was ana-
lyzed by Fisher’s exact test. GraphPad Prism Software Ver-
sion 6 was used for all analyses and the statistical power was
calculated using the program Power and Sample Size Calcu-
lation version 3.1.6 [23]. The results were considered signif-
icant when p < 0 05, and the statistical power was between
82 and 100%. The linkage disequilibrium (LD) in KIR genes
was analyzed using Cramer’s V statistic [22], which was
calculated from the contingency table of presence/absence,
and we refer to this statistic as Wn∗ = ad − bc /

a + b c + d a + c b + d . Wn∗ value was calculated
only in the KIR genes associated with the disease. Chi
square was used to test the association in pairs of genes,
and p < 0 05 was considered statistically significant.

3. Results

3.1. Demographic and Clinical Features. A total of 50 SSc
patients were included, 44 female (88%) and six male

(12%). 14% of the patients have dcSSc (all women), whereas
86% of the patients have lcSSc. SSc patients have a median
age of 48.7 years at the inclusion time (Table 1). Regarding
the risk factor exposure, the majority of the SSc patients were
exposed to wood smoke (78%; p < 0 0001, OR = 6 8, 95% CI
= 3 0–14.9) mainly from cooking; they were also exposed
to fertilizers (38%), organic solvents (12%), silica (8%), and
asbestos (2%). The more frequent clinical manifestations
are shown in Table 1. Concerning the clinical evaluation, at
the inclusion time, the median of HAQ (Health Assessment
Questionnaire disability index) was 0.4 and median of
MRSS51 (Modified Rodnan Skin Score) was 7.3 (Table 1).

3.2. KIR and HLA Genes. The distribution of KIR and HLA
class I genes in SSc patients and CS is shown in Table 2.
The KIR2DL2 gene frequency was higher in SSc patients
compared with CS (p = 0 0007, OR = 3 6, 95% CI = 1 7–7.3,
p′ = 0 011). According to the methodology used, we were
able to distinguish the KIR2DS4 gene variants: 2DS4full
and 2DS4del. Taking into consideration whether individ-
uals have or do not have the full or del gene variant, four
groups were defined: (a) the individuals with both variants
(full/del), (b) those with only the full gene (full), (c) those
with only the del variant (del), and (d) those who are neg-
ative for KIR2DS4 (neg). The KIR2DS4full frequency was
lower in SSc patients than in CS (p = 0 02, OR = 0 3, 95% C
I = 0 1–0.7, p′ = 0 09), whereas the 2DS4del frequency was
higher in SSc patients than in CS (p = 0 001, OR = 7 4, 95%

Table 1: Demographic and clinical characteristics of SSc patients
and CS.

SSc
(%) (n = 50)

CS
(%) (n = 90) p

Age (years)† 48.7 (18-75) 48.3 (20-73) 0.9∗

Gender

Female 88 (44) 94.4 (85) 0.2∗∗

Male 12 (6) 5.5 (5) 0.2∗∗

Disease subtype

lcSSc 86 (43) —

dcSSc 14 (7) —

Disease duration (months)† 94.8 (3-420) —

Clinical manifestations

Sclerodactyly 88 (44) —

Musculoskeletal damage 82 (41) —

Raynaud’s phenomenon 70 (35) —

Puffy fingers 68 (34) —

Telangiectasia 54 (27) —

Digital ulcers 40 (20)

Clinical evaluation

HAQ† 0.4 (0-1.29) —

MRSS51† 7.3 (0-30) —
†Data are shown in median and rank in parentheses. SSc: Systemic Sclerosis;
CS: Control Subjects; HAQ: Health Assessment Questionnaire disability
index; MRSS51: Modified Rodnan Skin Score. ∗Mann–Whitney U test; ∗∗

Fisher’s test.

3Journal of Immunology Research



CI = 1 6–35.2, p′ = 0 021). Individuals with full/del and the
KIR2DS4neg have similar frequencies in both groups
(Table 2). Concerning HLA class I gene distribution, HLA-
ABw4 and HLA-C2 were more frequent in SSc patients than
in CS (Table 2) without significant differences. Regarding
HLA-A, we found 7 SSc patients (14%) and 12 CS (13.3%)
positive to -A∗03/∗11. In SSc patients, 8% are positive to
-A∗03 and 6% to -A∗11. In CS, 11.1% are positive to -A∗03
and 1.1% to -A∗11 without significant difference (Table 2).

3.3. Combinations of KIR Genes and KIR/HLA Genotypes.
The KIR gene combinations involve the presence/absence
of the genes previously associated with SSc in this study
and in previous studies (2DL2, 2DS4, 2DS2, and 2DS1).
Analysis shows an increased frequency of 2DL2+/2DS4del
+ in SSc patients compared with CS. In SSc patients, a
low frequency of 2DL2-/2DS4del- (p = 0 0005, OR = 0 2,
95% CI = 0 1–0.6, p′ = 0 005), 2DL2-/2DS4full+/2DS4del-
(p = 0 0003, OR = 0 2, 95% CI = 0 08–0.5, p′ = 0 003),

2DL2+/2DS2- (p < 0 0001, OR = 17 1, 95% CI = 3 7–79.2,
p′ = 0 0009), and 2DL2-/2DS2- (p = 0 0007, OR = 0 3, 95%
CI = 0 1–0.6, p′ = 0 006) was found. The other KIR gene
combinations do not show significant differences between
both groups. Due to the differences observed in the fre-
quencies of KIR2DL2 and KIR2DS2 in the SSc patients
(Table 2) and the preferential association between these
genes reported in other investigations [24], we calculated
the LD of these genes. In CS, a strong LD is observed
(Wn∗ = 0 9540, p < 0 0001), while in SSc patients a
decreased LD is observed (Wn∗ = 0 5625, p < 0 0001).

