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A B S T R A C T

Background: Type 2 diabetes mellitus (T2DM) is a continuous metabolic disease linked with increased rate of
mortality and morbidity. High levels of glucose can damage organs including kidneys, eyes, and the nervous
system. Individuals with T2DM have a high prevalence of major depression. One possible question we aimed to
address was the extent of co-occurrence of diabetes and depression resulting from correlated genetic risk factors.
Objectives: The current study aimed to investigate the possible associations between the macrophage migration
inhibitory factor (MIF) functional variant and the risk of developing depression in T2DM patients.
Patients and methods: The study groups consisted of 120 patients with T2DM and comorbid depression and 120
patients with T2DM, without depression, who were recruited from the same region. Genotyping of the MIF
-173 G > C (rs755622) variant was performed using Polymerase Chain Reaction (PCR) and Restriction
Fragment Length Polymorphism (RFLP). In addition, the level of MIF expression was comparatively evaluated in
both groups by quantitative real-time PCR.
Result: The data showed that the presence of C allele (GC+CC vs. GG) might predispose females to depression
in patients with T2DM. In addition, patients with T2DM carrying at least one C allele showed significantly
elevated levels of MIF RNA expression in comparison to individuals with GG genotype.
Conclusion: MIF variant could be considered as a factor making female patients with T2DM vulnerable to de-
pression. So, this might be an important result for precise diagnosis and/or earlier treatment.

1. Introduction

Depression and type 2 diabetes mellitus (T2DM) are two of the most
widespread and devastating diseases worldwide (Stuart and Baune,
2012). There is a strong bidirectional connection between T2DM and
depression. Cross-sectional and longitudinal investigations suggest that

people with depression are 60% more likely to develop T2DM, while
T2DM patients have 15% increased risk for depression (Kan et al.,
2016). Inflammation is a key shared factor in the depression and T2DM
bidirectional relationship. The role of inflammatory biomarkers such as
C-reactive protein (CRP) has been validated in both diseases. Although
genetic factors are known as significant factors in both T2DM and
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depression etiology, the extent to which their comorbidity involves
correlated similar genetic factors is unknown (Kan et al., 2016).

Macrophage migration inhibitory factor (MIF), a T cell derived pro-
inflammatory cytokine inhibiting the random migration of macro-
phages is considered as the primary molecule to appear at the in-
flammation site and the possible factor that determines the degree of
cellular inflammation (Sánchez-Zamora and Rodriguez-Sosa, 2014).
Position −173 single nucleotide polymorphism (SNP) (rs755622) is a
functional polymorphism located in the promoter region of MIF.−
173C allele is linked with higher transcription activity of MIF gene and
increased production of Mif protein. This polymorphism apparently
plays an important role in many inflammatory and autoimmune con-
ditions such as rheumatoid arthritis (RA), inflammatory bowel disease
(IBD) etc.

The functional prominence of MIF in immune-mediated in-
flammatory diseases is also extended to T2DM and depression (Bloom
and Al-Abed, 2014). It has been shown that serum MIF level is elevated
in T2DM patients. It is also suggested that high blood MIF level precede
the T2DM onset. Apart from T2DM, patients with impaired glucose
tolerance experience significantly higher levels of serum MIF (Herder
et al., 2006). MIF has also indicated an association with insulin re-
sistance through production of some pro-inflammatory cytokines and
adipocytokines including resistin and IL-6 as the most significant fac-
tors in development of insulin resistance (Sánchez-Zamora and
Rodriguez-Sosa, 2014). MIF, as a common molecule in the pancreatic
cell microenvironment, can induce cell apoptosis following altered
homeostasis resulting from inflammation.

