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Adenomyosis refers to an estrogen-dependent gynecological benign disease in 
which the endometrial glands and stroma invade the myometrium, resulting in local-
ized or diffuse adenomyosis. It often combines with uterine fibroids, endometrial 
polyps, endometriosis, etc. The incidence of adenomyosis ranges from 1 to 70% [1] 
due to the variation of diagnostic criteria. The main clinical manifestations are pro-
gressive dysmenorrhea, chronic pelvic pain, menorrhagia, and infertility. With the 
improvement of magnetic resonance imaging (MRI), transvaginal ultrasound imag-
ing, and other examination techniques, the detection rate of adenomyosis is also 
increasing [2, 3]. Although it has been nearly 100 years since the name of the dis-
ease is mentioned, the true pathogenesis of adenomyosis is still a mystery. This 
chapter will discuss and focus on the latest knowledge in the pathogenesis of 
adenomyosis.

2.1  Endometrial Invasion (Into the Myometrium) Theory

The theory of endometrial invasion into the myometrium is also called the basal 
endometrium invagination theory. Due to the lack of submucosa, the endometrium 
and the myometrial layers are in direct contact, and the barrier is relatively weak. 
The junction between the endometrium and the myometrium is called the 
endometrial- myometrial junctional zone (JZ), and some scholars call it the 
 endometrial myometrial interface (EMI) [4]. Studies have shown that the thickness 
of JZ in patients with adenomyosis increased significantly. At present, most scholars 
believe that the thickness of JZ has to exceed 12 mm to diagnose adenomyosis [1, 5].
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2.1.1  Endometrial Basal Layer Injury

Research studies found that women with a history of uterine or uterine cavity sur-
gery, such as cesarean section, multiple births, multiple abortions, hysteroscopic 
myomectomy, diagnostic curettage, intrauterine device placement, etc., had almost 
1.5 times the incidence of adenomyosis than those without such operations [5, 6]. 
Therefore these surgical procedures are high-risk factors for the formation of adeno-
myosis. The surgical operation of the uterus and uterine cavity can cause endome-
trium and EMI damage. The tissue injury and repair (TIAR) mechanism is activated, 
and the functional layer of the endometrium is recessed inward through the EMI; it 
gradually invades the myometrium and leads to the formation of adenomyosis [7]. 
In pregnancy, it is believed that the proliferation of uterine myocytes, the expansion 
of the uterine wall, and the involution of the postpartum uterus may damage the 
endometrium-myometrium JZ, resulting in the invasion of the endometrium into the 
myometrium.

On the other hand, obstetric complications, such as placental implantation, pla-
cental adhesions, uncoordinated uterine contractions, prolonged labor, cesarean 
section, and gynecological uterine surgery, such as laparoscopic myomectomy, hys-
teroscopic myomectomy, and endometrial ablation, can directly damage the 
EMI. Any uterine cavity surgery, like dilatation and curettage (D&C), polypectomy, 
and surgical abortion, may directly cause gaps or channels between the endome-
trium and the myometrium, resulting in the invasion of endometrium directly into 
the myometrium. Besides, adenomyosis is often accompanied by reproductive tract 
malformations, such as uterine malformation and vaginal septum. These two condi-
tions lead to obstruction of menstrual flow and increase intrauterine pressure, and 
then it may cause the endometrium to invade into the muscle layer. Finally, congeni-
tal developmental abnormalities of the uterus may also have loose connections or 
gaps between the endometrium and myometrium, which can cause the endome-
trium to invade the myometrium and cause adenomyosis directly.

2.1.2  Enhancement of Endometrial Invasion and Adhesion 
Ability Theory

Matrix metalloproteinases (MMP) are a class of enzymes that degrade the extracel-
lular matrix. It is suggested that the overexpression of endometrial metalloprotein-
ase can enhance the endometrial tissue’s invasiveness. Li et al. 2006 [8] found that 
there were high expressions of MMP 2, 3, and 9 in eutopic endometrial and ectopic 
endometrial tissues in patients with adenomyosis. Their expression levels were sig-
nificantly higher than those in patients without adenomyosis, and MMP inhibitory 
enzymes −1 and 2– in endometrial tissue of adenomyosis were significantly lower 
than the endometrium in those without adenomyosis. Under the influence of various 
environmental or hormonal factors, the endometrial tissue itself may degrade the 
extracellular matrix components, including the basement membrane; thereby it can 
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destroy the natural barrier that prevents the endometrium from invading the myome-
trium, resulting in the formation of adenomyosis.

