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Abstract

Endometriosis is a debilitating gynecological disorder with an
enigmatic pathogenesis. Current treatment strategy mainly
involves surgery and medications, which provide only
temporary relief. Endometriosis is associated with an
abnormal inflammatory response, one of the recent
pathogenesis is RANTES (regulated upon activation normal T-
cell expressed and secreted) in endometriotic stromal cells,
which is responsible for 70% of monocyte migration in the
peritoneal fluid. This RANTES can be inhibited by the
peroxisome  proliferator activated receptor system.
Thiazolidinediones (PPAR Gamma Agonists) exhibited the
ability shown to suppress existing endometriotic lesions
without suppressing ovulation. In vivo studies have shown
some promising results which could be incorporated in
humans. These results have promised new avenues of
treatment emerging from older drugs. Since the existing
conventional drugs have undesirable side effects, there is
always a need for highly efficacious and better tolerated drugs
acting through novel mechanisms of action. Hence, in this
review we have highlighted the usage of a class of drugs
commonly used to treat diabetes mellitus, which could also be
used to treat endometriosis.
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Introduction

Endometriosis is a debilitating gynaecologic disorder
with an enigmatic pathogenesis characterized by the
ectopic presence of endometrial glands and stroma.
According to recent reports the prevalence of
endometriosis causing chronic pelvic pain1 is 33%,
compared to 6-10% observed a decade earlier.” It is one
of the most important causes of dyspareunia,
dysmenorrhoea, infertility and chronic pelvic pain seen in
women still desiring to conceive.” * The recurrence rate
for pelvic pain is as high as 75% in the 5-year follow up.
The disease can distort the social, mental and economic
well being of females significantly, including their ability
to become pregnant.>®

Medical treatment is frequently needed because of high
risk of recurrence after surgery. The current modalities
of medical treatment for endometriosis are somewhat
effective in relieving endometriosis-associated pain.
However, the relief of pain appears to be relatively short
term. In addition, the medications have many
undesirable, unavoidable and sometimes severe side
effects including climacteric syndrome and loss of bone
density. Hence, more efficacious medicinal drugs, which
are better tolerated, are required.7

A new treatment strategy for endometriosis is possibly
peroxisome proliferator activated receptors (PPARs)
agonists. The peroxisome proliferator-activating receptor
v (PPAR- y) is a member of the nuclear hormone receptor
super-family, which can modulate gene expression upon
ligand binding. Studies have been shown to possess
potent anti-inflammatory properties. PPAR-y is activated
by fatty acid derivatives, thiazolidinediones (TZDs) and
certain non-steroidal anti-inflammatory drugs. TZDs have
shown to be negative regulators of macrophage
activation and inhibitors of monocyte inflammatory
cytokines.7 Currently, they are being used as insulin
sensitizing drugs in the treatment of type 2 diabetes.

Pathophysiology

The most conspicuous feature of endometriotic lesions
are their growth and inflammation, which are closely
linked.” The growth of ectopic endometrium promotes
overproduction of macrophages, excessive release of
secretory products such as proinflammatory cytokines
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and growth factors in the peritoneal fluid” which in turn, may
result in further promotion of growth and resistance to
apoptosis.8 The increased production of cytokines mediates
some of the symptoms of endometriosis such as pain and
infertility in women of reproducing age.9 The release of
estrogen is responsible for growth of endometriotic tissue,
thus the current medical treatment is aimed at suppressing
ovarian steroidogenesis. Hence a gonadotrophin releasing
hormone (GNRH) agonist is the most widely used treatment of
endometriosis.”” ™ ** Current evidence supports the notion
that the progression of endometriotic lesions is enhanced by
an aberrant immune response in the peritoneal cavity of
women with endometriosis.”> ' ** It is uncertain whether the
initial development of the disease is related to this
inflammatory response. However, retrograde menstruation or
iatrogenic seeding of the peritoneum with endometrial tissue
will incite an inflammatory reaction. This results in the
accumulation of activated macrophages, cytokines,
chemokines and growth factors in the peritoneal fluid.
Identification of functional aromatase enzyme in these
lesions, has led strongly to the pathophysiological
mechanisms — namely, inflammatory component and the
estrogen dependency of endometriosis.” These processes are
carried out by the immune-mediated production of
prostaglandin endoperoxidase synthase-2 leading to high
levels of prostaglandin E2, which in turn stimulates the
aromatase Il promoter in endometriotic stromal cells.*®
Recently, the expression of PRL-317, growth factor +405 C/G
polymorphismla, matrix metalloproteinases-719, differential
regulation of Akt phosphorylation20 and early menstrual
characteristics” have been related to the different clinical
stages and recurrence of endometriosis.” Chung et al” also
reported that inhibition of CD36 dependent phagocytosis by
prostaglandin E2 contributes to the development of
endometriosis. Unfortunately, the lack of knowledge and
incomplete understanding about the pathogenesis and
pathophysiology are the major barriers in the treatment of
endometriosis.
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Figure.1 Schematic diagram of events occurring in the pelvis with
retrograde menstruation

Therapeutic Strategies
The primary goal of medical treatment for endometriosis is to
halt the growth and activity of endometriotic lesions.

