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Here, we wish to summarize information 
gathered over the last two decades on changes 
in the endometrium and inner myometrium 
in women with adenomyosis. In doing so it is 
important to stress that – contrary to what hap-
pens in women with endometriosis – even after 
noninvasive diagnosis became possible, studies 
of the endometrium in adenomyosis patients 
have been invariably carried out on hysterectomy 
samples. This means that, as yet, no information 
exists on the endometrium in initial or subclini-
cal forms of the disease; a further consequence 
is that no epidemiological data on the incidence 
of adenomyosis are available, although, back in 
1995, de Souza et al. detected patterns of adeno-
myosis in 54% of young women with infertility 
and dysmenorrhea or menorrhagia [6].

Methodology
For this review, we searched the database 
SCOPUS (from 1990 to the middle of 2011) for 
all full texts and/or abstract articles published in 
English. Search terms included ‘uterine adeno-
myosis’ and ‘eutopic endometrium’ and with or 
without ‘ectopic endometrium’. In fact, the search 
of ‘adenomyosis’ and ‘endometrium’ revealed 
over 900 papers. The search of ‘adenomyosis’ and 
‘eutopic endometrium’ resulted in 104 papers; of 
these articles we selected those showing changes 
that may facilitate the establishment of the dis-
ease. In addition, upon screening the results 
for applicable titles and/or abstracts – with one 
exception – only the articles with original data in 
the international English literature were utilized 
(Table 1). In total, 29 articles included data on 
the eutopic endometrium in women with uter-
ine adenomyosis. Data on the ectopic endome-
trium were only occasionally reported. Articles 

Over the last 20 years, the scientific commu-
nity devoted increasing attention to structural, 
as well as functional, changes occurring in endo-
metrial differentiation, metabolism, apoptosis, 
neo-angiogenesis and innervation in women 
with endometriosis, suggesting a primary role 
for a higher than physiological invasiveness 
of eutopic endometrium in the genesis of the 
disease [1–4].

Although to a lesser extent, a number of 
investigations have also addressed the issue of 
the existence of changes occurring in eutopic 
endometrium in women with adenomyosis. 
In this case, however, attention has also been 
drawn to alterations observed in the inner myo-
metrium, specifically an increase in its thick-
ness [5]. This increased knowledge has important 
consequences as it is leading to new therapeutic 
options, both in terms of pain relief, including 
dysmenorrhea and abnormal uterine bleeding 
as well as providing the basis for treatment with 
adenomyosis-associated infertility.

A number of hypotheses have been proposed 
to explain the genesis of adenomyosis. At the 
same time, discussing the etiology of the con-
dition is outside the scope of this review, as in 
this article the focus will be on experimental 
data, not hypotheses. Therefore, the specific 
aim of this review is to describe how a modified 
endometrium with an increased ‘aggressiveness’ 
may represent one of the mechanisms through 
which adenomyosis may be produced. In addi-
tion, although it is true that a hypothesis may 
be formulated on the fact that depending on the 
‘aggressiveness’ of the modified endometrium, 
the disease may progress to a different extent, 
but there is insufficient information available to 
elaborate on this point.
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Table 1. Clinical data on studies of the eutopic endometrium in adenomyosis.

Author (year) Number of cases Mean age (years) Method of diagnosis Groups Ref.

Innervation

Zhang et al. (2009) 26 37 Hysterectomy E, E and A, F, C [14]

Angiogenesis

Qiu et al. (2006) 133 (total) Hysterectomy E, C [19]

Li et al. (2006) 68 32.5 Hysterectomy C [20]

Tokyol et al. (2009) 25 47 Hysterectomy E, C [17]

Goteri et al. (2009) 14 Hysterectomy C [21]

Proliferation and apoptosis

Matsumoto et al. (1999) 23 Hysterectomy C [25]

Yang et al. (2007) 21 Hysterectomy C [24]

Steroid and cytokine production

Yamamoto et al. (1993)† No clinical data [26]

Lei et al. (1993) 15 Hysterectomy C [27]

Sotnikova et al. (2002) 23 US, hysteroscopy, hysterectomy C [29]

Nie et al. (2009) 50 43 Hysterectomy C [28]

Immune components

Ota et al. (1993)† 50 E, C [30]

Ota et al. (1996)† 23 E, C [31]

Chiang et al. (1997) 7 Hysterectomy E, C [32]

Ota et al. (1997)† 22 E, C [33]

Ota et al. (1997) 43 Hysterectomy, MRI E, C [34]

Propst et al. (2002)† 16 Hysterectomy [35]

Wang et al. (2008) 34 44 Hysterectomy C [36]

Reactive oxygen species

Ota et al. (1999) 38 20 Hysterectomy E, C [40]

Ota et al. (2000) 34 Hysterectomy E, C [37]

Ota et al. (2001) 34 Hysterectomy E, C [38]

Ota et al. (2001) 33 Hysterectomy E, C [39]

Ota et al. (2002) 36 Hysterectomy E, C [41]