Cell adhesion molecules are membrane glycoprotein molecules that mediate the 
interaction between cells or between cells and substrates. They are involved in cell 
signaling and play an important role in the growth and differentiation of cells, cell 
migration, tumor metastasis, and wound healing. The expression of cell adhesion 
molecule-1  in the endometrium and the ectopic endometrium of the uterus with 
adenomyosis is significantly higher than that without adenomyosis. In addition to 
cell adhesion molecules, integrin β3 also plays a vital role in the process of cell inva-
sion and adhesion. It not only connects cells and extracellular matrix but also regu-
lates the occurrence of this process through signal transmission and reception. Xiao 
et  al. 2013 [9] also found that the expression level of integrin β3  in the uterine 
endometrium is lower than that of the ectopic endometrium and uterine endome-
trium of the uterus without adenomyosis. The integrin expression level of the endo-
metrium in a uterus with adenomyosis is reduced, which can destroy endometrial 
stability and decrease the basal adhesion of the basal layer, making it easier for the 
endometrium to invade the myometrium and eventually form the adenomyosis.

2.1.3  Abnormal JZ Between Endometrium and Myometrium

The endometrium-myometrium JZ was first proposed by Hricak H and others in 
1983 when they initially used MRI to examine the female reproductive system [10]. 
Endometrium-myometrium JZ is a new uterine JZ which is different from the JZ in 
other tissues in the human body, and it lacks an identifiable protective layer – the 
submucosa. That is, there is no “intermediate buffer zone” between the endome-
trium and the myometrium, so they are in direct contact. JZ is a special functional 
unit, which has the functions of regulating trophoblast invasion, providing nutrition, 
facilitating sperm transport, menstrual hemostasis, and local immunity and is of 
great significance for maintaining the physiological function of the uterus.

In recent years, with the in-depth study of the pathogenesis of adenomyosis, it 
has been confirmed that the interface between the endometrium and myometrium is 
unique, regardless of whether it is structural, functional, histopathological, and by 
imaging. It plays a key role in the pathogenesis of adenomyosis. The uterine JZ is 
an estrogen-progestin-dependent transformation zone and shows periodic changes 
[11]. The embryonic origin of the subendometrial muscle layer is the same as the 
endometrium, and the anatomical structure is directly connected to the endome-
trium, so it is speculated that its biological function may be related to the endome-
trium. In adenomyosis, probably due to the overproduction of estrogen, it may 
promote oxytocin-mediated uterine activity, causing endometrial hyperplasia and 
peristaltic enhancement, thereby increasing mechanical stress and tension, chronic 
long-term abnormalities, and excessive uterine creeping movement may cause 
micro damage to JZ and activate self-renewing tissue damage repair mechanisms [7, 
12, 13].
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The activation of the JZ TIAR mechanism promotes the local production of 
interleukin-1 (IL-1) and induces the activation of COX-2, leading to the produc-
tion of prostaglandin E2. The steroidogenic acute regulatory protein and cyto-
chrome P450 aromatase are subsequently activated; androgen is formed and 
aromatized into estrogen, resulting in a high estrogen status in the endometrium. 
Estrogen acts through estrogen receptors (ER-β) to promote proliferation and 
healing. During the normal healing process in the normal endometrium, the 
increase in estrogen secretion gradually stops. However, in the uterus with adeno-
myosis, the high levels of estrogen stimulate oxytocin-mediated peristalsis 
through the ER-α receptor, inhibiting the healing process. A positive feedback 
mechanism is then generated; through which the chronic peristalsis in JZ pro-
motes repeated cycles of injury and repair, resulting in the continuous rupture or 
damage of muscle fibers in the muscle wall. As each cycle gets worsen, the basal 
layer of the endometrium enters the myometrium, which eventually leads to the 
formation of adenomyosis [12, 13]. Also, a large number of studies have shown 
that abnormal amplitude, frequency, and direction of JZ contraction, especially 
active peristalsis or sluggish peristalsis, may be the cause of adenomyosis, endo-
metriosis, and infertility [14]. Liu et al. 2013 [15] speculated that the up-regula-
tion of NO (nitric oxide) in smooth muscle cells in the endometrium-myometrium 
JZ of   patients with adenomyosis might be related to the abnormal contractile 
function of this site. Normal women’s uterine contraction during menstrual period 
is from the fundus of the uterus to the cervix. This contraction helps hemostasis 
during the menstrual period and helps the exfoliated endometrial tissues exit the 
uterine cavity. Among patients with adenomyosis, this contraction movement dur-
ing menstrual period is significantly reduced or not active at all. This abnormal 
movement makes menstrual blood more easily refluxed into the abdominal cavity, 
causing endometriosis, which can also explain the high association of adenomyo-
sis and pelvic endometriosis.

