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ABSTRACT. We investigated the association between macrophage 
migration inhibitory factor (MIF) rs1007888 single-nucleotide 
polymorphisms and the genetic susceptibility to gestational diabetes 
mellitus (GDM). A total of 240 GDM pregnant women (GDM group) and 
330 healthy pregnant women (control group) were included in the study. 
Differences in the MIF rs1007888 genotype and allele frequencies and 
differences between fasting blood glucose, fasting insulin, homeostatic 
model assessment (HOMA)-insulin resistance, and HOMA-b levels 
of pregnant women with different genotypes were compared. MIF 
genotype distributions were significantly different in the GDM group 
compared to the control group (P < 0.05). No significant difference was 
observed in the allele distributions of MIF rs1007888 between the GDM 
group and control group (P > 0.05). GDM patients had higher fasting 
blood glucose, fasting insulin, and HOMA-insulin resistance levels, 
but lower HOMA-b levels than normal gestational women (P < 0.05). 
Fasting blood glucose, fasting insulin, and HOMA-insulin resistance 
in pregnant women with the GG genotype were significantly higher 
than those with GA and AA genotypes, while HOMA-b in pregnant 
women with the GG genotype was lower (all P < 0.05). Our findings 
demonstrated the associations among MIF polymorphism rs1007888, 
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insulin resistance, and pancreatic β cell functions in GDM patients. The 
GG genotype of MIF rs1007888 may be a genetic susceptibility factor 
in the pathogenesis of GDM.
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INTRODUCTION

Gestational diabetes mellitus (GDM) is a common complication occurring during 
pregnancy (Landon and Gabbe, 2011) and refers to diabetes that develops or is discovered 
during gestational pregnancy. Recently, the incidence of GDM has generally increased, and 
elevated blood sugar (glucose) may impact maternal health and fetal development. Severe 
cases can be life-threatening for the mother and the child (Tam et al., 2012). Pregnancy al-
ters a mother’s internal environment, which may result in decreased insulin sensitivity; being 
pregnant facilitates the development of GDM (Buchanan et al., 2012). Approximately 1-14% 
pregnant women suffer from GDM; additionally, the risk of postpartum type 2 diabetes (T2D) 
and insulin resistance after GDM is greatly increased (Ma and Chan, 2009). Currently, the 
pathogenesis of GDM is not clear, but GDM and T2D share several common risk factors and 
have a similar pathophysiology that includes glucose intolerance, insulin resistance, and im-
paired insulin secretion (Ryan et al., 2013). Additionally, women with a history of GDM are 
at an increased risk of GDM during subsequent pregnancies (Kwak et al., 2013). Several stud-
ies have shown that genetic factors play an important role in GDM occurrence (Zhang et al., 
2013). Macrophage migration inhibitory factor (MIF) is a protein that can function as a cyto-
kine, hormone, or enzyme and exhibits a variety of biological activities, playing an important 
role in inflammation and immunity (Grieb et al., 2010). Previous studies have shown that MIF 
is related to the occurrence of obesity and insulin resistance syndromes (Finucane et al., 2012), 
and MIF gene polymorphisms have been correlated with GDM and metabolic syndromes 
(Aslani et al., 2011). To further validate the genetic susceptibility to GDM based on MIF gene 
polymorphisms, we used polymerase chain reaction (PCR) and DNA direct sequencing tech-
nology to analyze the MIF rs1007888 locus. We examined differences in fasting blood glucose 
(FBG), fasting insulin (FIN), homeostasis model assessment-insulin resistance (HOMA-IR), 
and homeostasis model assessment-b cell function (HOMA-b) levels in pregnant women with 
GDM exhibiting different genotypes. The goal of this study was to determine the relationships 
between MIF rs1007888 single-nucleotide polymorphisms (SNPs) and GDM incidence.

