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E Sanchez'"', LM Gémez*"', MA Lopez-Nevot®>, MA Gonzalez-Gay*, JM Sabio®, N Ortego-Centeno®,

E de Ramoén’, JM Anaya®, MF Gonzdlez-Escribano®, BP Koeleman'®'" and ] Martin'"!

'Instituto de Parasitologia y Biomedicina Lopez-Neyra, CSIC, Granada, Spain; *Unidad de Biologia Celular e Inmunogenética,
Corporacion para investigaciones biologicas (CIB), Medellin, Colombia; *Servicio de Inmunologia. Hospital Virgen de las Nieves,
Granada, Spain; *Servicio de Reumatologia. Hospital Xeral-Calde, Lugo, Spain; ®Servicio de Medicina Interna. Hospital Virgen de las
Nieves, Granada, Spain; °Servicio de Medicina Interna. Hospital Clinico San Cecilio, Granada, Spain; ?Servicio de Medicina Interna.
Hospital Carlos-Haya, Mdlaga, Spain; *Unidad de Biologia Celular e Inmunogenética, Corporacion para investigaciones biologies (CIB),
Universidad del Rosario, Medellin, Colombia; °Servicio de Inmunologia. Hospital Virgen del Rocio, Sevilla, Spain and "°Department of
Biomedical Genetics, Utrecht University Medical Centre, Utrecht, The Netherlands

The aim of this study was to evaluate the potential association of functional polymorphisms of macrophage migration inhibitory
factor with systemic lupus erythematosus. Our study includes 711 systemic lupus erythematosus (SLE) patients and 755
healthy controls. We genotyped the migration inhibitory factor (MIF) —173G/C using a polymerase chain reaction (PCR)
system with predeveloped TaqgMan allelic discrimination assay and the MIF —794 CATT,, microsatellite polymorphism using a
PCR-fluorescent method. A statistically significant difference in the distribution of the MIF — 173*C allele between SLE patients
and controls (P=0.004, OR= 1.34, 95% Cl= 1.05-1.27) was observed. In addition, the frequency of the MIF —173*C/C
genotype was higher in SLE patient (P= 0.002, OR= 2.58, 95% Cl= 1.32-5.10). No differences in the distribution of CATT,
were found. However, the haplotypes analyses showed that only the CATT,-MIF —173*C haplotype was associated with a
higher susceptibility to SLE (P= 0.001, OR 1.84, 95% Cl 1.35-2.79). No association with clinical features was detected in any
case. These results suggest that both, MIF —173*C allele and CATT,-MIF —173*C haplotype, confer susceptibility to SLE in

our population.
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Introduction

Systemic lupus erythematosus (SLE) is a systemic
autoimmune disease with a complex pathogenesis
involving multiple genetic and environmental factors.
The genetic background of SLE is complex and involves
multiple genes encoding different molecules with sig-
nificant functions in the regulation of the immune
system." In this respect, several studies support that
cytokines play an important role in the development and
progression of the autoimmune diseases.>*

