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a  b  s  t  r  a  c  t

A  regulatory  single  nucleotide  polymorphism  located  in  the  5′ region  (−169T/C)  of  the Fc  receptor-
like  3 (FCRL3 3)  gene  has  been  associated  with  both  susceptibility  and  protection  in  immune  diseases.
This  case–control  study  aimed  to  evaluate  the  association  between  FCRL3  polymorphisms  and  juve-
nile  rheumatoid  arthritis  (JRA),  asthma,  and  childhood-onset  systemic  lupus  erythematosus  (SLE)  in  a
Mexican population.  We  performed  PCR-based  genotyping  to  identify  four  FCRL3  single  nucleotide  poly-
morphisms  (FCRL3 3 to FCRL3 6)  in  patients  with  JRA  (n =  202),  asthma  (n =  239),  or  childhood-onset  SLE
(n = 377),  and healthy  controls  (n =  400).  The  case–control  analysis  showed  a  male-gender  dependent
association  between  the FCRL3 3C, FCRL3 5C,  and  FCRL3  6A alleles  and  either  JRA  (OR  =  0.57,  p =  0.003;
ystemic lupus erythematosus
ssociation study

OR  =  0.55,  p  =  0.002;  OR =  0.53,  p =  0.0007,  respectively)  or asthma  (OR  = 0.72,  p =  0.04;  OR  =  0.74,  p  =  0.05;
OR  =  0.70,  p  =  0.02,  respectively).  As  expected,  minor  alleles  of  these  SNPs  with  the  CGCA  haplotype  were
also  significantly  associated  with  JRA  (OR =  0.35,  p =  0.00005)  and  asthma  (OR  =  0.61,  p =  0.007).  We  found
no  association  between  FCRL3  SNPs  or  haplotypes  and  childhood-onset  SLE. These  results  supported  the
notion that  FCRL3  is involved  in  the  etiology  of  several  immune  diseases.  Our results  also  suggested  that
SNPs located  in  the  FCRL3  gene  were  protective  against  JRA and  asthma  in male  Mexican  patients.
. Introduction

Immune disorders involve complex etiologies, but many have a
trong genetic component in their pathogenesis (Becker et al., 1998;
helan et al., 2006; Moser et al., 2009; Lee et al., 2011). Genome-
ide linkage studies have identified a group of genetic factors

hat are shared among many autoimmune and other immune-
ediated diseases (Becker et al., 1998; Lee et al., 2011). One of

he regions implicated in susceptibility to multiple autoimmune

iseases is the cytoband 1q21–23. This region harbors the Fc�
eceptor (Fc�R) II/III and Fc receptor-like family genes (FCRL1
hrough FCRL5)  (Davis et al., 2001). The ligands and function of
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the FCRLs remain unknown; however, some studies have sug-
gested that FCRL proteins may  contribute to the pathogenesis
of chronic immune diseases, because they affect B-Cell receptor-
mediated signaling, growth, and proliferation (Ehrhardt et al., 2003,
2007; Leu et al., 2005; Kochi et al., 2009). Several association stud-
ies have supported the hypothesis that FCRLs play an important
role in immune-mediated pathologies, either as risk or protec-
tion factors (Kochi et al., 2005; WTCCC, 2007; Owen et al., 2007;
Martínez, 2007; Matesanz et al., 2008; Chen et al., 2011). Further-
more, meta-analysis studies have shown that the FCRL3 3C allele
was a significant risk factor for rheumatoid arthritis (RA) and sys-
temic lupus erythematosus (SLE) in Asians, but not in Caucasians
(Lee et al., 2010; Mao  et al., 2010). On the other hand, FCRL3 SNPs
have been reported to have a protective effect against autoim-
mune thyroid disease (AITD), Addisonı̌s disease (AAD) and multiple
sclerosis (MS) (WTCCC, 2007; Owen et al., 2007; Martínez, 2007;
Matesanz et al., 2008). These findings have suggested that FCRLs

have differential effects on different populations.

