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Abstract  
Stromal cell derived factor - 1 (SDF-1) is expressed by bone marrow derived stromal cells and stromal 
tissues in multiple organs. SDF-1 possesses diverse physiological and biochemical functions 
concerning autoimmunity and inflammation. SDF-1 gene polymorphisms play various roles in 
immune related diseases. This study aimed to evaluate association of SDF-1β G801A gene 
polymorphism and type 2 diabetes mellitus (T2DM) as regard prevalence and glycemic control. The 
study included hundred Egyptian subjects; 50 patients with T2DM recruited from the Internal 
Medicine Department, Beni-Suef University Hospital, and 50 age and sex matched healthy subjects. 
Participants were subjected to full clinical examination and routine laboratory investigations 
including fasting blood glucose, 2 hours post prandial blood glucose, serum creatinine, lipid profile 
and glycated hemoglobin (HbA1c). SDF-1β G801A gene polymorphism was analyzed using polymerase 
chain reaction -restriction fragment length polymorphism (PCR-RFLP). The frequency of GG and AG 
genotypes was higher in patients compared to controls with no statistical significance. Higher 
frequency of homozygous GG genotype and G allele were observed among patients with poor 
glycemic control (HbA1c ≥ 8% ) compared to those with good glycemic control (HbA1c < 8%) (P = 0.001 
and 0.018 respectively). In conclusion, this study suggested an association between SDF-1 β gene 
polymorphism and type 2 diabetes mellitus in Egyptian patients. Further studies are needed to 
confirm our observations. 
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Introduction 

In diabetes chronic low levels of inflammation in 
the pancreas and insulin-responsive tissues are 
accompanied by infiltration of lymphocytes and 
macrophages which causes a switch between 

anti- and pro-inflammatory profiles. 
Accordingly, diabetes is a disturbed balance 
between anti-inflammatory T-helper (Th) Th2 
and T regulatory cells (Tregs) subsets of T cells 
versus pro-inflammatory Th1 and Th17 cells in 
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favor of pro-inflammatory profile promoting 
polarization of M1 macrophages being the main 
producers of pro-inflammatory cytokines.1 
Recruitment of autoreactive T cells into 
pancreatic islets leads to inflammation referred 
to as insulitis that initiates diabetes 
development.2 

Stromal cell derived factor-1 (SDF-1) is a 
peptide chemokine initially identified in bone 
marrow derived stromal cells and then it was 
recognized to be expressed by stromal tissues of 
multiple organs.3 SDF-1 is also nominated as 
CXC motif ligand 12 (CXCL12).4 SDF-1 is a small 
68 amino acids, 8 kDa chemokine which has 
been identified as the ligand for cell-surface 
CXC-chemokine receptor 4 (CXCR4) and CXC-
chemokine receptor 7 (CXCR7).5Both SDF-1 and 
its receptors are constitutively expressed by a 
variety of cells.6 Six SDF-1 isoforms have been 
reported SDF-1α, SDF-1β, SDF-1γ, SDF-1δ, SDF-
1ε and SDF-1ϕ where all share a common N-
terminal amino acid sequence, but a distinct C- 
terminus.7  

SDF-1 possesses diverse physiological and 
biochemical functions.8 It is considered to be a 
homeostatic chemokine,6 and SDF-1 plays a 
particularly important role in directing T cell 
migration and therefore immune processes.2 Its 
role in autoimmunity and inflammation raises 
questions about its association with the 
pathogenesis of some immune related diseases 
including type 2 diabetes mellitus (T2DM).9  

The gene encoding SDF-1 is located on the 
human chromosome 10 q11.1.10 Single 
nucleotide polymorphisms (SNPs) in the SDF-1 
gene play various roles in many 
pathophysiologic processes.8  

Guanine to adenine (G to A) transition at 
position 801 of the 3' untranslated region has 
been found to result in SDF-1β G801A gene 
polymorphism.5 SDF-1β G801A gene 
polymorphism has been indicated to be 
associated with diabetes as well as other 
immune related diseases.11  

The aim of our study was to investigate the 
association between SDF-1β G801A gene 
polymorphism and T2DM as regard disease 
prevalence and glycemic control among 
Egyptian patients.  