MATERIAL AND METHODS

Data sources

A total of 240 GDM pregnant women, enrolled in the clinical office or who were hos-
pitalized in the Affiliated Hospital of Qingdao University from June 2011 to July 2013, were 
included in the GDM group. These women were aged 27.57 ± 6.05 years and were at 25.17 ± 
4.31 gestational weeks. Gestational diabetes was diagnosed according to the American Diabe-
tes Association guidelines: fasting, 1 h, and 2 h normal glucose upper limits under fasting and 
administration of 75 g glucose were 5.1, 10.0, and 8.5 mM, respectively; women exceeding 
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the upper limit were diagnosed with GDM. Additionally, 330 healthy pregnant women were 
included in the control group. These women were aged 27.04 ± 5.11 years old and were 24.21 
± 4.34 gestational weeks. All subjects were of Han nationality, living in Northern China, and 
had no other complications during pregnancy. Before the pregnancy, patients in the GDM group 
did not have diabetes, hypertension, or other endocrine diseases. The heights and weights of 
all pregnant women in the prenatal group were recorded from 6-12 weeks of pregnancy, and 
pre-pregnancy body mass index (BMI) was calculated as weight/height2 (kg/m2). BMI in the 
GDM group was 22.92 ± 3.41, while that in the control group was 22.78 ± 3.21. The 2 groups 
exhibited no statistically significant differences in age, gestational weeks, time of pregnancy, 
BMI, or other indexes (P > 0.05). This study was conducted in accordance with the Declaration 
of Helsinki. This study was conducted with approval from the Ethics Committee of Qingdao 
University. Written informed consent was obtained from all participants.

Specimen collection and determination of related indices 

All pregnant women fasted 6 h before blood sampling, and 10 mL fasted peripheral 
venous blood was collected the following morning. Half of the samples were collected in 
5-mL vacuum blood collection tubes, and ethylenediaminetetraacetic acid was added to each 
tube as an anticoagulant and the tubes were preserved at -80°C for DNA extraction. Serum 
was separated for the other 5 mL sample and stored at -80°C for future experiments. FBG 
detection was conducted using a Hitachi 7600-2020 automatic biochemical analyzer (Hitachi, 
Tokyo, Japan). FIN was measured using a radioimmunoassay kit from LINCO Research, Inc. 
(St. Louis, MO, USA). HOMA was used to calculate the insulin resistance index (HOMA-IR) 
= [FBG (mM) x FIN (mM)] / 22.5, as well as the b-cell functional index (HOMA-b) = 20 x 
FIN (mM) / [FPG (mM) - 3.5].

Extraction of genomic DNA

The phenol-chloroform method was used to extract DNA from the peripheral blood 
using a DNA purification kit (Tiangen Biotech Co. Ltd., Beijing, China). After determining the 
concentration, genomic DNA at 10-20 mg/L was stored at -20°C.

Detection of MIF rs1007888 polymorphism

The PCR amplification primers were designed based on relevant literature (Aslani 
et al., 2011) and the original DNA sequence reported in GenBank. Primer synthesis was 
performed by Shanghai Sunny Biotechnology Co., Ltd. (Shanghai, China). The primer se-
quences were: upstream primer: 5'-TTAGGGAGGGGTAAGAAC-3'; downstream primer: 
5'-GAAGCCCATGTAAAAGAA-3'. The amplified fragment length was 404 base pairs. The 
PCR was conducted in a volume of 20 mL under the following amplification conditions: pre-
denaturation at 95°C for 4 min, denaturation at 94°C for 30 s, annealing at 55°C for 30 s, and 
extension at 72°C for 30 s for 35 cycles, followed by extension at 72°C for 7 min and thermal 
insulation at 4°C. To detect the amplified PCR products, 2 mL PCR amplified product was 
subjected to 1.5% agarose gel electrophoresis, with a 100-base pair ladder used to identify the 
PCR products. DNA direct sequencing was performed to detect the SNP in the MIF rs1007888 
locus. PCR amplification products were sequenced by Shanghai Sunsoon Biotechnology Co., 
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Ltd. (Shanghai, China) by the Sanger dideoxy chain termination method. The sequencing 
primer sequence was 5'-TTAGGGAGGGGTAAGAAC-3', and sequencing was performed us-
ing an ANIPRISM 3730XL sequencer.

Statistical analysis

The SPSS 13.0 software was used for the statistical data processing (SPSS, Inc., Chi-
cago, IL, USA). Measured data are reported as means ± standard deviation, with the Student 
t-test used for the intergroup comparisons; counting data are reported as percentages, and the 
c2 test was performed to compare differences in genotype frequencies and allele frequency 
distributions. The Hardy-Weinberg law of genetic equilibrium was evaluated to determine the 
distributions of gene frequencies in the GDM group and control group.

RESULTS

Relevant clinical indicators 

FBG, FIN, and HOMA-IR levels in the GDM group were significantly higher (P < 
0.05) than those in the normal group. HOMA-β in the GDM group was significantly lower 
than that in the control group (P < 0.05) (Table 1).