MIF is also considered as a significant factor in depression phy-
siology (Bloom and Al-Abed, 2014). Several in vitro and in vivo studies
highlighted the critical role of MIF in both animal and human model of
depression (Pignatiello et al., 1989; Kostowski et al., 1991). Previous
findings on involvement of MIF in pathophysiology of depression in-
clude identifyingMIF expression in parts of brain controlling behavioral
symptoms of depression(Conboy et al., 2011), acknowledging the hy-
pothalamic-pituitary-adrenal (HPA) axis importance in depression,
which is in close connection with MIF (Edwards et al., 2010), interac-
tion between MIF and both lifestyle and pharmacological anti-
depressant treatments (Cattaneo et al., 2013; Moon et al., 2012), re-
cognizing a close correlation between MIF and neurogenesis as central
pass of depression (Conboy et al., 2011). The most striking exploration
was identification of MIF as a potential biomarker of depression (Bloom
and Al-Abed, 2014). Hippocampus, whose dysfunction is known as one
of the main reasons leading to depression, is known as site with high
MIF expression (Bacher et al., 1998). Several recent studies indicated to
the hippocampal complex (HC) as the key role players in the patho-
physiology of major depressive disorder (MDD). (Sheline, 2011; Khan
et al., 2015). It is suggested thatMIF is linked to monoamine production
and neurogenesis, which are both involved in the pathobiology of de-
pression (Conboy et al., 2011; Moon et al., 2012). Finally, genetic de-
letion of MIF can result in increased anxiety- and depression-like be-
haviors (Conboy et al., 2011).

Serum proteomic profiling of patients with major depressive dis-
order (MDD) has clarified MIF as a strong analyte in patients compared
to controls. Examination of serum MIF levels in human with depressive
disorder also demonstrated higher MIF levels in subjects with mild to
moderate depression (Edwards et al., 2010). This result has been re-
plicated in pregnant women with depression when elevated serum MIF
as well as significant association was found between MIF and depres-
sion (Christian et al., 2010). MIF expression in leukocytes from patients
with severe depression is 40% greater than that in patients with mod-
erate depression, with depressed patients having reduced glucocorti-
coid sensitivity during and after stress events (Edwards et al., 2010). It
is likely to be related to the up regulation of MIF induced by gluco-
corticoids. MIF is also involved in mediating the pharmacological ef-
fects of antidepressants. MIF inhibition and MIF knockout can block
neuronal proliferation induced by fluoxetine (Conboy et al., 2011)

suggesting the MIF role in then eurogenesis induced by antidepressants.
Increased MIF serum levels even during treatment was observed in
studying MIF as a biomarker in patients with depression who were
treated with celecoxib added to reboxetine (Musil et al., 2011). Cat-
taneo et al. found higher mRNA levels of MIF in the analysis of leuko-
cyte of depressed patients in the Genome-based Therapeutic Drugs for
Depression (GENDEP) project in addition to higher relative mRNA le-
vels of MIF in non-responders to treatment vs patients who did
(Cattaneo et al., 2013). The strong association between MIF levels and
the treatment was repeated by Cattaneo highlighting the predictive
power of higher MIF mRNA levels (absolute values of mRNA molecules)
for non-responsivity to antidepressants.

Based on the above findings, we hypothesized that MIF is involved
in the genetic pathophysiology of T2DM and depression comorbidity
through the same inflammatory mechanism. Also, a genetic variation
(single-nucleotide G/C substitution located at position –173) in MIF
leading to elevated serum MIF levels and MIF promoter activity may
contribute to depression and diabetes. In this study, we investigated
whether the MIF173 G > C polymorphism genotype distribution and
MIF expression level are different in both genders of Iranian subjects
suffering from T2DM with or without depressive symptoms. This study
is, to the best of our knowledge, the first to investigate this hypothesis.

