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Abstract
Bladder cancer is the 2nd most frequent malignancy of the genitourinary tract and the fourth most common 
cancer in men . This study was designed to shed light on the association between polymorphism of 
macrophage migration inhibitory factor (MIF) gene at -173 locus as risk factor of bladder cancer in Iraqi 
population by PCR-RFLP. In a hospital-based case-control study of 70 patients with bladder cancer and 30 
cancer-free controls frequency-matched by age, sex, smoking status, and alcohol use, we genotyped the MIF 
polymorphism and analyzed immunohistochemical stained operational bladder cancer tissue sections for 
MIF. We found that individuals with GC/GG genotype had a significantly decreased risk of bladder cancer ( 
OR = 1.55, 95% CI, 0.498 to 8.85) than those with CC genotype. The frequencies of the C allele on the MIF 
gene were significantly increased in Urinary bladder carcinoma patients. MIF -173G>C polymorphism may 
play a role in the etiology of bladder cancer in Iraqi.
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Introduction
Urothelial cell carcinoma occurs in the cells that 

line the inside of bladder Bladder cancer is the ninth 
most frequent cancer, and it is estimated that there 
were 340,000 newly diagnosed bladder cancer cases 
and 130,000 related deaths world wide in 1 . MIF 
enhancement of macrophage transcription, activation 
and viability, coupled with its inhibitory effects on anti-
tumor cell cytotoxic lymphocytes, suggests that MIF 
overexpression in developing malignancies may act 
in concert to facilitate increased tumor growth which 
present an important link between inflammation and 
cancer due to its pro-inflammatory role. Its molecular 
mechanisms involve, among others, the inhibition 
of p53 which promote tumor cell proliferation, cell 
survival and tumor-associated neoangiogenesis (2, 3). 
Macrophage migration inhibitory factor (MIF) functions 
as a pleiotropic protein, participating in inflammatory 
and immune responses. MIF was originally discovered 
as a lymphokine involved in delayed hypersensitivity 
and various macrophage functions, including production 
of proinflammatory cytokines, glucocorticoid-induced 
immunomodulator, and natural killer cell inhibitory 
factor (NKIF), regulation of toll-like receptor expression, 
adherence and phagocytosis of macrophages, as well as 

induction of metalloproteinase. 4. The imbalance in the 
regulation of inflammation that occurs in many cancers 
can induce cellular damage. This stimulates interaction 
between immune cells and the damaged cells, which 
then proliferate, invade, and subsequently develop into 
tumors 5. As a functional promoter, the MIF-173 situate 
in the 50 flanking region of MIF gene, which is strongly 
associated with protein production. In 2007, Meyer-
Siegler et al. 6 reported that the MIF allele defined 
by -173C SNP was associated independently with 
prostate cancer and independently with elevate levels 
of circulating MIF. The human MIF gene situated on 
22q11.2 having a single nucleotide polymorphism (SNP; 
G to C transition) in the 50-flanking region at position 
-173, which has been associated with susceptibility to 
adult inflammation 7. In 2005, Ziino et al. 8 revealed 
that the MIF-173 G[C polymorphism did not contribute 
to prednisone poor response in vivo in childhood acute 
lymphoblastic leukemia.Approximately 20% of all 
cancers arise in association with infection and chronic 
inflammation and even those cancers that do not develop 
as a consequence of chronic inflammation, exhibit 
extensive inflammatory infiltrates with high levels of 
cytokine expression in the tumor microenvironment.
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Materials and Method
Sampling and data collection

This a case-control study consisted of 70 patients 
with RA and 30 healthy persons (before surgery for 
UBC group). All subjects signed an informed consent, 
and clinical data of patients were collected from patient 
files and questionnaires. Our study was approved by the 
Research Ethics of the Iraqi Ministry of Health. About 2 
ml of whole blood was collected from all subjects

DNA extraction and purification

Genomic DNA was extracted from whole blood 
collected in EDTA-tubes from all subjects (patients 
and control individuals) using Genomic DNA 
Extraction Blood DNA Mini Kit (FAVORGENE). The 
concentration (ng/ml) and purity (260/280 nm) of the 
DNA extracts were measured at 260 nm and 280 nm 
with a NanoDrop spectrophotometer (OPTIZEN POP – 
Korea).

Genotyping

The candidate SNP MIF-173 was investigated 
using polymerase chain reaction-restriction fragment 
length polymorphism (PCR-RFLP) technique. The 
amplification reaction was done with 3 μl of 200ng/ 
μl of genomic DNA, 12.5 μl of1X Master Mix 
(Promega), 1.5 μl of 10 pmol of each specific primer 
pair (forward and reverse primer), and completed the 
volume of 20 μl PCR mixture with DNase free water.
The source of the primer was Bioneer (South Korea). 
Primer sequences of MIF-173 were forward (5’- 5- 
ACTAAGAAAGACCCGAGGC-/3) and reverse (5’- 
GGGGCACGTTGGTGTTTA ‘) 8.

