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Abstract: Psoriatic arthritis (PsA) is an autoimmune disease with a complex interaction of gene and with a 
dysregulation of pro-inflammatory cytokine such as Macrophage migration Inhibitory Factor (MIF) and Tumor 
Necrosis Factor-alpha (TNFα). Two polymorphisms identified in the promoter region of the MIF gene have been 
described: the STR-794 CATT5-8 (rs5844572) and the SNP-173 G>C (rs755622), which are associated with in-
creased MIF levels in circulation and with autoimmune diseases in several populations. In this case-control study 
we investigated whether commonly occurring functional MIF polymorphisms are associated with PsA susceptibility 
and clinical variables as well as with MIF and TNFα serum levels in a Mexican-Mestizo population. Genotyping of the 
-794 CATT5-8 and -173 G>C MIF polymorphisms was performed by PCR and PCR-RFLP respectively in 50 PsA patients 
and 100 healthy subjects (HS). MIF and TNFα serum levels were determined by ELISA. A significant increase of MIF 
(PsA: 7.8 vs. HS: 5.25 ng/mL; p < 0.001) and TNFα (PsA: 24.6 vs. HS: 9.9 pg/mL; p < 0.001) levels was found in 
PsA patients, a significant correlation was observed between MIF and TNFα (r = 0.41; p < 0.01). The 5,6 repeats 
genotype of the -794 CATT5-8 MIF was associated with protection to PsA (OR = 0.29; CI 0.77-0.98; p = 0.03), and 
the G/C genotype (OR = 7.5; CI 2.92-21.64; p < 0.001) and the -173*C allele (OR = 2.45; CI 1.43-4.20; p < 0.001) 
of the -173 G>C MIF were associated with susceptibility to PsA. In conclusion the -173*C allele is associated with 
susceptibility to PsA in Mexican-Mestizo population, whereas the correlation between MIF and TNFα soluble levels 
provided evidence that both cytokines are closely related in the pathophysiology of the PsA.
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Introduction

Psoriatic arthritis (PsA) is defined as an inflam-
matory arthritis associated with psoriasis, usu-
ally is seronegative for rheumatoid factor [1] 
and it is classified within of the seronegative 
Spondyloarthropathies [2]. PsA is characterized 
by paint joint, swelling joint, stiffness joint, 
arthritis, enthesitis, dactylitis, conjunctivitis 
and iridocyclitis with affect tendons, ligaments, 

articular capsule and bone [1]. The frequency of 
the disease varies from 7% to 40% of the 
patients who present psoriasis vulgaris [3].

PsA is an autoimmune disease with a complex 
interaction of gene, environment an immune 
mechanisms, its etiology is associated with a 
response of CD8+ T-cells and CD4+ T-cell with 
a dysregulation of pro-inflammatory cytokines 
[4-6].
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Arthritis (CASPAR) [19] enrolled from the 
Psoriasis Clinic of the Instituto Dermatológico 
de Jalisco “Dr. José Barba Rubio”, Secretaría de 
Salud Jalisco, Mexico. All patients were exam-
ined according to a structured protocol that 
consisted of physical assessment, medical 
record and evaluation of 28 joints to determine 
the clinical activity according to the Disease 
Activity Score-28 (DAS-28) [20]. For the control 
study group, 100 Healthy Subjects (HS) identi-
fied by self-report and recruited from the gen-
eral population in the same geographic area 
were matched for analysis. All subjects were 
from an unrelated Mexican-Mestizo population 
with a family history of ancestors, at least back 
to the third generation. The paternal ancestry 
estimated in western Mexican-Mestizos was 
mainly European (60-64%), Amerindian (21-
25%) and African (15%) [21].

Ethical considerations

Informed written consent was obtained from all 
patients and subjects before enrollment to the 
study, according to the ethical guidelines of the 
2008 Declaration of Helsinki and the investiga-
tion was approved by the ethical, investigation, 
and biosecurity committee of the Centro 
Universitario de Ciencias de la Salud, 
Universidad de Guadalajara (C.I. 084-2012).

