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Abstract  In this case-control study, we investigated the association of G801A single nucleotide polymorphis ms (SNPs) 
in the SDF-1β gene (SDF-1β 3’A) with type 2 diabetes (T2DM) in a south Indian population. In this assessment, peripheral 
blood samples were collected from 150 T2DM patients and 150 healthy controls who attended our tertiary care hospital in 
Chennai, India. Peripheral b lood genomic DNA was extracted and subjected to PCR-RFLP, to examine SDF-1β gene 
polymorphis m. Our results showed that the genotype frequency of “GG” was significantly  associated with T2DM when 
compared to healthy controls (P <0.001). Interestingly, our results also showed that SDF-1 “G” allele to be risk allele [1.238 
(0.899-1.706)] and “A” to be the protective allele fo r T2DM at least in our south Indian population. Based on the results of 
this study, we conclude that SDF-1β 3’A polymorphis m to play a role in the pathogenesis of T2DM. 
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1. Introduction 
According to the diabetes atlas 2011, the number of people 

liv ing with diabetes is expected to rise from 366 million in 
2011 to 552 million by 2030. India, the world’s second most 
populous country, now has more people (61.3 million) living 
with type 2 diabetes (T2DM); this places India second to 
China. T2DM is considered a multifactorial pathology that 
invo lves insulin  resistance and  is associated to  obesity, 
dyslipidemia, endothelial dysfunction and inflammation[1]. 
Although T2DM has a strong genetic basis, until recently, 
most candidate genes for T2DM have shown only modest 
effects and the associations have been inconsistent[2,3]. 
Cytokines are a g roup o f pharmacolog ically  act ive low 
molecu lar weight  p ro teins that  possess autocrine and 
paracrine effects[4] and are known products and effectors of 
the inflammatory and immune system[5].They have recently 
been the focus of several studies due to their crucial roles in 
T2DM and  its complicat ions and the impact  of cytokine  
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imbalance in  late diabetic complications has been reported 
earlier. In  T2DM, peripheral b lood monocytes express more 
inflammatory cytokines than those from healthy subjects[6]. 
Cytokines have several b iological effects such as recruitment 
of leukocytes to the sites of injury/infection and 
inflammat ion, angiogenesis, and angiostatic properties[7]. 
According to the presence of cysteine residues in their 
structure, they are classified as CC, CX3C, C, and CXC[8]. 
Stromal cell– derived factor (SDF)-1/CXCL12 is a peptide 
chemokine initially identified in bone marrow–derived 
stromal cells and now recognized to be expressed in stromal 
tissues in mult iple organs[9,11]. SDF-1 is located on 
chromosome 10q 11.1[12]. The 2 isoforms, SDF-1α and 
SDF-1β, arise from a single gene by alternative splicing [13]. 
Sequence analysis reveals a common polymorphism in the 
3’-untranslated region, implicated in mRNA turnover 
regulation, of the SDF-1β gene transcript, which contains a 
G to A  transition at position 801, designated 
SDF1-3’UTR-801G-A, abbreviated as SDF1-3’A  [14]. It  has 
been reported that SDF1-3’A genotype action involves 
up-regulation of the quantity of SDF-1 protein availab le to 
bind CXCR4[13]. The SNP of SDF-1 G801A has been 
investigated in various diseases such as: type 1 diabetes[15] 
HIV-1 infect ion[16], inflammatory  diseases[17] lymphoma 
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[18] and cancers[19]. Therefore the aim of the study was to 
investigate the functional SNP of the SDF-1β gene in a south 
Indian population with T2DM. 

2. Methodology 
2.1. Study Participants and Measurements 

Peripheral blood samples were collected from 150 
unrelated T2DM patients attending outpatient department of 
M.V.Hospital for Diabetes, Chennai, India and 150 healthy 
controls (mostly blood donors and hospital staffs). Both 
patients and controls were of same ethnic origin. Patients had 
also similar d isease severity because they were not suffering 
from any other diabetes complications. Anthropometric and 
certain biochemical parameters were recorded. Biochemical 
analyses were done on a Hitachi-912 Autoanalyzer (Hitachi, 
Mannheim, Germany) using kits supplied by Roche 
Diagnostics (Mannheim, Germany). Fasting plasma glucose 
(glucose oxidase-peroxidase [GOD-POD] method), serum 
cholesterol (cholesterol oxidase-phenol4-amino antipyrene 
peroxidase [CHOD-PAP] method), serum triglycerides 
(glycerol phosphatase oxidase−phenol4-amino antipyrene 
peroxidase [GPO-PAP] method), and high-density 
lipoprotein cholesterol (d irect method–polyethylene 
glycol-pretreated enzymes) were measured. Low-density 
lipoprotein cholesterol were estimated direct ly by 
homogenous method using diasys kit protocol. Glycosylated 
hemoglobin (HbA1c) was estimated by high performance 
liquid  chromatography using the Turbo Variant machine 
(Bio-Rad, Hercules, CA). Serum creat inine was measured 
using the Jaffe method. The study protocol was approved by 
the institutional ethical committee of M.V.Hospital for 
Diabetes. Prior to sample collection, all participants of this 
study filled out and signed the informed consent form.  

