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Abstract

Endometriosis is an inflammatory oestrogen dependent disease defined by the presence of endo-
metrial glands and stroma at extrauterine sites. The modern advance in treatment of endometri-
osis management is tackling the debilitating pain it causes, besides the infertility in patients de-
siring fertility in reproductive age group. This can be achieved by surgical or medical means, al-
though in most cases a combination of both treatments is required. Usually, long term treatment is
required in most cases. Unfortunately in most cases, pain symptoms recur between 6months and
12 months once treatment is stopped. A lot of research has gone in understanding the pathogene-
sis and further medical management of endometriosis besides surgery to be useful in relieving
pain and use in patients desiring fertility besides hormonal treatments used earlier like hormonal
contraceptives (oral, transdermal or vaginal administration), progestogens, danazol, Gonado-
trophic releasing hormone agonist (GnRH), aromatase inhibitors. Newer agents like antiangi-
ogenic drugs, phytochemical agents like resveratrol, TNF-a inhibitors, GnRH antagonists like ega-
logolix, statins, antiinflammatory agents like COX2 Inhibitors and PPARy inhibitors like pioglita-
zone etc., with recent work of combined efficacy of telmesartan of both PPARy partial agonism
along with angiotensin 1 receptor agonism having more efficacy, role of immunomodulators like
rapamyecin, lipoxin 4 and pentoxyphylline, GnRH antagonists like egalogolix are still under study
undergoing phase III trials although preliminary results show promising results with fewer side
effects as compared to similar duration of GnRH agonist and much less BMD side effects. Increas-
ing number of trials show the safety of SPRM’s, along with efficacy although disadvantage is sup-
pression of fertility so cannot be used for women desiring fertility. Currently, only mifepristone
and ulipristal have received FDA approval for indication in fibroid treatment, MTP and not for
endometriosis as yet. The advantages and disadvantages of all the recent advances are discussed
in an update in the pathophysiology as well medical treatment of endometriosis.
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Agonism (Telmesartan), GnRH Antagonist (Elagolix), IL-17A, SPRM Modulators (Ulipristal),
Immunomodulators (Pentoxyphylline), Statins (Atorvastatin)

1. Introduction
1.1. Endometriosis

Endometriosis is a benign disease which is characterized by the presence of endometriotic lesions, consisting of
functional endometrial glands and stroma outside the uterine cavity [1]. The prevalence of the disease is high
ranging from 6% - 10% of women of reproductive age group and it affects significantly on the annual costs in
the heallh care systems [2]. It may cause a broad spectrum of pain symptoms ranging from no symptoms to se-
vere dysmenorrhoea, dyspareunia, dyscachexia, chronic pain [3] and in fertility [4] [5], which leads to a severely
limited quality of patients private and professional life [6].

The disparate morphological, histologic, and biologic properties of endometriotic lesions [7] suggest that it
should be considered a collection of related conditions, broadly based on the location of the lesion and split into
peritoneal, ovarian and rectovaginal septum endometriosis (RVS) [8]. Significantly, more nerve fibres are present
on the peritoneal wall of women with endometriotic lesions compared with women without the condition [9].
Mckinnon et al. reported that presence of endometriosis associated nerve fibres appear to be related to both the
pain experienced by women with endometriosis and the concentration of follicular fluid cytokines, however this
association varies with the lesion/location e.g. rectovaginal septum lesions are significantly more commonly as-
sociated with nerve fibres along with higher peritoneal fluid glycodelin concentrtions. [10]. The main purpose of
endometriosis management is alleviating pain associated with the disease. This can be done by medical or sur-
gical means, although in most women a combination of both is required [11]. Long-term treatment is needed in
most women; unfortunately in most women pain symptoms recur between 6months to 12 months once treatment
is stopped. Current medical treatments have been based on two mechanisms 1) antiinflammation and 2) hor-
monal [12]. Nonsteroidal antiinflammatory drugs (NSAIDS) are used in women with dysmenorrhea, although
there is not enough evidence to support their effectiveness [13].

The exact cause of endometriosis remains unknown, but the widely accepted pathogenesis theory infers that
endometrial debris transplanted by retrograde menstrual flow adhere and implant on peritoneum and local or-
gans leading to endometriotic lesions [14]. A complex series of events like local invasion, cell attachment and
proliferation supported by hormonal and immunologic responses, inflammation and neogenesis result in disease
establishment [15]. Although most women experience retrograde menstruation, only 10% - 15% develop endo-
metriosis. Santuli et al. showed that the expression of enzymes implicated in the regulation of the sphingosine 1
phosphate level balance and its receptors were heavily dysregulated in endometriotic lesions in favour of a de-
crease sphingosine-1 phosphate catabolism. They proposed for a role for sphingosine pathway in establishing
and survival of endometriotic lesions [16].

1.2. Pathophysiology

The major proinflammatory cytokines/transcription factors axis’ is the crossroads of the molecular pathway in-
volved in the fundamental aspects of the pathophysiology of endometriosis. There is a rich and intricate inter-
connection that exists among them. Cytokines e.g. TNFa and interleukin-1p released by peritoneal macrophages
and ectopic endometrial cells activate the transcriptional factors, such as nuclear factor kappaB (NFxB) and ac-
tivator protein 1 (AP1). Active transcription factors bind to the DNA of ectopic and endometriotic cells and in-
duce transcriptional activity of genes which encode the following proteins.

Other cytokines like IL6, IL8, macrophage migration inhibitory factor(MIF), Monocyte chemoattractant pro-
tein 1(MCP1), granulocyte, macrophage colony stimulating factor(GM-CSF), TNF-«, IL-1beta themselves, IL4
[17]-[20], Nitric oxide(NO) and vascular endothelial growth factor(VEGF), the most prominent proangiogenic
factor sin endometriosis [21] see Figure 1 for pathogenesis (courtesy ref. [22]).

