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population: association withMIF mRNA expression and cytokine profile
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Abstract
Introduction Systemic sclerosis (SSc) is a complex autoimmune disease, characterized by microvascular lesions, autoimmunity, and
fibrosis. It is suggested that MIF participates in the amplification of the proinflammatory process in SSc; moreover, the promoter
polymorphisms − 794 CATT5–8 (rs5844572) and − 173G>C (rs755622) in theMIF gene have been associated with an increase inMIF
serum levels in several autoimmune diseases. The aim of this study was to analyze the relationship of the − 794 CATT5–8 and −
173G>CMIF polymorphisms with mRNA expression, MIF serum levels, and the Th1/Th2/Th17 cytokine profile in SSc.
Materials and methods A case-control study was carried out that included 50 patients with SSc and 100 control subjects (CS).
Both polymorphisms were genotyped by PCR and PCR-RFLP. MIF levels were measured by ELISA kit. The cytokine profile
and the MIF mRNA expression were quantified by BioPlex MagPix system and real-time PCR, respectively.
Results An association between the − 794 CATT7 and − 173*C MIF alleles and the 7C haplotype with SSc susceptibility was
found (p < 0.05). Also, the 7C haplotype was associated with increasedMIFmRNA expression (p = 0.03) in SSc. In addition, an
increase of IL-1β and IL-6 serum levels in SSc patients was found as well as a positive correlation betweenMIF serum levels and
Th1 and Th17 cytokine profiles.
Conclusion TheMIF 7C haplotype is a susceptibility marker for SSc in the southern Mexican population and is associated with
MIF mRNA expression. Moreover, there is a positive correlation between MIF serum levels and Th1 and Th17 inflammatory
response in SSc.

Keywords Cytokine profiles Th1/Th2/Th17 . MIF . MIF
mRNA expression . Promoter polymorphisms . Systemic
sclerosis

Introduction

Systemic sclerosis (SSc), also referred to as scleroderma, is an
autoimmune disease characterized by three pathological process-
es: microvascular lesions, impaired immune response, and fibro-
sis in skin and internal organs [1]. The heterogeneity of the clin-
ical characteristics in SSc allows classifying patients based on
their skin condition in limited cutaneous (lcSSc) and diffuse cu-
taneous SSc (dcSSc), the latter with worse prognosis [2].
Although SSc is a rare disease, it has one of the highest mortality
rates among rheumatic diseases [3].

The etiology of SSc remains unknown, but it has been as-
sociated with several risk factors such as genetic and
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environmental factors. The most important genetic factors are
the HLA class II genes (HLA-DRB1*01,HLA-DRB1*11,HLA-
A*30, and HLA-A*32), which have been associated with dis-
ease susceptibility in different populations [4]. Additional other
genes outside theHLA region have been identified that contrib-
ute to the susceptibility and prognosis of SSc, including the
MIF gene, which codes for a protein of the same name [5, 6].

MIF is an immunoregulatory cytokine that contributes
to the pathogenesis of autoimmunity, infectious diseases,
and cancer [7]. In addition, MIF promotes the survival of
different types of cells such as dermal fibroblasts, by
inhibiting apoptosis induced by p53 activation and induc-
ing the secretion of proinflammatory cytokines such as
TNFα, IL-1β, IL-2, IL-6, IL-8, and IL-12 [8, 9]. The
MIF gene is located at the 22q11.23 locus and is made
up of three exons and two introns [7]. Several polymor-
phisms have been described within the MIF promoter re-
gion, including the STR (short tandem repeat) − 794
CATT5–8 and the SNP (single nucleotide polymorphism)
− 173G>C, which have been associated with different au-
toimmune diseases such as rheumatoid arthritis (RA), pso-
riatic arthritis (PsA), systemic lupus erythematosus (SLE),
and multiple sclerosis (MS) in the Mexican population
[10–13].

The presence of a higher number of repetitions of STR −
794 CATT5–8 correlates with higher expression of MIF
mRNA [14], which is explained by the fact that the transcrip-
tion factor ICBP90 binds to these repetitions, regulating pos-
itively the expression of this gene [15]. With respect to SNP −
173G>C, the C allele also is associated with higherMIF levels
in serum and synovial fluid in RA patients [7, 16], most likely
due to linkage disequilibrium with the high expression − 794
CATT7 allele.

In 2003, Selvi et al. reported for the first time that
serum concentrations of MIF in patients with dcSSc were
significantly higher than those in controls. Then, MIF ex-
pression was detected in skin biopsies of patients with
SSc by immunohistochemical staining [5]. Two indepen-
dent studies have reported that a functional MIF promoter
polymorphism (− 173G<C) was strongly associated with
dcSSc [17, 18]. In addition, Becker et al. revealed that
MIF can contribute to vasculopathy in the SSc [19]. On
the other hand, it was reported that MIF stimulates the
process of excessive fibrosis in SSc, increasing the prolif-
eration of fibroblasts and collagen synthesis [20], and de-
creasing the apoptosis of dermal fibroblasts [9].

