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Abstract
Background: The pro-inflammatory cytokine, tumor necrosis factor-alpha (TNF-α), is 
a pathogenic element for a number of disorders. Previous studies have reported that the 
-1031 T/C and -238 G/A polymorphisms in the promoter region of the TNF-α gene are 
important factors in reproductive-related disorders. One of the most common gynecolog-
ical diseases of women during the reproductive years is endometriosis. This study aims 
to assess an association between the -1031 T/C, -238 G/A and -308 G/A polymorphisms 
of the TNF-α gene promoter region to endometriosis.    

Materials and Methods: In this case-control study, we enrolled 65 endometriosis 
patients and 65 matched healthy control women by simple sampling. Polymerase 
chain reaction (PCR) analysis was used to analyze -1031 T/C, -238 G/A and -308 
G/A polymorphisms in the TNF-α gene promoter region. Statistical analysis was per-
formed using the chi-square test. P values less than 0.05 were considered statistically 
significant.

Results: We found a strong association between the -1031 T/C polymorphism in the pro-
moter region of the TNF-α gene with endometriosis (P=0.001). There were no significant 
associations between the -238 G/A (P=0.243) and -308 G/A (P=1) polymorphisms with en-
dometriosis and again endometriosis stages have no association with these polymorphisms.

Conclusion: The -1031 T/C polymorphism and CC genotype can be used as a relevant 
marker to identify women at risk of developing endometriosis.      
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Introduction 
Endometriosis, which is the presence of endome-

trial cells at ectopic sites outside the uterine cav-
ity, is a common, complicated problem in women 
(1, 2). Although extensive research has been per-
formed to improve our understanding of endo-
metriosis, its natural history remains uncertain, 
with an indefinite etiology, unpredictable clinical 

presentation, problematic diagnosis, and poorly 
standardized treatment. Endometriosis is a cause 
of morbidity attributed to pelvic pain and infertil-
ity among 15-25% of women during their repro-
ductive years (3). The prevalence of endometriosis 
varies from 109 to 247 per 100,000 (4).

Endometriosis is usually limited to the pelvis. 
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This benign disease is characterized by peritoneal 
inflammation, fibrosis, adhesions, and ovarian cysts, 
but displays features of malignancy, such as neovas-
cularization, local invasion, and distant metastasis (5). 
Hormonal, immunological, environmental, genetic 
factors and reflux as a mechanical factor have been 
implicated in its etiology but provide inconclusive 
explanations. More recently, an association between 
infectious factors and initiation of endometriosis has 
been proposed (3). The theory that endometrial tissue 
and cells reach the peritoneal cavity through retro-
grade menstruation along the fallopian tubes is widely 
conventional (6). However, although retrograde men-
struation is found in 90% of women, only 10-20% of 
women are inflicted with endometriosis, which sug-
gests the possibility that genetic and immunologic 
factors are involved (5).

Recently, an increasing body of evidence has report-
ed a genetic basis for endometriosis. This evidence 
has stimulated and motivated researches toward the 
genes involved in its pathogenesis. However, even 
with significant efforts, the exact genetic mechanisms 
remain unknown. Until now, numerous genes such as 
detoxification enzyme genes, as well as estrogen and 
progesterone receptor genes have been considered in 
relation to endometriosis (7).

The inflammatory response in endometriosis may 
be mediated by proinflammatory cytokines such as 
tumor necrosis factor-alpha (TNF-α). For the first 
time, TNF-α has been recognized in peritoneal fluid 
of women with endometriosis, which introduced an 
association between endometriosis and disorders of 
the immune system (8). Study has shown that several 
products of the immune system such as interleukin-1 
(IL-1), IL-6 and TNF-α play an important role in the 
establishment and maintenance of endometriosis (9). 
Several lines of evidence support the involvement of 
TNF-α as an important factor in the development of 
inflammatory pathologies such as increased levels of 
TNF-α in the peritoneal fluid of women with endo-
metriosis which is correlated with disease severity 
(10) and the introduction of TNF-α as a motivator of 
ectopic endometrial tissue implantation (11). In ad-
dition, anti-TNF therapy is an essential part of endo-
metriosis treatment (12) and an association between 
TNF-α gene polymorphisms with endometriosis has 
been reported in in several ethnic populations (13).