Various immunological aspects also play an important role in the pathogenesis of endometriosis, whereby the
disease shows marked similarities with autoimmune diseases [23]. Thus it was shown in the course of endome-
triosis autoantibodies against endometrial antigens such as e.g. transferrinora-2 + HS glycoprotein are formed, and
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Figure 1. Courtesy ref22-Amodel of the most relevant molecular pathways in epithelial and stromal ectopic endometrial
cells involved in the pathophysiology of endometriosis.*Major proinflammatory cytokines are produced in both peritoneal
macrophages and endometriotic cells **Altered peritoneal cell mediated immunity seen in endometiosis is related to in-
flammatory cytokine expression profile (Source ref [1]-[9]).

can often be responsible for the infertility frequently encountered in endometriosis patients [24] [25]. Also con-
centrations of fluctuations of cytotoxic and activated T lymphocytes in peripheral blood during menstrual cycle
appear to play a certain role. The fluctuations of regulatory T cells (Treg) detected during endometriosis can be
attributed to changed immune response [26]. Endometriosis is characterized by a chronic inflammatory reaction
with elevated concentration of inflammatory cytokines in serum and peritoneal fluid [27]. Elevated numbers of
macrophages, dendritic cells, and natural killer (NK) cells seen in the peritoneum, for some unknown reason are
not able to recognize and degrade the endometrium tissue scattered in the abdominal cavity [28]. This chronic
inflammatory reaction, in turn leads to an increased production of reactive O2 species [29]. The basal part of
endometriosis contains endometrial stem cells and progenitor cells [30], which explain the high regeneration
potential of this tissue. Even extra uterine circulating stem cells and progenitor cells from bone marrow contri-
bute considerably to the formation of endometriosis lesions [30]. These stem cells can reach abdominal cavity
via retrograde manner in an assumption supported on the assumption that glandular cells of some endometriosis
lesions are of monoclonal in origin [31].

A major prerequisite for long term survival of endometriois is angiogenesis. Only in this way can the scat-
tered endometriosis tissue which is ischemic outside the uterus, be adequately supplied with O, and nutrients.
Because of this early stage of endometriosis lesions are reddish, caused by a high density of red blood vessels
and vessel dilatations [32] [33]. Numerous angiogenic growth factors identified including VEGF, which is pro-
duced and released in increased amounts in endometriosis, regulates the in growth of new blood vessels in en-
dometriotic lesions [34]. Endometrium in patients with endometriosis already exhibits an elevated angiogenic
activity, which can favour the creation of new endometriotic lesions [35]. Endometriosis thus belongs to the
group of angiogenic diseases along with rheumatoid arthritis, psoariasis, diabetic retinopathy as well as tumor
growth and metastasis [35]. Hence, mechanisms governing new blood vessels formation to develop targeted an-
tiangiogenic therapies has been the goal [36] [37]. Other experimental agents affecting angiogenesis like growth
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factor inhibitors, endogenous angiogenesis inhibitors, fumagillin analogues, statins. COX2 inhibitors, phytothe-
rapeutic agents, immunomodulators, dopamine agonists have been studied [38].

Pain can occur due to long term cyclic bleeding of oestrogen dependent endometriotic lesions with consecu-
tive inflammatory reaction as well as irritation and invasion of pelvic nerves [39]. Pain transmitting nerve fibres
can grow together into endometrioic lesions as shown recently [40], which is also known as “neuroangiogene-
sis”. These nerve fibres in turn increase the pain sensation of the CNS [41]. If it was possible to develop as
shown in animal experiments [42], to inhibit this process by targeted drug measures, one should be able to in
future develop appreciably more effective pain therapies having considerably fewer side effects than conven-
tional hormonal treatment options.

Ahn et al. studied the role of IL-17A, another emerging potent angiogenic, proinflammatory cytokine in-
volved in the pathophysiology of severe chronic inflammatory conditions like rheumatoid arthritis, psoariasis, in
endometriosis. They demonstrated the potential implication of IL-17A in the pathogenesis and pathophysiology
of endometriosis. They showed a differential expression of IL-17A primarily in human ectopic endometrial le-
sions and matched ectopic endometrium from women with endometriosis. Surgical removal of lesions resulted
In a significant decreased IL-17A concentrations. Immunohistochemistry revealed localization of IL-17A pri-
marily in stroma of matched ectopic and eutopic tissue sample. In vitro stimulation of endometrial carcinoma,
Ishikawa cells and HUVEC’s with IL-17Arevealed significant increase in angiogenic (VEGF and IL8), proin-
flammatory (IL-6, and 1L-1beta) chemotactic cytokines (G-CSF, CXCL2, CXCL-1 & CXC3C1). IL-17A pro-
moted tubulogenesis of HUVEC’s platedon Matrigel, in a dose dependent manner. This was the first study
proving that endometriotic lesions produce 1L-17Aand that removal of endometriosis laparoscopically leads to
significant decrease in systemic levels of IL-17A. This proves important role of IL-17A in promoting angioge-
nesis as well as proinflammatory environment in peritoneal cavity for the establishment and maintenance of en-
dometriotic lesion [43].

Matrix mataloproteinase (MMP’s)-MMP1, MMP2, MMP3, MMP7, MMP9 are involved in the degradation
and remodeling of the extracellular matrix of the peritoneal surface [20] [21] [44] [45].

Increased antiapoptotic gene profile [44] [46] [47]

Adhesion molecule such as CD44s (a cell surface glycoprotein involved in the adhesion of endometrial cell to
peritoneal mesothelial cells, intercellular adhesion moleculel (ICAM1), and vascular cell adhesion moleculel
(VCAML1) [20] [21] [44].

Therefore, the definition of therapeutic agents as “antiinflammatory”, “immunomodulators” or “inducers of
apoptosis” is too basic a criteria especially if it relates both to major proinflammatory cytokines /transcription
factor axis. But for the sake of organization, some sort of classification is needed.

1.3. Management

The approaches used for the treatment of endometriosis currently involve pharmacologic tharapies and surgical
removal of endometriotic implants. Because proliferation along with longterm survival of ectopic endometrium
is oestrogen dependent [48], classic pharmacologic therapies are aimed at suppressing endogenous Oestrogen
application of OC’s, GnRH agonist, androgenic agents or aromatase inhibitors [49]. Besides being associated
with marked side effects which limit prolonged exposure, recurrence, is the biggest problem following treatment
cessation [50].

