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Abstract 

Background: The gene's 3' untranslated region of stromal cell-derived factor1 
(SDF-1/ CXC chemokine ligand 12 (CXCL12)) contains a polymorphism, known as 
SDF1-3'A at location 801, and has been linked to various types of cancers. The present 
study aimed to evaluate the relationship between this polymorphism and genetic 
predisposition to endometrial cancer. 

Method: In this case-control study, DNA was extracted from blood samples of 
108 endometrial cancer patients and 123 healthy individuals through salting out 
method. Genotyping was done by restriction fragment length polymorphism-polymerase 
chain reaction method, and the data were analyzed using chi-square test. 

Results: A total number of 67 (62%) patients emerged as GG genotypes, 35 
(32.4%) with GA, and 6 (5.6%) with AA genotypes. The frequency of GG, GA and 
AA in healthy control group was found to be 68 (55.3%), 50 (40.6%) and 5 (4.1%), 
respectively. Furthermore, the most frequent allele in both patient (169 (78.25%)) and 
control (186 (75.6%)) groups was G allele. However, no significant difference was 
observed between genotypes and alleles frequencies between the two groups. 
Furthermore, no significant association was observed between genotypes distribution 
and menopausal status (P = 0.70), tumor size (P = 0.62), degree of tumor differentiation 
(P= 0.74), stage (P = 0.35), tumor type (P = 0.22), and myometrial invasion (P = 0.22). 

Conclusion: Our results show that SDF1-3'A at location 801 may not enhance the 
risk of endometrial cancer. However, further research with a larger sample size is 
required to understand the molecular behavior of the SDF-1 gene polymorphism in 
endometrial cancer. 
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Introduction 

Endometrial cancer is the most common 
gynecologic malignancy in women around the 
world. More than 83% of uterine corpus cancers 
are endometrial, and both genetic and non-genetic 
agents may act as causal risk factors.1 Aggressive 
types, including serous and papillary serous 
carcinomas, account for 4 to 6% of endometrial 
carcinomas, whereas clear cell carcinomas account 
for 1 to 2% of the cases.2 The lifetime chance of 
acquiring endometrial cancer is approximately 
2.8%.3, 4  

The therapy choices for individuals with severe 
or recurring disease, or those who intend to protect 
their fertility, are restricted. As a result, it is critical 
to understand the cellular and molecular 
mechanisms of endometrial cancer in order to 
design and develop appropriate diagnostic and 
therapeutic targets.5-7 Because solid tumors, 
including endometrial cancer, are made up of 
tumor cells and diverse kinds of stromal cells, 
tumor growth is influenced not only by the tumor 
cells but also by the tumor stroma.8 Stromal cell-
derived factor1 (SDF-1), also known as CXCL 
12, is a chemoattractant cytokine with several 
physiological and pathological roles. Significant 
evidence suggests that SDF-1 plays critical roles 
in the cell proliferation, apoptosis, invasion, and 
metastasis of many types of cancer.5, 9, 10 SDF-1 
is engaged in inflammation and stem cell 
migration; thus, it plays an important role in 
inflammation and hematopoiesis.11 The gene 
encoding SDF-1 is found on chromosome 
10.q.11.1. SDF-1 exists in two main isoforms. 
Because of alternative splicing, both are generated 
from the same gene. SDF-1 is released by bone 
marrow stromal cells and endothelial cells and 
is present in all organs.12 SDF-1 is an essential 
chemokine that binds largely to its cognate 
receptor CXCR4 and hence regulates normal and 
malignant cell trafficking.13 

A common polymorphism in SDF-1 gene 
comprises a single nucleotide substitution in the 
3'untranslated region (3'UTR) at the 801-
nucleotide position (rs1801157), where guanine 
substitutes adenine (G / A).14 Cis-acting factors 
that promote SDF-1 expression target the A allele, 

and this was found to be related to enhanced 
mRNA expression and/or mRNA stability, which 
had a half-life twice as long as G allele, and it 
may influence disease progression in human 
immunodeficiency virus 1 (HIV-1).14, 15 

Additionally, it has been reported that allele A 
was associated with a remarkable loss of CD4+ 
lymphocytes HIV-1 infection.16 To the best of 
our knowledge, no prospective study has 
addressed the SDF-1 genetic variation in 
endometrial cancer patients. 