Taking into consideration the presence of each of the
KIR genes with their specific HLA-I ligand gene, the com-
pound KIR/HLA genotypes were evaluated. The compari-
son of the compound KIR/HLA genotypes of SSc patients
and CS with a statistically significant difference is shown
in Table 3. In SSc patients, the frequency of the compound
genotypes 2DL2+/HLA-C2+ was increased (p = 0 01, OR
= 2 8, 95% CI = 1 3–5.8, p′ = 0 045). On the other hand,

Table 2: KIR and HLA gene frequencies in SSc patients and CS.

SSc (n = 50) CS (n = 90)
p∗ OR 95% CI p′n CF % CF GF n CF % CF GF

KIR2DL1 47 94 0.76 87 96.7 0.82

KIR2DL2 32 64 0.40 30 33.3 0.18 0.0007 3.6 1.7-7.3 0.011

KIR2DL3 46 92 0.72 87 96.7 0.82

KIR3DL1 44 88 0.65 81 90 0.68

KIR3DL2 50 100 1.00 88 97.8 0.85

KIR2DS1 23 46 0.27 42 46.7 0.27

KIR2DS2 18 36 0.20 28 31.1 0.17

KIR2DS3 8 16 0.08 14 15.6 0.08

KIR2DS4 41 82 0.58 80 88.9 0.67

2DS4full/del 12 24 0.13 25 27.8 0.15

2DS4full 18 36 0.20 51 56.7 0.34 0.02 0.4 0.2-0.9 0.09

2DS4del 12 24 0.13 4 4.4 0.02 0.001 6.8 2.1-22.4 0.021

2DS4neg 8 16 0.08 10 11.1 0.06

KIR2DS5 20 40 0.23 37 41.1 0.23

KIR3DS1 24 48 0.28 39 43.3 0.25

KIR2DP1 46 92 0.72 87 96.7 0.82

KIR3DL3 50 100 1.00 90 100 1.00

KIR2DL4 50 100 1.00 90 100 1.00

KIR2DL5 26 52 0.31 46 51 0.30

KIR3DP1 49 98 0.86 90 100 1.00

HLA-C1 41 82 0.58 82 91 0.70

HLA-C2 37 74 0.49 48 53 0.31 0.02 2.5 1.2-5.3 0.09

HLA-ABw4 48 96 0.80 75 83 0.59

HLA-Bw4Iso80 11 22 0.12 23 26 0.14

HLA-Bw4Thr80 5 10 0.05 7 8 0.04

HLA-A∗03 4 8 0.04 10 11.1 0.06

HLA-A∗11 3 6 0.03 1 1.1 0.005

CF: Carrier Frequencies; GF: Gene Frequencies; KIR: Killer-cell Immunoglobulin-like Receptors;HLA: Human Leukocyte Antigen; SSc: Systemic Sclerosis; CS:
Control Subjects; CI: Confidence Interval. KIR2DS4full/del includes individuals with a copy of the full gene and del variant; 2DS4full includes individuals with
one or two copies of the full gene; 2DS4del includes individuals with one or two copies of the del variant; and 2DS4neg includes individuals without KIR2DS4.
p∗ based on Fisher’s exact test and adjusted p′ based on Holm-Bonferroni correction for multiple comparisons.
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the frequency of 2DL2-/C1+ (p = 0 001, OR = 0 3, 95% CI =
0 1–0.6, p′ = 0 004), 2DL2-/HLA-C2- (p < 0 0001, OR = 0 1,
95% CI = 0 03–0.4, p′ = 0 0004), 2DS4full+/HLA-C1+
(p = 0 003, OR = 0 3, 95% CI = 0 2–0.7, p′ = 0 01), and
2DS4del-/HLA-C2- (p = 0 0005, OR = 0 1, 95% CI = 0 04–
0.5, p′ = 0 002) was lower in SSc patients (Table 3). The
other KIR/HLA gene combinations that involve the pres-
ence of HLA-ABw4, -Bw4Iso, -Bw4Thr, and -A∗03/∗11 and
their respective KIR did not show a significant difference
between both groups.

3.4. KIR Genotypes. In this study, 35 genotypes were found in
all individuals, including 24 genotypes in SSc and 24 geno-
types in CS. Eleven genotypes were exclusive to the SSc
patients, 11 were exclusive to the CS, and 13 were shared
between both groups (Table 4). A novel genotype (not
reported in the Allele Frequency Database [8]) was found
in an SSc patient. The AA genotype was less frequent in SSc
patients (16%) than in CS (38.9%), whereas the Bx genotype
was more frequent in SSc patients (84%) than in CS (61.1%)
(p = 0 007,OR = 3 1, 95% CI = 1 4–7.9, p′ = 0 014). In partic-
ular, the frequency of the genotype with ID 1 (as reported in
the Allele Frequency Database [8]) was lower in SSc patients
(14%) than in CS (37.8%) (p = 0 03, OR = 0 3, 95% CI = 0 1–
0.7, p′ = 0 02). The genotype with ID 19 (as reported in the
Allele Frequency Database [8]) was found only in patients
(14%) (Table 4).

