
Genetic Contribution of Tumor Necrosis
Factor (TNF)-a Gene Promoter
(�1031, �863 and �857) and TNF
Receptor 2 Gene Polymorphisms
in Endometriosis Susceptibility

INTRODUCTION

Endometriosis is a common gynecological disorder in
women of reproductive age and is characterized by
pelvic pain and infertility. Approximately 5–10% of
women of reproductive age are estimated to have
endometriosis. It has been suggested that the reflux of
endometrial cells through the fallopian tubes, genetic
factors,1–3 immunological factors and cytokines4

involved in the etiology and pathogenesis of endomet-
riosis. Defects in the ability of cytotoxic T cells
and natural killer (NK) cells to recognize and lyse

endometrial cells are also considered as one of the
crucial factors in endometriosis pathogenesis.5–7 NK
cells recognize specifically HLA class I molecules that
inhibit the killing functions of these cells. A previous
study in our laboratory demonstrated that the HLA-
B*0702 allele is associated with an increased risk of
endometriosis.8

Tumor necrosis factor-a (TNF-a) is a potent cyto-
kine with a wide range of pro-inflammatory activities.
The concentrations of TNF-a is elevated in peritoneal
fluid in patients with endometriosis and is secreted
mainly by activated macrophages in the fluid.9,10 The
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PROBLEM: Tumor necrosis factor (TNF)-a is a major cytokine
involved in inflammatory and immune function. The aim of this study
was to investigate whether polymorphisms at positions �1031, �863
and �857 in the TNF gene promoter region (TNFA) and TNF receptor
type 2 gene (TNFR2) are responsible in part for genetic susceptibility
to endometriosis.
METHODS OF STUDY: TNFA and TNFR2 polymorphisms were
determined in 123 patients with endometriosis and 165 fertile healthy
women by the polymerase chain reaction (PCR) – preferential
homoduplex formation assay and PCR-restriction fragment length
polymorphism, respectively.
RESULTS: The frequency of the TNFA-U01 haplotype was increased
significantly in patients with endometriosis compared with controls
(P ¼ 0.045, OR ¼ 1.45). The TNFA-U01 haplotype was strongly
associated with HLA-B*0702. No difference was found in TNFR2
polymorphism between patients and controls.
CONCLUSION: Our results indicated that TNFA promoter
polymorphism was associated with susceptibility to endometriosis.
However, this association was not independent of HLA-class I
polymorphisms.
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human TNF-a gene (TNFA) is located within the class
III region of the major histocompatibility complex
(MHC), 250 kb centromeric to HLA-B and 850 kb
telomeric to HLA-DR. Two polymorphisms in the 50-
flanking region of TNFA at positions �238 (G/A) and
�308 (G/A) have been reported,11,12 and the associa-
tions of these polymorphisms with disease have been
studied extensively. Although combination of these
two polymorphisms is involved in the susceptibility to
or severity of several infectious and autoimmune
diseases, studies have failed to show an association
between the polymorphisms and endometriosis.13–15

Recently, several groups have detected new single
nucleotide polymorphisms (SNPs) at positions �1031
(T/C), �863 (C/A) and �857 (C/T) in the upstream
50-flanking region of human TNFA that may be
responsible for transcriptional regulation of TNF-a
production.16–18 Matsushita et al.19 have established a
single-step genotyping method for TNFA �1031, �863
and �857 SNPs and demonstrated that four haplotypes,
TCC, TCT, CAC and CCC, designated TNFA-U01,
-U02, -U03 and -U04, respectively, account for most, if
not all, of the genotypes in the Japanese population.
TNF-a exerts its actions through its receptors. There

are two distinct receptors for TNF, TNFR1 (TNF-
R55, CD120a) and TNFR2 (TNF-R75, CD120b),
located on chromosome 12p13 and 1p36, respectively.
A polymorphism in the TNFR2 gene has been reported
to be associated with systemic lupus erythematosus.20

In the present study, we compared the frequency of
the genotypes TNFA �1031 (T/C), �863 (C/A) and
�857 (C/T) between Japanese patients with endomet-
riosis and healthy, female control. We then investi-
gated linkage disequilibrium between TNFA
polymorphism and HLA-B*0702, an allele that confers
susceptibility for endometriosis in the Japanese popu-
lation. We also investigated the association of the
polymorphisms of TNF receptor 2 gene (TNFR2) with
endometriosis susceptibility.

