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Abstract 
 

Background: Uterine leiomyoma (UL) is a benign tumor of uterine smooth muscle that affects women 

in reproductive ages. FAS has an important role in initial stages of apoptosis. Previous studies have 

shown an association between the FAS gene and tumorigenesis. In the present study, we evaluated the 

relationship between FAS A-670G (rs 1800682) and UL risk. 

Methods: The FAS gene polymorphism of 155 women with UL and 157 healthy controls was analyzed 

by the polymerase chain reaction restriction fragment length polymorphism method. 

Results: The AA, AG, and GG genotype frequencies of the FAS A-670G polymorphism were respectively 

37.4, 42.6, and 20% in women with UL, and 46, 42.6, and 11.5% in healthy controls. The risk of UL in 

women was 1.5-fold greater in GG-genotype women than in AA-genotype women. The G allele frequencies 

were 41% in women with UL and 33% in healthy controls and statistically different (P = 0.03). 

Conclusions: The FAS polymorphism was associated with the risk of UL in a sample of Iranian women. 
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Introduction 
Uterine leiomyoma (UL), also known uterine 

myoma, is a common pelvic neoplasm in women 

(1). Uterine leiomyoma arises from smooth muscle 

cells and is composed of extracellular matrix 

components that include collagen, fibronectin, and 

proteoglycan (2). Some prevalent symptoms 

include heavy bleeding during periods, prolonged 

menstrual periods, pain in the lower belly or pelvis, 

and reproductive dysfunction (3). 

Although there are many treatment options for 

women with UL, hysterectomy is the most 

common, accounting for about 300,000 procedures 

performed annually in the USA alone (4-6). The 

estimated occurrence of UL is 20-40%; however, 

 

the pathogenesis of UL is unknown. Proposed risk 

factors for UL include age, race, pregnancy, and 

parity. Evidence suggests that heredity plays a 

significant role in UL pathogenesis (7). The genetic 

predisposition is supported by the fact that 

hysterectomy and hospitalization ratios due to UL 

are greater in monozygotic than in dizygotic female 

twins (8).  

Benign tumors, including UL, have been reported 

due to overexpression of the inhibiting apoptosis 

genes; therefore, they have roles in UL development, 

while inducer apoptotic genes do not (9). Apoptosis, 

also known as programmed cell death, is an 

important mechanism of cellular hemostasis (10); any 
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disturbance in this process can lead to disease that can 

be caused by decreased cell death and the creation 

and growth of tumor cells (11). 

In various cells and tissues the FAS/Fas ligand 

(FAS/FasL) (CD95) pathway initiates apoptosis. 

FAS, also known as TNFRSF6/CD95/APO-1, is a 

member of the transmembrane receptor family and 

plays a significant role in apoptotic signaling (12). 

De-regulation of this pathway, e.g. via mutations, 

may inhibit the immune system from removing 

freshly-formed tumor cells, and thus lead to tumor 

formation (13). Although FAS is found on the 

surface of resting cells, it is often expressed on the 

surface of activated T-cells (14). FAS triggers 

apoptosis by binding FasL, resulting in FAS-

expressing cell death. FAS expression is reduced in 

many kinds of human tumors (15, 16). 

Some studies showed that FAS is not 

exclusively restricted to lymphoid or malignant 

cells (17). Although its role is unknown, FAS is 

expressed in epithelial tissues including prostate, 

lung, and uterus (18). Despite FAS expression, 

many cells are resistant to FAS-mediated 

apoptosis. Coexistence of FAS-sensitive and -

resistant cells has been demonstrated in the same 

lineage (19).  

Several polymorphisms have been recognized 

in the FAS gene promotor region; these include a 

guanine to adenine substitution at nucleotide 

position -1377 in the silencer region and an adenine 

to guanine substitution at nucleotide position -670 

in the enhancer region (20). 

