
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=iimm20

Immunological Investigations
A Journal of Molecular and Cellular Immunology

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/iimm20

Effects of Complement Regulators and Chemokine
Receptors in Type 2 Diabetes

B Aydin Ozgur, E Coskunpinar, S Bilgic Gazioglu, A Yilmaz, Y Musteri Oltulu, B
Cakmakoglu, G Deniz, AO Gurol & MT Yilmaz

To cite this article: B Aydin Ozgur, E Coskunpinar, S Bilgic Gazioglu, A Yilmaz, Y Musteri Oltulu,
B Cakmakoglu, G Deniz, AO Gurol & MT Yilmaz (2021) Effects of Complement Regulators and
Chemokine Receptors in Type 2 Diabetes, Immunological Investigations, 50:5, 478-491, DOI:
10.1080/08820139.2020.1778022

To link to this article:  https://doi.org/10.1080/08820139.2020.1778022

Published online: 02 Jul 2020.

Submit your article to this journal 

Article views: 205

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=iimm20
https://www.tandfonline.com/loi/iimm20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/08820139.2020.1778022
https://doi.org/10.1080/08820139.2020.1778022
https://www.tandfonline.com/action/authorSubmission?journalCode=iimm20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=iimm20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/08820139.2020.1778022
https://www.tandfonline.com/doi/mlt/10.1080/08820139.2020.1778022
http://crossmark.crossref.org/dialog/?doi=10.1080/08820139.2020.1778022&domain=pdf&date_stamp=2020-07-02
http://crossmark.crossref.org/dialog/?doi=10.1080/08820139.2020.1778022&domain=pdf&date_stamp=2020-07-02


Effects of Complement Regulators and Chemokine Receptors in 
Type 2 Diabetes
B Aydin Ozgur a,b, E Coskunpinar c, S Bilgic Gazioglu a, A Yilmaz a, 
Y Musteri Oltulu d, B Cakmakoglu e, G Deniz a, AO Gurol a, and MT Yilmaz f,g

aDepartment of Immunology, Aziz Sancar Institute of Experimental Medicine, Istanbul University, Istanbul, 
Turkey; bDepartment of Medical Biology and Genetics, Faculty of Medicine, Demiroglu Bilim University, 
Istanbul, Turkey; cDepartment of Medical Biology, Faculty of Medicine, Health Science University, Istanbul, 
Turkey; dDepartment of Medical Biology, Faculty of Medicine, Biruni University, Istanbul, Turkey; eDepartment 
of Molecular Medicine, Aziz Sancar Institute of Experimental Medicine, Istanbul University, Istanbul, Turkey; 
fDepartment of Endocrinology and Metabolism, Faculty of Istanbul Medicine, Internal Medicine, Istanbul 
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ABSTRACT
CD55 and CD59 are complement regulatory proteins suggested to be 
related with progression of diabetes and its complications. The stromal 
cell-derived factor 1 (SDF-1) and C-X-C chemokine receptor type 4 (CXCR- 
4) are chemokine proteins. We aimed to investigate the relation of CD55 
and CD59 expression levels and polymorphisms of SDF-1 and CXCR-4 
with type 2 diabetes mellitus (T2DM) and its complications. Seventy-five 
T2DM patients and 73 controls were enrolled. Expression levels of CD55 
and CD59 were measured by FACS Calibur; qRT-PCR was used to deter-
mine SDF-1 and CXCR-4 gene polymorphisms. CD55 and CD59 expres-
sions in patients with nephropathy, retinopathy and cardiovascular 
disease were significantly lower than controls. Frequency of CXCR-4 T 
allele carrying was high in patients and created 1.6 fold risk for the disease 
(p = .07). CXCR-4 a allele carriers had decreased nephropathy; although 
there was no statistical significance in carrying CXCR-4 T allele, presence 
of nephropathy was approximately 2 times higher (p = .254). The nephro-
pathy risk increased 10-fold in CXCR-4 TT genotype carriers (p = .02). All 
SDF-1 CC genotype carriers had retinopathy, so, it was considered that the 
CC genotype was effective in retinopathy development (p = .031). For the 
presence of cardiovascular disease, significant difference was observed 
for SDF-1 genotypes. Increased cardiovascular risk of 5- and 1.9-fold in 
SDF-1 T (p = .007) and CXCR-4 T (p = .216) allele carriers, respectively, was 
observed. We suggest that CD55 and CD59 protein levels and SDF-1 and 
CXCR-4 have predictive importance in process, complications and ten-
dency of T2DM.

