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Abstract

Endometriosis is a disease affecting many women worldwide. Despite the high incidence
of endometriosis, little is known of its origin. Especially the etiology of endometriosis is not
known vyet, although many theories exist. Since changes of the immune cells in
endometriosis have been observed, their role in the emergence and formation of the
disease has been under discussion. In many studies, different types of immune cells have

been proven to be increased or decreased in patients with endometriosis.

The aim of this thesis was to find out if immune cells have an impact on the emergence of
endometriosis. For this reason, the results of different publications were summarised and
compared to determine, if there is a certain connection. This connection could be a target
for medical therapy in the future, which highlights the importance of the analysis. In the
center of attention are macrophages, lymphocytes, especially T-cells and natural killer cells.
PubMed has been used as the main source of scientific research literature. The found
studies have been divided by the different cell types and compared. Especially, studies
showing differences in the quantity of immune cell types in endometriosis, regarding their
function, indicates an important role of the immune system in endometriosis. In addition
to that, a few studies including mouse models detected changes in endometriosis tissue
after blocking different immune cell types or receptors interacting with immune cells.
These studies indicate a promising treatment approach for the immune system in

endometriosis.
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Zusammenfassung

Endometriose ist eine weitverbreitete Krankheit unter Frauen Uber die noch sehr wenig
bekannt ist. Vor allem die Atiologie der Endometriose beschéftigt die Wissenschaft und es
wurden verschiedene Theorien dahingehend formuliert. Die Atiologie zu verstehen ist
wichtig, um mogliche Therapieansatze zu finden und somit fiir viele Frauen eine mogliche
Therapie anbieten zu kdnnen. In dieser Arbeit wird auf eine mogliche Entstehungstheorie,
die das Immunsystem als ursdchlich formuliert eingegangen. Diese Theorie war in den
vergangenen Jahren von groBem wissenschaftlichem Interesse. Die groRe Anzahl der
Forschungsergebnisse zum Immunsystem im Zusammenhang mit Endometriose ist
untbersichtlich, deshalb war das Ziel dieser Arbeit eine Zusammenfassung dieser
Studienergebnisse zu liefern und somit einen besseren Uberblick zu erhalten. PubMed
wurde als Hauptquelle fiir wissenschaftliche Veroffentlichungen verwendet und es wurden
die neuesten und relevantesten Studien verglichen. Um eine gute Ubersicht zu erhalten,
wurde die Arbeit in die einzelnen Immunzellen eingeteilt und diese in den jeweiligen

Kapiteln genauer betrachtet.

Vor allem die angenommenen Aspekte, die zur Entstehung von Endometriose beitragen
kénnten, wie Angiogenese, cytotoxische Aktivitit und Ahnlichkeiten zu
Autoimmunerkrankungen wurden genauer betrachtet. Die Ergebnisse aus verschiedenen
Studien zu verminderten oder erhéhten Immunzellen in der Peritonealflissigkeit oder auch
den Endometriose Lasionen in Zusammenschau mit der grundsatzlichen Funktion der
Zellen lassen darauf schlieRen, dass das Immunsystem eine wichtige Rolle fir Endometriose
spielt. Besonders hervorzuheben sind einige Studien, die beispielsweise in Mausmodellen
bestimmte Zellen oder Rezeptoren, die im Zusammenhang mit dem Immunsystem stehen,
blockierten. Diese zeigten Verdanderungen in der Lasionsentstehung, GrolRe oder auch im
Gewicht der Lasionen, weshalb man eine Rolle des Immunsystems in der Endometriose
Entwicklung annehmen kann. Jedoch ist es schwer zu sagen, ob der Einfluss des
Immunsystems bei der Entstehung oder Entwicklung der Erkrankung von Wichtigkeit ist.
Diese Studien zeigen allerdings, dass das Immunsystem als Therapieansatz

erfolgversprechend sein kénnte.



1. Introduction

1.1 Endometriosis

Endometriosis is a gynaecological disease in reproductive women. It is characterized by the
occurrence of ectopic endometrium or endometrial tissue, which means that endometrial
glands and stroma, a physiological tissue layer of the uterus, are situated outside of the
uterus. Etiology and pathophysiology are not scientifically proven yet. So far, a few etiologic
theories exist, but none are clarified until now. The complexity of this disorder and the
different locations where the endometrial lesions occur represent a massive challenge for

research (1).

Depending on the location of ectopic endometrial tissue, three different types of
endometriosis are distinguished: i) endometriosis genitalis externa, ii) endometriosis

genitalis interna and iii) endometriosis extragenitalis (1).

i) Endometriosis genitalis externa occurs within the organs of the small pelvic.
Especially the ovaries are affected as well as the ligaments of the uterus and the
tissue within the douglas room. The following text will mainly deal with this type of
endometriosis since it occurs most frequently and is therefore of big scientific
interest.

ii) Inendometriosis genitalis interna the endometrial lesions can be found in myometrial
tissue. This type of endometriosis is also called Adenomyosis uteri.

iii) The ectopic tissue in the third category, Endometriosis extragenitalis, is situated
outside of the genital organs. This one is the least common type and can occur in
many different organs like the lungs, colon, urine bladder or ureters.

The diagnostic analysis of this disease is often difficult. Thus, for clinical classification and
staging more information about the location, expansion and adhesion of endometriosis
lesions are needed. In the following chapter the different hypothesis according etiology will

be described in detail (1,2).



1.1.1 Etiology

Since Rokitansky 1860 first described the disease, it is of high gynaecological interest, due
to its massive occurrence in women. Therefore, a lot of research was carried out to
elucidate the pathogenesis of this disorder and Sampson and Meyer postulate the two
main theories according the development of endometriosis. These theories are highly
discussed and are of scientific interest until now. The first hypothesis of Sampson deals
with the retrograde menstruation and a second one with immunologic and
vascular/lymphatic spreading. Alternatively, Meyer elucidated the metaplasia theory which
also belongs to one of the main theories for the genesis of endometriosis that were still

discussed (1,2).

1.1.1.1 Retrograde menstruation

Retrograde menstruation is also known as the transplant-theory of Sampson, and it is still
the best-researched and accepted theory. It postulates that during menstruation vital
endometrial cells migrate through the tubes into the abdomen and spread there.
Researchers have found vital endometrial gland cells in the menstrual blood which brought
them to the hypothesis that these cells could function somewhere else.

Furthermore, it was found that endometriosis mainly manifests in women with
hypermenorrhoea or decreased cycle lengths (1). On the one hand menstrual disorders
could result in endometriosis, but otherwise also endometriosis itself could trigger
abnormalities in the menstrual cycle. This fact would also support Sampson’s theory of
retrograde menstruation (2). Furthermore, some papers also declare the possibility for
endometrial cells to link to the peritoneal tissue which also strengthens this theory (3). In
the study of Aoki and co-workers it was demonstrated, in a mouse model of endometriosis
that vital endometrial cells can attach and spread in the peritoneal tissue (3,4). Apart from
that this theory is not able to explain the presence of endometriotic lesions in women
without endometrial anomalies or abnormalities of menstrual bleeding.

Scientifically, retrograde menstruation is accepted to appear in most women but only a few

of them suffer from endometriosis as it was shown by Liu and colleagues in 1986 (4,5). This



raises the question of whether retrograde menstruation could be the reason for the
development of endometriosis or just appears as a physiological phenomenon in women
while the pathophysiology of endometriosis has another origin. Since just a few women
develop endometriotic lesions as consequence of retrograde menstruation the reason for
that phenomenon is not clarified yet and also the influence of immunological processes in

the pathology of endometriosis is discussed (1).

1.1.1.2 The vascular or lymphatic spreading theory

In “The American Journal of Pathology” Sampson published in 1927 an additional theory
for the formation of endometriosis based on his findings concerning uterus shapes.
Therefore, he filled uteri that were removed during different stages of the menstrual cycle
with a special mixture of gelatine and bismuth subcarbonate or barium sulphate (6).
Sampson found that in some cases the mass he injected “escaped into the venous sinuses
of the uterine wall and through the uterine and ovarian veins” (Sampson, 1927). This
phenomenon usually happened, if the uterus was removed during the menstruation of the
women. These observations led Sampson to the assumption that endometrial tissue can be
distributed through the venous and lymphatic system during menstruation (1,6). Along
with Sampson’s observation and the fact that cancer cells can metastasize and spread into
other organs, this theory should be taken into consideration as possible hypothesis for the
development of endometriosis. Even if accepting this theory will not explain the fact, that

in some women the distributed cells would graft in other organs (2).

1.1.1.3 Metaplasia theory

Meyer’s metaplasia theory rises the idea of coelomic epithelium metaplasia. In this theory
it is assumed that the coelomic epithelium is constantly experiencing changes in the
environment (2). Some of these changes such as different oestrogen levels may have an
influence on the pluripotent coelomic epithelium which may result in metaplasia and what
is more they would lead to endometriotic lesions (2). The metaplasia hypothesis is based

on the fact that it is only provoked by different environmental influences. It does not reject



the transplant-theory, to the contrary it even completes this theory of Sampson. Some
guestions that come up in the transplant-theory could be answered with the metaplasia-
theory, e.g. the occurrence of endometrial lesions in women without uteral endometrium
or even the appearance of such lesions in men (2,7-9).

Therefore, the metaplasia theory supports the transplant-theory and should be considered

as an important theory (2).

In conclusion all theories mentioned above should be taken seriously and may be
considered as the right way in understanding the pathogenesis of endometriosis. All
theories seem to be legit and especially the theories interconnected with each other should
be of high interest. Especially the influence of the immune system in these theories should

be examined.

In consideration of this thesis the role of the immune system in these theories should be
highlighted. On the one hand the immune system may have an important impact on the
implantation of the endometrial cells, which spread during retrograde menstruation (2).
However, it is not clarified yet if changes in immune cells are the trigger for implantation

or just the result of different changes.

1.1.2 Clinic

1.1.2.1 Prevalence

The Prevalence of endometriosis varies greatly due to the unspecific symptoms and the
difficulty of diagnosis (2). On average five to ten percent of women between menarche and
menopause may be affected by endometriosis. However, the estimated number of
unreported cases would be much higher and especially in infertile women this number

exceeds the 50 percent mark (1).



1.1.2.2 Symptoms

The possible symptoms of endometriosis are of high variety, which is a further reason for
having many patients undiagnosed.

The main symptom is painful menstruation also known as dysmenorrhea. Often
dyspareunia, genital pain during intercourse, is present. About fifty percent of women with
endometriosis are affected by this symptom (1). Another main problem is infertility, which
often leads to the diagnosis and occurs in almost half of patients with endometriosis.
Furthermore, changes of menstruation such as extended bleeding or spotting before
menstruation often occur and also changes in defecation and urination like pain or blood
can appear (1).

Especially infertility, dysmenorrhea, abdominal pain and menstrual disorders are highly

suspicious for endometriosis and are known as the cardinal symptoms (2).

1.1.2.3 Diagnosis

The clinical symptoms primary lead to the suspicion of endometriosis. First of all, a careful
clinical examination with a detailed anamnesis should be performed. Nevertheless its result
depends on the manifestation and localisation of the endometriosis isles and therefore the
results vary vigorously in their validity (2).

The next step of diagnosis includes imaging procedures. The three possibilities of interest
are ultrasound, computed tomography (CT) and magnetic resonance (MR) imaging. Even if
none of them is proving endometriosis, they can help in the process of finding a diagnosis.
Especially because of the high invasiveness of the laparoscopy, the only proving instrument,
imaging procedures should be seen as a supportive step (2).

Ultrasound images help to distinguish between solid and cystic structures. Furthermore, an
approximate localisation can be detected. This examination is cheap, easy to perform and
of no risk for the patient, as a result it is done frequently. However, ultrasound cannot
differentiate haemorrhagic cysts from endometriosis lesions.

The computed tomography otherwise has no great benefit for the patient in finding a
diagnosis. Additionally, it leads to high radiation exposure and is very expensive. Thus, it is

rarely performed (2).



The MR imaging is also very expensive and, with one exception, of no diagnostic interest.
Just in adenomyosis uteri it has a high sensitivity and specificity even in comparison with

ultrasound and the gold standard, laparoscopy (2).

As mentioned before, laparoscopy with taking histologic samples is the only way to ensure
the diagnosis (1,2). Hence, laparoscopy is the gold standard in making the diagnosis of
endometriosis. Laparoscopic results lead to further information about staging, location and
activity level. Due to the invasive procedure of laparoscopy, surgical endoscopic treatment
is often performed at the same sessions nowadays (1). However, recently some guidelines
tend to prefer empiric therapy over laparoscopy partly because of the lack of coherence of
severity seen in laparoscopy compared to symptoms (1,10). Furthermore, laparoscopy
itself is challenging especially in non-heterogenous lesions or hidden lesion locations
therefore some guidelines only mention laparoscopy in treatment algorithms, if fertility is

the main focus (10).

1.1.2.4 Therapy

Due to the variety in clinical presentation and the unexplained etiology of endometriosis
there is no standardised therapy. Therapies are rather adapted individually to the patients’
needs. Therefore, different goals of treatment exist, which are partly treated completely
different. Especially the treatment of infertility and the existing desire to have children

determine the path of treatment (2).

Goals of treatment are normally analgesia, treatment of infertility, treatment of ovarian
endometriomas and endometrial lesions beyond pelvis minor and to maintain recurrence

freedom as long as possible (2).