To our knowledge, an association between the 

FAS A-670G (rs1800682) polymorphism and the 

risk of UL has not been reported; therefore, in the 

present study, we aimed to analyze the effect of the 

FAS polymorphism on UL risk in an Iranian 

population sample. 

 

Materials and Methods 
This study was performed at the Zahedan Cellular 

and Molecular Research Center from August 

through October, 2015. The study included 150 

UL females as the patient group and 157 healthy 

premenopausal women as the control group. We 

received ethical approval from the University 

Ethics Board, and approval was obtained from all 

participants. 

Iranian women with UL, referring to Ali-ebn-

Abitaleb Hospital women's clinic, whose disease 

was diagnosed by medical examinations and 

ultrasounds, but lacked pathological examinations, 

were selected for the patient group. Premenopausal 

women with no UL pathology were selected for 

the control group. None of the participants had 

histories of blood injection. Women with systemic 

diseases and/or histories of malignancies were 

excluded from the study. 

Genotype analysis 

Two ml of blood were collected from all 

subjects into tubes containing EDTA and stored 

at -20 ˚C until analysis. Genomic DNA was 

extracted from peripheral blood leukocytes 

using the salting out method. 

A-670G polymorphism of FAS gene 

The fragment containing FAS A-670 SNP was 

amplified using the following forward and 

reverse primers:  

5′-CTACCTAAGAGCTATCTACCGTTC-3′ 

and 5′GGCTGTCCATGTTGTGGCTGC-3′, 

respectively (21). 

The fragment was amplified by PCR using an 

initial denaturation step for 6 min at 94 °C, and 

then by 30 amplification cycles of denaturation 

at 94 °C for 30 s, annealing at 61 °C for 30 s, 

extension at 72 °C for 60 s, and a final extension 

step at 72 °C for 6 min. 

Seven µl of the PCR products were digested 

with MvaI (Fermentas, Vilnius, Lithuania) for 16 

h at 37 °C. The 233-bp wild-type fragment was 

undigested while the mutant allele was digested 

and produced 189 and 44-bp fragments. The 

fragments were analyzed by electrophoresis on 

2% agarose gels containing ethidium bromide. 

 

Statistical analysis 

Statistical analysis was performed using SPSS 

software, version 20 (SPSS, Chicago, IL, 

USA). Quantitative data were presented as 

means ± standard deviations. We used the 

Chi-square test for comparison of the 

frequency of genotypes and alleles between the 

patient and control groups. Allele frequencies 

were calculated by the gene-counting method. 
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P-values <0.05 were considered statistically 

significant. 

 

Results 
Demographic and clinical characteristics of women 

with UL and controls are shown in Table. 1. The UL 

patient and control groups were not significantly 

different with respect to age, BMI,

marital status, age of menarche, or duration of menses 

and menstrual cycles. The frequencies of bleeding 

and pain were higher in the women with UL than in 

controls. 

The genotype and allele frequencies of the FAS 

A-670 polymorphism for women with UL and 

controls are shown in Table 2. 

 

 

Table 1. Clinical and demographic characteristics of the women with UL and controls 

Criteria Women with UL (n=155) Controls (n=157) P-value 

Age (years) 38.5 ± 9.7 38.4 ± 7.9 NS 

Marriage status; n (%) 146 (94) 151 (96) NS 

BMI (Kg/m2) 25.8 ± 5.3 25.3 ± 4.6 NS 

Age of menarche (years) 13.5 ± 1.6 13.2 ± 1.5 NS 

Duration of menses (days) 6.1 ± 1.6 5.9 ± 1.6 NS 

Menstrual cycle (days) 28.2 ± 3.6 28.5 ± 2.9 NS 

Bleeding; n (%) 94 (61) 6 (3.8) < 0.0001 

Pain; n (%) 43 (28) 10 (6.4) < 0.0001 

 

 

Table 2. Genotype and allele frequencies of FAS A-670G polymorphisms in women with UL and controls 

FAS A-670G 
Women with 

UL (N=155) 