Group	 Cases	 FBG (mM)	 FIN (mM)	 HOMA-IR	 HOMA-β

GDM	 240	 5.36 ± 1.20	 20.45 ± 4.84	 4.92 ± 1.10	 193.57 ± 78.43
Control	 330	 4.55 ± 0.52	 13.68 ± 2.86	 2.61 ± 0.62	 238.82 ± 82.55
t		    8.11	 13.69	   7.19	   4.70
P		  <0.05	 <0.05	 <0.05	 <0.05

FBG = fasting blood glucose; FIN = fasting insulin; HOMA-IR = homeostasis model assessment-insulin resistance; 
HOMA-β = homeostasis model assessment-β cell function.

Table 1. Comparison of clinically relevant indicators of the 2 groups (means ± SD).

Genotype distributions and genotype frequencies 

DNA direct sequencing was used to perform the genotyping of the MIF rs1007888 
locus, and the frequencies of the GG, GA, and AA genotypes are shown in Figure 1. The re-
sults showed that the genotype distributions in the GDM group and the control group were in 
Hardy-Weinberg equilibrium (P > 0.05).

Figure 1. DNA direct sequencing results of the MIF rs1007888 SNP.
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The genotype frequencies of MIF rs1007888 GG, GA, and AA in the GDM group 
were 36.40, 46.83, and 16.77%, respectively, while the allele frequency of G and A were 
60.83 and 39.17%, respectively. In the control group, the genotype frequencies of GG, GA, 
and AA were 25.04, 53.56, and 21.40%, while the allele frequencies of G and A were 53.33 
and 46.67%, respectively. The difference in MIF rs1007888 genotype frequencies between the 
GDM and control groups was statistically significant (c2 = 4.26, P < 0.05), while the allele fre-
quencies of MIF rs1007888 between the GDM group and control group were not statistically 
significant (c2 = 2.00, P > 0.05) (Table 2).

Group	 Cases		  Genotype		                                     Allele

		  GG	 GA+AA	 AA	 G	 A

GDM	 240	 87 (36.40)	 112 (46.83)	 41 (16.77)	 292 (60.83)	 188 (39.17)
Control	 330	 83 (25.04)	 177 (53.56)	 70 (21.40)	 352 (53.33)	 308 (46.67)

Table 2. Comparison of genotype distributions and genotype frequencies of the 2 groups.

Clinically relevant indicators among different genotypes

Comparisons of FBG, FIN, HOMA-IR, and HOMA-b levels between the pregnant 
women with GG genotypes and GA+AA genotypes revealed statistically significant differ-
ences (P < 0.05) (Table 3).

FBG = fasting blood glucose; FIN = fasting insulin; HOMA-IR = homeostasis model assessment-insulin resistance; 
HOMA-β = homeostasis model assessment-β cell function.

Genotype	 Cases	 FBG (mM)	 FIN (mM)	 HOMA-IR	 HOMA-β

GG	 170	 5.10 ± 1.05	 18.45 ± 8.82	 3.88 ± 1.13	 189.63 ± 79.45
GA+AA	 289	 4.63 ± 1.32	 13.44 ± 4.54	 2.96 ± 1.02	 228.73 ± 80.62
t		    3.22	   5.04	   6.54	   3.82
P		  <0.05	 <0.05	 <0.05	 <0.05

Table 3. Comparison of clinical indicators of different genotypes in the 2 groups (means ± SD).

DISCUSSION

The human MIF gene is located on chromosome 22 q11.2, and is present as a single 
gene copy composed of 3 exons and 2 introns (Herder et al., 2008a; Martin et al., 2010). MIF 
is a 115-amino acid protein with a relative molecular weight of 12.5 kDa. Its three-dimension-
al structure is composed of chains α and β, and shows no homology to other known proteins. 
Currently, the MIF molecule is not considered to be in the cytokine family, but shows multiple 
functions such as a cytokine, hormone, and enzymes, exhibits a variety of biological activi-
ties, and plays an important role in inflammation and immunity (Grieb et al., 2010). With the 
progress of the Human Genome Project, SNPs are increasingly considered to be useful for 
explaining individual phenotypic differences, disease susceptibility of different groups and 
individuals, disease tolerance towards various drugs, and response towards environmental fac-
tors. Identification of SNPs has become a primary goal of the Human Genome Project. Thus 
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far, 4 SNP loci have been identified for MIF, including rs755622, rs2070766, rs2070767, 
and rs1007888 (Herder et al., 2008b). The rs2070766 and rs2070767 loci are present in in-
tronic regions, where their polymorphisms do not cause mRNA shear. The MIF rs755622 
and rs1007888 loci have been thoroughly examined. The rs1007888 locus is located 3807 
base pairs towards the 3' end of the translation termination codon and contains the alleles G 
and A (Herder et al., 2008b). A previous study identified the GG genotype of the MIF SNP 
rs1007888 was associated with myocardial infarction in Czech female patients (Tereshchenko 
et al., 2009). Herder et al. (2008b) also found that the G allele of the rs1007888 locus was 
related to the onset of T2D in females, and was closely related to high levels of MIF in the 
circulation; elevated serum MIF levels were found to be related to an increase in T2D risk, 
suggesting that MIF has a pathogenic role in T2D.

