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Abstract

Uterine adenomyosis is an estrogen-dependent chronic inflammatory condition and may cause painful

symptoms, abnormal uterine bleeding and/or subfertility/infertility. It is characterized by the presence of

endometrial glands and stroma within the myometrium causing enlargement of the uterus as a result of reac-

tive hyperplastic and/or hypertrophic change of the surrounding myometrium. Similar to endometriosis, ade-

nomyosis has a negative impact on female fertility. Abnormal utero-tubal sperm transport, tissue inflamma-

tion, and toxic effect of chemical mediators have been proposed as contributing factors. Inflammation-induced

damage of mucosal cilia in the Fallopian tube has been reported. Besides other proposed mechanisms, our

most recent study with transmission election microscopic (TEM) analysis indicated that microvilli damage

and an axonemal alteration in the apical endometria occur in response to endometrial inflammation. This may

be involved in the negative fertility outcome in women with adenomyosis. We present a critical analysis of

the literature data concerning the mechanistic basis of infertility in women with adenomyosis and its impact

on fertility outcome.
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Introduction

Uterine adenomyosis is a benign estrogen-
dependent gynecological disease characterized
by the presence of endometrial glands and stroma
within the myometrium and may cause painful
symptoms, abnormal uterine bleeding and/or
subfertility/infertility"?. Although exact patho-
genesis is still controversial, it is a common

understanding that while endometriosis origi-
nates from the functionalis endometrium, adeno-
myosis develops as a down-growth and invagina-
tion of the basalis endometrium into the
myometrium®’. A panel of mechanisms has been
reported indicating tissue damage or injury at the
endometrial-myometrial interface (EMI), leading
to inflammation, local estrogen production and
development of adenomyosis®®. Adenomyosis
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commonly occurs during the fourth and fifth
decades of life and after the completion of child-
bearing activity, however, recent imaging modali-
ties such as trans-vaginal ultrasonography and
magnetic resonance imaging (MRI) have indicat-
ed that adenomyosis may occur in women of

younger ages”".

Endometriosis and adeno-
myosis are closely related diseases with variable
coexistence rates depending on the endometriosis
phenotype involved'". Endometriosis and adeno-
myosis share a number of features in terms of
symptomatology, histology, and molecular alter-
ations'"'?, albeit, they are several differences in
their pathogenesis and pathogenic mediators™.
The incidence rate adenomyosis is widely
variable. Histological examination of hysterectomy
specimens revealed that the prevalence of adeno-
myosis varies between 5% and 70%. This variation
may be due to the difference in diagnostic criteria
used and the techniques used to procure myome-
trial samples'®™. In a separate study with data over
the last 50 years demonstrated that the estimated
prevalence of adenomyosis among consecutive
hysterectomy patients ranged from 8.8% to
61.5%”. Adenomyosis appears in different configu-
ration such as diffuse, focal and rare cases of
cystic adenomyoma and is better detected by
MRI"*"*, Recently, four subtypes of adenomyosis
is proposed based on the clinical experience and
assessment by MRI/histology. Among them,
intrinsic adenomyosis (subtype I) is considered as
a product of direct endometrial invasion involving
inner-mid myometrium and extrinsic adeno-
myosis (subtype II) as endometriotic lesion com-
ing from outside involving outer myometrium and
is confirmed by separate study from our laborato-
ry?*. Despite its prevalence and the severity of
symptoms, little information is available on the eti-
ology/pathogenesis of adenomyosis and our
knowledge is insufficient on the factors related to
negative fertility outcome in women with adeno-
myosis. An updated information on the etiology
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and pathogenesis of adenomyosis is reported
elsewhere (1). In this review article, we aim to
summarize our current understanding on factors
that might be associated with infertility. In this arti-
cle, a comprehensive review was performed with
a literature search using PubMed for all publica-
tions in English, related to adenomyosis and infer-
tility, from inception to April 2021.