Control 

(N=157) 
P-value 

Non-Adjusted 

 OR* (95% CI) 
P-value 

Adjusted  

OR (95% CI)** 

Genotypes 

AA (%) 58 (37.4) 72 (46)     
AG (%) 66 (42.6) 66 (42.6) 0.4 1.2 (0.8-2) 0.4 1.2 (0.8-2) 

GG (%) 31 (20) 18 (11.5) 0.03 1.5 (1-2.1) 0.03 1.5 (1-2.1) 

Allele 

A (%) 182 (59) 211 (67)     

G (%) 128 (41) 103 (33) 0.03 1.4 (1-2)   
*Odds Ratio 

**Adjusted for age 
 

 

Genotype frequencies of the FAS A-670G 

polymorphism were in Hardy–Weinberg 

equilibrium. Frequencies of the AA, AG, and GG 

genotypes were 37.4, 42.6, and 20% in women 

with UL, and 46, 42.6, and 11.5% in healthy 

controls, respectively. The frequency of GG 

genotype was significantly higher in women with 

UL and the risk of UL was 1.5-fold greater in 

individuals with the GG genotype compared to 

AA genotype (1.5, [95% CI, 1–2.1]; P = 0.03). 

The frequency of G allele was 41% in women 

with UL and 33% in controls which was 

statistically different (P = 0.03). 

Discussion 

In the present study, we evaluated a single 

nucleotide polymorphism in FAS, an apoptosis-

related gene, in women with UL and found higher 

frequency of FAS -670GG genotype and FAS -

670G allele in UL women compared to controls 

(P = 0.03). 

Uterine leiomyoma is a multi-factorial disease 

associated with an interaction between various 

genes, cytokines, and growth and environmental 

factors, and likely develops in response to certain 

types of injury to the myometrium, such as 

hypoxia (8).  
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FAS has a key role in initial apoptosis; it binds 

the FAS receptor, which leads to caspase 8 

activation, a major apoptosis pathway in many cell 

types, and is associated with tumor formation (22).  

Although there was no published report about 

the association between FAS polymorphism and 

UL susceptibility, the role of the FAS 

polymorphisms has been investigated in the 

etiology of several female disorders including 

endometriosis and cervical, ovarian, and 

gynecological cancers. 

Soon-Cen Huang et al. evaluated expression of 

FAS and FasL in UL. They reported that FAS 

gene expression was significantly less in women 

with UL than in controls (18). 

In 2008, Kordi et al. studied 400 women with 

cervical cancer and 400 healthy controls from the 

North Indian population. They reported significant 

association between AG and combined AG + GG 

genotypes with the risk of cervical cancer (23). 

In 2006, Ueda et al., in a case-control study, 

investigated the association of FAS A-670G 

polymorphism and gynecological cancer in Japan. 

They reported that there was no significant 

difference in the allele frequency between controls

and endometrial patients; however, the FAS-670 

GG genotype was associated with the risk of 

cervical cancer. They found that the risk of 

cervical cancer was greater with the G allele than 

with the A allele (24). 

Li Y et al. (2003) investigated the FAS gene 

functional polymorphism and epithelial ovarian 

cancer risk. They found no correlation in the FAS 

genotype distribution frequency between control 

subjects and epithelial ovarian cancer patients (25). 

Similarly, Fernandez et al. (2005) found no 

significant association between the FAS gene 

promotor A-670G polymorphism (rs1800682) 

and endometriosis (26).  

In conclusion, our findings showed that the 

FAS polymorphism was associated with the risk 

of UL in an Iranian population in southeast Iran. 

Further studies with different populations are 

required to evaluate the association between the 

FAS polymorphism and UL. 

Acknowledgement 
The authors acknowledge the Research Deputy of 

Zahedan University of Medical Sciences for financial 

support. The authors declare no conflict of interests. 