Despite the above-mentioned findings, the role of MIF in
the pathogenesis of SSc remains poorly understood. The aim
of this study was to evaluate the association of the MIF poly-
morphisms (− 794 CATT5–8 and − 173G>C) with the expres-
sion of MIF and its correlation with Th1, Th2, and Th17
cytokine profile in patients with SSc from southern Mexican
population.

Material and methods

Subjects

A case-control study was conducted with two study groups:
The first group consists of 50 patients with SSc classified
according to the 2013 American College of Rheumatology/
European League Against Rheumatism classification criteria
for SSc [2]. They were enrolled from Rheumatology
Department at Hospital General de Chilpancingo BDr.
Raymundo Abarca Alarcón,^ Chilpancingo de los Bravo,
State of Guerrero, Mexico. The modified Rodnan index
Total Skin Score (TSS) and the Spanish version of the health
assessment questionnaire disability index (HAQ-DI) were ap-
plied to the patients. The second group was comprised of 100
healthy subjects, referred to as control subjects (CS), recruited
from the general population. Both groups were unrelated in-
dividuals from the same population, and to prevent population
heterogeneity, only Mestizo subjects from Southern Mexico
were included (specifically from Guerrero state) with at least
back three generations of Mexican ancestry.

Quantification of autoantibodies and MIF serum
levels

Antibodies against topoisomerase 1 (anti-Scl70, BioSystems
Cat. No. COD44863), anti-centromere (CENP-B, BioSystems
Cat. No. COD44865), anti-fibrillarin (AFA/snoRNP/U3RNP,
CUSABIO Cat. No. CSB-E09697h), and anti-RNA polymer-
ase III (anti-RNA PoIII, CUSABIO Cat. No. CSB-
EQ027833HU) were measured with a second-generation en-
zyme-linked immunosorbent assay (ELISA) according to the
manufacturer’s recommendations. The sensitivity tests were
0.5 U/mL (anti-Scl70) and 0.3 U/mL (CENP-B). For calcula-
tion of the valence AFA and anti-RNA PoIII, we compare the
sample well with control (ratio: OD-sample/OD-negative con-
trol). Subjects with OD values ≥ 2.1 were regarded as AFA
and anti-RNA PoIII positive. Samples were also tested for
anti-nuclear antibody (ANA) by indirect IF microscopy using
multisport slides with fixed HEp-2 cells (BioSystems,
Barcelona, Spain) according to the manufacturer ’s
recommendations.

MIF serum levels from all individuals were determined by
the ELISAmethod using the HumanMIF ELISAKit Protocol
(LEGEND MAX Human Active MIF ELISA Kit,
BioLegend) according to the manufacturer’s instructions.
The detection limit was 17.4 ± 9.2 pg/mL.

Multiplex serum cytokine immunoassay

The serum levels of Th1 (IFN-γ and TNF-α), Th2 (IL-4 and
IL-10), and Th17 (IL-17A, IL-17F, IL-1β, IL-6, IL-21, and
IL-23) cytokine profile were measured using the 15-Plex #

1644 Clin Rheumatol (2019) 38:1643–1654



171-AA001M assay (Bio-Plex® MAGPIX™ Bio-Rad), with
a range assay sensibility of 0.2–0.8 pg/mL; those samples with
cytokine concentrations below the lowest point on the stan-
dard curve were reported with the lowest value. Serum sam-
ples were stored at − 80 °C until the day of the assay and then
thawed and processed according to the manufacturer’s instruc-
tions. To corroborate our results, the TNF-α cytokine
(LEGEND MAX Human Active TNF-α ELISA Kit,
BioLegend) was measured additionally in some samples with
a conventional ELISA kit. The TNF-α assay sensitivity was
1.7 pg/mL. The cytokine values obtained with the ELISA kit
were correlated highly with this bead-based assay (r = 0.91,
p < 0.001).

Genotyping of − 794 CATT5–8 and − 173G>C MIF
polymorphisms

Total genomic DNA (gDNA) was isolated from peripheral
blood leukocytes by the salting out method [21]. The − 794
CATT5–8 MIF polymorphism was analyzed by conventional
polymerase chain reaction (PCR) and polyacrylamide gel
electrophoresis.

The PCR was performed using the primers reported by
Radstake et al. [22]. Cycling conditions were initial denatur-
ing 95 °C for 4 min, followed by 35 cycles of 30 s at 95 °C,
30 s at 60 °C, and 30 s at 72 °C; and then a final extension of
2 min at 72 °C. Amplification products were further electro-
phoresed on a 19:1 (7%) polyacrylamide gel at 120 V during
3 h and stained with 0.2% AgNO3 [10, 12].

