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Abstract: CXCL12 (also named SDF1), a member of the chemokine family, has been 

demonstrated to play an important role in the progression of multiple types of hematological 

malignancy. Several recent studies have shown that SDF1-3′A polymorphism (rs1801157) is 

associated with susceptibility to hematological malignancy, but published studies’ results are dis-

puted. Therefore, we performed a meta-analysis to evaluate the relationship between SDF1-3′A 

polymorphism and the risk of hematological malignancy based on the existing literature. We 

carried out a comprehensive literature search using the Web of Science, PubMed, Cochrane 

Library, Chinese Wan Fang, and Chinese National Knowledge Infrastructure databases. And the 

raw data were extracted and calculated in standard steps of meta-analysis. Overall, nine qualified 

studies containing 1,576 cases and 1,674 controls were included in the ultimate meta-analysis. 

The pooled results displayed that AA genotype significantly increased the risk of hematological 

malignancy. The result of subgroup analysis further indicated that SDF1-3′A polymorphism was 

significantly associated with increased risk of chronic myeloid leukemia, Hodgkin’s lymphoma 

and multiple myeloma, but was not associated with increased risk of acute myeloid leukemia and 

non-Hodgkin’s lymphoma. In addition, SDF1-3′A polymorphism was associated with increased 

risk of hematological malignancy in Africans and Asians, but not in Caucasians. In conclusion, 

our meta-analysis firstly demonstrated that SDF1-3′A polymorphism may be associated with 

increased risk of hematological malignancy, especially for chronic myeloid leukemia, Hodgkin’s 

lymphoma, multiple myeloma and the non-Caucasian population. Nevertheless, these conclu-

sions should be reconfirmed by more evidence from large sample sized studies.
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Introduction
Cancer is considered as a major public health problem and one of the leading causes of 

death worldwide.1 Hematological malignancies, including leukemia, lymphoma, and 

other types,2 are in the top 10 causes of cancer death.3 According to the report from 

the American Cancer Society, leukemia accounted for an estimated 265,500 deaths 

and non-Hodgkin’s lymphoma (NHL) accounted for an estimated 199,700 deaths 

worldwide in 2012, respectively.3 It is widely accepted that genetic variants, environ-

mental factors, and the interaction of genetic and environmental factors are responsible 

for the occurrence and progression of hematological malignancy.4,5

Chemokines, a family of small cytokines, usually act as chemoattractants to manage 

the migration of leukocytes in the respective anatomical locations in inflammatory and 

homeostatic processes.6,7 Chemokine CXCL12, also named SDF-1, is a member of 

chemokine family and functions as the ligand for the chemokine CXCR4 to regulate 
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the process of embryogenesis,8 immune surveillance,9 

inflammation response,10 neutrophil homeostasis,11 and 

tumor growth and metastasis.12 Moreover, several recent 

studies have shown that CXCL12/CXCR4 axis can play an 

important role in the progression of acute myeloid leukemia 

(AML),13,14 acute lymphoblastic leukemia (ALL), and 

chronic lymphocytic leukemia (CLL).14,15 Of note, the level 

of SDF1 in peripheral plasma and the expression of CXCR4 

in bone marrow cells of acute leukemia (AML and ALL) 

group are significantly higher than that of healthy control 

group.16 Furthermore, function experiment in vitro indicates 

that elevated SDF1 is associated with increased malignant 

potential of AML and CLL cells.13,15 In addition to leukemia, 

SDF1/CXCR4 axis also participates in regulating the tumor’s 

biological behavior of NHL and multiple myeloma (MM) 

cells.17,18 For instance, the expression of CXCR4 and SDF1 

in NHL cells is higher than normal cells and SDF1 could 

promote metastasis of NHL cells.17 Similarly, SDF1 could 

facilitate MM cell adhesion to endothelial cells and induce 

MM cells’ migration.18

A single nucleotide polymorphism (SNP) (SDF1-3′A or 

rs1801157) containing a G to A transition at position 801 

is the common polymorphism in the 3-untranslated region 

(3′-UTR) of SDF1 gene. Although SDF1-3′A polymorphism 

has already been demonstrated to possibly increase the 

expression of SDF1,19 whether SDF1-3′A polymorphism is 

associated with the risk of hematological malignancy is still 

controversial in the literature.20,21 Therefore, we carried out 

a meta-analysis to assess whether SDF1-3′A polymorphism 

is related to the risk of hematological malignancy.