Pathogenesis, clinical significance and potential markers

Maia et al. (2006) 25 Hysteroscopic resection C [44]

Yang et al. (2006) 24 Hysterectomy C [51]

Chen et al. (2010) 81 Hysterectomy C [45]

Nie et al. (2010) 50 43 US and hysterectomy C, E [47]

Khan et al. (2010) 35 US and MRI E, F [49]

Khan et al. (2010) 35 US and MRI E, F [50]

Nie et al. (2011) 50 42 Hysterectomy C [56]

Liu et al. (2011) 50 43 Hysterectomy E, F, C [57]

Hatok et al. (2011)† 101 (A and E) E, C [46]

†Only the abstract was available.
A: Adenomyosis; C: Control group; E: Endometriosis; F: Fibroid; US: Ultrasound.
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were included if it was clearly indicated how the 
diagnosis of adenomyosis was made and how a 
control group was established.

What follows is a detailed review of the lit-
erature on the subject, divided into sections 
covering all major aspects of the problem.

Endometrial anomalies
A number of anomalies have been found both 
in women with adenomyosis and in those with 
endometriosis. This should not be surprising 
given recent data indicating that up to 35% of 
women with frank endometriosis, the presence 
of adenomyosis can also be determined [7]. In 
2005, Kunz et al., studying women with adeno-
myosis, found that in a subset of their subjects 
the proportion of patients with both adeno
myosis and endometriosis was as high as 70% 
[8]. In a subsequent study Bazot et al. observed a 
lower proportion [9]; nonetheless, some 27% of 
the women with endometriosis also had signs of 
adenomyosis; finally, Larsen et al. recently found 
that 34.6% of the subjects with endometriosis 
had adenomyosis, compared with 19.4% in the 
reference group and that 39.9% of the women 
with endometriosis had an irregular junctional 
zone compared with 22.5% in the reference 
group [7].

Innervation
In 2002, Quinn and Kirk studied patterns of 
uterine innervation in normal as well as abnor-
mal uteri removed at hysterectomy for a vari-
ety of clinical conditions [10]. Histologically 
normal uteri from nulliparous or parous 
women showed similar patterns of innervation, 
namely the presence of nerve bundles at the 
endometrial–myometrial interface and in the 
subserosal layers. In contradistinction to this, 
uteri with adenomyosis showed large areas of 
myometrium without nerves and absence of 
nerves in the neurovascular bundles supplying 
these areas. Then, in 2007, Quinn described in 
greater detail the innervation of the uterus in 
women with adenomyosis [11]. He used a stan-
dard immunohistochemical staining utilizing 
the antiprotein gene product 9.5 (PGP9.5) and 
again compared two groups of uteri: one to be 
considered normal and the other with a histo-
pathological diagnosis of adenomyosis. Normal 
innervation of the uterus included concentra-
tions of nerves in the subserosal layers and at the 
endometrial–myometrial interface with sparse, 
neurovascular bundles distributed throughout 
the myometrial stroma. In contradistinction to 
this, in cases with adenomyosis, he found no 

nerves in areas with adenomyotic foci and an 
absence of nerves at the endometrial–myometrial 
nerve plexus. Quinn concluded that adenomyo-
sis is associated with loss of nerve fibers at the 
endometrial–myometrial interface and absence 
of nerve fibers in the adenomyotic foci.

In relation to the endometrium, its inner-
vation has also been reported in women with 
endometriosis [12,13]. Zhang et al. found nerve 
fibers in the uterus of women with pain who do 
not have endometriosis and, in an attempt to 
determine whether nerve fibers in the functional 
layer of the endometrium are caused by endo-
metriosis itself or are more commonly found in 
women with pain, they analyzed endometrial 
tissues from 30  women with endometriosis, 
40 women with adenomyosis, 41 women with 
uterine fibroids and 47 with both adenomyosis 
and endometriosis [14]. When women had any 
of these conditions, the presence of PGP9.5 and 
the neurofilament protein, both highly specific 
for nerve fibers, could be demonstrated only 
in women with pain symptoms. The density 
increased in the basal layer of the endometrium 
and myometrium significantly in women with 
pain. Neurofilament protein fibers were detected 
in the basal layer of the endometrium and in the 
myometrium.

Subsequently, the same group carried out a 
study of contiguous endometrial and myometrial 
tissues in 37 women with uterine fibroids and 
29 women with adenomyosis [15] and, while con-
firming the detection of PGP9.5-immunoactive 
nerve fibers in the functional layer of the endo-
metrium in women with pain, but not in those 
without pain, found no statistical differences 
between women with adenomyosis and uter-
ine fibroids. These investigations suggest that 
PGP9.5-immunoactive nerve fibers appear in 
the endometrium and myometrium of women 
with painful adenomyosis and uterine fibroids 
may play a role in pain generation in these two 
disorders.