Given the importance of genetic variations in 
predisposing Iranian women to endometrial 
cancer, this case-control study was conducted to 
investigate the probable association of SDF-1 
gene polymorphism at position 801 (rs1801157) 
with endometrial cancer in comparison with peer 
control participants. 

 
Methods and Materials 

Target group and study design 
This case-control study was conducted in the 

Obstetrics and Gynecology Department of Shiraz 
University of Medical Science, and Shiraz Institute 
for Cancer Research from November 2022 to 
May 2023. SDF-1 genetic variations in patients 
with endometrial cancer were compared with a 
healthy control group.   

This study consisted of 32- to 86-year-old 

Figure 1. Results of RFLP for detection of SDF1 gene variation 
at locus 801. Lane1 is an undigested fragment (302bp) and presented 
as AA genotype.  Lane 2 is included the fragments of 302, 202 
and 100bp and is known as AG heterozygote genotype. Lane 3 is 
included digested fragments of 202 and 100bp and is emerged as 
GG genotype.   
M: Molecular size marker; RFLP: Restriction fragment length polymorphism; SDF-
1: stromal cell-derived factor1
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endometrial cancer cases diagnosed based on 
pathological assessment referred to the Obstetrics 
and Gynecology Department and healthy 
participants who were selected from cases without 
current or history of endometrial cancer. According 
to the incidence of endometrial cancer in Iran, 
and sample size of previous studies with the 
ethnicity of Asian and Caucasian, 108 patients 
with endometrial cancer were enrolled in this 
study.17 The pathologic diagnoses were established 
based on hysterectomy material evaluated by 
expert pathologists. The surgical staging was 
performed according to the Fèdèration 
Internationale de Gynècologie et d’Obstètrique 
(FIGO) guidelines by expert gynecologists as 
determined by the International Federation of 
Gynecology and Obstetrics. Open total 
hysterectomy and bilateral salpingo-oophorectomy 
(TAH + BSO) and pelvic/paraaortic lymphadenec-
tomy with or without omentectomy were the main 
surgical procedures. Demographic variables (age, 
parity, menopausal status, presenting symptoms, 
medical history) and clinicopathological variables 
(histopathological type, stage, the degree of 
myometrial invasion, lymph node involvement, 
lymphovascular space invasion, and survival 
outcomes) were evaluated and recorded on their 
files. Patients with a history of other malignancy 
and autoimmune disorders, missed to follow up, 
undergoing surgery in other hospitals, aged below 
18 years or more than 80 years, and unwilling to 
continue participation were excluded from the 
study. We also excluded patients with uncompleted 
data. In addition, 123 age- and sex-matched 
healthy control individuals were included.  
Ethics approval and consent to participate 

An informed written consent, data on 
epidemiology, and medical history were collected 
prospectively at the time of inclusion. The protocol 
of the study, in accordance with the Declaration 
of Helsinki, was approved by the Ethics 
Committee of Shiraz University of Medical 
Sciences, Shiraz, Iran (IR.SUMS.MED.REC. 
1400.109). 
DNA extraction and determining genotype at 
position 801G/A in SDF1 gene 

5ml of venous blood sample was collected 

from both groups and transferred to tubes 
containing 0.5ml of EDTA for DNA extraction. 
Genomic DNA was extracted from peripheral 
blood cells by salting out method. 

Restriction Fragment Length Polymorphism 
(RFLP)-polymerase chain reaction (PCR) was 
used to determine the genotype of the participants 
in the 801G/A position in the SDF-1 gene. To do 
so, two primers forward (F) (5 'CAG TCA ACC 
TGG GCA AAG CC 3') and reverse (R) (5 'AGC 
TTT GGT CCT GAG AGT CC 3') were used to 
amplify the desired region by thermo cycler 
instrument (Bio-Rad, Germany). The PCR product 
was then exposed to MSPI (HpaII) restriction 
enzyme (Fermatas, Lithuania).) and broken down 
into fragments (302bp, 202bp and 100bp). The 
results of RFLP for detection of SDF-1 genotypes 
at locus 801(rs1801157) are shown in figure 1. 
The DNA genotype can be determined based on 
the size of the fragments obtained as run on 2% 
agarose gel in 1×TAE buffer, and visualized using 
a document gel apparatus.  
Data analysis 

The data were analyzed using chi-square (×2) 
test and SPSS 16, EPI Info 2000 and Arlequin 
statistical programs. Arlequin program version 
2000 was used to check whether the groups in 
the study position followed Hardy-Weinberg 
equilibrium. The two tailed P-value less than 0.05 
were considered significant. 