TNF-α is a potent immunomodulator and pro-
inflammatory cytokine that plays an important 
role in the initiation and regulation of immune re-

sponses. It has been implicated in the pathogenesis 
of autoimmune and infectious diseases (14). TNF-α 
receptors such as TNFR1 and TNFR2 perform and 
manage its function (15). TNF-α plays a critical role 
in cellular proliferation, differentiation, inflammation, 
apoptosis, tumorigenesis and viral reproduction. Al-
though numerous cell types produce TNF-α, it is typi-
cally produced by monocytes and macrophages (7, 
16). IL-1, IL-6 and TNF-α are produced by stimulated 
macrophages and activated leukocytes (17). TNF-α is 
one of the 20 genes of the HLA system which maps to 
chromosome 6p21.3; it spans approximately 3 kb and 
has 4 exons. The last exon codes for more than 80% 
of the secreted protein (18).

TNF-α is also a significant source of genetic var-
iability. Many single nucleotide polymorphisms 
(SNPs) in the promoter region of the TNF-α gene 
can play a part in the transcriptional regulation of 
this gene. SNPs are defined as genomic variations 
or differences among individuals (16). The substi-
tution of G to A at position -238, G to A substitu-
tion at position -308, C to T substitution at posi-
tion -857, C to A substitution at position -863, and 
the T to C substitution at position -1031 have been 
described in the proximal promoter of the TNF-α 
gene (19-24). For example, chronic inflammatory 
diseases such as rheumatoid arthritis, ulcerative 
colitis, and Crohn’s disease show significant corre-
lations with -G308A and -C850T polymorphisms 
(25, 26). In pregnant women with preeclamp-
sia and eclampsia, a significant association with 
-C850T polymorphism has been observed (27).

Although studies evaluated the association between 
TNF-α gene polymorphisms and endometriosis, their 
results were incompatible (28, 29). Incidental positive 
findings, an insufficient statistical power that yielded 
negative results due to small study populations or ge-
netic variation that led to heterogeneity of the study 
populations might explain the differences between 
studies (16). Therefore, additional studies from differ-
ent geographical areas might shed light on the role of 
TNFα- polymorphisms in endometriosis. The aim of 
this study was to assess the associations of -1031 T/C, 
-238 G/A and -308 G/A polymorphisms in the TNF-α 
gene promoter region with endometriosis.

Materials and Methods
Subjects and sampling

This case-control study was conducted at 
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Beheshti Hospital, affiliated with Isfahan Univer-
sity of Medical Sciences, Isfahan, Iran. The study 
was approved by the Ethical Committee of Isfa-
han University of Medical Sciences. The study 
enrolled 130 individuals, 65 surgically confirmed 
cases of endometriosis and 65 healthy women who 
presented for normal deliveries. Control women 
had normal vaginal deliveries, as well as no family 
history, clinical symptoms, or diagnostic evidence 
suggestive of endometriosis. All individuals were 
informed about the study and signed an informed 
consent. The case and control groups were indi-
vidually matched for age. The sample size was cal-
culated using the proportion comparison formula 
by taking into consideration a confidence coeffi-
cient of 95% and statistical power of 80%. In order 
to participate in this study, cases had to be diag-
nosed with stages II, III, or IV endometriosis via a 
laparoscopy. Women with myoma and any benign 
or malignant mass were excluded from the study. 
A total of 2 ml of peripheral blood was collected 
from all participants along with clinical data, per-
sonal and family histories.

DNA isolation and genotype analysis
DNA was isolated from peripheral white blood 

cells using the PrimePrep Genomic DNA Isolation 
Kit (GeNet Bio, Korea) according to the manufactur-
er’s instructions. The DNA was stored at -20˚C until 
processed. Genotyping for the TNF-α polymorphism 
was performed by polymerase chain reaction (PCR) 