Methods
search strategy
A systematic literature search was performed in several 

electronic databases including Web of Science, PubMed, 

Cochrane Library, Chinese Wan Fang, and Chinese National 

Knowledge Infrastructure databases until October 1, 2016 

using the search formula that combined “genetic polymor-

phism” or “single nucleotide polymorphism” or “SNP” or 

“gene mutation” or “genetic variants” and “stromal cell-

derived factor-1” or “SDF1” or “CXCL12” or “chemokine 

ligand 12” or “rs1801157”, together with “leukemia” or 

“lymphoma” or “myeloma” or “hematological malignancy” 

or “hematological cancer” to include all relevant studies. 

Manual searching was supplemented with browsing refer-

ences of the retrieved articles. Based on the eligibility criteria, 

all articles were thoroughly examined from the title, including 

the entire text to determine if they could be selected for the 

ultimate analysis. If the opinions of two reviewers were not 

in agreement, the rest of the authors participated in evaluating 

whether an individual study should be included or not.

eligibility criteria
The three major inclusion criteria required at least: i) concern-

ing the relationship between the SDF1 gene polymorphism 

and hematological malignancy; ii) case-control or cohort 

studies; and iii) the articles should provide the frequencies 

of allele and genotype or the data in the articles can be used 

to calculate the frequencies of allele and genotype in both 

cases and controls. Articles were eliminated based on the 

following: i) containing duplicated data or ii) reviews, case 

reports, or meta-analysis. All of the control subjects were 

recruited from a healthy population without diagnosis of 

cancer and HIV infection as cancer and HIV infection have 

been demonstrated to dramatically influence the genotype 

frequencies of SDF1-3′A polymorphism in humans.

Data extraction
Data concerning author’s name, year of publication, patient 

characteristics, number of participants in the case and con-

trol groups, genotyping method, study type, P-value of the 

Hardy–Weinberg equilibrium (HWE) test, odds ratio (OR) 

and 95% confidence intervals (CIs) for the risk of hemato-

logical malignancy were collected from included articles by 

two authors independently. The quality of included studies 

was evaluated with the Newcastle–Ottawa Scale (NOS) as 

previously described.22

statistical analysis
Firstly, the chi-squared goodness-of-fit test was used 

to examine whether the genotype distributions of the 

SDF1-3′A polymorphism in the controls were in accordance 

with HWE. The strength of the relationship between the 

SDF1-3′A polymorphism and hematological malignancy 

was estimated by ORs with their corresponding 95% CIs. 

The Cochran’s Q statistic and I-squared (I 2) metric was 

used to test between-study heterogeneity. Heterogeneity 

was considered significant when P0.10 or I 250%. 

With heterogeneity existing, the random-effects model 

was performed to calculate the pooled OR of each eli-

gible study; otherwise, the fixed-effect model was used. 

Generally speaking, the pooled ORs with 95% CIs were 

calculated respectively under allele model, homozygote 

model, heterozygote model, dominant model, and reces-

sive model. Subgroup analyses were further carried out 

based on ethnicity and type of hematological malignancy, 
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and pooled analysis was performed only when at least 2 

independent case-control studies were included. The funnel 

plots and Egger’s linear regression test were used to ana-

lyze the publication bias. Publication bias was considered 

to exist when P0.05. Sensitivity analysis was conducted 

by omitting one study at a time to examine its effect on  

the entire OR value, which was usually used to assess the 

stability of meta-analysis. Overall statistical analyses were 

performed using the STATA 11.0 program (StataCorp LLC, 

College Station, TX, USA).

ethics
Our meta-analysis was approved by the ethical committee 

of China Medical University.

Results
characteristics of the included studies
Overall, 75 potentially qualifying articles were originally 

confirmed in the literature search. With strict screening based 

on eligibility criteria, 66 articles were eliminated. To be 

specific, 15 articles were duplicates; 4 articles were not case-

control studies; 7 articles were not associated with hemato-

logical malignancy; 5 articles were review articles; 28 articles 

were not associated with SDF1 gene polymorphism; 4 articles 

did not concern rs1801157; 2 articles lacked healthy control 

group; and 1 article did not provide sufficient data for gene 

frequency. 9 articles that were strictly in agreement with 

the eligibility criteria were ultimately included in this meta-

analysis (Figure 1).20,21,23–29

Table 1 summarized the characteristics of each of 

the included studies. To be specific, our meta-analysis in 

total included 9 independent case-control studies ranging 

from 2006 to 2016. Six of these studies were conducted 

in Caucasians. NOS score of each study was no less than 

7 points. The genotype distribution in the controls was in 

accordance with HWE.