Association with infertility

Female infertility and subfertility are clinical
conditions associated with a significant economic
and psychosocial impact®®. There are many
gynecological diseases that influence infertility
including endometriosis®, ovulatory dysfunc-
tion®, tubal factor®, endocrine disruption®,
reduced endometrial receptivity®*, and age-relat-
ed infertility®. The infertility is highly prevalent
among women with endometriosis (25-50%), its eti-
ology is ambiguous and the exact mechanisms dri-
ving infertility are unclear, as the majority of
women with endometriosis are able to conceive
but with reduced fertility**. Similarly the mecha-
nisms causing infertility or subfertility in women
with adenomyosis are elusive, because majority of
women with adenomyosis are multiparous.
Approximately, 20% of cases of adenomyosis
involve women younger than 40 and 80% are aged
40 to 50 years, when they almost complete their
childbearing activity”. Recently, however, an
association between adenomyosis and infertility
has emerged. With the advent of non-invasive
diagnosis with MRI and TVUS, the role of adeno-
myosis in infertility and early pregnancy was bet-
ter recognized™®.

A potential concern exists in the majority of
reported studies to find an association between
adenomyosis and infertility as adenomyosis com-
monly coexists with other pathologic processes
linked to infertility such as endometriosis, polyps
or leiomyomas™. Endometriosis is reported to

occur in 54-90% of cases with adenomyosis™".
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Therefore, we cannot avoid the bias that cause of
infertility is due to concurrent endometriosis
rather than adenomyosis, because endometriosis
is a well-known condition to cause infertility*.
However, a study with baboons showed a strong
association between histological adenomyosis
and lifelong infertility even in cases when coexist-
ing endometriosis was excluded™. This was con-
firmed in another study of women who received
embryos created through oocyte donation. In this
study, the miscarriage rate was significantly high-
er in groups of women who had adenomyosis
alone versus those with co-existing endometriosis
or controls*. A recent meta-analysis further con-
cluded that adenomyosis has a detrimental effect
on clinical outcomes of in vitro fertilization".

Proposed mechanisms

A recent trend is that women delay their first
pregnancy until they are aged in their late 30s or
early 40s and as such adenomyosis has been diag-
nosed with increasing frequency in infertile
women™. Although the exact mechanism behind
the relationship between adenomyosis and infer-
tility is still unclear, a number of factors has been
proposed and focused on four putative pathways:
(@) Intrauterine abnormities and increased uterine
peristalsis causing abnormal utero-tubal sperm
transport. Intrauterine anatomical distortion
caused by uterine hyperperistalsis and inflamma-
tion-induced adnexal adhesion may block the
tubal ostia and potentially impair sperm migration
and embryo transport. The abnormal myometrial
contraction waves leads to abnormal sperm trans-
port through the uterine cavity and may also lead
to intrauterine pressure'™®. (i) Abnormal
endometrial steroid metabolism, increased
inflammatory response, and increased intrauterine
oxidative stress environment leading to altered
endometrial function and receptivity®®. The
increased density of macrophages (M¢) increas-
es inflammatory response of the endometrium

and release of reactive oxygen species that are
thought to be embryotoxic®. (iii) Impairment of
implantation may result from inflammation, a lack
of adequate expression of adhesion molecules
(integrins), reduced expression of implantation
markers such as leukemia inhibitory factor (LIF),
and altered function of the gene for embryonic
development (HOXA10)™. (iv) Occurrence of
chronic endometritis (CE) resulting from
intrauterine microbial infection may be associated
with negative fertility outcome in women with
adenomyosis™.

Recent studies have shown a correlation
between CE and reproductive failures such as
recurrent implantation failures (RIF) after IVF-ET,
recurrent miscarriage and unexplained infertili-
ty™™. The major cause of CE is microbial infection
in the uterine cavity. This is supported by the fact
that treatment with antibiotics is effective to elim-
inate plasma cells in the affected patients™®. A
multicenter cohort study in Japan reported higher
incidence of uterine infection in patients with dif-
fuse adenomyosis that may result in the occur-
rence of chronic endometritis (CE) in these
women®. Although it is controversial about the
causality between CE and embryo implantation
failure, reports suggest that CE negatively affects
reproductive outcome. A recent study provides the
first piece of clinical evidence that a variable rate
of chronic endometritis (CE) occurs in women
with different types of adenomyosis such as
focal/diffuse adenomyosis and intrinsic/extrinsic
adenomyosis®™. These findings indicated that a
variable occurrence of CE in different types of ade-
nomyosis may be involved in negative fertility out-
come.

