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      The Endometrium in Adenomyosis                     

     Marwan     Habiba       and     Giuseppe     Benagiano     

    Abstract  

  The observation has long been reported of direct continuity between the 
eutopic and the ectopic endometrial glands in adenomyosis. Recent evi-
dence point to the existence of differences between the endometrium in 
adenomyosis compared to control endometrium including increased ‘inva-
siveness’ in adenomyosis. Differences were also reported between the 
eutopic endometrium in adenomyosis and endometriosis. However, almost 
all published literature suffers from methodological weaknesses including 
inadequate control for cycle phase and symptoms. This calls for caution 
when interpreting the fi ndings or drawing conclusions relevant to the 
pathophysiology of adenomyosis.  
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     Although its pathophysiology is poorly under-
stood, uterine adenomyosis is traditionally 
defi ned in terms of endometrial invasion within 
the myometrium. Ectopic glands are also sur-
rounded by stroma. Observations were pub-
lished of direct continuity between the ectopic 
and the eutopic endometrium. An important 
question is whether the eutopic endometrium in 
adenomyosis differs from the endometrium in 
unaffected women and whether any observed 
differences may predispose to adenomyosis. 
Also relevant is the question of whether the 
eutopic endometrium in adenomyosis and 
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 endometriosis share properties that predispose 
to ectopic implantation. 

 There has been considerable advance in our 
understanding of the structural and the functional 
properties of the endometrium including factors 
that may be relevant to implantation and men-
struation, but less attention has been paid to the 
endometrium in adenomyosis. Far less is under-
stood about mechanisms that may be involved in 
abnormal uterine bleeding, dysmenorrhoea or 
infertility which may be linked to adenomyosis. 

 A number of hypotheses have been proposed 
to explain the genesis of adenomyosis these have 
been discussed previously (Chap.   3    ). This chap-
ter will focus on the properties of the endome-
trium and on whether there is evidence of 
increased ‘invasiveness’. 

 It is notable that most studies of the endome-
trium in adenomyosis have relied on hysterec-
tomy specimens possibly because adenomyosis 
remains a post-hysterectomy diagnosis. One of 
the diffi culties arises because it becomes diffi cult 
to determine whether deviations from normal 
endometrium can be attributed to adenomyosis 
 per se  or to the genesis of the symptoms that 
necessitated the hysterectomy. Published studies 
on adenomyosis have not controlled for the spe-
cifi c symptom or symptoms that existed prior to 
surgery. This adds to the diffi culty referred to 
elsewhere in this volume about the cut-off point 
for diagnosis. The complexity does not end here 
as the presence of concomitant pathology, for 
example endometriosis, can be associated with 
changes in the eutopic endometrium even in the 
presence of histologically normal endometrium. 

 Although it may be possible to rule out endo-
metriosis in women whose uterus was removed at 
hysterectomy, it is not always clear if this was 
done in research on adenomyosis. Ruling out 
adenomyosis in women with endometriosis prior 
to assessment of the eutopic endometrium can be 
more challenging. The alterations in the eutopic 
endometrium in adenomyosis [ 1 ,  2 ] and in endo-
metriosis [ 3 ,  4 ] have been recently reviewed. In 
endometriosis there is abnormal gene expression; 
a local estrogen production and altered endome-
trial response to progesterone; an increased nerve 
density, and oxidative stress. In adenomyosis 

metabolic and molecular abnormalities often 
similar to those observed in endometriosis 
increase angiogenesis and proliferation, decrease 
apoptosis, allow local production of estrogens, 
create progesterone resistance, and impair cyto-
kine expression. 

 The endometrium is a highly dynamic tissue 
and endometrial changes linked to steroids and 
the menstrual cycle have long been recognised; 
still many studies have not included classifi cation 
beyond dividing the cycle into the proliferative 
and the secretory phases. Another important 
source of variation is the regional zonation of the 
endometrium. This may be affected by the exact 
site from which the biopsy is taken as well as in 
relation to the depth from the lumen with distinc-
tion being made between the functional and the 
basal endometrium. It is recognised that the 
endometrium from the isthmic portion of the 
uterus is not suitable for functional diagnosis as 
the glands may not show normal cyclical changes 
[ 5 ] and that fragments from different regions of 
the endometrium (cornua, fundus, isthmus) nor-
mally show variations in their development [ 6 ]. It 
is notable that despite the availability of full 
thickness endometrial samples, a large number of 
publications did not take into account the regional 
zonation of the endometrium and, as such, did 
not specifi cally report on the basalis and functio-
nalis. Clearly, the resource implications of the 
large sources of variation in studies of the endo-
metrium are considerable and can, arguably, be 
overwhelming. 

 There are no unique histological features that 
distinguish the eutopic endometrium in women 
with adenomyosis but, because of its accessibil-
ity, the eutopic endometrium became a target for 
research aiming at diagnosing adenomyosis. This 
includes hysteroscopic visualisation and hystero-
scopic biopsy [ 7 – 9 ]. The fi nding of irregular 
endometrium with endometrial defects, hyper-
vascularisation, strawberry pattern vasculature or 
of cystic haemorrhagic lesions has been linked to 
the presence of uterine adenomyosis. The report 
by Ota and Tanaka linked increased endometrial 
vascularity to the presence of adenomyosis in 
both the proliferative and the secretory phases of 
the cycle. In their study, 23 out of the 40 patients 
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with adenomyosis had abnormal vascularisation 
on hysteroscopy. Some had markedly dilated ves-
sels and the number of vessels also varied. The 
vascular distribution was irregular presumably 
because of underlying lesions [ 10 ]. Other fea-
tures of adenomyosis may include cystic areas 
particularly those featuring blue discoloration 
[ 11 ], irregular endometrium with superfi cial 
opening, irregular subendometrial myometrium 
which may be described as whorled or fi brotic. 
Abnormally wide glandular openings have also 
been described on hysterosalpingography. 
However, the diagnostic value of these features is 
not clear. Related to fi nding of irregular endome-
trium and the visualisation of superfi cial ‘glandu-
lar’ openings on hysteroscopy is the irregular 
branching and outpouching radiating from the 
uterine cavity or a honeycomb appearance of the 
uterine cavity that were noted on hysterosalpin-
gography [ 12 ,  13 ]. But the diagnostic value of 
this technique is recognised as low because of the 
possibility of false negative in cases where ade-
nomyosis does not communicate with the uterine 
cavity or where communicating glands do not fi ll 
with contrast or false positive diagnosis in cases 
of intravascular or endolymphatic intravasation 
[ 14 ]. Obtaining a hysteroscopic myometrial 
biopsy offers the possibility of tissue diagnosis 
[ 7 ,  9 ], but the technique is again hampered 
because of the possibility of a false negative 
diagnosis. 

 There are different mechanisms whereby the 
eutopic endometrium in adenomyosis can differ 
from that of unaffected women: (1) it is possible 
that the eutopic endometrium may exhibit dis-
tinct features because of the presence of underly-
ing disease, a possible route of action could be an 
effect on the vasculature and the blood supply to 
the endometrium; (2) local hyperestorgensim or 
unidentifi ed systemic factors that are relevant to 
the aetiology of adenomyosis. The increased 
incidence of endometrial hyperplasia or of pol-
yps in women with adenomyosis may be second-
ary to this mechanism; (3) It is possible that the 
assumed increased invasiveness is an innate 
property of the endometrium itself; (4) It is pos-
sible that differences exist in the endometrium in 
adenomyosis that could be related to the present-

ing symptoms e.g. increased pain, bleeding or 
infertility rather than being relevant to adenomy-
osis  per se ; (5) It is also possible for differences 
to exist in eutopic endometrium that are related 
to associated pelvic pathology such as endome-
triosis. This complex array of possibilities 
emphasises the need for thorough clinical charac-
terisation of both disease and control samples in 
comparative studies. 