Quantitative data synthesis
Data of 3,250 subjects (1,576 cases and 1,674 healthy 

controls) were pooled in the meta-analysis. The results 

showed that a significant association between the SDF1-3′A 

polymorphism and the risk of hematological malignancy was 

found in the homozygote model (AA vs GG: OR =1.442, 

95% CI =1.019–2.039, P=0.039) (Figure 2). However, no 

significant association between SDF1-3′A polymorphism 

and the risk of hematological malignancy was shown in 

the allele model, dominant model, heterozygote model and 

recessive model (Table 2).

Figure 1 Flow diagram of the study selection process.
Abbreviation: cnKi, chinese national Knowledge infrastructure.

• 
• 
• 

• 
• 
• 
• 
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subgroup analysis
The result of subgroup analysis by ethnicity showed that 

no significant relationship existed between the SDF1-3′A 

polymorphism and the risk of hematological malignancy in 

Caucasians, and the data cannot be calculated in Africans 

and Asians due to only one available study (Figure 3). In 

the subgroup analysis by type of hematological malignancy, 

the results showed that a significantly increased risk was 

displayed in the chronic myeloid leukemia (CML) subgroup 

in the homozygote model (AA vs GG: OR =5.83, 95% 

CI =1.35–25.10, P=0.018) (Table 2), heterozygote model 

(AG vs GG: OR =2.631, 95% CI =1.138–6.084 P=0.024) 

and dominant model (AA/AG vs GG: OR =2.910, 95% 

CI =1.304–6.496, P=0.009) (Table 2). In addition, a sig-

nificantly increased risk was also shown in Hodgkin’s lym-

phoma (HL) subgroup in the homozygote model (AA vs GG: 

OR =3.80, 95% CI =1.63–8.86 [Figure 4], P=0.002) (Table 2), 

allele model (A vs G: OR =1.508, 95% CI =1.050–2.166, 

P=0.026) and recessive model (AA vs AG/GG: OR =3.703, 

95% CI =1.619–8.467, P=0.002) (Table 2). Meanwhile, a 

significantly increased risk was shown in MM subgroup 

in the homozygote model (AA vs GG: OR =6.11, 95% 

CI =2.22–16.77 [Figure 4], P0.001 [Table 2]) (Figure 4) 

and recessive model (AA vs AG/GG: OR =4.038, 95% 

CI =1.550–10.523, P=0.004) (Table 2). However, there was 

no significant statistical association between the SDF1-3′A 

polymorphism and the risk of hematological malignancy in 

the AML and NHL subgroup (Table 2).

sensitivity analysis and publication bias
The result of sensitivity analysis revealed that the pooled 

OR was not considerably affected by omitting any indi-

vidual study, which confirmed that our result was robust 

(Figure 5). The funnel plot was symmetrical by visual 

inspection based on dominant genetic model data (Figure 6). 

Egger’s test suggested no publication bias for all genetic 

models (P=0.196, 95% CI: -1.830946, 7.424647 for allele 

model, P=0.329, 95% CI: -2.535315, 6.585456 for homozy-

gote model, P=0.116, 95% CI: -0.8942766, 6.540984 for 

heterozygote model, P=0.116, 95% CI: -1.072597, 7.767599 

for dominant model, P=0.314, 95% CI: -1.601126, 4.317495 

for recessive model, respectively).

Discussion
The SDF1 gene is located on chromosome 10q11.1.30 SDF1 

protein has been demonstrated to be associated with increased 

risk of various kinds of cancers, including breast cancer,31 

lung cancer,32 bladder cancer,33 and acute leukemia.16 

SDF1-3′A polymorphism is identified as a G to A mutation at T
ab
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position 801 in the 3′-UTR region in SDF1 β transcriptional 

splice variant and SDF1-3′A polymorphism has been con-

firmed to be associated with increased risk of multiple types 

of cancer,34–37 probably because it could increase the expres-

sion of SDF1 protein.19 Although a previous genome-wide 

association study (GWAS) has shown that some SNPs in 

SDF1 gene, such as rs2857653 and rs2297630, were associ-

ated with increased risk of CLL, SDF1-3′A polymorphism 

(rs1801157) was still not included in this study.38 Moreover, 

we also found that rs1801157 was not reported by other 

Figure 2 Forest plot of SDF1-3′A polymorphism and the risk of hematological malignancy under a homozygote genetic model (aa vs gg).
Abbreviations: OR, odds ratio; CI, confidence interval.