Table- 1 Conventional therapy for endometriosis.

Conventional
Approaches

Oral contraceptives

GnRH agonists

Ethinylestradiol plus progestagen

Leuprolide,Buserelin,Goserelin,

Naferelin
Androgens Danazol
Progestagens Gestrinone,Medroxyprogesterone

Acetate

Table-2 Hormonal and non hormonal approaches as new

therapeutic strategies.”’25

Hormonal Approaches

Gonadotropin releasing
hormone antagonist

Aromatase inhibitors

Progestogen agonists and
Selective progesterone
receptor modulators

Selective Estrogen Receptor
modulators

Oral contraceptives

Cetrorelix

Letrozole, Anastrozole
Tanaproget, Mifepristone,
Asoprisnil

Raloxifene, Genistein

Combination of estrogen
and progestagen

Non Hormonal Approaches

Antiangiogenetics

Immune-modulator

COX-2 Inhibitors

TNF- ainhibitors

Other anti-inflammatory
agents

Endostatin, TNP-470,
Atorvastatin, Anginex, 2-
methoxyestradiol

Interleukin-2, Interferon-a,
Interleukin-12, Loxoribine,
Levamisole, Imiquimod,
Leflunomide, Bacillus
Calmette-Guerin vaccine

Rofecoxib, Celecoxib,
Indomethacin, Naproxene,
Sulindac, Ibuprofen, NS398

Human soluble TNF
receptor type |, Etanercept

Pentoxifylline, Melatonin,
chemokine inhibitor NR58-
3.14.3, factor nuclear
kappa B inhibitors BAY 11-
7085 and SN-50, caffeic
acid phenethyl ester

815



A

Australasian Medical Journal AM] 2010, 3, 12, 814-820

Surgical treatment like radical excision of rectovaginal
endometriosis has been reported to result in high rates of
pain relief after long term follow up.26 The current medical
treatment strategy is effective in relieving the endometriosis
associated pain for a relatively short period without
overcoming the side effects of conventional therapy. For
example, aromatase inhibitors exhibit a mechanism of action
directed towards preventing recurrences rather than treating
the disease, in addition they cause many undesirable and
severe side effects. Hence, more efficacious and well tolerated
treatment options are needed. In this context, B agonists,
PPAR-y agonists and COX-2 inhibitors represent the most
promising agents and deserve greater medical attention.
Immune modulating drugs have been studied as newer
treatment options’27’28’29‘30‘31, including a recent successful
study of recombinant human tumour necrosis factor binding
protein in the baboon model of endometriosis.>> In this
review, we highlighted the precise role of peroxisome
proliferator activated receptor gamma in endometriosis 23

Peroxisome Proliferators Activated Receptors

The peroxisome proliferator-activated receptors (PPAR) are
ligand activated transcription factors that belong to the
nuclear hormone receptor superfamily. They are structurally
and functionally similar receptors, which have been cloned in
Xenopus and are encoded by separate genes.34 Three
subtypes of PPARs are known to mediate a variety of
functions that appear to be dependent upon their divergent
distribution in the system.35 These receptors are named PPAR-
a, PPAR-B and PPAR-\/.35 PPAR-y, the most extensively studied
receptor of the three subtypes, is predominantly detected in a
variety of normal physiological functions (e.g. adipocyte
differentiation) and in organs such as large intestine, kidney,
liver, spleen, adrenal gland, small intestine, macrophages,
endometrial epithelial and stromal cells and to a very limited
extent in the muscle. It is also associated with several
pathological conditions such as inflammatory lung disease36,
pulmonary arterial hypertension, atherosclerosis and cancer.