2. Patients and methods

2.1. Patients

The ethics committee of Endocrinology and Metabolism Research
Institute (EMRI), Tehran University of Medical Sciences (TUMS), ap-
proved the protocol of this study. All participants provided written
informed consent of their willingness to be involved. All subjects were
of Iranian descent ageing between 18 and 70 years. A total of 240
T2DM patients were recruited from Specialized Clinic for Diabetes and
Metabolic Disorders of Endocrinology and Metabolism Research Center
(EMRC), TUMS. All subjects were age matched. The following criteria
were considered for subjects’ selection: 1) poorly controlled
Hemoglobin A1C (HbA1C) (HbA1C ≥ 9%); 2) confirmed T2DM:
Subjects were diagnosed with T2DM if they had fasting blood sugar
of≥126mg/dL on at least 2 occasions, HbA1C ≥ 6.5%, random blood
sugar ≥ 200mg/dL or glucose tolerance test> 180 (blood test 2 h once
the person is given 75 g of glucose) andT2DM confirmed by a physician;
3) having T2DM for more than 1 year; 4) absence of long-term diabetes
complications including severe retinopathy, severe nephropathy, and
foot ulcer (severe retinopathy was considered as macular edema, pro-
liferative retinopathy, or severe non-proliferative diabetic retinopathy
(NPDR) with severe nephropathy considered as blood creatinine>
1.5mg/dL in men and>1.4mg/dL in women); 5) no record of using
antidepressants and thiazolidinediones; 6) no records of chronic dis-
eases such as renal insufficiency, liver failure, and rheumatic diseases;
7) no record of smoking and alcohol consumption. Information about
age, gender, marital status, level of education, ethnicity, family history
of diabetes and depression, weight, and height was collected from each
subject. All T2DM subjects were divided into two groups: depressive
diabetes group (DD group, n=120) and non-depressive diabetes group
(NDD group, n= 120), depending on cut-off score above 16 and was
confirmed by psychiatrist.

The Center for Epidemiologic Studies Depression Scale (CES-D),
Iranian edition, was used to assess depressive symptoms (Amiri et al.,
2008). CES-D is the most commonly used self-report depressive
symptom scales first published by Radloff in 1977 to assess depressive
symptoms in a community-based population (Radloff, 1977). The re-
cruited subjects were requested to complete the questionnaire by
themselves. Those who had CES-D sum score ≥16were considered as
individuals meeting the threshold value of depressive symptoms.
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2.2. Method

2.2.1. Sampling
All subjects recruited in this study had referred to the Specialized

Clinic for Diabetes and Metabolic Disorders of Endocrinology and
Metabolism Research Center, Tehran University of Medical Sciences for
regular follow up as T2DM cases. Following receiving written consent
from both groups (DD & NDD) for participating in the study, each in-
dividual was referred to the blood sampling unit of the mentioned
center. Initially, the informed trained laboratorian poured blood into
two separate 3.5ml ethylene diamine tetra acetic acid (EDTA) coated
tubes. Then, they were labeled pre-printed with the patient's name and
unique patient identification number and put on the rotor to stop
possible coagulation until being transported to the genetics laboratory
on dried ice to be stored at-20 °C. All blood samplings were done in the
morning of weekdays to minimize the circadian variability of MIF le-
vels.

2.2.2. MIF genotyping
Genomic DNA was extracted from peripheral blood of 120 subjects

with T2DM and comorbid depression as well as120 patients with
T2DM, using the phenol-chloroform method. For MIF173 C/
G(rs755622) genotyping, Restriction Fragment Length Polymorphism-
Polymerase Chain Reaction (RFLP-PCR)was used. PCR amplifications
were performed in a final volume of 20 μL. Briefly, 6.5 μL of master mix
(AMPLIQON Taq 2x master mix, Denmark), 0.8 μL (10mol/mL) of each
primer, 0.5 μL of template DNA, and 11.4 μL of distilled water were
used. The MIF-173 forward PCR-RFLP primer was 5′-ACT-AAG-AAA-
GAC−CCGAGG-C-3′, and theMIF-173 reverse PCR-RFLP primer was 5′-
GGG-GCA-CGT-TGG-TGT-TTA-C-3′.For SNP rs755622, the cycling
conditions were as follows: an initial denaturation step at 95 °C for
5min, followed by 35 cycles at 95 °C for 30 s, 62 °C for 30 s, and 72 °C
for 40 s with a final extension at 72 °C for 5min. Further, 366bp PCR
product was visualized using agarose gel 2%electrophoresis and the
quality was confirmed. For enzymatic digestion, 1 μL of buffer Tango
with BSA 10x, 3 μL of PCR product, 0.5 μL of AluI enzyme (Thermo
Scientific, made in Lithuania), and 5.5 μL of H2O were employed. The
digested products were resolved on agarose gel 3%stained with cyber
and visualized using UV transillumination. The genotype of each in-
dividual was determined as follows: MIF-173 CC homozygote (205 bp,
98 bp, and 63 bp); MIF-173 GC heterozygote (268 bp, 205 bp, 98 bp,
and 63 bp); and MIF-173 GG homozygote (268 bp and 98 bp).