 

References 
1. Villanova FE, Andrade PM, Otsuka AY, Gomes 

MT, Leal ES, Castro RA, et al. Estrogen receptor 

alpha polymorphism and susceptibility to uterine 

leiomyoma. Steroids. 2006 Nov; 71(11-12):960-5.  

2. Parker WH. Etiology, symptomatology, and 

diagnosis of uterine myomas. Fertility and sterility. 

2007 Apr; 87(4):725-36.  

3. Huyck KL, Panhuysen CI, Cuenco KT, Zhang J, 

Goldhammer H, Jones ES, et al. The impact of race 

as a risk factor for symptom severity and age at 

diagnosis of uterine leiomyomata among affected 

sisters. American journal of obstetrics and 

gynecology. 2008 Feb; 198(2):168 e1-9. PubMed 

PMID: 18226615.  

4. Wechter ME, Stewart EA, Myers ER, Kho RM, 

Wu JM. Leiomyoma-related hospitalization and 

surgery: prevalence and predicted growth based on  

population trends. American journal of obstetrics and 

gynecology. 2011 Nov; 205(5):492 e1-5.  

5. Farquhar CM, Steiner CA. Hysterectomy rates in 

the United States 1990-1997. Obstetrics and 

gynecology. 2002 Feb; 99(2):229-34.  

 

6. Whiteman MK, Hillis SD, Jamieson DJ, 

Morrow B, Podgornik MN, Brett KM, et al. Inpatient 

hysterectomy surveillance in the United States, 2000-

2004. American journal of obstetrics and gynecology. 

2008 Jan; 198(1):34 e1-7.   

7. Wang F, Chen J, Wang L, Ma Y, Mayinuer N. 

CYP1A1 genetic polymorphisms and uterine 

leiomyoma risk: a meta-analysis. International journal 

of clinical and experimental medicine. 2015; 

8(3):3590-4.  

8. Salimi S, Khodamian M, Narooie-Nejad M, 

Hajizadeh A, Fazeli K, Namazi L, et al. Association 

of polymorphisms and haplotypes in the cytochrome 

P450 1B1 gene with uterine leiomyoma: A case 

control study. Biomedical Reports. 2015;3(2):201-6. 

9. Csatlos E, Mate S, Laky M, Rigo J, Jr., Joo JG. 

Role of Apoptosis in the Development of Uterine 

Leiomyoma: Analysis of Expression Patterns of 

Bcl-2 and Bax in Human Leiomyoma Tissue with 

Clinical Correlations. International journal of 

gynecological pathology: official journal of the 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

bm
b.

ne
t o

n 
20

25
-0

8-
21

 ]
 

                               4 / 5

https://rbmb.net/article-1-86-en.html


Fas Polymorphism and Uterine Leiomyoma 

     Rep. Biochem. Mol. Biol, Vol. 5, No. 1, Oct 2016    55 

International Society of Gynecological Pathologists. 

2015 Jul; 34(4):334-9.  

10. Schleicher RI, Reichenbach F, Kraft P, Kumar 

A, Lescan M, Todt F, et al. Platelets induce apoptosis 

via membrane-bound FasL. Blood. 2015 Sep 17; 

126(12):1483-93.  

11. Thompson CB. Apoptosis in the pathogenesis 

and treatment of disease. Science. 1995 Mar 10; 

267(5203):1456-62.  

12. Salimi S, Moudi B, Farajian Mashhadi F, 

Tavilani H, Hashemi M, Zand H, et al. Association of 

functional polymorphisms in FAS and FAS Ligand 

genes promoter with pre-eclampsia. The journal of 

obstetrics and gynaecology research. 2014 May; 

40(5):1167-73.  

13. Hashemi M, Fazaeli A, Ghavami S, Eskandari-

Nasab E, Arbabi F, Mashhadi MA, et al. Functional 

polymorphisms of FAS and FASL gene and risk of 

breast cancer - pilot study of 134 cases. PloS one. 

2013; 8(1):e53075. 