2.1.4  The Proliferation of Ectopic Endometrial Cells 
and Unbalanced Apoptosis: [16]

Uterine adenomyosis is considered to be a proliferative disease. Therefore, the 
endometrial tissue proliferation ability and the inhibition of apoptosis have attracted 
much attention. Telomerase is a unique ribonucleoprotein. Its activity continuously 
adds telomere deoxyribonucleic acid (DNA)-repeating sequence at the end of chro-
mosomes to prevent the loss of telomeres and make cells proliferate and immortal-
ized. It is suggested that the ectopic endometrial cells of patients with adenomyosis 
under the activation of telomerase can enhance the proliferation ability of ectopic 
endometrial cells invading the uterine myometrium, promoting the proliferation of 
surrounding cells and participating in the formation of adenomyosis [16]. In adeno-
myosis, the expression level of telomerase is significantly higher than other tissues, 
and the expression level of telomerase in the lesions of severe diffuse adenomyosis 
is significantly higher than that of a local or mild adenomyosis.

F. Xiao



9

Ki67 is a cell proliferation marker that is expressed only in the nucleus of circu-
lating proliferating cells, not at resting cells. The expression of Ki67 in the ectopic 
endometrial glandular epithelium of adenomyosis was found to be significantly 
higher than the control group. It was also higher than that of the normal uterine 
endometrium in the secretory phase [17]. Besides, Xue et  al. 2003 showed that 
markers related to the proliferation of adenomyosis, such as proliferating cell 
nuclear antigen, cyclin-1, and cyclin-dependent kinase transfer growth factor and 
epidermal growth factor, were up-regulated. It suggested that after the endometrial 
cells invaded the myometrium, their proliferative capacity was enhanced and was 
important in the development of adenomyosis.

B-cell lymphoma-2 gene (Bcl-2) is called the apoptotic suppressor gene, and 
survivin protein is an apoptosis-inhibiting protein. Survivin gene is the strongest 
apoptosis-inhibiting gene currently found. It can exert anti-apoptosis by directly 
inhibiting the apoptosis pathway. High expression of survivin can promote cell pro-
liferation, participate in the regulation of cell mitosis, and resist various apoptosis- 
inducing factors, such as interleukin (interleukin, IL) -3, tumor necrosis factor 
(TNF) -α, chemotherapy, and radiation. The ectopic endometrial tissue of patients 
with adenomyosis showed a high expression of Bcl-2 and survivin [18], and the two 
showed a positive correlation. At the same time, Bax has an antagonistic role in the 
formation and progression of adenomyosis. Its level is down-regulated in the ecto-
pic endometrial tissue in adenomyosis; thus, this leads to enhanced apoptosis inhi-
bition, reduced apoptosis, and increased cell proliferation, participating in the 
pathogenesis of adenomyosis. Clinical applications of mifepristone and 
gonadotropin- releasing hormone analog (GnRHa) treatment can reduce levels of 
Bcl-2 and survivin expression.