Macrophage migration inhibitory factor (MIF) is an
immunoregulatory cytokine that has proinflammatory,
hormonal and enzymatic activities, and it is expressed in
a wide variety of cell types including macrophages, B
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and T cells.”® There are several lines of evidence
supporting the MIF gene as a good candidate in
inflammatory disorders, such as SLE.° MIF plays a
critical role in regulation of T-cell activation, and it has
been demonstrated that alterations in this pathway lead
to the development of SLE in animal models'® MIF may
provide signals for B-cell proliferation that could main-
tain the hyperactivity of B cells showed in SLE patients."!
MIF might also contribute to the chronic inflammatory
injury in SLE, due to, induction of proinflammatory
cytokines, such as interleukin (IL)-1f, tumor necrosis
factor o (TNF-a), IL-2, IL-6, IL-8 and interferon y (IFN-y),
which seem to be associated with the severity of SLE.”
MIF is able to increase the nitric oxide (NO) production,
which can directly mediate the inflammatory process. In
addition, MIF inhibited p53 expression,'> and it has been
demonstrated that p53 has apoptotic effects in vitro and
in vivo, which is consistent with the possible impairment
of apoptosis in SLE. Finally, MIF serum levels are
significantly increased in SLE patients' and functional
polymorphisms of the human MIF gene have been
associated with increased susceptibility to inflammatory
and autoimmune diseases.'*
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The MIF gene maps to chromosome 22ql1.2. Four
polymorphisms have been reported in the human MIF
gene,’>'® including a microsatellite consisting of a
different number of CATT repeats located in the
promoter region of the gene (beginning at position
—794) and three single-nucleotide polymorphism (SNP)
at positions —173 (rs755622), +254 (rs2096525) and
+656 (rs2070766). The rs2096525 and rs2070766 are
located in introns whereas rs755622 is located in the
position —173 within the promoter region of the gene
and the —173C allele (MIF -173*G/C) has been
associated with a higher production of MIF protein.'
On the other hand, the allele CATT, of the —794
microsatellite polymorphism has been associated with
higher levels of MIF gene transcription in vitro.'>'” The
aim of this study was to investigate the potential
association of the functional MIF —173G/C and —79%4
(CATT), polymorphisms with the susceptibility and/or
clinical features of SLE.

Our study includes 711 SLE patients and 755 blood
donors. Both patients and donors were recruited from
five Spanish hospitals: Hospital Virgen de las Nieves and
Hospital Clinico (Granada), Hospital Virgen del Rocio
(Seville), Hospital Carlos-Haya (Malaga) and Hospital
Xeral-Calde (Lugo). The patient and control groups were
of Spanish Caucasian origin and were matched for age
and sex. Eighty-seven percent of the SLE patients were
women, the mean age of SLE patients at diagnosis was
43+13.3 years and the mean age at disease onset of SLE
symptoms was 32 +15 years. The SLE clinical manifesta-
tions studied were articular involvement (76%), renal
affectation (37%), cutaneous lesions (62%), hematopoietic
alterations (73%), photosensivity (51%), neurological
disease (17%) and serositis (28%). The study was
approved by all local ethical committees from the
corresponding hospitals.

Results and discussion

The genotype frequencies were not found to be sig-
nificantly different from those predicted by the Hardy-
Weinberg equilibrium in healthy controls and SLE
patients for the polymorphisms studied. The homogene-
ity between five Spanish populations was calculated
using a Pearson x> goodness-of-fit test, then we decided
combine the groups.

With regard to the MIF —173G/C polymorphism, the
genotype and allele distribution in SLE patients and
healthy controls are shown in Table 1. Statistically
significant differences in the distribution of the geno-
types were observed comparing SLE patients and
healthy subjects (P=0.005 by x> on 2 x 3 contingency
table). Frequency of the C/C genotype was higher in the
SLE patient group than in the healthy control group (4.6
versus 1.8%, P=0.002, OR=2.58, 95% CI=1.32-5.10).
Differences in the distribution of the allele frequencies
were also observed, being the —173*C allele overrepre-
sented in SLE patients (17 versus 13.2%, P =0.004,
OR=1.34, 95% CI=1.05-1.27).

Table 2 shows the genotype and allele distribution of
the CATT repeat polymorphism in SLE patients and
healthy controls. Four alleles having from five to eight
repeats were detected in our control population with
similar frequencies to those reported in other white
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Table 1 Frequency of MIF —173G/C alleles and genotypes among
SLE Spanish patients and healthy controls

MIF -173G/C SLE Controls P-value OR (95% CI)

Genotype n=711 (%) n=755(%)

G/G 503 (70.8) 570 (75.5) NS

G/C 175 (24.6) 171 (22.7) NS

c/C 33 (4.6) 14 (1.8) 0.002 2.58
(1.32-5.10)

Allele 2n=1422 (%) 2n=1510 (%)

G 1181 (83) 1311 (86.8)

C 241 (17) 199 (13.2) 0.004 1.34
(1.05-1.27)