MATERIALS AND METHODS

Patients
One hundred and twenty-three patients with endomet-
riosis, diagnosed by both macroscopic and histological
examination, and 165 fertile, healthy, female controls
with no history of uterine disease were included in the
study. This study protocol was approved by the Kyoto
Prefectural University of Medicine institutional review
board and informed consent was obtained from all
patients.
The HLA-class I (�A, �B and �C) and HLA-

DRB1 genotypes had been analyzed previously in all
these subjects8 who were Japanese, unrelated, and

residents of the Kyoto Osaka areas in central Japan.
All subjects were of reproductive age (22–46-years old)
and had undergone laparotomy or laparoscopy at the
Department of Obstetrics and Gynecology, Kyoto
Prefectural University of Medicine. Prior to the
operation, the patients had not received any endocrine
therapy such as GnRH analogs, danazol, or estrogen-
progestin that may have masked the presence of
disease. Of the 123 patients with endometriosis, 105
had chocolate cysts. Using the revised American
Fertility Society scoring classification showed that 19
patients had minimal or mild endometriosis (stage I
and II), while 104 patients had moderate or severe
endometriosis (stage III and IV).

DNA Preparation and TNFA Promoter Genotyping
Genomic DNA from patients was purified from
peripheral blood leukocytes using the DNA extractor
WB kit (Wako Pure Chemicals, Osaka, Japan) accord-
ing to the manufacturer’s instructions. Genotyping of
TNFA �1031 (T/C), �863 (C/A), and �857 (C/T)
SNPs was carried out at the haplotype level, using a
polymerase chain reaction (PCR)-preferential homo-
duplex formation assay (PHFA) as described in detail
elsewhere.19 Briefly, cloned DNA corresponding to
each of the four alleles of the TNFA promoter was
amplified by PCR using a biotin-labeled forward
primer (50-TGGACTCACCAGGTGAGGCC-30)
with a DNA-labeled reverse primer (50-TCACTCC
CTGGGGCCCTCTA-30) being used as the standard.
Sample DNA was also amplified by PCR using
unlabeled primers with the same nucleotide sequences.
The PCR was carried out using GeneAmp reagents
and AmpliTaq Gold DNA polymerase (Perkin-Elmer
Applied Biosystems, Forster City, CA, USA). The
amplification conditions consisted of initial denatura-
tion at 96�C for 10 min, followed by 40 cycles of
denaturation at 96�C for 30 s, annealing at 58�C for
30 s, and extent ion at 72�C for 1 min, using a
GeneAmp PCR system 9600 (Perkin-Elmer). Hybrid-
ization was then performed in 30 lL of a reaction
mixture containing 0.25 lL of labeled amplicon, 10 lL
of unlabeled amplicon, and 4.5 lL of 20x SSC (3 m

NaCl, 0.3 m sodium citrate). The mixture was dena-
tured at 98�C for 10 min, and then cooled slowly to
80�C at a rate of 1�C every 10 min, using the
GeneAmp PCR system 9600. A 20 lL aliquot of the
hybridization mixture was then transferred to a
streptavidin-coated microtiter well containing 100 lL
of alkaline phosphatate conjugated anti-DNP anti-
body in 50 mm Tris-HCl (pH 7.5) containing 150 mm

NaCl and 0.05% Tween 20 (solution I). After incuba-
tion for 30 min at 25�C, the mixture was aspirated and
the well was washed three times with solution I.
Thereafter, 100 lL of chromogenic substrate solution
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and 40 lL/mL sodium p-nitrophenylphosphate in
diethanolamine buffer (1m diethanolamine, 0.5 mm

MgCl2) were added to each well. The color reaction
was developed for 15 min with the absorbance then
being read at 405 nm.

TNFR-2 Genotyping
The T-G transition polymorphism in exon 6 of the
TNFR2 was examined by the PCR-restriction fragment
length polymorphism (RFLP) method using following
a forward primer (50-ACTCTCCTATCCTGCC
TGCT-30) and a reverse primer (50-TTCTGGAGTT
GGCTGCGTGT-30).21 This substitution at codon 196
results in a non-conservative amino acid substitution
of methionine (M) to arginine (R). The PCR products
were then digested with NlaIII (New England Biolabs,
Inc., Beverly, MA, USA) to yield products that either
remained intact (the G allele, 196R) or were cut into
two fragments of 132 bp and 110 bp (the T allele,
196M).

Statistical Analysis
The data were evaluated by chi-squared or Fisher’s
exact test for small sample sizes, using standard
statistical software (Stat View 5.0, Abacaus Concept,
CA, USA). Corrected P-values (Pc) were obtained by
multiplying the P value by the number of comparisons.
The odds ratio (OR) with 95% confidence intervals
(95% CI) was calculated using logistic regression
models. A P-value <0.05 was considered to be
statistically significant.

