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SUMMARY 
Background: The aim of this study was to evaluate the role of polymorphisms of stromal cell-derived factor-1 (SDF-1) and 

chemokine receptor-4 (CXCR4) genes in dementia susceptibility in a Turkish population.

Subjects and methods: The study group included 61 dementia patients, while the control group comprised 82 healthy 

individuals. Gene polymorphisms of SDF-1 3’A G801A (rs1801157) and CXCR4 C138T (rs2228014) were genotyped by polymerase 

chain reaction-restriction fragment length polymorphism (PCR-RFLP) analysis.  

Results: A significantly reduced risk for developing dementia was found for the group bearing an A allele for SDF-1 3’A 

polymorphism (p=0.009; 2=6.812; OR=0.626; 95%CI= 0.429-0.913). The frequency of the CXCR4 TT and TC genotype was 

significantly lower in patients with dementia compared to controls (p=0.028; 2=5.583; OR=0.215; 95%CI=0.05-0.914); (p=0.027; 
2=4.919; OR=0.484; 95% CI= 0.246-0.955). Additionally, combined genotype analysis showed that the frequency of SDF1 GA-

CXCR4 CC was significantly lower in patients with dementia in comparison with those of controls (p=0.049; OR=0.560; 95% CI= 

0.307±1.020). 

Conclusions: Our study provides new evidence that SDF1 A and CXCR4 T alleles may be associated with a decreased dementia 

risk. The present study is important because to our knowledge, it is the first one to be conducted in a Turkish population to date, but 

we believe that more patients and controls are needed to obtain statistically significant results. 
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INTRODUCTION

Chemokines are small secreted glycoproteins that 

display a wide variety of biological and pathological 

functions. Besides attracting and activating immune and 

non-immune cells, it has been suggested that chemo-

kines and their receptors play important roles in the 

central nervous system (CNS) (Réaux-Le Goazigo et al. 

2013). There are several different kinds of chemokines 

using different receptors and signal transduction path-

ways, but stromal cell-derived factor-1 (SDF-1)/ chemo-

kine receptor-4 (CXCR4) couple have been shown to be 

one of the most important chemokine and chemokine 

receptor in the CNS development and NPC migration 

(Wu et al. 2012). SDF-1 is also known as chemokine 

ligand 12 (CXCL12), and it is the only known ligand for 

CXCR4 (Jiang et al. 2013). Both of them are constitu-

tively expressed widely in the developing and adult 

nervous systems especially in primary sensory terminals 

and vesicles of spinal axonal boutons (Stumm et al. 

2003, Miller et al. 2008, Wu et al. 2012). 

The distribution of SDF-1 suggests that this chemo-

kine may have many features in common with classical 

neuropeptides such as neuromodulation and gene regu-

lation in particular neuronal populations (Wu et al. 2012, 

Guyon 2014). It has been shown that SDF-1/CXCR4 

signaling mediates the migration of neuroblasts and 

transplanted neural stem cells or bone marrow-derived 

cells to the area of brain injury after stroke (Cui et al. 

2009, Wu et al. 2012). The chemokine CXCL12 which 

may also enhance the activity of GABA and glutamate 

on serotonergic neurons, so disruption of those systems 

are thought to be responsible for the mechanisms of 

some psychiatric disorders and dementia (Wu et al. 

2009, Wu et al. 2012, Réaux-Le Goazigo et al. 2013). 

For instance, the expression of CXCR4 was previously 

shown to be enhanced under pathological conditions 

including stroke (Cui et al. 2009, Wu et al. 2012) and 

neurodegenerative diseases like HIV-associated dementia 

(HAD) and Alzheimer’s disease (AD) (Smits et al. 

2002, Cui et al. 2009, Xu et al. 2011, Wu et al. 2012).  