Osteopontin (OPN) is a matricellular protein implicated in the pathogenesis of a 
variety of diseases. It also has an apoptosis-inhibiting effect. If OPN is lacking, the 
number of cell apoptosis increases significantly. The expression of OPN in the ecto-
pic endometrium of patients with adenomyosis [19] is significantly higher than that 
of the control group, resulting in the enhanced anti-apoptosis ability of ectopic 
endometrial cells; thereby they are more likely to survive, and grow. Therefore 
abnormal apoptosis may be an important factor in the development of 
adenomyosis.

2.2  Epithelial to Mesenchymal Cells Transformation

Migration and invasion factors are considered to be the key factors for the progres-
sion of adenomyosis. Epithelial-mesenchymal transition (EMT) is when epithelial 
cells lose their cell polarity and become mesenchymal cells to improve their ability 
to migrate, invade, and resist apoptosis [20, 21]. There are many EMT inducer 
involved in the process of EMT, and they are E-cadherin, CK7 (an epithelial cell 
marker), and transforming growth factor-β [22–24]. Chen et al. 2010 [25] found that 
changes in EMT markers were related to serum E2 levels. Estrogen induced EMT 
of ER-positive endometrial cells, causing them to migrate and invade. Therefore 
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induced EMT of endometrial epithelial cells contributes to the development of 
adenomyosis.

From the embryonic development, the mesoderm mesenchyme of the urogenital 
system transforms into the epithelium to form the endometrium in a specific micro-
environment. Mesenchymal epithelialization is not only the direct basis of endome-
triosis stem cell theory but can also be the direct basis of adenomyosis via EMT. The 
process of EMT involves a series of important protein molecules and signal trans-
duction pathways, as discussed above. It is currently a hot research topic for endo-
metriosis and adenomyosis. Since the role of the EMT process in the pathogenesis 
of adenomyosis is still unclear, further research is important.

2.3  Differentiation of Embryonic Multipotent Müllerian 
Duct Remnant

The Müllerian duct is the original embryonic structure that develops into the female 
uterus, fallopian tube, and upper vagina during fetal life [26]. The Müllerian duct is 
composed of surface epithelium and urogenital crest mesenchyme and can differentiate 
into endometrial glands and stroma [27]. It is speculated that the differentiation of the 
embryonic pluripotent Müllerian duct remnant in the uterine wall of adult females may 
lead to the establishment of ectopic endometrial tissue, forming the adenomyosis.

Adenomyosis has the typical characteristics of smooth muscle hyperplasia and 
fibrosis. In contrast, deep infiltrating endometriotic nodules are also considered to 
be a possible result of Müllerian duct differentiation, such as proposed by Dunnez 
et  al. 1996 [28]. Adenomyoma and vaginal and rectal septum endometriosis are 
considered to be extrauterine adenomyosis lesions. They are similar to adenomyosis 
lesions in pathology and clinical characteristics, and it seems to support this patho-
genesis theory.

It is reported in the literature that some patients with congenital genital tract 
malformation, mayer-rokitansky-küster-hauser (MRKH) syndrome, with their pri-
mordial uterus without a functional endometrium, can develop adenomyosis [29]. 
The finding in these patients did not support the theory of endometrial damage and 
invasion to explain the occurrence of adenomyosis. Therefore, some scholars pro-
posed that adenomyosis could be developed from the remnant of the Müllerian 
ducts in the muscular layer.