Early developing lesions which are the most active areas have typically pink-red appearance, because of their
higher vascular density [51]. 1) They also exhibit increased number of pericyte free immature free, compared
with the blood vessels of the later stage lesions 2) the peritoneum from patients with endometriosis contain
higher amounts of angiogenic growth factors and reduced concentration of antiangiogenic compounds [34]. 3)
The eutopic endometrium from patients with endometriotic lesions has been shown to exhibit increased angi-
ogenic potential, as compared to healthy women [52].

2. Role of Anti Angiogenic Factor
2.1. Growth Factor Inhibitors

One of the most studied angiogenic factors is the vascular endothelial growth factor (VEGF). Highly active red
endometriotic lesions contain in the highest concentration of VEGF as compared to other lesions type [53]. Be-
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sides, peritoneal fluid concentration of VEGF correlates significantly with the stage of endometriosis [54].
VEGEF is a dimer glycoprotein, with its biological effects mediated by two of its high affinity receptor tyrosine
kinase on the surface of micro vessels, endothelial cells i.e. VEGFR1 (FIt1) and VEGFR (KDR/FIk1). Hull et al.
first reported in 2003, the treatment with both FIt1 receptor and an affinity purified VEGF significantly inhibited
the growth of developing endometriotic lesions in nude mice by disrupting their immature microvasculature [55].
Subsequently Nap et al. 2004, 2005 [56] [57] recapitulated similar results, while treating nude mice with an an-
tiVEGF antibody in the nude mouse model and in chicken chorioallantoic membrane (CAM) assay. Although
these findings prove that blockade of VEGF signaling prevents the establishment of endometriotic lesions, the
development of anti VEGF antibody in vitro has proved to be efficacious in preventing the establishment of en-
dometriotic lesions. Although bevacizumab, demonstrates antiendometriotic actions, its clinical application ap-
pear to be limited because of severe side effects, which include hypertension, proteinuria, haemorrhage, throm-
bosis and gastrointestinal perforation [58].

The most potent stimulus for the upregulation of VEGF is hypoxia which prevents the intracellular degrada-
tion of ubiquitously expressed hypoxia inducible factor 1a (HIF-1a) [59]. Under hypoxic conditions, the factors
translocate into the nucleus, hetrodimerizes with HIF-14 and hydrocarbon nuclear receptors translocates and
binds to the hypoxia response element (HRE) on the gene encoding VEGF [60]. Accordingly Sharkey 2000
showed that VEGF secretion from hypoxia exposed endometrial and stromal and platelet cell cultures [58].
Becker et al. 2008 reported that targeting the hypoxia mechanism represents another option to block VEGF sig-
nalling of endometriosis [61]. In fact they found that HIF1a is upregulated in surgically induced peritoneal and
mesenteric endometriotic lesions. In mice promoting the increased expression of VEGF treatment with 2 me-
thoxy estradiol—an antiangiogenic agent, currently being tested in phase I trials for cancers [62], dose depen-
dently inhibits this process and suppresses lesions with administration of high doses [63]. However to its exten-
sive first pass metabolism and low solubility, subtherapeutic plasma concentrations of 2 methoxyestradiol have
been observed despite large orally administered dose [64]. First these major pharmacokinetic properties have to
be solved before 2 methoxyestradiol can be successfully launched.

Because endometriosis not only expresses VEGF, but also various other growth factors, hence development
of new blood vessels in endometriotic lesions is crucially dependent on interaction of multiple signalling
pathways (Figure 2).

Laschke et al. 2006 [38] studied the effect of combined growth factor inhibition on the vascularization of the
endometriosis in the dorsal skin fold chamber of Syrian hamsters [38]. This model allows for the detail study of
angiogenesis and microvascular network morphology, endometriotic lesions, by means of intravital fluorescence.
Endometriotic lesions were treated with small molecule tyrosene kinase inhibitors SU 5416, which solely sup-
presses the activity of VEGF receptor tyrosine kinase, or SU6668 which is a multipotent inhibitor of the tyrosine
kinase activity VEGF, basic fibroblast growth factor (bFGF), and a platelet derived growth factor receptor [65].
The combined inhibition of all 3 growth factors was much more effective in suppressing lesional vascularization
and growth, than blockade of VEGF alone [66]. These findings indicate that antiangiogenic compounds which
target simultaneously different growth factor signalling, may be highly effective in the future of antiangiogenic
therapy of endometriosis.

2.2. Role of Prokineticins

Women with various benign gynaecologocical disorders like endometriosis show decreased endometrial recep-
tivity, along with abnormal expression of endometrial biomarkers [67]. Wei et al. recently reported reduced ex-
pression of putative biomarkers of implantation —pointing to an abnormal epithelial function in women with en-
dometriosis [68]. Hence, Tiberi et al. studied PROKIMRNA expression by real time PCR in endometrium of 12
healthy as well as 12 eutopic endometrium of women with endometriosis and found PROK1 mRNA was de-
creased in 4/12 (33%) samples of endometriosis in contrast to being present in 10/12 (83%) from normal women
which indicated PROKZ1, an angiogenic factor is implicated in the vascular function of periimplantation endo-
metrium and pregnancy and an altered expression ofPROK1 could be one of several biochemical abnormalities
characterizing eutopic endometrium of endometriosis [69]. They further studied the in vitro steroid hormone
dependence of PROK1, mRNA, and since endometrial stromal cells (ESC’c) are involved in implantation, they
evaluated PROK1 expression during in vitro differentiation in decidual phenotype with the critical genes identi-
fied for decidualization being PR, Homeobox10 (HOXA10) [70], with PR playing a role in repression of deci-
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Figure 2. Courtesy ref no 28-angiogenic pathways in endometriosis and specific targets of growth factor
inhibitor ,which have been shown to exert anti-angiogenic effects on endometriotic lesions, i.e. anti
VEGF antibody (bevacizumab), 2 methoxyestradiol,, SU5416 and SU6668. Under hormonal HIF-1-a is
hydroxylated following rapid VHL dependent proteolysis (1). Under hypoxiathe proiline hydrolases are
no longer active. HIF-1-a translocates to the nucleus, where it targets genes (via HRE) encoding multiple
proteins, including angiogenesis, growth factors (2). These growth factors are secreted by into the ex-
tracellular space where they bind to specific receptors located on the surface membrane of endothelial
cells and pericytes (3). This leads to the activation of various intracellular signalling pathways, which
regulate cell survival, proliferation, migration as well as vascular permeability (4). AKT, active human
protein kinase ERK, extracellular signal regulated kinase: FAK; focal adhesion kinase. FGF, fibroblast
growth factor, FGFR, fibroblast growth factor receptor; HIF, hypoxia inducible factor; HRE, hypoxia re-
sponse element; MAPK, mitogen activated protein kinase; NOS, nitric oxide synthase; p300/CBP,
p300/CREB binding protein; PDGF, platelet derived growth factor; PDGFR, platelet derived growth fac-
tor receptor; PI3K, phosphatidylinositol-3-kinase, PLCy, phospholipase C gamma; RAS, rat sarcoma
GTPase; Src, tyrosine kinase Ub, Ubiquitin; VEGF, Vascular endothelial growth factor; VEGFR, vascu-
lar endothelial growth factor receptor; VHL, von Hippel-Lindad protein.

