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Abstract

Objective: To determine the level of macrophage migration inhibitory factor (MIF), its rela-
tionship with Mediterranean fever (MEFV) gene mutations and oxidative stress in familial Medi-
terranean fever (FMF).

Methods: Fifty one unrelated attack free FMF patients (24 M and 27 F, 32.848.7 years) and 30
healthy controls (16 M and 14 F, 32.717 years) were included in the study. Serum MIF, total ox-
idant status (TOS) and total anti-oxidant status (TAS) were studied.

Results: Age, sex distribution, anthropometrical indices, smoking status, serum lipids and TAS
concentrations were similar between the patients and controls. However; erythrocyte sedi-
mentation rate (ESR), C-reactive protein (CRP), MIF, and TOS were significantly higher in the
patients’ group compared with healthy subjects. MIF, TOS and TAS levels were not different
between patients with or without M694V mutations.

Conclusion: We found increased concentrations of MIF in patients with FMF. Increased MIF
levels were significantly correlated with oxidative stress and in regression analysis MIF concen-
trations were independent from the inflammatory activity as assessed by ESR and CRP. M694V
mutations seem no effect on MIF and oxidative stress.
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Introduction

Familial Mediterranean fever (FMF) is an auto-
inflammatory disorder characterized by recurrent,
inflammatory, self-limited episodes of fever and se-
rositis [1]. The disease is caused by the mutations in
the Mediterranean fever (MEFV) gene, which is lo-
cated on the short arm of chromosome 16 [2]. It is
suggested that mutated pyrin, a protein which is en-
coded by the MEFV gene, may cause uncontrolled
inflammation [1]. The inflammatory episodes are
mainly mediated by a massive influx of neutrophils
into serous cavities and are accompanied by an eleva-

tion in the levels of acute-phase proteins and cyto-
kines [3]. Neutrophils, one of the key players in FMF,
are also an important source of free radicals which are
implicated in the pathogenesis of various disorders
[4]. Macrophage migration inhibitory factor (MIF) is a
pleiotropic cytokine involved in several inflammatory
processes including innate and adaptive immune re-
sponses [5, 6]. In addition, MIF has been shown to
regulate trafficking of inflammatory cells to the sites
of inflammation [6]. Because its association with in-
nate immunity, leukocyte trafficking, and inflamma-
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tion MIF may be considered as an attractive cytokine
in the pathogenesis of FMF. In this study we aimed to
investigate MIF levels, its relationship with M694V
mutations and oxidative stress in patients with FMF.

Methods

Patients and controls

Fifty one unrelated attack free FMF patients (de-
fined as at least 7 days free of any FMF symptom),
diagnosed according to the Tel-Hashomer criteria [7]
were recruited consecutively from the rheumatology
outpatient clinic. Exclusion criteria were as follows:
(1) history of chronic diseases including infections,
lung diseases, renal or hepatic insufficiency, and dia-
betes mellitus, (2) evidence of acute infections at the
time of the study, and (3) subjects who were treated
with glucocorticoids during the past 3 months. Thirty
healthy controls who have the same exclusion criteria
with the patients and who don’t have a first-degree
relative with a diagnosis of FMF were recruited from
the relatives of the health professionals and blood
donors. Written informed consent was obtained from
all subjects, and research protocols were approved by
the Ethical Committee of our institution.

Laboratory analysis

Serum MIF levels were measured by a specific
sandwich cytokine ELISA from R&D (Abingdon, UK)
specific for MIF. Serum total oxidant status (TOS) and
total anti-oxidant status (TAS) were determined using
a novel automated measurement method developed
by Erel [8, 9]. Other laboratory tests were measured
according to standard procedures. MEFV mutations
were noted from the files of the patients retrospec-
tively (Table 1).

Statistical analysis

The Kolmogorov—Smirnov normality test was
used to determine the distribution pattern of the var-
iables. TAS, TOS and MIF showed normal distribu-
tion, and we used parametric tests for the statistical
analysis. Continuous data are presented as mean *
standard deviation (SD). Student’s t test was used for
comparisons between two groups of continuous var-
iables. Fisher’s exact test was performed for the com-
parison of categorical variables. The relationships
between different variables were analyzed by the
Pearson correlation test. Stepwise multiple linear re-
gression analysis was used to identify factors associ-
ated with MIF levels. A double-tailed P value of <0.05
was considered as statistically significant. The statis-
tical analysis was carried out by using Statistical
Package of Social Science (SPSS), version 13.0 (Chi-
cago, IL, USA).

Table I. The distribution of MEFV variants in patients with
FMF.