We investigated whether FCRL3 SNPs were associated with juve-
nile rheumatoid arthritis (JRA), asthma, and childhood-onset SLE in
Mexican pediatric patients.

dx.doi.org/10.1016/j.molimm.2012.09.004
http://www.sciencedirect.com/science/journal/01615890
http://www.elsevier.com/locate/molimm
mailto:lorozco@inmegen.gob.mx
dx.doi.org/10.1016/j.molimm.2012.09.004
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. Patients and methods

.1. Study subjects for genetic analysis

This study included 818 patients with JRA (n = 202), asthma
n = 239), or SLE (n = 377). All cases were under 16 years of age and
ere recruited from five tertiary level Institutions in Mexico City.

he diagnosis of asthma was based on criteria published by the
merican Thoracic Society and the Global Initiative for Asthma. The
iagnosis of JRA and SLE were based on criteria published by the
merican College of Rheumatology. We  also included 400 unre-

ated, healthy control subjects, ethnically matched to the patients,
ith no history of autoimmune or inflammatory diseases. No pre-

ious studies have shown a correlation between the FCRL3 alleles
nd age; therefore, the controls were older than 18 years of age.
dditionally, allelic frequencies of FCRL3 polymorphisms were not
ifferent between genders; therefore, we used the same control
roup for all analyses. Patients and controls were descended from
arents and grandparents born in Mexico. Ethics and Research
ommittee approvals were obtained from all participating Insti-
utions, and informed consent was obtained from each individual.
arents provided consent for child participation, and all children
ssented.

.2. Analysis of genetic polymorphisms

We  obtained genomic DNA from peripheral blood leukocytes
ith a standard salt precipitation technique (QIAgen Systems, Inc.,
alencia, CA, USA). Ethnic matching between cases and controls
as previously evaluated with a panel of 10 ancestry informative
arkers (AIMs: rs4884, rs2695, rs17203, rs2862, rs3340, rs722098,

s203096, rs223830, rs1800498, and rs281478) (Jiménez-Morales
t al., 2009). These AIMs mainly identify Amerindian and Euro-
ean ancestry in Mexican population. We  performed genotyping
o reveal FCRL3 3 (−169T/C or rs7528684), FCRL3 4 (−110G/A
r rs11264799), FCRL3 5 (+358G/C or rs945635), and FCRL3 6
+1381G/A or rs3761959) polymorphisms. The PCR assay used
o identify these four SNPs was performed with TaqMan MGB
hemistry (Applied Biosystems, Foster City, CA, USA) according
o the manufacturer’s instructions. Each PCR reaction contained
0 ng of DNA, 2.5 �l of TaqMan Master Mix, 0.065 �l of 40×
ssay mixture, and 2.435 �l of distilled, DNase free water in a
nal volume of 5 �l. The amplification protocol included dena-
uring at 95 ◦C for 10 min, followed by 40 cycles of denaturing
t 95 ◦C for 15 s and annealing and extension at 60 ◦C for 1 min.
enotypes were assigned by detecting allele-specific fluorescence
ith SDS 2.2.3 software for allelic discrimination (Applied Biosys-

ems, Foster City, CA). The overall genotype call rate was  99.9%,
nd 30% of randomized samples showed 100% reproducibility in
uplicate assays for the four polymorphisms. Genotyping accu-
acy was confirmed by direct sequencing of PCR products in 50
andomly chosen samples. The PCR products were sequenced
irectly with a DNA Sequencing Kit and the Big Dye Termina-
or on an automated ABI PRISM 3100 DNA sequencer (Applied
iosystems, Foster City, CA, USA). The primer sequences used to
ecognize the FCRL3 were 5′-GAAGACACGAAAGCAATCAAGGAA-
′ and 5′-CATATGGGAAACCCCTTCACTACC-3′. PCR was  performed

n a 50 �l reaction mixture that contained 60 ng of genomic
NA, 2.5 mM MgCl2, 1.25 units of Amplitaq Gold (Applied Biosys-

ems), 2.5 mM of each primer, 250 mM dNTPs mixed (Takara), and
X PCR buffer (Applied Biosystems). The amplification protocol
ncluded denaturing at 95 ◦C for 10 min, followed by 35 cycles
f denaturing at 94 ◦C for 30 s, annealing at 58 ◦C for 30 s, and
xtending at 72 ◦C for 35 s; with a final extension at 72 ◦C for

 min.
munology 53 (2013) 374– 378 375

3. Statistical analysis

The FINETTI program (http://ihg.gsf.de/cgi-bin/hw/hwa1.pl)
was used to test for Hardy–Weinberg equilibrium (HWE) in geno-
type distributions for the cases and controls. Association between
FCRL3 SNPs and the three diseases were analyzed with X2 tests
on 2 × 2 and 2 × 3 contingency tables for allele and genotype fre-
quencies, respectively. Statistical analysis was performed with
a standard statistical package (Epic Info 2005 V.3.2; Centers of
Disease Control and Prevention, Atlanta, GA). Odds ratios (ORs)
with 95% confidence intervals (95% CI) were calculated with the
same software. Haplotype frequencies and linkage disequilibrium
(LD; r2) were calculated with the Haploview software (Barrett
et al., 2005). The p-value was  corrected by applying a permuta-
tion test based on 100,000 permutations. The ADMIXMAP program
(McKeigue et al., 2000; Hoggart et al., 2003) was used to test the
possible effect of population stratification, as described previously
(Bonilla et al., 2004; Choudhry et al., 2006), in the two primary
parental populations of the Mexican–Mestizo (Amerindian and
European).