KEYWORDS 
Type 2 diabetes; CD55; CD59; 
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Introduction

Diabetes mellitus is a metabolic disorder characterized by a deficiency or absence of insulin 
secretion by pancreatic beta cells or development of glucose intolerance due to reduced 
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insulin action and chronic hyperglycemia associated with it that causes disturbances in 
metabolism of carbohydrates, proteins and fat (American Diabetes Association 2011).

Diabetes, if not kept under good control, may cause retinopathy, nephropathy, peripheral 
neuropathy and atherosclerotic cardiovascular complications (American Diabetes Association 
2011; Malecki 2005; Zimmet et al. 2001). Many factors, including genetics, diet, a sedentary 
lifestyle, age, obesity and other conditions such as chronic inflammation or infection, can 
enhance insulin resistance. Diabetes mellitus is divided into two main groups: type 1 diabetes 
(T1DM) and type 2 diabetes (T2DM) (King 2008). T2DM, the most common form of diabetes 
in the world, is a metabolic disease resulting from dysfunction of pancreatic beta cells, 
impaired response to insulin, defect of glucose uptake in muscles. Genetic predisposition 
and environmental factors are associated with pathogenesis of T2DM (Lin and Sun 2010).

Hyperglycemia in diabetes causes oxidative stress, and thus increased reactive oxygen 
species occur and free fatty acids can also contribute to this situation in events of impaired 
glucose control (King and Loeken 2004). Increased oxidative stress in patients with T2DM 
develops as a result of anomalies such as hyperglycemia, insulin resistance and hyper 
insulinemia (Styskal et al. 2012).

The complement system plays an important role in the formation of tissue damage after 
oxidative stress. At this level, oxidative stress leads to complement activation and its 
accumulation in vascular endothelium; thus, diabetic microvascular and macrovascular 
complications occur (Kostic et al. 2009). In addition, reduction of tissue damage is provided 
by inhibition of complement (Collard et al. 2000). The complement system is formed of 
over 30 different serum and membrane proteins (Kim and Song 2005). When complement 
is activated, tissue damage primarily occurs in heart tissue, and its severity observed in type 
2 diabetes has been reported to be twice as much. Regulatory proteins expressed on the 
membranes of normal cells regulate the activation of complement and protect organism 
against complement-mediated lysis. These proteins are defined as complement regulatory 
proteins (Creg) (Ratajczak et al. 2003; Ruiz-Argüelles et al., 2007). The main features of 
nephropathy, retinopathy and cardiovascular diseases, which are well-known complications 
of T2DM, are vascular degenerations that arise from unregulated glucose levels. The 
regulatory proteins CD55 and CD59 play a role in prevention of complement activation, 
cause of these complications. Moreover, the severity of diabetic complications increases 
with absence of these two complement-activation inhibitors.

These degenerations result from endothelial damage that occurs in classic or alternative 
routes of complement activation. In healthy metabolism, CD55 and CD59 have a regulatory 
role in damaging effect of complement by inhibiting membrane attack complex (MAC). 
Studies are available in literature in which low levels of CD55 and CD59 expressions were 
observed in inflammatory diseases and in vascular damage. Decrease of these markers 
shows a disorder in inhibition of complement regulation.

Cytokines are also known to have a role in pathogenesis of many immune-mediated 
diseases. They enable migration of leukocytes to sites of inflammation where these latter cells 
can differentiate or become activated (Ratajczak et al. 2003). SDF-1, which belongs to CXC 
chemokine family, is a small chemotactic cytokine that is expressed in various organs and is 
known to be involved in many biological processes (De Oliveire et al. 2011). SDF-1 and its 
receptor CXCR-4 together play an important role in many normal and pathologic processes, 
including immunologic homeostasis, hematopoiesis and embryogenesis (Lee et al., 2011a; 
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2011b). Polymorphisms in SDF-1 and CXCR-4 genes have effects on inflammatory disease 
and provide predisposition that has been shown by relative studies (Barcellos et al. 2000).

Materials and Methods

Patients and study design

This study was conducted in the Diabetes Clinic of the Endocrinology and Metabolism 
Diseases Division, Internal Medicine, Istanbul Medical Faculty, Istanbul University. 
Blood samples of healthy controls were obtained from the Capa Kizilay Blood Center.

