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Abstract. Associations of functional single nucleotide poly-
morphisms in MIF-173G/C with early stage cervical cancer 
were investigated in a hospital-based case-control study on 
250 patients with cervical cancer prior to surgery (including 
49 cases with and 201 cases without lymphatic metastasis) 
and 147 healthy controls. The polymorphism was assessed 
using restriction fragment length polymorphism polymerase 
chain reaction, and the MIF serum concentration was exam-
ined using the enzyme-linked immunosorbent assay to 
analyze the correlation between the polymorphism and the 
MIF serum concentration. Carriers of the variant C allele in 
MIF-173 were at a significantly higher risk of cervical cancer 
compared to carriers of the wild-type allele (aOR=1.508; 95% 
CI, 1.128-2.016, p=0.05). The GC and CC genotypes may be 
the causative factors for cervical cancer (aOR=1.851; 95% 
CI, 1.132‑3.027, p=0.013). Individuals with the GC+CC geno-
type and C allele at the MIF-173G/C site were at a significantly 
higher risk of cervical cancer and lymphatic metastasis. The 
risk of lymphatic metastasis in early stage cervical cancer was 
increased more than 1.6 times in patients with the CC and GC 
genotypes compared with those with the GG genotype. The 
genotype distribution and allele frequency of MIF-173G/C 
were statistically significant in the well-, moderately and poorly 
differentiated groups (P<0.05). Compared to the GG genotype 
and G allele, patients with GC and CC genotypes and C allele 
exhibited a lower degree of differentiation and a higher degree 
of malignancy. A significant difference was observed in MIF 
serum concentrations among the various subgroups (P<0.05). 
The early cervical cancer, lymphatic metastasis and poorly 
differentiated groups exhibited higher MIF levels in serum. 
Moreover, patients with the CC genotype exhibited higher 
MIF serum concentration, which could increase the risk of 

early stage cervical cancer and lymphatic metastasis. The 
results presented in this study provide the first evidence that 
the genetic polymorphism MIF-173 is associated with cervical 
cancer in humans. Detection of MIF serum concentration and 
genotyping may be used as biomarkers for early diagnosis and 
therapy for cervical cancer.

Introduction

Cervical cancer is the second most common cancer among 
women worldwide, with an estimated 493,000 new cases and 
274,000 deaths in the year 2002, of which 83% occurred in 
developing countries (1). Although a substantial decrease in 
both incidence and mortality rates has been observed in the 
past 30 years, with the age of patients becoming increasingly 
younger (2,3). More than 100,000 cervical cancer cases are 
diagnosed in China each year, and lymph node metastasis 
is the most common form of metastasis in the early stages 
of cervical cancer (4). Shanxi Province has the highest inci-
dence of cervical cancer in China. The etiology of cervical 
cancer is not entirely understood: human papillomavirus 
(HPV) infection has become globally accepted as one of the 
main causes (5) and the correlation between inflammation 
and cancer has been the subject of extensive investigation in 
China and worldwide. The majority of HPV infections are 
cleared without further consequences for the host: however, 
untreated infection with certain high-risk HPV types may 
cause high-grade cervical intraepithelial neoplasia (grades 
II–III) and cervical cancer (6). A number of studies indicated 
that the inflammatory factor plays a crucial role in the occur-
rence and development of cancer (7-10). This observation 
is supported by the epidemiological relationship between 
chronic or recurrent local inflammation and cancer develop-
ment, such as the association between Barrett's esophagus and 
esophageal cancer, Helicobacter gastritis and gastric cancer, 
chronic pancreatitis and pancreatic cancer, cirrhosis and 
hepatic cancer, and inflammatory bowel disease and colon 
carcinoma (7). Current research has predominantly focused 
on single-nucleotide polymorphisms (SNPs). Studies have 
found that the SNPs of oncogenes were associated with tumor 
metastasis and malignant potential. The SNP of the coding or 
promoter regions is of significance in medical research and 
may be used as a tumor marker in the early diagnosis and 
prevention of cancer.
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Macrophage migration inhibitory factor (MIF) is a 
lymphocyte factor whose main role is to restrain the mobility 
of macrophages, promoting macrophage accumulation in 
Type IV allergic reactions (11). It is also a type of inflammatory 
cell factor with extensive roles and a high expression in certain 
tumor tissues. MIF is involved in tumor cell proliferation and 
differentiation, promotes tumor invasion and metastasis (12) 
and is capable of increasing the susceptibility to diseases such 
as lung (13) and breast cancer (14), gastric carcinogenesis (15) 
and prostate cancer (16). The human MIF gene situated on 
chromosome 22 (q11.23) has a 2-kb structure with three exons 
and two introns (17). A ‘G’ to ‘C’ SNP at the -173 position plays 
a significant role in gastric carcinogenesis (15) and prostate 
cancer (16) where, in conjunction with C alleles, it is associ-
ated with increased genetic predisposition and is significantly 
associated with tumor invasion and metastasis and malignant 
potential. However, the role and effect of MIF-173G/C in early 
cervical cancer has yet to be investigated.