2.2.3. Real-time PCR
Lymphocytes extracted from 3ml of peripheral blood were directly

homogenized in 1ml of TRIZOL reagent (Life Technologies). Total
cellular RNA was extracted using chloroform method and quantified
spectrophotometrically at 260 nm. Further, 250 ng of total RNA was
reverse transcribed using Revert Aid first strand cDNA synthesis kit
(Thermo Scientific, Lithuania) and thermal cycler (BioRad, PTC-1148,
Singapore).The final volume was set at5 μl.The thermocycling para-
meters were as follows: 25 °C, 5min.;45 °C, 60min; and 70 °C, 5min.
cDNA was immediately used for PCR amplification. We evaluated the
MIF gene expression in both DD and NDD groups via quantitative real-
time PCR using Applied Biosystems Step One Real-Time PCR Systems
(Thermo Fisher Scientific, USA).The sequences for applied oligonu-
cleotide primers were as follows: forward, 5′AGCGCCTGCGCATCA3′;
and reverse, 5′GGCTCTTAGGCGAAGGTGG3′(Sainsbury et al., 2008).
The 20μl-volume reaction mixture contained 10 μl of SYBR Green PCR
master mix (AMPLIQON), each primer with 0.5 μl, and 1 μl of cDNA.
After activation for 10min at 95 °C, we conducted 40 cycles, with each
cycle lasting 5 s at 95 °C, followed by 40 s at 61 °C.

2.3. Statistical analysis

Fisher’s exact test was applied to examine the significance of genetic

association between MIF 173 G > C polymorphism and depression by
comparing genotype and allele frequencies between DD and NDD
groups (SPSS version 16.0). Odds ratio (OR) and 95% confidence in-
terval (CI) were used for assessing the risk factors. Evaluation results of
age, HbA1C, and body mass index (BMI) were expressed as
mean ± SD. The means for variables (age, HbA1C, and BMI) were
compared between the two groups by a two-tailed unpaired student’s t-
test. Hardy-Weinberg equilibrium was calculated for the expected
genotype distributions. To compare the means of MIF expression level
between case and controls, nonparametric Mann–Whitney test was
employed (compare mean ranks ± Standard deviation). Significance
level of 0.05 indicates a 5% risk of concluding that a difference exists
when there is no actual difference. If the p-value is less than or equal to
the significance level, the decision is to reject the null hypothesis

3. Results

In this study, we totally recruited 240 T2DM Iranian patients
(gender ratio: M/F 95/145) in two groups: 120 DD and 120 NDD
(gender ratio: M/F 33/87 vs. 62/58). There were no significant differ-
ences in terms of age, HbA1C, and BMI between the two groups
(Table 1). To assess whether MIF-173 G > C polymorphism con-
tributed to development of depression in T2DM patients, all subjects
from both groups were genotyped. The genotype distributions of MIF-
173 G > C are summarized in Table 2. There was no statistical dif-
ference in genotype distributions between DD and NDD groups (p=
0.43). There was no association between genotype distribution and
family history of diabetes (p= 0.75) and that of depression (p= 0.88)
under the dominant model (GC+CC vs. GG) either. There was one
missing genetic data of a female. However, stratification analysis by
gender supported the association with T2DM and depression in females
when GC and CC genotypes were pooled against GG genotype (p=
0.04; OR=1.25, 95% CI: 1.003–1.57). It seems that C allele (GC+CC vs.
GG) to predisposeT3DM females to depression (Table 3). No significant
association was observed after stratification by family history of dia-
betes (p-values= 0.4) and family history of depression (p= 0.5). The
observed genotype frequencies in these subpopulations were in Hard-
y–Weinberg equilibrium (Table 4). As can be seen in Fig. 1, MIF gene
expression showed a significant difference between various genotype
carriers (CC+GC vs. GG) with MIF expression being considerably

Table 1
Characteristics of NDD and DD groups.