Subjects and Methods 

Subjects  

This study was carried out at the Faculty of 
Medicine, Beni-Suef University. The study was 
conducted on 100 subjects divided into 2 
groups. Group Ӏ (patients group): Included 50 
T2DM patients with age range (20-70 years). 
Patients with diabetic complications, 
inflammatory diseases, fibro proliferative 
disorders, autoimmune diseases and cancer 
were excluded from our study. Patients were 
recruited from Diabetic Outpatients Clinic and 
Internal Medicine Inpatient Department, Beni-
Suef University Hospital. Group П (control 
group): Included 50 apparently healthy 
volunteers with age range (20-80 years). Data 
confidentiality was preserved according to the 
Revised Helsinki Declaration of Bioethics 2008.12 
Informed consent was obtained from all 
participants. 

Methods  

Data collection and Biochemical analysis 

All participants were subjected to: 1-Full history 
taking including age, sex and disease history for 
selection of patients with no diabetic 
complications. 2- Full clinical examination 
including general examination for proper 
assessment of the clinical condition and also for 
exclusion of diabetic complications and other 
chronic diseases. 3- Routine laboratory 
investigations including fasting blood glucose 
(FBG), 2 hour post prandial blood glucose (2h PP 
BG), total cholesterol, triglycerides (TG), low 
density lipoprotein cholesterol (LDL-C), high 
density lipoprotein cholesterol (HDL-C), serum 
creatinine and glycated hemoglobin (HbA1c). 
Routine Laboratory investigations were analyzed 
on Bechman CX5 automated chemistry analyzer 
by its own commercial kits, Ireland. 

Genetic analysis 

DNA extraction 

Peripheral blood samples of the participants 
were collected in tubes containing 
ethylenediaminetetraacetic acid (EDTA) for DNA 
isolation. The genomic DNA was extracted from 
each blood sample using GeneJET Whole Blood 
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Genomic DNA Purification Mini Kit (Cat 
No#FD0674, Lot/ 00187735, Fermentas Life 
Sciences, Thermo Fisher Scientific Inc., USA) 
according to the manufacturer's instructions. 

Genotyping of SDF-1β G801A Polymorphism 

SDF-1β G801A gene Polymorphism was 
determined using polymerase chain reaction- 
restriction fragment length polymorphism (PCR-
RFLP) assay. PCR primers were forward primer 
5′- CAGTCAACCTGGGCAAAGCC-3′ and reverse 
primer 5′- AGCTTTGGTCCTGAGAGTCC-3′ 
elucidated earlier by Umapathy et al.3 

PCR assay was performed for each sample in 
a final reaction volume of 25 μL, using 5 
Template μL DNA, 12.5 μL universal master mix, 
1.5 µL Mg CL2, 1 μL SDF-1 β G801A forward 
primer, 1 μL SDF-1 β G801A reverse primer 
together with 4 μL distilled water (DW). The PCR 
conditions were as follows: initial denaturation 
at 94°C for 5 minutes, 35 cycles of denaturation 
at 94°C for 30 seconds, annealing at 58°C for 30 
seconds, extension at 72°C for 2 minutes, 
followed by a final extension at 72°C for 5 min.3 
All reactions were done using the thermal cycler 
Applied Biosystems (Perkin- Elmer 9600, USA). 
After amplification, the PCR products were 
treated at 37°C for 15 minutes with the 
restriction enzyme Fast Digest MspI restriction 
endonuclease enzyme (Cat No. # R0106S, lot no. 
0551601, Fermentas Life Sciences, Thermo 
Fisher Scientific Inc., USA).3 The products were 
then resolved on 2% agarose gel electrophoresis 
containing ethidium bromide, and visualized 
using UV transilluminator. DNA molecular 
weight marker (Cat No. # SM0373, Lot/ 244669, 
Fermentas Life Sciences, Thermo Fisher 
Scientific Inc., USA) was used to assess the size 
of PCR-RFLP products for interpretation of the 
different SDF-1 β G801A genotypes. 
Homozygous genotype (AA) was defined by the 
presence of one band 302 bp, genotype (GG) 
was defined by the presence of two bands 202 
and 100 bp while, heterozygous genotype (AG) 
was defined by the presence of three bands 
302, 202 and 100 bp,. A representative gel 
showing the typical patterns of bands is 
presented in (Figure 1).  