MIF —173 genotyping was performed using a pre-developed TagMan
allelic discrimination assay (part number: C_2213785_10, Applied
Biosystems, Foster City, CA, USA). The PCR was carried out with
mixes consisting of 8 ng of genomic DNA, 2.5 ul of Tagman master
mix, 0.125ul of 20 x assay mix and ddH.O up to 5ul of final
volume. The amplification protocol used was 50°C for 2min and
initial denaturation at 95°C for 10min followed by 50 cycles of
denaturation at 92°C for 15s, and annealing/extension at 60°C for
1min. After PCR, the genotype of each sample was automatically
attributed by measuring the allele-specific fluorescence in the ABI
Prism 7900 Sequence Detection System, using the SDS 2.2.2 software
for allele discrimination (Applied Biosystems, Foster City, CA,
USA). To confirm the genotype obtained by predeveloped TagMan
allelic discrimination assay, direct sequencing using ABI PRISM
3100 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA)
had been performed. For Hardy-Weinberg equilibrium and
statistical analysis to compare allelic and genotypic distributions,
we used the y2-test. Odds ratio (OR) with 95% confidence intervals
(95% CI) were calculated using the software StatCalc program (Epi
Info 2002; Centers of Disease Control and Prevention, Atlanta, GA,
USA).

Table 2 Frequency of MIF —794 (CATT)s_, alleles and genotypes
among SLE Spanish patients and healthy controls

MIF —794 (CATT)s.¢ SLE Controls
Genotype n=711 (%) n=755 (%)
5/5 67 (9.4) 55 (7.3)
5/6 212 (29.8) 254 (33.6)
5/7 29 (4.1) 37 (5)
5/8 0 1(0.1)
6/6 305 (42.9) 318 (42.1)
6/7 84 (11.8) 81 (10.7)
7/7 14 (2) 9(1.2)
Allele 2n=1422 (%) 2n=1510 (%)
5 375 (26.4) 402 (26.6)
6 906 (63.7) 971 (64.3)
7 141 9.9) 136 (9)

8 0 1(0.1)

MIF CATT repeats genotyping was carried out by PCR using a primer
labeled with a fluorescent dye as previously described.'® In brief, we
used the following primers: 5-TTG CAC CTA TCA GAG ACC-3' as
forward primer 5’ labeled with 6-FAM and 5-TCC ACT AAT GGT
AAA CTC G-3' as reverse. After capillary electrophoresis on an
automated DNA sequencer (ABI Prism 3100 Genetic Analyzer,
Applied Biosystems), alleles of the CATT repeat element were
identified using Genotyper 3.7 software (Applied Biosystems).
Some selected samples were sequenced to confirm the length of
each allele.



Table 3 Frequencies of estimated CATT-MIF —173 haplotypes
among SLE Spanish patients and healthy controls®

Haplotypes SLE Controls
2n=1090 (%) 2n=1098 (%)

CATTs-MIF —-173*G 259 (23.7) 276 (25.1)
CATTMIF —173*G 631 (58) 669 (60.9)
CATT,-MIF -173*G 18 (1.6) 25 (2.3)
CATTs-MIF —173*C 17 (1.5) 27 (2.5)
CATTsMIF —173*C 69 (6.3) 55 (5)
CATT,-MIF —173*C 96 (8.8) 52 (4.7)

*Comparison of CATT,-MIF —173*C haplotype versus all other
haplotypes combined in SLE patients and controls, P=0.001,
OR=1.94, and 95% CI=1.35-2.79. The haplotype analysis was
constructed using the UNPHASED software.

populations.'* No statistically significant differences
between SLE patients and healthy controls were ob-
served when the —794 (CATT)ss genotype and allele
distributions were compared.

Table 3 shows data of haplotype frequencies in SLE
patients and healthy controls. After analysis only four
common haplotypes with frequencies >4% in our
control population were found: CATTs-MIF —173*G,
CATT.-MIF —173*G, CATT<MIF —173*C and CATT,-
MIF —173*C. When the haplotype frequencies were
compared, a significant deviation was found (P =0.007)
(the results were not corrected for multiple compar-
isons). This significant deviation corresponded mainly to
an increased frequency of the haplotype CATT,-MIF
—173*C in SLE patients (8.8 versus 4.7%, P=0.001,
OR =1.94, 95% CI=1.35-2.79).