Basically, the treatment possibilities are distinguished in pharmacological options and the
surgical therapy and in certain cases a combination of both therapeutical approaches is
applied. (1) As there is no profound cure for endometriosis by the current state of scientific

knowledge the treatment possibilities are rather symptomatic than curative (2).



1.1.2.4.1 Pharmacologic therapy
Analgetics

The administration of painkillers is primarily for symptomatic pain therapy. Due to
dysmenorrhea being one of the main symptoms, pain treatment is very important (1).
Increased prostaglandin concentrations in endometrial lesions assumed to be part of the
trigger for pain. Therefore, prostaglandin synthesis inhibitors are mainly used to manage
pain (2). However, the intake should happen before the symptoms even arise. Mostly this

is no problem because pain occurs in a cycle dependent manner (2).

Hormonal treatment

The concept of the pharmacological endometriosis therapy is based on the recognition that
endometriosis symptoms decrease during pregnancy or menopause. The improvement of
symptoms refers to the hormonal changes (1). The aim of the pharmacologic therapy is to
induce similar hormonal balance changes. Mainly these changes lead to a suppression of
the ovarian function and atrophy of the endometrial tissue (1).

The knowledge of the female hormonal regulatory circuit is important for understanding
the following therapy concepts. The hypothalamic gonadotropin-releasing hormone
(GnRH) induces the release of follicle-stimulating hormone (FSH) and luteinising hormone
(LH) in the pituitary gland (11). FSH leads to oestrogen production, which leads to
endometrial proliferation. LH brings about the development of the corpus luteum, which
produces gestagens. Gestagens cause endometrial evolution and decrease womb
contractility. Furthermore, gestagens and oestrogens inhibit through negative feedback

mechanisms FSH and LH production (11).

Gestagen therapy

Gestagen-monotherapy is a second-line therapy, when combined oestrogen-gestagen
hormone therapy, which is considered as the first-line therapy, failed (1,2,12). Lately some
authors support gestagen-monotherapy as a first-line therapy, it should be beneficial

compared to combined-hormone therapy (12). However current studies data are



conflicting and the advantage of gestagen monotherapy compared to other hormonal

therapies is unproven.

The reduced oestradiol level during gestagen therapy leads to endometrial decidualization
but with little influence on the endometrial lesions. Additionally, amenorrhoea is a side
effect of long application of gestagens. Usually, long-term therapy is required for what
reason depot treatment is preferred (2). Furthermore, gestagens cause pain relief and

compared to combined therapy the negative side effects of the oestrogen part are avoided

(1).

Combined oestrogen-gestagen therapy

The combined oestrogen-gestagen therapy like in contraceptive pills leads to ovarian
hormonal suppression. However, initially it is stimulating the endometrium, afterwards it
leads to amenorrhoea (1). The main effect is inhibition of ovulation and decidualization or
atrophy of lesions leading to necrobiosis (2,10). Due to the severe side effects high-dose or
long-term therapy with contraceptive pills is obsolete (1). There exist different ways of
application that include the continual or cyclic application. The continually application has
a better outcome (2).

In 2008 a placebo-controlled, double-blind, randomized trial confirmed that oral
contraceptive pills lead to improvement of dysmenorrhea and size reduction of

endometriomas larger than 3 centimetres (13,14).

GnRH agonists

Gonadotropin-releasing hormone agonists are considered as second or even third line
therapy. They inhibit ovarian steroidogenesis and are as effective as gestagen
monotherapy and combined oestrogen-gestagen therapy (15).

Main target of the GnRH agonists therapy is reducing serum oestradiol levels, which leads
to endometrium and endometrial lesions atrophy. Initially, the application leads to a short
boost with intensification of symptoms (2). The application form is challenging because oral
application is not possible due to high reduction in the gastro-intestinal-system. Depot

injections proved itself in practice, but individual serum levels vary greatly and therefore



serum levels should be checked regularly. The main side effect of low levels of oestradiol is
the loss of bone density in long-term treatment. Long-term therapy, over six months, is not
recommended due to the serious side effects (2). A certain indication for GnRH therapy is
presurgical lesions size reduction and moreover, it is considered as a therapy supporting in
vitro fertilization in women with endometriosis (1). Otherwise, there are some studies that
disprove GnRH therapies’ benefit concerning supporting in vitro fertilization. A review of
Georgion et al. summarised the data of different studies that found no difference

comparing life birth rate between IVF with prior GnRH therapy and without (16).

Levonorgestrel-releasing intrauterine system

Levonorgestrel-releasing intrauterine systems, mostly Mirena, are used in endometriosis
therapy lately. However, this therapy is an off-label use but some studies show the benefit

of IUS especially in pain relief therapy (2,13).

1.1.2.4.2 Surgical therapy

The most important basis of decision-making for the procedure of surgical therapy is the
therapeutic target. Principally, there are two main targets either analgesia or the recovery
of fertility (2). Additionally, surgical therapy will be chosen, if there are adhesions, which
should be loosen as pharmacological therapy has no effect on them, or for endometriosis
lesions and cysts resection (1).

If fertility is the priority a very careful surgical method would be chosen with minimal
resection to secure the physiological paths and with the aim to destroy as little healthy
tissue as possible (1,2).

However, if pain relief is the main target, given that there is no wish for children, a more
radical procedure will be executed. In this case the endometrial lesions will be resected as
far as possible. But it should be kept in mind that even the radical method is not completely
curative (2). Even after removing the lesions, new lesions can form of the subperitoneal
tissue (17,18). Furthermore, the recurrence rate for surgical therapy varies between 20 and
50%, which is very high for such an invasive procedure (2). A study from 2009 even came

to the conclusion that one year after surgical therapy nearly half of the patients needed



analgesia or hormonal therapy, and even in about 25 % of cases a revision of surgery is

needed (17,18).

1.2 Immune system

The immune system is a complex system of vital importance for body functions. To provide
protection against many different types of pathogens many different parts are working
together. The immune system can either be divided into the humoral part and the cellular
part or into the innate and the adaptive immunity. Basically, the main function of the
immune system is the defence of the body against diseases and pathogens. Pathogens are
small particles causing diseases. The most important function is the ability of the immune
system to distinguish between healthy tissue and possible pathogenic tissue. It is a very
complex system and therefore, it is attackable and not resistant to changes. Aside from

that, many small parts must work together to ensure proper function. (19).

Leukocytes play a major role in the innate as well as in the adaptive immune response. They
are white blood cells, mostly developed in the bone marrow. Generally, matured immune
cells leave the bone marrow and migrate into the peripheral tissues. This is why they could
not only be found in the tissue but also in the blood circulation and the lymphatic system
(20). However, some develop already during embryonic development and migrate into

tissues before birth (20).

The pluripotent hematopoietic stem cell is the progenitor cell for all blood cells. Two types
of stem cells, the lymphatic and the myeloid ones, develop from this type of stem cell. The
lymphatic progenitor cell can further develop into B-lymphocytes, T-lymphocytes, Natural-
Killer-cells and innate lymphoid cells (ILC). Alternatively, the common myeloid progenitor

cell generate mast cells, macrophages, myeloid dendritic cells and granulocytes (20,21).

1.2.1 Innate immunity

The innate immune response is the unspecific one. It includes the first line defence against

microorganisms, foreign substances and tissue damage. This response requires no previous
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contact with a pathogen or other noxae to react correctly. Even repeated contact to the

same pathogen/noxa will not lead to an increased response (22).

Barriers are of utmost importance for the proper function of the innate immunity.
Mechanical barriers like intact skin and mucous membrane barriers are important to
protect the body against invasion of microorganisms (20). Additional, biochemical barriers
exist, which produce fatty acids and bactericides to provide further protection (22). The
humoral part of the innate immune system includes the complement system as well as the
coagulation system. (22). Here, the complement system is composed of thirty different

types of plasma proteins cooperating with antibodies (20).

The main cellular part of the innate immunity are phagocytes like monocytes,
macrophages, dendritic cells and neutrophil granulocytes as well as mast cells, basophil

and eosinophil granulocytes and natural-killer cells (22).

The innate immune cells present special receptors that are called pattern recognition
receptors (PRR). These receptors are used by the immune cells to detect and connect
special molecular structures on the surface of pathogens. These structures are called
pathogen associated molecular patterns (PAMP), which are different to body structures
(22-24). Furthermore, another type of these molecular structures exists, which is called
damage associated molecular patterns (DAMP). DAMP are found as endogen molecules on
stressed and necrotic cells. If PRRs bind to PAMP or DAMP a signal transduction cascade
get started, which leads to synthesis and secretion of antimicrobic peptides, cytokines and
chemokines. These mediators attract and activate leukocytes, leading to an inflammatory

reaction (22-24).

In the following the immune cells of the innate immune system will be described in detail.

1.2.1.1 Phagocytes

As already mentioned above macrophages, monocytes, dendritic cells and neutrophil
granulocytes are phagocytes. They incorporate PRR mediated pathogens and foreign
material by phagocytosis and endocytosis. In further consequence, these particles are

enzymatically decomposed by the phagocyte. Through the phagocytosis process these cells
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produce cytokines, enzymes, antimicrobic peptides and reactive oxygen species, which are

toxic to microbes (22).

Neutrophil granulocytes are specialised in defending the body against bacteria and fungi.
Monocytes for example migrate into tissues and turn into macrophages or dendritic cells.
These types of cells belong to antigen-presenting cells, that present antigens on their
surface. This antigen representation is of major importance for the development of the

adaptive immune system (22).

1.2.1.2 Mast cells/basophil granulocytes

Basophilic granulocytes are localised predominantly in the peripheral blood and their
lifespan is quite short. On the contrary, mast cells live quite long and are found in the tissue.
Upon activation they produce proinflammatory mediators like chemokines and cytokines

there, leading to attraction and migration of inflammatory cells (22).

These two cell types are stimulated by pathogens as well as the complement system to
release their granules including amines, proteases and cytokines. Furthermore, they

express receptors for a part of IgE-antibodies (22).

1.2.1.3 Eosinophil granulocytes

Eosinophil granulocytes are responsible for parasite destruction by binding, with their IgE-
receptor, to the IgE-molecules on the surface of the parasite. They also have granules with
enzymes, toxic proteins, cytokines and proinflammatory mediators. They are activated by
PRR binding or through interleukin (IL)-5, which lead to granule release and production of

reactive oxygen species to kill the parasites (22).

1.2.1.4 Natural-killer cells

The main target of natural-killer cells (NK-cells) are stressed body cells. Natural-killer cells

have activating as well as inhibiting receptors. Ligands, on stressed cells, bind to the
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natural-killer cells surface receptors and activate them. Due to activation cytoplasmatic
granules containing perforins, proteases and tumour necrosis factor a (TNF-a) are released
and leading to apoptosis of the target cell. Furthermore, NK-cells produce interferon-y (IFN-

v), which subsequently activates macrophages (22).

To ensure that NK-cells do not destroy healthy body cells, they express inhibiting receptors
called killer cell immunoglobulin-like receptor (KIR). These receptors bind to the major
histocompatibility complex | (MHC-1), which is found on healthy cells. If this binding occurs

the natural killer cell is inhibited and will not attack the healthy cell (4,22).

1.2.1.5 Proinflammatory mediators

The proinflammatory mediators mentioned above include cytokines like IL-1, IL-6 and TNF-
a, chemokines like IL-8 and inflammatory lipid mediators like leukotrienes (LT),

prostaglandins (PG) and platelet activating factor (PAF) (22).

Cytokines are proteins released from cells, affecting surrounding cells, if they have specific
receptors. Basically, their main target is to enhance effector mechanisms. This is important
for the communication and interaction of different immune cells in pathogen destruction.
At the same time chemokines are secreted proteins as well, but they act as
chemoattractants for cells to direct them to certain places like the site of inflammation and

enable immune cells to migrate from the vessels to the tissue (20).

1.2.2 Adaptive Immunity

The adaptive immunity is also known as the acquired or specific immune system since its
defence against pathogens is highly specific. The main operating mode consists of B- and
T-Lymphocytes and antibodies. The cellular part, B- and T-Lymphocytes, is responsible for
contact with antigens and the formation of specific antibodies, which represents the
humoral part of the acquired immunity. Its characteristics are diversity, specificity to

antigens and the so-called immunological memory (22).
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B- and T-Lymphocytes function is based on the ability to detect antigens with receptors on
their surface, which is known as the antigen specificity. These receptors vary massively in
their structures, which is important to detect many different antigens, this is the diversity
mentioned above. The immunological memory is the ability of the adaptive immunity to
react in a faster and stronger way to a recurrent infection. This is possible due to the

activation of memory cells formed during the first contact with the antigen (22).