 The following section will explore the main 
features of the eutopic endometrium in women 
with adenomyosis in comparison with unaffected 
endometrium and with the eutopic endometrium 
in women with endometriosis. 

    Endometrial Innervation 

 Interest in uterine and endometrial innervation in 
adenomyosis stems from a possible role of rele-
vant growth factors in the pathogenesis of adeno-
myosis or in relation to dysmenorrhoea. Nerve 
growth factor has been linked to adenomyosis in 
the mouse model [ 15 – 17 ]. 

 Quinn and Kirk (2002) compared the patterns 
of uterine innervations in uteri removed by hys-
terectomy for a variety of clinical conditions, 
including 8 uteri from nulliparous women 
(Group I), 21 uteri with no reported histological 
abnormality from multiparous women (Group 
II), 31 uteri reported with adenomyosis (Group 
III), and 17 uteri from women with pelvic pain 
(Group IV). Sections were taken from the isth-
mus of stored uteri (in the majority of cases) and 
stained with protein gene product 9.5 (PGP 9.5) 
as a marker of nerve distribution. Group (I) had 
signifi cant nerve bundles at the endometrial- 
myometrial interface and in the subserosal lay-
ers, with nerve fi bres noted in intervening 
neurovascular bundles supplying the myometrial 
stroma. Group (II) exhibited patterns of innerva-
tion similar to those of group (I) with the excep-
tion that 6 uteri demonstrated areas of nerve fi bre 
proliferation. The vast majority of uteri with 
adenomyosis (Group III) exhibited large areas of 
myometrium without nerves and the absence of 
nerves in the neurovascular bundles supplying 
these areas. Five uteri exhibited areas of nerve 
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fi bre  proliferation at the margins of the adeno-
myosis with subserosal nerves present in the 
majority. In group (IV), eleven uteri demon-
strated proliferation of small-diameter nerve 
fi bres throughout the myometrium and in 6 uteri, 
there was asymmetry of nerve fi bre proliferation. 
The absence of innervations in uteri with adeno-
myosis and their presence in uteri from women 
with pain is interesting because pain is com-
monly reported in women with adenomyosis 
[ 18 ]. Quinn published similar observations in 
2007 [ 19 ]. However, it is interesting to note that 
the study focused on sections obtained from the 
uterine isthmus. The reason for this is unclear. 

 Zhang et al. reported on the endometrial and 
myometrial innervations in adenomyosis com-
pared to women with fi broids. Nerves were 
identifi ed by immunostaining using antibody 
for protein gene product 9.5 (PGP9.5). PGP9.5- 
immunoactive nerve fi bres were identifi ed in 
the functional layer of the endometrium in 
women with but not in women without pain. 
PGP9.5- immunoactive nerve fi bre density in 
the basal layer of the endometrium or the myo-
metrium signifi cantly increased in women with 
pain. However, there was no statistically sig-
nifi cant difference in PGP9.5-immunoactive 
nerve fi bre density between women with adeno-
myosis and uterine fi broids [ 20 ]. The same 
authors reported the detection of nerve fi bres in 
the endometrium and myometrium in women 
with endometriosis in the presence of pain but 
not in pain free disease [ 21 ]. Zhang et al. 
reported the expression of PGP9.5 and neuro-
fi lament (NF) protein in the functional layer of 
the endometrium in women with adenomyosis 
and endometriosis. They found that the expres-
sion was negative in all except samples from 
women with pain symptoms, and that the 
expression did not vary in relation to the pres-
ence of adenomyosis or endometriosis [ 22 ]. 

 Barcena de Arellano et al. compared PGP 9.5, 
substance P, and tyrosine hydroxylase positive 
nerve fi bres in women with and without adeno-
myosis and compared innervations in relation to 
the expression of aromatase cytochrome P450 
and estrogen receptor in uterine nerve fi bres. 
They reported that adenomyotic lesions were not 

innervated and that the density of sympathetic 
nerve fi bres in the myometrium of women with 
adenomyosis was reduced when compared with 
the group without adenomyosis. There was a 
higher ERα/ERβ ratio in adenomyosis compared 
to the controls. The authors concluded that estro-
gen may play a role in the disruption of uterine 
sympathetic innervation which may impact the 
pathogenesis of adenomyosis [ 23 ]. 

 Barcena de Arellano et al. compared the 
expression of nerve growth factor (NGF), neuro-
trophin 3 (NT-3), the high-affi nity NGF receptor 
(TrkA), the low-affi nity neurotrophin receptor 
p75 (NTR), the neuronal marker S100 (for 
myelinated nerve fi bres) and protein gene prod-
uct 9.5 (PGP9.5) in the uterus in women with and 
without adenomyosis. There was no signifi cant 
difference in the NGF, NT-3 and p75 (NTR) 
expression in the myometrium or endometrium 
between the adenomyosis and the control group. 
But in contrast to the studies by Quinn and by 
Zhang, nerve fi bre density S100, PGP9.5 and 
p75(NTR) did not differ signifi cantly between 
the adenomyosis and controls [ 24 ]. There is evi-
dence that the expression of nerve growth factor 
(NGF) and its receptors, NGFRp75 and TrkA in 
both the endometrium and the myometrium in 
women with adenomyosis is reduced in response 
to the levonorgestrel intrauterine device 
(Mirena®) [ 25 ]. Tyrosine kinase receptor TrKB 
protein and TrKB mRNA were reported to be 
higher in the secretory endometrium in women 
with adenomyosis compared to controls [ 26 ]. 
Higher TrKB protein expression was noted in the 
eutopic endometrium in endometriosis compared 
to control endometrium [ 27 ]. 

 There are three SLIT [ 1 – 3 ] proteins that bind 
to and activate each of the four ROBO [ 1 – 4 ] 
receptors [ 28 ]. The SLIT/ROBO pathway is 
expressed during development and is involved in 
regulating cell migration [ 29 ], the development 
of the nervous system [ 30 ], and angiogenesis 
[ 31 ]. SLIT/ROBO interaction can promote apop-
tosis [ 32 ]. Compared with normal endometrium, 
SLIT expression was statistically signifi cantly 
higher in the ectopic endometrium from women 
with adenomyosis, while roundabout 1 (ROBO1) 
immune-reactivity and microvessel density (MVD) 
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level were statistically signifi cantly higher in 
both eutopic and ectopic endometrium compared 
to the normal endometrium. Both SLIT immune-
reactivity in ectopic endometrium and MVD in 
eutopic endometrium were positively correlated 
with the severity of dysmenorrhea in women with 
adenomyosis [ 33 ]. 

 Chen et al. reported increased expression of 
the adult stem cell marker Musashi-1 in the ecto-
pic endometrium in adenomyosis. Musashi-1is a 
protein that in humans is encoded by the  MSI1  
gene which is an evolutionally conserved marker 
for CNS progenitor cells including neural stem 
cells. Musashi-1 was expressed throughout the 
menstrual cycle. In the secretory phase epithelial, 
expression in adenomyosis was higher compared 
to the normal endometrium [ 34 ].  

    Extracellular Matrix and Blood 
Vessels 

 The endometrium is a dynamic tissue that under-
goes cycles of rapid growth and shedding during 
the menstrual cycle. This involves active angio-
genesis and the development of arterioles and a 
capillary network as well as mechanisms to con-
trol menstrual blood loss. Adenomyosis has been 
linked to excessive menstrual bleeding, but the 
effects of adenomyosis on vascular regulatory 
mechanisms within the endometrium are unclear. 
Of special interest is the role of matrix metallo-
proteinases (MMPs) because of their putative 
role in the degradation of extracellular matrix 
which can facilitate endometrial and stromal cell 
invasion and the role of vascular endothelial 
growth factor in relation to angiogenesis. 