According to the genotype, the number of activating/
inhibitory KIR genes was evaluated (Figure 1). The percent-
age of genotypes with 2, 3, and 5 activating KIR genes (aKIR)
were higher in SSc patients than in CS, whereas geno-
types with 1 and 4 aKIR genes have a lower percentage
in SSc patients (Figure 1(a)), without showing statistical
significance. In addition, the genotypes with 7 and 8 iKIR
genes (iKIR) were more frequent in SSc patients
(Figure 1(b)); however, it was not statistically significant.
The percentage of individuals with 6 iKIR genes was
lower in SSc patients than in CS (p = 0 002, OR = 0 3,
95% CI = 0 1–0.6, p′ = 0 008).

All the genotypes found in our studied groups have
higher iKIR genes than aKIR genes (iKIR> aKIR). We estab-
lished two groups according to the aKIR gene number: 0-3
aKIR and 4-6 aKIR. The frequency of individuals with 0-3
aKIR and 3-6 aKIR does not show a significant difference

between SSc patients and CS (Figure 1(c)). We established
two groups according to the iKIR gene number: 5-6 iKIR
and 7-8 iKIR. The frequency of individuals with 7-8 iKIR
genes was higher in SSc patients than in CS (p = 0 01;
OR = 2 7; 95% CI = 1 3–5.8, p′ = 0 02), and the percentage
of individuals with 5-6 iKIR genes was lower in SSc
patients than in CS (p = 0 01; OR = 0 3; 95% CI = 0 2–0.8,
p′ = 0 02).

3.5. KIR and HLA Genetic Associations with the Presence of
Clinical Manifestations. The KIR genes associated with the
disease (KIR2DL2 and 2DS4del) were analyzed with the fol-
lowing clinical manifestations: sclerodactyly, musculoskeletal
damage, Raynaud’s phenomenon, inflamed fingers, telangi-
ectasia, digital ulcers, calcinosis, esophageal dysfunction,
interstitial lung disease, and pulmonary arterial hyperten-
sion. In almost all clinical manifestations, we found a higher
frequency of 2DL2 than the other genes (Table 5); however,
there was no significant difference, probably due to the num-
ber of patients. In addition, our evaluation shows that the
presence of HLA, KIR/HLA genotypes, and iKIR/aKIR num-
ber does not have an association with the clinical manifesta-
tions, clinical evaluation (HAQ levels and MRSS51 score),
and exposure to environmental risk factors (silica, organic
solvents, fertilizers or, wood smoke).

4. Discussion

Systemic Sclerosis (SSc) is an autoimmune disease more fre-
quent in women than in men, according to the EUSTAR
(EULAR Scleroderma Trials and Research group) records
which showed a 5-10 : 1 ratio depending on the population.
A female predominance was found in our studied patients
(7.3 : 1), which is within the range of the EUSTAR records.
In patients from Mexico City, there was also a higher preva-
lence of women with SSc; however, there was a dissimilar
proportion compared to that of our study (9 : 1) and the
majority of our patients have lcSSc, as previously observed
in patients from Mexico City [2, 25]. Concerning the envi-
ronmental factors, silica exposure was possibly involved with
construction-related occupations. The organic solvent was
suspected in patients with occupational exposure to cleaning
products and trichloroethylene derivatives or in those work-
ing in the paint industry [26].

Table 3: Combinations between the KIR gene and the HLA-I ligand.

KIR/HLA
SSc

(%) (n = 50)
CS

(%) (n = 90) p∗ OR 95% CI p′

KIR2DL2+/HLA-C1+ 54 (27) 32.2 (29) 0.02 2.5 1.2–5.0 0.08

KIR2DL2+/HLA-C2+ 44 (44) 22.2 (20) 0.01 2.8 1.3–5.8 0.045

KIR2DS4full+/HLA-C1+ 50 (25) 75.6 (68) 0.003 0.3 0.2–0.7 0.01

KIR2DL2-/HLA-C1+ 28 (14) 58.9 (53) 0.001 0.3 0.1–0.6 0.004

KIR2DL2-/HLA-C2- 6 (3) 35.6 (32) < 0.0001 0.1 0.03–0.4 0.0004

KIR2DS4del-/HLA-C2- 6 (3) 31.1 (28) 0.0005 0.1 0.04–0.5 0.002

KIR: Killer-cell Immunoglobulin-like Receptors;HLA: Human Leukocyte Antigen; SSc: Systemic Sclerosis; CS: Control Subjects. p∗ based on Fisher’s exact test
and adjusted p′ based on Holm-Bonferroni correction for multiple comparisons.
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In this study, most of the patients live in rural areas and
exposure to wood smoke is a significant risk factor. The
exposed subjects are 6.8 times more likely to develop the dis-
ease compared to those who are not exposed. It is currently
estimated that people exposed to wood smoke are mainly
from the rural areas. Until now, welding smoke and indus-
trial emission particles have been associated with risk to SSc
development; however, the role of wood smoke in SSc sus-
ceptibility has not been described [2, 3]. Previous studies
have shown that wood smoke exposure can lead to NF-κB
overactivation; increased serum levels of TNF-α, IFN-γ, IL-
1β, IL-18, IL-6, IL-21, and CCL2; and higher numbers of
neutrophils, monocytes, and lymphocytes; as well as lower
expression of MMP-9 and MMP-12. This mechanism
induces chronic systemic inflammation and fibrosis. In addi-
tion, wood smoke produces oxidative damage, which could
affect proteins and lipids (lipid peroxidation) or induce
DNA damage, favoring autoantibody production [26–31].