Of major importance is the exact function of this system. To protect the body of being
attacked by these cells, safety systems exist which lead to elimination. This elimination of
autoreactive cells normally proceeds during ripening processes. If they are missed in this
first process, they usually are inactivated in the peripheral tissue. Dysfunction of this

elimination processes end up in allergies or autoimmune diseases (22).
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2. Materials and Methods

Literature research

The type of this thesis is a literature research with the aim to compare studies to the
influence of the immune system on the pathogenesis of endometriosis. Therefore,
databases and journals, such as PubMed, OvidSP, UpToDate and Google Scholar have been
searched. The search terms endometriosis, immune system, immune cells, macrophages,
mast cells, eosinophiles, neutrophils, basophils, natural killer cells, NK-cells, dendritic cells,
DCs D-cells, B-lymphocytes, B-cells, T-lymphocytes and T-cells were used. Additionally,
these search terms have been expanded by keywords like pathogenesis, guidelines,
definition, therapy, surgical therapy, medical therapy, interventions, etiology, etiology
theories, angiogenesis, VEGF, diagnostic and complications. Variations in spelling were also
taken into account. The literature research was conducted between June 2019 and
February 2022 and books, articles, reviews and guidelines in German or English, published
until February 2022 have been used as source of information. With this collected data an
overview about endometriosis itself and the influence of the immune system has been
compiled. Mendeley has been used as a literature management program and the literature

sources in Vancouver Style quoted.
Data analysis

The studies were selected by accessibility and actuality. Furthermore, only studies in
English or German have been used. Reviews have been considered as well, but the primary
literature summarised in these reviews have been searched and used for data analysis. The
studies have been divided into the different immune cell types. The different study results
to one immune cell type have been compared in separate chapters. The analysis focused
on the effect of the immune cell types, the number of study population, the actuality and
the results. Especially, the study design construction and result finding has been

considered.

The different study designs with different types of study populations have been of special
interest. Due to the studies comparing different types of populations, for example women

with and without endometriosis or women with severe and mild endometriosis or women

15



with endometriosis and women with other gynaecological diseases, comparing the studies
was complicated. A difference in study samples, for example peritoneal fluid, endometrial
tissue or blood, has been existing as well. For which reason, comparisons have been made
between studies with the same populations and samples, if not possible the difference was

outlined.
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3. Results

3.1 Natural killer cells

The basic functionality of natural killer cells is outlined above. However, for understanding
of NK-cell alterations it must be elucidated in more detail. The role of natural killer cells in
pathogenesis of endometriosis is highly discussed in several studies. Especially, their

absence in destroying ectopic endometrial tissue is of high interest (4,20).

Natural-killer cells are part of the innate immune system and can detect cells that should
be destroyed due to their risk for the bodies’ functions. The ability to distinguish between
infected and non-infected cells is of major importance for NK-cells. Therefore, they have
different receptors that can be activated or inhibited for the protection of the body (4,20).
The main functionality of NK-cells consists of three different recognition mechanisms: the
so-called i) “induced self”, ii) “missing self” and iii) “modified self” mechanisms that react
to the presence or absence of various effector or cell surface molecules. Thus, the receptors
are able to recognise cell surface molecules, which can be altered due to stress or infection.
The “induced self” recognition as well as the “modified self” recognition implies that
receptors detect target cells through surface molecules triggered by metabolic stress (like
HLA-E ligands). At the same time NK-cells induce the release of cytotoxic granules when
specific cell surface molecules like MHC-I are less expressed or completely missing on target
cells in consequence of infections or tumours. This phenomenon is then called the “missing
self” detection (4,20). Additionally, NK-cells interact with effector molecules by releasing

cytokines, especially IFN-y and cytotoxic substances (4).

Alterations in target cells, NK-cell subtypes and the local environment define the type of
NK-cell reaction (4). Especially changes in frequency, cytotoxic activity, expression of

receptors and phenotypes are discussed to have impact on endometriosis.

3.1.1 NK-cell frequency and cytotoxic activity

As part of the alterations in destroying the ectopic endometrial tissue, NK-cell frequency
and cytotoxicity was discussed to play a role (4,25,26). Many different studies looked for

changes of NK-cell numbers in peripheral blood and peritoneal fluid (27,28,37-39,29-36).
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However, the majority of them found neither a difference in peripheral blood nor in
peritoneal fluid compared to women without endometriosis (27-34). On the contrary,
Szyllo and colleagues demonstrated in 2003 that NK-cell frequency was decreased in
peripheral blood and it was increased in the peritoneal fluid of women with endometriosis
compared to healthy ones (39). Moreover, the article refers to a study of Oosterlynck and
co-workers, who have also found decreased NK-cell numbers (35,39). Also other working
groups found differences in NK-cell frequency, like the groups of Tariveridian and Kang,
who found diminished numbers of NK-cells in the peritoneal fluid as well and what is more
the decrease shown by Kang and colleagues was a significant one (36,37). Dias and
colleagues on the other hand found increased NK-cell numbers in peripheral blood,
however interestingly observing higher numbers in women with advanced endometriosis

(38).

Furthermore, just a few papers focused on natural killer cell appearance in endometrial
tissue whether ectopic or in the uterus. They either found no significant difference (40), or
decreased frequency in ectopic endometrial tissue (17,25) or increased in eutopic

endometrial tissue (41).

The cytotoxic activity of NK-cells may be important for endometrial tissue clearance.
Alteration in cytotoxicity of these cells have been reported multiple times. Most studies
focused on reaction against K562 cells, which either found diminished cytotoxic activity in
peritoneal fluid (42-44), peripheral blood (28,35,42) or no differences (44,45). K562 cells
are a tumour cell line, which is used as a target cell for natural killer cells (45,46). Just a
small amount of studies exist that explore cytotoxic activity against endometrial cells,
which may be more meaningful regarding endometriosis (4,25). One of these rare studies
on endometrial cells was performed by Oosterlynck and colleagues, which found a
diminished cytotoxicity against the endometrial cells (27). This leads to the assumption that
women with endometriosis are incapable to destroy endometrial cells. Furthermore, they
found an increased loss of function in relation to higher phases of the disease (27).
However, the study also researched the use of heterologous lymphocytes in the lysis of
endometrial cells, which was also diminished in higher phases of the disease, leading to the
question if endometrial cells may change in women with endometriosis so that NK-cells

have difficulties to interact with them (27).
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3.1.2 NK-cell subpopulation, phenotypes

Natural killer cells can be divided into two major subpopulation groups, which differ in their
cell surface molecule the so-called cluster of differentiation expression. Thus, they are
defined as CD568" CD16" and CD569™ CD16* NK-cells. A few more markers and receptors,
they differ in, exist (47). These subtypes differ in their function, i.e. CD569™ CD16* cells are
of high cytotoxic potential whereas CD568"t CD16 produce higher amounts of cytokines
and chemokines like IFN-y and TNF-a. Furthermore, the majority of NK-cells in peripheral
blood comprise of CD569™ CD16* cells (47). It is assumed that CD568" CD16" cells are likely
to be the less differentiated cell line, which can mature into CD569™ CD16* and gain
cytotoxic potential (48). Aside from that, it is supposed that the location of the NK-cells has
an effect on their function and phenotype (47,49,50). Regarding endometriosis especially
uterine NK-cells could be of interest. The endometrial NK-cells are of CD56°"&" CD16
subtype and differ from the ones in the peripheral blood, because they are granulated.
These uterine NK-cells (UNK) are assumed to play an important role during pregnancy in
implantation and placentation. Furthermore, they are relevant in spiral artery remodelling
(49,50). Spiral artery remodelling is seen to be important for forming endometriosis lesions

too, which can point out a connection to endometriosis.

3.1.3 Variety in receptors and ligands

Many different receptors expressed on NK-cells, which stimulate or inhibit this cell type,
exist and are important for recognising different ligands for interaction. Some of these vary
in endometriosis patients. One of these receptor families is called killer immunoglobulin-
like receptors, these mainly interact with human leukocyte antigen (HLA) ligands (25). For
example the KIR2DL1 receptor, which is an inhibiting one, was increased in peritoneal fluid
and peripheral blood of women with endometriosis (32,51). Whereas the KIR2DL2 receptor
showed no difference in comparison with healthy women (31,32,51). Furthermore,
another ligand, HLA-G, interacting with a KIR receptor namely KIR2DL4, was investigated
and assumed to have no difference in women with and without endometriosis. However,
the expression of HLA-G ligands was only seen in women during menstrual phase (52). A

few different KIR receptors, like KIR2DL3, KIR3DL1 and KIR3DL2, as well as the KIR2DL4
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ligand HLA-G would be of interest for the understanding and/or a possible therapy of

endometriosis, but current studies are missing (25).

As already mentioned, natural killer cells detect MHC-I class molecules on body’s own cells
to prevent them from being destroyed. Since this could be a reason for diminished NK-
cytotoxicity against ectopic endometrial cells, some studies focused on this relation. One
research team actually found an increased expression of MHC-I in patients with

endometriosis (53).

Furthermore, another study found no difference in the mean serum concentration of HLA-
1 from healthy women and endometriosis patients overall disease stages. However,
comparing endometriosis patients according to disease stage they found higher numbers
of the molecule in the serum of patients with lower disease stages compared to women
with advanced endometriosis (54). Whereas another group found diminished HLA-1
numbers in the sera of women with endometriosis compared to a healthy control group

(55). This may require further studies.

Another type of receptor is called CD94/NKG2. It includes a few subtypes called A, C, D, E
and F of whom A, Cand D were of interest in combination with endometriosis. (20). NKG2A
for example, known to be an inhibiting receptor, was found to be increased in peritoneal
fluid of women with the disease (20,33). However, the expression of this receptor showed
no difference in peripheral blood (33). The subtype NKG2C works as an activating receptor
and was seen to neither be increased or decreased in endometriosis patients (20,33). The
NKG2D receptor structure is different to the other ones and binds stress-induced molecules
like MIC-A, MIC-B and RAET], it is known as an activating receptor as well (20). Guo and
colleagues found diminished numbers of NKG2D in endometriosis patients (56). Another
study group found increased MIC-B and MIC-A in peritoneal fluid of women with
endometriosis, although MIC-A was only significantly increased in higher stages of the
disease (57). The increase correlated with the severity of the disease. Furthermore, the
authors thought of an downregulation of NKG2D due to the increased MIC-A and MIC-B

(57). This is just an assumption and would need further confirmation.
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3.1.4 Influence of cytokines on natural killer cells

Cytokines are molecules, important for cell communication. They are secreted by cells and
through binding specific receptors they lead to an interaction (22). Some of these cytokines
are discussed to have influence on endometriosis. Transforming growth factor (TGF)- was
seen to be increased in the peritoneal fluid and serum of women with endometriosis.
Although, the increase was much higher in women with higher stages of the disease.
Furthermore, the increase in the peritoneal fluid was much higher than in the serum of the
patients (58). Another study also found increased TGF-B1 in peritoneal fluid (56). TGF- was
also discussed to may inhibit NK-functions, like cytotoxicity and diminished expression of
NKG2D, which is a stimulating receptor (20,25,56). This study group analysed the possible
connection between increased TGF-B1 and decreased cytotoxicity of NK-cells. Therefore,
they incubated peritoneal fluid with antibodies against TGF-B1 and interestingly found an
increase in cytotoxicity of NK-cells (56). Due to this result an impact of TGF- on NK-cells
seems to exist. Furthermore, their influence on NK-cell cytotoxicity, which would be

important in endometriosis, could be pivotal for the survival of ectopic endometrial cells.

Another cytokine of interest is interleukin-6, which was found to be increased in just
peritoneal fluid (37) or peritoneal fluid and serum of women with endometriosis (58). The
study group, which found the increase only in the peritoneal fluid linked it to an increase
in macrophages, which they found in the same study, producing most of IL-6. Furthermore,
they showed a correlation between IL-6 and cytotoxic activity of NK-cells by improving the
cytotoxic activity by using IL-6 antibodies in peritoneal fluid samples (37). Furthermore, this
samples showed increasing granzyme B levels, which is a protease important for initiating

apoptosis. This leads to the assumption that IL-6 suppresses granzyme B expression (17,32).

Interleukin-15 is another cytokine of studies interest in endometriosis research because it
was seen to be increased in patients with endometriosis. Moreover, this study group found
an diminishing effect of IL-15 on granzyme B, NKG2D, which is an activating receptor, and
on NKp44, a natural cytotoxic receptor (59). They even found data suggesting IL-15 has an

impact on the growth and invasion of endometrial stromal cells (59).

Additionally, interleukin-10 and interleukin-4 were elevated in women with endometriosis

(60,61) or of no difference compared to a control group in two other studies (62,63).
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Interleukin-10 is known to have a diminishing effect on NK-cell function (20,22,60). Hence,
if these interleukins are elevated in endometriosis patients, their NK-cell function reducing

effect could create an endometriosis-promoting environment.

Interleukin-12B, also known as p40, a subunit of IL-12, was also seen to be increased in the
peritoneal fluid of endometriosis patients (64). IL-12 has an activating effect on NK-cell

function which could be impaired by IL-12B (25,64).

Interferon-y (IFN-y) is a cytokine responsible for initiating cell apoptosis. This function may
be inefficient towards endometriotic cells (65). IFN-y was seen to be increased (62),
diminished (61,66) or of no difference (63,67) in the peritoneal fluid or of no difference in
the serum (63) of women with the disease. The different results could suggest that this
cytokine has no influence in endometriosis. An increased amount of IFN-y could indicate
more apoptosis or that IFN-y is not effective towards endometriotic cells whereas a lack of
IFN-y could imply a absent cell apoptosis for endometriotic cells and therefore an
unphysiological survival of that cells. However, the function for cell apoptosis in
endometriosis might play a role, although a possible non-response of endometriotic cells

to this function would underline the unimportance of IFN-y in endometriosis.

Furthermore, tumour necrosis factor-a (TNF-a) also known to be important for apoptosis
and anti-inflammatory response (22) was found to be increased (62,66) or of no difference
(67) in peritoneal fluid of women with endometriosis. If TNF-a is increased it could help
prevent endometriosis development, due to its ability to destroy cells. On the other hand
the anti-inflammatory character of TNF-a could lead to decreased response against

endometrial cells and promotes cell survival.