with specific primers, followed by restriction frag-
ment length polymorphism (RFLP) analysis. A 
three-step PCR was performed using a TC-512 
thermal cycler (Techne Company, UK). PCR am-
plification was performed in a volume of 20 μL for 
each sample. The reaction was done using 10 mM 
tris-HCl (pH=8.3), 50 mM KCl, 1.5 mM MgCl2, 
0.2 mM of each dNTP, 0.4 mM of each primer 
(forward and reverse), one unit Taq polymerase, 
and 50 ng of genomic DNA. Briefly the PCR con-
ditions included an initial denaturation at 95˚C for 
5-10 minutes, followed by 35 cycles at 94˚C for 
30 seconds, annealing steps that were dependent 
on each primer, extension steps at 72˚C for 60 sec-
onds, and a final extension at 72˚C for 10 minutes. 
PCR products were digested using 1 μL of BbsI, 
BamHI or NcoI restriction enzymes for each sam-
ple in a volume of 10 μL. For the TNF-α -1031 
polymorphism T allele, the enzyme cut the PCR 
product into 251 and 13 bp fragments. For the C 
allele 251, the PCR product was cut into 71 and 13 
bp fragments. Samples that had the G allele at po-
sition -238, BamHI digestion produced 123 and 42 
bp fragments. Undigested 165 bp fragment illus-
trated A allele. For the TNF-α -308 polymorphism 
G allele, the NcoI enzyme cut the PCR product 
into 107 and 24 bp fragments, For the A allele, the 
131 bp fragment remained undigested (Table 1).

TNF-α polymorphisms were detected after sepa-
ration of enzyme-treated PCR products on a 2% 
agarose gel, followed by GelRedTM staining.

Table 1: Primer sequences and PCR-RFLP analysis data from TNF-α polymorphisms

AllelesAnnealing 
temp.

 Restriction
enzyme

 PCR
product

PrimersPolymorphism

251 bp+13 bp (T)
180 bp+71 bp+13 bp (C)

55˚C for 1 
minute

BbsI264 bpF: 5΄- TATGTGATGGACTCACCAGGT-3΄-1031 T/C

R: 5΄- CCTCTACATGGCCCTGTCTT-3΄

123 bp+42 bp (G)
165 (A)

64˚C for 1
minute

BamHI165 bpF: 5΄- AAA CAG ACC ACA GAC CTG GTC -3΄-238 G/A

R: 5΄- CTC ACA CTC CCC ATC CTC CCG GAT -3΄

107 bp+24 bp (G)
131 (A)

60˚C for 30
seconds

NcoI131 bpF: 5΄- GAGGCAATAGGTTTTGAGGGCCAT -3΄-308 G/A

R: 5΄- GGGACACACAAGCATCAAG -3΄

PCR-RFLP; Polymerase chain reaction-restriction fragment length polymorphism and TNF-α; Tumor necrosis factor-alpha.
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Statistical analysis
Data are reported as mean ± SD. The chi-square test 

was used for statistical comparisons between group 
means. The odds ratio (OR) (2) and 95% confidence 
interval (CI) were estimated. Comparisons of the al-
lele and genotype distributions were performed by 
SPSS version 19 software. P values less than 0.05 
were considered significant.

Results

In this study, we compared 130 subjects in terms of 
the -1031T/C, -238G/A and -308G/A polymorphisms. 
There were 29 (22.3%) patients with stage II endo-
metriosis, 31 (23.8%) with stage III, and 5 (3.8%) 
patients diagnosed with stage IV endometriosis. The 
mean age for cases was 30.53 ± 7.18 years and the 
mean age for controls was 29.04 ± 7.25 years, which 
was not statistically significant (P=0.145). 

Totally, in both case and control groups, the ho-
mozygous TT genotype was seen in 84 (64.62%), TC 
in 33 (25.38%), and CC in 13 (10%) blood samples 
for the -1031 T/C polymorphism. We observed the 
homozygous GG genotype in 63 (48.46%), GA in 53 
(40.77%), and AA in 14 (10.77%) blood samples for 
the -238G/A polymorphism. There was no evidence 
of any genotype related to the -308G/A polymor-
phism in either the patient or control group.

We observed significantly more of the -1031 CC 
genotype in the endometriosis group (20%) com-
pared with the control group (0%, P=0.001). The 
TT and TC genotypes were more prevalent in the 
control group. This difference for the TT genotype 
was significant (P=0.001). There were fewer cases 
of the homozygous TT genotype in blood samples 
of patients with endometriosis (55.38%) compared 
to healthy women (73.85%).  There were 24.65% 
of samples from the endometriosis group with 
the TC genotype compared to 26.15% of samples 
from the control group (P>0.05, Fig.1).

Although the -238 GG genotype was less fre-
quent in the endometriosis group (41.54%) com-
pared to the control group (55.38%) and the -238 
TC genotype was more frequent in the endometri-
osis group (47.7%) compared to the control group 
(33.85%), these differences were not significant 
(P>0.05, Fig.2). Table 2 shows the genotype dis-
tributions of SNPs in the case and control groups.

In terms of the -308 polymorphism, none of 

the control and patient group samples contained 
the GA or AA genotypes. All samples from both 
groups were of the GG genotype (Fig.3).