Quantification of MIF and TNFα serum levels

Serum was obtained from all individuals at the 
time of inclusion, cytokine levels were quanti-
fied in a subset of 50 PsA patients that were 
not being treated with glucocorticoids and 
matched by age with 100 control subjects. The 
determination of MIF and TNFα serum levels 
was performed by commercial ELISA kits 
(RayBio® USA and Invitrogen™ USA, respective-
ly) according to manufacturer’s instructions. 
The MIF assay sensitivity was 6 pg/mL and the 
TNFα assay sensitivity was 1.7 pg/mL.

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

Total genomic DNA (gDNA) was isolated from 
peripheral blood leukocytes by the salting out 
method [22]. The -794 CATT5-8 MIF polymor-
phism was analyzed by conventional poly-
merase chain reaction (PCR) and polyacryl-
amide gel electrophoresis using the primers 
reported by Radstake et al. [12]. The -173 G>C 
MIF polymorphism was genotyped by the PCR- 

The cytokine Macrophage migration Inhibitory 
Factor (MIF) is distinguished functionally by its 
ability to counter-regulate glucocorticoid immu-
nosuppression and sustain pro-inflammatory 
activation by inhibiting activation-induced 
apoptosis [7]. MIF further co-stimulates T and B 
lymphocytes and upregulates the production of 
interleukin-6, interferon γ and Tumor Necrosis 
Factor alpha (TNFα) by a feed-forward, positive 
feedback loop [8-10]. Ten polymorphic sites 
have been described within the MIF gene [11]. 
Of these, only two polymorphisms identified in 
the promoter region relative to the star site of 
transcription appear to have functional impor-
tance: a) the short tandem repeat (STR) -794 
CATT5-8 MIF (rs5844572) which is a microsatel-
lite repetition of Cytosine-Adenine-Thymine-
Thymine (CATT) at position -794 bp, in which the 
repeat length (5 to 8 repetitions) correlates 
with increased gene expression and with serum 
MIF circulation levels [12, 13] and b) the anoth-
er polymorphism is a single nucleotide polymor-
phism (SNP) -173 G>C MIF (rs755622) at posi-
tion -173 of the MIF gene in which there is a 
change from Guanine (G) by Cytosine (C). The 
-173*C allele is associated with increased MIF 
levels in circulation in several populations [14, 
15], most likely by linkage disequilibrium with 
the -794 CATT7 high expression allele [12, 14, 
16].

Previous studies in Mexican-Mestizo popula-
tion have determined the frequency of the MIF 
promoter polymorphisms and their contribution 
for autoimmune/inflammatory pathologies 
such as rheumatoid arthritis (RA) and sy- 
stemic lupus erythematosus (SLE) [16-18]. 
Nevertheless, so far no studies have been con-
ducted in Mexican-Mestizo PsA patients to 
determine the potential association of the MIF 
promoter polymorphisms. 

Based on this knowledge we designed this 
study to investigate the association of -794 
CATT5-8 and -173 G>C MIF polymorphisms with 
MIF and TNFα serum levels in PsA of Mexican-
Mestizo population from western Mexico.

Material and methods

Subjects 

A case-control study was conducted with two 
study groups; the case study group consisted of 
50 PsA patients classified according to the 
2006 Classification Criteria for Psoriatic 
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C Reactive Protein (CRP) was found increased 
with a median of 13.9 mg/dL. The Rheumatoid 
Factor (RF) was negative in 92% and only 8% 
were positive in PsA patients.

The PsA patients showed the following psoria-
sis type: plaque (66%, 33/50), guttate (6%, 
3/50), palmoplantar (4%, 2/50), scalp (22%, 
11/50) and inverse (2%, 1/50). In addition, the 

Restriction Fragment Length Polymorphism 
(RFLP) technique. Amplification of the polymor-
phic fragment was done using the primers 
reported by Makhija et al. [23]. The PCR proto-
cols used in both polymorphisms were as 
reported in our previous studies [16, 18].