RESULTS

The genotype and haplotype frequencies of the TNFA
promoter in the 123 patients with endometriosis and
165 controls are shown in Table I. The TNFA geno-
type and haplotype frequencies in the control group
were similar to those reported previously for the
Japanese population.19 An increased frequency of the
TNFA-U01 genotype (U01/U01) and TNFA-U01 hapl-
otype was observed in the patients with endometriosis
compared with controls (genotype: P ¼ 0.043,
Pc ¼ 0.344, OR ¼ 1.62, 95% CI ¼ 1.01–2.60 and
haplotype: P ¼ 0.045, Pc ¼ 0.178, OR ¼ 1.45, 95%
CI ¼ 1.01–2.09).
Table II shows a comparison of the genotype and

haplotype frequencies for TNFA promoter polymorph-
ism in patients with endometriosis divided into clinical
subgroups. There was no significant difference in the
TNFA genotypes and haplotype frequencies between
the groups with and without chocolate cysts, or
between the groups with mild (stage I and II) or
severe stages (stage III and IV) of the disorder.
As TNFA is located in the MHC class III region, we

next investigated the association between TNFA-U01
andHLA-B*0702, a susceptible allele for endometriosis.
The association between HLA-B*0702 and the TNFA-
U01 haplotype in controls and patients with endomet-
riosis and between TNFA-U01-HLA-B*0702 haplotype
and endometriosis are summarized in Table III.
The TNFA-U01 haplotype was associated strongly
with HLA-B*0702 in both controls (P ¼ 0.003,

TABLE I. The Frequency of TNFA

Upstream Promoter Genotypes and

Haplotypes in Patients with

Endometriosis and Healthy Controls

Endometriosis

n ¼ 123 (%)

Controls

n ¼ 165 (%) P-valuea Pc

Odds

ratio

Genotypec

U01/U01 67 (54.5) 70 (43.0) 0.043 0.344 1.62

U01/U02 27 (22.0) 34 (20.6) NS

U01/U03 18 (14.6) 31 (18.8) NS

U01/U04 2 (1.6) 9 (5.5) NSb

U02/U02 2 (1.6) 7 (4.2) NSb

U02/U03 5 (4.1) 11 (6.7) NSb

U02/U04 0 (0.0) 1 (0.6) NSb

U03/U03 2 (1.6) 2 (1.2) NSb

Others 0 (0.0) 0 (0.0)

Haplotyped

TNFA-U01 181 (73.6) 217 (65.8) 0.045 0.178 1.45

TNFA-U02 36 (14.6) 59 (17.9) NS

TNFA-U03 27 (11.0) 45 (13.6) NS

TNFA-U04 2 (0.8) 9 (2.7) NSb

aChi-squared analysis, except otherwise indicated. bFisher’s exact test. c;dChi-squared value for the

difference in the overall distribution of genotype and haplotype frequency between patients and

controls was 11.86 (P ¼ 0.1053, df ¼ 7) and 5.65 (P ¼ 0.1300, df ¼ 3), respectively.

Pc ¼ corrected P-values. NS ¼ not significant.
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Pc ¼ 0.012) and patients with endometriosis
(P < 0.001, Pc ¼ 0.002). Furthermore, the frequency
of the HLA-B*0702-TNFA-U01 haplotype was
increased significantly in the patientswith endometriosis
compared with controls (P ¼ 0.0013, Pc ¼ 0.0052,
OR ¼ 2.73, 95% CI ¼ 1.45–5.12).
No differences were evident in the TNFR2 genotypes

and alleles frequencies between the patients with
endometriosis and controls, or between the groups
with and without chocolate cysts, or between the

groups with mild or severe stages of the disorder
(Table IV).

DISCUSSION

Several polymorphic sites within the promoter region
of the TNFA have been described including five
biallelic polymorphisms at positions �1031, �863,
�857, �308, and �238 from the transcription start site
and also several microsatellite polymorphisms. Other
studies have reported that polymorphisms at positions
�308 (G/A) and �238 (G/A) in the promoter region of
the TNFA are not associated with increased suscepti-
bility to endometriosis.14–16 To our knowledge, the
present study is the first attempt to examine whether
the �1031 (T/C), �863 (C/A) and �857 (C/T) poly-
morphisms in the promoter region of the TNFA are
involved in the development and severity of endomet-
riosis. In this study, we documented a weak but
significant association of TNFA-U01 (�1031T, �863C,
�857C) haplotype with endometriosis. However, this
observation also suggests that the TNFA gene poly-
morphism is not a major susceptibility gene of endo-
metriosis. Other studies have suggested that this
haplotype is in significant linkage disequilibrium with
HLA-B*0702,17,20 and our observation of a similar
strong linkage disequilibrium in both patients and
controls confirmed this finding. The OR of TNFA-U01
was 1.45 compared with the OR of 2.73 for HLA-
B*0702 allele, and HLA-B*0702 without the TNF-U01
haplotype was not significantly associated with