We hypothesized that MIF-173G/C polymorphisms are 
significant in the development and invasiveness of cervical 
cancer. The MIF-173 G/C genotype was examined in primary 
cervical cancer patients and healthy controls in the Shanxi 
Province to investigate whether there is an association 
between MIF gene polymorphism at -173 and the incidence 
of cervical cancer, risk of lymph node metastasis and degree 
of malignancy. We also examined the pathogenesis of malig-
nant transformation of tumor cells at the molecular level. 
Additionally, we examined the serum MIF concentrations of 
primary cervical cancer patient and healthy control groups, 
patients with and without lymph node metastases and patient 
groups with various degrees of malignancy, and investigated 
the relationship between the MIF-173G/C polymorphism and 
MIF serum concentrations of primary cervical cancer patients. 
We postulate that MIF is a tumor marker for early diagnosis 
and prevention of cervical cancer.

Materials and methods

Study population. Using a case-control study, 250 newly diag-
nosed, histologically confirmed Ib-Ⅱa period cervical cancer 
patients were consecutively recruited between May 2009 and 
December 2009 from the First Affiliated Hospital of Shanxi 
Medical University and the Shanxi Tumor Hospital (treated 
without chemotherapy), with an average age of 49.08±9.405 
years. The non-cancer controls (n=147) were composed 
of outpatients who visited the First Affiliated Hospital of 
Shanxi Medical University to participate in a routine cervical 
cancer screening program. These subjects did not exhibit 
any history of cervical disease nor present any evidence of 
cervical pathology. Additionally, patients with active infec-
tious diseases, chronic inflammatory diseases, or histologically 
undetermined cervical abnormalities were excluded from this 
study to limit selection bias. The average age was 47.99±10.750 
and the average ages in the two groups compared were not 
statistically significant. The case and control subjects were 
born in the Shanxi province, China.

Genotyping. Genomic DNA was extracted from EDTA‑ 
anticoagulated peripheral blood samples, according to the 
salting-out method. Polymerase chain reaction (PCR) amplifi-

cation of the region of interest was carried out with forward 
(5'-ACTAAGAAAGACCCGAGGC-3') and reverse 5'-GGGG 
CACGTTGGTGTTTAC-3') primers. PCR reagents in 25  µl 
reaction volume contained 100 ng of genomic DNA, 0.5 µl of 
each oligonucleotide primer (10 µM), 2.5 µl 10X PCR buffer, 
2.0  µl dNTP (2.5 mM), and 0.5  µl Taq Polymerase (5  U/µl) 
(Takara Biotechnology Co., Ltd., Dalian, China). The PCR 
reactions were carried out as follows: 1  cycle of 94˚C for 
5 min, 30 cycles of 94˚C for 45 sec, 57˚C for 45 sec and 72˚C 
for 1 min, followed by 1 cycle of 72˚C for 7 min. The PCR 
product was digested with AluI restriction endonuclease 
(Takara Biotechnology Co., Ltd, Otsu, Shiga) overnight at 
37˚C. The digest was loaded onto a 2% agarose gel and run at 
80 V for 40 min, then visualized under ultraviolet light staining 
with ethidium bromide. A 50-base pair (bp) DNA ladder 
(Takara Biotechnology) was used to assess DNA size. The 
366-bp PCR product had a consistent restriction site, resulting 
in a 98- and a 268-bp fragment. The GG genotype did not have 
a second cutting site for AluI. The CC genotype had a second 
cutting site resulting in 3 fragments of 205, 98 and 63 bp in 
size. The heterozygous GC genotype was characterized by 
4 bands of 268, 205, 98 and 63 bp.