Fig.1:  Agarose gel electrophoresis of polymerase chain reaction 
(PCR) assays for identification of the -1031 (T/C) single nucleo-
tide polymorphism (SNP).

Fig.2: Agarose gel electrophoresis of polymerase chain reaction 
(PCR) assays for identification of the -238 (G/A) single nucleotide 
polymorphism (SNP).

Fig.3: Agarose gel electrophoresis of polymerase chain reaction 
(PCR) assays for identification of the -308 (G/A) single nucleotide 
polymorphism (SNP). 
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Logistic regression analysis with the backward 
conditional method showed that only different geno-
types of the -1031 polymorphism showed significant 
relations with risk of endometriosis (P<0.001). The 
risk of endometriosis in the CC genotype was signifi-
cantly more than the other genotypes (OR=0.39, 95% 
CI=0.22-0.7, P=0.002).

The frequency of different genotypes ac-
cording to the disease stage is shown in table 
3. There was no significant difference in the 
frequency of these three polymorphisms in the 
TNF-α gene promoter region noted in relation to 
disease stage.

Table 2: Genotype distribution of single nucleotide polymorphisms (SNPs) in the case and control groups

P valueTotalGroup (%)Genotype
CaseControl

-1031 T/C
84 (64.62)36 (55.38)48 (73.85)TT

0.00133 (25.38)16 (24.65)17 (26.15)TC
13 (10)13 (20)0CC

-238 G/A
63 (48.46)27 (41.54)36 (55.38)GG

0.24553 (40.77)31 (47.7)22 (33.85)GA
14 (10.77)7 (10.77)7 (10.77)AA

-308 G/A
130 (100)65 (100)65 (100)GG

1.00000GA
000AA

-1031 T/C (P=0.001, χ2=19.7, df=2, OR=0.39, 95% CI=0.22-0.7), -238 G/A (P=0.245, χ2=2.8, df=2), -308 G/A (P=1.00).
χ2; Chi-square, OR; Odds ratio, df; Degree of freedom and CI; Confidence interval. 

Table 3: Genotype distribution of TNF-α single nucleotide polymorphisms (SNPs) based on endometriosis stages

P valueTotal (130)Stage IV (5)Stage III (31)Stage II (29)Control (65)Genotype

-1031 T/C
844151748TT

0.423317817TC
130940CC

-238 G/A
631151136GG

0.076534101722GA
140617AA

-308 G/A
1305312965GG

1.0000000GA
00000AA

-1031 T/C (P=0.42, χ2=3.9, df= 4), -238 G/A (P=0.076, χ2 = 8.5, df=4), -308 G/A (P=1.00). 
χ2; Chi-square, df; Degree of freedom and TNF-α; Tumor necrosis factor-alpha.
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Discussion
In this study, we investigated the association of 

endometriosis with three common polymorphisms 
in the promoter region of the TNF-α gene in an 
Iranian population according to PCR-RFLP analy-
sis. We observed no significant differences in the 
frequencies of the -238 and -308 promoter poly-
morphisms of the TNF-α gene between endome-
triosis patients and controls. However there was a 
significantly lower frequency of the -1031T allele 
observed in patients compared to controls.

We can explain the association in different ways. 
For example the -1031T polymorphism may pro-
tect patients from the most severe forms of endo-
metriosis. Also linkage disequilibrium between 
another gene and this polymorphism may cause 
this association.

Minimal/mild endometriosis represents a normal 
physiological process usually found in asympto-
matic women. In this study, we have performed a 
separate analysis on patients related to the stage of 
their disease. When the endometriosis cases were 
divided into subgroups with stages II, III, and IV 
disease, we observed no significant difference in 
the frequency of these three polymorphisms in the 
TNF-α gene promoter.

It is well known that several molecular enti-
ties play a role in establishing and maintaining 
endometriosis. The relationship between TNF-α 
and endometriosis has been indicated in several 
studies making it a good candidate gene. TNF-α 
is produced during inflammatory processes. It is 
a pro-inflammatory cytokine involved in numer-
ous infectious and inflammatory processes (30). 
Different researches have explained the nature of  
endometriosis as an inflammatory disorder (1). A 
number of studies assessed different TNF-α poly-
morphisms in endometriosis patients (13, 30).