37,38,39

PPAR-y

PPAR-y is a pleiotropic nuclear hormone receptor that binds
to specific DNA response elements and may modulate gene
expression either directly or indirectly, through competition
with other transcription factors.”” The highest expression of
PPAR-y is found in adipose tissue where it is principally
involved in adipocyte differentiation.”*  Previous studies
support the role for PPAR-y ligands in regulating cell growth,
apoptosis“, inhibiting angiogenesis in human endometrial
cells® and repressing inflammatory mediators.*

Mode of Action

When activated by ligand binding, PPAR-y forms a
heterodimer with another nuclear receptor retinoid X
receptor (RXR) and then activates gene expression by binding
to the PPRE (Peroxisome Proliferator Response Elements) in
the regulatory region of the targeted genes.45 This raises the

question as to whether the co-administration of PPAR-y and

RXR ligands could further enhance the antiproliferative
capability of either ligand. For the PPAR-y /RXR
heterodimers, the binding of the ligand of either
receptor can activate the complex, yet binding of both
ligands simultaneously is more potent. In addition,
vitamin D receptor (VDR) and retinoic acid receptor
(RAR), which may also be involved in the pathogenesis of
endometriosis, also dimerize with RXR to direct repeat
response elements, suggesting that RXR should play an
obligatory role in endometriosis.” It would appear that
different ligands can induce multiple changes in the
structure of the receptor heterodimer, which
subsequently result in the recruitment of a variety of
modulator proteins (transcriptional co-activators or co-
repressors). The interactions between the ligand, PPAR-
RXR heterodimer,

transcription machinery affect the transcription initiation

modulator proteins, and the

(up-regulation or down-regulation) and the synthesis of
mRNA of the target genes.35

Role of PPAR -y in Endometriosis

PPAR-y is expressed in endometrial stromal cells and is
thought to play a role in the pathogenesis of
endometriosis related to regulation of genes involving
proinflammatory cytokines including RANTES, (regulated
upon activation of normal T-cell expressed and secreted).
RANTES is a key which signals cytokines involved in the
initiation of physiologic inflammation and is secreted by
endometriotic cells.”® It has been observed that the
treatment of endometriosis with PPAR-y ligand inhibits
the RANTES promoter activity by 50% in endometriotic
stromal cells.*****" Consistent with these reports, the
administration of TZDs has been shown to induce
regression of endometrial explants in rodents and
baboon models of endometriosis’. These models showed
histological changes similar to those seen in
endometriotic lesions. PPAR-y has also been shown to
inhibit peritoneal inflammation and thereby preventing
intra-abdominal adhesion formation.*” ****

PPAR-y ligands have been shown to decrease aromatase
enzyme activity in cultured human granulosa cells.***®
Most anti-inflammatory properties of PPAR-y ligands are
thought to arise through down-regulation of
proinflammatory mediators in macrophages and by
inhibition of the transcription factor nuclear factor-kB
(NF-kB)."® Since NF-kB appears to be constitutively
activated in endometriotic cells, it appears to play a
central role in the pathophysiology of endometriosis.*
Rosiglitazone has also been found to ameliorate the
immunological dysfunction seen with endometriosis and
represents a novel alternate treatment.'®

Drugs Modulating PPAR-y Receptor

One of the most important group of PPAR-y ligands is
TZDs. These anti-diabetic agents are used in current
clinical practice to treat type-2 diabetes, mainly to
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reverse insulin resistance. However, the exact mechanism by
which TZDs improve insulin sensitivity has not been fully
established. The most commonly accepted view is that they
exert their effects by selectively activating PPAR-y, which in
turn increases peripheral tissue sensitivity to insulin,
especially in fat and muscle.” Thus; it seems that PPAR-y may
mediate, to a certain extent, the therapeutic effects of this
class of compounds in treating insulin resistance.

In vitro and in vivo studies have implicated PPAR-y ligands as
potential modulators of inflammation-related diseases such as
inflammatory bowel disease, psoriasis and rheumatoid
arthritis. Their use in treating endometriosis is not so far-
fetched.”® Several in vitro studies which used TZDs on
endometriotic cells led to their use in animal models of
endometriosis.”® To date there have been two published
studies using TZDs in the rat model of endometriosis, with one
revealing decreased induction of lesions® and the other
showing regression of established endometriosis.”® Since
rodents do not have menses or develop spontaneous
endometriosis, the ectopic autologous transplantation of
uterine tissue in these models may not sufficiently replicate
human endometriosis.”® With this in mind, the baboon
endometriosis model was established by intrapelvic seeding of
menstrual eutopic endometrium on top of the pelvic organs.51

According to Lebovic et al 2007, the ability of rosiglitazone to
significantly diminish endometriotic lesions were documented
before treatment. The comparison groups were a placebo
control, placebo treated baboons, and an active comparator
or active control, GnRH-antagonist treated cohort. This study
presents the first sub-human primate evidence that treatment
with a TZD can reduce the surface area (~50% decrease in
relative change compared to placebo) of induced peritoneal
endometriosis.”"