Seventy-five patients who were diagnosed as having type 2 diabetes (mean age: 
54.32 ± 7.49 years) were enrolled in this study. From the point of complications, following 
criteria were considered: diabetic retinopathy (patients with proliferative retinopathy 
detected during a fundus examination); nephropathy (patients with urine albumin excre-
tion (UAA ≥ 200 mg/day)); cardiovascular disease (patients with a previous history of 
myocardial infarction, by-pass, coronary ischemia as well as hypertension).

The control group contained 73 healthy people (mean age: 51.35 ± 8.97 years) who were 
without T2DM symptoms, any chronic disease and any use of drugs. The eligible patients 
were informed about study and they gave their consent. The required tests were then 
performed and the resulting data were analyzed.

Local Ethical Committee approval for this study was obtained from the Istanbul Medical 
Faculty.

Measurement and evaluation

All patients gave detailed histories, and physical examinations were performed. The control 
group comprised age- and sex-matched healthy subjects with no autoimmune disease.

A 5 cc blood sample was taken from patients using EDTA tube and was brought to 
the Department of Immunology of the Institute of Experimental Medicine of Istanbul 
University. FACS Calibur was used to determine CD55 and CD59 expressions on 
lymphocytes, and real-time polymerase chain reaction was used (RT-PCR) to detect 
SDF-1 and CXCR-4 gene polymorphisms in patients with T2DM and healthy controls.

Genomic DNA was extracted from peripheral whole blood using DNA isolation kit (Roche 
Diagnostics, Mannheim, Germany). DNA was then isolated and preserved at −20°C. 
Genotyping was performed with RT-PCR using LightSnip (rs17881575 Roche-Germany) for 
SDF-1, and LightSnip (rs2680880 Roche-Germany) for CXCR-4. The LightCycler 1.5 system 
was used to perform single nucleotide polymorphism (SNP) genotyping using hybridization 
probes consisting of 3ʹ-fluorescein and a 5ʹ-LightCycler Red labeled pairs of oligonucleotide 
probes.

Expression studies and Flow Cytometry

Anti-IgG1-PE, anti-CD55-PE and anti-CD59-PE monoclonal antibodies were used for 
detection of surface molecule expressions on lymphocytes. For lymphocyte staining, fluor-
ochrome-conjugated monoclonal antibodies (MoAbs) antihuman-CD55PE (Invitrogen) 
and antihuman-CD59PE (Invitrogen) were placed into two polystyrene tubes; 100 µl 
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blood samples were added into each tube. In addition, mouse IgG1-PE served as negative 
control in another tube. After 20 min incubation at room temperature in the dark, 1.0 ml of 
FACS Lyse (BD Biosciences) was added and red blood cell (RBC) lysis was allowed for 
15 min in darkness at room temperature. Samples were washed in 0.5 mL of PBS and 
centrifuged at 1,800 rpm for 10 min; cells were re-suspended in 0.5 mL of PBS and analyzed 
using a flow cytometer. Isotype control staining was made to externalize negative cell 
expressions which had PE fluorescence lower than 101.

Flow cytometric practice was made using the lyse-wash-and-stain method. Gates were set 
on the lymphocytes, and in this way, other cell populations were excluded. Data acquisition 
and analysis were performed on Becton Dickinson FACSCalibur flow cytometer using Cell- 
Quest software (BD Biosciences, San Diego, CA, USA).

Polymorphism analysis

Blood samples from all study participants were collected in EDTA-containing tubes. 
Genomic DNA was extracted from peripheral whole blood in accordance with the DNA 
isolation kit’s manufacturer’s instructions (Roche Diagnostics, Mannheim, Germany). The 
following protocol was used for amplification: initial denaturation at 95°C for 10 min; 
followed by 40 cycles with denaturation at 95°C for 10 s, annealing at 60°C for 10 s and 
extension at 72°C for 10 s. An additional melting curve analysis was performed to detect any 
none-specific amplification at 95°C for 30 s, 40°C for 2 min and 75°C for 0 s. Two single 
nucleotide polymorphisms (rs17881575 and rs2680880) were analyzed in two different gene 
allocations (SDF-1 and CXCR-4) by using qRT-PCR (quantitative Real-Time PCR) 
(LightCycler, Roche Diagnostics GmbH, Germany). Two separate RT-PCR reactions were 
used to detect polymorphisms for SDF-1 and CXCR-4 gene.

