
Introduction

Endometriosis and adenomyosis are two common gyne-

cological diseases that usually manifest dysmenorrhea and

infertility clinically [1, 2]. Their incidences in women in re-

productive age are more than ten percent. To date, the exact

etiology and pathogenesis of these two diseases are still not

clear. Although both the etiology and pathological mecha-

nisms are not similar in these two diseases, a certain genetic

predisposition does exist indeed [3, 4]. In recent years, it is

very enthusiastic to the polymorphism studies on these two

diseases, and a lot of relationships between some genetic

variants and these two diseases have been revealed. For ex-

ample, Juo et al. found neither the CYP1A1 nor CYP17

genes, estrogen-metabolizing genes, had no significant as-

sociation with either of the two diseases [5], meanwhile,

Govindan et al. indicated a significant association of C al-

lele of estrogen receptor (ER) alpha gene with endometrio-

sis [6]. Liu et al. reported -1154G/A and -2578C/A in the

vascular endothelial growth factor (VEGF) gene maybe de-

creased risk of endometriosis in Chinese women [7]. Still

some other cytokine-related genes, such as TNF and IL [8-

10], and matrix metalloproteinase gene family, such as

MMP-2, MMP-7 and MMP-9 [11, 12] were investigated,

and some certain relationships have been revealed. How-

ever, up to now, the study on genetic variants in cyclooxy-

genase-2(COX-2) gene in endometriosis and adenomyosis

is relatively rare.

COX-2 is an important inducible enzyme in the inflam-

matory process. It is an important rate-limiting enzyme in

the synthesis of prostaglandin (PG), which is an important

mediator in the inflammatory process [13]. Normally, COX-

2 does not express in most tissues. However, if the cells re-

ceive a variety of stimuli, such as inflammatory mediators,

growth factors, cytokines and tumor promoters, COX-2 will

be quickly synthesized and involved in the inflammatory

processes and tumor’s occurrence [14]. COX-2 overexpres-

sion has been confirmed in eutopic and ectopic endometrium

of patients affected by endometriosis and/or adenomyosis in

previous studies [15]. Therefore COX-2 is regarded as an

important factor in the development of endometriosis and/or

adenomyosis and its mechanism is that the two diseases are

estrogen-dependent. Estrogen promotes the production of PG

through the upregulation of COX-2, and establishes a posi-

tive feedback loop that the high concentration of peritoneal

prostaglandin E2 (PGE2) increases the cyclic adenosine

monophosphate (cAMP) level in cells. cAMP-dependent al-

ternative pathway stimulates the production of P450 aro-

matase in ectopic endometrial cells and regulates the

synthesis of estrogen and play an important role in the oc-

currence and development of endometriosis and adeno-

myosis [16, 17]. Recently, The Korean scholars Kim et al.
reported the relationship between the COX-2 -765 G>C ge-

netic variation and endometriosis and concluded that C allele

may be a protective factor from endometriosis [18]. In this
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study, a case-control analyzing method was used to explore

the distribution of the SNP locus at -1195bp in the promoter

region of COX-2 gene in the Han women with endometrio-

sis and adenomyosis in Tangshan, China, with the aim to sup-

ply some molecular theoretical basis for revealing the

pathogenesis of endometriosis and adenomyosis.

Materials and Methods

Subjects
The study included 170 cases of endometriosis, 150 cases of

adenomyosis, and 240 matched non-endometriosis and non-ade-

nomyosis controls that were enrolled. Patients with endometrio-

sis or adenomyosis enrolled were from the Tangshan Han women

hospitalized in the Department of Obstetrics and Gynecology of

Tangshan Workers’ Hospital and underwent a laparoscopy or la-

parotomy treatment from January 2007 to March 2011. All post-

operative specimens were confirmed pathologically as ovarian

chocolate cysts, pelvic endometriosis or adenomyosis and were

classified as Stage II-IV using the revised American Fertility So-

ciety (AFS) classification of endometriosis. Patients in the control

group were randomly selected from the non-endometriosis and

non-adenomyosis patients treated in the same hospital during the

same period. The age, menstrual history, reproductive history,

family history, and other basic information of each subject was

recorded. Patients complicated with other medical, surgical or en-

docrine diseases were excluded in this study. All subjects had not

been treated with hormone therapy in the latest three months. Four

ml peripheral venous blood sample from each subject was col-

lected in a sodium citrate anticoagulant tube and stored at - 80oC.

This study was conducted in accordance with the declaration of

Helsinki and with approval from the Ethics Committee of Tang-

shan Worker’s Hospital. Written informed consent was also ob-

tained from all participants.

Genomic DNA extraction
Genomic DNA was extracted from blood samples using pro-

teinase K digestion and saturated phenol-chloroform extraction

method and dissolved in TE buffer. The DNA concentration was

measured with a spectrophotometer.