In this study, we did not evaluate the autoantibody positivity;
however, future studies could evaluate the relationship
between wood smoke and the presence of autoantibodies in
SSc patients.

In SSc immunopathology, various immune cells are
involved; with regard to the NK cell, there are discrepant
reports concerning the number and functions, which are
probably related to the disease stage (inflammatory, fibrotic,
or atrophic) and different clinical complications (CREST
syndrome, skin fibrosis extension, vascular involvement,
and lung damage). The decrease of NK cell numbers in
peripheral blood is attributed to the infiltration in affected
tissues; nevertheless, others studies report an increased NK
cell number in dsSSc. In any of the cases, NK cells from SSc
patients exhibited phenotypes characterized by altered cyto-
kine production, diminished natural cytotoxicity, and
decreased granzyme B release [32, 33]. The NK cell functions
are controlled by inhibitory and activating receptor-ligand
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Figure 1: Distribution of activating/inhibitory KIR gene number between SSc patients and CS. (a) The number of activating KIR (aKIR) gene
number percentage in SSc patients (gray circle) and CS (white triangles) is shown. (b) The number of inhibitory KIR (iKIR) gene number
percentage in SSc patients (gray circle) and CS (white triangles) is shown. (c) The genotypes with higher iKIR than aKIR (iKIR > aKIR) is
indicated according to the number of iKIR and aKIR genes present. SSc: Systemic Sclerosis; CS: Control Subjects; ∗p = 0 002 based on
Fisher’s exact test and p′ = 0 008, based on Holm-Bonferroni correction for multiple comparisons.
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interactions. The signals from inhibitory receptors and HLA
ligands are considered a mechanism for NK cell self-
tolerance in a process named NK cell education, which is
essential for tolerance to self-components. Strikingly, the
NK cell licensing is reversible and the responsiveness of
mature NK cells may adapt to environmental changes; for
this reason, diverse studies have analyzed KIR genes in vari-
ous autoimmune pathologies, such as psoriasis vulgaris and
rheumatoid arthritis (RA) [7, 34].

This is the first study to evaluate the association of
KIR/HLA genes and genotypes with SSc in the Mexican
population. In this study, the framework genes (KIR3DL2,
3DL3, 2DL4, and 3DP1) and pseudogenes (2DP1 and
3DP1) were found in almost all individuals. KIR gene fre-
quencies in CS were similar to a previous report from the
Guerrero population [14]. In the patients studied,
KIR2DL2 presence was associated with risk to SSc; in con-
trast, this gene has been reported with a lower risk of SSc
development in Brazilian patients. However, in western
Mexico, 2DL2 has also been associated with the risk for
RA and response to treatment; this could suggest that in
the Mexican population, 2DL2 is a gene associated with
susceptibility to autoimmunity [13, 35].

Different studies have postulated that the increased
expression of KIR2DL2 induces lower NK cell activation
(mainly in viral infection), and the blockade of this receptor
can favor cytotoxicity and cytokine secretion. KIR2DL2
could inhibit the signals from activating KIR or other activat-
ing receptors [36]. Thus, the NK cells of individuals with
KIR2DL2 could have affected the antifibrotic function of
the NK cells, characterized by the secretion of cytotoxic sub-
stances that induce cell lysis and the release of cytokines such
as IFN-γ. It has been reported that IFN-γ production by NK
cells inhibits liver fibrosis; therefore, altered NK responses
could contribute to fibrogenesis [4, 32, 34]. In autoimmune
diseases and particularly in SSc, the role of KIR2DL2 gene
products is not fully established; however, it is possible that
it is overexpressed and has high affinity with their ligands
(HLA-C1 and -C2). This could be influential in the loss of
the NK cells’ antifibrotic effect and eventually contribute to
fibrosis progression in SSc.

In addition, a strong LD between KIR2DS2 and KIR2DL2
in CS was found, while in SSc patients the LD was decreased.
A possibility is that the patients have a KIR2DS2 allele that is

not reported and that is not amplified with the primers used
(must be confirmed by sequencing techniques). Moreover,
NK cell receptors can only diversify through meiotic muta-
tion and recombination processes; therefore, an incident dur-
ing these processes affects the lineage distinctions and even
disturbs the segregation of these receptors, as is described
in other KIR gene combinations [37].