Statistical analysis

All statistical analyses were carried out using SPSS version 17.0 for Windows (SPSS, Inc.). 
Numeric values were analyzed by Student’s t-test. Differences in characteristics between 
T2DM cases and controls, and disparities in genotype and allele frequencies were assessed 
with the Chi-square test. For comparison of numeric data, Fisher’s exact test was used. Odds 
ratios (ORs) and 95% confidence intervals (95% CI) were calculated to estimate the risk for 
cardiovascular disease, nephropathy and retinopathy in T2DM. Values p < .05 were 
considered statistically significant.

Results

In this study, the relations between the occurrence, prognosis and complications of T2DM 
and expression levels of CD55 and CD59, and SDF-1 and CXCR-4 polymorphisms of 
patients were investigated. Seventy-five patients with T2DM were included as study group 
and 73 healthy volunteers enrolled as control group. The demographic and clinical infor-
mation related to study groups is given in Table 1 and clinical data of T2DM patients are 
listed in Table 2.
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Expression levels of CD55 and CD59 in the patients and healthy controls

The lymphocytes were gated in both patients and control group through flow cytometric 
analysis, and gated CD55 and CD59 expression levels of the patients were examined. Figure 1 
provides CD55 and CD59 expression levels of a patient and a control subject. CD55 levels of 
patient and control were 58.40% and 96.13%, respectively (Figure 1(a,b)). CD59 levels of 
patient and control were 66.45% and 85.87%, respectively (Figure 1(c,d)).

Figure 2 shows CD55 and CD59 expression histogram of another patient and healthy 
control subject. The CD55 and CD59 expression levels of the patient were 74.1% and 61.7%, 
respectively. In control subject, CD55 and CD59 levels were 95.82% and 87.67%, 
respectively.

Significantly low levels of CD55 expressions were detected in patients compared to 
healthy controls (70% and 88%, respectively) (p < .01). Similary, patients had significantly 
lower levels of CD59 than controls (60% and 78%, respectively) (p < .01) (Figure 3(a,b)). In 
terms of CD55 expressions, patients with nephropathy, retinopathy and cardiovascular 
disease showed significantly lower levels than controls (77.22%, 76.46%, 76.93%, 84.44%, 
respectively) (p < .01). Patients with nephropathy, retinopathy and cardiovascular disease 
had significantly lower levels of CD59 than control group (59.67%, 63.92%, 64.43%, 77.04%, 
respectively) (p < .01) (Figure 3(c,d)).

Assessment of SDF-1 and CXCR-4 polymorphisms

When the SDF-1 genotype and allele distributions of both groups were examined, statistical 
significance was not observed. No significant difference existed between patients and 

Table 1. Demographic and clinical information of the study groups.
Controls T2DM patients

Characteristic (n=73) (n=75) p-Value

Age (years) 51.35±8.97 54.32±7.49 0.051
Body Mass Index (BMI) (kg/m2) 28.23±5.56 30.50±4.57 0.038*
Sex (Female/Male) 34/39 38 / 37 0.108
Smoking status (%) (yes/no) 55.6 / 44.4 17.3 / 82.7 0.019*
Glucose levels (mg/dl) 68.05±9.29 184.18±76.35 0.007*
HbA1c % (mmol/mol) 4.70±0.41 7.86±1.81 0.028*
Total cholesterol (mg/dl) 184.2±18.01 197.13±62.06 0.126
Triglyceride (mg/dl) 145.2±20.18 187.88±143.22 0.032*
HDL-cholesterol (mg/dl) 42.85±5.31 45.65±18.58 0.230
LDL-cholesterol (mg/dl) 104.62±12.02 110.80±32.97 0.143
VLDL-cholesterol (mg/dl) 32.23±19.21 37.88±26.19 0.295

*Student’s t-test, p < 0.05.

Table 2. Clinical data of T2DM patients.
Parameters T2DM patients (n=75)

Period of disease (year) 10.62±6.18
Insulin use (%)(yes/no) 47.3 / 52.7
OAD drug use (%)(yes/no) 94.7 / 5.3
Family history (%)(yes/no) 55.4 / 44.6
Nephropathy (%)(yes/no) 16.0 / 84.0
Retinopathy (%)(yes/no) 40.0 / 60.0
Cardiovascular disease (%)(yes/no) 44.0 / 56.0
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healthy control groups by means of CXCR-4 genotype distribution; however, CXCR-4 T 
allele carrying frequency was 24% for patient group whereas it was higher than 15.75% value 
of control group; and accordingly generated 1.6 risk for the disease (p = .07) (Table 3).