TABLE II. Genotype and Haplotype Frequency of TNFA Promoter Polymorphisms in Patients with Different Clinical

Stages of Endometriosis

Chocolate cyst Severity

+ [n ¼ 105 (%)] � [n ¼ 18 (%)] P-valuea Severe [n ¼ 104 (%)] Mild [n ¼ 19 (%)] P-valuea

Genotype

U01/U01 59 (56.2) 8 (44.4) NS 58 (55.7) 9 (47.4) NS

U01/U02 23 (21.9) 4 (22.2) NS 23 (22.1) 4 (21.1) NS

U01/U03 15 (14.3) 3 (16.7) NS 14 (13.5) 4 (21.1) NS

U01/U04 2 (1.9) 0 (0.0) NS 2 (1.9) 0 (0.0) NS

U02/U02 2 (1.9) 0 (0.0) NS 2 (1.9) 0 (0.0) NS

U02/U03 3 (2.9) 2 (11.1) NS 4 (3.8) 1 (5.3) NS

U03/U03 1 (1.0) 1 (5.6) NS 1 (1.0) 1 (5.3) NS

Others 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Haplotype

TNFA-U01 158 (75.2) 23 (63.8) NS 155 (74.5) 26 (68.4) NS

TNFA-U02 30 (14.3) 6 (16.7) NS 31 (14.9) 5 (13.2) NS

TNFA-U03 20 (9.5) 7 (19.4) NS 20 (9.6) 7 (18.4) NS

TNFA-U04 2 (1.0) 0 (0.0) NS 2 (1.0) 0 (0.0) NS

aChi-squared analysis, except otherwise indicated. NS ¼ not significant.

TABLE III. Association between TNFA-U01 Haplotype and

HLA-B*0702 in Patients with Endometriosis and Controls

A. Endometriosistic HLA-B*0702

TNFA-U01 + � P-value

+ 30 151 0.0005

� 0 65

B. Control HLA-B*0702

TNFA-U01 + � P-value

+ 16 201 0.0031

� 0 113

C. HLA-B*0702 positive TNFA-U01

+ � P-value

Endometriosis 30 216 0.0013

Controls 16 314 OR ¼ 2.73
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endometriosis. Therefore, the increased frequency of
the TNFA-U01 haplotype in patients with endometri-
osis reflected the linkage disequilibrium between HLA-
B*0702 and TNFA-U01. On the other hand, Kawasaki
et al.22 have reported that in Crohn’s disease, a
disorder in which TNF-a has a pathogenic role, the
frequency of the TNFA-U03 and -U02 is increased,
while the TNFA-04 haplotype is decreased, and that
the positive association with TNFA-U03 occurs inde-
pendent of HLA-DRB1. With reference to promoter
activity of the polymorphisms �1031 (T/C), �863 (C/
A) and �857 (C/T) in the promoter region of TNFA,
three separated studies have inconsistent results.
Although Higuchi et al.16 demonstrated elevated
promoter activity of TNFA-U02 and -U03, Uglialoro
et al.17 reported no difference, while Skoog et al.18

reported lower activity with TNFA-U03. It is prob-
able this variability occurred as a result of differences
either in the type of cells investigated or the
experimental systems used. Several groups have
reported an increased concentration of TNF-a in
peritoneal fluid of patients with endometriosis com-
pared with women without pelvic pathology23–27,
whereas other groups found no difference between
women with and without endometriosis.28,29 In our
study we did not find any significant association
between TNFA haplotypes and clinical heterogeneity
and/or severity of endometriosis.
Finally, because of the functional relevance TNF-a

in endometriosis, we examined TNFR2 polymorphism
with endometriosis but were unable to demonstrate
significant association between this polymorphism and
endometriosis.

In conclusion, this study demonstrated the fre-
quency of the TNFA-U01 haplotype is significantly
higher in patients with endometriosis than in controls
and that there is a strong association between this
haplotype and HLA-B*0702. These results therefore
suggested that the HLA-B*0702-TNFA-U01 haplo-
type is associated with the risk of endometriosis.
Further studies on patients and controls from various
ethnic populations, in addition to functional studies
will provide valuable information for determining the
relative contribution of these genes to the development
of endometriosis.
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