 MMPs are steroid regulated and their modu-
lation has been shown to affect ectopic endome-
trial implantation in endometriosis [ 35 ,  36 ]. Li 
et al. reported that the expression of MMP-2, 
MMP-9 and VEGF (vascular endothelial growth 
factor: a major mediator of angiogenesis and 
vascular permeability) was higher in the eutopic 
and the ectopic endometrium in women with 
adenomyosis compared to normal controls. 
Microvessel density (MVD) was higher in ecto-
pic endometrium compared to eutopic endome-

trium. In adenomyosis, there was a positive 
correlation between VEGF and MMP-2 and 
MMP-9 [ 37 ]. Using a matrigel invasion assay, 
Yang et al. reported no difference in invasion 
between stromal cells derived from the endome-
trium in adenomyosis compared to controls 
despite a higher expression of MMP-2. The 
apparent lack of effect of increased MMP-2 on 
invasiveness may be attributed to the concomi-
tant increase in the metalloproteinase inhibitor 
TIMP-1. Neither MMP-9 nor TIMP-2 was 
increased in stromal cells in adenomyosis [ 38 ]. 
Tokyol et al. [ 39 ] studies the expression of cyclo-
oxygenase-2 (COX-2) and matrix metallopro-
teinase-2 (MMP-2) and microvessel density 
(MVD) in patients with adenomyosis. COX-2 
expression in endometrium did not vary during 
the menstrual cycle in the control group but was 
higher in the secretory phase in patients with 
adenomyosis. There was no statistically signifi -
cant difference in MMP-2 expression in stromal 
cells between the eutopic endometrium in ade-
nomyosis and controls but there was no signifi -
cant correlation between MVD and the 
expression of MMP-2 or COX-2 [ 39 ]. VEGF 
expression was higher in the eutopic endome-
trium in patients with adenomyosis compared to 
controls but this was not associated with a sig-
nifi cant increase in hypoxia inducible factor-1α 
HIF-1α and MVD [ 40 ]. 

 Comparing only patients with endometriosis 
and those with adenomyosis but not including 
normal controls, Goteri et al. reported increased 
vascular endothelial growth factor (VEGF) but 
not HIF-1 or microvessel density expression in 
the eutopic endometrium in adenomyosis [ 40 ]. 
This is in partial agreement with Li et al. who 
reported increased VEGF, the matrix metallopro-
teinases (MMP)-2 and -9 and MVD in the eutopic 
endometrium in adenomyosis compared to unaf-
fected women [ 37 ]. Schindl et al. reported no 
increase in MVD in eutopic endometrium in ade-
nomyosis compared to control [ 41 ]. Tokyol et al. 
reported that there were no signifi cant differences 
in MMP-2 expression and MVD in the glandular 
epithelium or the stroma or in cyclooxygenase-2 
(COX-2) or MMP expression in the luminal epi-
thelium during either the proliferative or the 
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secretory phases of the menstrual cycle when 
comparing the eutopic endometrium in adeno-
myosis to control endometrium [ 39 ]. 

 Cyclooxygenase-2 or COX-2, is an enzyme 
that in humans is encoded by the  PTGS2  gene. 
COX-2 antagonizes apoptosis, increases invasive-
ness and promotes angiogenesis. COX-2 expres-
sion in surface and glandular epithelia of the 
control group varied markedly during the men-
strual cycle. It was lowest in the early proliferative 
phase and gradually increased and remained high 
throughout the secretory phase. In patients with 
endometriosis, expression of COX-2 in glandular 
epithelium was higher than that in the control 
group, though it varied throughout the menstrual 
cycle. On the other hand, there was no variation in 
expression of COX-2 in patients with adenomyo-
sis during the menstrual cycle, and expression 
was lower compared to women with endometrio-
sis in all phases of the cycle [ 42 ]. 

 This is at variance with a previous study by 
Jones et al. who reported COX-2 to peak during 
menstruation, and to be at its lowest around ovu-
lation [ 43 ]. However, when comparing the 
eutopic endometrium in endometriosis, adeno-
myosis and controls, the only statistically signifi -
cant difference in COX-2 expression was in the 
luminal epithelium during the late proliferative 
phase and in the glandular epithelium during the 
mid- and late- proliferative phases. Differences 
were noted in stromal cells during the early- and 
mid-secretory phases, but published results do 
not allow a direct group to group comparison. 
Matsuzaki et al. observed that the level of COX-2 
was signifi cantly higher in the stromal cells of 
eutopic endometrium in women with deep infi l-
trating endometriosis compared to controls, and 
the levels seemed to correlate with the severity of 
pain [ 44 ]. 

 Kang et al. reported that the −2578A or 
−1154A alleles of VEGF gene could signifi cantly 
decrease the risk of adenomyosis and might be 
potentially protective factors for adenomyosis 
development and that the haplotypes of VEGF 
−460/−1154/−2578 polymorphisms may have an 
effect on the adenomyosis development [ 45 ]. 
A different polymorphism (+936TC) is linked 
to the development of endometriosis, but 

 polymorphisms −460CT, +405CG, −2578 AC or 
−1154GA are not linked to the disease [ 46 ]. 
These fi ndings should be treated with caution 
given the known diffi culties with gene associa-
tion studies. 

 Integrins are trans-membrane receptors medi-
ating the attachment between adjacent cells. 
Khorram et al. reported up-regulation of endothe-
lial nitric acid synthase (eNOS) and down regula-
tion of α v β 3  integrin in the glandular and luminal 
epithelium of eutopic endometrium in endome-
triosis in the secretory phase of the cycle com-
pared to unaffected controls [ 47 ]. A similar 
pattern of distribution of eNOS was noted in 
eutopic endometrium in adenomyosis [ 48 ], but 
these authors did not report different level of 
expression when compared to the normal con-
trols. Ota et al. found the expression of eNOS to 
be persistently higher throughout the cycle in 
both eutopic endometrium in adenomyosis and 
eutopic endometrium in endometriosis compared 
to unaffected controls [ 48 ]. 

 Ota et al. reported signifi cant variations in the 
expression of the integrins: Very Late Activation 
antigens (VLA-2, 3, 4, 5, 6) and E-cadherin in the 
glandular epithelium during the proliferative 
phase when comparing the eutopic endometrium 
in endometriosis, adenomyosis and controls [ 49 ]. 
In the secretory phase, there was a signifi cant dif-
ference between the three groups in VLA 2–4 
and E-Cadherin, but not in VLA 5 or 6 expres-
sion [ 49 ]. Chen et al. examined epithelial mesen-
chymal transition in the endometrium as possible 
mechanisms for increased endometrial invasive-
ness in adenomyosis. Differences (increased 
vimentin and reduced E-cadherin) were noted in 
ectopic endometrium, but not in eutopic endome-
trium from affected women [ 50 ].  