2.2. DNA Extraction and Genotyping 

Genomic DNA was ext racted from whole blood by 
proteinase K digestion followed by phenol-chloroform 
extraction[20]. Ext racted DNA was aliquoted for each 
sample and stored at -20°C for further analysis. The 
polymerase chain react ion-restriction fragment length 
polymorphis m (PCR-RFLP) method was used to genotype 
the G801A polymorphis m in the SDF-1β gene, as described 
elsewhere [21]. Genotyping was carried out using the 
following primers:  Forward  5’-CAG TCA ACC TGG GCA 
AAG CC-3’ and Reverse 5’-AGC TTT GGT CCT GAG 
AGT CC-3’(Sigma, Bangalore, India). The reaction mix for 
polymerase chain reaction contained 50 ng of DNA, 10 pmol 
of oligonucleotides and a 2x solution of Prime Taq Premix 
(Genet Bio, Chungnam, Korea). The PCR cycle began with 
an initial denaturation step at 94°C for 5 mins, followed by 
35 cycles of denaturation at 94°C for 30 secs, annealing at 
58°C for 30 secs, and extension at 72°C for 2 min followed 
by a final extension at 72°C fo r 5 min. After PCR, 10 μL of 
the reaction mixture was digested with 5U of MspI 

restriction endonuclease (Fermentas, Germany) in a 20μL 
reaction volume at 37°C for 2 hrs. The digested products 
were electrophoresed on a 2.0% agarose gel after staining 
with ethidium bromide, v isualized on a Gel-Doc model XR+ 
(Bio-Rad, USA). Size was determined by comparison to a 
molecular weight standard 1 kb p lus (Invitrogen, Carlsbad, 
CA). 

2.3. Statistical Analysis 

Hardy-Weinberg equilibrium was assessed using 
genotype data. Allele and genotype frequencies were 
calculated in patients and healthy controls by direct gene 
counting. Statistical analysis of the d ifferences between 
groups was determined by χ2 test and SPSS software version 
10. Relative risk associated with genotypes was estimated by 
the odds ratio formula. P-values of less than 0.05 were 
considered significant.  

3. Results 
The demographic and laboratory characteristics of the 

study subjects were shown in (Table 1). The mean age was 
42.1 ± 8.0yrs in healthy controls and 49.5 ± 7.0yrs in T2DM 
(p < 0.001), the gender split of the patients was 82 (55%) 
females and 68 (45%) males, and for the control group, it 
was 78 (52%) females and 72 (48%) males. In addition there 
was a statistical significant difference noted in age, HbA1c 
(5.5 ± 0.4 vs. 9.5 ± 2.2;  p <0.001), fasting blood sugar (97.6 ± 
8.9 vs. 192.1 ± 72.4; p < 0.001), systolic blood pressure 
(112.9 ± 8.4 vs. 129.7 ± 20.9; p < 0.001), diastolic blood 
pressure (75.5 ± 4.9 vs. 81.8 ± 9.5;  p <0.001), triglyceride 
levels (99.2 ± 25.0 vs. 165.6 ± 95.2; p < 0.001), total 
cholesterol (150.8 ± 27.7 vs. 185.3 ± 49.4; p < 0.001), and in 
the LDL cholesterol (81.3 ± 10.6 vs.111.8 ± 37.7; p  <0.001) 
between the healthy controls and T2DM. 