dual transformation. The expression of these specific genes is inversely correlated with cellular PR levels and
HOXA10, a member of the homeobox gene family which is known to be essential in, embryo development [71]
extending the previous studies, studied PROK1 mRNA, HOXA10, PR mRNA in primary
cultures of ESC from eutopic endometrium of 12 endometriotic patients along with 12 controls to study whether
the in vitro steroid hormone dependence of PROK1 gene expression is altered in endometriotic ESC obtained
from women with endometriosis in contrast to normal women and they found PROK1 and PR expression was



K. K. Kaur, G. Allahbadia

not induced after 1:4 days of treatment with steroid hormones. However, when ESC from both groups of women
were differentiated for decidual phenotype, PROK1 mRNA was upregulated and HOXA10 mRNA are downre-
gulated to some extent and especially these results point to P resistance to some extent in cases of endometriosis
[73].

But having reviewed the role of prokineticins/EG-VEGF in angiogenesis in reproduction especially during
hypoxic conditions like pregnancy where HIFla binds to the promoter of EG-VEGF and PROKR1 leads to
upregulation of these genes in placenta, Lee et al. compared the expression of VEGF/PROK1, its receptors,
PROKR1 and PROKR?2 in eutopic endometrium, infertile ectopic endometrium tissue in 15 infertile patients di-
agnosed to have endometriosis by laparoscopy for tubal testing. On quantitative PCR analysis of genes in eu-
topic and ectopic endometrial tissue, EG-VEGF mRNA expression studied by immunohistocytochemistry was
found to be 50 fold higher in the secretory endometrium as compared to proliferative phase. PROKR1 was 6
fold higher in the latter as compared to the former. PROKR?2 trascript was found in proliferative but not in se-
cretory endometrium. In patients with endometriosis, eutopicendometrial PROKR2 transcripts were 4 fold high-
er in proliferative than secretory phase. Although no difference was found in EGVEGF/PROKRL1 in proliferative
vs secretory endometrium in these patients, no difference was found in PROK1/in eutopic endometrium of nor-
mal womenand in women with endometriosis. In Paired laser captured microdissected eutopic endometrium and
ectopic endometrium of endometriotic sample, a significantly higher EG-VEGF, but not VEGF transcript levels
was detected in the ectopic when compared with eutopic samples; although expression of PROKR1 and
PROKR?2 were barely detectable. Hscoring confirmed that stroma of endometriotic samples had a significantly
higher EG-VEGF protein expression than eutopic endometrium which confirms it is not VEGF but EG-VEGF
which may play an important role in angiogenesis in endometriosis and one has to plan newer antiangiogenic
strategies targeting PROK1 [74].

2.3. Role of Phytotherapeutic Agent Resveratrol

Resveratrol (trans 3’5’4’ tri hydroxystilbasic) is a phytochemical compound of grapes, redwines and berries
which has been shown to act as a pleiotropic agent, affecting multicellular processes including proliferation,
apoptosis, O2 radical formation. It dose dependently stops the development of new blood vessel formation [75].
In fact, resveratrol has been shown to inhibit hypoxia mediated activated RK1/2and Akt resulting in decreased
expression of HIF-a and VEGF [76] [77]. Also it reduces activity of MMP2and 9 [78] [79], which are both in-
volved in ECM disruption in the early angiogenic phase of vascular bedand sprout formation [80]. In addition
resveratrol directly inhibits proliferation and migration of endothelial cells and vascular smooth muscle cells
[81]. Brinner Trati 2014 reported in nude micetransplantation of endometrioic tissue into peritoneal cavity was
inhibited by oral gavage of resveratrol [82]. Aush et al tried to study whether resveratrol suppresses the devel-
opment of new microvessels in endometriotic lesions by inhibiting endothelial cell proliferation. In a mouse
model of endometriosis20 BALB ¢ mice with surgically induced endometriosis were treated with rasveratrol (40
mg/kg/day, n = 10 orvehicle n = 10 x 4 weeks) and found angiogenic peritoneal and mesenteric endometriotic
lesions as indicated by a marked decrease in microvessel density as compared to control. Immunocytochemical
chemical analysis revealed this was caused by a decreased proliferation activity of CD31 positive endothelial
cells in the newly developed microvasculature of the lesions. Also lesions in resveratrol treated mice exhibited a
reduced growth rate and smaller final size than controls which was associated with lower number of proliferat-
ing cell nuclear antigen (PCNA) andKi67 positive stromal and glandular cells. Apoptotic cells were not detecta-
ble in either group. Thus it was concluded that rasveratrol is a potent inhibitor of vascularization in endometri-
otic lesions and most probably causes suppression of lesions, growth and represents a promising candidate ther-
apy for future phytochemical treatment of endometriosis. Although limitations were surgical tissue transplanta-
tion without use of pathological endometrial tissue of humans, results may not fully correlate to human endome-
triosis [83].

