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Uterine fibroids are highly prevalent understudied myometrial non-cancerous tumors of the female
reproductive tract. Fibroids cause increased morbidity and a significant economic burden in women. Despite
its high prevalence, the only gold standard treatment for fibroid is hysterectomy. The tumor masses of fibroids
are predominantly composed of excessive extracellular matrix when compared to the aberrant tumour cell
population. The apoptotic resistance of matrix secreting cells during chronic inflammatory state such as
fibroids, leads to deposition of enhanced rigid matrix molecules that are both responsible for tumour cell
proliferation via the mechano-transduction process and the manifestation of bulk symptoms such as pain
and bleeding. Despite its established fibrotic background and resemblances to pathological fibrosis most of
the drugs are introduced as anti-proliferative and not as anti-fibrotic. This review aims in understanding
the fibrotic mechanisms associated with the disease and emphasizes on drugs decreasing matrix production
and increasing matrix dissolution. Such a modulation could bypass adverse effects associated with current
pharmacological interventions that exert its therapeutic effect by modulation of hormones.
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Uterine fibroids are the most common non-
cancerous reproductive tract tumor prevalent in
women between menarche and menopausel'l. Tt
was first discovered in the year 1793 by Matthew
Baillie of St. Johns hospital, London™. Uterine
fibroids are defined as steroid hormone-responsive
monoclonal tumours arising from the myometrium
of the uterus characterized by increased deposition
of disorganized Extracellular Matrix (ECM) and
abnormal proliferation of disordered smooth muscle
cellsP!. Fibroids are found with a high prevalence rate
of 77 %. Though benign, the symptoms of uterine
fibroids such as menorrhagia, abnormal menstrual
bleeding, dysmenorrhoea, pelvic pressure, infertility,
pelvic pain, constipation, urinary incontinence and
pregnancy problems pose a considerable impact
on quality of life. About 20-50 % of the tumours
become clinically apparent only after the appearance
of clinical manifestations™. Additionally, these
tumours also cause a significant economic burden.

The myometrial layer of the uterus is composed
of smooth muscle cells and extracellular matrix.
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These components are responsible for the normal
contractility of the uterus. Studies suggest that
fibroids are developed from a fibrotic background
and contain abundant rigid extracellular matrix.
These matrix components are rigid and disorganized
due to the deposition of huge quantities of
glycosaminoglycan, highly cross-linked interstitial
collagens, fibronectin and laminin. This increased
stiffness of the ECM can cause abnormal bleeding and
pelvic pain. Also, excessive ECM stiffness can trigger
mechanotransduction process wherein a cell senses
the physical forces and converts them into certain
biological and biochemical signals. These signals
can change the phenotype of the smooth muscle cell
thereby inducing tumorigenesis!. Tumors are called
monoclonal when all the cells of the tumor are said
to be clonally derived from a single progenitor cell
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whereas a polyclonal tumor is said to develop from
multiple progenitor cells!®. Fibroids are said to be
of monoclonal origin as they are developed due to
the proliferation of a single clone of smooth muscle
cell™,

Further the ECM also acts as reservoir for profibrotic
growth factors®. Thus, this review focuses on fibrosis
and anti-fibrotic approaches to treat uterine fibroids.
Studies suggest that adoption of such approaches
can bypass the adverse effects caused by existing
hormone modulating pharmacological interventions.

OVERVIEW ON UTERINE FIBROIDS
Risk factors:

Uterine fibroids are caused due to multiple factors.
Menarche at an early age leads to a higher number
of cell divisions in the muscle layer of the uterus
throughout the fertile years of women leading to
increased risk of uterine fibroids!®.. Uterine fibroids
are three times highly prevalent in women of African
American descent and two times more common in
Hispanic women!'”.. Such racial differences are risk
factors for fibroid probably due to earlier age of
finding, severity in sign, and variable intervention
responsest?. Soy is an exogenous phytoestrogen
that exerts estrogenic effect!!’l. The estrogenic effect
caused by soy is higher when compared to the normal
endogenous hormone levels. Endocrine-Disrupting
Chemicals (EEDC) are estrogens available in the
environment that influences the hormonal system
by binding steroid receptors, or by influencing
its synthesis and metabolism. EEDCs, such as
dichlorodiphenyltrichloroethane, bisphenol-A,
diethylstilbestrol, genistein, dioxin, soy and
polychlorinated biphenyls cause uterine fibroid by
developmental reprogramming!'?..