The − 173G>C MIF polymorphism was genotyped by the
PCR-RFLP (restriction fragment length polymorphism) tech-
nique. Amplification of the polymorphic fragment was done
using the primers reported by Makhija et al. [23]; initial dena-
turing 95 °C for 4 min followed by 33 cycles of 30 s at 95 °C,
30 s at 60 °C, and 30 s at 72 °C; and then a final extension of
2 min at 72 °C. The 366-bp fragment obtained was further
digested with the Alu I restriction endonuclease (NewEngland
Biolabs, Ipswich, MA, USA) by overnight incubation at
37 °C. Finally, the digestion was resolved on a 29:1 (6%)
polyacrylamide gel stained with 0.2% AgNO3. The − 173*G
allele resulted in fragments of 268 bp and a 98 bp, while the
173*C allele was represented by 206-bp, 98-bp, and 62-bp
fragments [10, 12].

To confirm the results, genotyping of both polymorphisms
was done in duplicate in all cases and confirmed by automa-
tized sequencing of a randomly selected subset of − 794
CATT5–8 and − 173G>C MIF genotypes (Applied
Biosystems, USA).

MIF mRNA expression analysis

The peripheral blood sample was collected in EDTA
blood collection tubes (BD Vacutainer NJ, USA). The

total leukocyte was isolated using dextran reagent (5%)
(Sigma-Aldrich Co.), and the total RNA was obtained
using TRIzol reagent (Invitrogen, Carlsbad, CA, USA)
conforming to the Chomczynski and Sacchi method
[24]. The RNA concentration and purity were measured
by spectrophotometry (ratio A260/A280) (NanoDrop
2000, Thermo Scientific). After, the cDNA was synthe-
sized from 1 μg of total RNA, and the reverse transcrip-
tion was performed using primer oligodT (Promega
Corporation, USA) as indicated by the manufacturer.

We conducted the quantification of MIF mRNA by
real-time PCR, using UPL hydrolysis probes (Roche
Applied Science, Penzberg, Germany). The primers and
probes for quantification were obtained with a design pro-
gram by Roche Applied Science (Universal Probe Library
Assay Design Center), using the sequence of MIF mRNA
with the NCBI ID number NM_002415.1 (40 number test,
Cat. No. 04687990001); the following nucleotide se-
quences were used as primers: 5′-ACCGCTCCACAGCA
AGC-3′ (forward) and 5′-CGCGTTCATGTCGTAATAGT
TG-3′ (reverse). The glyceraldehyde 3-phosphate dehy-
drogenase (GAPDH) was used as a reference gene (Cat.
No. 05190541001). The PCR reaction was performed on a
LightCycler Nano System (Roche Applied Science,
Germany). All samples were run in triplicate using the
conditions indicated in the UPL Gene Expression Assay
protocol in a LightCycler Nano System (Roche Applied
Science).

After validation of the reaction efficiency for the target
gene (MIF) and the reference gene (GAPDH), the mRNA
expression analysis was performed through 2−ΔΔCq and
2−ΔCq methods. Despite that both two methods are com-
parable, we chose to use both methods because the
2−ΔΔCq method reports only the global (per group) rela-
tive changes in gene expression, whereas 2−ΔCq method
reports individual expression values for each patient, so
statistical tests can be used to determine differences be-
tween the study groups [25].

Statistical analysis

Categorical variables were expressed as percentages and ab-
solute frequency. The distributions of all continuous variables
were examined using the Shapiro–Wilk normality test.
Continuous variables distributed normally were expressed as
the mean ± standard deviation (S.D.), and those non-normally
distributed were expressed as median and 5–95th centiles.
Mann–Whitney U test was used to evaluate differences be-
tween two groups. Kruskal–Wallis test was used to analyze
differences between three or more groups (for variables
distributed non-normally) followed by Dunn’s adjustment
for multiple comparisons. Linear correlation coefficients were
examined using the Spearman’s correlation test. For the
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genetic analysis, the Hardy-Weinberg equilibrium and com-
parisons of allele and genotype distributions between groups
were evaluated with the χ2 or Fisher exact test, as appropriate.
Haplotypes were reconstructed using the SHEsis software
[26]. The odds ratio (OR) and 95% confidence interval
(95% CI) were estimated to analyze the risk ofMIF genotypes
and haplotypes associated with SSc. Statistical analysis was
performed using STATA version 11.1 and GraphPad Prism
version 6.0 Software. A probability (p) value of less than
0.05 was considered significant.

In order to assess the robustness of the results, the power of
each statistical test was conducted according to the suggestion
by Hong and Park [27] for genetic association studies. This
analysis was performed using the G power 3.1. program [28]
and the web browser program BGenetic Power Calculator^
[29].