 
Results 

Demographic and pathological characteristics 
of the patients with endometrial cancer  

In this study, 108 endometrial cancer cases 
and 123 healthy controls were included. As shown 
in table 1, mean age of the patients was 57.35 
±11.15 years, and mean age of the control 
participants was 57.00 ± 11.01. The mean 
menstrual age of patients was 12.82 ± 1.52, and 
the mean menopausal age of patients was 49.43 
± 8.56. Among patients, 89 individuals (82.4%) 
had reached menopause at the time of endometrial 
cancer diagnosis and 19 (17.6%) had not reached 
menopause. The age of the control group was 
also selected in terms of menopause in such a 
way that it included both menopause and non-
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menopause. There was no significant difference 
in terms of age (P = 0.89), menstrual age (P = 
0.95), menopausal age (P = 0.87), and menopausal 
status (P = 0.70) between the two groups.  Most 
of the cases with endometrial cancer had a tumor 
size of equal or greater than 2 cm (71.3%) and 
had myometrial invasion lower than 50% (73.1 
%). In terms of histological differentiation, the 
patients were divided into three groups of well- 
differentiation, moderately-differentiation and 
poorly-differentiated. 57 (52.8%) were well-
differentiated, 27 (25%) moderately-differentiated 
and 24 (22.22%) were poorly-differentiated. In 
addition, patients were divided into three groups 
in terms of FIGO stage. Statistical analysis showed 
that 63 (58.3%) of patients had tumor confined 
to the corpus uteri, 27 (25%) had invasive cervical 
stromal tumor, and 18 (16.7%) had local and / or 
regional spread of the tumor. The location of the 
tumor in all patients (100%) were endometrium. 
Furthermore, the patients were divided into two 
groups according to the type of tumor including 
endometroid type grade I, II including 76 
individuals (70.4%), and endometroid type grade 

III clear cell undifferentiated papillary serous 
including 32 (29.6%). The data are summarized 
in table 1.  
The comparison of genotypes and alleles 
frequencies in SDF-1 gene polymorphism at 801 
G/A (rs1801157) between patients and controls 

Genotype distribution in SDF-1 gene 
polymorphism at 801 G/A (rs1801157) in both 
patients and controls was observed to be in 
agreement with Hardy-Weinberg equilibrium (pv 
= 0.25 and pv= 1.28). The frequency of GG, GA 
and AA in 123 healthy control group was found 
to be 68 (55.3%), 50 (40.6%) and 5 (4.1%), 
respectively. Of 108 endometrial cancer patients, 
67 (62%) emerged as GG genotypes, 35 (32.4%) 
with GA, and 6 (5.6%) with AA genotypes. 
However, statistical analysis revealed no 
significant differences in terms of genotypes 
between patients with endometrial cancer and 
healthy control group. Furthermore, the most 
frequent allele in both patient (169 (78.25%)) 
and control (186 (75.6%)) groups was G allele.  
However, no statistically significant difference 
was observed between the frequency of alleles 

Table 1. Clinical and pathological characteristics of patients with endometrial cancer 
Group     Endometrial cancer (n=108)       Healthy control (n=123) P-value 

Variables  

Age (year) 57.35 ± 11.15 57.00 ± 11.01 0.89 
Menstrual age (year) 12.82 ± 1.52 12.78 ± 1.88 0.95 
Menopausal age (year) 49.43 ± 8.56 48.38 ± 9.22 0.87 
Menopausal status (%) 

Pre-menopause 19 (17.6) 24 (19.5) 0.70 
Menopause 89 (82.4) 99 (80.5)  
Tumor size (%) 

<2cm 31 (28.7) - - 
≥2 cm 77 (71.3) -  
Degree of tumor differentiation (%) 

Well-differentiated 57 (52.8) - - 
Moderately-differentiated 27 (25) - 
Poorly-differentiated 24 (22.2) - 
FIGO Stage (%) 