Table 4 shows that no statistical significance was found for SDF-1 genotypes in patients 
with nephropathy (p = .466). However, CXCR-4 genotypes were detected significance in 
patients with nephropathy (p = .012). SDF-1 genotypes showed significant difference in 
patients with retinopathy (p = .031). It is generally understood that all individuals carrying 
SDF-1 CC genotype also have retinopathy, and CC genotype contributes to its development. 
But, no statistical significance was determined in patients with retinopathy for CXCR-4 
genotypes (p = .189).

The risk of developing cardiovascular disease was found to be five times higher in individuals 
carrying SDF-1 T allele (p = .007; χ2:7,33, OR:5,10, 95% CI:1,46–17,7). Although cardiovascular 
risk increased 1.9 times in CXCR-4 T allele carriers, there was no statistical significance 
(p = .216; χ2:1,53, OR:1,98, 95% CI:0,66–5,91). The nephropathy existence in patients with 

Figure 1. CD55% expression levels in a patient (A) and a control (B), CD59% expression levels in a patient 
(C) and a control (D).
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CXCR-4 a allele was statistically significantly lower (p = .02). The nephropathy existence was 
two times higher (p = .254; OR:2,05, 95% CI:0,50–8,36), even though not significant, in 
individuals CXCR-4 T allele carriers. The individuals having CXCR-4 TT genotype were 
exposed to 10 times higher risk of having nephropathy (p = .020; OR:10,5, 95% CI:1,72–63,9).

Discussion

It is known that about 70% of the mortalities in patients with diabetes mellitus originate 
from the diabetic macro-vascular diseases. However, the mechanism of diabetic macro- 
vascular diseases causing such a high mortality rate has yet to be explained (Ma et al. 2009). 
This study has researched possible relations between the T2DM process and (i) CD55 and 

Figure 2. Histogram of CD55 (A) and CD59 (B) expressions on lymphocytes of a healthy control and 
a patient.
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Figure 3. The CD55% (A) and CD59% (B) expression levels of patients and controls; CD55% (C) and 
CD59% (D) expression levels of patients in relation to complications and healthy controls (*p<0.001).

Table 3. Genotypes and allele frequencies for SDF-1 and CXCR-4 in type 2 diabetic patients and 
controls.

SDF-1 genotype/alleles T2DM patients, n (%) Controls, n (%) p-Value

CC 61 (81.3%) 62 (84.9%)
TT 0 0
CT 14 (18.7%) 11 (15.1%) 0.559
C 136 (90.6%) 135 (92.46%)
T 14 (9.33%) 11 (7.53%) 0.577

CXCR-4 genotype/alleles T2DM patients, n (%) Control, n (%)

AA 45 (60%) 52 (71.2%)
TT 6 (8%) 2 (2.7%)
AT 24 (32%) 19 (26%) 0.217
A 114 (76%) 123 (84.24%)
T 36 (24%) 23 (15.75%) 0.07
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CD59 complement regulator proteins and (ii) the chemokines that have a role in inflam-
mation, SDF-1 and CXCR-4.

During certain reactions that occur in response to factors that affect the immune system, 
chemokines should direct leucocytes towards the correct position and activate them with 
appropriate timing. Atherosclerosis, an inflammatory disease, is characterized by the inter-
action of the endothelial cells with leucocytes, but the central role is played by complement 
system. Yasojima et al. (2001) claimed that CD55 and CD59 expressions may occur in 
atherosclerotic plaques; however, these markers do not arise during this disease. Thus, the 
results of Yasojima K et al.’s study explain, albeit partially, the reasons for the accelerated 
atherosclerosis in diabetes in relation with lowered expression of complement regulator 
proteins.

CD55 and CD59 prevent autologous complement-mediated damage. Ma et al. (2009) 
showed lower expression of markers in diabetes in association with micro-vascular diseases. 
Similar results were also obtained in our study (Figure 3). Moreover, Zhang et al. (2002) 
showed the reduction of CD55 and CD59 for the diabetic micro-vascular diseases.