The staging laparoscopies were conducted at various times of
the menstrual phase. However, by the final laparoscopy, three
of the ganirelix baboons had serum progesterone levels
significantly below 0.21ng/mL (below the sensitivity level of
the assay), suggesting an ovarian suppressive effect, while no
baboon in any other treatment group showed such low levels.
Though, two rosiglitazone treated baboons displayed luteal
phase levels of serum progesterone. There are only limited
clinical studies on the reproductive influence of rosiglitazone
and these are mostly confined to polycystic ovarian syndrome,
where it has resulted in improved ovulation rate and a
generous restoration of normal menstrual cycles. These
studies support the notion that there were no untoward
endocrinological effects of rosiglitazone versus the placebo
group.”

Clinical data has cleared rosiglitazone from the increased
hepatotoxicity risk that can be observed with other TZDs.”
Rosiglitazone is classified as a pregnancy category C drug due
to animal evidence of growth retardation in mid to late
gestation, with 20 and 75 times the human dose.”® However,
no evidence of teratogenicity was noted in either preclinical

or clinical trials. Rosiglitazone had no untoward effects
on the growth and morphology of an in vitro rat embryo
culture model despite concentrations as high as 10 times
human peak plasma levels.”” Studies on early human
pregnancy have shown that rosiglitazone can be
transported across the placenta in the late phase of the
first trimester from 8-12 weekssa, but in an ex vivo
human perfusion model there was negligible transfer of
rosiglitazone across the pIacenta.59 This suggests that it
may be safe to take the TZD until confirmation of
pregnancy.

Altogether, this study suggests that the PPAR-y agonist
rosiglitazone may reduce the quantitative burden of
established endometriotic lesions in baboons without
affecting the menstrual cycle. Further studies in humans
are required to determine if these results translate into
diminished pelvic pain with rosiglitazone treatment.”

Though rosiglitazone has been given a black box warning
label from the FDA due to an increased risk of
cardiovascular side effects in heart failure patients,
pioglitazone remains in the market and may be a viable
substitute.

Ciglitazone was found to reduce the size of experimental
endometriotic lesions in a rat model. This model
suggested that a thiazolidinedione drug may be helpful in
women with endometriosis.” Ciglitazone has been
shown to significantly reduce aromatose enzyme
expression in an IL-1B treated endometrial stromal cell
line that harbours PPAR-\/.60 Inhibitors of PPAR-a or
activators of PPAR-y have also been found to be
beneficial in the treatment of inflammation associated
with endometriosis. According to the study conducted by
Wanichkul et al, PPAR- y ligands enhance the expression
of various cytokines such as IL-6, that could play a direct
role in the aberrant growth of endometriotic lesions.**

Major hurdles in drug discovery for endometriosis

1. Pathogenesis of the disease is not completely
understood yet.

2. Lack of new achievable drug targets.

3. Animal models for screening the treatments are not
fully established to satisfy standards.

4, The research on endometriosis is underfunded
compared to other diseases with high health care
burdens.

This may be due to the practical difficulties of developing
competitive research proposals on a complex and poorly
understood disease, which affects only women.®!

Limitations of review

Though endometriosis is a common gynaecological
condition in women, we could retrieve few articles to
support the view that PPAR-y may prove to be a more
effective for treating this condition in the near future.
PPAR-y may be a double edged sword possessing
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beneficial as well as harmful effects such as increasing IL-6
levels. Major research has been done on existing animal
models but due to the limited number of animal models
available, it cannot be proven to be effective in humans. This
necessitates conducting appropriately designed clinical trials
to demonstrate that PPAR-y agonists could be safer and more
effective in treating endometriosis than the current
treatments.

Conclusion

Activators of PPAR-y pathways are potential candidates as a
new therapeutic tool for treating endometriosis. It provides
the opportunity to use TZDs to suppress existing
endometriotic lesions without affecting ovulation. Further
studies are required to assess ovarian function using TZDs and
develop a reproductive safety profile. In regard to that, TZDs
would be very convenient to administer. Furthermore, PPAR-y
agonists may be able to improve pelvic pain, relieve fertility
related problems, and prevent recurrence without interfering
with the menstrual cycle. Due to the diverse complexity in the
pathophysiology of the disease, this new class of medication
might be useful as an adjunct with conventional therapy.
Hence, there is a great potential for therapeutic drug
development research in the field of endometriosis.
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