Wilson et al. (21) emphasized the importance of 
several polymorphisms in the promoter region of 
the TNF-α gene. Many studies have confirmed the 
association between the polymorphisms at posi-
tions -238, -308, -857, -863 and -1031, increased 
transcriptional activity and production of TNF-α 
(23, 31). There is also evidence for association of 
the -238 G/A polymorphism with insulin resist-
ance syndrome and obesity (32), as well as an 
association of -308 G/A polymorphism with vari-

ous inflammatory and autoimmune diseases (33). 
Previous studies have illustrated relations between 
certain immune-mediated diseases and -857, -863, 
-1031 polymorphisms (20, 34). Two studies per-
formed in Australia and Korea reported -238G/A 
and -308G/A polymorphisms in endometriosis 
patients but did not describe any association. Re-
gionally and geographically, the rates of  -238A 
and -308A alleles in TNF-α have been shown to 
significantly differ (35), hence there is a need for 
large sample sizes in order to study relationships 
between diseases and  these polymorphisms.

The -1031T/C polymorphism is reported to be 
associated with Behcet’s disease (31), Crohn’s dis-
ease (34) and Crohn’s extra-intestinal manifesta-
tions that include uveitis, erythema nodosum and 
large joint arthropathy (36). Studies have shown 
increased frequency of the -1031T allele in pa-
tients with hyperandrogenism and in those with 
ulcerative colitis (34, 37). In contrast, a lower fre-
quency of the -1031T allele is reported in patients 
with Crohn’s and Behcet’s diseases compared to 
controls (31, 34).

The findings of this study were in concordance 
with the outcomes of studies by Ahmad et al. (31) 
and Negoro et al. (34) who reported a low frequen-
cy of the -1031T allele in the mentioned diseases 
compared to normal population, but this polymor-
phism had no significant correlation with other 
disorders. In order to describe the importance of 
the TNF-α -1031T/C polymorphism, additional re-
search would be necessary to clarify the relation-
ship between this multi-functional proinflamma-
tory cytokine with endometriosis.

In the current study, differences in the frequency 
of the -1031T/C alleles was not associated with 
the severity of endometriosis. Asghar et al. (16) 
reported that a decreased frequency of the -1031C 
allele was related to severe endometriosis  but they 
did not find an association with less severe disease. 
The low number of patients in the current study, in 
particular the severe forms of endometriosis could 
explain this difference. The results implied that the 
T allele could provide protection from endome-
triosis.

Our data showed an increase in the frequency of 
the genotypes -1031 C/C and -238 G/A as well as 
a decrease in the frequency of the -1031 T/T,T/C 
and  -238 G/G genotypes in patients with endome-
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triosis. However only the -1031 T/T,C/C polymor-
phism changes were significant. There was no as-
sociation between the stage of endometriosis and 
different genotypes.

Although there was no association between the 
TNF-α polymorphism and endometriosis in the 
majority of similar studies (38, 39), we did find as-
sociations reported in some studies. In a study per-
formed on Indian women, there was a significant 
increase of endometriosis in women carriers of 
the -850 T/T genotype and TT genotype increased 
the risk of endometriosis. In the Japanese popula-
tion, TNF-α -1031T/C polymorphism was associ-
ated with reduction of endometriosis risk (39). In 
the Korean and Japanese populations, advanced 
stage endometriosis was seen mostly in patients 
who had the TNF-α -1031T/C polymorphism 
(13, 30) but there were no significant differences 
in frequencies between endometriosis cases and 
controls for TNF-α -238G/A, -308G/A, -857C/T, 
and -863C/A polymorphisms (13). TNF-α poly-
morphisms showed no significant association with 
endometriosis in Australian, Chinese, Taiwanese, 
and Austrian populations (1). Asghar et al. (16) as-
sessed the -238C/T polymorphism of TNF-α with 
inflammatory diseases and endometriosis. Howev-
er, most did not report any significant associations 
with endometriosis.

Elevated TNF-α levels in peritoneal fluid have 
been associated with up-regulated TNF-α produc-
tion in peritoneal macrophages and peripheral 
monocytes of women with endometriosis (11). 
The functional role of TNF-α in endometrial tis-
sue is unknown. It has been assumed that a TNF-α 
polymorphism that alters its transcription/expres-
sion subsequently enhances its level, leading to 
increased proliferation and decreased apoptosis as 
seen in the inflammatory cascade.