    Cellular Proliferation and Apoptosis 

 Increased proliferation and reduced cell death 
has the potential to contribute to ectopic cell 
implantation. Jones et al. examined bcl-2 (a pro-
tein capable of inhibiting apoptosis) expression 
using immunohistochemistry and apoptosis using 
TdT-mediated dUTP nick-end labelling (TUNEL) 
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in 5 proliferative, 5 early- and 5 late-secretory 
samples of adenomyosis. They demonstrated rare 
apoptosis in the eutopic endometrium from 
women with adenomyosis as well as from control 
[ 51 ]. They reported that eutopic endometrium in 
adenomyosis displayed similar proliferative 
activity compared to control endometrium except 
in the proliferative and early secretory phases. 
The expression of bcl-2 in stromal cells was sta-
tistically signifi cantly higher in the eutopic endo-
metrium in adenomyosis compared to the eutopic 
endometrium in endometriosis in the prolifera-
tive phase. Interestingly, the same authors 
reported that there were no signifi cant differences 
in bcl-2 expression when the eutopic endome-
trium in adenomyosis or endometriosis were 
compared to control endometrium [ 51 ]. In 
another study, the same authors reported that the 
expression of bcl-2 in eutopic endometrial stroma 
in adenomyosis did not vary with the menstrual 
cycle. This contrasts to the increased levels seen 
in the late secretory phase in the eutopic endome-
trium in endometriosis. Apoptosis (using dUTP 
nick-end labelling TUNEL assay) was rare in 
both tissues [ 52 ]. Most stromal bcl-2 positive 
cells were identifi ed as leukocytes [ 51 ]. Yang 
et al. studied the expression of annexin V, 
7-amino-actinomycin, caspase-3, Ki-67 and 
bcl-2 in isolated endometrial stromal cells from 
the eutopic endometrium in adenomyosis and 
control samples of women with fi broids or cervi-
cal intraepithelial neoplasia. All samples were 
obtained from the early- and mid-proliferative 
phases of the cycle. They reported reduced apop-
tosis and increased proliferation in endometrial 
stromal cells obtained from adenomyosis com-
pared to controls and concluded that alteration in 
stromal cell proliferative and cells death may be 
relevant to the occurrence of adenomyosis [ 53 ]. 

 In contrast to the case in eutopic endometrium 
in adenomyosis, Goumenou et al. reported that 
bcl-2 expression in epithelial cells did not vary 
with the phase of the cycle in the eutopic endo-
metrium in endometriosis [ 54 ]. Thus bcl-2 
expression was signifi cantly higher in adenomy-
osis in the proliferative phase and signifi cantly 
lower in the secretory phase. Indeed all secretory 
samples were reported as negative for bcl-2. 

However, Mclaren et al. and Meresman et al. 
found that bcl-2 expression in the eutopic endo-
metrium in endometriosis peaked during the late 
proliferative phase and virtually disappeared dur-
ing the late secretory phase. There is controversy 
over the expression of Bax (bcl-2 associated X 
protein), which promotes apoptosis, in patients 
with endometriosis [ 55 ,  56 ]. Meresman et al. 
found Bax to be absent during the late prolifera-
tive phase with some samples showing positive 
expression in the late secretory phase [ 56 ], whilst 
McLaren et al. reported Bax to be present in both 
the proliferative and secretory phases [ 55 ]. 
Goumenou et al. also reported that the expression 
of Bax did not vary with the phase of the cycle 
and that it was not statistically different in adeno-
myosis and endometriosis [ 54 ]. 

 Matsumoto et al. compared the expression of 
TdT-mediated dUTP nick-end labelling 
(TUNEL), Ki-67 and bcl-2 in the eutopic 
and ectopic endometrium in women with adeno-
myosis. In the eutopic endometrium, Ki-67 was 
up- regulated and bcl-2 was down-regulated in 
the proliferative phase. Ectopic endometrium, on 
the other hand, was rarely infl uenced by proges-
terone and the induction of apoptosis and 
bcl-2 expression showed no cyclical changes. 
Apoptosis, however, was more frequent in stro-
mal cells of the ectopic endometrium in all men-
strual cycle phases. Ki-67 was constantly 
expressed in the glandular epithelium of the ecto-
pic endometrium irrespective of the phase of the 
cycle [ 57 ]. They concluded that the observed dif-
ferences in proliferation and apoptosis strongly 
suggest that adenomyotic lesions do not originate 
in the basal endometrium. However, the sample 
size per phase of the cycle was very small and the 
authors did not consistently examine the basal 
endometrium. It is to be considered that the pres-
ence of differences between the ectopic and the 
eutopic endometrium does not – in itself – pre-
clude the ectopic endometrium being derives 
from the eutopic endometrium. 

 The apoptotic ratio of eutopic endometrial cell 
from adenomyosis was lower than that in control 
group and the apoptotic ratio increased after gonad-
otrophin releasing hormone agonist (GnRHa) addi-
tion in both groups and apoptotic ratio in 
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adenomyosis was signifi cantly higher than that in 
control endometrium [ 58 ]. VEGF was signifi cantly 
higher in the eutopic endometrium in adenomyosis 
compared to the normal endometrium and VEGF 
was down-regulated in both adenomyosis and con-
trols by GnRHa in a dose-dependent manner. 
Difference in apoptotic ratio and higher VEGF in 
adenomyosis may be associated with the pathogen-
esis of adenomyosis [ 58 ] GnRHa may increase the 
apoptotic ratio of cultured endometrial cells by 
autocrine or paracrine mechanisms. GnRHa can 
directly suppress the survival and growth of ectopic 
endometrial by decreasing the release of VEGF 
which was related to the adenomyosis angiogene-
sis [ 58 ]. GnRHa therapy was shown to reduce cell 
proliferation possibly through a direct anti- 
proliferative effect [ 59 ]. 

 Amongst the most primitive mechanisms of 
cellular protection is the expression of “heat 
shock” or “stress” proteins (HSP). They are 
expressed in response to a variety of stimuli and 
play a role in the folding and translocation of 
polypeptides across membranes [ 60 ]. Using 
immunohistochemistry, Ota et al. noted higher 
expression of HSP-27 in the eutopic endome-
trium in endometriosis and adenomyosis as com-
pared to control endometrium in both phases of 
the cycle [ 61 ]. HSP-70 was higher only in the 
proliferative phase, whilst there were no differ-
ences in HSP-60 expression, with no differences 
between the eutopic endometrium in endometrio-
sis and the eutopic endometrium in adenomyosis. 
It is hard to interpret these data, although it may 
indicate a higher protective mechanism against 
cellular stress. 

 Goteri et al. evaluated the expression of the 
cell division control protein analogue, Cdc42 in 
eutopic and ectopic endometrial tissue in patients 
with adenomyosis or ovarian endometriotic cysts 
compared with patients without either condition 
[ 62 ]. The intensity of Cdc42 immunostaining in 
eutopic endometrium did not differ signifi cantly 
in women with adenomyosis compared to con-
trols but was stronger in women with ovarian 
endometriosis. The difference between women 
with adenomyosis and endometriosis was statisti-
cally signifi cant only in the proliferative phase of 
the cycle. 

 Kim et al. demonstrated that p21 activated 
kinase (Pak1) immunoreactivity was higher in 
the mid-secretory phase of the cycle in both the 
glandular and the stromal components of the 
eutopic endometrium in adenomyosis compared 
to unaffected women [ 63 ]. Higher Pak1 has also 
been demonstrated in the eutopic endometrium in 
endometriosis [ 64 ]. Tissue Factor is a member of 
the family of cytokine receptor class II involved 
in angiogenesis and apoptosis and has a role in 
the coagulation pathway. Its expression was 
reported to be higher in the eutopic and ectopic 
endometrium of women with adenomyosis com-
pared to control [ 65 ]. Nie et al. (2010) reported 
that the expression of oxytocin receptor and of 
the transient receptor potential vanilloid type-1 
(TRPV1) were higher in the ectopic compared to 
the eutopic endometrium in adenomyosis and 
controls [ 65 ].  

