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Abstract. The aim of the present study was to evaluate the 
effects of the selective cyclooxygenase (COX)-2 inhibitor 
celecoxib on the development of uterine adenomyosis in 
mice. ICR neonatal mice were first exposed to tamoxifen to 
establish a mouse model of adenomyosis. Following 60 days 
of celecoxib treatment, pathological formation of adenomyosis 
lesions and the depth of myometrial infiltration were evaluated 
using hematoxylin and eosin staining. To examine thermal 
pain modulation in mice, a hotplate test was conducted every 
15 days from postnatal day 30 onwards. Immunohistochemistry 
was performed to assess the expression of aromatase P450, 
N-cadherin, E-cadherin, COX-2 and cluster of differentiation 
31, whereas the levels of estrogen were analyzed in uterine 
tissue homogenates using ELISA. Masson trichrome staining 
was performed to assess the extent of fibrosis in the uterus. 
Celecoxib treatment significantly inhibited the depth of infil-
tration into the myometrium, resulting in significantly reduced 
disease severity. Treatment with high doses of celecoxib 
significantly prolonged thermal response latency. Following 
celecoxib treatment, the expression of E‑cadherin was signifi-
cantly increased whereas the expression of N-cadherin was 
significantly decreased. Concomitantly, the extent of fibrosis 
was also reduced following celecoxib treatment. Uterine tissue 
homogenates isolated from mice treated with both high and 
low doses of celecoxib exhibited lower concentrations of 
estrogen and decreased expression of aromatase P450. These 
observations suggest that celecoxib reduces adenomyosis 
severity by suppressing estrogen production in the uterus, 
reversing epithelial-mesenchymal transition and relieving 
fibrosis. Taken together, the results of the present study support 

the potential use of celecoxib, a selective COX-2 inhibitor, for 
the treatment of adenomyosis.

Introduction

Adenomyosis is an estrogen-dependent gynecological condi-
tion that is characterized by pelvic pain, aberrant uterine 
bleeding and infertility (1). However, the clinical presenta-
tion of adenomyosis remains ambiguous. Although magnetic 
resonance imaging has improved the diagnostic accuracy of 
adenomyosis, this condition remains asymptomatic with a 
prevalence of 21 to 33% in women of reproductive age (2). 
Despite the prevalence and severity of symptoms associated 
with adenomyosis, little is known about the pathogenesis and 
etiology of this condition. To date, two main theories have been 
proposed to explain the origin of adenomyosis: i) Invagination 
of the endometrial basalis as a result of the activation of tissue 
injury and repair mechanism; and ii) metaplasia of displaced 
embryonic pluripotent Mullerian remnants or differentia-
tion of adult stem cells (3). At present, the main method for 
treating symptomatic adenomyosis is to relieve symptoms and 
improve fertility whilst minimizing side effects (4). Although 
there have been a number randomized, double-blind clinical 
studies exploring the possible pharmacological interventions 
for adenomyosis (5-7), no such strategy is currently available 
for adenomyosis. In addition, no specific guidelines exist for 
the optimal management of this condition.

Similar to endometriosis, adenomyosis is closely associated 
with inflammation and angiogenesis (8,9), to which the pros-
taglandin cascade initiated by cyclooxygenases (COXs) may 
serve an important role. There are two types of COXs, COX-1 
and COX-2, which can be differentially inhibited by a large 
number of nonsteroidal anti‑inflammatory drugs (NSAIDs). 
NSAIDs are non-hormonal compounds that are commonly 
used as symptomatic treatment for dysmenorrhea and heavy 
bleeding associated with adenomyosis (10,11). Findings from 
recent studies have suggested that NSAIDs are also capable 
of inhibiting angiogenesis, proliferation, the expression of 
aromatase P450 and epithelial-mesenchymal transition (EMT) 
in numerous cancer models, such as colorectal cancer, prostate 
cancer and human glioblastoma endothelial cells, highlighting 
their potentially novel properties (12-14). Additionally, the 
long-term use of NSAIDs has been proposed as a therapeutic 
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strategy for a number of malignancies, including prostate, 
colon and breast cancer (15-18).