2.4. Role of Statins

Statins are lipid lowering agents that have been shown to have antiangiogenic activities in high doses [84]. Stu-
dies on atorvastatin have demonstrated antiangiogenic activity in endometriotic lesions without side effects on
reproductive function [85] [86]. However, Vitagilano et al. on the basis of systematic review of literature se-
lected 24 articles of in vivo and in vitro performances on human and animal models of statins in which 12 re-
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garding their effects on ovarian function and fertility. All articles seemed to emphasize on the utility of statin
administration in treatment of endometriosis due to their antiproliferative, proapoptotic effects, their ability to
reduce cellviability and migration and inhibition of angiogenesis and anti-inflammatory activities. As far as the
adverse effects on gonadal activities, steroidogenesis and fertility function, no conclusive data were concluded
in human models (excluding women with PCOS) in which significant decline of androgen levels as reported by
studies conducted in vitro as well as in vivo in animal models. Despite evidence supporting statins as the poten-
tial therapeutic agents for a target conservative treatment for endometriosis, the uncertainties regarding their
impact on gonadal function maynot define them as an approach to therapy for young fertile women [87].

2.5. Role of Dopamine Agonists

With the work of Basu et al. that dopamine selectively inhibits VEGF it started getting used for prevention of
OHSS and simultaneously the group of Novella Maestra 2009 used cabergoline over 14 days and found it
caused regression of endometriotic lesionshy suppressing cell proliferation as well as VEGF mediated angioge-
nesis. Cabergoline treatment significantly lowers expression of VEGF and VEGFR2 in endometriotic lesions
[88]. The only limitation was cabergoline treatment is known to be associated with increased incidence of car-
diac valve regurgitations [89]. Hence, they compared efficacy of nonergot derived dopamine agonist quinagolide
with that of cabergoline, inhibiting angiogenesis and vascularization of endometriotic lesions [90]. Because both
were equally effective they conducted a pilot study with quinagolide in hyperprolactinemic patients who re-
quired first surgical intervention and underwent a second look laparoscopy [91]. Treatment with quinagolide
induced a 70% reduction of endometriotic lesions, with 35% vanishing completely. Histological analysis re-
vealed that this was associated with downregulation of VEGF/VEGFR2 proangiogenic cytokines and plasmino-
gen activatorl within the lesions. Further, larger clinical trials are warranted with quinagolide with the promising
results they offer. We studied a comparative analysis of cabergoline, atorvastatin, GnRH antagonist ketocona-
zole in a small group of patients after these initial reports and found caberline and atorvastatin to be effective in
mild to moderate endometriosis but ketoconazole was not effective [92].

3. Role of TNFa Inhibitors

TNFa (an inflammatory cytokine) is a potent transducer of transcriptional factors which determine the produc-
tion of proteins that coordinate the pathophysiology of endometriosis. Specific TNFa blockers of general anti-
inflammatory agents, may interfere with this process. Soluble TNFa receptorl, also known as TNFa binding
protein or TRP has been demonstrated to block the transcription of inflammatory cytokines involved in the im-
mortalized 12Z epithelial endometrial cell lines [4]. Thus human endometrial stromal cells [nESC’s] cultures
siRNAs that silence the TNFa gene was to determine the expression of IL8 and genes that inhibited apoptosis,
which are major markers of TNFa activated NFxB pathway [93].

Etarnerceptis a fusion protein consisting of human recombinant soluble TNF receptor (p75) conjugated to a
human Fc antibody subunit with neutralizing TNF activity. It is used for rheumatoid arthritis, juvenile rheuma-
toid arthritis, psoriatic arthritis with no known serious adverse effectswith long term usage .In vitro enhanced
proliferation observed in epithelialcells and Hesc’s cultured with peritoneal fluid from patients has been shown
to be significantly inhibited by etarnercept [94]. The effects of etarnercept on a rat model on endometriotic im-
plants were evaluated in a randomized controlled study [95]-[98], and animals showed significant changes in the
volume of lesions, histopathologicalscore and molecular parameters, such as serum levels of VEGF, IL-6, &
TNF-a. Inflinimab (a monoclonal antibody against TNFa [98], produced the same effects. Both infliximab and
etanercept reduced endometriotic implants, plasma NO levels, while the levels of asymmetric dimethyl arginine
(ADMA), an endogenous Nitric oxide synthase (NOS) antagonist were increased. Use of etanercept in sponta-
neal peritoneal endometriosis in baboons was tested in a randomized controlled blinded study including 12 ani-
mals that received etanercept or placebo [99]. In spite of spiral sample; size, stat decrease in red lesions was
noted in the treatment group surface area. The efficacy of c5N, a specific antiTNFa monoconol antibody (mAb)
in the reduction of established lesions in experimental endometriosis induced in baboons was also tested in a
randomized controlled study in baboons [100]. Laparoscopic controls were made, the moment medication was
administered and 25 Days after treatment. The Ab Significantly decreased and the total number of surface and
volume of endometriosis like lesions, mainly through a reduction in the most active red lesions. No impact was
found in the menstrual cycle. Later the same animals included in this study were resubmitted to IV doses of c5N
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and 2 of them died of unspecified causes.

A small randomized controlled trial has been published using infliximab, a monoclonal anti-TNF-o antibody
[101]. 21 patients with severe pain and rectovaginal nodule were randomized to receive infliximab prior to sur-
gery but no differences were found in the pain scores among both groups. Three adverse effects were reported in
the infliximab grou.1 case of acute tonsillitis, one case of mild infusion reaction and one case of acute leukaemia.
There is not enough evidence to recommend the use of antiTNF-a drugs for treatment of pain associated with
endometriosis, with more RCT’s required for recommending any newer drugs [102].

4. Role of GnRH Antagonists

Elagolix is anoral short acting GnRH antagonist that unlike injectable GnRH antagonists produces dose depen-
dent suppression of pituitary and ovarian hormones in women. It produces partial ovarian suppression at lower
doses and full suppression at higher doses. In a randomized double blind placebo control Phase Il trial Diamond
MP et al. 2014 studied elagolix treatment with 150 mg, 250 mg daily or placebo and found these significantly
suppressed dysmenorrhea, dyspareunia during first weeks of treatment. It had an acceptable efficacy and safety
profile. Minimal bone mineral densitychanges were observed with—over 24 weeks of elagolix but this was
lower as compared to 3 months treatment of the GnRH agonist leuprolide. Adverse effects are consistent with its
mechanism of action of Oestrogen (E2) supression and consist of headache, anxiety, nausea and are usually mild
to moderate. Although it is a potential strategy for achieving partial E2 induced suppression in women with en-
dometriosis related pain with an acceptable safety profile, additional studies are warranted and presently there is
no one evidence to approve GnRH antagonists for endometriosis associated pain [103].

