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Abstract

The prevalence of diabetes – especially diabetes type II- is increasing steadily; according to WHO reports it will increase to 366 mil-
lion people by the year 2030. Microvascular complications including Proliferative diabetic retinopathy (PDR) and end stage renal
disease (ESRD) are increased in patients with diabetes mellitus. Case-control association studies have demonstrated that rs1617640
SNP in the promoter of erythropoietin (EPO) gene is significantly associated with PDR and ESRD. In the mentioned SNP, TT geno-
type is considered as risk genotype which means that EPO concentration in human vitreous body in these people shall be higher.
People with TT genotype are much more at risk of retinopathies. In this study we investigated the existence of rs1617640 EPO gene
polymorphism among 150 healthy subjects and 150 subjects with diabetes type II who referred to Yazd central laboratory. Then the
association of rs1617640 SNP with complications among diabetic patients were examined by ARMS-PCR method. The results were
analyzed using GraphPad software (version 5.00). Prevalence of genotype GG was 8% in patients and 1.3% in the control group. GT
was 51.3% in patients, and 86.7% in the control group, and finally TT was observed in 40.7% in patients, and 12% of control group. The
TT genotype was 37.6% in patients with retinopathy and 42.6% in non-retinopathy patients. Our study demonstrates that the preva-
lence of rs1617640 SNP has significant difference between diabetic patients and control group; whereas there was not any significant
relationship between this polymorphism and the complications of diabetes in patients. Together our study reveals that rs1617640
SNP may be associated with susceptibility to diabetes type II; however it seems that this polymorphism is not significantly related
to the diabetic complications in Yazd.
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1. Background

Diabetes mellitus is a metabolic disease caused by hy-
perglycemia resulting from defects in insulin secretion
and/or insulin action. Based on WHO report, prevalence
of diabetes would increase to 366 million people by the
year 2030 (1, 2). Although the prevalence of both diabetes
types I and II are increasing dramatically but diabetes mel-
litus type II shows higher growth rate (over 90% of dia-
betes). Diabetes as a multifactorial disease is caused by
environmental and genetic factors. Complications of dia-
betes include micro vascular damage (including retinopa-
thy, nephropathy and neuropathy) and large vascular in-
juries (e.g. stroke, coronary artery disease, and peripheral
vascular disease).

So far, several genomic studies have identified genes
associated with type II diabetes, however determining the
exact gene or genes involved in diabetes type II has not

been possible. A plethora of studies demonstrated that
more than one locus are involved in diabetes type II (3).
Erythropoietin (EPO) is a protein signaling molecule (cy-
tokine) which targets erythrocytes precursors in the bone
marrow stimulating erythropoiesis (4). EPO is produced
by adult kidneys and fetal liver (5). In general, EPO activi-
ties are linked to angiogenesis, cardiovascular protection,
anti-inflammatory as well as regulation of cellular energy
metabolism. This latter function has been recently discov-
ered (6-8). Microvascular complications including Prolif-
erative diabetic retinopathy (PDR) and end stage renal dis-
ease (ESRD) are increased in patients with diabetes melli-
tus. Case-control association studies have demonstrated
that rs1617640 SNP in the promoter of EPO gene is signifi-
cantly associated with PDR and ESRD. rs1617640 G > T poly-
morphism in the EPO gene promoter increases EPO ex-
pression in mRNA and consequently protein level. Various
studies investigated the association of this polymorphism
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with diabetes in different populations worldwide (1, 9-11).
In this study we investigated the existence of rs1617640 EPO
gene polymorphism among 150 healthy individuals and
150 individuals with diabetes type II who referred to Yazd
(an Iranian province) central laboratory.

2. Methods

2.1. Case and Control

In this study we utilized samples received from 150 pa-
tients (between 35 - 65 years old) with diabetes type II (all
patients had at least 5 years history of diabetes at Yazd
Central Laboratory Yazd Iran) and 150 normal subjects (be-
tween 35 - 65 years old). All normal subjects did not have
family history of diabetes, genetic diseases, infertility or
autoimmune diseases. All individuals provided informed
consent before participation. All case and control individ-
uals were originally from Yazd province.