These cytokines mentioned above may play a role in alteration of NK-cell function,
especially TGF-Bs study data reveals a pivotal role of it. Unfortunately, the present state of

studies is not detailed enough and should be of more interest in the future.

3.1.5 Conclusion

The role of natural killer cells in endometriosis progression may be important. Alterations

of NK-cells have been confirmed, leading to diminished destruction of endometrial cells.
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Whether this inability is due to the varied NK-cell frequency or altered cytotoxicity remains
unknown. Studies focused predominantly on cytotoxicity due to the different results
regarding the frequency of NK-cells (4,25,26,68). Although the studies regarding
cytotoxicity against endometrial cells would be of interest, they are rare. The results of
diminished cytotoxicity against endometrial cells are of high potential. Especially the
receptor variability in endometriosis patients, like diminished activating and increased
inhibiting receptors, lead to the assumption of an important role in endometriosis.
Furthermore, cytokines interacting with the immune environment and NK-cells may be
important. Especially TGF-B is of major interest, due to the findings that cytotoxicity was

increased after TGF-B-antibody treatment (4,25,26,68).

In conclusion NK-cells seem to be important for endometriosis, however, there is no
information about whether these alterations lead to endometriosis or if the disease leads
to these alterations. But the data suggest that NK-cells are at least important in
endometriosis progression. Certainly, one review found interesting information about
studies in mice models. In these studies, they found on the one hand implantation of the
endometrial tissue independent on natural killer cells. On the other hand they found

permanent implantation of ectopic endometrial tissue when inhibiting NK-cell activity (3,4).

Furthermore, the differences in study data complicates the evaluation. These differences
may result from low patient populations. Thus, further studies would be important for

more detailed results.

3.2 Macrophages

Macrophages contribute to inflammatory responses as an important part of the immune
system. They act as antigen-presenting cells and interact with T-cells. This collaboration
consists of exchanges of different cytokines, which lead to pathogen destruction and

alterations (20,22).
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3.2.1 Subpopulation and phenotype

Macrophages can be classified in M1 and M2 macrophages. While M1 macrophages are
predominant especially in acute inflammation leading to a pro-inflammatory environment,
M2 macrophages act in a opposite way by generating an anti-inflammatory milieu and
contribute to angiogenesis, wound healing and homeostasis (69,70). Moreover, M1
macrophages have a highly developed antigen-presenting character and special cytokine
production, like IL-12, IL-23 and nitric oxide synthase (NOS), leading to pro-inflammatory
reactions. On the contrary M2 macrophages produces IL-10, Vascular endothelial growth
factor (VEGF) and TGF-B and are important in tissue repair and tissue remodelling as well

as immunosuppression and immunoregulation (71).

This strict classification, however, can just be made in vitro. In vivo and especially in disease
the macrophages are of more complex phenotypes. Furthermore, a special ability of
macrophages is discussed. They could be able to adjust their gene expression and thereby
adapt their phenotype with the help of different mechanisms which remain unclear (72,73).
These mechanisms would be of great interest in disease pathogenesis, but further

information is required.

Another study claimed that macrophages change their phenotype gradually. Whereas the
macrophages were of pro-inflammatory phenotype with NOS production and MHC-II
surface molecules at the beginning. Within two weeks it was observed that the phenotype

changed towards a tissue remodelling one (73).

These findings and the fact, that some research groups distinguish in M1 and M2 and some

do not, make it difficult to compare the results in the following.

3.2.2 Frequency and phagocytic activity/ability

Studies regarding the frequency of macrophages in endometriosis are quite different. The
number of macrophages in peritoneal fluid (74) and eutopic endometrium (75-77) of
women with endometriosis was increased compared to healthy women. On the one hand,
these studies distinguished between different cycle phases (75) and on the other hand, the

different cycle phases would not be taken into account (76,77). Whereas others
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distinguished between the types of macrophages, who then claimed M2 macrophages
being dominant in endometrial lesions (26,78). Apart from that, this type of macrophages
was seen to be dominant in healthy endometrium and in eutopic endometrium of

endometriosis patients this subtype was only found in small numbers (69,77,79).

It is discussed that the enhanced frequency of macrophages could be a result of a
dysfunctional so-called macrophage disappearance reaction. Different studies
demonstrated that during inflammation this mechanism was absent and led to a higher

concentration of macrophages due to increased proliferation (80,81).

Furthermore, the macrophage function, especially the phagocytic ability may be altered in
women with endometriosis. The phagocytic activity of macrophages in the peritoneal fluid

and lesions was seen to be reduced (82-84).

Moreover, a study of Braun should be mentioned, which compared blood monocytes of
women with and without endometriosis and showed a difference in interaction with
endometrial cell proliferation. The monocytes, especially macrophages, of women
suffering from the disease ameliorate the proliferation of the endometrial cells, whereas

the ones from healthy women aggravated it (85).

The mentioned results may indicate an important correlation of macrophages and

endometriosis progression and maybe even pathogenesis.

3.2.3 Possible effect in endometriosis

It is already known that macrophages play a pivotal role in the physiological menstrual
cycle. They seem to be important in regeneration and proliferation of the functionalis,
shedding during menstruation and they have an impact on gland remodelling and
angiogenesis, mainly due to their ability to produce VEGF. These abilities may have an
impact on lesion formation and implantation as well (73,86—88). A study from Bacci and
colleagues supports the theory that macrophages are important in endometriosis. The
study group inhibited macrophages of the peritoneum in mice, which resulted in altered
lesions. Especially lesion growth and vessel formation were diminished in these altered

lesions (78). They also investigated the effect of different macrophages on lesions.
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Therefore, they used pro- and anti-inflammatory as well as non-polarized macrophages.
Through this investigation they observed a diminishing effect of pro-inflammatory
macrophages on weight and architecture of the lesions (78). Whereas the anti-
inflammatory macrophages led to opposite results, raising up the assumption that anti-

inflammatory macrophages could be important for lesion formation and growth (78).

Furthermore, Capobianco and colleagues found Tie2* macrophages in human and mice
endometrium (89). This type of macrophages contributes especially to angiogenesis. The
study group selectively reduced these, which resulted in diminished lesion growth.
Furthermore, the ability to form new vessels was lost as well as the ability to organise

glands (89).

Moreover, another study group observed mice without VEGFR and found differential
vascularisation, specifically the number and size of the vessels in the lesions were reduced

(90).

These findings may implicate a pivotal role of macrophages in the pathogenesis of

endometriosis.

3.2.4 Interaction with stromal cells

Further, the interaction of stromal cells and macrophages should be regarded as well. Chan
and colleagues demonstrated an enhanced invasiveness and reproducibility of stromal cells
from the endometrium in vitro, if cultured with macrophages from women suffering from
endometriosis (91). Another study used ectopic stromal cells, which led to a diminishing
effect on the phagocytic ability of macrophages and enhanced viability and proliferation of

stromal cells, in relation to the eutopic ones (92,93).

A further research group investigated endometrioma originated stromal cells, which led to
alterations in monocytes. In detail, the macrophages changed to a pro-repair phenotype,

which facilitated growth of endometrial lesions (94).

These results should be elucidated in more detail to outline the interaction in disease

pathogenesis and progression.
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3.2.5 Conclusion

Macrophages being important in the physiological menstrual cycle lead to the assumption
that they are involved in endometriosis progression or even pathogenesis as well. The
changes in frequency and subpopulation of macrophage population in endometriosis
patients may be indicative for their role in the disease (69,74—-77,79). Furthermore, the
pivotal function of macrophages, phagocytosis, was also seen to be reduced, leading to the
suggestion that macrophages could not be able to eliminate the redundant endometrial
cells (82-84). Additionally, assuming that results of macrophages improving the
endometrial cell proliferation are correct, it could explain the proliferation in endometriosis
patients and therefore be pivotal in pathogenesis (85). Further studies are required to

assure a confirmation of this fact.

Macrophages are able to produce VEGF, which could be an important factor in
pathogenesis as well. It is discussed that this production leads to angiogenesis, which
further results in lesion formation and implantation (73,78,86-90). Especially the
implantation is of scientific interest due to its pivotal role in endometriosis. Proving the
assumption of macrophages being important in the implantation process is of major
interest and would indicate a fundamental role of macrophages in the pathogenesis, but
further confirmation is required (73,78,86—90). As a result, the role of macrophages and

their function, in the pathogenesis of endometriosis should be investigated even more.

3.3 Dendritic cells

Dendritic cells (DC) have a special status in the immune system. They originate from the
lymphoid cell lines, the plasmocytoids and the hematopoietic or myeloid cell lines, the
myeloids. The myeloid subtype is predominant in endometrium and important in

endometriosis (26,95).

As antigen-presenting cells, they are involved in the clearance process and have a special
position in the immune system as they are the only subtype that can activate naive T-cells.
These cells are categorized by their maturation status, in immature, semi-mature and

mature ones (20,22).
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The immature dendritic cells act like a guardian against pathogens by endocytosis and
phagocytosis of antigens and presenting them on MHC-II molecules. Additionally, they have
another special way to present the antigens via MHC-I molecules called cross-presentation.
The semi-mature dendritic cells exhibit more MHC-II molecules and produce less
proinflammatory cytokines. They can stimulate T-cells to conduct apoptosis or their
transformation in regulatory T-cells.

The mature dendritic cells, which are located in the lymph nodes, express more MHC-I and

MHC-II molecules and are able to activate naive T-cells (20,22).

Research results regarding the effect of dendritic cells on endometriosis are absent, which

makes it difficult to generalize results in the following part.

3.3.1 Physiologic endometrial DC distribution

A special role of dendritic cells in the normal menstrual cycle and especially during
menstruation is discussed. The distribution of DC subtypes in women without
endometriosis could be interesting, therefore this distribution is elucidated in the

following. However, the amount of data existing is minimal.

Schulke and colleagues focused on the comparison of CD1a* for the immature subtype and
CD83* for the mature subtype. Overall CD1a* cell amount was higher than CD83* cells
throughout all menstrual cycle phases in both layers (95). Comparing the two layers, CD83*
was enhanced in the basalis compared to the functionalis during 2, the proliferative and
the secretory phase, out of 3 phases. Whereas CD1a* numbers were only increased in the
basalis during the secretory phase (95). Furthermore, immature dendritic cells enhance
during the menstrual phase and are assumed to have an impact on endometrial shedding

(95,96).

3.3.2 Frequency

Another study by Schulke and colleagues analysed different types of dendritic cells in

different stages in the menstrual cycle and compared patients with and without
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endometriosis. Therefore, they used hysterectomy samples and analysed the populations
of dendritic cells (96). They differentiated two types of dendritic cells CD1a* and CD83*. As
already mentioned before CD1a is a specific marker for immature and CD83 for mature DCs

(96).

They found a significant increase of CD1a* cells in the proliferative phase in the basalis in
endometriosis patients compared to control patients, however in the functionalis they

found no differences in all cycle phases (96).

The mature subtype CD83*dendritic cells were diminished in both layers in all cycle phases
in women with endometriosis. In both groups the CD1a* and CD83* DCs did not change

cycle phase dependant (96).

The study group compared the number of CD1a* cells in the basalis and functionalis during
secretion phase, which revealed an increase in the basalis compared to functionalis, in
either group. CD83* cells were increased in the basalis in comparison to the functionalis in
the patients without endometriosis, whereas in patients with the disease no difference was

detected (96).

Interestingly, immature dendritic cells, which normally increase during menstrual phase,
were not enhanced in endometriosis patients. Since they are discussed to be important in

endometrial shedding this could be affected (26,96).

Furthermore, another result was interesting. Next to lesions the number of CD1a* cells in
the peritoneum was increased compared with the cell number in the distanced peritoneum
(96). Besides no CD1a* cells were found in the peritoneum of women without
endometriosis. This leads to the assumption that dendritic cells have an impact on

endometriosis, whether if its role is causal or consequence may remain unknown (96).

However, another study reported a moderate but not statistic significant decrease in

peritoneal dendritic cells (36).

Furthermore, Maridas and co-workers analysed the frequency of DC subtypes in peripheral
blood. They compared different dendritic cell subtypes in women with and without
endometriosis. The immature DC subtype was reduced in the control group during

menstrual phase. This reduction could not be seen in the endometriosis group. The number
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of more mature DC subtype was reduced in both groups likewise. Moreover, the dendritic
cells in the peripheral blood were increased during proliferative and secretory phase in
women with endometriosis compared to the control group, however the difference was

not a statistically significant (97).

3.3.3 Possible effect in endometriosis

It is discussed that dendritic cells have an angiogenic function, like macrophages. This could
be important regarding endometriosis. A study by Fainaru and colleagues demonstrated
that dendritic cells infiltrate endometriosis lesions and nearly all of them express VEGFR2.

VEGEF is a factor important for angiogenesis and vascularisation (20,98).

Furthermore, they found many dendritic cells near to new formed blood vessels in their
experiment. These findings implicate an impact of dendritic cells in angiogenesis in

endometriosis (98).

Moreover, the study group implanted dendritic cells in endometrial lesions in mice to
observe a possible difference to mice without DC implantation. The implantation resulted
in lesion growth but differences in vessel frequency could not be found (98). However, the
vessels in the implantation group were clogged compared with the ones of the control

group (98).