Tumor confined to the corpus uteri 63 (58.3) - 
Invasive cervical stromal tumor 27 (25) - - 
Local and / or regional spread of the tumor 18 (16.7) - 
Tumor type (%) 

Grade I, II 76 (70.4) - - 
Grade III, clear cell undifferentiated 32 (29.6) - 
papillary serous 
Myometrial invasion 

≥ 50% 22 (20.4) - - 
< 50%: 79 (73.1) - 
Missing 7 (6.5) - 
FIGO: Fédération Internationale de Gynécologie et d’Obstétrique  
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between patient and control groups (P = 0.58). 
The data are illustrated in table 2.  
Association between SDF-1 gene polymorphism 
at locus 801 G/A and demographic and 
pathological information of patients 

Statistical analysis indicated no significant 
association between SDF-1 gene polymorphism 
at locus 801 and menopausal status (P = 0.70), 
tumor size (P = 0.62), degree of tumor differen-
tiation (P = 0.74), FIGO stage (P = 0.35), tumor 
type (P = 0.22), and myometrial invasion (P = 
0.22). The data are shown in table 3. 

 
Discussion 

This study demonstrated that genotypes and 
alleles frequencies of SDF-1 gene at +801 
positions (rs1801157) did not differ between 
endometrial cancer patients and healthy controls. 
Furthermore, statistical analysis indicated no 
significant association between the 801 G/A locus 
of SDF-1 gene and menopausal status, tumor 
size, degree of tumor differentiation, FIGO stage, 
tumor type, and myometrial invasion. Therefore, 
based on our study, having certain genotypes 
and/or alleles of SDF-1 at +801 position may not 
increase the risk of endometrial cancer and/or 
disease progression.  

According to earlier studies, polymorphism 
in genes of chemokines and/or chemokine 
receptors may render genetic susceptibility and/or 
disease progression in different types of cancers, 
as we have previously observed in Iranian patients 
with thyroid cancer.18 The 3' untranslated region 
of mRNAs contains critical regulatory elements 
that can influence gene expression. Polymorphism 
in this area may affect the mRNA stability.14 

Accordingly, genetic variation in chemokine 
molecule of SDF-1 gene in the 3' UTR may result 

in SDF-1 overexpression, which might be 
associated with the risk of cancer development 
in different types of solid tumors and 
hematological malignancies such as lung cancer, 
urologic cancer and acute myeloid leukemia.17, 

19 Furthermore, the mRNA expression of SDF-1 
was observed to be significantly higher in 
mucoepidermoid carcinoma of salivary gland 
tumors in comparison with benign subtypes.20 

The role of the CXCR4-CXCL12 (SDF-1) axis 
in the evolution of endometrial cancer has been 
established, and various studies have emphasized 
the role of SDF-1alpha in endometrial cancer 
proliferation and migration.5 Despite such poor 
outcomes in endometrial cancer, the SDF-1 801 
gene polymorphism is thought to be a risk factor 
for cancer, more especially in Asian.17 SDF-1 at 
protein level may also participate in cancer 
pathogenesis. Cancer-associated fibroblasts secrete 
SDF-1, which activates PI3K/Akt, MAPK/Erk, 
and matrix metalloproteinases-2 and 9 (MMP) 
signaling in endometrial cancer. SDF-1/CXCR4 
overexpression has been linked to lymph node 
metastases, deep myometrial invasion, and a poor 
prognosis in endometrial cancer.5, 21 Activation 
of the CXCL12-CXCR4 signaling axis may also 
promote epithelial-mesenchymal transition (EMT) 
and cancer stem cell mobilization.22 This inducer 
effect has been shown in a variety of cancers, 
including ovarian,23 glioma,24 and cervical 
cancer.25 Increased level of CXCR4 on breast 
cancer cells also enhances metastasis to target 
tissues with high amounts of CXCL12 chemokine, 
such as the bone, lung, and lymph node. It may 
influence response to neoadjuvant chemotherapy 
and immunotherapy, and may affect survival 
rate.26-29 In addition to tumor growth in solid 
tumors and hematological malignancies, SDF-

Table 2. Genotypes and alleles distribution in SDF-1 gene polymorphism at locus 801 G/A in patients with endometrial cancer and the 
control group 
SDF-1 polymorphism         Patients (n=108)           Controls (n=123)            P-value 