14. Moudi B, Salimi S, Farajian Mashhadi F, 

Sandoughi M, Zakeri Z. Association of FAS and 

FAS ligand genes polymorphism and risk of systemic 

lupus erythematosus. ScientificWorldJournal. 2013; 

2013:176741. PubMed PMID: 24348139.  

15. O'connell J, O'sullivan GC, Collins JK, Shanahan F. 

The Fas counterattack: Fas-mediated T cell killing by 

colon cancer cells expressing Fas ligand. The Journal of 

experimental medicine. 1996; 184(3):1075-82. 

16. Peduto Eberl L, Guillou L, Saraga E, Schröter M, 

French LE, Tschopp J, et al. Fas and Fas ligand 

expression in tumor cells and in vascular smooth‐
muscle cells of colonic and renal carcinomas. 

International journal of cancer. 1999; 81(5):772-8. 

17. French LE, Hahne M, Viard I, Radlgruber G, 

Zanone R, Becker K, et al. Fas and Fas ligand in 

embryos and adult mice: ligand expression in several 

immune-privileged tissues and coexpression in adult 

tissues characterized by apoptotic cell turnover. The 

Journal of Cell Biology. 1996; 133(2):335-43.  

18. Huang S-C, Tang M-J, Hsu K-F, Cheng Y-M, 

Chou C-Y. Fas and its ligand, caspases, and bcl-2 

expression in gonadotropin-releasing hormone 

agonist-treated uterine leiomyoma. The Journal of 

Clinical Endocrinology & Metabolism. 2002; 

87(10):4580-6. 

 

 

19. Chan S-W, Hegyi L, Scott S, Cary NR, 

Weissberg PL, Bennett MR. Sensitivity to Fas-

mediated apoptosis is determined below receptor 

level in human vascular smooth muscle cells. 

Circulation research. 2000; 86(10):1038-46. 

20. Sziller I, Nguyen D, Halmos A, Hupuczi P, Papp 

Z, Witkin SS. An A> G polymorphism at position− 

670 in the Fas (TNFRSF6) gene in pregnant women 

with pre-eclampsia and intrauterine growth 

restriction. Molecular human reproduction. 2004; 

11(3):207-10. 

21. Huang QR, Morris D, Manolios N. Identification 

and characterization of polymorphisms in the promoter 

region of the human Apo-1/Fas (CD95) gene. 

Molecular immunology. 1997 Jun; 34(8-9):577-82.  

22. Gu D, Du M, Tang C, Chu H, Xu Z, Huo X, et 

al. Functional polymorphisms in apoptosis pathway 

genes and survival in patients with gastric cancer. 

Environmental and molecular mutagenesis. 2014 Jun; 

55(5):421-7.  

23. Kordi TD, Sobti R, Shekari M. Association of 

Fas-670 gene polymorphism with risk of cervical 

cancer in North Indian population. Clinical and 

experimental obstetrics & gynecology. 2007; 

35(3):183-6. 

24. Ueda M, Terai Y, Kanda K, Kanemura M, 

Takehara M, Yamaguchi H, et al. Fas gene 

promoter–670 polymorphism in gynecological 

cancer. International Journal of Gynecological 

Cancer. 2006; 16(S1):179-82. 

25. Li Y, Hao Y-l, Kang S, Zhou R-m, Wang N, Qi 

B-l. Genetic polymorphisms in the Fas and FasL 

genes are associated with epithelial ovarian cancer 

risk and clinical outcomes. Gynecologic oncology. 

2013; 128(3):584-9. 

26. Fernandez R, Noval J, Garcia-Lozano J, Borrego 

S, Molini J, Antinolo G. Polymorphisms in the 

promoter regions of FAS and FASL genes as 

candidate genetic factors conferring susceptibility to 

endometriosis. International journal of molecular 

medicine. 2005; 15(5):865-9. 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

bm
b.

ne
t o

n 
20

25
-0

8-
21

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               5 / 5

https://rbmb.net/article-1-86-en.html
http://www.tcpdf.org