5. Selective Progesterone Receptor Agonists (SPRM)

SPRM’s are defined as the class of progesterone receptor (PR) ligands which exhibit both agonistic and anta-
gonistic [104], reviewed in detail for treatment of uterine fibroids]. Although results of studies of PRM in wom-
en are promising [105] [106], they are not used routinely as they interfere with reproduction and hence are not
desirous for women desiring immediate fertility. Mifepristone has been shown to have a significant beneficial
effect on symptoms and extent of disease with administration of disease, 50 mg daily for 6 months [107]. The
rationale for the use of asoprisnil in the management of endometriosis is based on the presumed effect of tissue
selective inhibition of endometrial proliferation and suppression of endometrial bleeding by targeting endome-
trial vasculature directly [105] [108]. The finding of tissue specific suppression of endometrial production and
preclinical studies also appeared to be promising with regard to the potential of asoprisnil to ameliorate endome-
triosis associated pain [105] [109]. Phase Il studies with asoprisnil have been conducted in women with pelvic
pain due to endometriosis. In a randomized study doses of 5, 10, 25 mg asoprisnil were administered for 12
weeks to women with a laparoscopic diagnosis of endometriosis who suffered moderate to severe pain. All three
doses significantly reduced nonresponsive pelvic pain and dysmenorrhea compared to placebo [105]. They had a
favourable safetyand tolerability profile during the 3month period. Nolaboratory or clinical evidence of estrogen
deprivation was found. Only 2 of the SPRM’s are currently approved for gynaecologic use. Mifepristone, for the
termination of pregnancy, cervical dilatation, MTP during the second trimester and fetal death in utero [110]
[111]. Ulipristal Acetate has been approved in europe, united states as an emergency contraceptive and recently
European commission approved it for preoperative treatment of fibroids [112] [113]. Common side effects are
headache, abdominal pain and tenderness. Endometrial changes known as progesterone receptor mediated en-
dometrial changes are induced which have been found to be reversible. BMD is not affected, estrogen levels are
not affected. Still more RCT’s need to be developed to assess potential efficacy in endometriosis associated pain,
but seems to be promising for nonresponsive pain.

6. Antiinflammatory Agents

6.1. Cyclooxygenase Inhibitors (COXI)

Prostaglandin synthesis requires COX1 and COX2. Overexpression of COX2 has been detected in eutopic en-
dometrium from patients with endometriosis as compared to controls, whose expression is known to be in-
creased in inflammation and angiogenic processes [114]. In vitro celecoxib (COX2 inhibitor) inhibited cell pro-
liferation and induced apoptosis in cultures of endometrial epithelial and stromal cells. PGE2 and VEGF re-
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leased by these cells were also significantly reduced. In vivo celecoxib statistically significantly reduced the
number and size of peritoneal endometriosis—like lesions in mice, when administered before/after induction of
lesions [115]-[117]. Astudy in mice compared the response of endometriotic lesions to celecoxib, anastrazole or
their combination [118]. Celecoxib was the only treatment that significantly reduced the number of lesions es-
tablished/mouse, lesion size and vascularized area. Cell proliferation was significantly diminished and apoptosis
was significantly enhanced by both individual treatments on combining the therapies their effects were reversed.
This confirms on their own both celecoxib and anastrazole individually decrease endometriotic growth but on
combining have an antagonistic effect.

Arandomized double blind placebo controlled study was carried out in 28 women using 25 mg of rolecoxib a
day x 6 months [119]. The results showed more effective control of pain in the relecoxib group than in placebo
group with no significant side effects. The results of in vitro studies though show that from above results COX2
inhibitors are ideal options for treatment of endometriosis associated pain, relecoxib and valdecoxib have been
withdrawn from the market because of severe CVS side effects in long term users [120]. Currently thus not
enough evidence and no clinical trials to recommend them for endometriosis associated short term pain relief.

6.2. Peroxisome Proliferator-Activated Receptor-y Agonists

PPARy ligands modulate cell growth and angiogenesis likely because of downregulation of growth and angi-
ogenesis, because of downregulation of proinflammatory mediators in macrophages [121]. They also inhibit E2
production by inhibiting aromatase cytochrome P450 [122]. Thiazolidinediones, are a class of compounds with
high affinity for PPARy, consisting of pioglitazone, ciglitazone and rosiglitazone. Culture of Hesc’s or stromal/
fibloblast like cells like lines exposed to these drugs display reduced TNFa induced IL-8 secretion and statisti-
cally significant inhibition of cell proliferation in a dose dependent manner [123] [124]. Rosiglitazone and cigli-
tazone were able to reduce the weight and volume of lesions in murine model of endometriosis as compared to
controls [117] [125]-[127]. With rosiglitazone cell proliferation as well vascularization was inhibited, along with
increased apoptosis [117] [126] [127]. The potential negative effects were not assessed on reproductive function,
but no evidence of interference with estrus cycle/folliculogenesis has been reported with ciglitazone [126]. Piog-
litazone was used in the treatment of induced endometriosis in baboons. The endometrial tissue to be implanted
in animals had to be previously incubated in a solution with this molecule. Volume and surface area of endome-
triosis like lesions, with specially the number and surface area of red lesions were statistically significantly low-
er in pioglitazone treated baboons as compared to controls [128]. Rosiglitazone, in same model, produced a sta-
tistically significant reduction in the surface area of lesions, with no interference with mean P levels [121]. Fen-
fibrate, a PPAR« ligand also reduces mean number of implants in a rat endometriotic model [129].