Polymerase chain reaction (PCR)
PCR-based restriction fragment length polymorphism (PCR-

RFLP) was used for genotyping. The following specific gene

primers pair was used: forward: 5′-CCC TGA GCA CTA CCC

ATC AT-3′ and reverse: 5′-GCC CTT CAT AGG AGA TAC TGG-

3′. The PCR product size was 273 bp. The PCR reaction system

contained 100 ng DNA template, 0.1 mM primer, 0.2 mM dNTP,

1.0 IU Taq DNA polymerase , 1×buffer and 1.5 mM MgCl2. The

reaction was run in the program of 95°C pre-denatured for two

minutes, 35 cycles of 94°C 30 s, 60°C 30 s, and 72°C 45 s, and an-

other seven minutes extending at 72°C. Then the PCR products

were kept in 4°C for the next experiment. 

Enzyme digestion
One mg of the purified PCR production was used for enzyme di-

gestion. The reaction also required two ml 10×buffer, 0.25 IU re-

striction enzyme PvuII  and double-distilled water to a total volume

of 20 ml. Enzyme digestion was performed at 37°C for four hours

and then the production was analyzed with 2% agarose gel elec-

trophoresis. Gel imaging system determined the digesting results. 

Sequence analysis
Some of the PCR products were purified by agarose gel ex-

traction and sequenced by an ABI 377 automatic sequencer in

order to verify the mutations at the COX-2 -1195 locus. AA was

homozygous, GA was heterozygous, and the allele frequency =

(2 × AA+GA) / (2×total cases). Genotyping was carried out

blinded in order to ensure its reliability. In addition, repeated ex-

periments were carried out by another researcher using 10% of

the specimens randomly selected. The results were consistent with

the first experimental results.

Statistical analysis
SPSS v17.0 software was used for statistical analysis in this

work. Comparison of the age was carried out with analysis of vari-

ance. Comparison of genotypes was performed with Chi-square

test. The odds ratio (OR) and 95% confidence interval (CI) cal-

culated with non-conditional logistic regression model were used

to indicate the strength of the association of genotypes with en-

dometriosis and adenomyosis.

Results

Clinical characteristics 
The age of each group showed no statistical difference

(Table 1).

PCR-Restriction fragment length polymorphism (RFLP)
COX-2-1195 genotypes of the three groups were ana-

lyzed by PCR-RFLP. Genotype GG presented two bands

of 200 bp and 73 bp, genotype GA presented three bands of

Table 1. — Distribution of age in the three groups.
Group N Age(years) F p

Mean SEM

Endometriosis 170 39.82 6.06

Adenomyosis 150 41.32 5.13 1.845 0.159

Control 240 39.40 6.41

Figure 1. — Genotyping of COX-2 -
1195 by PCR-RFLP. One band of

273 bp represents genotype AA

(lane 9 and 14), two bands of 200

and 73 bp represent genotype GG

(lane 1, 6, 7, 8, and 13) and three

bands of 273, 200, and 73 bp repre-

sent genotype GA (lane 2, 3, 4, 5,

10, 11, 12, and 15). M, DNA marker.
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273, 200, and 73 bp, and genotype AA presented only a 273

bp band (Figure 1). The sequence analysis of some PCR

products randomly selected from the three groups con-

firmed the results obtained from PCR-RFLP (Figure 2).

Relationship between COX-2 gene and endometriosis dis-
ease 

Genotypic frequencies of GG, GA, and AA at -1195 bp

in the promoter region of COX-2 gene of the control

group were 24.6%, 53.3%, and 22.1%, respectively.

However, in the cases group including endometriosis and

adenomyosis, their genotypic frequencies were 16.3%,

50.3% and 33.4%, respectively (Table 2). There were sig-

nificant differences in the frequencies between the two

groups (χ2 =11.235, p = 0.004). According to the Hardy-

Weinberg genetic equilibrium law, the distributions of the

three genotypes in both the control group and the cases

group are in line with the law, prompting that the sub-

jects selected in this study was random in genetics. Geno-

typic frequency of AG showed no significant difference

between the two groups (p = 0.112) but genotypic fre-

quency of AA was significantly higher in the case group

than in the control group (p = 0.001). In the case group,

A allele frequency was significantly higher than that in

control group. Non-conditional logistic regression analy-

sis showed that the risk of endometriosis was 1.43 (95%

CI = 0.92~2.21) for those carrying an A allele and it was

2.29 (95% CI =1.39~3.77) for those carrying two A alle-

les compared with GG genotype. It was markedly differ-

ent between them (p = 0.001), indicating that A allele at

-1195 bp in the promoter region of COX-2 gene signifi-

cantly increased the risk of endometriosis disease.