4. Results

The mean (±SD) age at onset of JRA, asthma, and SLE were
8.7 ± 2.46, 8.4 ± 2.8, and 11.62 ± 2.46 years, respectively. The
female/male gender distribution was  115/87 (57/43%) for JRA,
92/147 (38/62%) for asthma, and 312/65 (83/17%) for SLE. The con-
trol population comprised 200 (50%) females and 200 (50%) males.
We used the same control group for all analyses, because no dif-
ferences between genders were found in the allele frequencies of
FCRL3 3, FCRL3 4, FCRL3 5, and FCRL3 6 SNPs. Genotype distribu-
tions of polymorphisms were in HWE  for both cases and controls.
The AIM distributions were not significantly different between
cases and controls.

When the JRA, asthma, and childhood-onset SLE cohorts were
compared to controls, only the JRA population exhibited signif-
icant differences, and only in the FCRL3 3 and FCRL3 6 minor
allele frequencies (MAF) (p = 0.03 and p = 0.01, respectively). After
gender stratification, the FCRL3 5C allele exhibited a male gender-
dependent association with JRA. The FCRL3 3C,  FCRL3 5C,  and
FCRL3 6A allele frequencies were higher in the control group than in
the JRA group (OR = 0.57, 95% CI 0.40–0.83, p = 0.003; OR = 0.55, 95%
CI 0.38–0.80, p = 0.002; and OR = 0.53, 95% CI 0.36–0.76, p = 0.0007,
respectively). Similarly, the same alleles were higher in the con-
trol group than in the asthma group (OR = 0.72, 95% CI 0.54–0.98,
p = 0.04; OR = 0.74, 95% CI 0.55–1.00, p = 0.05; and OR = 0.70, 95% CI
0.52–0.95, p = 0.02, respectively). Homozygosity for the FCRL3 3C
minor allele conferred higher protection from JRA (OR = 0.38, 95%
CI 0.18–0.78, p = 0.007) and asthma (OR = 0.54, 95% CI 0.29–0.99,
p = 0.05) compared to the other genotypes. However, after apply-
ing the Bonferroni correction test, statistical significance persisted
only for homozygous FCRL3 3C protection against JRA (Table 1).

On the other hand, the haplotype analysis showed that FcRL3 3,
FcRL3 5, and FcRL3 6 were in high LD, but not FcRL3 4 (pair-wise
r2 values > 0.9) (Fig. 1). We  identified a total of four haplotypes
with frequencies >0.01 (Table 2). The haplotype CGCA, which car-
ried the three minor alleles, FcRL3 3C,  5C,  and 6A,  and the major
allele, FcRL3 4G,  showed male gender-dependent protection to JRA
and asthma (OR = 0.35, 95% CI 0.20–0.60, p = 0.00005; OR = 0.61, 95%
CI 0.41–0.89, p = 0.007, respectively). This significant association
between the CGCA haplotype and protection from both diseases

remained after 100,000 permutations.

A comparative analysis between healthy individuals from dif-
ferent populations showed that the frequency of the FCRL3 3C
allele was higher in Mexicans (49.7%) than in Japanese (37%) and

http://ihg.gsf.de/cgi-bin/hw/hwa1.pl
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Brazilian (36.8%) populations (p < 1 × 10−4) (Kochi et al., 2005; Teles
et al., 2011), but similar to those reported for Caucasian popula-
tions (Martínez, 2007; Hu et al., 2006) (44.8–48%). The FCRL3 5C
and FCRL3 6C frequencies reported here were also different than
those reported for other populations, including Chinese and Dutch
(Thabet et al., 2007; Li et al., 2008).

5. Discussion

The complete etiology of immune-mediated diseases has not
been clarified. One of the most important loci for susceptibility
to immune diseases is at the 1q21–q23 chromosome, which har-
bors the FCRL3 gene. Several studies have suggested that the FCRL3
exhibited a complex pattern of association with immune diseases,
because it appeared to be either a risk (RA and SLE), protective
(AITD, AAD, and MS)  or modifier factor. In particular, in a Taiwanese
population the FCRL3 3C allele, was  associated with a protective
effect against the development of specific phenotypes, like SLE leu-
copenia, but it was also related with RA disease severity (Chen et al.,
2011).