Enzyme-linked immunosorbent assay (ELISA) used for the 
detection of serum concentrations of MIF. Blood samples were 
collected from 102 patients with cervical cancer (comprising 
21 patients with and 81 without lymphatic metastasis) and 
48  healthy controls. Collected EDTA‑anticoagulated periph-
eral blood samples (5 ml) were centrifuged at 3000 rpm for 5 
min. Supernatants of anticoagulated plasma were collected and 
stored at -70˚C until use. The ELISA kit was provided by R&B 
Systems (Minneapolis, MN, USA). ELISA was performed 
according to the manufacturer's instructions and repeated 
twice to obtain the average. Absorbance at 492 nm was tested 
using a spectrophotometer.

Statistical analyses. Differences in the distributions of 
genotypes and allele frequencies of the MIF-173G/C vari-
ants in various groups were evaluated using the χ2 test. The 
associations between MIF genotypes and risk of cervical 
cancer were estimated by computing the odds ratios (OR) 
and their 95%  confidence intervals (95%  CI). The Hardy-
Weinberg equilibrium was tested using a goodness-of-fit χ2 
test to compare the observed genotype frequencies with those 
expected among the control individuals. MIF serum concen-
trations were expressed as x±s. The F-value was calculated and 
the differences in serum concentrations between the various 
groups were compared. Statistical significance was considered 
for two-tailed P-values of <0.05. Statistical analyses were 
performed using SPSS 13.0.

Results

Selected characteristics of the 250 cervical cancer cases 
and 147 cancer-free controls are shown in Table I. Of the 
250 cervical cancer cases, 234 (93.6%) were squamous cell 
carcinoma, 6 (2.4%) were adenocarcinoma and 2 (0.8%) 
were adenosquamous carcinoma. With regard to tumor 
stage, 23  (9.2%) cases were stage I carcinoma, 139 (55.6%) 
were stage II, 72 (28.8%) were stage III and 16 (6.4%) had 
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no staging information. In total, 84 (33.6%) patients exhibited 
contact bleeding, and 166 (66.4%) did not. Compared with the 
control subjects, the cervical cancer cases had a significantly 
higher parity (P=0.023), and higher family history of any 
types of cancer (P=0.009).

The Hardy-Weinberg equilibrium was maintained in 
MIF-173G/C in the blood of the cervical cancer and healthy 
control groups, indicating that this polymporphism was present 
in each of the two groups (Table II).

Allele and genotype frequencies were measured in 
250  patients and 147 controls for this biological polymor-
phism. Significantly different genotype distributions were 
found between cervical cancer patients and healthy controls 
(P=0.022). In particular, the incidence of the MIF wild-type 
genotype (GG) in patients was lower (16.8%) than that in the 
controls (27.21%). The distribution of mutant genotypes (GC 
and CC) was higher among patients (83.20%) than the controls 
(72.79%). A statistically significant risk (OR=1.851, P=0.013) 
was observed for the combined CC and GC genotypes. These 
mutant genotypes were identified as possible causative factors 
increasing the risk of primary cervical cancer. The same 
results were subsequently observed in the groups with and 
without lymphatic metastasis, as well as in the various differ-
entiation groups. The carriers of the GC and CC genotypes 
exhibited a higher risk of lymphatic metastasis 1.666 times 
that of GG genotype carriers (P=0.019). Furthermore, C allele 
carriers exhibited a risk of lymphatic metastasis 1.850 times 
that of G allele carriers (P=0.012). These results indicate that 
the mutant genotypes of GC and CC and C allele may play 
a significant role in the development of cervical cancer and 
lymphatic metastasis (Table III).