Variables NDD group
(n= 120)

DD group
(n= 120)

p-value

Age (year) 56.9 ± 8.3 55 ± 8.2 0.076
BMI (kg/m2) 27.6 ± 5 28 ± 4.25 0.499
HbA1C(%) 7.1 ± 0.9 7 ± 0.1 0.805

Data expressed as mean ± S.D.; p-value<0.05 for statistical significance;
Abbreviations: NDD: non-depressive diabetes group; DD: depressive diabetes
group;
BMIbody mass index;HbA1C: glycosylated hemoglobin A1C.

Table 2
Genotype distributions of MIF-173 G > C.

Group N Genotype
N (%)

Allele
N (%)

G/G G/C C/C G C
NDD 120 79 (66) 33(27) 8(7) 191(80) 49(20)
DD 119 70(59) 42(35) 7(6) 182(76) 56(24)

*We did not have the genotype of one female from DD group; There was no
significant differences between NDD and DD genotype (p= 0.43) and allele
distribution, p= 0.4, OR: 1.19; 95%CI: 0.7–1.89.Abbreviations: NDD: non-de-
pressive diabetes group; DD: depressive diabetes group.
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higher in subjects with at least one C allele (p= 0.009). After strati-
fication by DD and NDD groups, the association between MIF expres-
sion and genotype was only significant in the DD group (p= 0.034),
but the difference for MIF expression according to genotype was not
significantly different in NDD group (p= 0.093). According to Fig. 2,
there was no significant difference in terms of MIF expression between
male and female groups (p= 0.048). The outcome increased odds of
depression with exposure to C genotype and females with C genotype
are more likely to be depressed. Some risk factors including extreme fat
or sugar free diet, overestimation of depression or misdiagnosis of de-
pressed patients as the no depression are taken into the account.

4. Discussion

In the present study, we investigated the association between MIF-
173 G > C polymorphism and depression in T2DM Iranian subjects.
Our results revealed a positive association between MIF-173 G > C
polymorphism and comorbid depression among female T2DM patients.
Comorbid depression in T2DM patients is connected to the increased
numbers and severity of diabetic symptoms and complications. In other
words, T2DM female patients who carry allele C are more susceptible to
show depression symptoms. In addition, all subjects who carried allele
C indicated a significantly higher MIF expression in comparison to
subjects with G allele.

4.1. MIF, gender difference, and depression-diabetes comorbidity

Previous population-based studies have suggested that prevalence
of depression is higher in female patients with diabetes compared to
their male counterparts. Sex-limitation genetic modeling also showed a
significant genetic link between T2DM and depression, only in Swedish
women, where genetic factors accounted for 75% of female’s pheno-
typic correlation between T2DM and depression. This suggests that
T2DM and depression comorbidity is due to correlated genetic risk
factors but not necessarily the same across males and females (Kan
et al., 2016). It was indicated that development of depression in pa-
tients with T2DM could be gender dependent and the prevalence of
depression is 72.5% in women versus 27.5% in men. Some possible
genetic bases of higher prevalence of depression among female patients
with T2DM can be attributed to the fact that interactions between the
MIF 173 G > C polymorphism and environments may differ between
men and women. The gender-related influence of the MIF 173 G > C
polymorphism in depression may be because of sexual dimorphism in
brain structures involved in the neurobiology of depression, mainly the
hippocampus. Male and female hippocampi have been known to be
dissimilar significantly in their anatomical structure, their neuro-
chemical make-up, and their reactivity to stressful situations (Cahill,
2006).

4.2. MIF and T2DM

Studies exploring the relationship between the MIF 173-G/C poly-
morphism and depression/T2DM are sparse. The results of MIF studies

Table 3
Genotype distribution under dominant model after gender stratification in case
and controls.

Sex Genotype Allele

GG
N(%)

GC+CC
N(%)

G C

Male Type
Total

NDD(62)
DD (33)
95

35(56)
18 (55)
53(56)

27 (44)
15 (45)
42(44)

70(56)
36(55)
106(56)

54(44)
30(45)
84(44)

Female Type
Total

NDD (58)
DD(86)
144

44 (76)
52 (60)
96(67)

14 (24)*

34 (40)
48(33)

88(76)
104(60)
192(67)

28(24)
68(40)
96(33)

* p=0.04; OR=1.25, 95% Confidence Interval (CI): 1.003–1.57;
Abbreviations: NDD: non-depressive diabetes group; DD: depressive diabetes
group.