The number of
patients

MEFV sequence
variations

M694V 9
M6801

Homozygous

3

F479L 1

R761H 1

Heterozygous M694V 6
E148Q 1

M6801 1

V726A 1

1

Compound heterozy- M6801/V726A

gous
M694V / M6801

6
M694V /M6941 3
M694V /V726A 8
M694V /E148Q 2
M694V /R761H 2
F479L/V726A 1

5

Without mutation

Results

There were 51 attack free (at least 7 days free of
any FMF symptom) patients in the study (24 M and 27
F, 32.848.7 years). The disease duration of these pa-
tients were 16.1+10.3 years. None of the patients had
proteinuria on urine dipstick testing. All patients
were receiving colchicine and the mean drug dose
was 1.46+0.34 mg/day.

There were 30 healthy subjects (16 M and 14 F,
32.717 years). Age, sex distribution, waist circumfer-
ence, body mass index, smoking status, serum lipids
and TAS were not different between the patient and
control groups (P > 0.05, Table 2). On the other hand,
the levels of standard CRP, ESR, MIF, and TOS were
significantly higher in FMF patients compared to
those of controls (P < 0.05; 4.7£7.1 vs. 1.842 mg/L,
15.8+17 vs. 8.3+ 5.2 mm/h, 30.1£18.8 vs. 9+4.4 ng/mL,
and 62.2+13.4 vs. 22.319 umol H202 Eq/L respec-
tively).

Comparison of patients with and without
M694V mutation

The allele frequency of M694V was 45 (44.1%).
CRP, ESR, and TAS levels were significantly higher in
patients carrying M694V mutations (P < 0.05; 7£9.5 vs.
2.8+3.3 mg/L and 20.7+22.2 vs. 11.949.7 mm/h re-
spectively). However, MIF, TOS and TAS concentra-
tions were not different between patients with and
without M694V mutations (P = 0.1, 33.5£19 vs. 27.6+18
ng/mL; P = 0.08, 59.3+13.4 vs. 64.5+12.9 pmol H202
Eq/L; P =0.05,1.51+0.4 vs. 1.35£0.4 pmol Trolox Eq/L
respectively).

http://www.medsci.org



Int. J. Med. Sci. 2013, Vol. 10

838

Table 2. Comparison of FMF patients and healthy controls
regarding to their clinical and laboratory parameters.

FMF (n=51) Controls P value
(n=30)

Age (yr) 32.848.7 32.717 0.97
Sex (M/F) 24/27 16/14 0.64
BMI (kg/m?) 25.2+4.5 25.5+3.9 0.73
Smoking (%) 37.3 30 0.48
Waist circumference (cm) 82.9+12.7 82.8+12.4 0.96
ESR (mm/h) 15.8+17 8.3+5.2 0.005
Standard CRP (mg/L) 47+7.1 1.842 0.009
Glucose (mg/dL) 85+7 8417 0.5
Total cholesterol (mg/dL) 170431 172433 0.77
HDL cholesterol (mg/dL) 51+14 53+12 0.58
LDL cholesterol (mg/dL) 96129 98+25 0.84
Triglyceride (mg/dL) 105+44 93141 0.22
MIF (ng/mL) 30.1£18.8 9+4.4 <0.001
TOS (umol H>0: Eq/L) 62.2+13.4 22.349 <0.001
TAS (umol Trolox Eq/L) 1.42+0.43 1.48+0.41 0.56

BMI= body mass index, ESR= erythrocyte sedimentation rate, CRP= C-
reactive protein, MIF= macrophage migration inhibitory factor, TOS= serum
total oxidant status, and TAS= total anti-oxidant status.

Correlation analysis

MIF concentrations showed significant correla-
tions with TOS, ESR and triglycerides (P < 0.05, r =
0.4, 0.2, and 0.3 respectively). TAS levels were signif-
icantly correlated with BMI, waist circumference, and
HDL cholesterol (P < 0.05, r = 0.3, 0.4 and -0.3 respec-
tively).

Regression analysis

Regression analysis showed that none of the
variables including disease duration, CRP, ESR, BMI,
TAS, and TOS were predicting MIF concentrations (P
> 0.05).

Discussion

In this study we showed that: (1) MIF concentra-
tions were significantly higher in attack-free FMF pa-
tients compared to healthy subjects; (2) regression
analysis showed that increased MIF levels were sta-
tistically independent from inflammatory activity
(ESR and CRP); (3) M694V mutations had no impact
on MIF concentrations, TOS and TAS levels; and (5)
oxidative stress was positively correlated with MIF.