Similar to endometriosis where inflammation
is a common factor associated with infertility and
chronic pelvic pain, a similar inflammatory
response of the endometrium may play a signifi-
cant role in the adverse reproductive outcome in

44.48)

women with adenomyosis In contrast to
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women with endometriosis, adenomyosis has not
yet been shown to have an adverse influence on
oocyte function or folliculogenesis™. In patients
with endometriosis, different inflammatory mark-
ers (macrophages, prostaglandins, IL-1, IL-6, TNF
«) were increased in the peritoneal fluid and
their high concentrations may negatively affect
oocyte function™. However, no association has
been found so far between adenomyosis and
oocyte quality and/or function.

Role of microvilli and
axonemal alteration

A successful spontaneous conception
requires normal function of endometrium and
Fallopian tube and this contributes to a physiolog-
ically optimized environment for fertilization and
early embryonic development. This provides a
conduit for the gametes to convene and for the
embryo to reach the uterine cavity®™. The suc-
cessful capture and/or migration of sperm and
embryo may be achieved by the efficient micro-
tubule-mediated movement of microvilli in the
apical surface of endometrium®. Adenomyosis-
induced local inflammation is one of the biological
bases for a negative impact of adenomyosis on fer-
tility®. Negative fertility outcome in women with
adenomyosis could be due to tissue inflammation
of the endometrium and/or toxic effect of chemi-
cal mediators as released by different immune
cells™®. If these embryotoxic chemical mediators
diffuse to the apical endometrial cells, they may
cause structural damage to the apical microvilli
and its core bundles of microtubules™. In fact,
inflammation-induced damage of mucosal cilia in
the Fallopian tube has been described in women
with ectopic pregnancy and salpingitis®™.

A longitudinal bundle of microtubules is
encased at the core of the microvilli ultra-structure,
known as axoneme. Similar to Fallopian tube,
these microtubules are arranged in a 9+2 pattern
in which nine peripheral microtubule doublets
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surround a core of two central single micro-
tubules®®. Each doublet microtubule consists of
an A and a B component. Extending from each A
microtubule to the B microtubule of the adjacent
doublet, is a dynein arm; these dynein arms,
depending on whether they anchor to the inner or
outer side of the A microtubule, are called inner
dynein arm (IDA) or outer dynein arm (ODA),
respectively. The energy required for microvilli or
cilia movement is derived from ATP hydrolysis
through ATPs activity of ODA causing transfor-
mation of chemical energy from ATP into a
mechanical movement of the single microvil-
lus®™®. The sliding movements between peripher-
al doublets are transmitted through a different
ultra-structural component, called radial spokes, to
the central part of the axoneme (central micro-
tubules), resulting in microvilli bending®. It can be
noted that any abnormality in the 9+2 arrangement
of microtubules in the microvilli or its core com-
ponent may impair ciliary/microvilli movement of
Fallopian tube or endometrium. An ultra-structur-
al diagrammatic representation of an axoneme
with 9+2 arrangement of microtubules (A) and
axonemal arrangement in the apical endometria
collected from a control woman (B) and a woman
with diffuse adenomyosis (C), as detected by
transmission electron microscopy (TEM), are
shown in Fig. 1.

In an attempt to find an association between
endometrial inflammation, microvilli damage and
an axonemal alteration in the apical endometria, a
recent prospective cohort study was performed
using endometria derived from women with and
without adenomyosis®. An in-depth evaluation
with TEM found that comparing to control
endometria, number of microvilli on the apical
epithelial cells of endometria collected from
women with focal and diffuse adenomyosis was
significantly decreased in response to endometri-
al inflammation®. A separate analysis showed
that number of microvilli on the apical endometria
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A Diagram: cross-section of a microvillus B Control woman (CIN3) C Diffuse adenomyosis

outer dynein arm
inner dynein arm

central microtubule (MT): 20nm x 30nm (2 in number) normal distribution of microtubules
peripheral microtubule (MT): 25am x Snm (9 in number) (9 peripheral pairs + 1 central pair) central MT-disappears or damaged

Figure 1. Transmission electron microscopy (TEM) shows distribution of microtubules (MT) after cross section of a
single microvillus. (A) Diagrammatic representation of normal arrangement of microtubules (9 pairs of
peripheral microtubules+1 separated central pair). (B) Distribution of microtubules in endometria of con-
trol women. Normal distribution of 9 pairs of peripheral MT and one pair of central MT (marked by num-
bers) in a microvillus of endometria collected from control women (CIN3). (C) Distribution of microtubules
in endometria of adenomyosis. Abnormal distribution of MT in a microvillus collected from the endometria
of diffuse adenomyosis showing that central pair of MT is either disappeared or damaged.