In this case–control study, which included patients with SLE,
JRA, and asthma, we  found that FCRL3 3C, FCRL3 5C,  and FCRL3 6A,
but not FCRL3 4G alleles, were significantly associated with protec-
tion to JRA and asthma in males, although this last did not remain
after Bonferroni correction. It is known that FCRL3 3C is a func-
tional variant that promotes the FCRL3 mRNA transcription (Kochi
et al., 2005). This functional variant was in LD with the FCRL3 5C and
FCRL3 6A alleles; thus, as expected, the haplotype that carried these
three alleles (CCA) was also significantly associated with protection
to JRA and asthma in males.

These data suggested that FCRL3 SNPs conferred protection
against both diseases in a gender-dependent manner (Table 1).
Gender-dependent associations are frequently found in immune
pathologies. In a previous study, we documented an association
between TNF  ̨ SNPs and JRA and asthma in females (Jiménez-
Morales et al., 2009). This phenomenon was also reported for
several other immune entities, including MS,  RA, asthma (IL4, IL13,
and COX-2 SNPs), and inflammatory bowel disease (HLA SNPs)
(Yamada et al., 2001; Fisher et al., 2002; Szczeklik et al., 2004; Akkad
et al., 2007).

Some studies have suggested that a common pathogenic
mechanism may  exist between immune diseases; for example,
the presence of autoantibodies is characteristic of autoimmune
diseases, but these have also been identified in patients with non-
allergic asthma (Hahm et al., 2002; Yim et al., 2006; Kwon et al.,
2009).

In this study, we  found no association between FCRL3 and
childhood-onset SLE, as has been reported to European-derived
populations and some Asian-descendent groups. (Matesanz et al.,
2008; Mao  et al., 2010; Choi et al., 2006; You et al., 2008)

Controversial findings in association studies involving the same
allele in different populations might be explained by the follow-
ing: (1) a dual function of the protein since FCRL3 contains both
immunoreceptor tyrosine-based activation and inhibition motifs;
(2) the susceptibility allele may  lie within a LD block that could be
different among populations; (3) interactions between this allele
and other genetic or environmental factors, as in Canadian and
Spanish populations, where it was  shown that interactions between
FCRL3 3 and (PTPN22), -94ATTG/- (NFKappa1), or HLA-DRB1*0103
increased the risk for Graveı̌s  disease, RA, or inflammatory bowel

disease, respectively (Newman et al., 2006; Martínez et al., 2006,
2007); and (4) variations with an ethnic-specific effect (Kochi et al.,
2010), in fact, our population exhibited the highest frequency of
FCRL3 3C.
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Fig. 1. Location and pair-wise linkage disequilibrium values of four FCRL3 SNPs in Mexican pediatric patients. Values of the pair-wise (r2) are shown to JRA (a), asthma (b)
and  SLE (c).

Table 2
FCRL3 haplotypes structure and frequencies in male groups of patients and controls.

Pathology Haplotype FCRL3 3, 4, 5, 6 Frequency OR 95% CI p

Cases Control (n = 200)

JRA
(n = 87)

TGGG 0.62 0.48 1.78 (1.21–2.60) 0.005a

CACA 0.21 0.20 1.06 (0.66–1.68) 1.00
CGCA  0.12 0.28 0.35 (0.20–0.60) 0.00005a

TAGG 0.02 0.02 0.99 (0.20–4.32) 1.00
Asthma
(n  = 147)

TGGG 0.58 0.48 1.48 (1.08–2.03) 0.01a

CACA 0.21 0.20 1.07 (0.73–1.58) 1.00
CGCA 0.19 0.28 0.61 (0.41–0.89) 0.007a

SLEp
(n = 65)

TGGG 0.53 0.48 1.21 (0.80–1.84) 0.81
CACA  0.19 0.20 0.95 (0.56–1.61) 1.00
CGCA  0.23 0.28 0.78 (0.48–1.27) 0.86
TAGG  0.01 0.02 0.77 (0.11–3.95) 1.00

OR: odds ratio; CI: confidence interval.
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a Statistical significance after 100,000 permutation.

Other genes and cohorts should be genotyped in the future to
nvestigate differences in the effects of FCRL3 variants on immune
iseases among different populations.
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