Angiogenesis
In order to survive and grow, endometrial cells 
and stroma must acquire a blood supply; indeed, 
during a menstrual cycle there are waves of 
active angiogenesis within the endometrium, 
with the development of arterioles and a cap-
illary network, an event involving a spatially 
regulated process of vascular smooth cell dif-
ferentiation, which is under the influence of a 
number of factors [16]. The activity of some of 
these factors in women with adenomyosis has 
now been investigated with interesting results. 
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Of special interest are enzymes called matrix 
metalloproteinases (MMPs). They are expressed 
in the human endometrium as a consequence 
of cellular events during the menstrual cycle 
that require extracellular matrix remodeling 
[17]. In 1997, Bruner et al. developed an experi-
mental model through which they were able to 
demonstrate that estrogen treatment of human 
endometrial tissue in organ culture maintains 
secretion of MMPs [18]. Suppressing metallo-
proteinase secretion in  vitro using progester-
one, or blocking enzyme activity with metallo
proteinase inhibitors, stopped the formation 
of ectopic lesions in this experimental model. 
In 2006, Qiu et al. found that endometrium 
samples from women with and without adeno-
myosis showed similar expression of MMP‑2, 
MMP‑3 and of the tissue inhibitor of metallo
proteinase-2 (TIMP-2), and that quantitative 
expression of MMP‑2 mRNA, MMP‑3 mRNA 
and TIMP-2 mRNA were significantly lower in 
eutopic endometrium from controls compared 
with ectopic endometrium from patients with 
adenomyosis [19]. In addition, during the prolif-
erative phase, eutopic endometrium from con-
trols showed significantly increased expression 
of MMP‑2 mRNA compared with that in the 
secretory phase, suggesting that endometria of 
subjects with adenomyosis possesses more inva-
siveness. Given the possible role of MMPs in 
the evolution of adenomyosis, Li and cowork-
ers evaluated the expression of MMP‑2 and -9, 
together with that of VEGF, a major mediator 
of angiogenesis and vascular permeability, and 
of microvessel density (MVD) [20]. They stud-
ied both the eutopic and ectopic endometrium 
of subjects with adenomyosis and found a sig-
nificantly greater activity than in a normal 
endometrium (p  <  0.05). MVD was higher 
in ectopic than in eutopic endometria with or 
without adenomyosis (p < 0.05). In adenomyosis 
a positive correlation was observed between 
VEGF expression and MMP‑2 (p < 0.001), as 
well as MMP‑9 expression (p = 0.002). A posi-
tive correlation was also found between MVD 
and MMP‑2 (p  <  0.001) or MMP‑9 expres-
sion (p < 0.001). It seems therefore, that the 
elevation of MMP‑2 or -9 expression may rep-
resent an important factor in the development 
of the disease, contributing to the invasion of 
endometrial tissues into the myometrium and 
angiogenesis in adenomyotic implants. Tokyol 
et al. also obtained similar results with MMP‑2 
[17]. Subsequently, Goteri et al. compared, in 
the same woman, the expression of VEGF and 
HIF-1a by ectopic versus eutopic endometria 

in women with adenomyosis and found that 
both were increased, particularly in epithelial 
cells [21]; Kang et al. investigated four VEGF 
polymorphic alleles and found significant dif-
ferences between adenomyosis patients and a 
control group in the allele frequencies and geno-
type distributions [22]. It seems that the presence 
of two alleles of the VEGF gene (22578A and 
21154A) may significantly decrease the risk of 
adenomyosis, representing potentially protective 
factors for its development.

Proliferation & apoptosis
Jones et al. studied apoptosis and bcl‑2 in paired 
eutopic and ectopic endometria from women 
with endometriosis (n  =  30) or adenomyosis 
(n = 15) and compared them with control endo-
metria (n = 30) [23]. Apoptotic cells were rare 
in eutopic, ectopic and control endometria and 
there were no significant differences between 
subject groups, or between eutopic and ectopic 
endometria. In contrast to stromal bcl‑2 expres-
sion in endometriosis, the expression in samples 
from adenomyosis patients remained at low levels 
and did not show significant cyclical variation. 
In another study, Yang et al., determined the per-
centage of annexin V(+)/7-amino-actinomycin 
D(+) in single endometrial stromal cells (ESCs) 
in eutopic endometrium and found that it was 
much lower in women with adenomyosis when 
compared with a control group [24]. ESCs from 
subjects with adenomyosis proliferated more rap-
idly than those of the control group, whether 
they were cultured alone or were treated with 
estradiol, medroxyprogesterone acetate, IL-6 or 
IFN-g. It seems, therefore, that altered apoptosis 
and proliferation of the eutopic endometrium 
could possibly play a role in the pathophysiology 
of adenomyosis.