The NSAIDs that are currently available can be classified 
into two main families: Non-selective NSAIDs (nsNSAIDs) 
and selective COX-2 inhibitors (coxibs). According to their 
half‑lives, nsNSAIDs can be classified further into two groups: 
Those with a short half-life (<6 h), including ibuprofen, and 
those with longer half-lives, including naproxen (19). Ibuprofen 
and naproxen are commonly used for dysmenorrhea in patients 
with adenomyosis. However, the therapeutic application of 
nsNSAIDs is limited by gastrointestinal and renal complica-
tions as a result of long-term COX-1 inhibition (20). In contrast, 
coxibs selectively act on the COX-2 isoenzyme which main-
tain the anti‑inflammatory properties of traditional NSAIDs 
without effecting the activity of the COX-1 isoenzyme (21).

Therefore, the aim of the present study is to examine 
the efficacy of celecoxib, a potent COX‑2 inhibitor, on the 
establishment of adenomyosis lesions in a murine model. In 
addition, the extent of EMT, vascularization and estrogen 
production in uterine tissue homogenates were evaluated.

Materials and methods

Preparation of animals. All experiments were performed 
under the guidelines of the National Research Council's Guide 
for the Care and Use of Laboratory Animals (22), and were 
approved by the Institutional Experimental Animals Review 
Board of Shanghai Obstetrics and Gynecology Hospital of 
Fudan University (Shanghai, China). A total of 12, 19-day 
pregnant ICR mice, weighing 40-50 g, were purchased from 
Laboratory Animal Center of the Shanghai Institutes of 
Biological Sciences. Each dam and her pups were housed in 
the same cage under a controlled environment with 70-80% 
humidity at 22˚C with 12 h light/dark cycles and had access to 
chow and freshwater ad libitum.

Mouse model of adenomyosis and animal treatment. A total 
of 70 female neonatal mice were born from 12 pregnant ICR 
mice, where all the male neonatal progeny were sacrificed 
by cervical dislocation. The neonates were randomly divided 
into 7 groups: i) Control (n=10); ii) adenomyosis model 
(ADE) (n=10); iii) low-dose celecoxib (celecoxib low) (n=10); 
iv) high-dose celecoxib (celecoxib high) (n=10); v) naproxen 
(n=10); vi) aspirin (n=10); and vii) ibuprofen (n=10). The mice 
in the control group were dosed with the solvent [peanut 
oil/lecithin/condensed milk mixture (10:1:15 v/v)] only, while 
those in the ADE group were orally dosed with tamoxifen to 
induce adenomyosis and the mice in the other groups were 
orally dosed with tamoxifen and the corresponding drugs. 
Negative control group was obtained from the control group 
which was incubated in PBS instead of primary antibodies for 
the exclusion of non‑specific staining.

The female neonatal mice in the ADE and drug treatment 
groups were treated orally with 1 mg/kg tamoxifen (Shanghai 
Fudan Forward Pharmaceutical Co., Ltd.) suspended in a 
peanut oil/lecithin/condensed milk mixture (10:1:15 v/v) at a 
dose volume of 5 µl/g body weight, once daily on days 2 to 5 
after birth (day of birth=day 1), as reported previously (23). 
From day 6 after birth, mice were administered orally with 
either a low dose of celecoxib (50 mg/kg; Pfizer, Inc.), a 

high dose of celecoxib (100 mg/kg; Pfizer, Inc.), naproxen 
(20 mg/kg; cat. no. N8280; Sigma‑Aldrich; Merck KGaA), 
aspirin (160 mg/kg; cat. no. A2093; Sigma‑Aldrich; Merck 
KGaA) or ibuprofen (30 mg/kg; cat. no. I4883; Sigma‑Aldrich; 
Merck KGaA). The mice in the control and ADE groups were 
orally administered similarly with corresponding quantities 
of the vehicle. All mice were weaned and separated from the 
dams upon reaching 3 weeks of age, where the dams were 
sacrificed using cervical dislocation. From aged 30 days, all 
mice were subjected to a hotplate test every 15 days until 
day 60. Uterine samples from the mice in the seven groups 
aforementioned were harvested at 60 days of age.