These results would implicate an important role of dendritic cells in endometriosis. Two

studies searched for further verification and provided different results.

On the one hand, in a study with wildtype mice and transgenic mice the influence of
dendritic cell depletion with a toxin was evaluated. This resulted in an reduction of lesion
growth in transgenic mice and the number of dendritic cells within the lesions was reduced

too (99).

On the other hand, another study with similar conditions showed that the depletion of DCs
in a similar transgenic mice lineage resulted in an increased lesion formation, although the

number of DCs in the lesions was reduced (100). These different results are interesting and
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maybe result from different timespans of toxin injection and examination of lesion

formation in mice.

lzumi and colleagues detected a promotive effect of mannose receptor positive dendritic
cells on phagocytosis of dead endometrial cells. Furthermore, the mannose receptor
positive dendritic cells were increased in endometriosis patients (101). Moreover, the study
group was interested in the different expression of dendritic cells when cultured in
presence or absence of dead endometrial cells. Especially, IL-6 and IL-1 were increased
when cells were co-cultured with dead endometrial cells (101). Interestingly, these
interleukins lead to acute-phase protein production and indirect to phagocytosis resulting
in inflammation and immune system activation, which could be important in the

pathogenesis of endometriosis (20).

3.3.4 Conclusion

First of all, the lack of studies complicates a wide ranged summary and comparisons of
existing studies, should be mentioned. Even if there are two studies on one issue, like
Pencovich and Stanic, they delivered contrary results. Therefore, the results and this

chapter should be treated with caution.

The involvement of dendritic cells in physiologic menstrual cycle and their important part
in the immune system explains the expectation of their role in endometriosis and possible

effect in pathogenesis (95,96)

The alterations in frequency of different types of dendritic cells in endometriosis lead to
the assumption of endometriosis being in correlation with DCs somehow. Particularly, the
reduction of mature dendritic cells in women with endometriosis raises the question of
ineffective maturation. Of further interest is the finding of immature dendritic cells in the

peritoneum only in the immediate vicinity of lesions (96).

The increased perivascular density of dendritic cells and their enhanced VEGFR2
production, an angiogenic factor, leads to the assumption of an important part in

angiogenesis (98). Since angiogenesis is assumed to be pivotal for endometriosis lesion
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formation, the role of dendritic cells in the pathogenesis of endometriosis could be huge

even if its cause or effect is not declared.

Especially a study by Izumi and colleagues is interesting. They found expanded mannose
receptor positive DC in endometriosis patients, leading to increased phagocytosis and
could even promote inflammation (101). These results could be of major importance in the
pathogenesis of endometriosis although further confirmation is needed and maybe

observing the consequences of blocking the receptor would be interesting.

3.4 Neutrophils

Neutrophil granulocytes are versatile in function but their key role in starting immune
responses is important. Their lifespan compared to other immune cells is relatively short.
Neutrophils descend from myeloid stem cells, their production in the bone marrow is raised
by granulocyte-colony-stimulating-factor (G-CSF), which can be produced by tissue residing
macrophages during inflammation processes (20,102). They leave the bone marrow
completely differentiated and are the first leukocytes reaching a new inflammation side,
where they are important in immediate responses and regulating the adaptive immune
response (20,102). Furthermore, neutrophils can phagocytose and endocytose particles
and germs leading to intracellular mortification in phagolysosomes or to antigen presenting
via HLA-molecules. Due to the synthesis of cytokines and chemokines they play an
important role in the regulation of the immune response. Neutrophils can store effector

molecules, which are released depending on their activation (20,102).

3.4.1 Frequency

Two studies claim neutrophils to be elevated in the peritoneal fluid of women with
endometriosis compared to women without the disease (36,103). Nevertheless, the
number of studies about the frequency of neutrophils in endometriosis is far too slim and
further studies would be required. Milewski and co-workers detected enhanced
appearance of human neutrophil peptides 1, 2 and 3, which are antimicrobial peptides, a-

defensins, produced by neutrophils, in the peritoneal fluid of patients with endometriosis.
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Furthermore, the level of peptide increase correlated with the severity of disease, by being
even higher in more severe stages (103). Interleukin 8, also known as CXCLS8, was also seen
to be increased in the peritoneal fluid of women with endometriosis by two study groups
(103,104). This chemokine is known to attract and activate neutrophils and other immune

cells to the centre of infection and is involved in angiogenesis (20).

3.4.2 Possible effect in endometriosis

To clarify the impact of neutrophils on endometriosis Takamura and co-workers performed
a study with depletion of neutrophils. Therefore, they used mice, which were divided in
three groups, the first group received the antibodies in the early stage, till day three, the
second group in the late stage, from day eight till day twelve and the third group served as
control group and did not receive any antibodies (105). In the next step they compared the
number and weight of endometrial lesions in the different groups. As a result they found a
significant reduce in quantity of lesions in the early stage group compared to the control
group and even to the late stage group (105). Leading to the presumption of neutrophils
being pivotal in the development of endometrial lesions, however further investigations
need to be performed to confirm this thesis. Nevertheless, the study group found no
difference in the lesion weight in the control group compared with early stage and late
stage group. Only the lesion weight in the early group was diminished if compared to the

late stage group (105).

Furthermore, VEGF production by neutrophils could conduct to endometriosis. An
interesting study by Na and colleagues compared the VEGF production of neutrophils and
monocytes, the precursor of macrophages, in endometriosis and non-endometriosis
patients (106). First, they found higher levels of VEGF in the endometrial peritoneal fluid
compared to the control group. Furthermore, they detected that the influence of
peritoneal fluid from women with endometriosis stimulated neutrophils to produce VEGF,
whereas monocytes did not produce VEGF (106). Leading to the thesis that neutrophils are
responsible for the increased VEGF in endometriosis patients, and thereby possibly conduct
to lesion formation and implantation. Interestingly, the study group took a look on mRNA

expression of neutrophils when incubated with peritoneal fluid of women with
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endometriosis in comparison to control fluids and they found an increase in mRNA
expression of VEGF in the endometriosis group (106). This finding suggests that the
peritoneal fluid of endometriosis patients stimulates neutrophils to produce the VEGF,
which would implicate an important role of neutrophils in lesion formation. However, other

studies to confirm or falsify these results could not be found and should be performed.

Furthermore, enhanced proinflammatory cytokine production by neutrophils, besides
VEGF, was found. Interleukin-8 (CXCL8) and interferon-y-induced protein 10 (CXCL10) were
found to be increased in peritoneal fluid of women with endometriosis (107). The study
design was set up to culture neutrophils with endometrial peritoneal fluid to detect an
alteration in CXCL8 production by neutrophils. The production was increased but not alone
by neutrophils but CD4* T-cells as well. The increase of CXCL10 was also caused by both cell
types (107). Moreover, another cytokine produced by neutrophils localized in the
endometrium could be important in endometriosis, IFN-y. IFN-y is a mediator that affects
apoptosis, immune response and proliferation of endometrium (20,108,109). However,

studies of its influence in endometriosis are missing and should be conducted.

Furthermore, another factor in conjunction with neutrophils and endometriosis are
neutrophil extracellular traps (NET). If neutrophils die due to apoptosis near to centres of
inflammation they pass on a net out of chromatin in the extracellular space, which is useful
to catch bacteria and supports phagocytosis (20). Although it was shown that there is an
increase of NETs in women with endometriosis compared to the reference group they
could not verify a stimulating effect of peritoneal fluid of patients with endometriosis on

neutrophil extracellular trap development (110).

Furthermore, the neutrophil-to-lymphocyte ratio (NLR), investigated in a few studies, could
indicate a correlation of neutrophils and endometriosis. The NLR was measured in the
blood of women with and without endometriosis, whereas studies found higher values in
the endometriosis group, which also correlated with the severity of the disease (111,112).
Moreover, a close connection between NLR and CA125, a tumour marker for ovarian
cancer, which can be elevated in endometriosis as well, has been demonstrated (111-113).
Another study in fact could detect higher NLR values for endometriosis patients with
normal CA125. Thus in negative CA125 endometriosis patients NLR could be important for

diagnosis (114). However, other studies found no difference in the NLR in endometriosis
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and control groups (115,116). This difference in studies could result from the low specificity
and sensitivity of NLR when used alone. Both specificity and sensitivity can be enhanced if

measured combined with CA125 (111,112,114-116).

3.4.3 Conclusion

Current data on neutrophils in endometriosis is inconclusive. However, the few studies that
exist provide similar results. The frequency of neutrophils and their products could be
demonstrated to be enhanced in endometriosis. In the case of human neutrophil peptides
1, 2 and 3 the enhancement even correlated with disease severity (36,103,104). This leads
to the assumption that neutrophils be involved in pathogenesis of endometriosis or at least
in disease progression. However, a study with depleted neutrophils, which resulted in
reduced number of lesions in the early group, indicates rather an effect in the
pathogenesis. Furthermore, they found no difference in the lesion weight, which is an
argument for neutrophils to be involved only in development of lesions (105). Moreover,
the increased VEGF in peritoneal fluid of endometriosis patients, which is important for
angiogenesis, could lead to facilitated or even be causal for implantation and lesion
formation. As the study found that VEGF production is only increased in neutrophils
compared to monocytes, this would point out neutrophil’s role in endometriosis as well
(106). Even the neutrophil-to-lymphocyte ratio, which is claimed to be able to indicate
endometriosis diagnosis, could suggest an important role of neutrophils. However, the

validity of NLR is controversial (111-116).

According to these study results the role of neutrophils in the pathogenesis or progression
of endometriosis is highly probable. However, further studies are required to justify this

suspicion.

3.5 Mast cells

Mast cells originate from myeloid progenitor cells, are durable and located in the tissue.
Depending on the tissue they reside in, their lifespan adapts and their equipment of
receptors and mediator production changes. The development and function of mast cells

is modulated by the stem cell factor (22,102). They interact with IgE-antibodies and are
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involved in immediate-type allergy. Upon activation they release their granules and what
is more they survive this process. They either release preformed molecules or produce
inflammatory mediators. These lead to chemotaxis and migration of other inflammatory
cells. Furthermore, mast cells have a regulatory impact on the specific immune response
by having an anti- or proinflammatory effect. Moreover, they affect blood circulation and

permeability of vessels (22,102).

3.5.1 Mast cells in normal menstrual cycle

During the phases of the menstrual cycle mast cell numbers do not change (117-119).
Solely prior to menstruation the mast cell granules were seen to lack in content, which
indicates a previous activation (117). Assuming the content of mast cell granules being
somehow important for menstruation. When mast cells were observed in different layers
of the uterus, they were found to be present in low numbers in the endometrium (117). In
the endometrium itself mast cells were located mainly in the basalis, while the
myometrium contains much more mast cells, especially in the inner half of the

myometrium (114,116).

During menstruation it is assumed that mast cells are involved in the shedding of the

functionalis and afterwards in the regeneration of the tissue (118,121,122).

Mast cells are also discussed to be implicated in angiogenesis and so involved in cancer
development (123). Likewise their increased occurrence near blood vessels contributes to
that thesis as well as the observation that mast cells are involved in angiogenesis in rats

during pregnancy (116,120).

Furthermore, their role in fibrosis and adhesion development is suspected (119,123), also
due to their expression of receptors for fibronectin and counter receptors for vascular cell

adhesion molecule-1 (VCAM-1) of the uterine mast cells (125).
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3.5.2 Frequency

In the eutopic endometrium no difference was seen in frequency of mast cells during
different cycle phases in women with and without the disease (126). There was also no
difference in the number of mast cells in the eutopic endometrium when women with and
without endometrioses were compared (127). In the ectopic lesions mast cells were seen
to be increased in women with endometriosis (126—-131). However, three of these studies
found the increase only in comparison with eutopic endometrial tissue in women with and
without endometriosis (126,127,130). Therefore, it implies that an increase in the number
of mast cells could only be found in the ectopic lesions. Interestingly, an increased
activation on mast cells has also been demonstrated in ectopic lesions (127,130,131),
whereas the number of activated mast cells in the eutopic endometrium was very low

(127,131).

3.5.3 Possible Role in Endometriosis

Activated mast cells, which are increased in lesions of endometriosis patients, are assumed
to be involved in the development of fibrous adhesions. This could implicate an important

role of mast cells in lesion development in endometriosis (127).

Furthermore, mast cells can produce many factors like interleukins, TNF-a, granulocyte-
monocyte-stimulating factor and many more, which are able to activate macrophages,
build a proinflammatory environment and act as chemotactic mediators for neutrophils
and eosinophils as well. In this way they contribute to inflammatory processes by bringing

immune cells into the endometrium or endometrial lesions (20,26,132).

3.5.4 Conclusion

Only a small number of studies concerning mast cells in endometriosis exist and of which
only a few are useful. Due to their important role in allergies, a possible role in
endometriosis does not come into consideration for many study groups because they
suppose that endometriosis has no connection to allergies. Studies investigating different

immune cell types do not regard mast cells intently and rank them low priority. A possible
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role may be undetected due to their assumptions of not being as important as other

immune cells.

Alternatively, the function of mast cells in the normal menstrual cycle could lead to the
assumption of an impact in endometriosis since they are involved in inflammatory
processes, which are discussed to be predominant in endometriosis patients. In addition,
because of their possible role in the development of fibrous adhesions and their increased
occurrence in endometrial lesions, there may be a connection to endometriosis

(119,123,126-131).