    Steroid Receptors 

 It is often stated that local rather than systemic 
hyperestrogensim is a factor in the pathopysiol-
ogy of adenomyosis [ 66 ]. Aromatase and 
estrone sulfatase activity were detected in ecto-
pic endometrium and aromatase was detected in 
glandular cells of eutopic and ectopic endome-
trial tissues in women with adenomyosis [ 67 ]. 
The activity of these enzymes was suppressed 
by danazol [ 67 ]. Hatok et al. reported increased 
aromatase mRNA expression in eutopic endo-
metrium in women with endometriosis and ade-
nomyosis compared to healthy controls [ 68 ]. 
Invading endometrial glands but not the stroma 
in adenomyosis express more human chorionic 
gonadotrophin/luteinizing hormone receptor 
(hCG/LH) mRNA and immune-reactive recep-
tor protein than non- invading glands but the dif-
ference was not consistent as it varied among 
patients [ 69 ]. GnRH agonist or danazol were 
shown to decrease the expression of aromatase 
cytochrome P450 in the eutopic endometrium in 
adenomyosis [ 70 ], although the mechanisms of 
action of these agents differ. GnRH agonist 
reduced aromatase cytochrome P450 expression 
mainly by promoting a hypoestrogenic state, 
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whereas danazol reduced aromatase cytochrome 
P450 in part by direct action on the eutopic 
endometrium [ 70 ]. Interestingly, Maia et al. 
reported that aromatase was detected in the 
majority of eutopic endometrium in adenomyo-
sis but that most ectopic endometrium was neg-
ative [ 71 ]. The observation by Chen et al. of a 
negative correlation between serum estradiol 
and E-cadherin expression in the epithelial com-
ponents of the eutopic and the ectopic endome-
trium in adenomyosis – if confi rmed – would 
suggest a role for systemic steroid levels in the 
pathogenesis of adenomyosis [ 50 ]. 

 There are reports that both endometriosis and 
adenomyosis are associated with increased local 
estrogen production. Increased P450 aromatase 
RNA was reported in eutopic endometrium in 
adenomyosis and eutopic endometrium in endo-
metriosis, but not in endometrial samples from 
women with cervical pathology. In Eutopic endo-
metrium in adenomyosis and eutopic endome-
trium in endometriosis samples, aromatase 
cytochrome P-450 was immune-localised exclu-
sively in the cytoplasm of glandular cells and 
faintly in the stroma [ 72 ,  73 ], but samples were 
not classifi ed based on cycle phase. Brosens et al. 
detected aromatase mRNA in all samples in a 
group of infertile women undergoing IVF [ 74 ], 
which suggests that aromatase expression may 
not be confi ned to endometria from women with 
estrogen dependent abnormalities, but levels did 
not vary with the phase of the cycle. 

 The question of aromatase expression in endo-
metriosis remains controversial. Maia et al. 
linked aromatase expression in the eutopic endo-
metrium to the presence of infertility and dys-
menorrhoea irrespective of the presence of 
endometriosis [ 75 ]. Maia et al. reported that aro-
matase was expressed in the stroma in 80 % of 
eutopic endometrium in women with adenomyo-
sis [ 71 ]. This is comparable to the 72 % incidence 
reported in women with infertility and endome-
triosis, and the 95 % incidence in symptomatic 
women without endometriosis and contrasts to 
the lack of expression in asymptomatic endome-
triosis free patients [ 75 ]. Colette et al. could not 
identify aromatase protein or mRNA expression 
in the endometrium in women with endometrio-

sis [ 76 ]. There were also discrepancies between 
immunohistochemical studies as to whether aro-
matase is localised to the epithelium or stroma 
and methodological issues may have resulted in 
false positive mRNA detection. 

 During the proliferative phase, mRNA level 
and the activity of 17β-hydroxysteroid dehydro-
genase- 2 (HSD2), the enzyme responsible for the 
conversion of estradiol to estrone were compara-
ble in the eutopic endometrium in women with 
endometriosis, adenomyosis and controls [ 77 ]. In 
the secretory phase, mRNA and HSD2 activity 
increased four- to six-fold in the eutopic endome-
trium in adenomyosis or endometriosis [ 77 ]. The 
fi ndings suggest that locally active estrogens are 
higher in the normal compared to diseased endo-
metrium during the secretory phase secondary to 
increased conversion [ 78 ], but no differences 
were reported between the eutopic endometrium 
in adenomyosis and the eutopic endometrium in 
endometriosis. 

 Takahashi et al. reported that estradiol levels 
in menstrual blood were highest in adenomyosis, 
followed by endometriosis, and lowest in normal 
menstrual blood. But these fi ndings have not 
been confi rmed [ 79 ]. It is to be noted that the dif-
ferences in HSD2 and aromatase levels and activ-
ity between diseased and normal endometria do 
not explain the reported differences in estradiol 
levels in menstrual blood. Whilst  PvuII  polymor-
phism of the  ER - α  gene and in intron 4 of the 
 CYP19  gene encoding P450 were associated with 
risks of estrogen-dependent disease, no differ-
ences were reported between endometriosis and 
adenomyosis, and leiomyomas [ 80 ,  81 ]. The role 
of steroids is also demonstrated by the induction 
of adenomyosis in the animal model, but the 
effect is dose and strain dependent [ 82 ,  83 ]. 

 Ueki et al. reported that estrogen receptor 
(ER) expression was more intense in ectopic 
compared to eutopic endometrium during the 
secretory phase in women with adenomyosis and 
that bcl-2 was constantly expressed throughout 
the menstrual cycle [ 84 ]. Danazol administration 
resulted in weaker expression of ER and bcl-2 in 
the ectopic endometrium in adenomyosis com-
pared to expression following the administration 
of GnRH agonists. The number of apoptotic 
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(TUNEL-positive) cells increased in the ectopic 
adenomyotic endometrium treated with danazol 
or GnRH agonist [ 84 ]. 

 Nie et al. reported lower progesterone recep-
tor B (PR-B) in the eutopic and the ectopic endo-
metrium in women with adenomyosis compared 
to control endometrium. There was a statistically 
signifi cant difference in the expression of PR-B 
in the normal endometrium and eutopic and ecto-
pic endometrium from women with adenomyo-
sis. PR-B was reduced in the ectopic and eutopic 
endometrium in adenomyosis compared to con-
trols [ 85 ]. ER-α expression in the adenomyotic 
endometrium was different from that of the nor-
mal endometrium in the mid-secretory phase of 
the cycle. The ER-β expression was reported to 
be statistically signifi cantly elevated in the ade-
nomyotic functionalis gland during the prolifera-
tive phase across the entire menstrual cycle. 
Expression of PR-A was similar to that of PR-B, 
with reduced expression in the basalis stroma in 
the adenomyotic samples. The pattern of ER-β, 
PR-A, and PR-B expression was similar in the 
endometrial basalis and adenomyotic foci [ 86 ].  

    Cytokine and Immune Components 

 An immune dysfunction could enable the sur-
vival of endometrial fragments outside the uter-
ine cavity. There is considerable literature on 
altered immune response as a possible aetiologi-
cal factor in endometriosis. This has mostly 
focussed on pelvic nodules and on factors 
detected in peritoneal fl uid. Research involving 
the eutopic endometrium has largely been con-
cerned with a possible role in the pathogenesis or 
the impact on fertility. 

 Mathur et al. reported the presence of endog-
enous IgG in 78 % of the endometrium and 
endometriosis implants in women with endome-
triosis compared to 22 % of controls. They also 
reported the presence of serum and/or peritoneal 
fl uid IgG against endometrial antigen in affected 
women [ 87 ]. 

 Stromal leukocyte populations in eutopic 
endometrium in adenomyosis do not differ 
 signifi cantly from those in either control 

 endometrium or eutopic endometrium from 
women with endometriosis [ 52 ]. But there may be 
some differences between the intraepithelial leu-
kocytes (IEL) when comparing eutopic endome-
trium in endometriosis and adenomyosis. In one 
study CD45+ cells increased from the prolifera-
tive to the late secretory phase in control endome-
trium and in the eutopic endometrium in 
endometriosis, but not in the eutopic endome-
trium in adenomyosis [ 88 ]. But the samples size 
was too small to reach fi rm conclusions in relation 
to adenomyosis. 

