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Introduction

Adenomyosis is a common benign gynecologic disease in 
which endometrial glands and stroma are present within 
myometrium, inducing myometrial inflammation and hyper-
trophy. Although some women with adenomyosis are asymp-
tomatic, the condition often causes diffusely enlarged uterus, 
menorrhagia, dysmenorrhea, and subfertility [1,2]. Because 
the adenomyosis can be diagnosed with microscopic exami-
nation of the uterus after hysterectomy, the prevalence is not 
accurate. Although generally estimated to affect 20 percent 
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of women, the incidence was approximately 65 percent in 
one study in which histopathological analysis of multiple 
myometrial sections was performed [3]. The pathogenesis 
of adenomyosis is poorly understood, but one hypothesis is 
that the basalis endometrium abnormally invades into the 
myometrium. The main mechanism of the pathogenesis of 
adenomyosis is disruption of the endometrial-myometrial 
borderline leading to the infiltration of endometrial cells, and 
survival of the endometrial cells within the myometrium [4]. 
Several studies have found out the differences between eu-
topic endometrium of women with adenomyosis and those 
without adenomyosis [5-7]. Several factors (inflammation, 
hormonal influences, immune factors, angiogenesis, and so 
on) have been suggested to be involved in in the develop-
ment of adenomyosis [7-11].

Nuclear factor kappa-B (NF-кB) plays an important role as a 
key protein in stimulating inflammation and cell proliferation 
and also plays an important role in inhibiting apoptosis in var-
ious cell types [12]. The NF-кB is a family of peptides which 
is formed by five subunits: RelA or p65, RelB, c-Rel, p50/
p105(NF-кB1), and p52/p100(NF-кB2), and these subunits 
bind forming different NF-кB dimers. These NF-кB dimers 
are held inactive by uniting with the NF-кB inhibitory protein 
(IкB). This protein blocks NF-кB target gene transcription by 
preventing NF-кB-DNA interaction [12,13]. The subunit p65 
mainly participates in the active NF-кB complex. Proinflamma-
tory cytokines can activate the canonical NF-кB pathway by 
IкB phosphorylation and subsequent ubiquitination. The NF-
кB complex is degraded by the proteasome, then NF-кB free 
dimer binds to DNA for target gene transcription. 

Based on the previous study showing that NF-кB plays a 
critical role in the pathogenesis of endometriosis [14], we 
hypothesized that NF-кB p65 subunit expression is also in-
creased in adenomyosis. We aimed to determine whether the 
expression of NF-кB p65 subunit is increased in the eutopic 
endometrium and/or in the adenomyosis nodule of women 
with adenomyosis compared with the normal endometrium.

Materials and methods

1. Tissue collection
Tissue samples of adenomyosis as well as their correspond-
ing eutopic endometrium were collected from a total of 33 
women with histological evidence of adenomyosis. We also 

obtained tissue samples of normal endometrium from a total 
of 32 women with carcinoma in situ of the uterine cervix, 
which were the same sections used as controls in our previous 
study [14]. All of the recruited women had regular menstrual 
cycles and had undergone hysterectomies by trans-abdominal 
or laparoscopic methods. We excluded women with endome-
trial abnormality, adenomyosis, or pelvic endometriosis from 
the control group. The date of the menstrual cycle was clas-
sified as proliferative (days 1 to 13), early secretory (days 14 
to 19), mid secretory (days 20 to 23), and late secretory (days 
24 to 28) phases by endometrial histology using the criteria of 
Noyes et al. [15]. The review board for human research in our 
hospital approved this project. We required no additional in-
formed consent to use the specimens in this study, since only 
archived material was used. 