SDF-1 is known to be located on chromosome 

10q11.1 and it has a single nucleotide polymorphism 

(SNP) consisting of G to A (G>A) transition at position 

801 relative to the start codon in the 3’ untranslated 

region (3’UTR), (rs1801157) (Winkler et al. 1998) and 

its receptor CXCR4 is located on chromosome 2p2 and

also a SNP resulting in a substitution of C to T (C>T) at 

codon 138 (rs2228014) that has an important regulatory 

function by affecting the expression of protein (Petersen 

et al. 2005, I man et al. 2012). In our study, we had 

focused on two polymorphisms above and investigated 

a possible relation between those SDF-1 and CXCR4 

polymorphisms and dementia in Turkish patients. 
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SUBJECTS AND METHODS 

Study subjects 

A total of 61 patients with dementia and 92 controls 

were recruited for this study. The mean age of the patients 

with dementia and healthy controls was 73.63±7.387 and 

74.05±7.965 years, respectively. No significant differen-

ces were found between patients and controls in terms of 

median age (p>0.05). The diagnosis of dementia was 

made according to the NINCDS/ADRDA criteria. Healthy 

subjects were choosed after careful examinations and 

defined as the individuals without having any of NINCDS/ 

ADRDA dementia criteria. After obtaining written 

informed consent from the participants and approval of 

Istanbul University’s Ethics Committee, blood speci-

mens were collected in tubes containing EDTA. 

DNA isolation and genotyping

A 10 mL sample of venous blood was collected from 

each subject into a test tube containing EDTA. Genomic 

DNA was extracted from peripheral whole blood 

according to a salting out technique (Miller et al. 1988).  

SDF-1 3’A G801A (rs1801157) and CXCR4 C138T 

(rs2228014) polymorphisms were genotyped by the 

restriction fragment length polymorphism method. The 

polymerase chain reaction (PCR) method was used for 

amplification of SDF-1 gene using forward primer 5’-

CAGTCAACCTGGGCAAAGCC-3’and reverse primer 5’-

AGCTTTGGTCCTGAGAGTCC-3’and for CXCR4 gene 

using forward primer 5’-AACTTCCTATGCAAGGCAGT-

3’and reverse primer 5’-TATCTGTCATCTGCCTCACT-

3’. For SDF-1 genotyping, polymerase chain reaction 

(PCR) product was digested by MspI restriction enzyme 

(MBI Fermentas). After enzyme digestion, the wild-type 

GG genotype was identified with the presence of 201 

and 101 bp products. The homozygote AA genotype 

was identified with the presence of 302 bp product. The 

heterozygote GA genotype had 302, 201, and 101 bp. 

For CXCR4 genotyping, PCR product was digested by 

BccI restriction enzyme (MBI Fermentas). After en-

zyme digestion, the wild-type CC genotype was iden-

tified with the presence of 133 and 103 bp products. The 

homozygote TT genotype was identified with the pre-

sence of 236 bp product. The heterozygote CT genotype 

had 236, 133, and 103 bp. The PCR products were 

visualized by electrophoresis on 3% agarose gel. The 

relative size of the PCR products were determined by 

comparison of the migration of a 50-1000 bp DNA 

molecular weight ladder a permanent visual image was 

obtained using a UV illuminator. Two independent re-

searchers checked all genotypes. 

Statistical analysis 

Statistical analysis were performed using the SPSS 

software package (revision 11.5 SPSS Inc., Chicago, IL, 

U.S.A.) data are expressed as means+SD. Limit of 

statistical significance was p<0.05. Chi-square and 

Fischer’s exact tests were used to assess the differences 

of genotype and allele frequencies in two groups. Com-

parison of intergroup demographic data was determined 

by using Student’s t-test and Anova. Allele frequencies 

were performed according to gene counting method. 

RESULTS 

The frequency of gender was considerably different 

for the patients and controls (71.7% male, 28.3% 

female, for patients; 48.9% male, 51.1% female, for 

controls). There were significant differences with regard 

to gender in the study group ( p<0.001). 

The allele and genotype frequencies for SDF-1 3’A 

G801A (rs1801157) and CXCR4 C138T (rs2228014) 

polymorphisms in patients with dementia and controls 

are given Table 1. We had significant differences for 

SDF-1 and CXCR4 genotype frequencies between pa-

tients with dementia and healthy controls. Frequencies 

of SDF-1 A allele in controls were higher than in patients 

and individuals with A allele seem to be protective 

Table 1. Distribution of SDF-1 3’A G801A (rs1801157) and CXCR4 C138T (rs2228014) genotypes and alleles in 

patients with dementia and control group 

Controls ,   n=92 Pat ients ,   n=61 
SNPs

n % n % 
P value 

SDF-1 G801A (rs1801157)     