To confirm the results, genotyping of both poly-
morphisms was done in duplicate in all cases 

Table 1. Clinical features of PsA patients
Variable n = 50
Demographics 
    Age (years)a 52 ± 13
    Genderb

        Male 52 (26)
        Female 48 (24)
Disease status
    Disease evolution of psoriasis (years)c 14 (2-32)
    Disease evolution of PsA (years)c 4 (1-31)
Clinical assessment 
    DAS-28 scorea 4.93 ± 1.27
    DAS-28b 
        Remission (< 2.6) 4 (2)
        Low activity (≥ 2.6 < 3.2) 2 (1)
        Moderate activity (≥ 3.2 < 5.1) 54 (27)
        High activity (≥ 5.1) 40 (20)
    Rheumatoid factor UI/mLc 3.4 (0.7-14.1)
    Rheumatoid factorb

        Negative (< 20 UI/mL) 92 (46)
        Positive (≥ 20 UI/mL) 8 (4)
    C reactive protein (mg/dL)c 13.9 (0.7-162)
    Type of psoriasisb

        Plaque 66 (33)
        Guttate 6 (3)
        Palmoplantar 4 (2)
        Scalp 22 (11)
        Inverse 2 (1)
    Nails changeb

        Without change 28 (14)
        Dystrophy 36 (18)
        Hypertrophy 8 (4)
        Pitting 28 (14)
Treatmentb 
    Methotrexate (7.5-10 mg/week) 18 (9)
    Methotrexate (12.5-20 mg/week) 14 (7)
    Biologics (Etanercep) 4 (2)
    Non-steroidal topical treatment 34 (17)
    Without treatment 30 (15)
aData provided in mean ± DS, bData provided in percentages and 
n, cData provided in median (p5-p95).

and confirmed by automatized sequencing 
of a randomly selected subset of -794  
CATT5-8 and -173 G>C MIF genotypes (Applied 
Biosystems, USA).

Statistical analysis

Statistical analysis was performed using the 
statistical software STATA v 9.2 and 
GraphPad Prism v 5.0. For the descriptive 
analysis, nominal variables were expressed 
as frequencies, continuous variables with 
nonparametric distribution were expressed 
as medians, percentile 5-95th and interquar-
tile ranges 25-75th. We determined genotype 
and allele frequencies for the polymor-
phisms -794 CATT5-8 and -173 G>C MIF gene 
by direct counting and performed chi-square 
test to compare proportions between 
groups, to compare the genotype and allele 
frequencies and to evaluate the Hardy-
Weinberg equilibrium. To compare nonpara-
metric quantitative determinations we used 
the U Mann-Whitney test, Odds ratio (OR) 
and 95% confidence interval (95% CI) were 
used to analyze the risk for PsA associated 
with the MIF gene polymorphisms. For cor-
relation analysis of continuous variables 
with nonparametric distribution we used the 
Spearman correlation test. Differences were 
considered significant at p < 0.05.

Results

Clinical and demographic characteristics

The clinical and demographic characteris-
tics of the 50 PsA patients are shown in the 
Table 1. The median age of patients was 52 
years; 52% were male and 48% female. The 
median of evolution time for psoriatic dis-
ease was 14 years, whereas for PsA was 4 
years. The disease activity was evaluated by 
DAS28 score and we observed 40% with 
severe activity, 54% moderate activity, 2% 
low activity and 4% in remission.
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these findings, we investigated the correlation 
between MIF and TNFα serum levels in our 
study groups (PsA and HS). As depicted on 
Figure 1C, a positive correlation for MIF and 
TNFα was determined (r = 0.41, p ≤ 0.01) in 
both study groups.

Correlations between cytokines, acute phase 
reactants and disease evolution

A significant positive correlation was observed 
between MIF and CRP (r = 0.29, p < 0.01) as 
well as we observed a positive correlation 
between TNFα and CRP (r = 0.67, p < 0.001).

To assess MIF and TNFα relationship with the 
disease evolution of PsA, the patients were 
grouped according to years of evolution of the 
disease (from ≤ 1 year to > 5 years). Only a sig-
nificant increase of MIF levels in PsA with ≤ 2 
years of evolution (8.8 ng/mL) versus > 2 years 
(7.4 ng/mL) of evolution was found (p = 0.02). 
As interesting finding we observed a decreased 

nails change presented were dystrophy (36%, 
18/50), hypertrophy (8%, 4/50) and pitting 
(28%, 14/50). The 28% (14/50) of PsA patients 
showed no changes. Regarding the therapy, 
PsA patients were treated with methotrexate 
(16/50, 7.5-20 mg/week), Etanercept (2/50), 
non-steroidal topical treatment (17/50) and 
(15/50) patients have not treatment at the 
moment of study. Any patients were treated 
with steroids.