2. Immunohistochemistry
Immunohistochemistry was performed as previously described 
[14]. Formalin-fixed paraffin-embedded samples were cut 
into 4 µm sections. After deparaffinization, slides were boiled 
in citrate buffer (10 mM, pH 6.0) for 15 minutes for antigen 
retrieval. Then sections were immersed in 3% hydrogen per-
oxide for 15 minutes to block endogenous peroxidase. Slides 
were then incubated in a humidified chamber with 5% block-
ing goat serum (Vector Laboratory, Burlingame, CA, USA) 
in tris-buffered saline for 30 minutes at room temperature. 
Afterwards, excess serum was drained and sections were in-
cubated with rabbit polyclonal anti-human p65 antibody (Cell 
Signaling Technology, Beverly, MA, USA) for overnight at 4°C 
in a humidified chamber. The primary antibody was omitted 
for verification of negative controls. The sections were washed 
three times for 5 minutes with tris-buffered saline, and then 
biotinylated goat anti-rabbit antibody (Vector Laboratories) 
was added as secondary antibody for 30 minutes at room 
temperature. The antigen-antibody complex was detected 
using an avidin-biotin-peroxidase kit (Vector Laboratories). 
Diaminobenzidine (Vector Laboratories) was used as the chro-
mogen and sections were counterstained with hematoxylin. 

The intensity for NF-κB p65 immunoreactivity was semiquan-
titatively evaluated using the following intensity categories: 0 
(no staining), 1+ (weak but detectable staining), 2+ (moderate 
or distinct staining), 3+ (intense staining). For each tissue, a 
HSCORE value was derived by summing the percentages of 
cells that stained at each intensity category and multiplying 
that value by the weighted intensity of the staining, using the 
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formula HSCORE=ΣPi(i+1), where i represents the intensity 
scores and Pi is the corresponding percentage of the cells. In 
each slide, five randomly selected areas were evaluated under 
a light microscope (×40 magnification), and the percentage of 
the cells for each intensity within these areas was determined 
at different times by 2 investigators. The average score was 
used for final analysis.

3. Statistical analysis
All of the data were normally distributed as assessed by Kol-
mogorov-Smirnov test. ANOVA and Fisher’s least significant 
difference post hoc test for pairwise comparisons were used 
for statistical analysis for the HSCOREs obtained from immu-
nohistochemistry. Statistical analyses were performed using 

SPSS ver. 14.0 (SPSS Inc., Chicago, IL, USA). Statistical signifi-
cance was defined as P<0.05.

Fig. 1. Representative micrographs (×400) of nuclear factor kappa-B p65 subunit immunostaining in the eutopic endometrium of the control 
patient (A), the eutopic endometrium of the adenomyosis patient (B), and adenomyosis nodule of the adenomyosis patient (C). P, proliferative 
phase; S, secretory phase; MS, mid-secretory phase.
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Table 1. The clinical characteristics of patients and controls

Characteristics Control group 
(n=32)

Adenomyosis 
group (n=33)

Age (yr) 38.1±2.1 39.6±3.4

No. of deliveries   1.9±0.5   1.8±1.0

Menstrual phases

   Proliferative  13  13

   Early secretory   4    5

   Mid-secretory   6  10

   Late secretory   9   5

Values are presented as mean±standard deviation or number.
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Results

The clinical characteristics and menstrual phases of the con-
trols and the adenomyosis group were summarized in the 
Table 1. The age and the number of deliveries were not differ-
ent between the 2 groups. The indications for surgery in the 
adenomyosis group were dysmenorrhea (n=18), menorrhagia 
(n=11), or palpable mass (n=3).

Fig. 1 shows the representative micrographs of NF-кB p65 
subunit immunohistochemical staining of the eutopic endo-
metrium of the control (Fig. 1A), the eutopic endometrium of 
the adenomyosis patient (Fig. 1B), and adenomyosis nodule 
of the adenomyosis patient (Fig. 1C). When we compare the 

immunoreactivity of NF-кB p65 subunit in the stromal cells 
among the 3 groups, we could see obvious increases of NF-
кB p65 subunit expression in both the cytoplasm (Fig. 2A) and 
the nucleus (Fig. 2B) in the eutopic endometrium of the ad-
enomyosis group as well as in the adenomyosis nodule of the 
adenomyosis group compared to the eutopic endometrium 
of the controls during total menstrual phase put together 
(P<0.005, P<0.005 in the cytoplasm; P<0.005, P<0.005 in the 
nucleus), the proliferative phase (P<0.005, P<0.05 in the cy-
toplasm; P<0.05, P<0.05 in the nucleus), the secretory phase 
(P<0.005, P<0.005 in the cytoplasm; P<0.005, P<0.005 in 
the nucleus), respectively. Dividing the secretory phase into 3 
sub-phases, the increase of NF-кB p65 subunit was observed 