2.4  Endometrial Stem Cell Theory

Gargett, 2007 [30], had found that there were very few epithelial and mesenchymal 
stem cells in the endometrium of adult women. Under normal circumstances, endo-
metrial stem cells are at rest. Endometrial stem cells are located in the basal layer of 
the endometrium. After abnormal shedding, they can enter the pelvis through the 
fallopian tubes to form endometriosis. If endometrial stem cells migrate abnormally 
and invade the myometrium, then they form the adenomyosis. Chan et al. 2004 [31] 
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had identified active epithelial and mesenchymal stem cell populations from the 
basal layer of the endometrium and stroma from hysterectomy specimens. Kato, 
2012 [32], confirmed that these stem cells were located among the basal cells of the 
endometrium and were responsible for the periodic repair of the endometrium after 
menstruation. In a normal endometrium, the presence of endometrial basal cells is a 
key factor for regeneration and renewal. However, it can also grow indefinitely and 
can even extend beyond the endometrium. Some scholars have found that under the 
stimulation of tissue damage, endometrial stem cells were activated, and prolifera-
tion, regeneration, and differentiation occurred, which could promote the invasion 
as ectopic endometrium. This phenomenon can also be explained by the “stem cell 
niche hypothesis”; that is to say, the stem cells are located in the niche, and under 
normal circumstances, the niche can prevent stem cells from proliferating, differen-
tiating, and apoptotic, leaving them in a quiescent state. When the niche is destroyed, 
stem cells will proliferate, regenerate, and differentiate to varying degrees [33]. The 
activation of stem cells does not only promote tissue repair, and excessive activation 
can even lead to the occurrence of proliferative diseases, such as tumors. Therefore, 
the abnormal activation of endometrial stem cells may be one of the pathogenesis of 
adenomyosis.

In 2004, Taylor [34] found a donor-derived endometrial gland and mesenchymal 
cells in the endometrium of four female recipients who received HLA-unmatched 
bone marrow transplantation, which suggested that bone marrow stem cells could 
differentiate into endometrial cells. In mice and in vitro experiments [35–37], it also 
confirmed that bone marrow stem cells could indeed differentiate into mature endo-
metrial cells. From these studies, it can be speculated that bone marrow stem cells 
may play a role in the development of adenomyosis.

Using electron microscopy, Ibrahim et al. 2015 [38] described another popula-
tion of stem cells. These stem cells were located in the epithelial glands of the basal 
endometrium. Because their cytoplasm was electronically glowing, they were called 
pale cells. In the JZ of patients with adenomyosis, these stem cells were signifi-
cantly less connected to the surrounding epithelial cells (loss of desmosome junc-
tions). They presented more feet-like structures than in disease-free women. 
Therefore, it is suggested that in adenomyosis, pale cells might be displaced through 
the basement membrane, gain movement characteristics, and migrate to the intersti-
tium and then transfer into the myometrium, where they formed new adenomyosis. 
Pale cell migration requires multiple signaling pathways and biological factors to 
co-regulate; the cell-to-cell tight connection junction is disintegrated, the expres-
sion of adhesion molecules is down-regulated; the basement membrane micro- 
rupture and the up-regulation of MMP may be involved in the migration process [39].

2.5  Abnormal Uterine Nerve

Under normal circumstances, the uterine nerves consist of sympathetic and para-
sympathetic nerves from S2 to S4. These nerve fibers pass through the uterosacral 
ligament to the paracervical tissue before entering the uterus and form the 
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Frankenhauser plexus at the posterolateral part of the cervix; the other part of inner-
vation is introduced through the other ligaments of the uterus and the peritubal 
nerve fibers. Most of the uterine nerves are distributed at the interface of the endo-
metrium and myometrium, that is, the nerve distribution in the inner 1/3 of the 
uterus is greater than the nerve distribution in the outer 2/3, and the nerve can reach 
the endometrial glandular epithelium and spiral arterioles. Due to the cyclical 
shrinkage of the endometrial function layer, the nerve fibers on this layer would 
have periodic denervation and nerve regeneration.

When various factors, such as pregnancy, miscarriage, childbirth, surgery, and 
infection, cause damage to the uterine nerves, the damaged nerves can release vari-
ous neurotransmitters and neural mediators and can attract macrophages and release 
prostaglandins to the injured area, resulting in the accumulation of inflammatory 
factors and growth factors. Patients with adenomyosis who show clinical pain 
symptoms have a large number of abnormal nerve fiber hyperplasias at the interface 
of the endometrium and myometrium [40]. The abnormal nerve fibers are directly 
related to the patient’s pain and thus involved in the mechanism of pain. These nerve 
injury and regeneration activities at the JZ may account for the abnormal contrac-
tion of the muscular layer and the increase of peristalsis in the JZ in adenomyosis, 
thus causing other symptoms of adenomyosis.