Results

Clinical and demographic characteristics

The study group consisted of 50 patients diagnosed with
SSc (43 females and 7 males; aged 48 ± 15.5 years), and
the control group consisted of 100 subjects matched for
gender and age with the SSc group. The most common
type of systemic sclerosis was lcSSc (86%), the median of
the evolution of the disease was 5.5 years, and the aver-
age age of onset of this disease was 40 years. The ANAs
(78%) and CENP-B (28%) were the most frequent auto-
antibodies in the patients. At the time of inclusion, 62%
of the patients were being treated with anti-rheumatic
drugs modifying the disease (DMARD), mainly metho-
trexate (46%), and 39% of the patients did not have treat-
ment. The demographic and clinical characteristics of the
SSc patients are shown in Table 1.

Distribution of the MIF − 794 CATT5–8 and − 173G>C
polymorphisms and haplotype analysis

The distribution of the genotypic and allelic frequencies of the
polymorphisms − 794 CATT5–8 and − 173G>C of the MIF
gene in SSc patients and CS is summarized in Table 2. The
two polymorphisms of theMIF gene were in Hardy-Weinberg
equilibrium in the CS group (− 794 CATT5–8 MIF, χ2 = 4.5,
p = 0.55; − 173G>C MIF, χ2 = 2.4, p = 0.14). We found sig-
nificant differences in the genotypic and allelic frequencies
between SSc patients and CS for each of the two polymor-
phisms evaluated. Mainly, allele 7 of STR − 794 CATT5–8

(OR 2.09, 95% CI 1.16–3.77, p = 0.01) and allele C of −
173G>C SNP (OR 2.00, 95% CI 1.17–3.43, p = 0.01) were
associated with an increased SSc risk in our study population.

In addition, a strong linkage disequilibrium was identified
between both twoMIF gene polymorphisms (D′ value = 0.89,
r2 = 0.489, p < 0.001, Fig. 1). Based on the finding of a strong
LD between the two studied polymorphisms, we performed a
haplotype analysis in patients with SSc and CS (Table 2). Five
different haplotypes were identified in our population, where
the G6 (− 173G/− 794 CATT6) and C7 haplotypes (− 173C/−
794 CATT7) were the most frequent, representing 81% and

Table 1 Clinical and demographic features of SSc patients

Characteristics SSc (n = 50)

Demographics

Age (yearsa) 48.26 (± 15.5)

Femaleb 86 (43)

BMI (kg/m2)c 24 (± 3.9)

Exposure to synthetic fertilizerb 40 (20)

Exposure to wood smokeb 82 (41)

Clinical assessment

dcSScb 86 (43)

lcSScb 14 (7)

Age at disease onset (yearsa) 40 (± 16)

Disease duration (yearsc) 5.5 (0.6–21)

Raynaud’s phenomenonb 76 (38)

Skin thickeningb 90 (45)

Telangiectasiab 60 (30)

Digital ulcersb 42 (21)

Puffy fingersb 72 (36)

Joint contracturesb 86 (43)

Mouth opening (cm)c 5 (3–7)

mRSSc 6 (0–22)

Spanish HAQ-DI total score (0–3c) 0.29 (0–1.29)

Autoantibodiesb

ANA 78 (39)

CENP-B 28 (14)

anti–Scl70 6 (3)

anti–RNA PoIII 2 (1)

AFA 12 (6)

Drug treatmentb

None 38 (19)

Prednisone 36 (18)

Methotrexate 46 (23)

Chloroquine 14 (7)

SSc systemic sclerosis, BMI body mass index, dcSSc diffuse cutaneous
systemic sclerosis, lcSSc limited cutaneous systemic sclerosis, mRSS
modified Rodnan skin score, Spanish HAQ-DI The Spanish version of
health assessment questionnaire disability index, ANA antinuclear anti-
bodies, CENP-B antibodies against centromere, anti-Scl70 antibodies
against topoisomerase 1, anti-RNA PoIII antibodies against RNA poly-
merase III, AFA antibodies against fibrillarin
a Data provided in mean ± standard deviation
bData provided in percentage and n
c Data provided in median (p5–p95)
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80% in SSc patients and CS, respectively. The C7 haplotype
was found more frequently in patients with SSc compared to
CS, confirming its association as a susceptible haplotype in
our population (OR 2.08, 95% CI 1.17–3.7, p < 0.01)
(Table 2). The demographic and clinical characteristics were
not associatedwith the genotypes or haplotypes ofMIF (− 794
CATT5–8 and − 173G>C) (data not shown).

MIF mRNA expression

MIFmRNA expression was evaluated in SSc patients and CS
(Fig. 2a, b). This analysis by the 2−ΔΔCq method showed that
MIF mRNA expression in SSc was 2.7-fold less compared to
CS; this difference was significant when assessed by the
2−ΔCq method (p < 0.01).