 During the proliferative phase the glandular 
epithelium of eutopic endometrium in endome-
triosis, but not eutopic endometrium in adeno-
myosis exhibited an increased number of CD45+ 
and CD43+ IEL compared to controls. CD56+, 
CD68+, CD4+ and CD8+ cells did not differ sig-
nifi cantly, but CD3+ IEL were higher in the pro-
liferative phase of the eutopic endometrium 
compared to control endometrium in both endo-
metriosis and in adenomyosis [ 88 ]. Chiang and 
Hill identifi ed no differences in T cells, IFNγ and 
HLA-DR-positive cells in eutopic endometrial 
samples from adenomyosis, endometriosis or 
unaffected controls [ 89 ]. The study by Chiang 
and Hill included 7 women with endometriosis, 
compared with hysterectomy specimens from 7 
women with adenomyosis and 10 women with-
out endometriosis or endometrial pathology. 
They reported that T cells, IFNγ and HLA-DR- 
positive cells were present in eutopic endometrial 
samples throughout the menstrual cycle and that 
differences exists between the eutopic endome-
trium and the ectopic endometrium in endome-
triosis [ 89 ]. Gagné et al. reported that the 
proportion of CD3+, CD16+, CD3-HLADR−, 
CD3-CD45RA−, CD3 + CD16−, CD3 + CD56−, 
CD56-CD16+, and CD16b+ leukocytes in the 
endometrium of women with endometriosis is 
different compared to controls [ 90 ]. 

 Much of recent research on the role of immu-
nological abnormalities and free radicals in ade-
nomyosis is based on the work of Ota and 
colleagues [ 41 – 52 ]. These publications include 
differential expression of HLA-DR antigen [ 91 ], 
immune cells [ 92 ], integrins and adhesion mole-
cules [ 49 ] and heat shock proteins [ 61 ]. These 
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observations are interesting, but it is often 
 diffi cult to ascertain the signifi cance of reported 
differences or the possible impact of method-
ological issues with the studies. In addition, it is 
not possible to determine whether the reported 
differences are related to the aetiology of the dis-
ease as the authors suggest or, whether they are a 
consequence of the existing uterine pathology. 

 Interleukin-18 (IL-18), a major regulator of 
immune responses, is expressed in a number of 
situations including sites of chronic infl amma-
tion, autoimmune diseases, some cancers, and 
numerous infections. Luo et al. reported that 
IL-18 mRNA level was lower in both the eutopic 
and ectopic endometrium in endometriosis [ 93 ]. 
Huang et al. examined the expression of IL-18, 
its receptor (IL-18R), and IL-18 binding protein 
(IL-18BP) mRNA, and protein expression in the 
eutopic endometrium in adenomyosis [ 94 ]. The 
eutopic endometrial IL-18R mRNA and the 
IL-18BP to IL-18 ratio were signifi cantly 
increased in adenomyosis compared to control 
endometrium, but the level of IL-18 mRNA was 
not signifi cantly different. 

 Differences were also reported between endo-
metrial stromal cells from adenomyosis and con-
trols. Yang et al, reported that the addition of 
medroxyprogesterone acetate or danazol to cul-
tures results in a signifi cant reduction in IL-6 
concentration in culture supernatant of endome-
trial stromal cells obtained from control samples 
but not from samples obtained from adenomyo-
sis .  IL-6 mRNA in stromal cells and IL-6 in cul-
ture supernatant were higher in adenomyosis 
compared to the controls after 8 days in culture 
after the addition of medroxyprogesterone ace-
tate or danazol [ 95 ]. Whereas Mehasseb et al. 
reported increased invasiveness of endometrial 
stromal cells from adenomyosis [ 96 ], and also on 
differences in proteomic profi les of culture super-
natants [ 96 ]. 

 The expression of leukaemia inhibitory factor 
(LIF), a member of the IL-6 family linked to 
implantation, has been related to the fertility sta-
tus rather than to adenomyosis. LIF was found to 
be down-regulated in the endometrium and uter-
ine fl ushing of women with adenomyosis and 
infertility but not in those with adenomyosis and 

dysmenorrhoea. Levels of LIF in the latter group 
were comparable to fertile controls that did not 
have adenomyosis [ 97 ]. 

 Interleukin 10 (IL-10) infl uences many fea-
tures of immunoregulation and infl ammation and 
enhances B cell survival, proliferation, and anti-
body production. Wang et al. used immunohisto-
chemistry and H-scores and reported increased 
IL-10 expression in the epithelial cells but not in 
the stroma of the eutopic endometrium in adeno-
myosis compared to control endometrium [ 98 ]. 
But the expression scores are not provided and no 
comment is made about cellular localization of 
stromal immunostaining. The same group, used 
similar methodology and reported that interleu-
kin- 10 receptors (IL-10R1 and IL-10R2) were 
mainly expressed in epithelial cells in the endo-
metrium [ 99 ]. They reported increased 
IL-10R1 in the eutopic endometrium in adeno-
myosis compared to control endometrium. In 
contrast, studies of cytokine expression in endo-
metriosis have focussed on peritoneal fl uid, peri-
toneal macrophages, leukocytes from peripheral 
blood or the endometrium as the primary source 
of cytokines. Sotnikova et al. demonstrated 
altered cytokine production in mononuclear cells 
obtained from the eutopic endometrium in ade-
nomyosis [ 100 ]. There was a statistically signifi -
cant increase in interferon-γ (IFNγ), INFα, IL-1β, 
tumour necrosis factor-α (TNFα), and epidermal 
growth factor (EGF), and a reduction in IL-8 
compared to controls. This suggests a high level 
of lymphocyte activation including T cells. 
Increased activity of immune-competent cells 
may create the conditions that favour cell infi ltra-
tion and proliferation leading to the development 
of adenomyosis. Antsiferova et al. reported that 
the lymphocytes from eutopic endometrium in 
endometriosis expressed lower levels of IL-2 
mRNA, absent IL-4 mRNA, and low IL-10 
mRNA but the levels were not statistically sig-
nifi cantly different compared to controls [ 101 ]. 
The percentage of leucocytes expressing intracel-
lular IL-10 in the eutopic endometrium in endo-
metriosis was not statistically signifi cantly 
different compared to controls. Martinez-Roman 
et al. reported a reduction in T cell population in 
endometriosis patients who also have infertility. 

6 The Endometrium in Adenomyosis



114

This is a signifi cant observation as it links 
 endometrial abnormality to a functional state 
rather than to endometriosis  per se  and it remains 
unclear if other observed differences in the 
expression of cytokines between endometriosis, 
adenomyosis and controls varies in relation to the 
presenting symptoms [ 102 ]. 

 Ulukus et al. compared IL-8 and monocyte che-
motactic protein expression in the eutopic endo-
metrium in adenomyosis and control endometrium 
using immunohisochemistry [ 103 ]. Both the epi-
thelium and stroma were positive, but expression 
was more intense in the epithelium. In control tis-
sue but not in adenomyosis there was a rise in both 
factors in the secretory phase. IL-8 and monocyte 
chemo-attractant protein- 1 (MCP-1) were higher 
in the epithelium in eutopic endometrium in endo-
metriosis during the proliferative phase [ 104 ]. The 
same group reported that the IL-8 receptors 
(CXCR1 and CXCR2) showed higher epithelial 
staining during the proliferative, but not the secre-
tory, phase in the eutopic endometrium in adeno-
myosis compared to controls [ 105 ]. In the eutopic 
endometrium in endometriosis there was a signifi -
cant increase in epithelial CXCR2 expression in 
both the proliferative and secretory phases, but 
CXCR1 expression was higher only in the prolif-
erative phase. Ulukus et al. reported higher epithe-
lial CXCR1 and CXCR2 staining in the eutopic 
endometrium in adenomyosis compared to control 
endometrium in the proliferative but not in the 
secretory phase [ 103 ]. The distribution of IL-8 
contrasts with that reported by Arici et al. who 
found negative staining in the stroma, and no sig-
nifi cant difference between early-proliferative, 
mid-proliferative and late- secretory phases of the 
cycle and that the levels of IL-8 mRNA were sta-
tistically signifi cantly lower in mid-cycle (late- 
proliferative and early-secretory phases) compared 
to other cycle phases [ 106 ,  107 ]. This discrepancy 
may be related to methodological issues as some 
studies did not take into account fl uctuations 
within the cycle phase. 