Hotplate test procedure. The hotplate test was performed 
using a commercially available Hot Plate Analgesia Meter 
(BME-480; Chinese Academy of Medical Sciences) as 
described previously (24). The surface of the plate was heated 
to and maintained at a constant temperature of 50.0±0.1˚C 
as measured using a built-in digital thermometer. A plastic 
cylinder of 20 cm in diameter and 18 cm in height was placed 
on the hotplate. All mice were allowed to acclimatize under a 
controlled environment at 22‑24˚C with 70‑80% humidity in 
the testing room for 10 min prior to test commencement. The 
latency response to thermal stimuli was defined as the time 
(sec) elapsed from the moment the mouse was placed inside 
the cylinder to the moment it licked its hind paws. Each 
mouse was tested once per session. The latency was calcu-
lated as the mean between two readings recorded between 
24 h intervals.

Specimen collection. After treatment for 60 days, all mice 
were anaesthetized and perfused with warm (37˚C) saline 
followed by a warm solution of 4% paraformaldehyde plus 
0.2% picric acid dissolved in 0.1 M phosphate buffer, which 
served as the fixative, via the ascending aorta. The uteri were 
then excised, where half of the samples were immediately fixed 
in 4% paraformaldehyde at room temperature for 48 h and 
then embedded in paraffin for hematoxylin and eosin (H&E)
or immunohistochemical staining. All remaining uterine 
tissue samples were placed immediately in liquid nitrogen for 
subsequent determination of estrogen concentration in uterine 
tissue homogenates.

Immunohistochemistry. Each paraffin‑embedded tissue block 
was subjected to serial 3 mm sectioning for H&E staining 
for the assessment of lesion formation or subsequent immu-
nohistochemical staining of E-cadherin (cat. no. ab76055; 
1:100; Abcam), N-cadherin (cat. no. ab18203; 1:1,000; 
Abcam), CD31 (cat. no. ab28364; 1:50; Abcam), aroma-
tase P450 (cat. no. ab28146; 1:50; Abcam) or COX-2 
(cat. no. ab15191; 1:100; Abcam). Briefly, paraffin‑embedded 
slides were deparaffinized, rehydrated and washed in PBS 
(pH 7.4) three times for 15 min each. Then the slices were 
subjected to antigen retrieval with citric acid buffer (pH 6.0) 
at 98˚C for a total of 30 min. Next they were treated with 
3% hydrogen peroxide (Beyotime Institute of Biotechnology) 
and blocked with 10% goat serum (Beyotime Institute of 
Biotechnology) for 1 h at room temperature and incubated 
with the aforementioned primary antibodies or PBS (nega-
tive group) overnight at 4˚C. After washing with PBS (pH 
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7.4) three times for 15 min each, the sections were incubated 
with the horseradish peroxidase-conjugated secondary anti-
body (cat. no. ab6728; 1:2,000; Abcam) at room temperature 
for 60 min. Subsequently, the sections were washed again 
with PBS and incubated with 0.01% 3,3'-diaminobenzidine 
tetrahydrochloride (Beyotime Institute of Biotechnology) for 
2 min at room temperature. The sections were then washed 
thoroughly in PBS three times for 5 min each, stained in 
hematoxylin for 20 sec at room temperature, dehydrated in 
an ascending absolute alcohol gradient, washed with xylene 
and mounted in synthetic resin for microscopic examination 
with a light microscope.

Quantification of immunoreactivity was performed using 
Image Pro-Plus 6.0 (Media Cybernetics, Inc.) software, as 
described previously (25). Vascular microvessels were quanti-
fied with CD31, in the stromal compartment of the uteri, where 
the CD31‑labeled microvessel density was quantified under 
x200 magnification. The average number was calculated from 
5 randomly selected images per tissue section, as previously 
described (26).

Estradiol concentration in uterine tissue homogenates. The 
mouse uterine tissues were homogenized in PBS (pH 7.2-7.4) 
and centrifuged at 5,000 x g at 4˚C before supernatants were 
collected. Estradiol (mouse) ELISA kit (K3830‑100, BioVision, 
Inc.) was used to determine the concentration of estradiol in 
mouse uteri, according to manufacturer's protocol. Each assay 
was performed in triplicate.