The amplified PCR product of SDF-1β gene covers the 
+801 region and had a molecular size of 302 bp. After 
restriction digestion, the 302 bp product yielded two bands at 
100 and 202 bp for the wild gene. For heterozygous mutants 
(A/G), the bands were at 302, 202, and 100 bp and for 
homozygous mutant (A/A) there was only a single band at 
302 bp (Figure 1). Evaluation of the G801A po lymorphisms 
in SDF-1β by MspI restriction digestion revealed that the 
prevalence of the G/G genotype was 25 (17.0%) in patients 
and 6 (4.0%) in controls. The frequency of G/A genotype 
was 109 (73.0%) and 131 (87.0%) in patients and controls, 
respectively and the frequency of the A/A genotype in 
patients was 16 (10.0%), and in  controls, it  was 13 (9.0%) 
(Table 2). The frequency of G allele was 159 (53.0%) and 
143 (48.0%) in patients and controls, respectively. In the 
cases of A allele, 141 (47.0%) were observed in patients, and 
the frequency of this allele was 157 (52.0%) in controls 
(Table 2). 

The odds ratio of SDF-1β genotypes and alleles were 
calculated in T2DM compared  with control subjects. The 
frequency of SDF-1β G/G homozygous wild in patients with 
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T2DM showed a significantly h igh relative risk, when 
compared with healthy controls (relative risk is 4.800) which 
is found to be associated with this genotype (P<0.001) (Tab le 
2). The frequency of SDF-1β G/A  heterozygote observed 
between T2DM patients and healthy controls which showed 
a significant negative relative risk of 0.386, (P =0.002). 
Conversely the frequency of SDF-1β A/A homozygous 
mutant in patients with T2DM showed a relative risk of 
1.258 when compared to healthy controls, which was not 
significantly associated with this genotype (P =0.696). The 
overall allelic  frequency of SDF-1β G/G allele in either 
homozygous or heterozygous condition showed the relative 
risk to be 1.238 in T2DM patients compared to healthy 
controls with a p-value of 0.221. 

Table 1.  Clinical and Biochemical Characteristics of the Study Subjects 

N VARIABLES 
HEALTHY 

CONTROLS 
(n=150)* 

TYPE 2 DM 
(n=150)* 

1 Age (years) 42.1 ± 8.0 49.5 ± 7.0 

2 Gender 
(male/female) 78/72 82/68 

3 Body mass index 
(Kg/m2) 22.4 ± 1.4 28.2 ± 3.7 

4 Fasting plasma 
glucose (mg/dL) 97.6 ± 8.9 192.1 ± 72.4 

5 Glycosylated 
hemoglobin (%) 5.5 ± 0.4 9.5 ± 2.2 

6 Serum triglyceride 
(mg/dL) 99.2 ± 25.0 165.6 ± 95.2 

7 Total cholesterol 
(mg/dL) 150.8 ± 27.7 185.3 ± 49.4 

8 HDL cholesterol 
(mg/dL) 46.9 ± 6.4 42.9 ± 9.3 

9 LDL cholesterol 
(mg/dL) 81.3 ± 10.6 111.8 ± 37.7 

10 Systolic Blood 
pressure (mmHg) 112.9 ± 8.4 129.7 ± 20.9 

11 Diastolic Blood 
pressure (mmHg) 75.5 ± 4.9 81.8 ± 9.5 

*Data are presented as mean ± SD 

Table 2.  Odds Ratio (OR) and frequencies of Polymorphisms within the 
+801 Region of SDF-1β Gene in T2DM patients and controls  

Genotype T2DM 
(150) 

Controls 
(150) OR (95%CI) P- value 

GG n (%) 25 
(0.17) 6 (0.04) 4.800 

(1.908-12.077) 0.000 

GA n (%) 109 
(0.73) 131 (0.87) 0.386 

(0.212-0.703) 0.002 

AA n (%) 16 (0.1) 13 (0.09) 1.258 
(0.583-2.717) 0.696 

Alleles     

G n (%) 159 
(0.53) 143 (0.48) 1.238 

(0.899-1.706) 0.221 

A n (%) 141 
(0.47) 157 (0.52) 0.808 

(0.586-1.113) 0.221 

 

Lane #9: 100bp Molecular Weight Marker;  
Lane #4,6: G/G wild type (2 bands at 202 and 100 bp);  

Lane #2,8: G/A heterozygous (3 bands at 302, 202, and 100 bp);  
Lane #1,3,5,7: A/A homozygous (a single band at 302 bp). 