6.3. Telmesartan

Telmesartan is a partial agonist of PPARy with antiatherogenic properties which, in contrast to full agonists ad-
ditionally block Angiotensin 1 receptor (AT1R). Hence, telmesartan is widely used for the treatment of hyper-
tensive patients. Of interest AT1R is also expressed in endometrial stromal cells [130]. Moreover AT1R activa-
tion induces VEGF driven angiogenesis [131] and stimulates inflammation via increased expression of leuko-
cytes and endothelial adhesion molecules [132]. Accordingly it has been reported that the AT1 Rantagonist ac-
tion of telemesartan inhibits choroidal inflammation and neovascularization [133] and prevent hepato carcino-
genesis by suppressing hepatic blood vessels formation [134]. Based on these findings the group of Laschke et
al. speculated that telmesartan maybe more effectivein treatment of endometriosis than PPARy agonists by
combining AT1R blockade and PPAR gamma activation. Hence to test their hypothesis they analysed the anti-
angiogenic action of telmsartan in comparison to full PPAR gamma pioglitazone by means of an aortic ring as-
say. They further studied the effects of both compounds on vascularisation, immune cell content and growth of
endometriosis like lesions in dorsal skin chamber and a peritoneal model of endometriosis. They found telme-
sartan inhibited vascular sprout formation of aortic rings more effectively than pioglitazine. Thus in dorsal skin
chamber lower vascular density of blood vessels and blood perfusion was found in telmesartan vs pioglitazone
group. Temisartan also inhibited the stromal tissue growth resulting in significantly reduced final lesion volume
as assessed by high resolution ultrasound. Further Telmesartan induced an upregulation of PPAR gamma and a
downregulation of AT1R proteins in endometriotic lesions, which was associated with decreased density of
CD31 positive microvessels, a reduced number of immune cell content, and a lower number of Ki67, positive
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proliferating cells. qtPCR further demonstrated inhibitory action on expression of several angiogenic genes and
inflammatory genes by telmesartaan. Thus, they concluded that telmisartan inhibits vascularzation, immune cell
content and growth of endometriotic like lesions. The combined blockade of AT1R and PPAR gamma represents a
promising new concept in the development of novel compounds for endometriosis treatment [135].

7. Immunomodulators

Immunomodulatory agents have been suggested for the treatment of endometriosis. In line with the fact that
there is a close link between inflammation and angiogenesis [136], some of these agents have been described to
exert specific antiangiogenic effect on endometriotic lesions, These include lipoxin A4(LXA4,], rapamycin
[lashcke006b], pentoxyphylline.

LXA4 is endogenous eicasanoid which is induced in the regulation of various inflammatory processes [137].
In vivo and vitro it has been shown to inhibit VEGF stimulated endothelial proliferation and angiogenesis [138]
[139]. Both in rats as well as experimental endometriosis from patients with endometriosis a higher LXA4 re-
ceptor was found than controls. Hence, Xu et al. recently analyzed the effects of LXA4on angiogenesis in
mouse. They found that treatment with LXA4 inhibits activity of MMP9and decreases mRNA levels of VEGF
in endometriotic lesions resulting in significant growth suppression and atrophy of the glands. However the
treatment does not alter the serum E2 and Pg levels of diestrus-estrus cycles [140].

Rapamycin is a mammalian target of rapamycy in inhibitor, which is widely used in immunosuppressive dos-
es to inhibit tumor angiogenesis by decreasing VEGF production [141]. Based on these results the effects of ra-
pamycin on endometriosis lesions was analysed in the dorsal skin chamber model [49]. Daily treatment of the
lesions with 1.5 kg/kg Rapamycin induced their regression which was associated with an inhibition of VEGF
mediated angiogenesis. In addition, rapamycin suppressed he proliferation of endometrial and endothelial cell.
Thus although rapamycn also represents an effective inhibitor of angiogenesis in ectopic endometrial tissue ,its
immunosuppressive effect and risk profile, make it questionable whether it will ever make it easy into clinical
efficacious therapy.

Immunomodulatory agents like pentoxyphylline have been suggested for the treatment of endometriosis [142],
is well tolerated and does not inhibit ovulation [143]. Some clinical trials have been published comparing using
pentoxyphylline vs placebo after conservative surgery [144]-[147] but there was no evidence of an increase in
clinical pregnancy or improvement in pain scores. No adverse events were reported. In a recent Cochrane review,
it was concluded that, there is little evidence which supports pentoxifylline use for subferility in women with
endometriosis at this time [148].

Sorafenib is a strong multikinase inhibitor targeting two different pathways of endometriosis pathogenesis
RAF Kinase and VEGFR. Leconte et al. studied stromal primary cells extracted from 10 endometriosis patients
with and without endometriosis. Treating endometriotic cells with sorafenib abrogated phosphorylation of
extracellular signal related kinase in stromal cells of women with endometriosis as compared to controls. In ad-
dition sorafenib had antiangiogenic effects as demonstrated by a decreased phosphorylated VEGF2-VEGFR2
ratio in endometriosis. They confirmed that sorafenib regulated endometriosis in vivo by targeting endometriosis
related inflammation by using a xenogenic mouse model. Thus confirming sorafenib controls growth of endo-
metriotic levels both in vivo as well as in vitro [149].

8. Discussion

e Thus in a nutshell, endometriosis is a benign disease with marked similarities to autoimmune disease be-
longing to a group of angiogenic diseases like rheumatoid arthritis, psoariasis, diabetic retinopathy, tumour
growth and metastasis. The major survival factor is angiogenesis.

e Pain can be secondary to inflammatory reaction, pelvic nerves as well as invasion along pain transmitting
nerves going together into endometriotic lesions known as neuroangiogenesis.

e Of the growth factor inhibitors VEGF antibody like bevaczumab have demonstrated antiendometriotic activ-
ity but have limited applications because of severe side effects.

e Although mice having increased expression of VEGF treated for 2 months 2methoxy estradiol—an antian-
giogenic agent dose dependently suppresses lesions at higher doses yet its pharmacokinetic properties still
need to be resolved before clinical use can be considered.

e Combined inhibition of all of 3 growth factors like VEGF, bFGF, PDGF is much more effective in suppress-
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ing lesional vascularisation, than blockade of VEGF alone.

e Rasveratrol, a phytotherapeutic agent, hold promise in decreasing angiogenesis in endometriosis along with
cell proliferation although clinical human testing is awaited.