To investigate the impact of theMIF polymorphisms on the
mRNA expression, we only considered homozygosity

haplotypes (HH), which are haplotypes, formed by only ho-
mozygous patients for each SNPs. The MIF mRNA expres-
sion according to the susceptibility (7C/7C) and non-
susceptibility (6G/6G) haplotypes was evaluated in SSc pa-
tients and CS. In CS, MIF mRNA expression was similar in
carriers of both haplotypes (p = 0.86; Fig. 2c, d). However, in
SSc patients, we found that carriers of the 7C/7C haplotype
had 2.3-folds moreMIF expression than carriers of the 6G/6G
haplotype (Fig. 2e, f, p = 0.03).

Analysis of MIF serum levels according to MIF
promoter polymorphisms

MIF serum levels were compared in SSc patients and CS, but
we did not find significant differences between both groups
(p = 0.51, data not shown). To determine whether the MIF
promoter polymorphisms were associated with serum protein

Table 2 Genotype, allele and
haplotype frequencies of − 794
CATT5–8 and − 173G>C MIF
polymorphisms in SSc and
control subjects

Polymorphism SSc n = 50, % (n) CS n = 100, % (n) OR (CI 95%) p

MIF − 794 CATT5–8

Genotype

5,5 0 (0) 3 (3) – –

5,6 16 (8) 21 (21) 1.57 (0.45–5.34) 0.47

5,7 18 (9) 8 (8) 4.63 (1.18–18.06) < 0.01

6,6a 28 (9) 37 (37) 1 –

6,7 36 (18) 21 (21) 3.52 (1.22–10.48) 0.01

7,7 12 (6) 10 (10) 2.47 (0.57–10.02) 0.15

Alelle

5 17 (17) 17.5 (35) 1.28 (0.61–2.63) 0.47

6a 44 (44) 58 (116) 1 –

7 39 (39) 24.5 (49) 2.10 (1.17–3.75) < 0.01

MIF − 173G>C

Genotype

GGa 32 (16) 55 (55) 1 –

GC 52 (26) 34 (34) 2.63 (1.16–6.02) 0.01

CC 16 (8) 11 (11) 2.5 (0.73–8.17) 0.09

Alelle

Ga 58 (58) 72 (144) 1 –

C 42 (42) 28 (56) 1.86 (1.09–3.17) 0.01

Haplotype

6Ga 42 (42) 56 (112) 1 –

5C 1 (1) 1 (2) 1.37 (0.02–26.83) 0.78

5G 16 (16) 16 (32) 1.33 (0.62–2.81) 0.42

6C 2 (2) 2 (4) 1.33 (0.12–9.68) 0.74

7C 39 (39) 25 (50) 2.08 (1.17–3.73) < 0.01

Chi-square test χ2 . For both two SNPs, the power to detect an OR among 1.86–4.63 under a co-dominant genetic
model was of 58–70%. This analysis was done using the software BGenetic Power Calculator,^ considering the
following assumptions: 39% high-risk allele frequency, 0.02% disease prevalence in the Mexican population,
linkage disequilibrium of D′ = 89, 1:2 case-control ratio, and 5% type I error rates

SSc systemic sclerosis, CS control subjects, OR odds ratio, CI confidence interval
a Reference category
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levels, the genotypes were grouped according to the dominant
genetic model proposed for each polymorphism in both study
groups. Nevertheless, the genotypes of two polymorphisms of
the MIF gene did not show an association with MIF levels.
MIF serum levels were also tested for association with MIF
haplotypes, but did not find significant differences in SSc
patients (p = 0.54, data not shown).

Serum levels of Th1/Th2/Th17 cytokines

The comparison between serum levels of Th1/Th2/Th17 cy-
tokines in SSc patients and CS is shown in Table 3. In the Th1
cytokine profile (IFN-γ and TNF-α) did not observe signifi-
cant differences between SSc patients and controls (p = 0.137
and p = 0.372, respectively). Concerning the Th2 cytokine
profile (IL-4 and IL-10) also did not find significant differ-
ences when comparing both study groups (p = 0.212 and p =
0.733, respectively). Nevertheless, differences between both
study groups were found concerning Th17 cytokines levels:
The serum levels of IL-17A show a median of 5.91 pg/mL in
CS vs. 3.87 pg/mL in SSc patients (p = 0.013), whereas for IL-
1β, the median observed was 0.65 pg/mL in SSc patients
versus 0.24 pg/mL in CS (p = 0.025); similarly, significant
differences were identified for IL-6 cytokine between both
study groups (SSc median 20.39 pg/mL vs. CS median
9.33 pg/mL, p < 0.01).