Fig. 2. Graphs showing HSCORES of nuclear factor kappa-B p65 subunit immunostaining in the cytoplasm (A,C) and the nucleus (B,D) of the 
stromal cells (A,B) and glandular cells (C,D). T, total menstrual stages put together; P, proliferative phase; S, secretory phase; ES, early secretory 
phase; MS, mid-secretory phase; LS, late secretory phase. Data of HSCORES are expressed as mean±SEM. a)P<0.05 vs. control, b)P<0.005 vs. 
control.
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mainly in the mid-secretory phase (P<0.005, P<0.005 in the 
cytoplasm; P<0.005, P<0.005 in the nucleus, respectively) 
(Fig. 2A, B). In the glandular cells, NF-кB p65 subunit expres-
sion was significantly increased in the cytoplasm only in the 
proliferative phase in the eutopic endometrium of the ad-
enomyosis group (P<0.005) as well as in the adenomyosis 
nodule of the adenomyosis group (P<0.005) compared to 
the eutopic endometrium of the controls (Fig. 2C). However, 
we could see obvious increases of nuclear NF-кB p65 subunit 
expression in the glandular cells in the eutopic endometrium 
of the adenomyosis group as well as in the adenomyosis 
nodule of the adenomyosis group compared to the eutopic 
endometrium of the controls during total menstrual phase 
put together (P<0.005, P<0.005), the proliferative phase 
(P<0.005, P<0.005), the secretory phase (P<0.005, P<0.005), 
early secretory phase (P<0.005, P<0.005), mid-secretory 
phase (P<0.005, P<0.005), and late secretory phase (P<0.05, 
P<0.05), respectively (Fig. 2D).

Discussion

In the present study, we compared the immunoreactivity of 
NF-кB p65 subunit in the eutopic endometrium and/or adeno-
myosis nodule of histologically confirmed adenomyosis with 
the eutopic endometrium of the controls, and demonstrated 
the followings: (1) the immunoreactivity of both the nuclear 
and cytoplasmic NF-кB p65 subunit was significantly increased 
in the stromal cell of the eutopic endometrium as well as the 
adenomyosis nodule of women with adenomyosis compared 
with the controls, respectively; (2) the nuclear expression of 
NF-кB p65 subunit significantly increased in the glandular cells 
of the eutopic endometrium as well as the adenomyosis nod-
ule of women with adenomyosis compared with the controls, 
respectively. Invasion into myometrium following disruption 
of basal endometrium is considered as a main mechanism of 
the pathogenesis of adenomyosis, and several factors have 
been reported to play a pivotal role in the establishment of 
adenomyosis through increased invasion of endometrium into 
myometrial layer. Inflammation, hormonal, growth factors and 
enzymes are thought to be involved in the development of 
adenomyosis [16,17]. Several studies on adenomyosis showed 
that the eutopic and ectopic endometria have increased pro-
liferation, angiogenesis, estrogen-dependency and abnormal 
cytokine levels with molecular and metabolic abnormalities, 

which might lead to acceleration of the endometrial invasion 
to the uterine junctional zone and cause the growth of endo-
metrial cell into the myometrium layer [18,19]. 

Although the pathogenesis and/or pathophysiology of the 
adenomyosis is uncertain, it was suggested that the NF-кB 
plays an important role in inflammation, proliferation, angio-
genesis, and invasion that might be involved in the pathogen-
esis of adenomyosis [20]. In our previous study, we found that 
the expression of P21-activated kinases 1 (Pak1) was increased 
in the eutopic endometrium as well as in the adenomyosis 
nodule of women with adenomyosis compared to the controls 
[21]. We suggested that blunting of progesterone-induced 
down-regulation of Pak1 might lead to establishment of ad-
enomyosis as well as endometriosis, based on our previous 
findings showing that Pak1 is down-regulated by progesterone 
along with its decreased expression in endometriosis [22]. In a 
recent study, we also showed an increased expression of Pak4 
in adenomyosis and demonstrated that the Pak4 expression 
is NF-кB–dependent and that Pak4 can activate MMP (matrix 
metalloproteinase)-2 and -9 in endometrial cells, which eventu-
ally leads to the infiltration of endometrial cells into myometrial 
layer [23]. 