GDM is the most common metabolic disorder during pregnancy, and shows certain 
similarities to the pathogenesis and clinical characteristics of T2D, such as IR (Mao et al., 
2012). During pregnancy, the placenta should be secreting placental growth hormone and 
placental lactogen, which is antagonistic towards insulin; free fatty acids increase, and the 
utilization of insulin towards glucose should decrease, thereby increasing IR. This condition 
makes a woman more susceptible to diabetes. Recent studies have found that MIF participates 
in the regulation of pregnancy and the occurrence of pathological pregnancy, because MIF 
was expressed in the placental trophoblast cells of GDM women (Enquobahrie et al., 2009). 
Serum MIF in GDM patients was significantly higher than that in the normal glucose tolerance 
group, and was significantly and positively correlated with FBG, FIN, and HOMA-IR levels 
during pregnancy (Yilmaz et al., 2012).

In this study, DNA direct sequencing technology was used to analyze the genotypes 
and frequencies of the MIF rs1007888 locus both in a GDM group and control group, and 
the results showed that the genotype frequencies of GG, GA, and AA in the GDM group 
were 36.40, 46.83, and 16.77%, respectively, while those in the control group were 25.04, 
53.56, and 21.40%. The MIF rs1007888 genotype frequencies in the GDM group and con-
trol group exhibited statistically significant differences (P < 0.05). The allele frequencies of 
MIF rs1007888 locus G and A allele frequencies in the GDM group were 60.83 and 39.17%, 
while those in the control group were 53.33 and 46.67%, respectively; these values were not 
significantly different (P > 0.05), and the study results suggested that the GG genotype of the 
MIF rs1007888 locus may be the pathogenic genotype of GDM and that the G allele may be 
recessive. We also found that compared with the control group, the FBG, FIN, and HOMA-IR 
levels in the GDM group were significantly higher, while FBG, FIN, and HOMA-IR levels for 
women with the MIF rs1007888 GG genotype were significantly increased compared to those 
for women with the GA+AA genotype. The findings indicated that the IR degree of pregnant 
women carrying the GG genotype was significantly increased, which promoted the occurrence 
of GDM.

Studies have found that MIF has an important regulatory role in pancreatic b-cell 
functions (Saksida and Stosic-Grujicic, 2012). Elevated serum MIF levels were significantly 
negatively correlated with pancreatic β-cell functions in T2D patients through the regulation 
of pancreatic β-cell secretion of insulin and promotion of the uptake and utilization of glu-
cose inside target cells to regulate the glucose metabolism. MIF may also positively regulate 
pancreatic β-cells to produce large amounts of MIF (Waeber et al., 1999). The regulation of 
MIF generation may be time- and glucose concentration-dependent (Waeber et al., 1997). 
GDM patients have higher levels of insulin resistance, and this insulin differentiation (Saisho 
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et al., 2013) can result in pancreatic β-cell failure (Plaisance et al., 2002). The results of this 
study showed that compared with the control group, HOMA-β in the GDM group was lower 
than that in the control group, indicating that β-cell functions in GDM patients were dam-
aged, which is consistent with the results of other studies (Wang et al., 2013). Additionally, 
compared with the GA+AA genotype, HOMA-β of the MIF-rs1007888 GG genotype was 
significantly reduced, indicating that the MIF rs1007888 GG genotype reduces β-cell func-
tions. How the GG genotype promotes the occurrence and development of GDM throughout 
pregnancy requires further examination.

The results of this study showed that the MIF rs1007888 SNP locus may be associated 
with GDM incidence and that the GG genotype may increase the IR degree during pregnancy, 
impacting b-cell functions. This locus may be the susceptibility locus for GDM, and may be 
significant in the early screening and prevention of GDM.
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