With the aim of determining whether adeno-
myotic lesions originate in the basal layer of the 
eutopic endometrium, Matsumoto et al. evalu-
ated biological and proliferative properties of 
adenomyotic lesions [25]. They observed that in 
the eutopic endometrium, apoptosis was most 
frequently observed in epithelial cells during 
mid-to-late secretory phases; in addition, bcl‑2 
gene expression inversely correlated with the 
appearance of apoptosis. A similar tendency was 
observed in stromal cells. Finally, they observed 
that the ectopic endometrium in adenomyosis is 
rarely influenced by hormonal changes and has 
different biological and proliferative properties 
than the eutopic endometrium, concluding that 
adenomyotic lesions do not originate in the basal 
endometrium.
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Steroid & cytokine production 
& responsiveness
In 1993 Yamamoto and coworkers detected aro-
matase and estrone sulfatase activity in glandular 
cells of eutopic and ectopic endometrial tissues 
in women with adenomyosis and concluded 
that newly synthesized estrogens may enhance 
the growth of ectopic tissue [26]. In the same 
year, Lei et al. demonstrated on hysterectomy 
specimens that invading endometrial glands in 
adenomyosis selectively express more human 
chorionic gonadotrophin/luteinizing hormone 
receptor mRNA and immunoreactive receptor 
protein than noninvading glands [27].

In contradistinction to this, compared with 
a normal endometrium, progesterone recep-
tor isoform B (PR-B) and IkBa –  a member 
of a family of cellular proteins that function 
to inhibit the NF-kB, a protein complex that 
controls the transcription of DNA – were sta-
tistically significantly reduced in ectopic as 
well as eutopic endometrium from women with 
adenomyosis [28].

Sotnikova et al. have suggested a significant 
role of local cytokine production impairment in 
the development of adenomyosis; they studied 
cytokine synthesis by mononuclear cells infil-
trating the eutopic and ectopic endometrium 
and found that levels of IFN-g and -a, TNF-a, 
IL-1b and EGF in supernatants of eutopic endo-
metrial mononuclear cells of women with adeno-
myosis were significantly increased, whereas the 
content of IL-8 was reduced compared with that 
of the controls [29].

Immune components
As early as 1993, immunological abnormalities 
were identified in women with adenomyosis [30]; 
in affected subjects expression of the HLA-DR 
antigen in the glandular cells of both eutopic 
and ectopic endometria was significantly lower 
than in samples from normal controls. Ota and 
his group have further evaluated T cell subsets, 
including gdT cells, HLA antigens and adhesion 
molecules expressed in endometria of patients 
with adenomyosis. Compared with samples from 
normal subjects, in both eutopic and ectopic 
endometria they found a significantly increased 
expression of these antigens, particularly in the 
number of gdT cells in the stroma and adhe-
sion molecules and HLA antigens on the glan-
dular cells [31]. Subsequently, Chiang and Hill 
described key immune response elements in 
eutopic and ectopic endometria obtained at hys-
terectomy and observed that activated T cells, 
IFN-g and upregulation of antigen presentation 

may play a role in normal endometrial physiol-
ogy [32]. T cells, IFN-g and HLA-DR-positive 
stromal cells were more abundant in the secre-
tory endometrium than in proliferative samples. 
CD3, IFN-g and HLA-DR-positive cells were 
scattered throughout the myometrium and, 
interestingly, were concentrated around ves-
sels. They concluded that the increased number 
of T cells, the higher expression of IFN-g, and 
an enhanced antigen presentation in ectopic, 
compared with eutopic, endometrium supports 
the concept that cellular immune activation is 
clearly involved in adenomyosis.

Ota and Tanaka have also investigated the 
expression of very late activation antigens (VLA-
2, 3, 4, 5, 6 and E-cadherin) and found that the 
expression of VLA-2, VLA-3 and E-cadherin 
was significantly increased throughout the 
menstrual cycle in samples from subjects with 
adenomyosis [33]. By contrast, the expression of 
VLA-4 in the adenomyosis group was signifi-
cantly reduced in the secretory phase. In their 
view, results suggest the presence of a defective 
microenvironment in the eutopic endometrium 
of adenomyosis patients. A similar increase in 
expression of heat shock protein 27 was noted 
in the eutopic endometrium from patients with 
adenomyosis compared with controls, regardless 
of the menstrual phase [34].

A number of leukocyte anomalies have also 
been observed in the endometrium of patients 
suffering from adenomyosis. Propst et al. have 
documented that the ligand of the so-called 
granulocyte macrophage-colony stimulating 
factor, related to macrophage recruitment and 
activation, is overexpressed in women with ade-
nomyosis, compared with other premenopausal 
women [35]; this suggests that the granulocyte 
macrophage-colony stimulating factor may play 
a role in increasing the levels of activated mac-
rophages in women with adenomyosis. In addi-
tion, these women express HLA-G and this may 
explain how their endometrial cells can escape 
from the hosts’ immunosurveillance and sur-
vive without being eliminated by the immune 
system [36].

Altered production of reactive oxygen 
species
An important area of investigation of endometria 
from women with adenomyosis is that related to 
the production of free radicals. These are inti-
mately involved in the physiology of reproduction 
and enzymes that produce and eliminate various 
free radicals and are distributed throughout the 
body. These enzymes are believed to modulate 
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concentrations of free radicals at an optimal level 
and maintain the body’s homeostasis. Reactive 
oxygen species may modulate growth of endo-
metrial stroma and, under pathologic condi-
tions such as adenomyosis and endometriosis, 
increased oxidative stress, and the depletion of 
antioxidants may contribute to excessive growth 
of endometrial stromal cells. For this reason, 
it is useful to study this class of enzymes in 
pathologies involving the endometrium.