Relationship between COX-2 gene and endometriosis or
adenomyosis

The distributions of the three genotypic frequencies in

the three groups are in line with the Hardy-Weinberg ge-

netic equilibrium law, indicating that subjects in this

study are random in genetics. Genotypic frequencies of

GG, GA, and AA at -1195 bp in the promoter region of

COX-2 gene were respectively 24.6%, 53.3%, and 22.1%

in the control group, 16.5%, 51.2%, and 32.4% in the en-

dometriosis group, and 16.0%, 49.3%, and 34.7% in the

adenomyosis group (Table 3). They were dramatically

higher in the endometriosis group and adenomyosis

group than in the control group (χ2 =7.159, p = 0.028 and

χ2 =8.909, p = 0.012, respectively) but showed no signif-

icant difference between the endometriosis group and the

adenomyosis group (χ2 = 0.192, p = 0.908). Difference in

the AG genotypic frequency was not significant, while

difference in the AA genotypic frequency was significant

between the endometriosis group and the adenomyosis

group. A allele frequency in both the endometriosis group

and the adenomyosis group were higher than in the con-

Figure 2. — Sequence analysis of

the COX-2–1195 G>A polymor-

phism. Arrow identifies the posi-

tion of nucleotide variation.

Table 2. — Genotype frequencies of COX-2 in the two groups and their association with endometriosis.
Group N Genotype (%) A allele (%)

GG AG AA

Control 240 59 (24.6) 128 (53.3) 53 (22.1) 48.8

Case 320 52 (16.3) 161 (50.3) 107 (33.4) 58.6

χ2 2.520 10.668 10.713

P 0.112 0.001 0.001

OR (95% CI) 1.00 1.43 (0.92~2.21) 2.29 (1.39~3.77)   

Table 3. — Analysis of genotype frequencies of COX-2 among different groups.
Group Control Endometriosis Adenomyosis

Genotypes n = 240 (%) n = 170 (%) p OR (95% CI) n = 150 (%) p OR (95% CI)

GG 59 (24.6) 28 (16.5) 24 (16.0)

GA 128 (53.3) 87 (51.2) 0.181 1.43 (0.85-2.42) 74 (49.3) 0.214 1.42 (0.82-2.47)

AA 53 (22.1) 55 (32.4) 0.009 2.19 (1.22-3.93) 52 (34.7) 0.005 2.41 (1.31-4.43)

A  allele 234 (48.8) 197 (57.9) 0.009 178 (59.3) 0.004
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trol group. The risk of endometriosis of those carrying

two A alleles was 2.19 times to the GG genotype (95% CI

=1.22~3.93), and the risk of adenomyosis of those carry-

ing two A alleles was 2.41 times to the GG genotype

(95% CI =1.31~4.43).

Discussion

The human COX-2 gene, mapped to chromosome

1q25.2–q25.3, is about 8.3 kilobase pairs in size and con-

tains ten exons [19]. There are about 17 sites of the sin-

gle nucleotide polymorphisms (SNPs) in COX-2 gene

have been studied in some benign and malignant dis-

eases, but most of them are non-functional [20-22]. As

for COX-2 -1195, a meta-analysis based on 25 case-con-

trol studies by Tang et al., including a total of 9,482 can-

cer cases and 12,206 controls, indicated that the variant

of COX-2 -1195G>A moderately increased risk of can-

cers (AA/AG versus GG, OR = 1.15, 95% CI: 1.02-1.31)

[23]. Dasdemir et al. reported COX-2-1195 AG genotype

was significantly high in patients with migraine [24].

However, to the authors’ knowledge, the relationship be-

tween the G >A genetic variation at -1195 in the COX-2
gene promoter region and endometriosis or adenomyosis

has not yet been reported. 

In this study, genotypic frequencies of GG, GA, and AA

at -1195 bp in the promoter region of COX-2 gene were

24.6%, 53.3%, and 22.1% in the control group, 16.5%,

51.2%, and 32.4% in the endometriosis group, and 16.0%,

49.3%, and 34.7% in the adenomyosis group. The geno-

typic frequencies in the control group were consistent with

the literature reported by Zhang et al. that the distribution

frequencies of GG, GA and AA at -1195 bp in the promoter

region of COX-2 gene were 22.5%, 53.4% and 24.1% in

Han people [25]. The present authors found that COX-2 -

1195 AA genotypic frequency and A allele frequencies in

the case group were significantly higher than those in the

control group, but they were not quite different between the

endometriosis group and the adenomyosis group. Carrying

A alleles would increase the risk of adenomyosis disease,

which was consistent with the functions of -1195 G>A

polymorphism. According to the previous investigations,

polymorphisms of -1195G>A can form a binding site for

c-Myb and increases the COX-2 gene promoter activity sig-

nificantly, just as its carcinogenesis, regulate the balance

among cell division, survival, and differentiation [26, 27],

resulting in endometriosis. So the authors conjectured that

-1195 G>A genetic variation may play an important role in

the occurrence of endometriosis and adenomyosis, which

have a similar pathogenesis.

Altogether, COX-2 -1195 A allele would significantly in-

crease the risk of endometriosis and adenomyosis, which

may be an important factor that affects the individual ge-

netic susceptibility to endometriosis and adenomyosis,

whose genetic susceptibility is similar.
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