The results of a recent meta-analysis study im-
plies that TNF-α -1031C is associated with a 
higher risk of endometriosis in Asian individuals 
in homozygote comparisons and the recessive ge-
netic model (16). However in another study the 
TNF-α -1031T/C polymorphism has shown a rela-
tion with endometriosis in the Iranian population. 
They reported that the -1301C allele might have a 
protective role in the development of endometrio-
sis (40).

In this study, an association was demonstrated 

between the -1031C/T TNF-α polymorphism and 
endometriosis, which indicated that it could be 
used as a relevant molecular marker to assess the 
risk of endometriosis.

Due to the small number of studies (39, 40) that 
have focused on TNF-α gene polymorphisms and 
the limited number of cases and controls in these 
studies, it is necessary to perform additional stud-
ies with larger sample sizes and well-matched 
controls stratified by stage, ethnicity, or other risk 
factors. These studies may assist in explaining the 
possible roles of the TNF-α gene polymorphisms 
in endometriosis, particularly in other ethnic popu-
lations.

Conclusion
The TNF-α promoter -1031 T/C polymorphism 

is associated with decreased risk of endometriosis 
in an Iranian population. Our data have demon-
strated decreased frequency of the -1031T poly-
morphism in the promoter region of the TNF-α 
gene in the most severe cases of endometriosis in 
our studied population. This finding has suggested 
that the -1031T polymorphism may play a protec-
tive role in endometriosis progression. Although 
this model is biologically acceptable, we recog-
nize that our conclusions are based on relatively 
small numbers and require confirmation from ad-
ditional independent studies.

Acknowledgements

We would like to express our appreciation to the 
Isfahan University of Medical Sciences and Infer-
tility Laboratory of Beheshti Hospital in Isfahan 
for financial support. We are thankful for our cow-
orkers, Miss Farzaneh Sadeghi and Mrs. Farideh 
Sadeghi, for their assistance in completing this 
project. We declare no conflict of interest.  

References
1. Nikbakht Dastjerdi M, Aboutorabi R, Eslami Farsani B. 

Association of TP53 gene codon 72 polymorphism with 
endometriosis risk in Isfahan. Iran J Reprod Med. 2013; 
11(6): 473-478.

2. Hsieh YY, Chang CC, Tsai FJ, Wu JY, Shi YR, Tsai HD, 
et al. Polymorphisms for interleukin-1 beta (IL-1 beta)-511 
promoter, IL-1 beta exon 5, and IL-1 receptor antagonist: 
nonassociation with endometriosis. J Assist Reprod Gen-
et. 2001; 18(9): 506-511.

3. Govindan S, Ahmad SN, Vedicherla B, Kodati V, Jahan P, 
Rao K, et al. Association of progesterone receptor gene 
polymorphism (PROGINS) with endometriosis, uterine 



Int J Fertil Steril, Vol 9, No 3, Oct-Dec 2015               336

Abutorabi et al.

fibroids and breast cancer. Cancer Biomark. 2007; 3(2): 
73-78.

4. Kodati V, Govindan S, Movva S, Ponnala S, Hasan Q. 
Role of Shigella infection in endometriosis: a novel hy-
pothesis. Med Hypotheses. 2008; 70(2): 239-243.

5. Bischoff F, Simpson JL. Genetic basis of endometriosis. 
Ann N Y Acad Sci. 2004; 1034: 284-299.

6. Akoum A, Lemay A, Maheux R. Estradiol and interleukin-
1β exert a synergistic stimulatory effect on the expression 
of the chemokine regulated upon activation, normal T cell 
expressed, and secreted in endometriotic cells. J Clin En-
docrinol Metab. 2002; 87(12): 5785-5792.

7. Harada T, Iwabe T, Terakawa N. Role of cytokines in endo-
metriosis. Fertil Steril. 2001; 76(1): 1-10.

8. Cramer DW, Missmer SA. The epidemiology of endome-
triosis. Ann N Y Acad Sci. 2002; 955: 11-22.

9. Kim JG, Kim JY, Jee BC, Suh CS, Kim SH, Choi YM. As-
sociation between endometriosis and polymorphisms in 
endostatin and vascular endothelial growth factor and 
their serum levels in Korean women. Fertil Steril. 2008; 
89(1): 243-245.

10. Eisermann J, Gast M, Pineda J, Odem RR, Collins JL. 
Tumor necrosis factor in peritoneal fluid of women un-
dergoing laparoscopic surgery. Fertil Steril. 1988; 50(4): 
573-579.