    1       2        3        4        5          L 

 

Figure 1. PCR-RFLP analysis of SDF-1β G801A 
gene polymorphism using Fast Digest MspI 
restriction endonuclease enzyme by agarose gel 
electrophoresis. Lane L = Gene ruler 50 pb DNA 
ladder (50-500 bp). Lane 1and 3 = (AA) represented 
by 1 band (302 bp). Lane 2 = (GG) represented by 2 
bands (202 and 100 bp). Lane 4 and 5 = (AG) 
represented by 3 bands (302, 202 and 100 bp). 

Statistical methods 

Data were analyzed using IBM SPSS advanced 
statistics version 20 (SPSS Inc., Chicago, IL). 
Numerical data were expressed as mean and 
standard deviation (SD). Qualitative data were 
expressed as frequency and percentage. Chi-
square test (Fisher’s exact test) was used to 
examine the relation between qualitative 
variables. For quantitative data, comparison 
between two groups was done using Mann-
Whitney test (non parametric t-test). 
Comparison between 3 groups was done using 
Kruskal-Wallis test (non-parametric ANOVA). 
Odds ratio (OR) with it 95% confidence interval 
(CI) were used for risk estimation. A P-value < 
0.05 was considered significant.13 

Results 

Fifty T2DM patients were included in the study 
as patients group; 15 males (30%) and 35 
females (70%) with mean age (50.32±10.82 
years). Fifty apparently healthy volunteers were 
included as control group; 24 males (48%) and 
26 females (52%) with mean age (50.80 ±11.88 
years). The control subjects were age and sex 
matched with patients (P = 0.833 and 0.051 
respectively).  
By evaluating the different studied laboratory 
parameters, diabetic patients group showed 
statistically significant higher concentration 
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than control group as regard FBS, 2h PP BG, 
total cholesterol, TG, LDL-C and HbA1c (P = 
<0.001, <0.001, <0.001, <0.001, 0.003 and 
<0.001 respectively). Diabetic group showed 
statistically significant lower concentration of 

HDL-C than control group (P = <0.001). There 
was no statistically significant difference of 
serum creatinine concentration between the 
two studied groups (P = 0.246) (Table 1). 
 

Table 1. Laboratory findings in Egyptian diabetic patients and controls.  

Variable 

Patients 

(n=50) 

Mean ± SD 

Controls 

(n=50) 

Mean ± SD 

*P-Value 

FBS (mg/dl) 179.02 ± 57.09 86.82 ± 6.42 < 0.001 

2h PP BG (mg/dl) 255.84 ± 72.52 126.40 ± 10.76 < 0.001 

Total cholesterol (mg/dl) 208.36 ± 47.01 162.96 ± 9.79 < 0.001 

TG (mg/dl) 163.38 ± 77.746 120.78 ± 7.544 < 0.001 

HDL-C (mg/dl) 45.76 ± 4.55 61.92 ± 15.66 < 0.001 

LDL-C (mg/dl) 109.68 ± 38.16 93.00 ± 5.20 0.003 

HbA1c (%) 8.46 ± 1.68 5.67 ± 0.36 < 0.001 

Creatinine (mg/dl) 0.80 ± 0.16 0.84 ± 0.15 NS 
FBG: fasting blood glucose, 2h PP BG: 2 hour post prandial blood glucose, TG: triglycerides, HDL-C: high density lipoprotein 
cholesterol, LDL-C: low density lipoprotein cholesterol, HbA1c: glycated hemoglobin, intergroup comparison was done using 
Independent t-test, *P value>0.05 is not significant (NS). 