The first enzymic activity investigated in 
women with adenomyosis is glutathione peroxi-
dase. Its expression on the surface of glandular 
epithelia during the menstrual cycle in fertile 
controls is weak in the early proliferative phase 
and gradually increases to become most marked 
in the early secretory phase, decreasing there-
after. In contradistinction to this, glutathione 
peroxidase expression in the eutopic endome-
trium in adenomyosis and endometriosis is per-
sistently higher than in controls throughout the 
menstrual cycle, suggesting a pathological role 
in both disorders [37]. 

A second enzyme investigated is xanthine oxi-
dase. Its expression in the glandular epithelium of 
normal subjects varies according to the menstrual 
phase, but in patients with adenomyosis this vari-
ation differs completely from that of controls; 
xanthine oxidase expression seems to be present 
in ectopic endometrial tissue in all cases. Mean 
nomogram levels in the glandular epithelium in 
adenomyosis tissue have been found to be as high 
as those in the early secretory phase in the eutopic 
endometrium. The authors concluded that aber-
rant expression of xanthine oxidase in eutopic and 
ectopic endometria appears to play a pathological 
role in endometriosis and adenomyosis [38].

COX-2 is a third enzyme examined in con-
nection with adenomyosis. Recent experiments 
suggest that COX-2 antagonizes cell apopto-
sis, increases invasiveness and promotes angio
genesis. Ota et al. determined the distribution 
of COX-2 in eutopic and ectopic endometria in 
endometriosis and adenomyosis [39]. The evalu-
ation nomogram scores in glandular epithelium 
and stromal cells in adenomyosis tissue were 
2.2 ± 0.1 and 1.1 ± 0.2, respectively, approxi-
mately the same as that in the early-to-mid pro-
liferative phases in the eutopic endometrium. 
On the other hand, there is no variation in its 
expression during the menstrual cycle; also, lev-
els are lower than in women with endometriosis. 
The authors concluded that increased COX-2 
expression in eutopic and ectopic endometria 
seemed strongly correlated with pathological 
abnormalities in both disorders.

Ota et  al. studied superoxide dismutases 
(SOD) in the eutopic endometrium of women 
with adenomyosis or endometriosis [40]. The 
expression of Cu-Zn-SOD and Mn-SOD in con-
trol subjects varies with the stages of the men-
strual cycle. By contrast, SOD was persistently 
overexpressed regardless of the menstrual cycle 
in patients with endometriosis and adenomyosis. 
The exaggerated expression of these enzymes 
suggests a crucial role for superoxide in infertility 
and/or miscarriage in these diseases.

Finally, Ota et al. investigated the expression 
of a fifth enzyme involved in the metabolism 
of free radicals, catalase, in eutopic and ecto-
pic endometria in patients with endometriosis 
or adenomyosis [41]. Contrary to what happens 
in the glandular epithelium of a normal endo
metrium where expression fluctuates during the 
menstrual cycle, being lowest in the early pro-
liferative phase and peaking in the late secre-
tory phase, in women with adenomyosis, catalase 
scores did not vary in patients with adenomyo-
sis, and scores in this group were consistently 
higher than those in patients with endometriosis 
throughout the cycle. Catalase expression was 
found in ectopic endometrial tissue in all groups. 
The mean score in the glandular epithelium in 
adenomyotic tissue was 2.6 ± 0.2. Levels in the 
glandular epithelium were almost as high as 
those in the mid-to-late secretory phase in the 
eutopic endometrium.

Pathogenesis
The advent of noninvasive techniques for the 
study of adenomyosis has helped our knowl-
edge of the pathophysiology of this disease, 
documenting that it can be already present in 
women in their 30s. This increased knowledge 
has now produced new therapeutic options, both 
pharmacological and surgical [42,43].

Given that adenomyosis is an estrogen-
dependent disease, a first-line investigation dealt 
with counteracting their response to estrogen 
suppression. Maia et  al. determined whether 
aromatase expression in the eutopic endome-
trium and in adenomyotic foci is affected by 
use of an oral contraceptive (OC) [44]. In a ret-
rospective study of endometrial tissues obtained 
from patients with a histological diagnosis of 
adenomyosis who had used an OC containing 
gestodene plus ethinyl estradiol, they measured 
aromatase expression and found that it was 
expressed in 80% of the eutopic endometrial 
slices, mainly in the stromal cells, whereas it 
was mostly absent in adenomyotic tissue. Use 
of the gestodene-containing OC was effective 
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in suppressing aromatase expression in both the 
eutopic and ectopic endometrium. Although the 
study, being retrospective, did not include ana
lysis before OC use and after; the finding tends 
to support the use of OCs in women with ini-
tial forms of adenomyosis. Recently, Chen et al. 
hypothesized that estrogens may endow epithe-
lial–mesenchymal transition (EMT) cells with 
migratory and invasive properties [45]. To prove 
their hypothesis they investigated whether EMT 
occurred in adenomyotic lesions and whether 
it correlated with serum 17b-estradiol levels. 
They found that in the epithelial component 
of adenomyotic lesions, vimentin expression 
was upregulated and E-cadherin expression 
was downregulated compared with the eutopic 
endometrium. In addition, in adenomyosis, 
serum E