The KIR2DS4 protein can be encoded by 33 alleles, of
which some code for a complete protein (2DS4full) and
others for a truncated protein (2DS4del), for having the loss
of 22 pb (mutations in exon 5 or 7). Human 2DS4del was
initially called KIR1D, and its function is still unknown.
However, the changes in the protein structure can affect their
activating function [38]. In SSc patients, the 2DS4del
presence was associated with risk to SSc, while 2DS4full was
associated with reduced risk. In autoimmune diseases,
2DS4full was associated with a lower chance of response to
methotrexate in RA patients [39]. In other medical condi-
tions like a kidney transplant, KIR2DS4 gene variants are
associated with the risk of rejection to kidney transplantation
[40]. KIR2DS4full was associated with high survival after one
year in patients with hematopoietic cell transplantation.
Furthermore, in this group of patients 2DS4del was associ-
ated with risk to graft-versus-host disease [41] and also with
susceptibility to syphilis in China [42]. It has been believed
that KIR2DS4del is a nonfunctional protein because it is
not anchored on the surface of the cell membrane. Neverthe-
less, it can be secreted in a soluble form and bind to its ligands
(HLA-A∗11 and -C1/-C2) avoiding the recognition for other
receptors or acting as a ligand to other receptors, which can
trigger the activation of other types of cells that participate
in the disease immunopathology [43].

In HLA class I genes, HLA-ABw4 has been previously
associated with risk to SSc in Iranian subjects [12]. In a pre-
vious study in Mexican patients, the genes -C∗12:03/-B18:01
and -B∗08:01 were reported as a genetic risk to SSc, whereas
-C∗07:02, -C∗07:02+/-B∗39:05, and -B∗39:06 were reported
with reduced risk to dcSSc development [25]. In Brazilian
patients, alleles of HLA-I have been associated not only with
SSc development (-A∗30, -A∗32, -B∗57 and -Cw14) but also
with medical complications, such as pulmonary fibrosis
(-Cw∗0602) and pulmonary arterial hypertension (-C∗04)
[44]. Thus, the presence of HLA class I genes may have a role
in SSc susceptibility and development. None of the HLA

Table 5: Clinical manifestations and KIR genes.

Sclerodactyly (%)
(n = 44)

Musculoskeletal damage
(%) (n = 41)

Raynaud’s phenomenon
(%) (n = 35)

Inflamed fingers
(%) (n = 34)

Telangiectasias (%)
(n = 27)

Digital ulcers
(%) (n = 20)

2DL2 63.6 (28) 58.5 (24) 60.0 (21) 55.9 (19) 59.3 (16) 70.0 (14)

2DS4full 34.1 (15) 31.7 (13) 37.1 (13) 35.3 (12) 44.4 (12) 45.0 (9)

2DS4del 25.0 (11) 24.4 (10) 31.4 (11) 29.4 (10) 22.2 (6) 45.0 (4)

2DS4full/
del

22.7 (10) 26.8 (11) 17.1 (6) 17.6 (6) 22.2 (6) 45.0 (4)

2DS4neg 18.2 (8) 17.1 (7) 14.3 (5) 17.6 (6) 11.1 (3) 15.0 (3)

KIR2DS4full/del includes individuals with a copy of the full gene and del variant; 2DS4full includes individuals with one or two copies of the full gene; 2DS4del
includes individuals with one or two copies of the del variant; and 2DS4neg includes individuals without KIR2DS4.
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evaluated in this research are associated with the SSc; there-
fore, future studies should evaluate other HLA groups in
the Mexican population.

The combined genotypes associated with risk (2DL2
+/2DS2-) or decreased risk of SSc (2DL2-/2DS4del-,
2DL2-/2DS4full+/2DS4del-, and 2DL2-/2DS2-), have not
been reported in any other investigation. Combined geno-
types associated with risk to SSc are 2DS2+/2DL2- in
Germany and Brazil and 2DS1+/2DS2- in Canada [9,
13]. The analysis of KIR/HLA compound genotypes dem-
onstrates that KIR2DL2+/HLA-C1+ and 2DL2+/-C2 are
associated with risk in SSc patients of our population.
The compound genotype 2DL2+/HLA-C1+ had already
been associated with SSc in patients from Turkey and
2DS1+/HLA-C2+ in Germany [9, 11]. The other combina-
tions found have not been associated with autoimmune
pathologies. And 2DS4del+/HLA-C1+ and -C2+ have been
associated with high transmission of HIV from Black
South African mothers to children during pregnancy.

Regarding KIR genotypes, the Bx genotype was more
frequent in SSc patients; in particular, the Bx genotype with
ID 19 (according to the Allele Frequency Database [8]) was
found only in SSc patients, whereas the AA genotype with
ID 1 (according to the Allele Frequency Database [8]) was
associated with lower risk to SSc development. Several
investigations have confirmed that the AA genotype (pre-
dominantly inhibitor) has a certain protective effect to auto-
immune diseases, such as RA, while the Bx genotype
(predominantly activator) represents a risk to autoimmunity.
Also, the Bx genotype with ID 19 was associated with risk for
SSc in patients from Iran and risk for RA in patients from
western Mexico[7, 12, 36]; however, we do not get a signifi-
cant difference, probably due to the number of patients. A
particularity of the genotype with ID 19 is that it is only dis-
tinguished from the genotype AA with ID 1 by the presence
of KIR2DL2. It is important to consider that in addition to
the KIR2DL2 association with the SSc, we confirm that the
development of some clinical characteristics, such as sclero-
dactyly, musculoskeletal damage, inflamed fingers, and digi-
tal ulcers are more frequent in patients with 2DL2, in which
the presence or absence of 2DS4 or any of its genetic variants
was not involved. The involvement of KIR2DL2 in the devel-
opment of various clinical characteristics is not defined; how-
ever, if the antifibrotic activity of the NK cells is inhibited,
many other mechanisms could stimulate fibrosis and disease
progression in conjunction with the various clinical com-
plications. It is important to consider that we could not
obtain a significant OR due to the small number of
patients; future studies could evaluate the involvement of
KIR2DL2 with the clinical characteristics of the disease in
a larger group of SSc patients.