e Although studies on statins like atorvastatin have demonstrated more effective in suppressing endometriotic
lesional vascularisation than blockade of VEGF alone, antiangiogenic activity in endometriotic lesions with-
out affecting reproductive function, the special review by Vitagilano still rules out their use in endometriosis
because of uncertainties in gonadal function.

e Dopamine agonists like cabergoline although effective suffered from side effects like cardiac valve regurgi-
tation. Hence, nonergot derived dopamine agonist quinagolide had been compared with cabergoline In a pilot
study and both found to be equally effective .Still larger clinical trials are warranted although quinagolide is
a drug for future treatment.

e TNFa inhibitors—Although TNF-a is an inflammatory cytokine having a role in pathophysiology of endo-
metriosis inflimixab (a monoclonal antibody) nether improved pain scores in rectovagnal endometriosis and
was associated with severe side effects.

e Elagolix—A GnRH antagonist significantly suppresses dysmenorrhea, dyspareunia during first week of
treatment and has acceptable safety profile. BMD was much lower than Gn RH agonist leuprolide. Still addi-
tional studies are warranted to use it as routine drug for endometriosis associated pain.

e COX2 inhibitors—In mice celecoxib and anastrazole in comintion had a n antagonistic role although by it-
self both reduced individually endometriosis lesions but having antagonistic action on combination. Al-
though rolecoxib 25 mg showed marked relief in endometriosis associated pain recently both rolecoxib and
valdecoxib have been withdrawn because of sever CVS side effects.

o PPAR-y agonists—Pioglitazone found effective in treating endometriosis induced in baboons, with these li-
gands downregulating growth and angiogenesis by downregulation of macrophages., as well as inhibiting
E2production by inhibiting aromatase cytochtome P450.

o Telmesartan—Partial agonist of PPARy with antiatherogenic properties along with angiotensin 1 receptor
(AT1R) blocker-in animal studies upregulated PPAR gamma while downregulating AT1Rproteins inendo-
metriotic lesions, associared with decreased CD31positive microvessel reduced number and holds promise as
a new treatment with currently being used in humans as an antihypertensive drug.

o SPRM—AIlthough asoprisnil and mifepristone have shown some promise inreducing endometriosis, their
current use is limited because of effects on fertility and secondly only Mifepristone and ulipristal are two
drugs currently approved by FDA for two different indications like fibroids, MTP.

e Immunomodulators like lipoxin A4, Rapamycin suggested although pentoxyphylline is the one most studied.
But despite that little evidence on cochrane review for support of pentoxyphylline in women with subferility
with endometriosis.

9, Conclusion

At present, the hormonal treatments including hormonal oral contraceptives, transdermal, vaginal administration,
medroxyprogesterone acetate-either oral or depot, dienogest, cyproteroneacetate, norethindrone acetate, danazol,
levonorgestrel containing IUCD, antiprogestins like gestrinone and Gn RH agonists remain the drugs of choice
primarily but not without their drawbacks. Among nonhormonal drugs, the only ones approved for pain asso-
ciated with endometriosis which is aromatase inhibitor. Increasing number of randomized trials are needed to
develop SPRM’s with efficiency as well as long term safety. New nonhormonal agents need to be developed
that do not block ovaries. Although statins seemed to offer this advantage, this has been questioned by Vitiliga-
no. Similarly, developing newer antiangiogenic drugs is needed and resveratrol may be a potential candidate al-
though human RCT’s is required. Recently, roles of retinoids and inflammation pathway have been questioned
for the pathophysiology of endometriosis and development of low side effect profile retinoid supplementation
might provide a new treatment option for long term management of the chronic disabilitating diseases as an ad-
juvant therapy [150]. GnRH antagonists are still under phase 111 controlled trial although they seem to be effica-
cious for short term therapy for pain without considerable side effects as associated with GnRH agonists.
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NFxB—Nuclear factor kappa B;
MIF—Macrophage migration inhibiting factor;
MCP1—Monocyte chemoattractant protein;
GM-CSF—Granulocyte macrophage colony stimulating factor;
TNF-a—Tumour necrosis factor alpha;
NO—Nitricoxide;

VEGF—Vascular endothelial growth factor;
IL-4L—Interleukin 4, 6, 8;

IL-17A—Interleukin 17A

Treg—Regulatory T cells;

NK Cells—Natural killer cells;

MMP—Matrix metalloproteinase;
ICAM—Intercellular adhesion molecule;
VCAM—Vascular cell adhesion molecule;
VEGFR—Vascular endothelial growth factor receptor;
CAM—Chorioallantoic membrane;

bFGF—Dbasic fibroblast growth factor;
EGVEGF/PROK1—prokineticin 1;
ECM—Ectracellular matrix;

PR—~Progesterone receptor;
HOXA10—Homebox10;

ADMA—Asymmetric dimethyl arginine;
mAb—monoclonal antibody;

TRP—TNF« binding protein;

SPRM—Selective progesterone receptor modulators;
COX1/2—Cyclooxygenase inhibitors 1 and 2;
HIF-1a—Hypoxia inducible factor 1-alpha;
PPAR gamma—~Peroxisome proliferator activated receptor gamma agonists;
PCOS—~Poly cystic ovarian syndrome;
Hesc—Human endometrial stromal cells;
AT1R—AnNgiotensinreceptorl agonist;
CXCR—CXC type chemokine receptor
AKT—Active human protein kinase;
ERK—EXxtracellular signal regulated kinase;
FAK—Focal adhesion kinase;

FGF—Fibroblast growth factor;
FGFR—Fibroblast growth factor receptor;
HIF—Hypoxia inducible factor;

HRE—Hypoxia response element;
MAPK—Mitogen activated protein kinase;
NOS—Nitric oxide synthase;
p300/CBP—p300/CREB binding protein;
PDGF—RPIatelet derived growth factor;
PDGFR—PIlatelet derived growth factor receptor;
P13K—Phosphatidylinositol-3-kinase;
PLCy—Phospholipase C gamma;

RAS—Rat sarcoma GTPase;

Src—Tyrosine kinase;

Ub—Ubiquitin;

VHL—Von Hippel-Lindad protein.
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