After treatment with hormonal drugs, such as oral contraceptives, progesterone 
or levonorgestrel intrauterine system (LNG-IUS), and GnRHa for adenomyosis, in 
addition to the decrease in nerve fibers in the uterine endometrium and myome-
trium, the expression of nerve growth factor (NGF) and its receptors also decreased. 
Therefore the symptoms of dysmenorrhea improved [41]. On the other hand, estro-
gen can increase the expression level of NGF in adenomyosis, thus increasing the 
severity of adenomyosis. Locally released NGF can stimulate the release of inflam-
matory mediators, such as serotonin, histamine, and tumor necrosis factor, by stim-
ulating mast cell degranulation, thereby inducing inflammation. It has been shown 
that increased expression levels of NGF and its receptors in the ectopic endome-
trium of adenomyosis can increase the sensitivity of uterine nerves, aggravate the 
inflammatory response, and cause abnormal growth of local nerve fiber prolifera-
tion in adenomyosis. NGF can, in turn, stimulate the expression and release of focal 
neuropeptides to excite the neuron ends, to maintain the survival and development 
of sensory neurons, and participate in pain regulation, thus increasing pain or hyper-
algesia in adenomyosis. Therefore, abnormal growth of uterine nerve fibers not only 
participates in the pathogenesis of adenomyosis but also participates in the mecha-
nism of dysmenorrhea in adenomyosis.

2.6  The Theory of Increased Angiogenesis

Adenomyosis is often associated with endometrial proliferation, where the growth 
of endometrial cells requires blood vessels to provide nutrition and eliminate meta-
bolic waste. When hysteroscopy is performed on patients with adenomyosis and 
about 50% of patients have abnormal vascularization in the endometrium [42]. 
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Vascular endothelial growth factor (VEGF) is an important factor that promotes 
angiogenesis, and its expression level in tissues can reflect tissue angiogenesis. Mu 
et al. 2014 [43] had shown that in patients with adenomyosis, the number and activ-
ity of VEGF in the intima and serum were significantly higher than in normal peo-
ple, and the level of VEGF in the serum of patients after surgical treatment was 
reduced compared with before treatment. Compared with a control group, the 
microvessel density (MVD) in the ectopic endometrium of patients with adenomyo-
sis was significantly increased. Therefore, it can be speculated that the formation of 
new blood vessels affects the occurrence of adenomyosis, and it may also be the 
cause of menorrhagia. Liu et  al. 2016 [44] found that platelets accumulated in 
patients with adenomyosis activated the TGF-β1/Smad3 signaling pathway, induc-
ing EMT, fibroblast to myofibroblast transdifferentiation, smooth muscle cell prolif-
eration, and fibrosis and then participated in the development of adenomyosis. 
Antiplatelet therapy is a potential treatment for adenomyosis, because angiogenesis 
is a necessary condition for the endometrium to invade the myometrium and con-
tinue to grow. The formation of blood vessels not only supplies the nutrients required 
for the growth of the ectopic endometrium but also may be an important way for the 
transfer of endometrial cells from the normal intima to the myometrium. In terms of 
molecular biology, adenomyosis VEGF with its angiogenic activity at EMI is sig-
nificantly enhanced but does not change with the proliferation and secretion phase; 
VEGF not only accelerates the uterine endometrial gland invasion but also pro-
motes ectopic endothelial cell proliferation. All the above findings support the the-
ory of increased angiogenesis as the pathogenesis of adenomyosis.

2.7  High Estrogen and High Prolactin Theory

Patients with endometriosis have abnormal hypothalamic-pituitary-ovarian axis 
function and often have corpus luteum dysfunction. Both adenomyosis and endo-
metriosis are estrogen-dependent diseases. Anti-estrogen drugs are used to treat 
endometriosis as well as adenomyosis. Obviously, androgen is the root cause of 
adenomyosis.