MIF is a pleiotropic pro-inflammatory cytokine
which has a central role in both innate and adaptive
immunity [10]. It is produced by a variety of cell types
including neutrophils which are one of the key cells in
the pathogenesis of FMF [11]. MIF has several in-
flammatory actions: (1) it acts like a positive acute
phase reactant and its levels are increased during in-

flammation [5, 10]; and (2) MIF has a chemokine-like
function and promotes the directed migration and
recruitment of inflammatory cells into infectious and
inflammatory sites [10, 12, 13]. It is well-known that
mutations in the MEFV gene cause uncontrolled in-
flammation during acute attacks of FMF which is
mainly mediated by neutrophils [1]. Thus, we sought
whether there is a link between MIF and FMF. In the
current study, we found increased MIF concentrations
in FMF patients compared with healthy controls. Re-
gression analysis showed that increased MIF levels
were statistically independent from the inflammatory
response. In literature, to the best of our knowledge,
there is only one report investigated MIF in FMF. In
that report Rigante et al. studied 22 patients (5 hy-
perimmunoglobulinaemia D syndrome and 17 FMF)
and revealed that MIF-173*C allele frequency and
serum concentrations were significantly higher in
patients compared to healthy controls [14]. In the
current study, although we did not assess genomic
DNA for MIF, we serologically confirmed the results
of the previous study in a larger number of patients.

Oxidative stress is caused by an imbalance be-
tween the production of reactive oxygen species
(ROS) and antioxidant systems which results in
damage to cells or tissues [4]. In recent years, in-
creasing attention has been focused on the role of ROS
in the pathogenesis of inflammatory rheumatic dis-
eases including FMF. Recent reports revealed that
there is an increased oxidative stress both in remission
and attack periods [15-19]. This finding is not sur-
prising as neutrophils, one of the major sources of free
radicals, play an important role in the FMF patho-
genesis [19]. In the current study, in accordance with
the former reports, we showed that TOS was in-
creased in the remission phase of FMF. On the other
hand, TAS was not changed between the patients and
control groups. Oxidative stress arises as a result of an
imbalance in the oxidative and anti-oxidative status
[4]. Hence, it is important to take into account the
complex interactions that occur between individual
antioxidants in vivo. Therefore, unchanged TAS con-
centrations may reflect an increased effort of the pro-
tective anti-oxidative response. Herein we also
showed that TOS was significantly and positively
correlated with MIF concentrations. This finding may
suggest oxidative stress may have an agonistic effect
on MIF.

In this study, as some studies reported a severe
clinical course in patients with M694V mutations [20],
we performed a subgroup analysis regarding the
presence of M694V mutations. In our group the allelic
frequency of M694V was 44.1% which was in line with
the reports of larger series in our country [20, 21]. The
subgroup analysis of patients carrying M694V muta-
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tions compared with non-M694V ones revealed that
MIF, TOS and TAS levels were comparable between
the groups. Thus, larger numbers of subjects are
needed to determine whether genotype has an effect
on MIF and oxidative stress.

In the current study, we did not include subjects
who had chronic diseases such as diabetes mellitus,
and hypertension to avoid the negative effects of these
diseases on the results. Furthermore, the percentage
of smokers and anthropometrical indices such as
waist circumference and body mass index measure-
ments were comparable between the groups which
may also affect the results. For that reason, the finding
of increased MIF and its relation with TOS is therefore
noteworthy and supports the role of disease related
factors from the condition. We acknowledge the lim-
itations of our study: (1) we studied attack-free FMF
patients, thus, including FMF patients with active
disease state may also provide information regarding
these biomarkers during the acute inflammation; and
(2) including newly diagnosed patients who are not
treated with colchicine may give additional infor-
mation regarding colchicine and its effect on these
molecules. In conclusion, FMF patients during inac-
tive disease state are associated with increased MIF
concentrations, and enhanced oxidative stress. Stud-
ies with a larger sample size and active FMF state are
needed to confirm our results and the role of these
biomarkers in the disease pathogenesis.

Conflict of interest

There are no conflicts of interest for any of the
authors. There were no funding sources or study
sponsors for this article.

References

1. Onen F. Familial Mediterranean fever. Rheumatol Int. 2006; 26: 489-96.
doi:10.1007 /s00296-005-0074-3.

2. Grandemange S, Aksentijevich I, Jeru I, Gul A, Touitou I. The regulation
of MEFV expression and its role in health and familial Mediterranean
fever. Genes Immun. 2011; 12: 497-503. doi:10.1038 / gene.2011.53.

3. Ben-Zvil, Livneh A. Chronic inflammation in FMF: markers, risk factors,
outcomes and therapy. Nat Rev Rheumatol. 2011; 7: 105-12.
do0i:10.1038 /nrrheum.2010.181.

4. Jones DP. Redefining oxidative stress. Antioxid Redox Signal. 2006; 8:
1865-79. doi:10.1089/ars.2006.8.1865.

5. Larson DF, Horak K. Macrophage migration inhibitory factor: controller
of systemic inflammation. Crit Care. 2006; 10: 138. doi:10.1186/cc4899.