Additionally, the correlation of the Th1/Th2 and Th17 cy-
tokines profiles with MIF serum levels in SSc patients and CS
was analyzed (Table 4). In the SSc group, we found positive
correlations of MIF with the IFN-γ (r = 0.63; p = 0.04) and
TNF-α (r = 0.69; p < 0.01) cytokines of Th1 profile, but in the
CS, this correlation was not observed. Regarding the Th2
profile (IL-4 and IL-10), we did not observe any correlations
with MIF in both study groups. Meanwhile in the Th17 pro-
file, a positive correlation of MIF with IL-17A (r = 0.59; p =
0.02), IL17F (r = 0.66; p < 0.01), IL-1β (r = 0.68; p < 0.01),
and IL-21 (r = 0.51; p = 0.01) was found only in the patient’s
group.

Discussion

SSc is an autoimmune, inflammatory, chronic, and multifac-
torial disease of unknown etiology [1], but it can be influenced
by environmental and genetic factors [6]. Within the genetic
factors, several genetic polymorphisms involved in SSc sus-
ceptibility and severity have been described in the HLA-DR
locus. Other associated genes comprise IRF5 (rs607218),
STAT4 (rs600558), IL12RB2 (rs601642), PXK (rs611450),
and MIF (rs755622) [17, 18, 30].

Two independent studies observed that theMIF − 173G<C
polymorphism was strongly associated with dcSSc [17, 18],

Fig. 1 Pairwise linkage disequilibrium relationships between the MIF
variants. a) The Lewontin’s coefficient D′ and b) the correlation
coefficient r2 were calculated using SHEsis software. Higher values and

darker squares indicate stronger linkage disequilibrium between the
polymorphisms (MIF − 794 CATT5–8 and MIF − 173G>C)
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and this polymorphism has been also associated with a high
production of MIF in other autoimmune diseases such as RA
[22] and SLE [31]. In our study, we identified an association
between MIF genetic variants (− 794 CATT7 and − 173*C)
and its haplotype C7 with SSc, so we suggest that these poly-
morphisms may confer susceptibility to develop of SSc.
However, this result should be interpreted with caution due
to the moderate (58–70%) statistical power observed [32]; this
does not reduce the reliability of the association obtained, but
it is known that the effect size can be overestimated when the
power is moderate or low [33].

These results are according to those reported in the North
American and Caucasian (eight European populations) popu-
lations, where they have confirmed not only an association
between the − 173*C MIF allele with SSc risk, but they have
been observed a greater frequency of C allele in the dcSSc
subgroup of patients [17, 18]. One of the limitations of our
study for this analysis was that we did not stratify the SSc into

localized and diffuse types since the latter had a very low
frequency (14%).

Regarding SSc, the MIF − 794 CATT5–8 polymorphism
has been evaluated only by Wu et al., in the North
American population (The United States of America and
Canada), but unlike our population, they did not observe
an association between the polymorphism and SSc [17].
This discrepancy could be explained by the different ge-
netic structure that exists between both populations, as the
population evaluated by Wu et al. was white population
from The United States of America and Canada, which
ancestry could be mainly European [34, 35], while the
ancestry of our study population is predominantly
Amerindian (48%), followed by Europe (38%), Asian
(10%), and African (4%) [36]. Therefore, there is a need
to further investigate the impact of genetic variations at the
MIF gene in additional populations, with greater sample
sizes, and with a better definition of clinical phenotypes.

Fig. 2 Relative expression of
mRNA. MIF mRNA expression
in CS and SSc (a, b).MIFmRNA
expression in susceptibility (7C/
7C) and nonsusceptibility (6G/
6G) haplotype carriers. The
analysis was performed in CS (c,
d) and SSc (e, f). Relative
expression analysis was
performed using 2−ΔCq and
2−ΔΔCq methods, and GAPDH
was the reference gene. Statistical
comparisons between groups
were made using the Mann-
Whitney U test
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In RA, it has been observed that carriers of the − 173*C and
− 794 CATT7 MIF alleles have a high activity of the disease
classified by a DAS28 score in comparison with those patients
carrying another allele [10, 14, 22]. Our research group have
found several genetic associations of these MIF polymor-
phisms with susceptibility to RA [10], SLE [12], PsA [11],
and MS [13] in population from western Mexico, which pro-
vides evidence that MIF gene could be a susceptibility bio-
marker of autoimmunity in the Mexican population. In the
present study, the association of MIF polymorphisms with
clinical evaluation indices, clinical manifestations, and auto-
antibodies in SSc patients was investigated, but we did not
observe significant differences. In this regard, the previous
similar studies only have investigated the association of MIF
polymorphisms with anti-Scl70 and CENP-B autoantibodies
without significant differences observed [17, 18]; for this rea-
son, we cannot rule out such associations.