Table 2 Main results of the meta–analysis of the pooled Or

Variable Cases/
controls (n)

OR (95% CI) P-value

Allele  
(A vs G)

Homozygote  
(AA vs GG)

Heterozygote  
(AG vs GG)

Dominant  
(AA/AG vs GG)

Recessive  
(AA vs AG/GG)

all subjects 1,576/1,674 1.234 (0.946–1.610)  
0.121

1.442 (1.019–2.039) 
0.039a,*

1.263 (0.966–1.652)  
0.088

1.319 (0.987–1.764)  
0.062

1.339 (0.950–1.887)  
0.096a

ethnicity
caucasian 758/844 1.210 (0.827–1.771) 

0.327
1.529 (0.778–3.007) 
0.218a

1.187 (0.859–1.640) 
0.299

1.256 (0.880–1.793) 
0.210

1.404 (0.695–2.838) 
0.344a

african 246/165 1.867 (1.368–2.548) 
0.000

5.172 (1.895–14.122) 
0.000a

1.980 (1.311–2.992) 
0.001

2.193 (1.466–3.281) 
0.000

3.620 (1.357–9.660) 
0.010a

asian 466/460 0.291 (0.745–1.140) 
0.451

0.940 (0.564–1.566) 
0.000a

0.876 (0.664–1.156) 
0.088

0.887 (0.682–1.152) 
0.368

0.986 (0.598–1.627) 
0.956a

Tumor type
all 54/58 2.264 (1.097–4.665) 

0.029*
4.182 (0.416–42.000) 
0.224

2.281 (0.953–5.462) 
0.064

2.439 (1.055–5.642) 
0.037*

3.353 (0.338–33.259) 
0.301

cll 126/108 0.608 (0.395–0.938) 
0.025*

0.496 (0.031–8.060) 
0.622

0.762 (0.469–1.238) 
0.272

0.762 (0.469–1.238) 
0.272

0.548 (0.034–8.852) 
0.672

aMl 35/110 0.965 (0.791–1.176) 
0.721a

0.988 (0.604–1.618) 
0.963a

0.933 (0.722–1.206) 
0.595a

0.941 (0.738–1.201) 
0.626a

1.026 (0.633–1.663) 
0.918a

cMl 35/110 2.303 (0.839–2.084) 
0.229a

5.832 (1.355–25.098) 
0.018a,*

2.631 (1.138–6.084) 
0.024a,*

2.910 (1.304–6.496) 
0.009a,*

3.866 (0.966–15.477) 
0.056a

nhl 499/675 1.263 (1.271–1.682) 
0.164a

1.057 (0.525–2.125) 
0.877a

1.525 (0.983–2.366) 
0.060

1.477 (0.961–2.272) 
0.075

0.903 (0.452–1.804) 
0.772a

hl 94/352 1.508 (1.050–2.166) 
0.026*

3.798 (1.628–8.858) 
0.002a,*

1.086 (0.658–1.792) 
0.747

1.331 (0.836–2.119) 
0.228

3.703 (1.619–8.467) 
0.002a,*

MM 265/348 1.204 (0.531–2.728) 
0.657

6.107 (2.224–16.771) 
0.000a,*

1.344 (0.564–3.202) 
0.504

1.432 (0.567–3.612) 
0.447

4.038 (1.550–10.523) 
0.004a,*

Notes: aA fixed effects model was used when the P-value for cochran’s Q test for heterogeneity was more than 0.1. Otherwise, a random effects model was used. 
*P0.05.
Abbreviations: all, acute lymphoblastic leukemia; cll, chronic lymphocytic leukemia; aMl, acute myeloid leukemia; cMl, chronic myeloid leukemia; hl, hodgkin’s 
lymphoma; NHL, non–Hodgkin’s lymphoma; MM, multiple myeloma; OR, odds ratio; CI, confidence interval.
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Figure 3 subgroup analysis of the association between SDF1-3′A polymorphism and the risk of hematological malignancy in different ethnicities under a homozygote genetic 
model (aa vs gg).
Abbreviations: OR, odds ratio; CI, confidence interval; NA, not available.