2.2. Genotyping

Single nucleotide polymorphism rs1617640 (G > T) is in
position 1.125 bp upstream of the transcription start site of
the EPO. After determining the purity and quality of DNA
by evaluating absorbance of extracted DANs at 230, 260
and 280nm with spectroscopy, ARMS-PCR method was per-
formed on the samples using the ABI thermocycler instru-
ment (Applied Biosystem, USA). The sequences of primers
are depicted in Table 1.

Table 1. Sequence of the Primers Used for ARMS-PCR

Primer Type Sequences

Common primer 5’-TTTGACCTGTGGTGTAGGTT-3’

Wild type primer 5’-CTGCTCTGGGAATCTCACTTA-3’

Mutant primer 5’-CTGCTCTGGGAATCTCACTTC-3’

Total DNA were extracted from whole blood, utilizing
Gene ALL extraction kit (GeneALL, ExgeneTM SV mini, 100p
Korea). Agarose and all other materials were purchased
from sigma (USA).

ARMS-PCR program was set at 95°C for five minutes, 30
seconds at 95°C, followed by 30 seconds at 57°C, then 30 sec-
onds at 72°C (these latter 3 steps were repeated for 35 cy-
cles) and finally 5 minutes at 72°C. The PCR products were
loaded and detected on the 1.5% agarose gel.

Statistical analysis performed by GraphPad software
(version 5.00).

3. Results

3.1. Demographic Features

The statistical results showed no significant difference
in BMI between the two groups regarding demographic
characteristics. In addition there was no significant differ-
ence between case and control regarding their gender (Ta-
ble 2).

3.2. Allelic and Genotype Frequency of rs1617640

Investigating the existence of rs1617640 polymor-
phism in the two study groups (patients with diabetes and
normal individuals) revealed following results.

Genotype frequency of healthy individuals without di-
abetes: GG = 1.3%, GT = 86.7%, and TT = 12%, genotype fre-
quency of diabetic patients: GG = 8%, GT = 51.3%, TT = 40.7%.
There was a significant difference between the diabetic pa-
tients and normal individuals for TT genotype frequency (P
value = 0.05), which means in diabetic patients this geno-
type has significantly higher frequency than in normal in-
dividuals (Table 3).

3.3. The Frequency of Allelic and Genotypic rs1617640, Associ-
ated with Complications Among Case Groups (Diabetics)

3.3.1. Association of rs1617640 and Retinopathy Development in
Diabetic Patients

Among 150 diabetic subjects, 56 individuals had
retinopathy and the frequency of genotypes were GG
= 14.2%, GT = 48.2%, and TT = 37.9% while in 94 patients
without retinopathy the genotype were GG = 4.2%, GT =
53.2%, and TT = 42.6%. No significant correlation for TT
polymorphism was observed between diabetic patients
with retinopathy and patients without retinopathy (P
value= 0.05) (Table 4).

3.3.2. Association of rs1617640 and Nephropathy Development
in Diabetic Patients

Among 150 diabetic patients, 33 patients showed
nephropathy and genotypes frequencies among them
were; GG = 9%, GT = 45.5%, and TT = 45.5% while in 117 pa-
tients without neuropathy these frequencies were; GG =
7.7%, GT = 53%, and TT = 39.3%. There was no significant
differences for rs1617640 polymorphism, between diabetic
patients who showed nephropathy and patients without
nephropathy (P = 0.05) (Table 5).

3.3.3. Association of rs1617640 and Neuropathy Development in
Diabetic Patients

Among 150 subjects who had diabetes, 54 patients
showed neuropathy and the genotypes frequencies were;
GG = 7.4%, GT = 50%, and TT = 42.6% while in 96 patients
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Table 2. Baseline Characteristics of the Involved Subjects (N=150)

Variables Controls Cases P Value

Sex (male/female) 83/67 97/53 0.099

BMI, kg/m2 , ± SD 27.3 ± 7.5 26.4 ± 4.2 0.243

Abbreviation: BMI, Body Mass Index.