However, some studies reported of a higher count of mast cells in the lesions compared to
the eutopic endometrium of women with endometriosis. (126,127,130). They
characterized the majority of the present mast cells within the ectopic tissue as activated
and degranulated ones, which may indicate an impact of a hypersensitivity reaction and

endometriosis (26,127,130-132).

3.6 Eosinophils and Basophils

Eosinophils and Basophils are subgroups of granulocytes. Eosinophiles are specialized in
destroying parasites with the help of IgE-antibodies, although other pathogens can be
destroyed as well. Actually, they are able to act as antigen-presenting cells too. Their
granules contain enzymes, cytokines and proinflammatory mediators. Upon degranulation
reactive oxygen species (ROS) are released, which are toxic and support the destruction of
parasites and other pathogens (22,133,134). Maturation of eosinophils occurs in the bone
marrow by the influence of different factors like IL-5, which is one of the most important
ones for eosinophil maturation. Furthermore, it even supports the survival of the cells by

preventing apoptosis and enhances the activation of eosinophils (133).

Basophils are known to contain histamine and also amines, proteases, proteoglycans and
cytokines within their granules. Their life span is short, and they are mostly found in blood
vessels, nevertheless they can also migrate into inflamed tissues. In addition, basophils
produce mediators, which promote vascular permeability. Like eosinophils their

maturation occurs in the bone marrow and for them interleukin-3 is their most important
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mediator for maturation and differentiation (22,135). Basophils are discussed to influence
the development of autoimmune diseases and allergies (135,136). Until recently, basophils
were not of great scientific interest because their role in the immune system was
underestimated. Only in recent years have they gained more attention, but their role in

endometriosis has yet to be explored.

3.6.1 Eosinophils in normal menstrual cycle

Of all leukocytes, eosinophils make up a very small proportion (137). During luteal phase
the number of eosinophils was lower than during the follicle phase. Ovulation as well led
to a lower eosinophil count and a further study showed a decrease of eosinophils during
menstruation (133,134). These findings lead to the assumption that eosinophils have an
effect in the menstrual cycle, especially their contribution in tissue remodelling and wound

healing has been discussed (138,139).

3.6.2 Eosinophils in Endometriosis

A possible effect of eosinophils in endometriosis, is currently not of scientific interest, but
a few studies exist. One of these studies investigated the amount of eosinophil
granulocytes in endometriosis patients. Therefore, they compared peritoneal fluid and
blood samples of women with and without endometriosis. In the peritoneal fluid of
endometriosis patients the eosinophil count was much higher than in control patients while
no differences were found in the blood samples (140). Moreover, an early activating
molecule, CD69, was observed on peripheral blood eosinophils in endometriosis patients,
which was not present on the cells of the control group at all. In the peritoneal fluid it was
detected in both groups, albeit the distribution was much higher in the endometriosis
group (140). Another study group investigated eosinophil peroxidase, a marker for
degranulated eosinophils, which was found in high intensity in samples of endometriosis
patients. Interestingly, it was found nearby lesions and in the connective tissue. Apart from
that eosinophil peroxidase was found only to a minor extend in control samples of the

secretory phase and were completely absent in control samples of the proliferative phase
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(139). Furthermore, chemoattractants and cytokines for eosinophils, like interleukin-5,
eotaxin and RANTES (regulated on activator normal T-cell expressed and secreted) were
investigated in woman suffering from endometriosis and healthy ones (139). The cytokine
IL-5 could not be detected in the control group but enhanced levels of IL-5 were found in
the endometriosis group especially in samples with high eosinophil peroxidase detection
(139). Since IL-5 is important in eosinophil activation and survival the increased values of
IL-5 and eosinophil peroxidase in endometriosis samples could suggest that there are more
activated and viable eosinophils in endometriosis (139). However, further studies

confirming these results are missing.

The chemokine RANTES was only found in low levels in endometriosis samples mainly in
combination with inflammation. Otherwise eotaxin was detected in both groups, but to a
greater extend in the endometriosis group (129,135). In the peritoneal fluid the amount of
eotaxin was higher in women with endometriosis than in control patients. Furthermore,
the same study found higher levels of eotaxin depending on the severity of the disease

(141).

3.6.3 Conclusion

These results indicate a participation of eosinophils in the normal menstrual cycle.
Especially, their possible involvement in menstrual shedding and wound healing could
suggest a role in endometriosis as well. The enhanced occurrence of eosinophils in the
peritoneal fluid of women with endometriosis supports these assumptions (140). However,
the current scientific knowledge is too low to take this information for granted.
Furthermore, the increased eotaxin levels in higher stages of the disease indicate rather an
influence of eosinophils in the progression than in the formation of the disease (141). In
fact, there are further studies needed to clarify the role of eosinophil granulocytes in the

development and/or progression of endometriosis.

Since endometriosis is discussed to be an autoimmune disease and basophils are important

in the formation of autoimmune diseases, basophils could be important as well in
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connection with endometriosis (135,136). But other immune cells seem to be more

promising candidates, which is why there are no studies on basophils and endometriosis.

3.7 B-Lymphocytes

B-Lymphocytes originate from lymphoid progenitor cells and belong to adaptive immune
cells. In conjunction with T-Lymphocytes they are regarded as the cellular component of
the adaptive immune system, which is known to be high in diversity and in antigen
specificity. B-Lymphocytes mature in primary lymphoid organs, like the bone marrow,
where they begin to express specific antigen receptors. Afterwards they migrate through
the blood stream into secondary lymphoid organs, like spleen, lymph nodes and mucosa-
associated lymphoid tissue (20,22,142,143). These cells are equipped with surface
receptors, also known as surface immunoglobulins, for antigen recognition and they are of
great diversity. If these receptors recognise and connect with the compatible antigen they
are activated, and B-cells convert from naive cells to effector cells. These effector cells,
known as plasma cells, are able to produce specific antibodies for the antigen. Some of the
naive B-cells also transform into memory cells, which are important for long-term immunity

and are activated by a following contact with the exact antigen (20,22,142,143).

T-helper cells are a different type of effector cells, originating from T-progenitor-cells and
are able to activate antibody production by B-cells. There is a close collaboration between
B- and T- Lymphocytes in immune responses (20,22,142,143). Furthermore, B-cells may

contribute to autoimmune diseases and the development of allergies (142,143).

3.7.1 B-cells in menstrual cycle

The occurrence of B-cells in the endometrium of healthy women showed a peak between
day six and eight of the menstrual cycle, followed by a constant low until another small
increase between day 23 and 26 (144). Another study investigated B-cell and plasma cell
frequency in the uterine sentinel lymph nodes in correlation with different cycle phases
(145). The highest amount of these cells was found during menstruation. The number of B-
cells raised between the secretory phase and menstruation and declined between

menstruation and proliferative phase (145). Although the influence of the menstrual cycle
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on B-cells is of interest the role of B-cells in menstrual cycle is not well investigated. But an
influence of oestrogen on B-cells was found. Especially high oestrogen levels during
pregnancy or maybe even preovulatory have an impact on B-cells. This effect can lead to
survival of B-cells and autoreactive cells (146,147). Since highest numbers of
immunoglobulins were found in the cervix preovulatory, this could indicate a high number
of B-cells before ovulation and an important influence of oestrogen on the B-cell regulation

(146).

3.7.2 Frequency in endometriosis

Regarding the frequency of B-cells in endometriosis different study results were found, but
there is no consensus (30,144,156,157,148—-155). One of these studies showed no
difference of B-cells within endometrial lesions, endometrium of women with
endometriosis and healthy control endometrium (148). This findings were supported by
two other studies, which also did not found an alteration in B-cells within the endometrium
(144,149). Similar results were found with blood samples of Gebel and co-workers, who
could not show any difference in the total number of B-lymphocytes (150). Apart from that
several studies present results indicating an increase in B-cells in woman suffering from
endometriosis (152-157). Antsiferova for example found enhanced B-cell numbers in
endometrial lesions, these B-cells even were seen to be more activated as well (152).
Chishima and co-workers focused on Bl-cells, a special subtype of B-lymphocytes, which
are a part of the innate immune system (20,154). This subtype was elevated in peritoneal
exsudate but disease severity did not correlate with B1-cell content, however they noted a

non-significant trend toward higher B1-cell levels at less severe stages (154).

On the contrary two other studies found decreased B-cells in the blood (30) and in
endometrial lesions (151) of endometriosis patients, although the study of Gagné and co-

workers stated that the decrease was small and just statistical significant (30).
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3.7.3 Role of B-Lymphocytes in endometriosis

A study by Antsiferova and co-workers investigated different B-cell types and their content.
The number of B-cells in the peripheral blood did not differ in women with endometriosis
but in endometriosis patients the amount of B1- and activated B-cells in endometrial
lesions was higher than in the endometrium. In the lesions the numbers of these cells was
increased, whereas in the eutopic endometrium of patients no difference could be found
(152). Furthermore, a massive increase in mRNA IL-4 expression in lesions was detected by
the same group. Although IL-4 is an interleukin, produced by T-cells and mast cells and
important in B-cell activation, it could not be found in the endometrium of the patients

(152).

Another study group detected upregulated genes, which are associated with immune
responses, in endometriosis. They found numerous plasma cells in endometriotic lesions
and upregulated mRNA of immunoglobulin G (IgG), whereas they could not detect any
plasma cells in eutopic endometrium of the control group (155). Furthermore, they
observed an upregulation of a protein called B-lymphocyte stimulator (BLyS), which is
produced by B-cells, and it is important for the development of B-cells and differentiation
of naive B-cells into plasma cells. This protein is able to bind three different receptors. One
of these receptors called BCMA was found to be upregulated in ectopic lesions as well.
BCMA promotes the survival of plasma cells. BLyS was also found to be enhanced in the
serum of endometriosis patients compared to the control group (155). Interestingly, this
protein is increased in different autoimmune diseases as well. These findings indicate a
difference in frequency and activation of B-cells in endometriosis. Especially the BLyS
protein enhancement, which is normally seen in autoimmune disease, suggests an
important role in endometriosis and could even demonstrate that endometriosis is an

autoimmune disease (155).

The theory of autoimmune disease can be supported by another study result. Chishima and
co-workers detected antinuclear antibodies in peripheral blood of some endometriosis
patients (154). Antinuclear antibodies are autoantibodies, attacking body owns cell nuclei,
which are elevated in autoimmune diseases (158). These antibodies were found to be

correlated with increased B1-cell levels in the peritoneum (154).
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Alterations in immunoglobulins could also be detected. IgG and IgA have been observed to
be increased in the peritoneum in endometriosis patients. In blood samples there was just
an enhancement in 1gG but not in IgM levels and they noticed an enhancement in B-cells,
which also correlated with the immunoglobulin levels in blood samples (153). These results
implicate more active B-Lymphocytes as well. Raising the question, if endometriosis is seen
as a pathogen by the immune system, leading to more activity, or if something different,

leading to endometriosis, promotes this activity.

Another study found differences in 1gG2 levels depending on the severity of the disease. In
more severe stages of endometriosis, the amount of IgG2 was lower than in women with
milder stages and the healthy control group. Interestingly, the number of B-cells did not
differ in these three groups (150). These results seem to indicate reduced IgG production
by B-cells in higher stages, which raises the question of what is responsible for this change
in function (150). Furthermore, this study group also investigated the influence of two
different drugs on IgG levels and found that treatment with danazol brought back the I1gG
levels in advanced endometriosis stages to the levels of the control group. Otherwise,

treatment with GnRH agonists did not influence the IgG levels (150).

Since increased levels of soluble CD23, which is produced by activated B-Lymphocytes and
plays a role in B-cell homeostasis, were found in the serum of patients with endometriosis,
it was examined if a pharmacological treatment has an influence on CD23 production
(157,159). So it was shown that soluble CD23 could be reduced in endometriosis patients
when treated with danazol but not by treatment with another drug usually used for

endometriosis like, leuprolide acetate, a GnRH agonist (157).

Riccio and co-workers tested another drug called Ibrutinib, which is an inhibitor of bruton-
tyrosine kinase (Btk). Btk is important in maturation of B-cells and activation of mast cells
(160). A deficiency in Btk for example leads to blockage of development and function of B-
cells (20). In mice Ibrutinib inhibited the development of endometriosis and it reduced B-
cell activation in spleen and peritoneum. This resulted in reduced volume and weight of
the implants and activity was also limited. Additionally, no angiogenesis could be detected
anymore (160). lbrutinib affected not only B-cells but also macrophages, leading to

increased numbers of M2 macrophages and a decrease in M1 macrophages in spleen. At
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the same time, it decreased the M2 count in the peritoneum and increased M1 number
there. Moreover, Ibrutinib promoted a decrease of mRNA expression for inflammatory and
fibrotic mediators (160). The inhibited angiogenesis, which is important in lesion formation,
through reducing B-cell function and development, implicates that B-cells are important in
the angiogenesis and development of lesions. Furthermore, the diminishing effect of the
drug on inflammatory and fibrotic factors, leads to the assumption that B-cells also
promote inflammation and fibrogenesis and that these factors are important in
endometriosis as well. These results reveal an important role of B-cells in development of

endometriosis.