MIF and TNFα serum levels

The MIF levels in serum were significantly high-
er in patients with PsA (7.8 ng/mL) versus HS 
(5.25 ng/mL) (p ≤ 0.001, Figure 1A) and simi-
larly TNFα serum levels were higher in PsA 
(24.6 pg/mL) versus HS (9.9 pg/mL) (p ≤ 0.001, 
Figure 1B). 

In previous studies, our research group has 
reported a correlation between MIF and TNFα 
in patients with RA and SLE [16, 18]. Based on 

Figure 1. Serum levels by study groups 
and correlation of MIF and TNFα. A. 
Comparison of MIF serum levels by 
study groups; B. comparison of TNFα 
serum levels by study groups. Data pro-
vided in median (p25-p75). U Mann-
Whitney test. C. Positive correlation of 
serum levels of MIF and soluble TNFα. 
Spearman’s correlation test.
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polymorphism in both studied groups (p = 0.04) 
with an OR of 0.29 (CI 0.77-0.98, p = 0.03) for 
the 5,6 repeats heterozygote genotype; no sig-
nificant differences in the comparison of allele 
frequency was found. Applying a genetic model 
of dominant inheritance where the genotypes 
without risk allele (-,-) and heterozygous + 
homozygous genotypes with allele risk (-,7 + 
7,7) where grouped, a similar pattern without 
significant differences, was observed.

For the -173 G>C MIF polymorphism, we 
observed a higher frequency of the G/C hetero-
zygote genotype with an OR of 7.5 (CI 2.92-
21.64, p < 0.001) for this genotype and the 
-173*C allele showed an OR of 2.45 (CI 1.43-
4.20, p < 0.001). Applying a genetic model of 
dominant inheritance where the genotypes that 

of MIF levels in relation to the course of the dis-
ease. Nevertheless we did not observe a signifi-
cant difference when analyzing the levels of 
TNFα in relation to PsA years of evolution (data 
not shown).

Genotype and allele associations of -794 
CATT5-8 and -173 G>C MIF polymorphisms in 
PsA patients and HS

Both MIF promoter polymorphisms analyzed 
were in Hardy-Weinberg equilibrium in the con-
trol group (-794 CATT5-8 p = 0.15 and -173 G>C 
p = 0.029). The distribution of -794 CATT5-8 and 
-173 G>C MIF polymorphisms in PsA patients 
and HS are shown in Table 2.

We identified a significant association in the 
genotype distribution of the -794 CATT5-8 MIF 

Table 2. Genotype and allele frequencies of -794 CATT5-8 and -173 G>C MIF polymorphisms in PsA 
and healthy subjects
Polymorphism PsA % (n = 50) HS % (n = 100) p* value OR (CI 95%) p* value
-794 CATT5-8 MIF
    Genotype 0.04
        5,5 4 (2) 1 (1) 3.65 (0.17-221.9) 0.28
        5,6 10 (5) 31 (31) 0.29 (0.77-0.98) 0.03
        5,7 10 (5) 9 (9) 1.01 (0.23-4.05) 0.98
        6,6§ 34 (17) 31 (31) 1 -
        6,7 32 (16) 25 (25) 1.16 (0.45-3.02) 0.72
        7,7 10 (5) 3 (3) 3.03 (0.51-21.6) 0.14
    Allele 0.06
        5 14 (14) 21 (42) 0.71 (0.33-1.47) 0.33
        6§ 55 (55) 59 (118) 1 -
        7 31 (31) 20 (40) 1.66 (0.90-3.04) 0.08
Genetic model
    Do 0.07
        -,-§ 48 (24) 63 (63) 1 -
        -,7 + 7,7 52 (26) 37 (37) 1.84 (0.88-3.88) 0.07
-173 G>C MIF
    Genotype < 0.001
        G/G§ 14 (7) 54 (54) 1 -
        G/C 82 (41) 42 (42) 7.5 (2.92-21.64) < 0.001
        C/C 4 (2) 4 (4) 3.85 (0.28-32.45) 0.13
    Allele < 0.001
        G§ 55 (55) 75 (150) 1 -
        C 45 (45) 25 (50)  2.45 (1.43-4.20) < 0.001
Genetic model
    Do < 0.001
        G/G§ 14 (7) 54 (54) 1 -
        G/C + C/C 86 (43) 46 (46) 7.21 (2.82-20.6) < 0.001
*Chi square test χ2; OR: odds ratio; CI: confidence interval; Do: dominant inheritance genetic model (-,- = genotypes without risk 
allele; -,7 = heterozygous genotypes with allele risk); §: reference category.
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contain the -173*C risk allele (G/C+C/C) were 
grouped, we found a significant association 
with an OR of 7.21 (CI 2.82-20.6, p < 0.001). 
This suggests that subjects carrying the -173*C 
allele has 7.21-folds more susceptibility to pres-
ent PsA compared with subjects who are G/G 
genotype carriers (Table 2).