Genotypes GG 67 (62) 68 (55.3) 0.11 
GA 35 (32.4) 50 (40.6) 
AA 6 (5.6) 5 (4.1) 

 
Alleles G 69 (78.25) 186 (75.6) 0.58 

A 47 (21.75) 60 (24.4) 
P-value was measured by chi-square (X2) test; SDF-1: Stromal cell-derived factor1 
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1/CXCR4 expression has also been observed in 
normal physiological mechanism such as 
embryogenesis, wound healing, and 
proliferation.13, 30, 31 However, we did not find a 
significant association between SDF-1 gene at 
+801 position and genetic susceptibility to 
endometrial cancer in a population from southern 
Iran. Similarly, several studies on the impact of 
the SDF-1 801 G/A polymorphism have failed 
to find a significant association between 
possessing this genotype with cancer risk.17 For 
example, no significant link between SDF-1 G/A 
polymorphism and increased cancer risk was 
found in non-small cell lung carcinoma in the 
Chinese population.32 Additionally, our previous 
study demonstrated that 801 G/A position was 
not associated with myasthenia gravis in Iran.33 
These differences might be due to a different 
sample size, different populations, differences in 
ethnicity and race and different inclusion and 
exclusion criteria. Moreover, the negative result 
of our study might arise from the relatively small 
sample size. In addition, investigations on only 
one single nucleotide polymorphism (SNP) may 
not be sufficient to detect the effect of SDF-1 
G/A gene on cancer susceptibility to endometrial 

cancer. Study on a larger sample size as well as 
simultaneous exploration of different polymorphic 
areas of SDF-1 and other cytokines, chemokines, 
chemokine receptors and other immune related 
genes may help us disclose the exact role of 
genetic variations in the pathogenesis and/or 
genetic susceptibility to endometrial cancer.  

As explained above, our study is a preliminary 
exploration dealing with SDF-1 gene and 
endometrial cancer. However, the investigation 
of only one SNP of SDF-1 gene and the relatively 
low sample size of the study participants are the 
main limitations of the present study.  

 
Conclusion 

Our study suggests that the SDF-1 gene 
polymorphism at position 801 may not enhance 
the risk of endometrial cancer. However, because 
of the importance of SDF-1/CXCR4 in cancer 
development and metastasis, further research with 
a larger sample size, given different ethnicity and 
race groups, is required to understand the 
molecular behavior of the SDF-1 gene 
polymorphism in endometrial cancer. 

 
 

Table 3. Association between the SDF-1 gene polymorphism at locus 801 G/A and clinical and pathological characteristics patients 
with endometrial cancer 

Group GG GA AA P-value 

Variables  

Menopausal status (%) 
Premenopause 12 (63.2) 7 (36.8) 0 0.70 
Menopause 55 (61.8) 28 (31.5) 6 (6.7) 
Tumor size (%)  

<2 cm 21 (67.7) 8 (25.8) 2 (6.5) 0.62 
≥2 cm 46 (59.7) 27 (35.1) 4 (5.2) 
Degree of tumor differentiation (%)  

Well-differentiated 3 8 (66.7) 17 (29.8) 2 (3.5) 0.74 
Moderately-differentiated 16 (59.3) 9 (33.3) 2 (7.4) 
Poorly-differentiated 13 (54.2) 9 (37.5) 2 (8.3) 
FIGO Stage (%) 

Tumor confined to the corpus uteri 43 (68.3) 18 (28.5) 2 (3.2) 
Invasive cervical stromal tumor 14 (51.9) 11 (40.7) 2 (7.4) 0.35 
Local and / or regional spread of the tumor 10 (55.6) 6 (33.3) 2 (11.1) 
Tumor type (%)  

Grade I, II 51 (67.1) 21 (27.6) 4 (5.3) 0.22 
Grade III, clear cell undifferentiated 16 (50) 14 (43.8) 2 (6.2) 
papillary serous  
Myometrial invasion 

Up 50% 10 (45.5) 10 (45.5) 2 (9) 0.22 
Under 50%: 52 (65.8) 23 (29.1) 4 (5.1) 
P-value was measured by chi-square (X2) test; SDF-1: Stromal cell-derived factor1; FIGO: Fédération Internationale de Gynécologie et d’Obstétrique  
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