GWASs concerning hematological malignancy after search-

ing all known GWAS databases, such as GWAS Central. The 

reason may be that GWAS cannot identify all of the SNPs 

involved in a single action.39 Up to now, the reports concern-

ing the relationship between SDF1-3′A polymorphism and 

the risk of hematological malignancy have all mostly been 

based on the small-scale case-control studies.20,21,23–29 Fur-

thermore, the results from these studies are still somewhat 

controversial.21,24 Therefore, we conducted a meta-analysis 

to combine the results of published case-control studies to 

further explain their controversy.

Although several meta-analyses have been performed to 

evaluate the relationship between SDF1-3′A polymorphism 

and the risk of cancer previously,40–43 as far as we know, this 

meta-analysis was the first to pool published studies to esti-

mate the relationship between the SDF1-3′A polymorphism 

and the risk of hematological malignancy. The result suggested 

that for all types of hematological cancer, SDF1-3′A polymor-

phism, especially AA genotype, was associated with increased 

risk of hematological cancer, which is consistent with findings 

in some types of solid tumors, such as breast cancer and lung 

cancer.40 However, SDF1-3′A polymorphism was not associ-

ated with the risk of hematological cancer in the Caucasian 

subgroup. This result is not consistent with the results of other 

meta-analyses41,42 and the distinction may be attributed to the 

difference in tumor type. In addition, subgroup analysis by 

hematological cancer type also found that AA genotype only 

increased the incidence of some types of hematological cancer, 

but did not influence all types of hematological cancer. More 

specifically, our study found that AA genotype was associated 

with increased risk of HL and MM, which is consistent with 

previous findings.24,27 For AML, SDF1-3′A polymorphism 

was not associated with increased risk of AML, which was in 

agreement with Zheng et al’s finding.29 For CML, we found 

that SDF1-3′A polymorphism was connected with increased 

risk of CML, which was similar to de Oliveira et al’s finding.26 

For NHL, no association between SDF1-3′A polymorphism 

and the risk of NHL was found, and the result was not in 

agreement with a previous study in an HIV-infected popula-

tion.42 The reason, we speculated, may be that HIV-infection 

significantly altered the frequency of genotypes (AA, AG, 

and GG) in the population.44,45

Like other meta-analyses, several shortcomings 

exist in this study. Firstly, only a total of 3,250 subjects 

(1,576 cases and 1,674 healthy controls) were involved in 

this meta-analysis and there is not enough strength to estimate 
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Figure 4 subgroup analysis of the association between SDF1-3′A polymorphism and the risk of different types of hematological malignancy under a homozygote genetic 
model (aa vs gg).
Abbreviations: all, acute lymphoblastic leukemia; cll, chronic lymphocytic leukemia; aMl, acute myeloid leukemia; cMl, chronic myeloid leukemia; hl, hodgkin’s 
lymphoma; NHL, non-Hodgkin’s lymphoma; MM, multiple myeloma; OR, odds ratio; CI, confidence interval.

Figure 5 sensitivity analysis of the relationships of SDF1-3′A polymorphism with the risk of hematological malignancy.
Abbreviation: CI, confidence interval.
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the association between the SDF1-3′A polymorphism and 

the risk of hematological cancer due to relatively small 

sample size. Therefore, the strength of this meta-analysis 

should be further demonstrated by more large scale case-

control studies. Secondly, most studies included in this 

meta-analysis were conducted in Caucasians, and the data 

from Africans and Asians are less. More importantly, the 

frequency of SDF1-3′A polymorphism ranges widely across 

different ethnic groups,46 therefore, more studies should be 

performed in Africans and Asians to confirm the result of 

this meta-analysis. Finally, besides genetic polymorphism, 

the environmental factors or the interaction of genetic and 

environmental factors also influenced the results. However, 

we cannot assess their effect on the pooled results because 

information related to environmental factors was not avail-

able in the literature. Therefore, this is another limitation of 

this study that we must acknowledge.

Conclusion
In conclusion, our meta-analysis demonstrates that SDF1-3′A 

polymorphism may be associated with increased risk of 

hematological malignancy, especially for CML, HL, MM, 

and the non-Caucasian population. These conclusions should 

be reconfirmed by more evidence from large sample sized 

studies.
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