In addition, available clinical features of patients with
SLE were analysed for possible association with the
different alleles or genotypes of these MIF polymorph-
isms. When we stratified SLE patients according to the
presence of renal involvement, no statistically significant
differences were observed in the distribution of MIF
polymorphisms between SLE patients with and without
lupus nephritis. Similarly, no significant differences were
observed between —173G/C, —794CATT and haplotypes
variants and the following variables: sex, age at onset,
articular involvement, cutaneous lesions, photosensitiv-
ity, hematological alterations, neurological disorders and
serositis (data not shown).

This study constitutes the first attempt to determine
the potential implication of the MIF gene polymorphisms
in SLE. Our results show that in Spanish population the
MIF —173*C allele was associated with an increased risk
of SLE (OR=1.34). In addition, we demonstrated that
homozygosity for the MIF —173*C risk allele increased
significantly the susceptibility to SLE (OR=2.58). This
implies that the effect of MIF gene on SLE predisposition
is dose-dependent. Furthermore, the MIF —173*C haplo-
type with the — CATT, allele was found to confer two-
fold increased risk of SLE susceptibility. This haplotype
has been found to be associated with juvenile idiopathic
arthritis (JIA),'® rheumatoid arthritis (RA)'” and psor-
iasis.'®

The allele frequencies found in the Spanish population
are similar to those reported in other white population
from North America and Europe,'* and differ signifi-
cantly from those observed in other populations of
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different ethnic origin.'®® Variations in the distribution
of MIF alleles among racial groups may suggest the
existence of selective pressure acting on the MIF locus.
Therefore, it might be of major interest to investigate the
role of the MIF gene variants in other populations, such
as African-American patients with SLE.

Several studies have reported a functional significance
of MIF promoter polymorphism. A study performed in
healthy individuals found significantly higher MIF
protein serum levels in individuals carrying the MIF
—173*C allele.” In addition, using a human T lympho-
blast cell line a higher reporter luciferase activity for both
the MIF —-173*C allele and the MIF —-173*C-CATT,
haplotype was found, although cell type-specific differ-
ences were also reported in this study.'® These results
provide biological support for the observed association
of both the MIF —173*C allele and the MIF —173*C
CATT, haplotype with SLE.

Elevated levels of MIF have been correlated with
indices of organ damage in SLE patients.”®> We do not
currently have sufficient data to exclude the influence of
the MIF polymorphism in the severity of SLE. In other
autoimmune diseases, the influence of MIF polymorph-
ism in disease severity is controversial. In this regard, the
MIF —794 CATT, was reported to be associated with
disease severity in patient with RA in the United States.'”
Recently, a correlation of MIF variants with high levels of
radiological joint damage in RA was also reported.”’
However, a study on RA patients in the UK population
supported association with susceptibility but not with
disease severity.?* In yet other studies, association of MIF
with susceptibility to JIA and psoriasis is not restricted to
the most severe clinical subgroups.'®'® These observa-
tions suggest that the MIF gene may be associated with
predisposition rather than with severity. These discre-
pancies could be explained, at least in part, by the small
sample size of some clinical subgroups resulting in the
lack of power to detect an association. Alternatively, MIF
may be involved in the persistence, but no in the
magnitude of the inflammatory response. Further studies
using SLE clinical cohorts assessed early after the onset
of the disease should be undertaken to determine the
potential effect of MIF on SLE outcome.

There is accumulating evidence to suggest the pre-
sence of common genetic factor that predispose to
autoimmunity.These findings show another piece of
evidence that support the hypothesis that different
genetics components may be shared between autoim-
mune diseases. Furthermore, the association of regula-
tors of T-cell activation, CTLA4,?®> PTPN22?425 and MIF,'*
with autoimmune diseases indicates the importance of
the regulation of T-cell response in the development of
the autoimmune response. The data support the devel-
opment of novel anti-MIF therapies in SLE patients®® like
the use of anti-TNF and anti-IL-6 currently being used in
other autoimmune diseases.

In conclusion, our findings support that both the MIF
—173*C allele and in particular the MIF —173*C-CATT,
haplotype confer risk in the susceptibility to SLE.
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