Programmed cell death protein-1 (PD-1) positive B-cells have been seen to be elevated in
all endometriosis stages compared to control. Its ligand, PD-L1, was also increased in
patients with endometriosis (156). PD-1is an important checkpoint in the immune system,
its purpose is to remain the peripheral tolerance, established by mature lymphocytes and
the promotion of self-tolerance (20,156). In combination with its ligand, it is discussed to
lead to T-lymphocyte activation and supports to develop inflammation and tissue injury.
Furthermore, its ability to react to cancer and infections is discussed to change and even
be worse in high expressing T-cells (156). Insofar, this pathway might be involved in the

development of endometriosis, but further studies are therefore needed.

A gene called B-cell translocation gene 1 (BTG-1) is included in apoptosis and it prevents
proliferation and adhesion (161). It is a tumour suppressor gene and its expression is not
dependent on cycle phases. BTG-1 mRNA expression was seen to be reduced in lesions and
endometrium of women with endometriosis compared to the healthy control group (161).
The working group of Kim and co-workers hypothesized that a reduction of BTG-1 leads to
decreased apoptotic functions and consequently increased cell survival, as well as enables
proliferation and adhesions, which is associated with higher migration potential (161). To
prove this theory, the study group transfected endometrial stromal cells, with BTG-1 siRNA
for downregulation of BTG-1 expression. This downregulation results in an increased
proliferation rate and an enhancement of migration and wound healing. Furthermore, a
decreased number of pro-apoptotic factors and a concomitant increase in anti-apoptotic
factors was detected (161). The reduced BTG-1 mRNA expression in endometriosis leads to

an impairment in apoptosis and facilitated proliferation (161). Since these two factors are
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discussed to be important in pathogenesis of endometriosis, these results implicate a role

of BTG-1 in endometriosis. Although, the cause of the reduction is not clarified yet.

3.7.4 Anti-endometrial Antibodies

Anti-endometrial antibodies are discussed to be involved in endometriosis. These are
antibodies against the endometrium, especially a reaction to endometrial glands could be
found (162-164). The occurrence of these antibodies is not limited to endometriosis. In
many gynaecological diseases and even in healthy patients they can be found (162,164—
166). An involvement of anti-endometrial antibodies in endometriosis has not yet been
clarified. The findings of different studies show controversial results. Some studies found
no difference in the quantity of these antibodies compared to control groups (163,167).
Otherwise, some other studies found a correlation between anti-endometrial antibodies
and infertility (165,168). Alternatively, Fernandéz and co-workers detected an increased
number of the antibody in the serum of women with endometriosis compared to the
control group (162). A difference in correlation of disease severity (162-164,167) and
menstrual cycle phases (163) could not be found. The results on frequency are not
consistent due to the different methods used. Since, infertility is a problem of
endometriosis patients, these antibodies could be involved, once it was found by Sarapik
and co-workers that these antibodies are related to failed in vitro fertilization (166).
Furthermore, it is discussed that, anti-endometrial antibodies are a consequence of the

disease and not the trigger (162).

3.7.5 Conclusion

The difference in studies results regarding frequency indicate a lack of consensus across
studies. Although, a trend towards increased B-lymphocytes in endometriosis patients
could be seen. To confirm this hypothesis, further studies with more study participants and
standardised methods should be conducted, as existing studies vary widely in terms of
evaluation methods and age of studies and have low numbers of participants

(150,152,153). Furthermore, a change of B-cells in activation or markers, which activate B-
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cells could be found to be enhanced in endometriosis. On the one hand interleukin-4 a B-
cell activator was increased and on the other hand antibodies have been elevated, which
indicate higher activation of B-cells (150,152,153). Additionally, a factor, CD23, produced
by activated B-cells was enhanced, which suggests increased activation of B-cells as well
(157). Moreover, a possible connection of endometriosis with autoimmune diseases seems
to exist. Antinuclear antibodies, which are autoantibodies, could be found in endometriosis
patients and a protein called BlyS, was seen to be upregulated in B-cells, which can also be
found in autoimmune diseases (154,155). Therefore, the theory of endometriosis being an

autoimmune disease seems to be relevant.

Furthermore, a possible influence of B-cells in the development and progression of
endometriosis can be supported by the following results. First, inhibition of a B-cell
maturation factor, Btk, led to reduced development of endometriotic lesions (160).
Furthermore, angiogenesis could not be detected anymore and inflammation and fibrotic
markers were diminished (160). Second, another factor expressed by B-cells, PD-1*, was
enhanced in endometriosis, and seen to be important in inflammation and tissue injury
(156). Third, a gene, BTG-1, was diminished in endometriosis, which correlates with
increased proliferation, anti-apoptotic factors, migration potential and wound healing
(161). These results imply an important role of B-cells in progression, proliferation,
migration, survival, fibrogenesis, angiogenesis and in creating a pro-inflammatory
environment, which are necessary for the pathogenesis of endometriosis. For that reason,
further studies are needed to ensure the pivotal role of B-cells for the development and

progression of endometriosis.

3.8 T- Lymphocytes

3.8.1 Gamma delta T-cells

Gamma delta T-cells have been detected to be important in autoimmune diseases and their
progress. Therefore, they produce cytokines and chemokines, which lead to
proinflammatory environments (169). In endometriosis gamma delta T-cells have not been

of scientific interest, since few research has been executed. However, one study found a
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difference in quantity of gamma delta T-cells in patients with endometriosis. This study
group compared women with endometriosis with patients with adenomyoma and found

an increase of gamma delta T-cells in the endometriosis group (170).

This could indicate that endometriosis is kind of an autoimmune disease, however, the lack

of studies does not permit conclusions.

3.8.2 Natural killer-like T-cells (NKT)

Natural killer-like T-cells are a subtype of T-lymphocytes, which are similar to natural killer
cells. Enabled NKT-cells generate lots of cytokines and further activate other immune cells,
therefore they are important in immune reaction, especially in allergies, autoimmune

processes and infections (171,172).

A study found diminished NKT cells in patients with endometriosis compared to the control

group. The quantity correlated with the stage of endometriosis (172).

Another study investigated the amount of CD56* NK and NKT cells in patients with
endometriosis and found less than in the control group (173). That could result in a
decreased destruction of ectopic endometrial cells and furthermore the survival of these

cells could lead to formation of endometriosis.

3.8.3 Regulatory T-cells (Treg)

Regulatory T-cells are important in the immune systems suppressive function and

furthermore play a vital role in autoimmunity (174).

Gogacz and colleagues investigated the quantity of regulatory T-cells (175). They found no
difference between diseased and healthy group whether in peritoneal fluid nor in
peripheral blood. Further no difference could be detected regarding different menstrual
cycle phases (175). Other studies could not confirm these results completely, because they
detected increased Treg in peritoneal fluid in endometriosis patients compared to control

(176,177), in peripheral blood no difference was found as well (176,178).
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A study group found FoxP3*, a Treg cell transcription factor (179), to be elevated in the
secretory phase in women with the disease compared to the control group. In the
menstrual and proliferative phase no differences could be found (180). Another study
group could not find any differences depending on cycle phases (181,182). Interestingly,
FoxP3* was found in some ectopic lesions of endometriosis patients whereas no FoxP3*
could be found in the control group. The detected FoxP3* was found in the lesions and not

in the surrounding tissue, which could indicate a role in the lesions itself (180).

Another study found FoxP3* to be elevated also in the eutopic endometrium in secretory
phase in endometriosis (183). Although it is not clear if the FoxP3* found in the lesions is a
reaction of the immune system to lesion formation or has any origin due to the disease
(180). The FoxP3* cells led to impaired function of other immune cells, which would be
important in detecting and removing endometrial cells. Therefore, these cells could be a
support or even the trigger in the survival of endometrial tissue outside of the uterus (180).
In the peritoneal fluid CD4*CD25"e" cells, another subset of Treg cells, were increased
compared to control group and further the expression of FoxP3* of these cells in the
peritoneal fluid was elevated in the endometriosis group too (182). Another study group
could confirm the increase in CD25"8"FoxP3* cells in peritoneal fluid of endometriosis

patients though in peripheral blood a reduction was detected (184).

Chen and colleagues investigated the mRNA expression of FoxP3* in endometriosis
compared to a healthy control group (185). The mRNA expression was increased in women
with the diseases. Furthermore, the levels were higher in more severe stages (185). On the
other hand the same study group found no difference in quantity of FoxP3* protein

between endometriosis and control group (185).

Furthermore, Budiu and colleagues found increased CD4*FoxP3* Tregs in mucin 1
glycoprotein (MUC1) in a mouse model of endometriosis (186). They postulate that MUC1
is enhanced in endometriosis wherefore it might be used as an endometrial lesion marker
(186). This could mean that FoxP3* is involved in endometriosis and could interact with

MUC1, which might have a part in endometriosis as well.

Li and colleagues regarded an interaction between a special chemokine, called thymus-

expressed chemokine, or TECK, and Treg cells (187). In peritoneal fluid higher numbers of
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TECK and Tregs were found to be associated with advanced stages of endometriosis.
Further enhanced numbers of IL-10 and TGF-B in peritoneal fluid could be seen to be
correlated with more severe stages of endometriosis (187). Another study also found
enhanced TGF-B in peritoneal fluid of women with endometriosis (176). IL-10 and TGF-
are discussed to have an inhibiting function on NK-cells, especially on their cytotoxic ability
(56,60). Furthermore, the study group found a diminishing effect of TECKs on apoptosis of
Treg cells and on their suppressive ability (187). Further, they led to increased
differentiation of regulatory T-cells and enhanced their functionality. Tregs in the following
led to growth of endometriosis lesions, due to production of IL-10 and TGF-B, and Tregs
were seen to contribute to proliferation and invasiveness of endometrial stromal cells
(187). Therefore, the authors postulate an important role of TECKs and Tregs in
endometriosis. To confirm their thesis, they injected anti-TECK in mice, which led to
decreased lesion growth (187). Another study group found IL-10 and TGF-$ being produced
by Tregs and further anti-IL-10 and anti-TGF-B had a suppressive effect on invasion and
proliferation of endometrial cells (188). This could indicate a special role of the immune
system, especially of TECKs and Tregs in endometriosis through TECKs stimulating
proliferation and function of Tregs and further Tregs producing cytokines leading to

invasion and proliferation of endometrial tissue.

Cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) or also known as CD152 is a special
protein on T-cells, especially on Tregs. This receptor inhibits and prevents an overreacting
immune system. On regulatory T-cells this protein is necessary for normal functionality,
which is interesting regarding Tregs importance in preventing autoimmunity (20). Liu and
colleagues were interested in CTLA-4 in endometriosis (188). Therefore, they injected anti-
CTLA-4 antibodies into mice. In peritoneal fluid the antibodies diminished the number of
CD4*CD25* Treg cells (188). Further Treg production of IL-10 and TGF- was decreased and
the antibody led to diminished growth and invasiveness of endometrial cells (188). These
results are interesting, thus if Tregs would be leading to endometriosis through diminished
prevention of autoimmunity, the experiment should have led to increased lesion
formation. According to these results and the studies mentioned above a role of regulatory

T-cells in pathogenesis of endometriosis cannot be excluded.
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Wang and colleagues found increased CCL22 and CCL17 in a co-culture of monocytes and
endometrial stromal cells combined with oestradiol and progesterone. These increased
amounts had a chemotactic effect on regulatory T-cells (189). These findings could indicate
an interaction of hormones and the immune system in endometriosis. Another study also
detected increased amounts of CCL17 in eutopic endometrium of endometriosis patients
compared to control group but they found no difference between cycle phases (190).
Furthermore, these Tregs produced higher quantity of TGF-B1 as well as increased IL-13
and TNF-a, which all are proinflammatory cytokines (189). These differences in the amount
of these proinflammatory cytokines could be detected in the endometrial environment.
They led to increased production of IL-8 and VEGF, which are angiogenesis factors (189).
Due to the importance of angiogenesis in endometriosis lesion formation this could also
indicate a possible involvement in endometriosis pathogenesis. Furthermore, the co-
culture led to enhanced expression of FoxP3*, CTLA-4, CD73 and CD39 on Tregs, which are

participating in the suppressive function of Tregs on the immune system (189).

Wei and co-workers found enhanced regulatory T-cells in the peritoneal fluid of
endometriosis patients compared to control. The increase was highest in advanced stages
of the disease (191). Further, they analysed a special gene called indolamine 2,3-
dioxygenase (IDO1) because they found it to be more present in endometriosis than in
control group. With the help of 1-Methyl-tryptophan (1-MT), an IDO-1 inhibitor, they
detected an effect on Treg cells (191). The Treg cells with suppressed IDO-1 were restricted
in differentiation. If 1-MT was added in vivo endometrial lesions were seen to be smaller
and lighter (191). Moreover, IDO-1 was seen to be influenced by oestrogen, on the one
hand IDO-1 was increased in oestrogen exposed samples and on the other hand oestrogen-
receptor blocking led to downregulation (191). These findings would explain an interaction
of immune cells and endometriosis, which is oestrogen dependant since oestrogen could

stimulate regulatory T cell proliferation by enhancing IDO-1 (191).

3.8.4 CD4* T-cells

CD4* T-cells, known as T-helper cells, detect MHC-Il-peptides, which are presented on

antigen-presenting cells (20). These CD4*-cells further activate the immune system and

51



differentiate to Th1, Th2 and Th17 cells. These cells determine if they lead to a pro- or anti-
inflammatory environment. Furthermore, they support B-cells in producing antibodies

(20).

The amount of CD4* cells in peritoneal fluid and peripheral blood of women with and

without endometriosis was found to be not significantly different (192).