2
 levels were negatively correlated with 

E-cadherin expression in the epithelial compo-
nents of both eutopic and ectopic endometria, 
suggesting the involvement of estrogen-induced 
EMT. Furthermore, in estrogen receptor-posi-
tive Ishikawa endometrial epithelial cells, estro-
gens induced increased migration and invasion, 
and upregulation of the EMT regulator Slug. 
Finally, in ovariectomized severe combined 
immunodeficiency mice, xenotransplanted 
eutopic or ectopic endometria from adeno
myosis patients showed estrogen dependence 
and that the effect of estrogen was suppressed 
by the selective estrogen receptor modulator, ral-
oxifene. Interestingly, raloxifene also abrogated 
the effect of estrogens in women [45]. These data 
suggest that raloxifene may represent a potential 
therapeutic agent for adenomyosis patients.

Clinical significance
Recently, Hatok et al. suggested that in addition 
to clinical data the measurement of endome-
trial aromatase cytochrome P450 (CYP19) in 
adenomyosis patients could be of discrimina-
tive value in the prediction of estrogen depen-
dency of the disease [46]. Additional leads came 
from Nie et al. who studied the expression and 
localization of the oxytocin receptor and of the 
so-called transient receptor potential vanilloid 
type-1 [47]. The latter is a nonselective cat-
ion channel that may be activated by a wide 
variety of exogenous and endogenous physi-
cal and chemical stimuli. Together with the 
cannabinoid type-1 receptors, it has been pro-
posed as a metabotropic and ionotropic recep-
tor, respectively, for two classes of endogenous 
polyunsaturated fatty acid amides, the acyl-
ethanolamides and the acyldopamides [48]. In 
women with adenomyosis, immunoreactivity 

of oxytocin receptor and transient receptor 
potential vanilloid type-1 were significantly 
increased in the ectopic endometrium and both 
were positively correlated with the severity of 
dysmenorrhea, being significant predicators for 
its severity. These findings may have a potential 
therapeutic application.

Several studies exist on the multifactorial 
effects of gonadotropin releasing hormone 
superagonists (GnRHa) on adenomyotic tis-
sues. Khan et  al. have investigated the pat-
tern of changes in inf lammatory reaction, 
microvessel density and apoptosis in biopsy 
specimens obtained from eutopic and ectopic 
endometria in women with adenomyosis fol-
lowing treatment with GnRHa and compared 
them with untreated patients [49]. The infiltra-
tion of CD68-positive Mvarphi (a macrophage 
marker) and Von Willebrand Factor-positive 
microvessel density were significantly decreased 
in the endometria of women with adenomyosis 
when treated with a GnRHa. Thus, GnRHa 
treatment for periods of 3–6 months was able 
to markedly reduce the inflammatory reaction 
and angiogenesis and to significantly induce 
apoptosis in tissues derived from women with 
adenomyosis. This provides further rationale, 
beyond the production of hypoestrogenism, for 
the use of superagonist analogs in adenomyo-
sis, because all three mechanisms are involved 
and contribute to the survival of the ectopic tis-
sue. The same group has also investigated the 
expression of GnRH receptors (GnRHRs) and 
the effect of an analog on the proliferation of 
cells derived from endometria of women with 
adenomyosis [50]. They found that types I and II 
GnRHRs mRNA and proteins were expressed 
in eutopic and ectopic endometria from women 
with adenomyosis. GnRHRs expression was 
the highest around the time of menstruation. 
Exogenous treatment with GnRHa significantly 
suppressed the proliferation of cells derived 
from eutopic as well as ectopic endometria. Here 
again, in addition to a hypoestrogenic effect, a 
direct antiproliferative effect of GnRHa may 
be involved in the regression of adenomyotic 
foci with consequent remission of clinical 
symptoms.

Progestins have been utilized in patients with 
endometriosis for decades, although the absence 
of diagnostic tools prevented their use in those 
with adenomyosis. It seems that this treatment 
may produce a series of complex changes and 
more information is required before a final con-
clusion can be reached. On the one hand, there 
is a certain degree of progesterone resistance in 
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patients with adenomyosis; Yang et al. believe 
that IL-6 liberated by endometrial stromal cells 
may play a role in the survival of the ectopic 
endometrium [51]. Inhibiting IL-6 production 
would therefore make it more difficult for an 
ectopic focus to survive. To this aim, they incu-
bated single ESCs with medroxyprogesterone 
acetate or danazol from the eutopic endo
metrium of women with or without adeno-
myosis and found that treatment produces 
a significant decrease of IL-6 concentration 
in the supernatant, in the control group, but 
not in cells from patients with adenomyosis. 
Therefore, medroxyprogesterone acetate and 
danazol seem to have a decreased effect on the 
suppression of IL-6 liberated by ESCs in adeno-
myosis and this phenomenon may play a role in 
the formation of ectopic endometrial implants 
in adenomyosis.