Li et al. [20] proposed that increased NF-кB expression by 
stimulation of proinflammatory cytokines can effectively sup-
press the progesterone receptor isoform B, which lead to 
establishment and progression of endometriosis through pro-
gesterone resistance, prosurviaval, proinflammation, proangio-
genesis, and invasion. Although there are many similarities in 
estrogen dependence between adenomyosis and endometrio-
sis, symptomology, and molecular aberrations, they have been 
considered as a separate disease entity. Proinflammatory cyto-
kines such as tumor necrosis factor-α and interleukin 1 could 
stimulate NF-кB p65 subunit activation, and lead to increased 
expression of cyclooxygease-2, vascular endothelial growth 
factor, and tissue factor in adenomyotic stromal cells, which 
might cause dysmenorrhea and menorrhagia in women with 
adenomyosis [20].

 Previously, only one study suggested an increased expres-
sion of NF-кB p65 subunit in adenomyosis [24]. However, the 
data of the previous study [24] has to be confirmed by another 
study, since the control group was made up of small number 
of patients (n=18) with very heterogeneous diseases and the 
data were missing on each menstural sub-phase as well as 
detailed semi-quantitative scoring of HSCOREs. To the best of 
our knowledge, this study is the first study comparing the nu-
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clear expression of NF-кB p65 subunit as a primary end point 
between the adenomyosis and controls with a single disease 
entity during various menstrual sub-phases. We could support 
the findings of the previous study of ours [23] as well as others 
[20,24] by clearly showing an increased in vivo nuclear expres-
sion of NF-кB p65 subunit in patients with adenomyosis. 

The findings of the present study seem to be very consistent 
with our previous study showing increased nuclear expression 
of NF-кB p65 subunit in the eutopic endometrium of women 
with endometriosis [14], which suggests that many molecular 
alterations observed in adenomyosis are similar to those in 
endometriosis. Considering that NF-кB dimers are held inac-
tive by uniting with IкB in cytoplasm and NF-кB target gene 
transcription is induced by nuclear NF-кB-DNA interaction, it is 
the nuclear NF-кB p65 subunit expression that may play critical 
role in the pathogenesis of adenomyosis. In the present study, 
the nuclear expression of NF-кB p65 subunit was increased 
consistently during almost all of the menstrual sub-phases 
compared to the controls in the stromal cells as well as glan-
dular cells, whereas there were some discrepancies in the cy-
toplasmic expression of NF-кB p65 subunit between the 2 cells 
among various menstrual cycles. We could not see an obvious 
increase of NF-кB p65 subunit expression in the stromal cells in 
the eutopic and ectopic endometrial tissues from adenomyosis 
patients during the late secretory phase. Although we do not 
have enough data to explain the lack of difference only dur-
ing the late secretory phase, it is highly likely to be due to low 
number of samples as well as high standard deviation in the 
control group. 

The present study has several limitations as follows. Because 
it is extremely hard to take endometrium from disease-free 
controls, we used endometrial tissues from the patients with 
carcinoma in situ of the uterine cervix who had been con-
firmed histologically as having no endometrial abnormality. 
Although we have shown the increased nuclear expression of 
NF-кB p65 subunit in adenomyosis, we could not determine 
exactly whether NF-кB-DNA binding is also increased in the 
present study. We could not compare the HSCOREs of NF-кB 
p65 subunit among the adenomyosis patients according to 
their severity of symptoms such as dysmenorrhea or menor-
rhagia. 

 Despite these limitations, the findings of the present study 
strongly support the hypothesis that activation of NF-кB path-
way possibly by proinflammatory stimuli can be a crucial path-
way leading to establishment and progression of adenomyosis 

by regulating various down-stream signaling pathways that 
might include Pak, vascular endothelial growth factor, cyclo-
oxygease-2, and tissue factor. Further studies are necessary to 
identify which factor might be the most critical one to activate 
the NF-кB pathway in adenomyosis. 
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