GG 39 42.40 39 63.90  

AA 17 18.50 6   9.80 0.031a

GA 36 39.10 16 26.20  

G allele 114 61.96 94 77.05 

A allele 70 38.04 28 22.95 0.009a

CXCR4 C138T (rs2228014)    

CC 50 54.30 50 82.00  

TT 14 15.20 2   3.30 0.001a

CT 28 30.40 9 14.80  

C allele 128 69.57 109 89.35 

T allele 56 30.43 13 10.65 0.000a

Values are reported as number of patients (percentage of the total group);   ap-Values <0.05 denoted statistical significance 
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Table 2. Combined genotype frequencies of the SDF-1 3’A G801A and CXCR4 C138T polymorphisms among the 

patients with dementia and controls 

SDF-1 3’A G801A CXCR4 C138T Controls, n (%) Patients, n (%) 2 p-value OR (95 %Cl)a

GG CC 25 (43.9) 32 (56.1) - - 1 

GG CT 12 (66.7) 6 (33.3) 2.847 0.092 0.486 (0.204±1.161) 

GG TT 2 (66.7) 1 (33.3) 0.599 0.583 0.409 (0.039±4.273) 

GA CC 21 (65.6) 11 (34.4) 3.888 0.049b 0.560 (0.307±1.020) 

GA CT 10 (76.9) 3 (23.1) 4.629 0.062 0.300 (0.09±0.998) 

GA TT 4 (80) 1 (20) 2.412 0.176 0.219 (0.026±1.855) 

AA CC 3 (33.3) 6 (66.7) 0.353 0.722 1.472 (0.403±5.405) 

AA CT 5 0 - - - 

AA TT 7 0 - - - 
aThe rest combined genotypes against the SDF-1 (rs1801157) GG and CXCR4 (rs2228014) CC genotypes 
bp-Values <0.05 denoted statistical significance;    CI - confidence interval;    OR - odds ratio 

from dementia (p=0.009; 2=6.812; OR=0.626; 

95%CI=0.429-0.913). The individuals who had CXCR4 

TT genotype and TC genotype had reduced risk demen-

tia (p=0.028; 2=5.583; OR=0.215; 95%CI=0.05-0.914); 

(p=0.027; 2=4.919; OR=0.484; 95%CI=0.246-0.955). 

The CXCR4 T allele frequency was lower in patients 

with dementia compared with controls (p<0.001; 
2=12.358; OR=0.394; 95%CI=0.221-0.705).

We also analyzed gene-gene interactions by diffe-

rent combinations to evaluate the synergistic effect on 

dementia. The results are shown in Table 2. The com-

bination of the SDF-1 (rs1801157) GG and CXCR4 

(rs2228014) CC genotypes was the most frequent 

genotype, which was observed to be 56.1% and 43.9% 

in patients and healthy controls, respectively. Combined 

genotype analysis showed that the genotypes consisting 

of the combination of SDF1 GA-CXCR4 CC genotypes 

were significantly lower in the patients than in the 

control group (p=0.049, Table 2). While the other 

combined genotypes did not contribute to the risk of 

dementia relative to the SDF-1 GG genotype and the 

CXCR4 CC genotype. 

DISCUSSION 

Dementia is a general term for an impairment in 

mental ability severe enough to intervene with daily 

life (Wu et al. 2017). There are several pathological 

hallmarks (like senile plaques corresponding to extra-

cellular accumulation of the amyloid b, accumulation 

of mononuclear phagocytes, neurofibrillary tangles, 

etc.) needed to confirm. There are more than four 

million people diagnosed as Alzheimer’s disease (AD) 

in the United States each year and currently affects 

about 26 million people worldwide (Karaca et al. 

2017). The most prominent feature of AD is dementia 

which means the progressive loss of cognitive func-

tions (Karaca et al. 2017). Although it is such frequent, 

the etiology and pathogenesis of AD remain poorly 

understood and the molecular reason for the disease is 

not clear yet.  