In addition, in a recent study Mehasseb et al. 
have investigated the distribution of estrogen 
and progesterone receptor isoforms through-
out the menstrual cycle in the endometrium 
of subjects with and without adenomyosis, 
concluding that estrogen receptor-B expres-
sion and the lack of PR expression are probably 
related to the development and/or progression 
of the disease [52]. Also, these data provide a 
possible explanation why in these patients there 
is a poor response of menstrual symptoms to 
progestational agents.

Potential markers
On the other hand, Nie et al. have now described 
for the first time that in ectopic endometrial 
tissue in adenomyosis the promoter of PR-B is 
hypermethylated [53]. This epigenetic aberra-
tion demonstrates that adenomyosis is also an 
epigenetic disease amenable to rectification by 
pharmacological agents.

Nie et al. have recently reported interesting 
further developments [54]. A first lead is the 
finding that immunoreactive nuclear proteins 
p65, p50 and p52 were statistically signifi-
cantly increased in ectopic and eutopic endo-
metria of women with adenomyosis. Nuclear 
p65 immunoreactivity was positively associated 
with heavier menses, and decreased PR-B and 
increased nuclear p65 immunoreactivity in the 
ectopic endometrium and were statistically sig-
nificantly associated with the severity of dysmen-
orrhea in women with adenomyosis. This finding 
may be developed into a marker for adenomyosis.

A second option for a marker is based on 
the work of Shen et al. who found the presence 
in ovarian endometriomas of SLIT, a secreted 

protein that functions through the Roundabout 
(ROBO) receptor as a repellent for axon guidance 
and neuronal migration [55]. The SLIT/ROBO1 
system seems to induce tumor angiogenesis and 
may have a potential role as a marker of recur-
rence in endometriomas. Following-up on this 
hypothesis, Nie et al. found that SLIT expression 
was statistically significantly higher in the ecto-
pic endometrium of women with adenomyosis, 
while ROBO1 immunoreactivity and microves-
sel density level were statistically significantly 
higher in both eutopic and ectopic endometria 
of women with adenomyosis [56]. This particu-
lar marker may be utilized as an index of the 
severity of dysmenorrhea. Also related to dys-
menorrhea is the finding that the so-called tis-
sue factor (TF) is upregulated in endometriosis. 
Applying this knowledge to adenomyosis, Liu 
et al. investigated the expression and localization 
of TF in the eutopic and ectopic endometrium 
of women with the condition and found that TF 
immunoreactivity was significantly increased in 
both eutopic and ectopic endometria in cases 
of adenomyosis and such an elevation is associ-
ated with heavy menses and increased severity of 
dysmenorrhea [57].

Finally, Huang and colleagues have just pub-
lished that tyrosine kinase receptor B (TrkB) is 
expressed in the eutopic endometrium of women 
with adenomyosis and that the average level of 
TrkB protein and of TrkB mRNA in secretory 
endometrial samples of women with adeno
myosis was significantly higher than that in con-
trols (p < 0.01) [58]. The expression level of the 
TrkB protein was positively correlated with the 
serum CA125 (p = 0.016) and with the intensity 
of dysmenorrhea (p = 0.002). The authors con-
cluded that measurement of TrkB in the eutopic 
endometrium may represent a marker of the 
progression of adenomyosis.

The fact that new imaging techniques allow 
an early detection of adenomyosis means that 
the previously described new knowledge can 
also be applied to infertility associated with 
the disease. Indeed, today a number of medical 
and surgical techniques are available to improve 
the chances of conception in younger women 
with adenomyosis [59]. Having said this, the fact 
remains that substantially more information is 
necessary on the situation existing in the eutopic 
endometrium at the early stages of the disease to 
formulate a meaningful hypothesis on its role in 
causing adenomyosis.

An interesting approach for a comparative 
diagnosis of adenomyosis versus fibroids has 
been suggested by Hever et al. who analyzed 
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gene expression patterns of normal endometrium 
and myometrium and compared them to that in 
the two conditions [60]. They discovered that the 
four tissue types could be identified based on 
their gene expression profiles. They found that 
adenomyosis could be clustered most closely with 
the endometrium and uterine fibroids with myo-
metrium. They also compared the gene expres-
sion profiles of adenomyosis and uterine fibroids 
and identified 471 differently expressed probe 
sets that may represent potential biomarkers for 
the differential diagnosis.

In conclusion, evidence is also accumulating 
that endometrial anomalies in adenomyosis and 
endometriosis indicate that both are phenotypes 

of a single disorder rather than two distinct 
disease entities [61] and a report comparing the 
eutopic endometrium in both conditions is in 
preparation. In addition, the high correlation 
between the presence of endometriosis and 
that of adenomyosis in first degree relatives is 
suggestive of a common origin [62].