Rats exposed to genistein obtained from soy products
before puberty showed certain genetic changes that
could lead the uterus towards fibroid development!!?,
Bisphenol-A, a synthetic oestrogen used in the
synthesis of food packing materials, displayed
increased fibroid cell proliferation and increased
expression of genes involved in fibroid development
in vitro. In summary, prepubertal exposure to
environmental estrogenic compounds increase risk
of uterine leiomyoma and result in reprogramming
of reproductive organ!'¥. Several studies highlight
the link between obesity and fibroid risk. This could
be due to the influence of obesity on hormones.
Increased adipose tissue associated with obesity
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produces excessive oestrone by aromatization!!#,
Obesity leads to increased unbound active oestrogen
due to decreased production of hormone-binding
globulin!’®, Age is also found to modulate uterine
fibroids. Increased diagnosis at 40 y of age might be
possibly due to factors such as additive culmination
of hormonal influence from menarche, enhanced
symptom establishment by a pre-existing tumour,
increased readiness to undertake surgery at a later
stage, or due to premenopausal modulators!®l.
Chronic inflammation due to an infection, can lead
to fibroids by causing excessive proliferation and
decreased apoptosis of tumour cells. Further it also
leads to abnormal deposition of extracellular matrix
leading to tumour bulk!®. Coffee intake and alcohol
intake are directly associated with fibroid risk. Black
Women’s Health Study established that an intake
of >3 cups of coffee/d and >500 mg of caffeine/d
was associated with increased fibroid risk. The
same study also displayed a 60 % increased risk in
women who drank more than seven drinks a week
when compared to non-alcoholic women. This could
be probably due to the elevated oestrogen level
associated with such an intakel'”). Parity, cigarette
smoking and the use of contraceptives are found to
decrease the risk of uterine fibroids!'®). Genetic factors
such as translocation between chromosomes 12 and
14, translocations between 6 and 10, translocations
in High Mobility Group AT-Hook2 (HMGA?2),
Mediator of Ribonucleic Acid (RNA) polymerase 11
transcription subunit 12 (MED 12), and aberrations
in the Fumarate Hydratase (FH) gene also leads to
fibroids!!®2,

Classification:

The types of fibroids are defined by the position
relative to the uterine wall. Subserosal fibroids are
located on the myometrium of the uterus and grow
towards the serosal layer. They can also become
pedunculated, parasitic and intraligamentary fibroid.
Intramural fibroids grow within the uterine wall
myometrium and distort the uterine wall. Submucosal
fibroids begin in the myometrium develop near the
endometrium and tend to grow toward the uterine
cavity. Pedunculated fibroids grow on a stalk;
can either be further classified as subserosal or
submucosal depending on their location. Parasitic
fibroids tend to obtain blood from omental vessels
outside the uterus. Studies report that about 10.6 %
of fibroids are subserous, 89.4 % are sub mucous and
74.5 % are intramural fibroids??!.
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European Society for Gynaecological Endoscopy
(ESGE) has classified uterine fibroids into three
classes, GO-pedunculated intrauterine myoma,
G1- >50 % in the uterine cavity, and G2 - >50 %
in the myometrium(?. International Federation of
Gynaecology and Obstetrics (FIGO) has classified
uterine fibroids into 8 types along with a hybrid
type in PALM-COEN that contains conditions such
as polyp, adenomyosis, leiomyoma, malignancy,
hyperplasia, coagulopathy, ovulatory dysfunction,
endometrial iatrogenic and not classified®! (fig. 1
and Table 1).

Symptoms associated with uterine fibroids:

Uterine fibroids cause significant quality of life
impairment and morbidity owing to the symptoms
associated with diseasel¥. It includes menstrual cycle
abnormalities such as heavy menstrual bleeding,
menstrual cramping and metrorrhagia. Excessive
bleeding also leads to iron deficiency anaemia in
most women. Heavy menstrual bleeding can occur
with submucous fibroids due to an expansion of
the uterine cavity area, increased vascularity of the
uterus, pressure on veins of the myometrium, uterine
contraction disturbances and ulcers in an endometrial
layer of the uterus. Though not a characteristic
symptom, inter-menstrual bleeding occurs when
the fibroid undergoes necrosis, ulceration in the

endometrial layer, or pressure exertion in the veins
of the myometrium!*). Pain and pressure symptoms
depend on the anatomical position of the fibroids.
Fibroids in the anterior position cause discomfort
leading to a constant need to urinate, posterior fibroids
cause lower backache and fibroids that occupy the
entire pelvic region causes pressure symptoms like
urine and faeces leakage. Acute pain may also be
caused due to torsion in the pedunculated fibroid,
distension of cervix owing to the extension of lower
uterus, red degeneration, ischemia, and necrosis.
Women often complain of voiding difficulties with
difficulty emptying the bladder. A large posterior
myoma can cause constipation and altered bowel
behaviour®. Blockage of uterine tubes, damage
of uterine cavity, ischemia, atrophy and ulceration
in the cavity due to fibroids can cause fertility and
implantation issues. Certain reports suggest that
miscarriages during the first and second trimester are
common in women with fibroids. Recurrent pregnancy
loss is also associated with uterine fibroids!?”). It also
causes sudden miscarriages, premature delivery,
premature membrane breakage, placental abruption,
foetal growth restriction, post-delivery bleeding, and
can be a cause for Caesarean section. The location
of fibroid near the placenta also leads to postpartum
haemorrhage and premature delivery?®28! (Table 2).