Aromatase, also called estrogen synthetase or estrogen synthase, is an enzyme 
responsible for a key step in the biosynthesis of estrogens. Patients with adenomyo-
sis have high expression of aromatase in the endometrium, but in the endometrium 
of women without adenomyosis, its expression is difficult to be detected. In addition 
to aromatase, the activity of 17β-hydroxysteroid dehydrogenase type 2 that decom-
poses estrogen decreases, which ultimately leads to a high-estrogen environment in 
adenomyosis. After the estrogen combines with the corticotropin-releasing hor-
mone and urocortin in the adenomyosis, these hormones stimulate cyclooxygenase 
and its isoenzyme C0X-2, to make an increase in PGE2. Both COX-2 and PGE2 are 
powerful inducers of aromatase activity and exert a positive feedback mechanism to 
aggravate dysmenorrhea. It is suggested that estrogen can indirectly promote uter-
ine contraction and coordinate with oxytocin to regulate uterine contractility. 
Therefore the locally increased estrogen in adenomyosis can regulate uterine 
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contractility, resulting in abnormal contractions and increased peristalsis of the sub-
endometrial myometrium. That is why the use of aromatase inhibitors to treat ade-
nomyosis can reduce the uterine volume of adenomyosis and dysmenorrhea. It has 
the same effect as gestrinone. This finding supports the increase of estrogen levels 
in patients with adenomyosis; especially the local high estrogen environment is the 
main cause of adenomyosis [45].

In addition to estrogen, hyperprolactinemia can also directly induce adenomyo-
sis. Prolactin can promote the binding of estrogen to its receptors and increase the 
effective biological activity of estrogen.

2.8  Immune Factors

Recent studies have found that the onset of adenomyosis may be related to abnor-
malities in humoral immunity, cellular immunity, and cytokines [45, 46]. In terms 
of humoral immunity, patients with adenomyosis may have abnormalities in immu-
noglobulin and complement. Abnormal cellular immunity of adenomyosis mainly 
includes natural killer cell reduction, macrophage increase, and helper T cell 1/
helper T cell 2 (Th1/Th2) cell imbalance. The reduction of the killing capacity of 
natural killer cells is beneficial to the implantation of endometrial cells in the myo-
metrium. After activation, macrophages can secrete a variety of inflammatory fac-
tors, such as interleukin (IL) -1β and TNF-α, and increase the oxidation reaction, 
resulting in increased oxygen consumption, resulting in oxidative stress, which in 
turn has a toxic effect on the embryo, affecting embryo implantation, and reduce the 
pregnancy rate. After treatment with GnRHa, the number of macrophage infiltration 
in the endometrium and uterine myometrium of patients with adenomyosis was 
significantly reduced and accompanied by a significant reduction of monocyte che-
moattractant protein, (MCP -1), thereby increasing the clinical pregnancy rate of 
patients with adenomyosis, which may explain the immunological mechanism of 
adenomyosis with infertility [47].

2.9  Genes and Genetic Factors

Genetic factors may be involved in the occurrence of adenomyosis, but this process 
requires the joint action of external factors. At present, no single gene has been 
found that directly leads to the formation of adenomyosis. Studies have shown that 
related gene changes may be involved in the occurrence and development of adeno-
myosis, which is mainly achieved through apoptosis regulation, proliferation regu-
lation, and mutation and inactivation of tumor suppressor genes [48, 49]. In 
adenomyosis lesions, the apoptosis control gene Bcl-2 shows continuous high 
expression without periodic changes, and the local ectopic endometrial tissue and 
the influence of the internal environment can up-regulate its expression. The 
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existence of Bcl-2 protein prevents ectopic endometrial cells of the adenomyosis 
from expressing and triggering cell surface receptors related to apoptosis, which 
reduces apoptosis and increases cell proliferation. It, in turn, promotes the occur-
rence and development of adenomyosis. At the same time, the high expression of 
survivin protein in the ectopic endometrial gland of adenomyosis significantly 
enhances the anti-apoptosis ability of ectopic endometrial cells. It also slows down 
apoptosis, thereby prolonging the survival time of endometrial cells invading the 
myometrium. Therefore, the high level of survivin protein may also be one of the 
causes of adenomyosis. In the uterine endometrium and ectopic endometrium of 
adenomyosis patients, the expression intensity of Fas/FasL is significantly weak-
ened, and the imbalance causes ectopic endometrial cells to survive and escape the 
attacks from the body’s immune system, which is an important mechanism for the 
pathogenesis of adenomyosis [50]. Adenomyosis patients have overexpression of 
many other genes closely related to cell proliferation, which promotes the growth of 
the intima, which leads to the occurrence and development of adenomyosis. These 
related genes mainly include proliferating cell nuclear antigen, proto-oncogene 
c-myc, proto-oncogene TrkB, and pituitary tumor transformation genes. The expres-
sion of these genes can promote cell proliferation, regulate the cell cycle, inhibit cell 
secretion, regulate apoptosis, promote cell migration, ectopic attachment, angiogen-
esis, and invasion, and ultimately promote the occurrence of adenomyosis [51]. 
Also, the inactivation of tumor suppressor genes and the occurrence of adenomyosis 
are closely related to the occurrence and development of adenomyosis [49].