Association between -794 CATT5-8 and -173 
G>C MIF polymorphisms with serum levels of 
MIF and TNFα

To determine whether the MIF promoter poly-
morphisms are associated with soluble protein 
levels, we quantified MIF and TNFα levels in the 
serum of PsA patients and HS. Regarding the 
-794 CATT5-8 polymorphism, this polymorphisms 
did not show significant differences with MIF 

levels, but we observed higher MIF levels in 6,6 
repeats carriers with PsA in comparison with 
HS [7.52 ng/mL (PsA) vs. 5.75 ng/mL (HS)] a 
similar pattern was observed in the 6,7 repeats 
carriers [8.29 ng/mL (PsA) vs. 3.85 ng/mL 
(HS)] (Figure 2A, p < 0.05). Following a genetic 
model proposed for this polymorphism, we 
identified a significant increase of MIF in the 
PsA patients without risk allele genotypes [7.46 
ng/mL (PsA) vs. 5.09 ng/mL (HS)] (Figure 2B, p 
< 0.05). For the TNFα soluble levels, only found 
a significant increase of this cytokine in the PsA 
patients carriers of 6,7 repeats genotype in 
comparison with HS [16.78 pg/mL (PsA) vs. 
9.67 pg/mL (HS)] (Figure 2C, p < 0.05). 
Subsequently, we observed that TNFα serum 
levels was higher in all PsA patients according 
to the genetic model proposed for the -794 

Figure 2. MIF and TNFα concentrations by -794 CATT5-8 MIF genotypes and a dominant genetic model in PsA and 
healthy subjects. Data provided in median (p25 - p75). *U Mann-Whitney test, p < 0.05. 
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TNFα levels in PsA Mexican-Mestizo patients 
from western Mexico.

To our knowledge this is the first case-control 
study that reports the genotypic and allelic fre-
quencies of -794 CATT5-8 and -173 G>C MIF 
polymorphisms in PsA. Previously, only one 
study has reported a frequency of -173 G>C 
MIF polymorphism in PsA patients with a fre-
quency of the 27.7% for the 173*G allele and 
72.3% for the -173*C allele in Caucasian popu-
lation [24]. However, in the present study we 
identify a higher frequency of the -173*G allele 
(55%) and a minor frequency for the -173*C 
allele (45%), this differences could be attribut-
ed to the sample size and the criteria for inclu-
sion in each study, and this can also be influ-
enced by the racial differences between popu-
lations [21].

CATT5-8 MIF polymorphism (Figure 2D, p < 0.05) 
in comparison with HS.

When we examine the relationship between 
-173 G>C MIF polymorphism with soluble MIF, 
no significant differences were found by geno-
types and applying the dominant model pro-
posed for this polymorphism (Figure 3A, 3B), 
only we observed significant differences with 
higher levels of TNFα in patients with PsA vs. 
HS in the dominant model proposed (Figure 3C, 
3D, p < 0.05).

Discussion

In this study, our interest was to evaluate the 
association of -794 CATT5-8 and -173 G>C MIF 
promoter polymorphisms with serum MIF and 

Figure 3. MIF and TNFα concentrations by -173 G>C MIF genotypes and a dominant genetic model in PsA and 
healthy subjects. Data provided in median (p25 - p75). *U Mann-Whitney test, p < 0.05.
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MIF is a relevant cytokine by its upstream 
action on the immune cells and to the possible 
feedback loop between MIF and TNFα [27]. 
Herein, MIF (7.8 ng/mL) and TNFα (24.6 ng/mL) 
were significantly increased in the PsA patients 
and a positive correlation between MIF and 
TNFα serum levels was observed (r = 0.41), this 
finding is consistent with previous studies in RA 
and SLE Mexican-Mestizo patients from west-
ern Mexico [17, 18, 28].