Dementia is not only specific to AD, for example, it 

is common in human immunodeficiency virus-1 (HIV-

1)-infected cases, and it was found that as being a major 

co-receptor for HIV-1 entry. CXCR4 was playing an 

important role in HIV-mediated neuronal degeneration 

pathogenesis by affecting cell migration, virus-mediated 

neurotoxicity and neurodegeneration (Réaux-Le Goazigo 

et al. 2013, Guyon et al. 2014). In CXCR4 knockout 

mice, it was shown that disrupting the interneuron 

migratory paths were affecting both the regional and 

laminar distributions of interneurons (Zhu & Murakami 

2012). It was also found that the ligand of CXCR4 and 

SDF-1 (CXCL12) was determining the migratory 

streams for neurons (Zhu & Murakami 2012). In a 

previous study, samples from AD patients were found to 

contain more CXCR4 mRNA levels than control 

samples (Laske et al. 2012). However, CXCL12 plasma 

concentrations were reported to decrease in early AD 

cases inversely correlating with CSF tau protein and 

also CXCL12 plasma level had a significant inverse 

correlation with dementia severity (Laske et al. 2012). 

In animal experiment with mouse model of AD, it has 

been shown that CXCL12 mRNA, protein, and receptor 

are downregulated, coinciding with cognitive deficits 

(Savarin et al. 2007, Laske et al. 2008). Accumulating 

data concluded that CXCL12-CXCR4 axis took roles in 

maintaining neural stem cells and initiating endogenous 

stem cell-based tissue repair (Li et al. 2012, Peng et al. 

2012). Additionally, Parachikova et al had supporting 

results in animal models suggesting CXCL12/CXCR4 

axis to contribute learning and memory functions (Para-

chikova et al. 2007).  

Chemokine and chemokine receptor genes are 

highly polymorphic, and many of the polymorphisms 

affect the expression and functional characteristics of 

these molecules. Many studies have investigated the 

associations between the SDF-1 and CXCR4 poly-

morphisms and risk of various diseases, including lung 

cancer (Xu et al. 2015), cervical cancer (Roszak et al. 

2015), gastric cancer (Ramzkhah et al. 2013), laryngeal 

cancer (Kruszyna et al. 2010), systemic lupus ery-

thematosus (Warchol et al. 2010), colorectal cancer 
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(Chang et al. 2009), preeclampsia (Karakus et al. 2017), 

schizophrenia (Dasdemir et al. 2016), renal cell 

carcinoma (Cai et al. 2013) and inflammatory bowel 

disease (Mrowicki et al. 2014).  

CONLUSIONS 

This was the first study about dementia and the 

polymorphisms of SDF-1 3’A G801A and CXCR4 

C138T. We planned to detect whether the main poly-

morphisms were affecting the risk of having dementia 

or not. We found a strong relationship between A allele 

of SDF-1 and T allele of CXCR4; both were reducing 

the risk of having dementia. This SNPs seemed to be 

protective against dementia. In addition to SNP ana-

lyses, we investigated the association between dementia 

risk and combined genotypes in the SDF-1 and CXCR4 

gene. Combined genotype analysis revealed that the 

frequencies of SDF-1 GA and CXCR4 CC genotypes 

were significantly lower in the patients as compared 

with those of controls. 

It may be important to focus on those findings to be 

able to have an idea about dementia risk before getting 

older. In case this will be confirmed with further 

studies, those polymorphisms can be candidate markers 

for risk assessment of dementia in the future. The 

present study has some potential limitations, the major 

hurdle of the study was the relatively small sample size. 

Big-size studies such as focusing on gene and protein 

expression levels will be help us to understand the 

capability of mechanism role. 

Acknowledgements: None. 

Conflict of interest: None to declare.

Contribution of individual authors:

Burak Dalan: study design, first draft. 

Ozlem Timirci-Kahraman: statistical analysis, first draft, 
approval of the final version. 

Seda Gulec-Yilmaz: statistical analysis. 

Emre Murat Altinkilic: study design. 

Selvi Duman: study design. 

Huseyin Ayhan: data collection. 

Turgay Isbir: approval of the final version. 