A striking observation in our study was a higher MIF
mRNA expression in CS than in SSc patients. It is interesting
to note that this is the first study reporting MIF mRNA ex-
pression in peripheral leukocytes from SSc patients. However,
Corallo et al. showed thatMIFmRNA expression is higher in
cultures of fibroblasts from SSc patients than those from CS
[37]. A possible explanation for this finding might be that in
SSc patients, the production of MIF mRNA can be higher in
skin cells than in leukocytes. It is possible, therefore, that MIF
may have an important role in the localized inflammatory
process (the skin) in SSc patients but not at the systemic level.
Also, this finding could be also explained by the treatment of
the SSc patients, since it has been reported that some anti-
rheumatic drugs, such as chloroquine, can negatively regulate
the mRNA expression of proinflammatory cytokines (TNF-α

and IL-1β) that correlate positively with the expression of
MIF [38]. Thus, it is possible that this kind of drugs downreg-
ulated theMIF expression; however, this hypothesis should be
tested in a larger cohort.

Another important finding was that patients with the sus-
ceptibility MIF haplotype (7C) had higher expression ofMIF
mRNA in comparison with carriers of other haplotypes. These
changes in expression could be due to differences in the tran-
scription factor interactions with the two polymorphisms of
theMIF promoter that were studied. In the case of STR − 794
CATT5–8, the transcription factor ICBP90 binds to these rep-
etitions, regulating positively the expression of this gene [15].

We did not find significant differences between MIF
serum levels in both study groups; unlike other studies,
it has been observed increased MIF serum levels in pa-
tients with SSc [5, 9, 17, 19]. We suggest that this dis-
crepancy may be due to various factors, such as the sig-
nificant differences observed in BMI (body mass index)
between both groups (p = 0.02, data not shown). Although
our CS does not attend to obesity, the average of their
BMI places them in overweight (28 kg/m2, data not
shown), while the SSc patients were placed in normal
weight (24 kg/m2). Excess weight and obesity are charac-
terized by a state of chronic low-level systemic inflamma-
tion [39, 40], which is caused by the expansion of adipose
tissue. It is accompanied by a progressive infiltration of
leukocytes in the adipose tissue (AT), which can be attrib-
uted to hypersecretion by the AT of proinflammatory cy-
tokines, such as MIF, IL-6, TNF-β, IL-1β, and MCP-1
[41, 42]. In addition, there are more factors that can mod-
ulate MIF such as levels of antidiabetic drugs [43], glu-
cocorticoids [44], or even drastic weight loss [45]. On the

Table 3 Cytokine serum levels in
SSc patients and CS Cytokines (pg/mL) SSc (n = 50) CS (n = 50) p

Th1 profile

IFN-γ 17.97 (3.69–217.68) 9.49 (3.69–26.45) 0.137

TNF-α 3.33 (0.73–9.45) 3.26 (0.87–7.08) 0.372

Th2 profile

IL-4 18.41 (1.68–62.08) 25.14 (6.24–64.43) 0.212

IL-10 5.36 (1.27–26.43) 4.59 (1.27–11.77) 0.733

Th17 profile

IL-17A 3.87 (1.32–7.94) 5.91 (0.8–21.31) 0.013

IL-17F 25.79 (2.32–106.2) 20.92 (10.9–46.81) 0.677

IL-1β 0.65 (0.05–2.21) 0.24 (0.02–0.46) 0.025

IL-6 20.39 (8.93–63.29) 9.33 (4.3–20.79) < 0.01

IL-21 38.33 (9.63–689.01) 25.36 (6.33–95.52) 0.057

IL-23 278.31 (20.73–962.5) 166.90 (90.28–278.31) 0.470

Data provided inmedian (p5–p95). The p values were calculatedMann-Whitney test. All significant test showed a
statistical power > 0.90, according to G power 3.1 program

SSc systemic sclerosis, CS control subjects,MIF macrophage migration inhibitory factor, IFN-γ interferón gam-
ma, IL interleukin, TNF-α tumor necrosis factor alpha
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other hand, the Toll-like receptor 4 (TLR4), induces a
release of MIF through the signal transduction of the LPS re-
ceptor complex; however, a recent study has shown that the long-
term use of chloroquine decreased both the expression of mRNA
and TLR-4 proteins in monocytes [38, 46–48]. In this way, it
could indirectly affect the MIF levels.

Regarding the cytokines involved in the pathogenesis of
SSc, the participation of cytokines from the Th2 and Th17
profiles has been observed, among which TGFβ, IL-6, IL-1β,
IL-21, IL-10, IL-13, among others are the most associated
[49–52]. It has been reported higher levels of IL-10, TNFα,
and Th17 cytokine profile in serum and exhaled breath conden-
sate (EBC) from patients with dcSSc and lcSSc than in controls.
Furthermore, the cytokines are higher in dcSSc than in lcSSc
[53]. In accordance with those results, we observed high levels
of Th17 cytokine profile members (IL-1β and IL-6) in the SSc
group, but we did not find differences between serum levels of
all cytokines evaluated according to the type of SSc.