Table 4
Hardy-Weinberg equilibrium of MIF173 G > C.

Group N A(E) χ2 P

G/G G/C C/C

DD 119* 59(58) 35(36) 6(6) 0.02 P>0.05
NDD 120 66(64) 27(32) 7(4) 1.2 P> 0.05

A is the actual number of genotype; E is the expected number of genotype; * We
did not have the genotype of one female from DD group. Abbreviations:
DD:depressive diabetes; NDD: non-depressive diabetes.

Fig. 1. MIF gene expression difference under dominant model (GG vs.
GC+GC); MIF expression is considerably higher in subjects with at least one C
allele (p-value= 0.009).

Fig. 2. MIF gene expression association with genotype divided by NDD and DD
groups; DD group (GG vs GC+CC), p= 0.034. NDD group (GG vs GC+CC),
p=0.093.
Abbreviations: DD: depressive diabetes; NDD: non-depressive diabetes.
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indicated that MIF−173C allele carriage predicts new onset T2DM in
men but not in women. In contrast, MONICA/KORA found increased
risk of T2DM in female subjects with MIF genotype rs1007888CCstudy.
Future analysis for incidence of T2DM also revealed that highMIF levels
were independently predictive in women (with a twofold hazard ratio),
concluding that it was a cause (and not a consequence) of the devel-
opment of T2DM (Herder et al., 2008). Further, lower MIF tertiles were
inversely associated with likelihood of T2DM in women from Turkish
population (Onat A et al., 2017).These clarify the causal role of MIF in
the etiology of T2DM.Insulin resistance and development of T2DM are
postulated to be led by inflammation-induced inhibition of the insulin
signaling pathway (Velloso et al., 2013). MIF indirectly promotes the
production of pro inflammatory cytokines and adipo-cytokines which
are involved in insulin receptor signaling, and in turn insulin resistance
(Sánchez-Zamora and Rodriguez-Sosa, 2014). Furthermore, T2DM can
be resulted from insulin resistance induced by high levels of in-
flammatory cytokines interacting with pancreatic β-cells’ normal
function (Bădescu et al., 2016). However, gender susceptibility to au-
toimmune activation diverges across different populations.

4.3. MIF and depression

There is not sufficient evidence to prove that MIF genotype play a
role in development of depression and in depression progress in pa-
tients with T2DM. One idea is that immune genetic variants that in-
crease the risk of depression are also likely to intensify the risk of
diabetes, and perhaps contribute to the overlaps between these two
conditions (Barnes et al., 2017). Depression susceptibility of MIF -173C
allele in female patients with T2DM, and association of this allele with
higherMIF expression suggest thatMIF genetic variation may modify its
role in the homeostasis of host immune response and its function as a
neuro-immune mediator linking depressive symptoms with inflamma-
tion. However, the biological mechanism behind this need to be ex-
amined in future.