In the present study increased MIF serum lev-
els were detected in early stages of disease (≤2 
years of PsA evolution), this finding suggests 
that MIF may play a key role in PsA onset with a 
similar pattern with the reported in our previ-
ous study in RA, where the MIF levels were 
raised on early stages of RA with a tend to 
decrease according to years of evolution. 
According with this findings, we hypothesized 
that MIF soluble levels in PsA are increased 
when the inflammatory process is beginning 
and then, once that the inflammation is well 
established other mediators such as TNFα may 
act to maintain the inflammatory state, which 
could occurs similarly to that reported in RA 
[17], which is supported by previous studies 
were reported by immunostaining an increase 
of TNFα in the lining layer and to perivascular 
macrophages in the PsA synovium. In addition, 
also has been demonstrated the higher mRNA 
TNFα expression in the synovial tissue in PsA 
patients [4]. We also analyzed the association 
of MIF levels with clinical markers of disease, a 
positive correlation was found between MIF 
and CRP in PsA patients. This finding is consis-
tent with the reported by Wheelhouse et al., 
who described that MIF can directly stimulate 
hepatocytes to secrete acute phase reactants 
such as CRP [17, 29].

To evaluate the association of MIF polymor-
phisms with MIF and TNFα levels, we stratified 
our data of both study groups according to the 
dominant inheritance genetic models proposed 
for both MIF polymorphisms. Similarly with our 
previous studies [16, 18, 28] we were not able 
to replicate the association of MIF polymor-
phisms with MIF serum levels that have been 
reported in other populations [27-30], possibly 
due to differences in the genetic structure of 
our population which could be influenced by the 
MIF gene locus. However, subject carriers of 
genotypes of both polymorphisms showed 

The genotype frequency of the -794 CATT5-8 MIF 
polymorphism is similar with the two previous 
reports from our research group in Mexican-
Mestizo from western Mexico population [16, 
18]. However, similarly to those reported in our 
previous study in SLE we did not identify the 
-794 CATT8 high expression allele reported at a 
frequency of 1% in RA patients. When we real-
ized the comparison of the genotypic and allelic 
frequencies for this polymorphism, we detected 
a borderline significant association for the 5,6 
repeats genotype with PsA protection (OR 
0.29). However, this data must interpret with 
caution, due to the confidence interval is close 
to 1; besides when we analyzing the allelic fre-
quencies we could not establish this 
association.

In the case of the -173 G>C MIF polymorphism 
a significant difference in the allele frequency 
distribution, was found. An important finding 
was that the G/C genotype carriers present 7.5 
fold more susceptibility to PsA. By applying of 
the genetic model of dominant inheritance pro-
posed we highlighted differences by study 
group, finding an OR of 7.2 for the -173*C risk 
allele carriers to present PsA, which is a high 
OR in polymorphism of low penetrance.

However, several studies previously reported 
support the association of -794 CATT5-8 and 
-173 G>C MIF polymorphisms in autoimmune 
diseases such as RA and SLE where has been 
associated the high expression alleles (-794 
CATT7 and -173*C) with early onset and clinical 
activity in RA and with susceptibility to SLE, as 
well as with increase TNFα serum levels. In 
addition, both MIF polymorphisms presented a 
strong linkage disequilibrium in our population 
(LD = 0.87, p < 0.01) [16, 18].

Other diseases closely related with PsA such as 
the chronic plaque psoriasis have been associ-
ated with both MIF polymorphisms. Donn et al., 
associated the CATT7/-173*C haplotype with 
susceptibility to psoriasis in Caucasian patients 
[25], whereas that Wu et al., in Han population 
in northeastern China described no significant 
differences in the distribution of alleles, geno-
types and haplotypes for both MIF polymor-
phisms. Nevertheless, when the patients were 
divided according to gender and age of onset, 
they identified an association with -173*C allele 
in male with late onset of psoriasis [26].
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