Fasting blood sugar and HbA1 c values are high in T2DM patients. Although no relation 
exists between CD55 and CD59 expressions and fasting glucose and HbA1 c, the differences 
of the respective values are not to be disregarded (Ma et al. 2009).

Alegretti et al. (2010) determined the CD55 and CD59 expression rate in monocytes and 
granulocytes in systemic lupus erythematosus, which is an auto-immune disease. As a result 
of the study, a decrease in the CD55 and CD59 proteins is proved to exist in the diseases 
originating from inflammation and related vascular diseases (SLE, glomerulonephritis, etc.) 
(Alegretti et al. 2010). We aimed to establish the expressions of these indicators in T2DM, 
which leads to complications in the kidneys, heart and ocular vascular routes, and deter-
mined parallel results with similar studies (Figure 3). In the same manner, variance of CD55 
and CD59 expression levels in our results was in accordance with the results of Garcia – 
Valladeres et al., 2006.

The main feature in complications of T2DM is complement-related damage in vascular 
structure caused by unregulated glucose level. These deteriorations occur as a result of 
endothelial damage caused by activation of the complement with classical or alternative 
way. In healthy metabolism, CD55 and CD59 play a regulatory role in damaging effect of 
complement by inhibiting Membrane Attack Complex. So, decreased levels of these deter-
minants indicate disorder in regulation of inhibition of complement.

SDF-1 and its receptor CXCR-4 are expressed on alpha and beta cells in islets. In T2DM, 
in process leading to formation of complement activation and inflammation through CD55 
and CD59 Creg proteins, CD4 + T cell activation and as a result beta cell damage occurs. As 
a result of activation of SDF-1 and CXCR-4 axis (increase in chemokine secretion during 
inflammation), autocrine production of SDF-1 and along with other factors, beta cell 
growth and survival are tried to be achieved. In this study, these markers were studied 
together in process leading to T2DM.

SDF-1 is a strong chemokine that increases the migration and activation of T cells. 
A recent study performed in the French population reported that SDF-1 gene polymorph-
ism generates tendency to T1DM (Dubois-Laforgue et al., 2001, García-Valladares et al. 
2006). Matin et al. performed a study in 2002 in which they concluded that SDF-1 plays an 
important role in the occurrence of diabetes in NOD mice. Moreover, it is claimed that 
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801 G > a polymorphism in the SDF-1 3ʹ zone generates a tendency to AIDS and AIDS- 
related mortalities.

It is not yet known if SDF-1 is involved in insulitis process; however, it has been proven 
to play a role in T cell migration and at the same time, be a co-stimulator of CD4+ cells. The 
polymorphism[s] in the SDF-1 gene affect the degree of insulitis generated by mononuclear 
cells and age of diabetes onset. SDF-1 gene and particularly the 801 G-a zone affects the 
regulation of SDF-1 gene expression.

Ide et al. (2003) reported that a statistically significant difference is not spotted to claim 
that the −801 G > a transformation in SDF-1 gene 3ʹ zone generates a tendency to type 1 
diabetes, and the inclusion of a allele is increasing the occurrence risk of the disease. When 
polymorphism was examined through our study, we observed that C > T transformation in 
10q11.21 zone had no statistically significant difference by means of allele or genotype 
frequencies. However, we found that presence of T allele generates a five times higher risk of 
cardiovascular diseases in T2DM patients (Figure 4(b,c)). Moreover, we observed that 
individuals with CC genotype developed more retinopathies when compared with indivi-
duals who lacked CC genotype (Table 4).

Figure 4. The development risk of cardiovascular disease was 1.9 times higher in the individuals who had 
CXCR-4 T allele (p=0.216; χ2=2:1,53, OR:1,98, 95% CI:0,66-5,91) (Figure 4A). The risk of facing cardiovas-
cular disease was 5 times higher in individuals having SDF-1 T allele (p=0.007; χ2=2:7,33, OR:5,10, 95% 
CI:1,46-17,7) (Figure 4b). The nephropathy existence in patients with CXCR-4 A allele was statistically 
significantly lower (p=0.02). The nephropathy existence was 2 times higher (p=0.254; OR:2,05, 95% 
CI:0,50-8,36), even though not significant, in individuals CXCR-4 T allele carriers. The individuals having 
CXCR-4 TT genotype were exposed to 10 times higher risk of having nephropathy (p=0.020; OR:10,5, 95% 
CI:1,72-63,9) (Figure 4c). (T+: Carrying T allele, T-: Not carrying T allele, A+: Carrying A allele, A-: Not 
carrying A allele).
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Teng et al. (2009) obtained similar results through their studies that established an 
increase of SDF-1 expression. The authors claimed that such an increase generates 
a protective effect independent from the CXCR-4 receptor. We observed that CXCR- 
4 T allele presence increases the risk of T2DM 1.6 times. This provides protective effects 
against certain diseases, independent from the genotype frequencies of allele frequencies; 
however, it also acts as an indicator of tendency for certain other diseases. Egan et al. 
(2008) reported that CXCR-4 expression in particular was reduced in different popula-
tions with T2DM.