Masson's trichrome staining. Masson's trichrome staining 
was used for the detection of collagen fibers in tissue samples. 
Tissue sections were deparaffinized in xylene, rehydrated in 
a descending graded alcohol series and incubated in Bouin's 
solution at 37˚C for 2 h. The Bouin's solution consisted of 
75 ml saturated picric acid, 25 ml 10% formalin solution 
(v/v) and 5 ml acetic acid. Tissue sections were then stained 
using the Masson's Trichrome Staining kit (Baso Diagnostics, 
Inc.) according to manufacturer's protocols. The areas of the 
collagen fiber layer stained in blue were obtained by light 
microscope under a x200 magnification and quantified using 
Image Pro-Plus 6.0 software (Media Cybernetics, Inc.).

Western blot analysis. The endometrial adenocarcinoma 
cell line Ishikawa cells were purchased from the National 
Infrastructure of Cell Line Resources and cultured at 37˚C 
in DMEM/F12 medium (Gibco; Thermo Fisher Scientific, 
Inc.) supplemented with 10% FBS. Ishikawa cells were sepa-
rately treated with DMSO, 1 µM β-Estradiol (cat. no. E8875; 
Sigma‑Aldrich; Merck KGaA), 0.1 µM β-Estradiol, 50 µM 
celecoxib and 50 µM celecoxib +1 µM β‑Estradiol at 37˚C 
for 48 h, then cell proteins were extracted and western blot 
analysis was performed as previously described (20). Primary 
antibodies used included E-cadherin (cat. no. ab76055; 
1:1,000; Abcam), anti-GAPDH (cat. no. ab181602; 1:3,000; 
Abcam), pan‑cytokeratin (cat. no. ab7753; 1:1,000; Abcam) 
and vimentin (cat. no. ab193555; 1:1,000; Abcam). The 
secondary antibodies that were used included goat anti-rabbit 
IgG (cat. no. ab6721; 1:1,000; Abcam) and goat anti-mouse 
IgG (cat. no. ab6728; 1:1,000; Abcam). The densities of the 
bands were quantified using Quantity One Analysis software 

v4.62 (Bio-Rad Laboratories, Inc.) and normalized against 
those of GAPDH.

Statistical analysis. SPSS18.0 software (SPSS, Inc.) was 
used for all statistical analyses. Comparisons of means from 
multiple groups were performed using a one-way ANOVA 
followed by Dunnett's post hoc test. Data is presented as the 
mean ± SEM. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Infiltration of myometrium by the endometrium following cele‑
coxib treatment. The depth of ectopic endometrial infiltration 
into the myometrium was evaluated using the criteria previ-
ously described by Bird et al (27): Grade 0, complete absence 
of any ectopic endometrium in the myometrium; grade 1, 
penetration of the ectopic endometrium into the superficial 
myometrium; grade 2, penetration into the mid myometrium; 
and grade 3, penetration beyond the mid myometrium 
(Fig. 1A; representative images are from each group at 60 days 
post-birth to demonstrate the detailed criteria that was used 
in the present study). As demonstrated in Fig. 1B, compared 
with the ADE group, mice in the control group exhibited 
significantly decreased infiltration. Mice treated with either 
low or high dose celecoxib, naproxen or aspirin demonstrated 
significantly reduced myometrial infiltration compared with 
untreated mice in the ADE group. There was no significant 
difference in the depth of myometrium infiltration between 
mice treated with ibuprofen and untreated mice from the ADE 
group. Compared with mice treated with nsNSAIDs, naproxen, 
aspirin and ibuprofen, mice treated with the selective COX-2 
inhibitor celecoxib exhibited less myometrium infiltration.

Effect of celecoxib treatment on hotplate response latency 
following adenomyosis establishment. The hotplate test is a 
commonly used method for measuring nociception and evalu-
ating response threshold to thermal stimuli in rodents (28). In 
the present study, all mice were subjected to hotplate testing 
every 15 days from 30 days after birth (Fig. 1C). Hotplate 
response latency in mice from the ADE group was significantly 
decreased compared with those in the control group. On days 
30 and 45 after birth, treatment with high-dose celecoxib and 
aspirin significantly prolonged the response latency compared 
with the ADE group. However, a significantly prolonged 
response latency was not observed in the aspirin treatment 
group at 60 days after birth (Fig. 1C).