controls (CIN3)

No. of microvilli

AW __PW fundus contra ipsi fundus
control (n=10) focal adeno (n=17)

801C

focal adenomyosis

diffuse adenomyosis

proli  secre proli ~ secre
control focal adeno

Figure 2. (A) Transmission electron microscopic analysis of microvilli in apical endometria. Transmission electron
microscopy (TEM) shows distribution of microvilli in the different anatomical sites of endometria collected
from control women with CIN3 (upper row)), focal adenomyosis (middle row), and diffuse adenomyosis
(lower row). (B) Number of microvilli in each anatomical sites of control women and women with focal ade-
nomyosis. (C) Distribution of microvilli based on phases of the menstrual cycle of women with CIN3 and
focal adenomyosis. There was no significant difference in the number of microvili between proliferative phase
and secretory phase of these two groups of women. Scale bar=1 um for each slide (A). The results are
expressed as mean + SEM.
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was significantly decreased on the ipsilateral side
of focal adenomyosis than that on the contralater-
al side (Fig. 2 A, B). There was no significant dif-
ference in the distribution of microvilli in any
anatomical site of endometria collected from con-
trol women and these findings were independent
of the phases of the menstrual cycle (Fig. 2 B, C)).

While contralateral side displayed signifi-
cantly less abnormal microtubules, ipsilateral side
of focal adenomyosis showed significantly higher
abnormal comparing to normal patterns of micro-
tubules (Fig. 3, middle and lower row). In three
cases of control women with CIN3, there was no
abnormal microtubule as detected by TEM (Fig. 3,
upper row). These findings were consistent with
strong tissue inflammatory reaction in endometria
collected from women with focal and diffuse ade-

nomyosis comparing to that of control women with
both fibroids and CIN3™. In fact, significantly less
tissue infiltration macrophages was observed in
the endometria of women with CIN3 than in
endometria of women with focal adenomyosis and
difuse adenomyosis®™. Interestingly, endometria
collected from symptomatic women with focal
adenomyosis showed significantly increased tis-
sue inflammatory reaction comparing to that of
asymptomatic women™. These biological and
ultra-structural abnormal findings in the endome-
tria may be associated with negative fertility out-
come in women with adenomyosis. The distribu-
tion of abnormal axonemal arrangements was
more frequently observed in women with sympto-
matic adenomyosis than that in asymptomatic
women. The detail distribution of normal and

controls (CIN3)

contralateral (focal)

ipsilateral (focal)

Scale bar: 100nm

Figure 3. Shows distribution of microtubules in different cases with CIN3 and adenomyosis. Transmission electron
microscopy (TEM) shows distribution of microtubules (MT) in the microvilli of endometria collected from
three different cases of control women (CIN3) (upper row), contralateral side (middle row) and ipsilateral
side (lower row) of focal adenomyosis. All 3 cases from control women (a, b, ¢) showed normal distribution
of MT (9 peripheral pairs+1 separated central pair). Two cases from contralateral side showed normal dis-
tribution of MT (d, e) and one case (f) shows abnormal distribution (distorted alignment of peripheral MT
and central MT disappears). All 3 cases from ipsilateral side showed abnormal distribution of MT (g, align-
ment distorted in peripheral MT; h, peripheral MT-intact but one arm of central MT disappears; i, periph-
eral MT-intact but central MT is disappeared or damaged). Scale bar=100nm for each slide.
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Table 1. Distribution of normal and abnormal microtubules

normal abnormal

microtubules microtubules P value

Controls (CIN3) (n=10), n (%) 10 (100) 0(0) 0.0000

Adenomyosis (n=20), n (%) 5(25) 15 (75) 0.0016
Focal adenomyosis (n=17):

contralateral side, n (%) 14 (82.3) 3(17.7) 0.0002

ipsilateral side, n (%) 5(29.4) 12 (70.6) 0.0164
Diffuse adenomyosis (n=3)

anterior wall, n (%) 3 (100) 0.1336

posterior wall, n (%) 3 (100) 0.1336

Symptomatic (n=16), n (%) 3 (18.7) 13 (81.3) 0.0004

Asymptomatic (n=4), n (%) 3(75) 1(25) 0.1573

Data were analyzed by Chi-squared test. CIN3, cervical intraepithelial neoplasia grade 3