The technique for PCR included a pre-denaturing 
temperature at 95°C for 10min, followed by 30 cycles 
at 95°C for 45 s; 62°C for 45 s; and 72°C for 30 min 
with a final extension at 72°C for 10 min. Ten μl of PCR 
products (366 bp in length) was digested according to 
Promega company protocol, which the digestion reaction 
mixture (36 μl) composed of 0.5 μl Alu I, 2 μl of buffer 
B, 0.2 μl BSA buffer, 7 μlof 1X Muti core buffer and 
16.3 μl of DH2O; the reaction was incubated at 37°C for 
16h. Subsequently, The product was separated on a 1.5% 
agarose gel for 45min and power 70 volt and 20mA. 
Finally, The gel was viewed by RedSafe™  Nucleic 
Acid Staining (iNtRON) under ultraviolet light . 
DNA Marker;G/G:Homozygous for absence of AluI 
restriction site (268bp 98bp); C/C: Homozygous for 
AluI restriction site (206bp, 98bp,62Heterozygous for 
AluI restriction site (268bp,206bp,98bp,62bp).

Statistical analysis

 Two-sided x2 test was used to evaluate the 
frequency distributions of select demographic variables, 
smoking status, alcohol use, and alleles and genotypes 
of MIF polymorphism between the test subjects and 
controls. The associations between MIF genotypes and 
the risk of bladder cancer were estimated by computing 
the crude and adjusted odds ratios (ORs) and their 95% 
confidence intervals (95% CIs) from logistic regression 
analyses.

Results and Discussion
 The frequency of genotypes distribution and alleles 

of the groups are presented in table (3-18). The GG, GC, 
and CC genotype frequencies were 41.4%, 10% and 
44.2%, respectively among the UBC cases and 67.5, 15, 
and 17.5%, respectively, respectively among healthy 
cases , as shown in table (3)

Table (1) Distribution of allele frequency and genotype of MIF in case-control study.

Genotype Patients N(% 
70(100%)

ControlN%
40(100%) 

  TEST X2  Odd ratio CI 95% 

GG 29(41.4%) 27(67.5%)
 

0
0 .001*

  

GC 10(14.4%) 6(15%) 1,55  0.498 to 8.85

CC 31(44.2 %) 7 (17.5%)  4,12  1.55 to 10.91

Allele
Frequency

G 68(49%) 54(67%) 1.8
 

 2.411 1.3530 to 4.299

C 72(51%) 26(33%

OR: Odd Ratio.
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CI: Confidence Interval.

Figure (1) Electrophoresis pattern of (MIF) Amplification using PCR technique 2% agarose, 75V, 20mA, for 60 min, line 1 (50 
bp) DNA marker, line 1-8 MIF genotype for patients, lane 9-12 MIF genotype for control.

Figure (2) Gel electrophoresis of MIF-173polymorphism(RFLP by AluI);M: DNA Marker(100); 4,G/G:Homozygous for absence 
of AluI restriction site (268bp 98bp);5 C/C: Homozygous for AluI restriction site (206bp, 98bp,62Heterozygous for AluI 
restriction site 7,8 (268bp,206bp,98bp,62bp).

 

  

 

366bp 

The results nearly agreed with the results reported 
by 11who found that individuals with GC/CC genotype 
had a significantly decreased risk of bladder cancer than 
those with GG genotype and the CC genotype frequency 
of MIF was lower among the cases. The GG, GC, and 
CC genotype frequencies were 63.4, 30.5, and 6.1%, 
respectively, among the cases and 50.7, 43.2, and 6.1%, 
respectively, among the controls.

The human MIF gene is located on chromosome 
22q11.2 which contains 3 exons and 2 introns. Gene 
mapping has shown that the MIF gene displays 
polymorphism, including microsatellite polymorphism 
and single nucleotide polymorphism, at 4 sites (11,12). 
G/C polymorphism is located at -173, T/G polymorphism 
is located at +254,C/G polymorphism.

 Although, how the MIF-173 G/C polymorphisms 
affect the inflammatory factor activity remains to 
be investigated, some studies suggested that the 
polymorphisms may affect the protein functions. Arikan 

et al. 14 revealed that MIF-173C allele frequency was 
significantly higher in biliary atresia patients than both 
the chronic liver disease patients and healthy control 
groups. Makhija et al. 15 reported that the MIF-173C 
alleles was over expressed in acute pancreatitis patients. 
Their data all suggested that the polymorphisms might 
affect on MIF protein expression and activity.

Conclusion
We found that individuals with GC/GG genotype 

had a significantly decreased risk of bladder cancer ( 
OR = 1.55, 95% CI, 0.498 to 8.85) than those with CC 
genotype. The frequencies of the C allele on the MIF 
gene were significantly increased in Urinary bladder 
carcinoma patients. MIF -173G>C polymorphism may 
play a role in the etiology of bladder cancer in Iraqi.
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