11. Kyama CM, Overbergh L, Debrock S, Valckx D, Vander 
Perre S, Meuleman C, et al. Increased peritoneal and 
endometrial gene expression of biologically relevant cy-
tokines and growth factors during the menstrual phase 
in women with endometriosis. Fertil Steril. 2006; 85(6): 
1667-1675.

12. Braun DP, Ding J, Dmowski WP. Peritoneal fluid-mediated 
enhancement of eutopic and ectopic endometrial cell pro-
liferation is dependent on tumor necrosis factor-alpha in 
women with endometriosis. Fertil Steril. 2002; 78(4): 727-
732.

13. D'Antonio M, Martelli F, Peano S, Papoian R, Borrelli F. 
Ability of recombinant human TNF binding protein-1 (r-
hTBP-1) to inhibit the development of experimentally-
induced endometriosis in rats. J Reprod Immunol. 2000; 
48(2): 81-98.

14. Koninckx PR, Craessaerts M, Timmerman D, Cornillie F, 
Kennedy S. Anti-TNF-alpha treatment for deep endome-
triosis-associated pain: a randomized placebo-controlled 
trial. Hum Reprod. 2008; 23(9): 2017-2023.

15. Lee GH, Choi YM, Kim SH, Hong MA, Oh ST, Lim YT, 
et al. Association of tumor necrosis factor-{alpha} gene 
polymorphisms with advanced stage endometriosis. Hum 
reprod. 2008; 23(4): 977-981.

16. Asghar T, Yoshida S, Kennedy S, Negoro K, Zhuo W, Ha-
mana S, et al. The tumor necrosis factor-alpha promoter 
-1031C polymorphism is associated with decreased risk 
of endometriosis in a Japanese population. Hum Reprod. 
2004; 19(11): 2509-2514.

17. Teramoto M, Kitawaki J, Koshiba H, Kitaoka Y, Obayashi 
H, Hasegawa G, et al. Genetic contribution of tumor ne-
crosis factor (TNF)-alpha gene promoter (-1031, -863 and 
-857) and TNF receptor 2 gene polymorphisms in en-
dometriosis susceptibility. Am J Reprod Immunol. 2004; 
51(5): 352-357.

18. Majetschak M, Obertacke U, Schade FU, Bardenheuer M, 
Voggenreiter G, Bloemeke B, et al. Tumor necrosis fac-
tor gene polymorphisms, leukocyte function, and sepsis 
susceptibility in blunt trauma patients. Clin Diagn Lab Im-
munol. 2002; 9(6): 1205-1211.

19. Lee YH, Harley JB, Nath SK. Meta-analysis of TNF-alpha 
promoter -308 A/G polymorphism and SLE susceptibility. 
Eur J Hum Genet. 2006; 14(3): 364-371.

20. Allen RD. Polymorphism of the human TNF-alpha promot-
er--random variation or functional diversity?. Mol Immu-
nol. 1999; 36(15-16): 1017-1027.

21. Wilson AG, Symons JA, McDowell TL, McDevitt HO, Duff 
GW. Effects of a polymorphism in the human tumor ne-
crosis factor alpha promoter on transcriptional activation. 
Proc Natl Acad Sci USA. 1997; 94(7): 3195-3199.

22. Sands BE, Kaplan GG. The role of TNFalpha in ulcerative 
colitis. J Clin Pharmacol. 2007; 47(8): 930-941.

23. Yu CL, Tsai CY, Hsieh SC, Tsai YY, Tsai ST, Sun KH, et al. 
Production of the third component of complement (C3) by 
peripheral polymorphonuclear neutrophils of the patients 
with rheumatoid arthritis. Proc Natl Sci Counc Repub Chi-
na B. 1995; 19(4): 225-232.

24. Pazarbasi A, Kasap M, Guzel AI, Kasap H, Onbasioglu M, 
Ozbakir B, et al. Polymorphisms in the tumor necrosis fac-
tor-alpha gene in Turkish women with pre-eclampsia and 
eclampsia. Acta Med Okayama. 2007; 61(3): 153-160.

25. Stuber F. Effects of genomic polymorphisms on the course 
of sepsis: is there a concept for gene therapy?. J Am Soc 
Nephrol. 2001; 12 Suppl 17: S60-64.

26. Bischoff FZ, Simpson JL. Heritability and molecular genet-
ic studies of endometriosis. Hum Reprod Update. 2000; 
6(1): 37-44.