Figure 1.  PCR-RFLP results of SDF-1β Gene on 2.0% agarose gel 

4. Discussion 
Cytokines are a group of pharmacologically  active low 

molecular weight proteins that possess autocrine and 
paracrine effects and are known products and effectors of the 
immune cells. When they are produced locally in the 
inflamed plaques, as frequently seen in patients with 
uncontrolled diabetes they exert prothrombotic effects on 
endothelial cells, may increase capillary permeability and 
cause oxidative stress and endothelial dysfunction, further 
aggravating the atherosclerotic process. Several situations 
including infection, hormonal conditions, and cytokine gene 
polymorphis ms have been described to regulate expression 
and secretion of cytokines[22]. But it seems that the immune 
system plays an important role in etio logy and pathogenesis 
of T2DM and its associated complications[22]. Therefore, 
the aim of the current study was to investigate the potential 
correlation of the SDF-1β G801A polymorphis m with 150 
south Indian T2DM patients. The results show that SDF-1β 
gene polymorphism is associated in patients with T2DM 
when compared to healthy control. Here, we observed that 
the AA (Mutant) genotypes of T2DM patients didn’t show 
any statistical significant difference when compared with 
healthy individuals in the SDF-1β gene. “A” allele is being 
considered as the mutant form of SDF-1β gene in the 801 
region, whereas in the present study the frequency of this 
allele is found to be increased in controls (52%) than in 
patients (47%). This result is found to be in consistent to a 
recently published study from Iranian T2DM population by 
Derakshan et al., who had shown the frequency of this 
mutant “A” allele to be increased in healthy controls (16.3%) 
when compared to T2DM patients (15.3%) [23].  

In the present study, the “GG” (Wild) genotype of SDF-1β 
showed a statistical significant difference than those of 
healthy controls. “G” allele is being considered as the wild 
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form of SDF-1β gene in the 801 region, but our results show 
that  the frequency of this allele is found to be increased in 
T2DM patients (17%) than in the control group (4%). This 
result is again found to be in consistent with an earlier report 
by Derakhshan et al., from Iranian  population, where the 
author had shown the frequency of wild “G” allele to be 
increased in T2DM patients (34.8%) when compared to 
healthy controls (33.8%), but their significance was lost [23]. 
Unpublished experience from our study, show that the G/A 
(Carrier) genotype to be increased in healthy controls when 
compared with T2DM.  Results of our study, showed a 
statistical significant difference in this genotype. This 
suggests that most of the healthy controls from our study 
population are naturally had this genotype to be polymorphic 
naturally. The overall apparent disparity between the 
Derakhshan et al., study and our study could be that both the 
ethnic populations are different and there is a difference 
among the sample volume analyzed [23]. 

Taking together, the results of our current work indicate 
that the SDF-1β “G” to be the risk allele and SDF-1β “A” 
allele is rather a protective allele for T2DM atleast in our 
population. The result of our study is found to be in 
consistent with a p revious report studied from the northern 
part of our Indian  population by Chaudhary et al., [24]. There 
the author had investigated the association of SDF-1 in high 
risk sero-negative and HIV-1 positive patients. They had 
observed that the frequency of wild  “G” allele to be 
increased in HIV-1 positive patients (91.5%) when 
compared to healthy individuals (79.5), showing “G” allele 
to be the risk for HIV-1 patients and on the other hand the 
frequency of mutant “A” allele to be decreased in HIV-1 
positive patients (8.5%) when compared to healthy 
individuals (20.5), showing “A” allele to be the protective 
for HIV-1 patients. Another study from Greeks population 
by Vairaktaris et al., had investigated the association of 
SDF-1 with the advanced stages of oral cancer [25]. There, 
the author had shown the prevalence of mutant “A” allele 
frequency to be 25.3% in  controls, and 23.2% and 12.5% in 
patients with cancer stages I &II and patients with cancer 
stages III & IV respectively. There was a statistical 
significant difference found between the control group and 
patients with cancer stages III & IV (P=0.005). 

5. Conclusions 
The “GG” genotype of SDF-1β gene is confined to be the 

risk allele and is associated with T2DM patient’s atleast in 
our South Indian population. The present study did not 
examine levels of cytokines or SDF-1β specifically. To our 
knowledge, this is the first such study on SDF-1β 3’A 
G801A polymorphis m showing the protective role o f this 
polymorphis m in  T2DM patients. The strength of our present 
study is all the patients and controls are of the same ethnic 
origin. Furthermore, all of the subjects were examined in a 
standardized manner with well-defined diagnostic criteria. 
Moreover very limited reports are available on SDF-1β gene 

polymorphis m in T2DM patients; hence studies in different 
populations with larger sample sizes are required to replicate 
these findings. 
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