The increased levels of the Th17 cytokine members may
explain the relatively good correlation between Th17/Th1
cells and some adhesion molecules such as L-selectin and
ICAM, which are overexpressed in SSc, and both regulate
the accumulation of Th2 and Th17 cells in the skin and lung,
which leads to the development of fibrosis. On the other hand,
other adhesion molecules such as P-selectin, E-selectin, and

PSGL-1 regulate the infiltration of Th1 cells, which results in
the inhibition of fibrosis [50].

Controversially, in our study, we did not find significant
differences between SSc patients and controls in the Th2 cy-
tokine profile, where IL-10 and IL-4 were measured.
However, several studies have consistently described the in-
volvement of Th2 cells in the pathogenesis of SSc and elevat-
ed levels of their cytokines such as IL-4 and IL-13. It is known
that IL-4 is critical for the polarization of Th2 cells; however,
IL-13 is also necessary to mount an appropriate Th2 response
in SSc [52]. Therefore, we suggest that it would be important
to measure other cytokines of the Th2 profile, such as IL-13 in
the future, to corroborate our results. In addition, we investi-
gated whether there were differences between the patients
with and without treatment, and curiously, we observed that
the levels of IL-4 are diminished in the group of patients with
treatment (p = 0.02; data not shown). Due to the above, we
suggest that the treatment could be affecting the levels of IL-4,
based on a recent study that states that drugs such as gluco-
corticoids (dexamethasone) synergy with biological drugs are
directed to IL-4 (F8-IL4) in the treatment of chronic inflam-
matory conditions [54].

Recently, it has been suggested that MIF is a cytokine with
profibrotic functions, as an inhibitor of the apoptosis of the
fibroblasts and playing an important role in the stimulation of
fibroblasts for the production of collagen and extracellular
matrix in SSc [9, 20]. In the same way, MIF is associated with
immunomodulation of Th1, Th2, and Th17 cytokine profile in
inflammatory diseases. A positive correlation of MIF with
cytokine TGF-β has also been observed in SSc [9]. In our
study, we observed a positive correlation between the MIF
serum levels and cytokines of the Th1 (IFN-γ and TNF-α)
and Th17 (IL-17A, IL-17F, IL-1β, and IL-21) profile in SSc
patients but not in control subjects. Although to date there is
only a report of the correlation between MIF and TGF-β in
SSc [9], our research group has evaluated this correlation in
other autoimmune diseases, such as PsA [55] and SLE [56]. In
PsA, the correlation between MIF and TNF-α expression and
the Th1, Th2, and Th17 cytokine profile was evaluated; we
observed that high expression of TNF-αmRNA increases the
profiles of Th1 cytokines (IFN-γ and TNF-α) and Th17 (IL-
17 e IL-22), but this correlation was not observed with the
MIF expression [55]. In PBMCs of SLE and CS, it was ob-
served that MIF induces the inflammatory response in both
physiological (CS) and pathological (SLE) conditions with a
predominance of the Th17 profile in CS and an increase in
TNF-α and IL-6 in active SLE. This suggests that MIF is an
immunomodulatory cytokine that might not have predomi-
nance towards a specific Th profile [56].

In conclusion, this study provides evidence that the indi-
vidual polymorphisms and functional haplotype in MIF are
associated with susceptibility to SSc and high MIF mRNA
expression in a Mexican-Mestizo population from southern

Table 4 Correlation of MIF serum levels with Th1, Th2, and Th17
cytokine profile of SSc patients and CS

Cytokines MIF

SSc CS

r p r p

Th1 profile

IFN-γ 0.63 0.04 0.36 0.15

TNF-α 0.69 < 0.01 − 0.20 0.24

Th2 profile

IL-4 0.03 0.90 − 0.18 0.50

IL-10 0.12 0.49 0.02 0.92

Th17 profile

IL-17A 0.59 0.02 − 0.32 0.09

IL-17F 0.66 < 0.01 − 0.07 0.86

IL-1β 0.68 < 0.01 0.09 0.83

IL-6 0.21 0.16 − 0.12 0.48

IL-21 0.51 0.01 − 0.04 0.87

IL-23 0.11 0.74 − 0.06 0.76

The p and r values were calculated by Spearman’s correlation test. All
significant test showed a statistical power > 0.90, according to G power
3.1 program

SSc systemic sclerosis, CS control subjects, MIF macrophage migration
inhibitory factor, IFN-γ interferon gamma, IL interleukin, TNF-α tumor
necrosis factor alpha
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Mexico. In the same way, the results obtained suggest that
MIF is associated with a proinflammatory response in SSc,
as it correlates positively with the Th1 (IFN-γ and TNF-α)
and Th17 (IL-17A, IL-17F, IL-1β, and IL-21) cytokine pro-
file. Further research should be undertaken to evaluate these
cytokine profiles in cultures of PBMCs or skin cells to have
more forceful results.
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