In this study, it has been observed that the existence of nephropathy was significantly 
reduced in the individuals having CXCR-4 allele. This finding is important because it is the 
first data in the literature. Although no statistically significant difference was observed in 
individuals with the CXCR-4 T allele, the existence of nephropathy was two times higher. 
Individuals carrying CXCR-4 TT genotype are exposed to 10 times higher risk of nephro-
pathy (Figure 4(a)). This proves that the results obtained from the study are internally 
consistent.

We suggest that SDF-1 and CXCR-4 genes generate inflammatory effects and play a role 
in tendency to T2DM. The CD55 and CD59 markers in low levels spoil the regulation of the 
complement system and cause certain vascular diseases. Accordingly, such low expression 
levels may damage regulation of the complement inhibition. This result supports the 
conclusions drawn by Kim and Song (2005). Particularly for T2DM, it is not yet known 
whether inflammation related to polymorphic tendency or inflammation due to the CD55 
and CD59 expression levels trigger interaction among such genes, which increases the 
severity of disease.

Cytokines, chemokines or their many receptors are expressed in kidney tubular epithe-
lium cells. The SDF-1 gene is up-regulated after ischemic injuries in several organs and this 
causes the neovascularization of endothelial progenital cells connected to the bone marrow 
in ischemic zones. This makes us think that SDF-1 and CXCR-4 expression levels vary in the 
same direction and may be used as a target for treatment. In relation to this situation, 
expression levels of the aforementioned genes should be analyzed jointly, not individually, 
especially for the diagnosis of disease (Jung et al., 2011). In this context, we think that 
examined SNPs may jointly vary the expression levels of the same genes in the same 
direction. This can be explained that examined polymorphic zones positioned in the 

Table 4. Correlation of SDF-1 and CXCR-4 genotypes with characteristics features of T2DM patients.
SDF-1 gENE CXCR-4 gENE

Complications CC CT p-Value AA TT AT p-Value

Nephropathy
Yes 8 (88.9%) 1 (11.1%) 0.466 4 (44.4%) 3 (33.3%) 2 (22.2%) 0.012*
No 53 (80.3%) 13 (19.7%) 41 (62.1%) 3 (4.5%) 22 (33.3%)
Retinopathy
Yes 15 (100%) 0 0.031* 12 (80%) 1 (6.7%) 2 (13.3%) 0.189
No 46 (76.7%) 14 (23.3%) 33 (55%) 5 (8.3%) 22 (36.7%)
Cardiovascular disease
Yes 10 (58.8 %) 7 (41.2 %) 0.007* 8 (47.1%) 2 (11.8%) 7 (41.2%) 0.216
No 51 (87.9 %) 7 (12.1 %) 37 (63.8%) 4 (6.9%) 17 (29.3%)

*Chi-Square test, p < 0.05. In terms of cardiovascular disease: CXCR-4 T allele (p = 0.216; χ2:1,53, OR:1,98, 95% CI:0,66–5,91); 
SDF-1 T allele (p = 0.007; χ2:7,33, OR:5,10, 95% CI:1,46–17,7). In terms of nephropathy: CXCR-4 TT genotype (p = 0.020; 
OR:10,5, 95% CI:1,72–63,9).
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promoter of the gene and the SNP changes affect the transcription and modify the gene 
expression.

We observed through this study the probable contributions of CD55 and CD59 protein 
levels, assigned in suppressing complement activation, which significantly influences dia-
betes process. Thus, we suggest that these markers, together with other immune indicators, 
have predictive importance in T2DM process. Genetically, it is probable to claim that 
polymorphisms in the CXCR-4 gene promoter zone (rs2680880) play a role in the tendency 
for T2DM.
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