 
There was no statistically significant difference 
between the two studied groups as regard 
frequency of SDF-1β G801A genotypes and 

alleles (P= 0.084 and 0.891 respectively) (Table 
2). 

Table 2. SDF-1β G801A genotypic and allelic frequencies in Egyptian diabetic patients and controls.  

Genotype 
Patients (tn=50) 

Frequency n(% ) 

Controls (tn=50) 

Frequency n(%) 
*P-Value 

Homozygous genotype (GG) 20 (40 %) 26 (52 %) 

NS Heterozygous genotype (AG) 28 (56 %) 18 (36 %) 

Homozygous genotype (AA) 2 (4%) 6 (12%) 

Allele (G) 68 (68%) 70 (70%) 
NS 

Allele (A) 32 (32%) 30 (30%) 
tn=total number, n=number positive, intergroup genotype and allelic distribution was done using Chi-Square Test,  
*P value>0.05 is not significant (NS). 

 
A comparison of SDF-1β 801 frequencies of 
genotypes GG and AG versus AA showed higher 
frequencies of GG and AG in diabetic patients 

than controls but it did not reach statistical 
significance (p = 0.134) (Table 3). 

Table 3. Distribution of SDF-1β G801A genotypes in Egyptian diabetic patients and controls. 

Genotype 
Patients (tn=50) 

Frequency n(% ) 

Controls (tn=50) 

Frequency n(%) 
OR (95% CI) *P-Value 

GG and AG 48 (96 %) 44 (88 %) 
0.495 (0.215 - 1.135) NS 

AA 2 (4 %) 6 (12%) 
tn=total number, n=number positive, intergroup genotype distribution was done using Binary logistic regression,  
*P value>0.05 is not significant (NS). 
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Statistical comparison between SDF-1β G801A 
genotypes among diabetic patients at HbA1c 

cutoff 8% showed statistically significant higher 
frequency of homozygous GG genotype among 
patients with HbA1c ≥ 8% compared to patients 

with HbA1c < 8% (P= 0.001) (Table 4). AA 
genotype was not included in this comparison 
due to its small number.  

 

Table 4. Frequency of SDF-1β G801Agenotypes GG and AG at HbA1c cutoff 8% among Egyptian 
diabetic patients.  

HbA1c 

Genotype 

OR (95% CI) P-Value 
GG Frequency (%) AG Frequency (%) 

< 8 (%) 3 (15%) 18 (64.3%) 
0.098 (0.023 - 0.418) 0.001 

 ≥ 8 (%) 17 (85%) 10 (35.7%) 

Intergroup genotype distribution was done using Binary logistic regression, P <0.05 is significant. 

 

Statistical comparison as regard SDF-1β G801A 
allotypes among patients at HbA1c cutoff 8% 
showed statistically significant higher frequency 

of G allele among patients with HbA1c ≥ 8 % 
compared to patients with HbA1c < 8% (P = 
0.018) (Table5).  

Table 5. Frequency of SDF-1β G801A allotypes A and G at HbA1c cutoff 8% among Egyptian diabetic 
patients.  

HbA1c 

Alleles 

OR (95% CI) P-Value A 

n (%) 

G 

n (%) 

< 8 (%) 18 (56.2%) 24 (35.3%) 
0.424 (0.180 – 1.000) 0.018 

≥ 8 (%) 14 (43.8%) 44 (64.7%) 

Intergroup allelic distribution was done using Binary logistic regression, P <0.05 is significant. 