Table 3. Genotype and Allele Frequencies of rs1617640 in Cases (N = 150) and Controls (N = 150) Groupa

Genotypes and Alleles Control Group Case Group P Value

GG 2 (1.3) 12 (8) ns

GT 130 (86.7) 77 (51.3) ns

TT 18 (12) 61 (40.7) 0.002

Allele G 134 (44.7) 101 (33.7) ns

Allele T 166 (55.3) 199 (66.3) 0.002

Abbreviation: ns, Not Significant.
aValues are expressed as No. (%).

Table 4. Genotype and Allele Frequencies of rs1617640 in Patients with Retinopathy (N = 56) and Patients Without Retinopathy (N = 94)a

Genotypes and Alleles Patients with Retinopathy Non-Retinopathy Patients P Value

GG 8 (14.2) 4 (4.2) ns

GT 27 (48.2) 50 (53.2) ns

TT 21 (37.6) 40 (42.6) ns

Allele G 43 (38.4) 58 (30.9) ns

Allele T 69 (61.6) 130 (69.1) ns

aValues are expressed as No. (%).

Table 5. Genotype and Allele Frequencies of rs1617640 in Patients with Nephropathy (N = 33) and Patients Without Nephropathy (N = 117)a

Genotypes and Alleles Patients with Nephropathy Non-Nephropathy Patients P Value

GG 3 (9) 9 (7.7) ns

GT 15 (45.5) 62 (53) ns

TT 15 (45.5) 46 (39.3) ns

Allele G 21 (31.9) 80 (34.1) ns

Allele T 45 (68.1) 154 (65.9) ns

aValues are expressed as No. (%).

without neuropathy these frequencies were; GG = 8.3%, GT
= 52.1%, and TT = 39.6% which shows no significant associ-
ation for rs1617640 between patients who developed neu-
ropathy and patients without neuropathy (P = 0.05) (Table
6).

4. Discussion and Conclusion

Erythropoietin is a protein coding gene which finally
encodes a multifunctional cytokine glycoprotein. EPO is
a potent angiogenic factor which is important in diabetes
and some cancers (including breast cancer (9)). When ac-
tivated in specific conditions, its angiogenic activity pre-
vents tissue ischemia damages (12-21). Over-expression of
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Table 6. Genotype and Allele Frequencies of rs1617640 in Patients with Neuropathy (N = 54) and Patients Without Neuropathy (N = 96)a

Genotypes and Alleles Patients with Neuropathy On-Neuropathy Patients P Value

GG 4 (7.4) 8 (8.3) ns

GT 27 (50) 50 (52.1) ns

TT 23 (42.6) 38 (39.6) ns

Allele G 35 (32.4) 66 (34.4) ns

Allele T 73 (67.6) 126 (65.6) ns

aValues are expressed as No. (%).

EPO, can cause, proliferative diabetic retinopathy (PDR)
and end-stage renal disease (ESDR) in diabetics (1). This ab-
normal expression can be the result of rs1617640 polymor-
phisms (G > T) in the promoter of EPO gene. Investigation
of the presence of this polymorphism in different popula-
tions, have yielded different results in the development of
diabetic complications, possibly resulting from racial and
ethnic differences in different populations.

At the first step we investigated the frequencies of dif-
ferent genotypes (including GG (normal), GT (heterozy-
gote) and TT (mutant)) between controls (150 healthy in-
dividuals without diabetes and with no family history for
the disease) and patients (150 with diabetes) groups. Re-
sults showed that the TT mutated genotype has signifi-
cantly higher rate in diabetic patients.

In the next step, this polymorphism was examined
among diabetic patients with different complications (in-
cluding retinopathy, nephropathy and neuropathy). The
frequencies of different genotypes in diabetic patients
with a specific complication were compared with patients
who had not developed the complication.

Taken together our results show that although the
TT mutated genotype has significantly higher rate in dia-
betic patients compared to normal individuals; there is no
significant relationship between this polymorphism and
some of diabetic complications (P > 0.05) in patients with
diabetes type II from Yazd province.
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