The influence of the activating/inhibitory KIR gene num-
ber in SSc susceptibility was demonstrated. The genotype
with 7-8 iKIR genes was increased in SSc patients. The role
of iKIR and aKIR gene number in autoimmune diseases is
not well established; however, the effect of KIR gene number
variation on NK cell education and the ability to respond to
infections (mainly viral infections) is widely known. NK cell
education via KIR is a process dependent on the interaction

with HLA-I molecules, and for this reason, they must be ana-
lyzed altogether to estimate their potential involvement [45].
It is not clear how NK education can affect SSc immunopa-
thology. However, the NK cell action depends on the balance
between the signals from inhibitory and activating KIR
receptors for different ligand specificities and the difference
in the iKIR and aKIR numbers could affect its cytotoxic activ-
ity or cytokine secretion capacity.

In summary, this study provides a comprehensive assess-
ment of the KIR and HLA genetic susceptibility with SSc in a
southern Mexican mestizo population. The differences found
in the KIR and KIR/HLA frequencies in our SSc patients in
comparison to the SSc patients from other populations can
be produced by genetic admixture and adaptation processes
influenced by infectious agents and the environmental fac-
tors of the different regions and continents [7].

One limitation of this study is the low number of patients
that we included; however, SSc has a low incidence rate. In
addition, we consider preserving the genetic homogeneity
more valuable than including patients from other regions
because we previously demonstrated the genetic diversity of
KIR in various Mexican regions [14]. Future studies should
be done in the regions of other countries. Moreover, alterna-
tive techniques should be used to determine the specific
alleles associated with the disease, evaluate KIR implication
in the clinical manifestation in a larger group of SSc patients,
and evaluate the expression of KIR in infiltrating cells in
biopsies from SSc patients.

Data Availability

The data used to support the findings of this study are avail-
able from the corresponding author upon request.

Conflicts of Interest

The authors have declared no conflicts of interest in this
publication.

Acknowledgments

This research was performed with the financial support of
the PRO-SNI 2016-2017 program from Universidad de
Guadalajara.

References

[1] Y. Allanore, R. Simms, O. Distler et al., “Systemic sclerosis,”
Nature Reviews Disease Primers, vol. 1, 2015.

[2] A. C. Desbois and P. Cacoub, “Systemic sclerosis: an update in
2016,” Autoimmunity Reviews, vol. 15, no. 5, pp. 417–426,
2016.

[3] S. Bernatsky, A. Smargiassi, C. Barnabe et al., “Fine particulate
air pollution and systemic autoimmune rheumatic disease in
two Canadian provinces,” Environmental Research, vol. 146,
pp. 85–91, 2016.

[4] C. Zhang and Z. Tian, “NK cell subsets in autoimmune dis-
eases,” Journal of Autoimmunity, vol. 83, pp. 22–30, 2017.

9Journal of Immunology Research



[5] D. G. Augusto and M. L. Petzl-Erler, “KIR and HLA under
pressure: evidences of coevolution across worldwide popula-
tions,” Human Genetics, vol. 134, no. 9, pp. 929–940, 2015.

[6] M. A. Ivarsson, J. Michaëlsson, and C. Fauriat, “Activating
killer cell Ig-like receptors in health and disease,” Frontiers in
Immunology, vol. 5, pp. 1–9, 2014.

[7] P. Kuśnierczyk, “Killer cell immunoglobulin-like receptor gene
associations with autoimmune and allergic diseases, recurrent
spontaneous abortion, and neoplasms,” Frontiers in Immunol-
ogy, vol. 4, 2013.

[8] F. F. González-Galarza, L. Y. C. Takeshita, E. J. M. Santos et al.,
“Allele frequency net 2015 update: new features for HLA
epitopes, KIR and disease and HLA adverse drug reaction
associations,” Nucleic Acids Research, vol. 43, no. D1,
pp. D784–D788, 2015.

[9] T. Momot, S. Koch, N. Hunzelmann et al., “Association of
killer cell immunoglobulin-like receptors with scleroderma,”
Arthritis and Rheumatism, vol. 50, no. 5, pp. 1561–1565, 2004.

[10] F. Pellett, F. Siannis, I. Vukin, P. Lee, M. B. Urowitz, and D. D.
Gladman, “KIRs and autoimmune disease: studies in systemic
lupus erythematosus and scleroderma,” Tissue Antigens,
vol. 69, pp. 106–108, 2007.

[11] J. D. Tozkır, H. Tozkır, H. Gürkan et al., “The investigation of
killer cell immunoglobulin-like receptor genotyping in
patients with systemic lupus erythematosus and systemic scle-
rosis,” Clinical Rheumatology, vol. 35, no. 4, pp. 919–925, 2016.