 The levels of IFNγ, IFNα, TNFα, IL-1β and 
EGF were signifi cantly increased and the level of 
IL-8 was reduced in culture supernatant of mono-
nuclear cells obtained from the eutopic endome-
trium of women with adenomyosis compared to 

the  control endometrium. Mononuclear cells 
from ectopic endometrium in adenomyosis pro-
duced higher levels of IFNγ, IFNα and TNFα 
compared to mononuclear cells from normal 
endometrium. The production of IL-1β, IL-8 and 
EGF by ectopic endometrial mononuclear cells 
was signifi cantly reduced [ 100 ]. The authors sug-
gested a signifi cant role of local cytokine produc-
tion in the development of adenomyosis [ 100 ]. 

 There was a statistically signifi cant difference 
in the expression of nuclear and cytoplasmic p65 
and IκBα, and nuclear p50 and p52 in the normal 
endometrium and the eutopic and ectopic endo-
metrium from women with adenomyosis. 
Cytoplasmic IκBα expression was reduced while 
nuclear p65, p50 and p52 expressions were all 
increased in ectopic endometrium [ 85 ]. 

 IκBα (nuclear factor of kappa light polypep-
tide gene enhancer in B-cells inhibitor, alpha) is a 
member of the family of cellular proteins that 
inhibit NF-κB transcription factor. ΙκΒα inhibits 
NF-κB by masking the nuclear localization sig-
nals (NLS) of NF-κB proteins and keeping them 
sequestered in an inactive state in the cytoplasm. 
In addition, ΙκΒα blocks the ability of NF-κB 
transcription factors to bind to DNA, which is 
required for NF-κB functioning. 

 NF-κB (Nuclear factor KappaB) is a transcrip-
tion factor with a role in modulating genes 
involved in infl ammation, proliferation, apopto-
sis, invasion, angiogenesis and other cellular 
functions. It may regulate enzymes and growth 
factors such as Cyclooxygenase-2 (COX-2), 
VEGF, and Tissue Factor (TF). NF-κB may have 
a role in the pathogenesis of endometriosis [ 108 ], 
and adenomyosis [ 109 ]. NF-κB-DNA binding 
was present in all phases of the menstrual cycle in 
women with and without endometriosis, but this 
varied from strong binding to very low or unde-
tectable. DNA binding of the p65 subunit of 
NF-κB was higher in the proliferative compared 
to the secretory or menstrual phase endometrium 
in controls, but was lower during the menstrual 
phase in the eutopic endometrium in endometrio-
sis. There were no signifi cant differences when 
cycle phases were compared between the eutopic 
endometrium in endometriosis and controls [ 108 ]. 
NF-κB subunits p65 and p50 and NF-κB- DNA 
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binding activity in endometrial stromal cells was 
signifi cantly higher in adenomyosis compared to 
controls [ 109 ]. Li et al. reported that mRNA and 
protein levels of COX-2, VEGF, and tissue factor 
(TF) in stromal cells in adenomyosis were signifi -
cantly higher compared to controls [ 109 ]. 

 GnRHa therapy reduced the infi ltration with 
CD68-positive macrophages, angiogenesis (von 
Willebrand positive vessels) and increased apop-
tosis (TdT- mediated dUTP-biotin nick end- 
labelling – TUNEL assay) in the endometrium of 
women with adenomyosis [ 110 ]. 

 There is some evidence of increased HLA-DR 
(a major histocompatibility complex class II cell 
surface receptor) expression in eutopic endome-
trium in endometriosis [ 111 ] and also in women 
with adenomyosis [ 91 ], and of increased expres-
sion of γδT cells (gamma-delta T cells) in the 
stroma and of HLA antigens in the glandular 
cells in both adenomyosis and endometriosis 
[ 92 ], but it is unclear if there are differences 
between the two conditions. It is possible that 
aberrant expression of HLA-DR antigen in glan-
dular cells of eutopic and ectopic endometria in 
endometriosis and adenomyosis is involved in 
various immunological responses. 

 Wang et al. examined the expression of 
Human Leukocyte Antigen-G (HLA-G) in 
eutopic and ectopic endometrium to assess its 
possible role as mediator of immune suppression 
which can confer protection to ectopic endome-
trial cells [ 112 ]. They reported that virtually no 
HLA-G was detected in normal endometrium, 
but both eutopic and ectopic endometrium in 
adenomyosis expressed HLA-G. It is notable that 
previous reports had not identifi ed HLA-G in 
eutopic endometrium in endometriosis but there 
is disagreement over whether it is expressed in 
endometriosis nodules [ 113 ,  114 ]. 

 In contrast to control endometrium from 
women with fi broids, both the eutopic and the 
ectopic endometrium in adenomyosis expressed 
HLA-G. Expression was higher in the glands 
compared to the stoma [ 112 ]. Human leukocyte 
antigen-G (HLA-G) is a non-classical major his-
tocompatibility complex class I antigen. The 
presence of HLA-G has been proposed as 
a mechanism by which cells can escape 

 immunosurveillance. Thus the Wang et al. 
 proposed this as a mechanism for the persistence 
of ectopic endometrium without being eliminated 
by the immune system [ 112 ]. 

 Propst et al. reported that immunohistochemi-
cal staining for Granulocyte macrophase colony- 
stimulating factor (GM-CSF) ligand was 
signifi cantly higher in adenomyotic glands com-
pared with autologous endometrial glands espe-
cially during the secretory phase of the menstrual 
cycle but that there was no statistically signifi cant 
differences in the amount and intensity of stain-
ing of the granulocyte macrophage-colony stimu-
lating factor (GM-CSF) receptor [ 115 ].  

    Oxidative Stress and Free Radical 
Metabolism 

 Free radicals are involved in the physiology of 
reproduction and enzymes that produce and elim-
inate various free radicals are believed to modu-
late the concentrations of free radicals within the 
uterus and the endometrium. Reactive oxygen 
species may be modulated in the presence of 
adenomyosis. 

 Van Langendonckt et al. summarized evidence 
linking oxidative stress to the infl ammatory reac-
tion in endometriosis. This includes an increased 
release by macrophages of reactive oxygen spe-
cies; increased peritoneal levels of oxidized low- 
density lipoproteins; altered expression of 
endometrial pro-oxidant and antioxidant 
enzymes; and consumption of peritoneal fl uid 
vitamin E. They believe that retrograde menstru-
ation can carry highly pro-oxidant heme and iron 
and indeed they found higher levels of haemoglo-
bin in the peritoneal fl uid of patients with endo-
metriosis, with no concomitant increase in 
bilirubin concentrations and a poor expression of 
heme oxygenase (HO)-1, one of the enzymes that 
catalyse the degradation of heme into iron, car-
bon monoxide, and biliverdin [ 116 ]. In contrast, 
HO-1 and HO-2 were strongly expressed in the 
ectopic endometrium, especially in red lesions 
[ 117 ]. Iwahara et al. studied HO in women with 
adenomyosis. They confi rmed the expression of 
HO-1 and HO-2 in both eutopic and ectopic 
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endometrium, but found lower levels in the ecto-
pic compared to eutopic endometrium. They con-
cluded that both HO-1 and HO-2 contribute little 
to the pathophysiology of adenomyosis [ 118 ]. 