Celecoxib treatment inhibits the expression of COX‑2 in the 
uterus following adenomyosis establishment. Under physi-
ological conditions, COX-1 is expressed in almost all tissues 
and cells and it serves a protective role in the gastrointestinal 
tract (29). In contrast, COX-2 is not universally expressed in 
the majority of normal tissues, but can be rapidly induced 
following stimulation by proinflammatory factors, lipopoly-
saccharides or growth factors; in turn leading to the occurrence 
and development of a variety of diseases like atherogenesis, 
human macula densa and so on (30).

As reported by previous studies, COX-2 expression increases 
significantly during the pathogenesis of adenomyosis (31‑33). 
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Therefore, immunohistochemical staining was used to assess 
the expression of COX-2 following NSAIDs and celecoxib 
treatment. As indicated in Fig. 2, compared with the control 
group, mice in the ADE group exhibited significantly increased 
COX-2 expression following adenomyosis induction. Treatment 
with high and low dose celecoxib and nsNSAIDs significantly 
reduced the expression of COX-2 compared with the ADE group.

Celecoxib treatment reduces estrogen production in the 
uterus following adenomyosis establishment. Aromatase P450 
is considered to be the rate-limiting enzyme during estrogen 
synthesis in the uterus (34). Therefore, in the present study the 

expression of aromatase P450 was evaluated in uterine tissues. 
As presented in Fig. 3A and B, aromatase P450 expression 
was predominantly localized in the cytoplasm of glandular 
epithelial cells in the eutopic endometrium and lesions within 
the myometrium. The expression level of aromatase P450 in 
the uterus was significantly higher in mice from the ADE 
group compared with the control group. Following treatment 
with low-dose celecoxib, high-dose celecoxib or naproxen, a 
significant decrease in aromatase P450 was observed in the 
uterus compared with the untreated ADE group. However, no 
significant difference was observed following ibuprofen or 
aspirin treatment.

Figure 1. Celecoxib markedly reduced the depth of endometrial infiltration into the myometrium in a tamoxifen‑induced adenomyosis mouse model. 
(A) Classification of adenomyosis progression in an experimentally induced ICR mouse model, with each of the four grades illustrated by the corresponding 
representative images from all treatment groups at 60 days after birth to show the detailed criteria that was used. The arrows are used to demonstrate where 
the ectopic endometrium invaded into the myometrium. Scale bars, 100 µm. (B) Quantified grades of myometrial infiltration by the endometrium following 
treatment with nsNSAIDs and celecoxib at day 60 after birth. (C) Hotplate latency test of mice subjected to nsNSAIDs or celecoxib treatment at the indicated 
times. ***P<0.001, **P<0.01 and *P<0.05 vs. ADE. nsNSAIDs, non‑selective nonsteroidal anti‑inflammatory drugs; ADE, adenomyosis.
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ELISA was subsequently performed to determine the 
levels of estradiol (E2) in uterine tissue homogenates. The 
levels of E2 in uterine tissue homogenates of untreated mice 
from the ADE group were revealed to be significantly higher 
compared with the control group (Fig. 3C). Following cele-
coxib and nsNSAID treatment, the levels of E2 in the uterine 
tissue homogenates were significantly lower compared with 
those of untreated mice from the ADE group (Fig. 3C).

Celecoxib treatment reverses EMT following the establish‑
ment of adenomyosis. Immunohistochemistry was used to 
assess whether the expression of N-cadherin and E-cadherin 
was affected by celecoxib or NSAIDs treatment. As indicated 
in Fig. 4, E-cadherin was mainly expressed in the membrane 
of epithelial cells, where its levels were significantly reduced 
following adenomyosis induction. With the exception of 
naproxen, treatment with ibuprofen, aspirin and celecoxib 
significantly increased E‑cadherin expression compared with 
the ADE group. In contrast, the opposite effects were observed 
regarding N-cadherin expression, which was significantly 
increased following adenomyosis induction, but was reduced 
following ibuprofen, aspirin or high celecoxib treatment, 

while low celecoxib and naproxen didn't affect the N-cadherin 
expression significantly (Fig. 5).