The main focus of research in the relationship between inflamma-
tion and depression has been on cytokines as central intermediary of
inflammatory pathways. TNF-α, INF-γ, IL-1β, IL-2, IL-4, IL-6, IL-8, Il-10,
and IL-12 are some of these cytokines suggested to be involved in the
pathogenesis or pathophysiology of depression in different ways.
Increased level of these cytokines should cross blood–brain barrier
(BBB) to reach the brain, interacting with a number of mechanisms,
which are linked to depression independently and can induce depres-
sion (Stuart and Baune, 2012). Thus, MIF as a pro inflammatory cyto-
kine which stimulates release of other pro inflammatory cytokines such
as TNF-α, IL-1, IL-6, IL-8, and IL-12 from macrophages (Kasama et al.,
2010) relate to depression indirectly. The possible mechanism is that
MIF causes up regulation of phospholipase A2 (PLA2), possibly down-
stream of ERK1/2 signaling pathways. PLA2 also stimulates release of
proinflammatory cytokines via Jun N-terminal kinases (JNK). In addi-
tion, MIF promotes survival of pro-inflammatory cells by inhibiting the
tumor suppressor p53 (Bloom and Al-Abed, 2014). Proinflammatory
cytokines activate the extra hepatic enzyme indoleamine 2,3- dioxy-
genase (IDO), which degrades tryptophan, a precursor to serotonin.
Tryptophan is channeled increasingly toward production of kynurenine
via IDO degradation, competing with the serotonin pathway. Within the
microglia, which are preferentially activated over as trocytes during
inflammatory states, kynurenineis metabolized into quinolinic acid,
which is an agonist of glutamatergic N-methyl-D-aspartate (NMDA)
receptors. Therefore, there is a serotonergic deficiency and glutama-
tergic overdrive in proinflammatory states paving the way for a po-
tential depressive syndrome. In addition, pathophysiological domains
involving neurotransmitter metabolism, neuroendocrine function, sy-
naptic plasticity, and behavior which typify depression interrelate with
pro-inflammatory cytokines (Bădescu et al., 2016).

4.4. Translation and clinical application

The early diagnosis of T2DM and depression is important as the
treatment strategy might have adverse effect and may raise the com-
plications. If depression awareness grows in patients with diabetes, the
outcomes will be far more satisfactory. A simple method for screening
depression is the primary step to achieve this goal. It is proposed that
diabetic patients with a better mood follow their diabetes treatment
more efficiently (Bădescu et al., 2016; Petrak et al., 2015). This is more
significant in middle aged and elderly population who experience high
prevalence of autoimmune processes (Onat et al., 2016).Therefore,
studies like the present study, which provide a genetic understanding
about vulnerability of T2DM patients to depression, would be beneficial
especially for public health and prevention purposes. Further, identifi-
cation of a biomarker that predicts depression in T2DM patients is
crucial in reducing the social and economic burden of depression and
improving quality of life of patients. If MIF is well established to pro-
mote depression, then MIF inhibitors (Dziedzic et al., 2015) could be
used as an antidepressant as with its counterpart for controlling the
systemic inflammation and some symptoms of diabetes(Sanchez-Za-
mora Y1 et al., 2010). One possible clinical implication of investigating
MIF genotype and level would be identifying candidate patients for
receiving anti-inflammatory agents as an adjunctive treatment in at-
tenuating depressive symptoms. The reasons is that those with high
inflammatory cytokine levels seem to be less responsive to selective
serotonin reuptake inhibitors (SSRIs)and serotonin and norepinephrine
reuptake inhibitors (SNRIs) (Audet and Anisman, 2013).

4.5. Limitations and future research

Limitations of the present study include rather small sample size and
lack of healthy normal population to study the MIF polymorphism and
compare its distributions. Unmatched gender population, which might
be the reason for significant association between depression and MIF
genotype only in female and lack of further interventions on our pa-
tients have been among other limitations. Another constraint was not
replicating the results in independent materials. Correlation of func-
tionality of polymorphism with sex-specific changes could be clarified
by MIF serum concentration, which is not performed either. This study
is cross-sectional and individuals already exhibit depression symptoms
so unfortunately new symptoms and there is a bi-directional relation-
ship between diabetes and depression. In the current study design we
were not able to determine which of these disorders developed first. A
comprehensive study will be necessary to confirm our results and va-
lidate the therapeutic response in T2DM patients with depression who
carry C allele. It is also noteworthy that immune function genes are
greatly variable, thus, other genes might also be implicated in diverse
population groups (Wong et al., 2008).

5. Conclusion

In conclusion, our study suggested that the presence of the func-
tional MIF-173 G > C polymorphism C allele was associated with
susceptibility to depression in female T2DM patients, with C carriers
harboring higher levels of MIF gene expression in patients with T2DM.
Although further research is definitely warranted, undoubtedly MIF has
a great potential in studying the genetic basis of depression and T2DM
comorbidity and possible sex differences involved. This would con-
tribute to emerging more suitable and effective interventions such as
immune-targeted pharmacotherapy and improvement in the outcome
of both of these common conditions.
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