27. Cuturi MC, Murphy M, Costa-Giomi MP, Weinmann R, 
Perussia B, Trinchieri G. Independent regulation of tumor 
necrosis factor and lymphotoxin production by human 
peripheral blood lymphocytes. J Exp Med. 1987; 165(6): 
1581-1594.

28. Pociot F, Briant L, Jongeneel CV, Mölvig J, Worsaae 
H, Abbal M, et al. Association of tumor necrosis factor 
(TNF) and class II major histocompatibility complex al-
leles with the secretion of TNF-alpha and TNF-beta by 
human mononuclear cells: a possible link to insulin-de-
pendent diabetes mellitus. Eur J Immunol. 1993; 23(1): 
224-231.

29. Zhao ZZ, Nyholt DR, Le L, Thomas S, Engwerda C, 
Randall L, et al. Genetic variation in tumour necrosis fac-
tor and lymphotoxin is not associated with endometriosis 
in an Australian sample. Hum Reprod. 2007; 22(9): 2389-
2397.

30. Luo M, He YL, Zhang HB, Shen DX, Zong LL, Guan T. 
Association of tumor necrosis factors-beta gene poly-
morphism with endometriosis in women in Guangdong 
Province. Nan Fang Yi Ke Da Xue Xue Bao. 2006; 26(8): 
1163-1165.

31. Ahmad T, Wallace GR, James T, Neville M, Bunce M, 
Mulcahy-Hawes K, et al. Mapping the HLA association in 
Behcet’s disease: a role for tumor necrosis factor polymor-
phisms?. Arthritis Rheum. 2003; 48(3): 807-813.

32. Lakshmi KV, Shetty P, Vottam K, Govindhan S, Ahmad 
SN, Hasan Q. Tumor necrosis factor alpha -C850T poly-
morphism is significantly associated with endometriosis in 
Asian Indian women. Fertil Steril. 2010; 94(2): 453-456.

33. Zuo F, Liang W, Ouyang Y, Li W, Lv M, Wang G, et al. 
Association of TNF-α gene promoter polymorphisms with 
susceptibility of cervical cancer in Southwest China. Lab 
Med. 2011; 42(5): 287-290.

34. Negoro K, Kinouchi Y, Hiwatashi N, Takahashi S, Takagi 
S, Satoh J, et al. Crohn’s disease is associated with novel 
polymorphisms in the 5΄-flanking region of the tumor ne-
crosis factor gene. Gastroenterology. 1999; 117(5): 1062-
1068.

35. Touma Z, Farra C, Hamdan A, Shamseddeen W, Uthman 
I, Hourani H, et al. TNF polymorphisms in patients with 
Behcet disease: a meta-analysis. Arch Med Res. 2010; 
41(2): 142-146.

36. Boraska V, Skrabić V, Culić VC, Becić K, Kapitanović S, 



Int J Fertil Steril, Vol 9, No 3, Oct-Dec 2015               337

Association of TNF-α Polymorphisms and Endometriosis

Zemunik T. Association of TNF promoter polymorphisms 
with type 1 diabetes in the South Croatian population. Biol 
Res. 2008; 41(2): 157-163.

37. Oliveira MM, Da Silva JC, Costa JF, Amim LH, Loredo C, 
Melo H, et al. Single Nucleotide Polymorphisms (SNPs) 
of the TNF-α (-238/-308) gene among TB and non TB pa-
tients: susceptibility markers of TB occurrence?. J Bras 
Pneumol. 2004; 30(4): 461-467.

38. Achrol AS, Pawlikowska L, McCulloch CE, Poon KT, Ha 
C, Zaroff JG, et al. Tumor necrosis factor-alpha-238G>A 
promoter polymorphism is associated with increased risk 
of new hemorrhage in the natural course of patients with 

brain arteriovenous malformations. Stroke. 2006; 37(1): 
231-234.

39. Lyu J, Yang H, Lang J, Tan X. Tumor necrosis factor gene 
polymorphisms and endometriosis in Asians: a system-
atic review and meta-analysis. Chin Med J (Engl). 2014; 
127(9): 1761-1767.

40. Saliminejad K, Memariani T, Ardekani AM, Kamali K, Eda-
latkhah H, Pahlevanzadeh Z, et al. Association study of 
the TNF-α -1031T/C and VEGF +450G/C polymorphisms 
with susceptibility to endometriosis. Gynecol Endocrinol. 
2013; 29 (11): 974-977. 