References 

1. Cai C, Wang LH, Dong Q, Wu ZJ, Li MY, Sun YH: 

Association of CXCL12 and CXCR4 gene polymorphisms 

with the susceptibility and prognosis of renal cell 

carcinoma. Tissue Antigens 2013; 82:165-70 

2. Chang SC, Lin PC, Yang SH, Wang HS, Li AF, Lin JK: 

SDF-1alpha G801A polymorphism predicts lymph node 

metastasis in stage T3 colorectal cancer. Ann Surg Oncol 

2009; 16:2323-30 

3. Cui X, Chen J, Zacharek A, Roberts C, Yang Y, Chopp M: 

Nitric Oxide Donor Upregulation of SDF1/CXCR4 and 

Ang1/Tie2 Promotes Neuroblast Cell Migration After 

Stroke. J Neurosci Res 2009; 87:86–95 

4. Dasdemir S, Kucukali CI, Bireller ES, Tuzun E, Cakma-

koglu B: Chemokine gene variants in schizophrenia. Nord 

J Psychiatry 2016; 70:407-12 

5. Guyon A: CXCL12 chemokine and its receptors as major 

players in the interactions between immune and nervous 

systems. Front Cell Neurosci 2014; 8:65 

6. I man FK, Kucukgergin C, Da demir S, Cakmakoglu B, 

Sanli O, Seckin S: Association between SDF1-3'A or 

CXCR4 gene polymorphisms with predisposition to and 

clinicopathological characteristics of prostate cancer with 

or without metastases. Mol Biol Rep 2012; 39:11073-9 

7. Jiang Z, Zhou W, Guan S, Wang J, Liang Y: Contribution 

of SDF-1 /CXCR4 signaling to brain development and 

glioma progression. Neurosignals 2013; 21:240-58 

8. Karaca I, Wagner H, Ramirez A: Search for risk genes in 

Alzheimer's disease. Nervenarzt 2017; 88:744-750 

9. Karakus S, Bagci B, Bagci G, Sancakdar E, Yildiz C, 

Akkar O et al: SDF-1/CXCL12 and CXCR4 gene variants, 

and elevated serum SDF-1 levels are associated with 

preeclampsia. Hypertens Pregnancy 2017; 36:124-130 

10. Kruszyna L, Lianeri M, Rydzanicz M, Szyfter K, Jago-

dzi ski PP: SDF1-3' a gene polymorphism is associated 

with laryngeal cancer. Pathol Oncol Res 2010; 16:223-7 

11. Laske C, Stellos K, Eschweiler GW, Leyhe T, Gawaz M: 

Decreased CXCL12 (SDF-1) plasma levels in early Alz-

heimer’s disease: a contribution to a deficient hemato-

poietic brain support? J Alzheimers Dis 2008; 15:83-95 

12. Laske C, Stellos K, Stransky E, Seizer P, Akcay O, Esch-

weiler GW et al: Decreased plasma and cerebrospinal 

fluid levels of stem cell factor in patients with early 

Alzheimer's disease. J Alzheimers Dis 2008; 15:451-60 

13. Li M, Hale JS, Rich JN, Ransohoff RM, Lathia JD: 

Chemokine CXCL12 in neurodegenerative diseases: an 

SOS signal for stem cell-based repair. Trends Neurosci. 

2012; 35:619-28 

14. Miller RJ, Rostene W, Apartis E, Banisadr G, Biber K, 

Milligan ED et al: Chemokine action in the nervous 

system. J Neurosci 2008; 28:11792-5 

15. Miller SA, Dykes DD, Polesky HF: A simple salting out 

procedure for extracting DNA from human nucleated 

cells. Nucleic Acids Res 1988; 16:1215 

16. Mrowicki J, Przybylowska-Sygut K, Dziki L, Sygut A, 

Chojnacki J, Dziki A et al: The role of polymorphisms of 

genes CXCL12/CXCR4 and MIF in the risk development 

IBD the Polish population. Mol Biol Rep 2014; 41:4639-52 

17. Parachikova A, CW Cotman: Reduced CXCL12/CXCR4 

results in impaired learning and is downregulated in a 

mouse model of Alzheimer disease. Neurobiol Dis 2007; 

28:143-53

18. Peng H, Wu Y, Duan Z, Ciborowski P, Zheng JC: 

Proteolytic processing of SDF-1  by matrix metallo-

proteinase-2 impairs CXCR4 signaling and reduces 

neural progenitor cell migration. Protein Cell 2012; 

3:875-82 

19. Petersen DC, Glashoff RH, Shrestha S, Bergeron J, Laten 

A, Gold B et al: Risk for HIV-1 infection associated with a 

common CXCL12 (SDF1) polymorphism and CXCR4 

variation in an African population. J Acquir Immune Defic 

Syndr 2005; 40:521–6 



Burak Dalan, Ozlem Timirci-Kahraman, Seda Gulec-Yilmaz, Emre Murat Altinkilic, Selvi Duman, Huseyin Ayhan & Turgay Isbir:  