In addition to epigenetic involvement in the pathogenesis of adenomyosis, a vari-
ety of oncogenes or tumor suppressor genes, metabolic genes, and cell signal regu-
lation genes (or factors) have been found in recent years that may be related to the 
onset of adenomyosis. Because these oncogenes or metabolic genes can proliferate 
and invade, adenomyosis with these genes also has the characteristics of invasion 
and metastasis; therefore, most of the current researches use the discovered onco-
genes to study adenomyosis.

In endometriosis, galectin-33 can up-regulate the expression of NGF.  High 
expression of galectin-33 was also present in adenomyosis, and the induced high 
expression of NGF can promote ectopic endometrial proliferation and is related to 
the patient’s pain. Because endometriosis has the biological behavior characteristics 
of malignant tumors, it is believed that some malignant biological behavior charac-
teristics of endometriosis also exist in adenomyosis. For example, the onset of endo-
metriosis involves mitogen-activated protein kinase (MAPK), Akt/protein kinase B 
(PKB), NF-κB, and phosphatidylinositol 3-kinase (Phosphatidylinositol3-kinase, 
PI3K), and other cell signaling pathways [52]. The pathogenesis of adenomyosis 
also involves these cell signaling pathways. However, patients with endometriosis 
have a family aggregation phenomenon, and adenomyosis is not yet clear whether 
this phenomenon exists. Therefore, the genetic research involving adenomyosis still 
needs much work.
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2.10  Inflammation or Infection Factors

Most researchers have recognized the role of inflammation in the pathogenesis of 
endometriosis. Not surprisingly, many studies of ectopic endometrium and endome-
triosis showed a significant increase in IL-6 and other cytokines [53, 54]. Similarly, 
it is believed that inflammation or infection factors would also exist in adenomyosis. 
Therefore in patients with adenomyosis, whether it is serum or peritoneal fluid or 
endometrial tissue, abnormally elevated levels of IL-6 had been detected [55]. This 
finding showed that inflammation could be a causative factor of adenomyosis. The 
latest research also found that a variety of pathogenic microorganisms was detected 
in the vagina and cervical secretions of patients with adenomyosis, which was sig-
nificantly higher than that of normal women [56]. This clinical finding, therefore, 
has a practical significance for the prevention and treatment of clinical 
adenomyosis.

2.11  Others

The incidence of adenomyosis has increased significantly in recent years. In addi-
tion to changes in people’s lifestyles, environmental factors cannot be ignored. Stem 
cell receptors can be found in the endometrium of adenomyosis, especially at the 
junction of the endometrium and myometrium, namely JZ. Therefore, it is specu-
lated that stem cells may also play a role in the pathogenesis of adenomyosis. Also, 
the bone marrow stem cell theory, biochemical theory, lymphatic dissemination, 
oxidative stress, and free radicals are considered to be involved in the pathogenesis 
of endometriosis. However, whether these phenomena or theories can be applied to 
the pathogenesis of adenomyosis still need much research to confirm.

In short, the pathogenesis of adenomyosis remains unclear. Although the above 
studies found that adenomyosis may be related to various factors, these factors do 
not act alone but a combination of various factors. Under the influence of various 
factors, such as uterine trauma, inflammation, or the patient’s immune deficiency or 
possible inheritance, and migration and invasion capabilities of the endometrial 
cells, the endometrium then invades the myometrium, resulting in adenomyosis. It 
is believed that the pathogenesis of adenomyosis will be clarified and elucidated 
after more intensive researches in the future.
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