Progression of adenomyosis to fibrosis is repressed by cele‑
coxib treatment. Masson's trichrome staining was performed 
to evaluate fibrosis in the mouse uterine tissues following 
treatments with NSAIDs and celecoxib. Portions of the stromal 
cells, muscle fibers or epithelial cells were stained red, whilst 
the collagen fibers were stained blue.

Collagen staining was observed to be almost negative in 
uterine tissues isolated from mice in the control group, whereas 
advanced adenomyotic lesions obtained from mice from the 
ADE group contained more collagen fibers (Fig. 6A and B). 
In addition, the extent of fibrosis, as indicated by the expres-
sion of collagen, was indicated to be significantly reduced by 
treatment with ibuprofen, aspirin, low-dose and high-dose 
celecoxib compared with mice from the ADE group (Fig. 6).

Effect of NSAIDs treatment on uterine vascular density 
following adenomyosis establishment. To determine vascular 
density, blood vessels in the uterine tissues were stained using 
the anti-CD31 antibody, where the number of vessels per 

Figure 2. Celecoxib significantly reduces the expression of COX‑2 in the uterus, which was evaluated by immunohistochemical staining following 60 days of 
treatment. (A) Representative immunohistochemical staining images of COX‑2 in specimens from mice treated with non‑selective nonsteroidal anti‑inflamma-
tory drugs or celecoxib. Scale bars, 100 µm. (B) Quantification of immunohistochemical COX‑2 staining in uteri from the seven groups. ***P<0.001, **P<0.01 
and *P<0.05 vs. ADE. COX-2, cyclooxygenase-2; ADE, adenomyosis.
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area was subsequently quantified (Fig. 7). Compared with the 
control group, there was a statistically significant increase in 
vessel density detected in the ADE group. Although a statisti-
cally significant reduction was observed in vessel density 
in the uterine tissues following treatment with naproxen, no 
significant differences were observed in the ibuprofen, aspirin, 
low-dose or high-dose celecoxib-treated groups compared 
with the ADE group.

Celecoxib inhibits EMT in Ishikawa cells following estra‑
diol treatment. Previous reports have demonstrated that 
E2 can induce EMT in endometrial epithelial cells during 
adenomyosis (35-37). To demonstrate if it is a direct effect of 
celecoxib on epithelialization, Ishikawa cells were treated with 
DMSO, 0.1 µM E2, 1 µM E2, 50 µM celecoxib or 50 µM cele-
coxib+1 µM E2 for 48 h, following which western blot analysis 
was performed to determine the expression of proteins associ-
ated with EMT.

Following treatment with E2, the expression of epithelial 
markers E‑cadherin and pan‑cytokeratin was observed to 
be significantly downregulated in Ishikawa cells, which 
was accompanied by the concomitant upregulation of the 

mesenchymal marker vimentin (Fig. 8). Treatment with 
Celecoxib reversed the aforementioned effects (Fig. 8).

Discussion

Adenomyosis is a major cause of pelvic pain and infertility in 
women. Due to the lack of understanding in the pathogenesis 
of adenomyosis, treatment options that are current available 
remain inadequate, which mainly focus upon pain relief and 
improving fertility (38). A number of studies have previously 
reported that in addition to containing anti‑inflammatory and 
analgesic properties, NSAIDs also serve important roles in a 
variety of biological functions (39-41). In the present study, 
the potential therapeutic effects of NSAIDs were evaluated 
in a murine model of tamoxifen-induced adenomyosis, and 
the results indicated that NSAIDs and the COX-2 selective 
inhibitor celecoxib markedly reduced the depth of endometrial 
infiltration into the myometrium, with celecoxib demon-
strating the greatest efficacy. In addition, high‑dose celecoxib 
treatment prolonged the thermal response latency, suggesting 
that COX-2 inhibition reduced pain sensitivity in mice with 
adenomyosis.