Another study detected in peritoneal fluid of patients with endometriosis CD4*-T-cells to
be diminished compared to control group, in peripheral blood no difference could be seen
(193). This study further detected increased numbers of interleukin-10 (IL-10) especially in
stage one and two of the disease compared to control (193). Interestingly, IL-10 is a
cytokine, which inhibits Thil-cells and supresses release of inflammatory cytokines,
whereby it is able to limit inflammatory processes (20). This could explain why ectopic

endometrial cells are not destroyed by inflammation and are able to survive.

Another study detected a raised CD4* to CD8" ratio in peripheral blood of women with
endometriosis in contrast to healthy women (39). In endometrium of endometriosis
patients similar results could be found (148). As CD8* cells are known to be cytotoxic, this
could indicate a more survival friendly environment for endometrial cells. However,
another study found no difference in the ratio in peritoneal fluid when compared to the

control group (194).
Th1l and Th2 CD4* cells

Th1 cells are important in infections by microorganisms, especially in detecting infected
macrophages (20). Th2 cells are relevant in infections by parasites. Further, they play an
important role in IgE-production by B-cells. IgE-antibodies are responsible for asthma and

allergies, which is interesting regarding endometriosis and its possible cause (20).

Th1l and Th2 CD4* cells act just like antagonists, by inhibiting each other through their
secreted cytokines. Whereas Th1 cells lead to pro-inflammatory reactions, Th2 cause a
more anti-inflammatory response (26,195). Further, Thl cells promote cell-mediated
immunity by activating CD8* differentiation, monocytes and macrophages and by
producing different cytokines, like TNF-a, IFN-y, IL-2 and IL-12 (196). Previous studies even

found a connection to pregnancy. Th2 was seen to be connected with fetal survival,
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whereas Th1l was associated with infertility or even loss of pregnancy (109,197), which
could indicate a role in implantation. Since Th2 CD4* cells evoke an anti-inflammatory
process, a possible role in endometriosis, by inhibiting a required reaction against

endometrial cells, could be assumed.

The number of Th1 cells have been seen to be decreased in lesions compared to eutopic
endometrium (178). However, in peripheral blood of women with endometriosis Th1 cells
were increased compared to the healthy control group, on the other hand no difference
was found in Th2 cells (178). Furthermore, Th1 was seen to be associated with severity of
the disease, especially proinflammatory cytokines secreted by Th1l cells, were increased in
peritoneal fluid in endometriosis. This increase particularly was related to more severe
stages (195). However, another study could not find differences in Th1 in peritoneal fluid

but Th2 was increased in peritoneal fluid of women with endometriosis (177).

These findings could indicate a role of Thl CD4* cells in endometriosis by inducing a pro-
inflammatory environment, however, the current information is insufficient to make

conclusions.

The two subtypes of CD4* cells, Th1l and Th2, especially their development in endometriosis
compared with a control group was of interest for the study group of Chen (198). GATA-3
and T-bet are transcription factors for Th1l and Th2 T-cells. T-bet stimulates Th1 and inhibits
Th2 development whereas GATA-3 acts contrary (20,198). In endometriosis GATA-3 mRNA
expression was increased, T-bet expression was similar to the control group and in
endometrial tissue GATA-3 protein was enhanced and T-bet protein was diminished (198).

These findings could explain an increase of Th2 cells.

Furthermore, in eutopic endometrium mRNA of IL-10, which is typical for Th2 cells, was
seen to be higher in patients witch endometriosis compared to mRNA of interleukin-2 (IL-
2), typical for Thl cells (152). This could indicate that Th2 cells are predominant in
endometriosis. In peripheral blood mRNA levels of IL-10 and interleukin-4 (IL-4) was seen
to be increased, IL-2 was diminished in endometriosis group compared to control (152). IL-
4 mRNA, which is typical for Th2, could not be detected in eutopic samples. In ectopic

endometrium IL-4 was increased and IL-10 was decreased (152). IL-4 activates B-cells (20)
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and further is discussed to lead to fibrosis (199), which could be interesting regarding

endometriosis.

CD4*Th17 cells

Th17 cells are involved in reactions against extracellular bacteria and fungi. Furthermore,
they secrete IL-17 and IL-22, which are important in epithelia of genitourinary, respiratory

and intestinal tract, where they prevent infiltration by microorganisms (20).

CD4* Th17 cells in patients with endometriosis were increased in peritoneal fluid and
peripheral blood compared to control group (26,200). Furthermore, in patients with
advanced endometriosis Th17 levels in peritoneal fluid were higher than in mild stages, in

peripheral blood no difference was found (200).

Another study detected higher numbers of Th17 cells in endometrial lesions compared to
endometrium but could not find a difference in peripheral blood comparing patients with
and without endometriosis (178) as it was also shown by Gogacz and co-workers (200). In
peritoneal fluid of women with and without endometriosis the number of Th17 cells was

similar (177).

Interleukin-17A (IL-17A), a product of Th17 cells and other immune cells, is of interest
because it leads to proliferation of endometrial stromal cells (201), which could be
important in endometriosis. Zhang and colleagues found IL-17 in peritoneal fluid of women
with less severe endometriosis being increased in comparison to advanced endometriosis
and healthy women (202). That could indicate a role of IL-17 and therefore maybe Th17 in
early endometriosis, especially in proliferation of lesions. However, another study could
not detect any differences of IL-17A in peritoneal fluid and peripheral blood between

endometriosis and control group (203).

3.8.5 CD8* T-cells

CD8* T-cells also known as cytotoxic T-cells, recognize MHC-I peptides of infected cells and

eliminate them (20).
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The amount of CD8* cells in endometrium of women with and without endometriosis was
seen to be similar throughout the cycle. Further, CD8* cells were not reduced as much as
CDA4* cells, after proliferative phase. The CD4* to CD8* ratio, was similar in proliferative

phase, while CD8* became more dominant, towards the cycle end (144).

Although, in peripheral blood no difference of CD8* cells throughout the cycle in women
with endometriosis was detected there was a change of CD8* cells in healthy women (204).
On the contrary, in ectopic endometrial lesions CD8* cells were more abundant than in

eutopic endometrium of the control group (148).

The lack of different studies and information does not allow conclusions. Further, studies

should be regarded.
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4. Discussion and Conclusion

Endometriosis is a disease affecting many women worldwide. Despite the high incidence
of endometriosis, little is known of its origin. Since changes of the immune cells in
endometriosis have been observed, their role in the emergence and formation of the

disease has been under discussion.

The number of studies to different immune cell types vary strongly. One reason for this
could be, that the conductors of studies choose immune cells of interest based on their
normal function and as a consequence their presumable effect in endometriosis. On the
one hand for example some cells are known for their involvement in allergies and as no
connection between allergies and endometriosis is assumed, these cells are not of studies
interest. On the other hand, different types of immune cells, which would have a plausible
role in endometriosis, are studied in more detail. Maybe this is a possible target for
mistakes in the scientific research for the origin of endometriosis, by selecting the unlikely
out. Furthermore, different results, especially in terms of the quantity of different immune
cells in endometriosis patients, are not allowing to directly connect a certain type of

immune cells to endometriosis.

Angiogenesis is seen as an important step in endometriosis evolution. Macrophages were
seen to have an impact on vessel formation (73,86—88). A study of Bacci and co-workers
even connected inhibited macrophages with diminished vessel and lesion formation (78).
A special type of macrophages (Tie2*), which are important in angiogenesis have been
found in endometriosis. Selectively inhibiting these cells led to decreased lesion growth
and loss of vessel formation (89). Furthermore, macrophages can produce VEGF, which is
important in angiogenesis and vessel formation (71,73). In studies with mice, lacking of

VEGF receptors, fewer vessels were detected (90).

Dendritic cells were seen to infiltrate lesions and have VEGF receptors. Further, dendritic
cells have been seen to be next to new blood vessel, which could indicate a role in
formation of lesions (98). However, implanting dendritic cells into lesions in mice,

promoted lesion growth though no difference in vessel formation was seen (98).

Furthermore, VEGF was seen to be increased in peritoneal fluid of patients with

endometriosis. Both macrophages and neutrophils are known to produce VEGF. Thus, a
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study compared VEGF production of neutrophils and monocytes, which are precursors of
macrophages, under the influence of peritoneal fluid of endometriosis patients. An
increase in VEGF formation was found in neutrophils, whereas there was no synthesis
found in monocytes. Therefore, a possible role of neutrophils in vessel formation and
further implantation can be assumed, especially as peritoneal fluid of endometriosis
stimulated VEGF production (106). However, it is not clear if this is a step of endometriosis
evolution or origin and further there was just one study finding these results. Further
studies should be done to confirm these results. But if these results could be approved,

inhibition of angiogenesis in lesions could be a possible target for therapy.

Mast cells have been found next to blood vessel as well and are discussed to be involved in
angiogenesis in pregnant rats (119,120,123-125). Although the role of mast cells in

angiogenesis in endometriosis has not been studied yet.

Inhibiting a maturation factor of B-cells resulted in inhibition of endometriosis and further
no angiogenesis could be detected anymore, which could indicate a role of B-cells in

angiogenesis as well (160).

Products of regulatory T-cells were seen to lead to increase of VEGF, which could also

indicate an involvement in angiogenesis of endometriosis (189).

To conclude, angiogenesis is important in endometriosis and many different immune cell
types influence angiogenesis presumably. Especially, neutrophils seem to be of interest

concerning angiogenesis, which needs to be studied in more detail.

Endometriosis is also discussed to have similarities to autoimmune diseases or even that it
is an autoimmune disease. Although basophiles are discussed to contribute to autoimmune
diseases, their role in endometriosis has not been of great scientific interest (135,136). T-
cells are also seen to be involved in autoimmune diseases. For example gamma-delta T-
cells, which have been seen to be increased in endometriosis but there are just a few
studies to gamma-delta T-cells in endometriosis, which is why their role in endometriosis
is not clear yet (169,170). Natural killer-like T-cells and regulatory T-cells have also been
involved in autoimmunity (171,172,174). B-cells are also discussed to be important in
autoimmune diseases (142,143). A protein produced by B-cells, which is increased in

different autoimmune diseases, was also elevated in endometriosis (155). This protein
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leads to differentiation of B-cells because of that a difference in activation and quantity of
B-cells in endometriosis can be assumed (155). Another factor, antinuclear antibodies,
which are also typical in autoimmune diseases were also seen to be increased in
endometriosis (154,158). Further, higher amounts of antinuclear antibodies have been
linked to increased B-cells in the peritoneum of endometriosis patients (154,158). These
findings suggest a possible connection between endometriosis and autoimmune diseases.
Therefore, a possible target for therapy may be autoimmune therapy, but further studies

should be performed.

Concerning the quantity of different immune cell types in endometriosis, it is difficult to
find a conclusion. For some cell types only a few or even just one study exists regarding
their amount, while for other immune cell types there are a lot of studies. The problem is
that one study is insufficient to draw a conclusion and in the other case the results of the
studies often vary greatly and even contradict each other. The quantity changes of different
cell types would be of interest. Due to their functions a role in endometriosis could be
assumed and a priorisation in the involvement of the immune cell types could be realized
and further studies could focus on a few cell types. However, as mentioned above it is
difficult to conclude. Besides the frequency of immune cells, their functionality in
endometriosis is also of interest. Many studies found changes in the effect of immune cells
in endometriosis. The cytotoxic ability of natural killer cells has been seen to be altered in
endometriosis. However, some studies found diminished activity (28,35,42—44) whereas
others found no difference (44,45). A diminished cytotoxic activity of NK-cells could explain
a survival of endometrial cells in endometriosis. One study even found diminished cytotoxic
ability against endometrial cells (27). Furthermore, phagocytic ability of macrophages was
seen to be reduced in endometriosis (82—84), which could also explain a survival of
endometrial cells. A study even found macrophages of diseased women leading to
improved proliferation of endometrial cells, whereas macrophages of healthy women
inhibited proliferation (85). Activated mast cells, have been detected to be increased in
ectopic (127,130,131) and decreased in eutopic lesions (127,131). As a result, an important
role of mast cells in lesion development can be assumed. B-lymphocyte activators and
antibodies have been seen to be increased and a factor produced by activated B-cells was

also enhanced in diseased women (150,152,153,157). This indicates that B-lymphocytes
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are more activated in endometriosis and may be important in inflammation processes in

endometriosis.

Factors inhibiting NK-cells, especially their cytotoxic ability and further Tregs suppressive
function, have been found to be increased (56,60,187). By inhibiting these factors,
proliferation and invasion of endometrial cells in endometriosis has been reduced as well
(188). Leading to the assumption that regulatory T-cells and their variations are important

in endometriosis.

There are many studies to endometriosis however, some areas of interest are lacking of
studies. The current knowledge implies that immune cells are important in endometriosis.
Although it remains unclear if their role is just in the further development of the disease
after the emergence or if they are important in the origin itself. Based on the results
outlined in this work, a special role in lesion formation and development in endometriosis
can be supposed and further seen as a possible target for therapy. Especially a few studies,
which investigated inhibition or activation of immune cell types in endometriosis leading
to changes of lesions, showed that it should be investigated further and has great potential
(105,157,160,187,188,205). Even if it would not be a curing therapy, the reduction of
lesions concomitant with a possible reduction of the massive pain patients are suffering of,

would be a big step forward for women with endometriosis.
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