Altered uterine
contractility

|

Oxidative stress
environment

Infertility in
adenomyosis

Thickening of the
junctional zone

Anatomical distortion /microvilli damage, axonemal Abnormal steroid

of pelvic adnexa

|

Impair fertilization,
implantation

N

alteration of apical endometria

Impair utero-tubal
sperm transport

metabolism

|

Impair endometrial
function/receptivity

/

Pregnancy failure and/or pregnancy loss

Figure 4. Represents different mechanistic bases that have been proposed and may be involved in the occurrence of

negative fertility outcome in women with adenomyosis.

abnormal microtubules in the apical endometria of
women with and without adenomyosis is shown in
Table 1.

An Italian study demonstrated that clinical
pregnancy rate, implantation rate, and live birth
rate are not impaired in asymptomatic women

with adenomyosis comparing to groups of women
without adenomyosis in IVF cycles®. On the
other hand, a systemic review and meta-analysis
targeting IVF outcome suggested that women
with symptomatic adenomyosis have a 28% reduc-
tion in the likelihood of clinical pregnancy rate
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992 Khaleque N Khan

(RR=0.72; 95% CI, 0.55-0.95) and two fold increase
in the risk of miscarriage (RR=2.12; 95% CI, 1.20-
3.75)™. These findings indicate that complain of
symptoms may be associated with a causal link
between adenomyosis and infertility. Our findings
may support the mechanistic basis of these ART
clinical trials®™. In addition to other mechanistic
links as mentioned above, the ultra-structural
abnormalities of microvilli and microtubules in the
apical endometria in response to tissue inflamma-
tory reaction may clarify the possible association
between negative fertility outcome and adeno-
myosis. The possible mechanisms that might be
involved in infertility in women with adenomyosis
are shown in Fig. 4.

Conclusion and future perspective

With the elapse of more than one hundred
and fifty years since the report of Von Rokitanski
in 1860, most of the literatures still claim that the
pathogenesis and pathophysiology of endometrio-
sis and adenomyosis is unclear. Despite abundant
publications, lack of standardized histopathologic
criteria for diagnosis and variable number of his-
tologic tissue samples evaluated per hysterectomy
lags behind exact information on the true inci-
dence rate of adenomyosis. However, the bulk of
recent evidence has improved our knowledge
greatly on the pathogenesis and supports that
among many hypotheses, adenomyosis most
commonly results from direct invasion of gland
cells of endometrial basalis layer deep into the
myometrium by repeated tissue injury and repair
at the endo-mymetrial interface®.

Most of the studies investigating adeno-
myosis as a possible cause of infertility have
focused on the comparison of clinical outcomes of
ART procedures between affected and non-affect-
ed infertile women. The rationale for this
approach is that it allows evaluating the influence
of adenomyosis on embryo implantation. The bio-
logical basis for a negative impact of adenomyosis
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on fertility may include one of the followings: ade-
nomyosis-induced local inflammation, impair-
ment of utero-tubal sperm transport, altered
endometrial function/receptivity, dysregulation
of local hormonal metabolism leading to hypere-
strogenic mileu. According to our most recent
information, an endometrial inflammation-
induced microvilli damage and an axonemal alter-
ation in the apical endometria may clarify a link
between adenomyosis and negative fertility out-
come. These recent findings may be clinically
useful during counseling with symptomatic
patients with adenomyosis who are planning for
future pregnancy.

Unfortunately, there are several factors that
make it difficult to investigate the relationship
between adenomyosis and infertility: (i) the inci-
dence of adenomyosis is not correctly known, (ii)
universally accepted diagnostic criteria for adeno-
myosis are still lacking, (iii) adenomyosis often
coexists with endometriosis and/or uterine
fibroids. There is an unmet need for adequately
designed prospective studies in order to improving
our knowledge of this polymorphic disease, con-
sequently establish more effective therapeutic
strategies and to evaluate the cause-effect rela-
tionship between adenomyosis and infertility.
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