Figure 3. Celecoxib significantly inhibits estrogen production in the uterus. (A) Representative immunohistochemical staining images of aromatase P450 in 
specimens from mice treated with nsNSAIDs or celecoxib. The arrow is used to identify the ectopic endometrium into the myometrium. Scale bars, 100 µm. 
(B) Quantification of immunohistochemical aromatase P450 staining in uteri from the seven groups. (C) Estradiol levels in uterine tissue homogenates 
following nsNSAIDs or celecoxib treatment for 60 days, as measured by ELISA. ***P<0.001, **P<0.01 and *P<0.05 vs. ADE. nsNSAIDs, non-selective nonste-
roidal anti‑inflammatory drugs; ADE, adenomyosis.
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Steroid hormones are closely associated with the etiology 
of adenomyosis. In particular, hyperestrogenism as a result of 
aberrant local paracrine activity in the eutopic and ectopic endo-
metrium may serve as a preliminary risk factor for the initiation 
of this disease (42). This notion is supported by findings from 
a previous study that elevated levels of E2 were frequently 
observed in the menstrual blood of women with adenomyosis 
compared with peripheral blood levels (43). Hyperestrogenism 
is suggested to result from increased local aromatization of 
androgens and reduced local estrogen metabolism in the eutopic 
and ectopic endometrium (44). Notably, Kitawaki et al (45) 
reported that the expression aromatase cytochrome P450, which 
is a rate-limiting enzyme in steroidogenesis, was not observed in 
the endometrium of healthy uteri. In contrast, aromatase cyto-
chrome P450 was present in the eutopic endometrium of patients 
with adenomyosis, which promoted estrogen biosynthesis and 
increased estrogen bioavailability due to the local aromatization 
of circulating androgens into E2.

In the present study, E2 and P450 expression levels were 
increased in the uterus of mice in the ADE group. Following 
celecoxib and naproxen treatment, the expression of P450 in 

the uterus was significantly lower compared with untreated 
ADE mice, which may explain the reduced E2 concentration 
in the corresponding uterine tissue homogenates. Although the 
uterine levels of E2 were reduced in the aspirin and ibuprofen 
group, the expression of P450 was not significantly decreased, 
suggesting that additional factors may be involved, including 
the expression of 17-β hydroxysteroid dehydrogenase type 2 
enzyme, which has been previously revealed to contribute to 
E2 degradation (46).

EMT is characterized by the loss of cell-cell adhesions 
between the normally stationary polarized epithelial cells, 
which transform into the highly motile mesenchymal cells. 
It is a biological process involved in embryological develop-
ment, tissue repair and cancer cell migration and invasion (47). 
Consistent with previous studies (48), reduced E-cadherin 
expression and increased N-cadherin expression were detected 
in the epithelial cells of adenomyotic lesions compared with 
normal endometrium in the present study, suggesting that 
invasiveness and progression of adenomyotic lesions could 
be regulated by EMT. Following celecoxib treatment, the 
expression of E‑cadherin in epithelial cells was significantly 

Figure 4. Celecoxib significantly increased the expression of E‑cadherin in uteri from mice with adenomyosis. (A) Representative immunohistochemical 
staining images of E‑cadherin in specimens from mice subjected to non‑selective nonsteroidal anti‑inflammatory drugs or celecoxib treatment for 60 days. 
Scale bars, 100 µm. (B) Quantification of immunohistochemical E‑cadherin staining in uteri from the seven groups. ***P<0.001, **P<0.01 and *P<0.05 vs. ADE. 
E-cad, E-cadherin; ADE, adenomyosis.
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Figure 5. Celecoxib significantly reduces the expression of N‑cadherin in uteri from mice with adenomyosis, as evaluated by immunoreactivity staining 
after of treatment. (A) Representative immunohistochemical staining images of N-cadherin in specimens from mice treated with non-selective nonsteroidal 
anti‑inflammatory drugs or celecoxib for 60 days. Scale bars, 100 µm. (B) Quantification of immunohistochemical N‑cadherin staining in uteri from the seven 
groups. *P<0.05 vs. ADE. N-cad, N-cadherin; ADE, adenomyosis.