The ELISA revealed that that the average serum concentra-
tions of MIF were statistically significantly different between 
cervical cancer patients and healthy controls, as well as in the 
groups with and without lymphatic metastasis and between 
the groups presenting various degrees of tumor differentiation 
(P<0.05) (Table IV).

Combined effects of MIF polymorphism and serum MIF 
concentration for cervical cancer. Tables  V-VII show the 
effects of MIF polymorphism and serum MIF concentra-
tion for cervical cancer. The serum MIF concentration was 
higher in patients than in controls across each genotype 
(P<0.05). However, GC or CC genotype carriers exhibited 
higher levels of MIF expression than patients without those 
genotypes. The lymphatic metastasis group exhibited a higher 
MIF serum expression than the group without lymphatic 
metastasis. Additionally, in the lymph metastasis group, GC 
or CC genotype carriers exhibited higher levels of MIF serum 
expression than patients without those genotypes. Serum MIF 
concentrations were higher in the poorly differentiated group 

Table I. Demographic and selected variables in cervical cancer 
patients and controls.

	 Cases	 Controls	
Variables	 (n=250)	 (n=147)	 P-value
	 n (%)	 n (%)

Age (years;	 49.08±9.405	 47.99±10.750	 0.639
mean ± SD)
Parity			   0.023
  0-1	 34 (13.6)	 30 (20.0)	
  2	 96 (38.4)	 62 (42.3)	
  >2	 120 (48.0)	 55 (37.7)	
Family history			   0.009
of cancer
  No	 212 (84.8)	 137 (93.2)	
  Yes	 38 (15.2)	 10 (6.8)	
Histological type
  Squamous cell	 234 (93.6)		
    carcinoma
  Adenocarcinoma	 6 (2.4)		
  Adenosquamous	 2 (0.8)		
  Others	 8 (3.2)		
Stage
  I	 23 (9.2)		
  II	 139 (55.6)		
  III	 72 (28.8)		
  Unknown	 16 (6.4)		
Contact bleeding
  No	 166 (66.4)
  Yes	 84 (33.6)
Lymphatic
metastasis
  No	 201 (80.4)
  Yes	 49 (19.6)

SD, standard deviation.

Table II. Hardy-Weinberg equilibrium examination of the MIF-173G/C genotypes in Shanxi province

	 Case group	 Control group
	 -----------------------------------------------------------------------------------------------------------------------------------------------------------	 ----------------------------------------------------------------------------------------------------------------------------------------------------------
Genotype	 Practiced	 Expected	 Overall	 HWE	 Practiced	 Expected	 Overall	 HWE

GG	 42	 40.4	 250	 P﹥0.05	 40	 37.3	 147	 P>0.05
GC	 117	 120.2			   68	 73.4		
CC	 91	 89.4			   39	 36.3		

HWE, Hardy-Weinberg equilibrium.
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than in the well-differentiated one. These results indicate that, 
as GC or CC genotype carriers exhibited higher serum MIF 
concentrations, which increase the risk of cervical cancer and 
subsequent lymph metastasis, the degree of differentiation of 
tumor cells may be poorer than that of GG genotype carriers.

Discussion

This study investigated the association between cervical 
cancer and functionally active polymorphisms in the MIF 
gene. A marked correlation exists between MIF gene polymor-
phism and human autoimmune and inflammatory diseases. 
Donn et al first found that the MIF gene exhibits an SNP 
dot in the promoter region, a mutation from G to C. Previous 
studies have shown that there are at least 200 genetic poly-
morphisms in the MIF gene, which are concentrated in four 
areas: the promoter regions -794 CATT repeat sequences, 5' 
flank area -173 G→C mutations, and the intron regional +254 
(T/C) and +656 (C/G) (19). Intron area gene polymorphism is 
not considered to be significant. However, the polymorphisms 
of the promoter and explicit area affect transcription activity 
and disease susceptibility. Among them, the polymorphism 
in the promoter region may alter the expression of mRNA, 
further adjusting the expression of the protein. MIF-173G/C 
increases susceptibility to certain diseases. Arisawa et al 
(15) found that the C allele is a risk factor for gastric carcino-
genesis. Meyer-Siegler et al (16) found that the incidence of 
prostate cancer was significantly increased among GC and CC 

genotype carriers. Xue et al (20) found that the MIF-173G/C 
polymorphism was an etiological factor in childhood acute 
lymphoblastic leukemia and identified it as a potential candi-
date gene for assessing susceptibility to this malignancy.