 Endothelial nitric acid synthase (eNOS) 
was detected in the luminal and glandular epithe-
lium of the endometrium and in the endothelium 
of vasculature. Intense immunoreactivity was 
detected in the secretory but not in the prolifera-
tive phase in eutopic endometrium in adenomyo-
sis and control endometrium; treatment with 
GnRH down regulated eNOS in the eutopic 
endometrium in adenomyosis [ 119 ]. 

 Glutathione peroxidase (GPx), a coenzyme of 
glutathione, which acts by reducing peroxides 
such as those of hydrogen and lipid into water 
and alcohol, is expressed in the luminal and the 
glandular epithelium in the endometrium. The 
expression of glutathione peroxidise on the sur-
face of glandular epithelia during the menstrual 
cycle in fertile controls is weak in the early pro-
liferative phase and gradually increases to 
become most marked in the early secretory phase, 
decreasing thereafter [ 120 ]. There was loss of 
cyclicity in the eutopic endometrium in endome-
triosis; mainly because of the loss of the secre-
tory phase peak. Expression in the glandular 
epithelium of eutopic endometrium in adenomy-
osis was higher, and in endometriosis was lower 
compared to the control endometrium. There 
were no other statistically signifi cant differences 
between the groups in either the glandular or the 
luminal epithelium [ 120 ]. 

 The enzyme Xanthine Oxidase (XO) produces 
superoxide leading to the accumulation of free 
radicals within the cell. Xanthine oxidase expres-
sion in the glandular epithelium exhibits varia-
tion with the menstrual cycle in controls but not 
in ectopic endometrial tissue in adenomyosis 
[ 121 ]. The expression of XO in the glandular epi-
thelium varied according to the menstrual phase 
in normal controls, but not in patients with endo-
metriosis and that the variation in women with 
adenomyosis differed from that in controls. 
However, there were no statistically signifi cant 
differences between XO expression in the glan-
dular epithelium of eutopic endometrium in 

endometriosis and eutopic endometrium in ade-
nomyosis. The expression in the luminal epithe-
lium in the eutopic endometrium in adenomyosis 
was statistically signifi cantly higher compared to 
control endometrium during the late secretory 
phase but there were no statistically signifi cant 
differences when compared to the eutopic endo-
metrium in endometriosis. 

 Superoxide Dismutase (SOD) protects cells 
from free radical damage. Ota et al. reported the 
expression of SOD in the endometrium of 
women with adenomyosis or endometriosis 
[ 122 ] The expression of copper, zinc and man-
ganese -SOD in controls varied with the stages 
of the menstrual cycle. But SOD was persis-
tently over-expressed in all phases of the men-
strual cycle in patients with endometriosis and 
adenomyosis. 

 Catalase enzyme is involved in the conversion 
of hydrogen peroxide into water and oxygen. Ota 
et al, reported the expression of catalase, in 
eutopic and ectopic endometria in patients with 
endometriosis or adenomyosis [ 123 ]. In the con-
trol endometrium, catalase expression was lowest 
in the early proliferative and peaking in the late 
secretory phase of the menstrual cycle, but the 
expression was persistently elevated in women 
with adenomyosis and endometriosis and showed 
no cyclical variation. They also reported that 
enzyme expression as determined by immunohis-
tochemical score was higher in eutopic endome-
trium in endometriosis compared to control 
endometrium and was highest in the eutopic 
endometrium in adenomyosis. But no statistical 
analyses were provided [ 123 ].  

    Molecular Signalling and Epigenetic 
Factors 

 HOXA10 is a homeobox-containing transcrip-
tion factor that is essential for embryonic uterine 
development and for normal endometrial devel-
opment during the menstrual cycle. HOXA10 in 
endometrial glandular and stromal cells is up- 
regulated in response to estrogen and progester-
one. It was reported that the mid-luteal rise in 
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HOXA10 which was linked to the implantation 
window was absent in women with endometrio-
sis [ 124 ]. Matsuzaki et al. [ 125 ] reported that 
mid-luteal HOXA10 mRNA and protein were 
lower in stromal cells in women with endometri-
osis and infertility compared to controls. The 
expression of HOXA10 protein was shown to be 
down-regulated in endometrial stroma, but not in 
the glands of women with adenomyosis [ 126 ]. 

 Decrease in HOXA10 mRNA was observed in 
the eutopic endometrium of baboons with 
induced endometriosis and this was associated 
with a decreased expression of β3-integrin and 
down regulation of Homeobox protein EMX2 
[ 127 ]. Hoxa10 and Hoxa11 were also decreased 
in the eutopic endometrium in the experimental 
mouse model of endometriosis but there were no 
changes in β3-integrin mRNA expression [ 128 ]. 

 Epigenetic factors may have a role in the 
pathogenesis of both endometriosis [ 129 ] and 
adenomyosis [ 33 ,  130 – 132 ]. This is supported by 
the fi nding of HOXA10 [ 133 ] and PR-B pro-
moter hypermethylation in the endometrium in 
endometriosis [ 134 ], and the existence of a link 
between the aberrant expression of the deoxyri-
bonucleic acid methyltransferases (DNMT) -1, 
-3A and -3B in endometriosis and DNA methyla-
tion. mRNA for DNMT1, DNMT3A and 
DNMT3B were statistically signifi cantly higher 
in ectopic endometrium compared to controls, 
but only mRNA level for DNMT3A was statisti-
cally signifi cantly higher in the eutopic endome-
trium in endometriosis compared to controls 
[ 135 ]. In adenomyosis, DNMT3A was signifi -
cantly reduced in eutopic endometrium com-
pared to controls and DNMT1 was positively 
correlated with heavy bleeding [ 131 ]. Ectopic 
stromal cells from adenomyosis exhibit PR-B 
hypermethylation [ 136 ], but no studies have 
addressed methylation status in adenomyosis 
eutopic endometrium.  

    Conclusion 

 Endometrial micro-environment in adenomy-
osis differs in some aspects of cellular and 
humoral immunity from the normal endome-
trium. The aberrant immune responses could 

suggest immunological stress or immunologi-
cal tolerance. Alternatively, the observed dif-
ferences may be the result of structural 
alterations. An interesting hypothesis that has 
not been adequately explored is that endome-
trial differences may be linked to clinical 
symptoms rather than to the presence of ade-
nomyosis. The clinical signifi cance of the 
observed morphological, biochemical and 
molecular differences is unclear and whilst 
some of these abnormalities might be expected 
to impact on fertility and on the outcomes of 
IVF, it is the case that the effect of adenomyo-
sis on fertility remains controversial. 

 There are several major limitations in 
existing research on the eutopic endome-
trium in women with adenomyosis. Firstly, 
there are major diagnostic limitations inher-
ent in the defi nition of the disease, and the 
issue of control for co- morbidities. The pres-
ence or absence of endometriosis or fi broids 
in women with adenomyosis is frequently 
not taken into consideration. Secondly, there 
is a systematic bias because of the clinical 
presentations, since biopsies used for the 
study of the eutopic endometrium are 
obtained from patients with clinical presenta-
tions that warrant a biopsy. Thirdly, there are 
a large number of clinical features that may 
be relevant to studies of the endometrium 
including the presence or absence of pain, 
bleeding patterns, patient characteristics 
such as age, parity, infertility, and the type 
and extent of the disease. All of these should 
be taken into account in comparative studies. 
Moreover, menstrual cycle phase and con-
comitant medication can signifi cantly affect 
the endometrium. No studies are available on 
the changes in eutopic endometrium or on 
the natural history of adenomyosis. This is 
compounded by methodological weaknesses 
particular to the laboratory experiment them-
selves which may account for the limited 
reproducibility and contradictory fi ndings. 
All this hinders the ability to reach fi rm 
 conclusions in connection with the fi ndings 
discussed above.     
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