Future perspective
Within the next 5 years we should witness a 
progressive switch in the diagnosis of adeno
myosis from a posthysterectomy finding to an 
early, noninvasive procedure (3D transvaginal 
ultrasound and MRI) capable of identifying 
early stages of the disease.

Executive summary

Endometrial anomalies
•	 Adenomyosis is associated with loss of nerve fibers at the endometrial–myometrial interface and absence of nerve fibers in the 

adenomyotic foci.

•	 The elevation of matrix metalloproteinase-2 and -9 expression may contribute to invasion of endometrial tissues into the myometrium 
and increased angiogenesis in adenomyotic implants.

•	 Altered apoptosis and proliferation of the eutopic endometrium can possibly play a role in the pathophysiology of adenomyosis. 

•	 Aromatase and estrone sulfatase activity in glandular cells of eutopic and ectopic endometrial tissues in women with adenomyosis may 
enhance the growth of ectopic tissue.

•	 Numerous immunological abnormalities have been identified in women with adenomyosis.

•	 Reactive oxygen species modulate growth of endometrial stroma and under pathologic conditions, such as adenomyosis and 
endometriosis, increased oxidative stress and depletion of antioxidants may contribute to excessive growth of endometrial stromal cells. 

•	 Glutathione peroxidase expression in the eutopic endometrium in adenomyosis and endometriosis is persistently higher than in controls 
throughout the menstrual cycle.

•	 The exaggerated expression of these enzymes suggests a crucial role for superoxide in subfertility and/or miscarriage in adenomyosis 
and endometriosis.

Pathogenesis 
•	 A retrospective study of endometrial tissues obtained from patients with adenomyosis showed that aromatase was expressed in 80% 

of the eutopic endometrial slices, mainly in the stromal cells, whereas it was mostly absent in adenomyotic tissue. 

•	 Estrogens may endow epithelial–mesenchymal transition cells with migratory and invasive properties. 

•	 The effect of estrogen is suppressed by the selective estrogen receptor modulator raloxifene suggesting that this compound may 
represent a potential therapeutic agent for adenomyosis patients.

Clinical significance
•	 The measurement of endometrial aromatase cytochrome P450 (CYP19) in adenomyosis patients could be of discriminative value in the 

prediction of the degree of estrogen dependency of the disease. 

•	 Gonadotropin-releasing hormone superagonist treatment for periods of 3–6 months is able to markedly reduce the inflammatory 
reaction and angiogenesis and to significantly induce apoptosis in tissues derived from women with adenomyosis.

•	 In addition to a hypoestrogenic effect, a direct antiproliferative effect of gonadotropin releasing hormone superagonist may be 
involved in the regression of adenomyotic foci with consequent remission of clinical symptoms.

•	 Progestins have been utilized in patients with endometriosis for decades, although the absence of diagnostic tools prevented their use 
in those with adenomyosis. However, there is a degree of progesterone resistance in patients with adenomyosis and progestins’ effect 
may be diminished.

•	 A recent study concluded that estrogen-B expression and the lack of progesterone expression are probably related to the development 
and/or progression of the disease. 

Potential markers
•	 It seems that adenomyosis is an epigenetic disease amenable to rectification by pharmacological agents. 

•	 Nuclear p65 may be developed into a marker for adenomyosis in women with heavier menstrual bleeding and women with 
dysmenorrhea.

•	 Tyrosine kinase receptor B is expressed in eutopic endometrium of women with adenomyosis and its measurement in eutopic 
endometrium may represent a marker of the progression of adenomyosis.
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An improved and earlier diagnosis will have a 
major impact on three fronts:

•	 First, in the presence of infertility it will be 
easier to diagnose the existence of adenomyosis 
as a cause or contributing factor;

•	 Second, the new techniques will allow large 
screenings and therefore make it possible to 
collect data on the epidemiology of the disease 
and its true impact on fertility;

•	 Third, availability of transvaginal ultrasound 
and MRI will dramatically improve the pos-
sibilities for treatment, whether pharmaco-
logical, surgical or combined. A number of 
procedures are already available and over the 
next 5–10  years these techniques will be 
applied more and more widely. Comparative 
studies will follow and the superiority of one 
method over another will be determined.

Within 5 years endometrial markers of adeno-
myosis will have been identified and tested and 
within 10 years they will be widely applied.

New treatment modalities will be developed 
based on the increased knowledge of the patho-
physiology of the disease; it is anticipated that 

within 10 years these will be able to block the 
progression of adenomyosis, possibly avoiding 
surgery altogether.

The concomitant presence of adenomyosis 
and endometriosis will be evaluated in statisti-
cally valid ways; this will permit the collection 
of ‘clean’ epidemiological data in younger women 
and the study of homogeneous groups of women 
with endometriosis, adenomyosis or both con-
ditions, versus nonaffected controls. These data 
are needed in order to find out whether or when 
adenomyosis becomes a progressive disease and 
design conservative treatment at an early stage.

In the final analysis these studies will be able to 
provide a definitive response to the hypothesis that 
adenomyosis and endometriosis are phenotypes of 
the same metabolic and molecular disorder.
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