This study adopted a restriction fragment length polymor-
phism polymerase chain reaction to analyze the genotype of 
patients and healthy controls. In the case of the -173 allele, 
there was a trend towards underrepresentation of the GG 
genotype among the cervical cancer patients. However, this 
relationship did not achieve statistical significance (P=0.065). 
With regard to the frequencies of the CC and GC genotypes 
and alleles, these polymorphisms were more frequent among 
the cervical cancer patient, lymph metastasis, and poorly 
differentiated groups than in the control, no metastasis and 
well-differentiated groups, respectively. (p<0.05). This obser-
vation indicates that the polymorphism of MIF-173G/C may 
correlate with the incidence of cervical cancer, risk of lymph 
node metastasis and malignant degree. This is consistent 
with results obtained by Donn et al (19). The GC and CC 
genotypes and C allele are risk factors in early-stage cervical 
cancer. Compared to GG genotype carriers, the risk of lymph 
node metastasis may be higher and the malignant degree may 
be more serious, potentially resulting in poorer prognosis.

A number of cytokine gene polymorphisms have been 
associated with altered levels of cytokine production or 
activity, susceptibility to various diseases (21-22), and tumor 
initiation, growth and metastasis (23). MIF is a cell factor stem 
from activated T lymphocytes and macrophages, which plays 

Table IV. MIF serum concentrations.

Group	 N	 x±s (ng/ml)	 P-value

Controls	 48	 11.24±1.86		
Patients	 102	 16.31±5.07	 0.000a	
Lymphatic metastasis	 21	 23.88±5.03	 0.002b	 0.000d

No lymphatic metastasis	 81	 14.34±2.69	 0.000c	
Well-differentiated	 19	 11.40±1.70	 0.000e	
Moderately differentiated	 57	 16.30±3.48	 0.000f	
Poorly differentiated	 26	 19.92±6.55	 0.000g	

Statistically significant difference between average MIF concentrations in acontrols and patients; bcontrols and patients with lymphatic metas-
tasis; ccontrols and patients without lymphatic metastasis; dpatients with and without lymphatic metastasis; ewell and moderately differentiated 
groups; fwell and poorly differentiated groups; and gmoderately and poorly differentiated groups; (P<0.05), for all concentrations.

Table V. Serum concentrations in controls and early cervical cancer patients with three genotypes.

		  Genotype (ng/ml)
Group	 n	 -----------------------------------------------------------------------------------------------------------------------------------		  F-value	 P-value
		  GG	 GC	 CC			 

Control	 48	 8.535±1.633	 13.655±0.530	 11.441±1.500	 11.314±2.028	 6.386	 0.019a

Patient	 102	 13.574±3.144	 18.689±4.817	 21.260±7.013	 17.570±5.919	 7.212	 0.002b

		  12.981±3.408	 18.060±4.805	 17.332±7.325	 16.156±5.898	 4.221	 0.020c

Statistically significant difference between average MIF concentrations of 3 genotypes in the acontrol group; bpatient group, and cbetween the 