Figure 6. Progression of adenomyosis to fibrosis in mouse uteri is inhibited by celecoxib treatment. (A) Representative images of Masson's trichrome staining 
in specimens from mice treated with nsNSAIDs or celecoxib. Scale bars, 100 µm. (B) Quantification of collagen fibers staining, shown in blue, following 
nsNSAIDs or celecoxib treatment. ***P<0.001 and **P<0.01 vs. ADE. nsNSAIDs, non‑selective nonsteroidal anti‑inflammatory drugs; ADE, adenomyosis.
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increased, while that of N-cadherin was decreased. The rever-
sion of EMT was also observed in the nsNSAIDs-treated 
groups, including aspirin and ibuprofen. Additionally, cele-
coxib abrogated EMT in response to high concentrations of 

estrogen in Ishikawa cells, suggesting that COX‑2 inhibition 
may reverse EMT during adenomyosis.

Tissue fibrosis is characterized by the accumula-
tion of extracellular matrix (ECM) and loss of cellular 

Figure 7. Celecoxib has no effect on vessel density, as evaluated by immunoreactivity staining of CD31. (A) Representative immunohistochemical staining 
images of CD31 in specimens from mice subjected to non‑selective nonsteroidal anti‑inflammatory drugs and celecoxib treatment. Scale bars, 100 µm. 
(B) Immunohistochemistry quantification of CD31 expression in uteri. ***P<0.001 and *P<0.05 vs. ADE. ADE, adenomyosis. MVD, mean vessel density.

Figure 8. Celecoxib inhibited epithelial‑mesenchymal transition in Ishikawa cells following E2 treatment. (A) Representative western blotting images and 
(B) corresponding quantitative analysis of E‑cadherin, Pan‑cytokeratin, vimentin expression after treatment with E2 or celecoxib for 48 h. **P<0.01 and 
*P<0.05 vs. Control. Pan‑CK, Pan‑cytokeratin; E2, estradiol.
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homeostasis (49). In adenomyosis, each cyclic bleed accompa-
nied with vascular or tissue injury experienced by the ectopic 
endometrium is followed by tissue repair (50). On tissue 
injury, evolutionarily conserved mechanisms initiate the tissue 
repair process, which is known to involve EMT (51). However, 
with persistent cycles of tissue injury followed by repair, the 
physiological wound-healing response can become aberrant, 
resulting in excessive ECM deposition leading to fibrosis (52). 
In the present study, fibrosis was also observed in the uteri of 
mice with ADE, which was reduced by celecoxib treatment, 
suggesting an important role for COX‑2 in fibrotic progres-
sion during adenomyosis. Additionally, repression of fibrosis 
was also observed in mice treated with nsNSAIDs, including 
aspirin and ibuprofen.

To explore the uterine vascular responses to celecoxib 
further, the present study also examined vessel density and 
observed that celecoxib did not exert significant effects on 
angiogenesis. The interpretation of this finding with regard to 
the antiangiogenic effects of celecoxib in this model is limited. 
In view of the angiogenesis effect of the increased expression or 
activity of Cox-2, recently the inhibition of Cox-2 by celecoxib 
has been explored to be used in the treatment of diverse cancers 
such as breast cancer and hepatocellular carcinoma (18,53,54). 
So further should be performed in larger sample populations 
or in vitro to reveal the association between the inhibition of 
Cox-2 by celecoxib and angiogenesis, which may provide a 
more solid theoretical basis for the application of celecoxib for 
the treatment of adenomyosis.

In conclusion, nsNSAIDs and the COX-2 selective inhib-
itor celecoxib markedly reduced the severity of adenomyosis 
in the present study. In particular, celecoxib demonstrated 
the greatest efficacy, which may serve as a promising 
therapeutic intervention strategy due to previous reports of 
superior tolerance in humans (54). The celecoxib-mediated 
suppression of adenomyosis is likely to be multifactorial, 
including estrogen production in the uterus, fibrosis and 
EMT, which should enable the clinical use of celecoxib to 
be extended beyond analgesia into adenomyosis. The present 
study supports further investigation into the use of celecoxib 
as novel non-hormonal, non-surgical alternative for the treat-
ment of adenomyosis.
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