6. Santos LL, Morand EF. Macrophage migration inhibitory factor: a key
cytokine in RA, SLE and atherosclerosis. Clin Chim Acta. 2009; 399: 1-7.
doi:10.1016/j.cca.2008.09.014.

7. Livneh A, Langevitz P, Zemer D, Zaks N, Kees S, Lidar T, et al. Criteria
for the diagnosis of familial Mediterranean fever. Arthritis Rheum. 1997;
40:1879-85.

8. Erel O. A novel automated direct measurement method for total
antioxidant capacity using a new generation, more stable ABTS radical
cation. Clin Biochem. 2004; 37: 277-85.
doi:10.1016/j.clinbiochem.2003.11.015 S0009912003002315 [pii].

9. Erel O. A new automated colorimetric method for measuring total
oxidant status. Clin Biochem. 2005; 38:1103-11.
doi:50009-9120(05)00229-8 [pii] 10.1016/j.clinbiochem.2005.08.008.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Grieb G, Merk M, Bernhagen ], Bucala R. Macrophage migration
inhibitory factor (MIF): a promising biomarker. Drug News Perspect.
2010; 23: 257-64. doi:10.1358 / dnp.2010.23.4.1453629.

Riedemann NC, Guo RF, Gao H, Sun L, Hoesel M, Hollmann TJ, et al.
Regulatory role of C5a on macrophage migration inhibitory factor
release from neutrophils. ] Immunol. 2004; 173: 1355-9.

Santos LL, Fan H, Hall P, Ngo D, Mackay CR, Fingerle-Rowson G, et al.
Macrophage migration inhibitory factor regulates neutrophil
chemotactic responses in inflammatory arthritis in mice. Arthritis and
rheumatism. 2011; 63: 960-70. doi:10.1002/art.30203.

Makita H, Nishimura M, Miyamoto K, Nakano T, Tanino Y, Hirokawa J,
et al. Effect of anti-macrophage migration inhibitory factor antibody on
lipopolysaccharide-induced pulmonary neutrophil accumulation. Am J
Respir Crit Care Med. 1998; 158: 573-9. doi:
10.1164/ ajrcem. 158.2.9707086.

Rigante D, Flex A, Federico G, Pola R, Candelli M, Manna R, et al. Serum
macrophage migration inhibitory factor (MIF) in the intercritical phase
of hereditary periodic fevers and its relationship with the MIF-173G/C
polymorphism.  Scand ]  Rheumatol.  2007; 36:  307-10.
doi:10.1080/03009740701218816.

Ediz L, Ozkol H, Tekeoglu I, Tuluce Y, Gulcu E, Koyuncu I. Increased
oxidative stress in patients with familial Mediterranean fever during
attack period. Afr Health Sci. 2011; 11 (Suppl 1): S6-13. doi:
10.4314/ahs.v11i3.70063

Guzel S, Andican G, Seven A, Aslan M, Bolayirli M, Guzel EC, et al.
Acute phase response and oxidative stress status in familial
Mediterranean fever (FMF). Mod Rheumatol. 2012; 22: 431-7.
doi:10.1007/510165-011-0517-5.

Karaguezyan KG, Haroutjunian VM, Mamiconyan RS, Hakobian GS,
Nazaretian EE, Hovsepyan LM, et al. Evidence of oxidative stress in
erythrocyte phospholipid composition in the pathogenesis of familial
Mediterranean fever (periodical disease). J Clin Pathol. 1996; 49: 453-5.
doi: 10.1136/jcp.49.6.453

Kirkali G, Tunca M, Genc S, Jaruga P, Dizdaroglu M. Oxidative DNA
damage in polymorphonuclear leukocytes of patients with familial
Mediterranean fever. Free Radic Biol Med. 2008; 44: 386-93.
doi:10.1016/j.freeradbiomed.2007.09.020.

Sarkisian T, Emerit I, Arutyunyan R, Levy A, Cernjavski L, Filipe P.
Familial Mediterranean fever: clastogenic plasma factors correlated with
increased O2(-)--production by neutrophils. Hum Genet. 1997; 101:
238-42. doi: 10.1007/s004390050623.

Yalcinkaya F, Cakar N, Misirlioglu M, Tumer N, Akar N, Tekin M, et al.
Genotype-phenotype correlation in a large group of Turkish patients
with familial mediterranean fever: evidence for mutation-independent
amyloidosis. Rheumatology (Oxford). 2000; 39: 67-72. doi:
10.1093 /rheumatology/39.1.67

Tunca M, Akar S, Onen F, Ozdogan H, Kasapcopur O, Yalcinkaya F, et
al. Familial Mediterranean fever (FMF) in Turkey: results of a
nationwide multicenter study. Medicine (Baltimore). 2005; 84: 1-11. doi:
10.1097/01.md.0000152370.84628.0c

http://www.medsci.org