[12] M. Mahmoudi, F. Fallahian, S. Sobhani et al., “Analysis of
killer cell immunoglobulin-like receptors (KIRs) and their
HLA ligand genes polymorphisms in Iranian patients with
systemic sclerosis,” Clinical Rheumatology, vol. 36, no. 4,
pp. 853–862, 2017.

[13] P. H. Salim, M. Jobim, M. Bredemeier et al., “Characteristics of
NK cell activity in patients with systemic sclerosis,” Revista
Brasileira de Reumatologia, vol. 53, no. 1, pp. 66–74, 2013.

[14] A. C. Machado-Sulbaran, J. F. Muñoz-Valle, M. G. Ramírez-
Dueñas et al., “Distribution of KIR genes and KIR2DS4 gene
variants in twoMexican Mestizo populations,”Human Immu-
nology, vol. 78, no. 10, pp. 614–620, 2017.

[15] R. Barquera, J. Zúñiga, R. Hernández-Díaz et al., “HLA class I
and class II haplotypes in admixed families from several
regions of Mexico,” Molecular Immunology, vol. 45, no. 4,
pp. 1171–1178, 2008.

[16] S. A. Miller, D. D. Dykes, and H. F. Polesky, “A simple salting
out procedure for extracting DNA from human nucleated
cells,” Nucleic Acids Research, vol. 16, no. 3, p. 1215, 1988.

[17] C. Vilches, J. Castaño, N. Gómez-Lozano, and E. Estefanía,
“Facilitation of KIR genotyping by a PCR-SSP method that
amplifies short DNA fragments,” Tissue Antigens, vol. 70,
no. 5, pp. 415–422, 2007.

[18] S. E. Hiby, L. Regan, W. Lo, L. Farrell, M. Carrington, and
A. Moffett, “Association of maternal killer-cell
immunoglobulin-like receptors and parental HLA-C geno-
types with recurrent miscarriage,” vol. 23, no. 4, 2008.

[19] N. Tajik, F. Shahsavar, M. Nasiri, and M. F. Radjabzadeh,
“Compound KIR-HLA genotype analyses in the Iranian popu-
lation by a novel PCR-SSP assay,” International Journal of
Immunogenetics, vol. 37, no. 3, pp. 159–168, 2010.

[20] S. Y. A. Omar, A. Alkuriji, S. Alwasel et al., “Genotypic diver-
sity of the killer cell immunoglobulin-like receptors (KIR) and
their HLA class I ligands in a Saudi population,” Genetics and
Molecular Biology, vol. 39, no. 1, pp. 14–23, 2016.

[21] B. Kurz, I. Steiert, G. Heuchert, and C. A. Müller, “New high
resolution typing strategy for HLA-A locus alleles based on
dye terminator sequencing of haplotypic group-specific PCR-
amplicons of exon 2 and exon 3,” Tissue Antigens, vol. 53,
no. 1, pp. 81–96, 1999.

[22] R. M. Single, M. P. Martin, D. Meyer, X. Gao, and
M. Carrington, “Methods for assessing gene content diversity
of KIR with examples from a global set of populations,” Immu-
nogenetics, vol. 60, no. 12, pp. 711–725, 2008.

[23] W. D. Dupont and W. D. Plummer Jr, “Power and sample size
calculations for studies involving linear regression,” Controlled
Clinical Trials, vol. 19, no. 6, pp. 589–601, 1998.

[24] P. A. Gourraud, A. Meenagh, A. Cambon-Thomsen, and
D. Middleton, “Linkage disequilibrium organization of the
human KIR superlocus: implications for KIR data analyses,”
Immunogenetics, vol. 62, no. 11-12, pp. 729–740, 2010.

[25] T. S. Rodriguez-Reyna, P. Mercado-Velázquez, N. Yu et al.,
“HLA class I and II blocks are associated to susceptibility, clin-
ical subtypes and autoantibodies in Mexican systemic sclerosis
(SSc) patients,” PLoS One, vol. 10, no. 5, pp. e0126727–
e0126719, 2015.

[26] E. De Decker, M. Vanthuyne, D. Blockmans et al., “High prev-
alence of occupational exposure to solvents or silica in male
systemic sclerosis patients: a Belgian cohort analysis,” Clinical
Rheumatology, vol. 37, no. 7, pp. 1977–1982, 2018.

[27] M. J. Guarnieri, J. V. Diaz, C. Basu et al., “Effects of woods-
moke exposure on airway inflammation in rural Guatemalan
women,” PLoS One, vol. 9, no. 3, article e88455, 2014.

[28] M. Essouma and J. J. N. Noubiap, “Is air pollution a risk factor
for rheumatoid arthritis?,” Journal of Inflammation, vol. 12,
no. 1, p. 48, 2015.

[29] R. Silva, M. Oyarzún, and J. Olloquequi, “Pathogenic mecha-
nisms in chronic obstructive pulmonary disease due to
biomass smoke exposure,” Archivos de Bronconeumología,
vol. 51, no. 6, pp. 285–292, 2015.

[30] A. Jensen, D. G. Karottki, J. M. Christensen et al., “Bio-
markers of oxidative stress and inflammation after wood
smoke exposure in a reconstructed Viking Age house,”
Environmental and Molecular Mutagenesis, vol. 55, no. 8,
pp. 652–661, 2014.