  

Discussion 

Diabetes is a common global health problem 
that affects more than 170 million people 
worldwide.14 Worldwide prevalence of diabetes 
in adults was 5.1% in 2003 and is predicted to 
increase to 6.3% by the year 2025.15 The 
benefits of glycemic control and diabetic 
complications could provide new strategies for 
disease pathogenesis, risk assessment and novel 
interventions to reduce diabetic 
complications.16 

Our study investigated SDF-1β G801A gene 
polymorphism in a sample of Egyptian 
population with T2DM as regard disease 
prevalence. On comparing different genotypes, 
GG and AG genotypes showed higher frequency 
in diabetic patients than control without 

reaching statistical significance. Previous studies 
found that GG genotype frequency was 
significantly associated with T2DM when 
compared to healthy controls.9,3,17 SDF-1 G allele 
was considered as a risk allele and A to be the 
protective allele for T2DM in south Indian 
population.3 SDF-1 A allele conferred significant 
protection against diabetes mellitus.18 In 
another study, no statistically significant 
difference was reported between T2DM 
patients and healthy controls regarding 
genotypes and alleles of SDF-1β G801A gene.4 

Retention of Tregs in bone marrow by SDF-1 
disturbs the balance of T cells in favor of 
autoreactive T cells.19 SDF-1 possesses a pro-
inflammatory role and recruits monocytes 
which after differentiation secrete pro-
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inflammatory cytokines suggesting that SDF-1 
axis induces M1 macrophage accumulation, 
subsequent inflammatory cytokine production 
and finally insulin resistance.20 Several studies 
have investigated SDF1 with diabetic 
complications which reported that SDF-1 plays 
various biological effects regarding the 
microenvironment created during repair 
processes such as angiogenesis, recruitment of 
bone marrow-derived progenitor cells and 
endothelial progenitor cells (EPCs).8 SDF-1 
expression in the kidney increases during acute 
renal failure, resulting in homing of progenitor 
cells to injured kidney.21 SDF-1 injury response 
mechanisms in diabetic retinopathy contribute 
to angiogenesis by recruiting EPCs to site of 
vascular injury.22, 23 SDF-1/CXCR4 pathway is 
involved in diabetic retinopathy possibly by 
increasing cell viability.24 The general conclusion 
regarding SDF-1 role in diabetes and diabetic 
complications is that SDF-1 walks a thin line 
between morbid and protective effects.25  

In our study, we aimed to evaluate the 
significance of SDF-1β G801A gene 
polymorphism regarding glycemic control 
among T2DM patients. To fulfill this objective, 
patients with diabetic complications were 
excluded to avoid their influence on the results. 
HbA1c is the gold standard for long-term 
monitoring of glycemic control, correlation with 
occurrence of long term micro and 
macrovascular complications and treatment 
target by most clinicians.26, 27, 28 Accordingly, in 
our study, HbA1c was assayed as glycemic 
control index among diabetic patients where 
statistically significant higher frequency of 
homozygous GG genotype and G allele among 
patients with HbA1c ≥ 8 % was found compared 
to patients with HbA1c < 8% (p = 0.001 and 
0.018, respectively); assuming an association 
between SDF-1β G801A gene polymorphism 
and poor glycemic control. Our assumption can 
find its explanation based on researchers who 
reported that SDF-1β G801A gene 
polymorphism has been found to up regulate 
the expression of SDF-1,3 8, 10, 29 and accordingly 
SDF-1 binds to the specific receptor CXCR4 
participating in various immune and 
inflammation reactions.30 This was ascertained 
by another study which reported that SDF-1/ 

CXCR4 axis is one of the components of a 
complex signaling network that can act in 
synergy with other factors to regulate β-cell 
mass.31 Additionally, the preceded explanation 
can be verified where SDF-1 was stated as a 
crucial cellular and tissue mediator under 
diverse conditions including pancreatic β-cell 
apoptosis.32 Also, SDF1 was reported to 
facilitate the processes of β-cell destruction.4  

In conclusion, this study suggested an 
association between SDF-1 β gene 
polymorphism and type 2 diabetes mellitus in 
Egyptian patients. G allele may be a risk factor 
for poor glycemic control among diabetic 
Egyptian patients. Further studies on large 
cohort of diabetic patients, are needed to 
confirm our findings. 
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