control and patient groups; (P﹤0.05), for all concentrations.
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a crucial role in the inflammation and immunoreactions. MIF 
is also a significant factor in the development of tumors, and 
is involved in the proliferation and differentiation of tumor 
cells, the formation of tumor blood vessels, and the inhibition 
of tumor cell apoptosis, with a high concentration observed 
in certain pre-cancerous diseases (24). Our study used ELISA 
to examine the serum concentrations of MIF in early stage 
cervical cancer patients and healthy controls, as well as groups 
of cervical cancer patients with and without lymph node 
metastasis and three groups with different degrees of differen-
tiation. Our results demonstrate that the serum concentrations 
of MIF in the early cervical cancer, lymph node metastasis 
and low differentiation groups exhibited a rising trend. Our 
study results showed that concentrations in healthy individuals 
are  <12 ng/ml: the risk of early cervical cancer increases with 
concentrations >12 ng/ml; incidence of lymph node metastasis 
is markedly increased with concentrations of >15 ng/ml; and 
concentrations >11.4 ng/ml are correlated with lower degrees 
of tumor differentiation, higher degrees of malignancy and 
poorer prognosis. Serum concentrations of MIF are therefore 
capable of being used to predict early cervical cancer, assess 
the risk of lymph node metastasis and degree of tumor malig-
nancy, and provide a beneficial diagnostic and prognostic tool 
for clinical application (Table IV).

In combination with MIF serum concentrations and MIF 
genetic polymorphism, MIF-173 promoter region SNPs affect 
MIF gene expression and thus have an impact on serum MIF 
levels. Statistically significant differences were observed 
between the average blood serum concentrations of MIF in 
the patient and control groups (F=4.221, P=0.020); the groups 
with and without lymph node metastasis (F=7.212, P=0.002); 
and the three groups with various degrees of differentiation 

(P<0.05). GC or CC genotype or C allele carriers exhibit high 
levels of MIF in serum, and are more likely to develop early 
cervical cancer, lymph node metastasis and higher degrees 
of tumor malignancy. However, MIF serum concentrations 
>13  ng/ml were associated with increased risk of  early 
cervical cancer, and levels >14  ng/ml were associated with 
increased risk of lymph node metastasis even in GC (wild-
type) carriers.

The present study had certain limitations. The study was 
hospital-based and was conducted in the region of the Shanxi 
Province, China. Therefore, it was not possible to eliminate 
selection bias. Furthermore, since the current study did not 
include all clustered polymorphism sites of MIF and associ-
ated genes, various types of analysis could not be carried out. 
Therefore, further large-scale population-based studies should 
be conducted, including the analysis of various clustered 
polymorphisms.

In conclusion, monitoring serum concentrations of MIF 
and evaluating the MIF-173 dot genotype may aid in the 
assessment of the risks of early cervical cancer, lymph node 
metastasis and degree of malignancy in the clinic. It may also 
benefit prognosis and  screening of the high-risk population 
of early cervical cancer, and provide a significant clinical 
marker for the prevention and further treatment of early 
cervical cancer.
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Table VII. MIF serum concentration in differentiation groups with three genotypes.

	 Genotype (ng/ml)		
Group	 n	 -----------------------------------------------------------------------------------------------------------------------------------		  F-value	 P-value
		  GG	 GC	 CC		

Well differentiated	 19	 9.220±1.213	 11.341±0.751	 10.762±1.124	 20.474	 0.000a

Moderately differentiated	 57	 13.641±1.019	 17.482±0.987	 22.911±1.121	 554.769	 0.000b

Poorly differentiated	 26	 15.711±0.876	 17.981±1.051	 19.264±1.219	 4.625	 0.013c

Statistically significant difference between average MIF concentrations of 3 genotypes in the awell-differentiated group; bmoderately differenti-
ated group; and cpoorly differentiated group; (P﹤0.05), for all concentrations.

Table VI. Serum concentration in the groups with and without lymphatic metastasis with three genotypes.

		  Genotype (ng/ml)			 
Group	 n	 -----------------------------------------------------------------------------------------------------------------------------------		  F-value	 P-value
		  GG	 GC	 CC			 
No lymphatic metastasis	 81	 12.185±2.285	 16.277±1.027	 15.058±2.815	 14.265±2.743	 8.667	 0.002a

Lymphatic metastasis	 21	 17.393±1.482	 23.032±6.052	 27.462±2.284	 23.300±5.586	 6.154	 0.016b

		  13.574	 18.690	 21.260	 17.570	 7.212	 0.002c

Statistically significant difference between average MIF concentrations of 3 genotypes in the agroup without lymphatic metastasis; bgroup with 
lymphatic metastasis; cbetween the groups with and without lymphatic metastasis; (P﹤0.05), for all concentrations.
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