[31] S. S. Leonard, S. Wang, X. Shi, B. S. Jordan, V. Castranova, and
M. A. Dubick, “Wood smoke particles generate free radicals
and cause lipid peroxidation, DNA damage, NFκB activation
and TNF-α release in macrophages,” Toxicology, vol. 150,
no. 1–3, pp. 147–157, 2000.

[32] M. Horikawa, M. Hasegawa, K. Komura et al., “Abnormal
natural killer cell function in systemic sclerosis: altered cyto-
kine production and defective killing activity,” The Journal
of Investigative Dermatology, vol. 125, no. 4, pp. 731–737,
2005.

[33] I. Almeida, S. V. Silva, A. R. Fonseca, I. Silva, C. Vasconcelos,
and M. Lima, “T and NK cell phenotypic abnormalities in sys-
temic sclerosis: a cohort study and a comprehensive literature
review,” Clinical Reviews in Allergy and Immunology, vol. 49,
no. 3, pp. 347–369, 2015.

[34] Z. Tian, M. E. Gershwin, and C. Zhang, “Regulatory NK cells
in autoimmune disease,” Journal of Autoimmunity, vol. 39,
no. 3, pp. 206–215, 2012.

[35] E. E. Velarde-de la Cruz, P. E. Sánchez-Hernández, J. F.
Muñoz-Valle et al., “KIR2DL2 and KIR2DS2 as genetic
markers to the methotrexate response in rheumatoid arthritis

10 Journal of Immunology Research



patients,” Immunopharmacology and Immunotoxicology,
vol. 38, no. 4, pp. 303–309, 2016.

[36] R. Rizzo, V. Gentili, I. Casetta et al., “Altered natural killer
cells’ response to herpes virus infection in multiple sclerosis
involves KIR2DL2 expression,” Journal of Neuroimmunology,
vol. 251, no. 1-2, pp. 55–64, 2012.

[37] P. J. Norman, L. Abi-Rached, K. Gendzekhadze et al., “Meiotic
recombination generates rich diversity in NK cell receptor
genes, alleles, and haplotypes,” Genome Research, vol. 19,
no. 5, pp. 757–769, 2009.

[38] K. C. Hsu, S. Chida, D. E. Geraghty, and B. Dupont, “The killer
cell immunoglobulin-like receptor (KIR) genomic region:
gene-order, haplotypes and allelic polymorphism,” Immuno-
logical Reviews, vol. 190, no. 1, pp. 40–52, 2002.

[39] E. Majorczyk, A. Pawlik, D. Gendosz, and P. Kuśnierczyk,
“Presence of the full-length KIR2DS4 gene reduces the chance
of rheumatoid arthritis patients to respond to methotrexate
treatment,” BMC Musculoskeletal Disorders, vol. 15, no. 1,
2014.

[40] I. Nowak, M. Magott-Procelewska, A. Kowal et al., “Killer
immunoglobulin-like receptor (KIR) and HLA genotypes
affect the outcome of allogeneic kidney transplantation,” PLoS
One, vol. 7, no. 9, pp. e44718–e44712, 2012.

[41] X. Wu, Y. Yao, X. Bao et al., “KIR2DS4 and its variant KIR1D
are associated with acute graft-versus-host disease, cytomega-
lovirus, and overall survival after sibling-related HLA-
matched transplantation in patients with donors with KIR
gene haplotype A,” Biology of Blood and Marrow Transplanta-
tion, vol. 22, no. 2, pp. 220–225, 2016.

[42] Y. L. Zhuang, C. F. Zhu, Y. Zhang et al., “Association of
KIR2DS4 and its variant KIR1D with syphilis in a Chinese
Han population,” International Journal of Immunogenetics,
vol. 39, no. 2, pp. 114–118, 2012.

[43] D. Middleton, A. Gonzalez, and P. M. Gilmore, “Studies on the
expression of the deleted KIR2DS4∗003 gene product and
distribution of KIR2DS4 deleted and nondeleted versions in
different populations,” Human Immunology, vol. 68, no. 2,
pp. 128–134, 2007.

[44] A. P. T. Del Rio, Z. Sachetto, P. D. Sampaio-Barros, J. F. Mar-
ques-Neto, A. C. S. Londe, and M. B. Bertolo, “HLA markers
for poor prognosis in systemic sclerosis Brazilian patients,”
Disease Markers, vol. 35, no. 2, 78 pages, 2013.

[45] V. Beziat, J. A. Traherne, L. L. Liu et al., “Influence of KIR gene
copy number on natural killer cell education,” Blood, vol. 121,
no. 23, pp. 4703–4707, 2013.

11Journal of Immunology Research


	KIR/HLA Gene Profile Implication in Systemic Sclerosis Patients from Mexico
	1. Introduction
	2. Material and Methods
	2.1. Studied Populations
	2.2. KIR and HLA Genotyping
	2.3. Statistical Analysis

	3. Results
	3.1. Demographic and Clinical Features
	3.2. KIR and HLA Genes
	3.3. Combinations of KIR Genes and KIR/HLA Genotypes
	3.4. KIR Genotypes
	3.5. KIR and HLA Genetic Associations with the Presence of Clinical Manifestations

	4. Discussion
	Data Availability
	Conflicts of Interest
	Acknowledgments