POTENTIAL PROTECTIVE ROLE OF SDF-1 AND CXCR4 GENE VARIANTS IN THE DEVELOPMENT OF DEMENTIA 

Psychiatria Danubina, 2020; Vol. 32, No. 1, pp 92-96 

96

20. Razmkhah M, Ghaderi A: SDF-1alpha G801A poly-

morphism in Southern Iranian patients with colorectal and 

gastric cancers. Indian J Gastroenterol 2013; 32:28-31 

21. Réaux-Le Goazigo A, Van Steenwinckel J, Rostène W, 

Mélik Parsadaniantz S: Current status of chemokines in 

the adult CNS. Prog Neurobiol 2013; 104:67-92 

22. Roszak A, Misztal M, Sowi ska A, Jagodzi ski PP: 

Stromal cell-derived factor-1 G801A polymorphism and 

the risk factors for cervical cancer. Mol Med Rep 2015; 

11:4633-8

23. Savarin-Vuaillat C, Ransohoff RM: Chemokines and 

chemokine receptors in neurological disease: raise, retain, 

or reduce? Neurotherapeutics 2007; 4:590-601 

24. Smits HA, Rijsmus A, van Loon JH, Wat JW, Verhoef J, 

Boven LA: Amyloid-beta-induced chemokine production in 

primary human macrophages and astrocytes. J 

Neuroimmunol 2002; 127:160-8 

25. Stumm RK, Zhou C, Ara T, Lazarini F, Dubois-Dalcq M, 

Nagasawa T et al: CXCR4 regulates interneuron 

migration in the developing neocortex. J Neurosci 2003; 

23:5123-30

26. Warcho  T, Lianeri M, acki JK, Jagodzi ski PP: SDF1-3' 

G801A polymorphisms in Polish patients with systemic 

lupus erythematosus. Mol Biol Rep 2010; 37:3121-5 

27. Winkler C, Modi W, Smith MW, Nelson GW, Wu X, 

Carrington M et al: Genetic restriction of AIDS 

pathogenesis by an SDF-1 chemokine gene variant. 

Science 1998; 279:389–93 

28. Wu Y, Chen Q, Peng H, Dou H, Zhou Y, Huang Y et al: 

Directed migration of human neural progenitor cells to 

interleukin-1  is promoted by chemokines stromal cell-

derived factor-1 and monocyte chemotactic factor-1 in 

mouse brains. Translational Neurodegeneration 2012; 1:15 

29. Wu Y, Peng H, Cui M, Whitney NP, Huang Y, Zheng JC: 

CXCL12 increases human neural progenitor cell 

proliferation through Akt-1/FOXO3a signaling pathway. J 

Neurochem 2009; 109:1157-67 

30. Wu YT, Beiser AS, Breteler MMB, Fratiglioni L, Helmer 

C, Hendrie HC et al: The changing prevalence and 

incidence of dementia over time - current evidence. Nat 

Rev Neurol 2017; 13:327-339 

31. Xu C, Liu J, Chen L, Liang S, Fujii N, Tamamura H: HIV-

1 gp120 enhances outward potassium current via CXCR4 

and cAMP-dependent protein kinase A signaling in 

cultured rat microglia. Glia 2011; 59:997-1007 

32. Xu W, Cui R, Yu H: The association between SDF-1 G801A 

polymorphism and non-small cell lung cancer risk in a Chi-

nese Han population. Int J Clin Exp Med 2015; 8:14065-9 

33. Zhu Y, Murakami F: Chemokine CXCL12 and its recep-

tors in the developing central nervous system: emerging 

themes and future perspectives. Dev Neurobiol 2012; 

72:1349-62

Correspondence: 

Professor Turgay Isbir, MD 
Department of Medical Biology, Faculty of Medicine, Yeditepe University 
nönü Cad. 26 A ustos Yerle kesi, 34755 Kayı da ı-Ata ehir, Istanbul, Turkey 

E-mail: turgay.isbir@yeditepe.edu.tr, tisbir@superonline.com 