Fig. 1: Classification of fibroids
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TABLE 1: TYPES OF UTERINE FIBROIDS-FIGO CLASSIFICATION

Types Subtypes

Description

Submucosal: Immediate proximity to

the endometrium. Distorts uterine Type 0: Pedunculated fibroid

cavity
Type 1: Sessile with intramural
extension <50 %
Type 2: Sessile with intramural
extension =50 %
Other 100 % intramural

Intramural

Subserosal 250 %
Subserosal <50 %

Subserosal pedunculated

Attached to the myometrium by a pedicle

Less than 50 % of the mass in the myometrium,

or more than 50 % in the uterine cavity

More than 50 % of the mass within the
myometrium

Located within the myometrium
Does not distort the uterine cavity
Less than 50 % protrudes into the serosa
Located within the myometrium
Does not distort the uterine cavity
Less than 50 % protrudes into the serosa
Beneath peritoneum of the uterine corpus
Beneath peritoneum of the uterine corpus

Beneath peritoneum of the uterine corpus

Other (parasitic)

Extend into the peritoneal cavity

Outgrows blood supply

TABLE 2: SYMPTOMS AS PER ANATOMICAL POSITION

Anatomical position

Symptoms

Intramural and submucosal

(Impacting uterine cavity)

Intramural and subserosal

(That do not impact uterine cavity)

Current pharmacological interventions:

Ever since the adaptation of hysterectomy in medical
science, it is the only definitive treatment for uterine
fibroids as it instantly cures the symptoms and
prevents recurrence in women who do not wish to
preserve future fertility!?>3. Despite the procedure
involves decreased loss of blood when compared to
myomectomy it is not suitable for women desiring
further pregnancies. Removal of the uterus can
also cause damages to nearby organs causing
complications such as vaginal vault prolapse, bowel,
bladder, and wureteric damagel®. Myomectomy
preserves the fertility potential of women but it
requires extra surgical intervention within a term of
5y due to its recurrence potential®!. Despite it being
associated with lower blood loss the surface should
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Subserosal pedunculated

Menstrual disorders - Menorrhagia, Metrorrhagia, Abnormal

uterine bleeding, Fertility issues, Iron deficiency anemia

Adverse pregnancy outcomes - Repeated abortions, Placenta

previa, Pregnancy malpresentation, Premature labor, C
section, and blood loss after vaginal delivery

Subserosal pedunculated

Bulk symptoms - Pelvic pressure, Pelvic ache, Painful sexual
intercourse, prolonged constipation, and urine leakage

be sealed securely as secondary haemorrhage is a
potential complication*?,

Endometrial ablation is the destruction of the
endometrium by using heat, laser and radiofrequency.
Though it is performed to reduce heavy bleeding
its actions are considered inferior and hence are
associated with diminished patient satisfaction.
Further, this technique is also associated with
ectopic pregnancies, abortions, and placental
disorders. Myolysis a method of destruction of the
uterus or its blood supply preserves the uterus but
not fertility. But such a method might compromise
the integrity of the uterine wall leading to uterine
rupture®}l. Uterine artery embolization is a relatively
less invasive approach that involves the introduction
of thrombi into uterine arteries thereby cutting off
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the blood supply to the tumour vessels. But yet it
leads to pregnancy complications like abortions,
placenta previa, premature delivery, adhesions, and
post-delivery bleeding®#. Oral contraceptives are
used for decreasing the excessive menstrual bleeding
associated with fibroids but fails to influence the
tumour as such. It decreases the size of endometrial
cells thereby reducing bleeding. Levonorgestrel
releasing Intrauterine Device (IUD) decreases
menorrhagia by decreasing the proliferation of
endometrial cells. But increased chances of expulsion
limit its efficacy™).

Gonadotropin Releasing Hormone (GnRH) agonists
are used as a short-term treatment in decreasing
tumour volume either to improve surgical outcome or
in perimenopausal women. Administration of agonists
causes a temporary increase in gonadotropins leading
to increased Follicle Stimulating Hormone (FSH)
and Luteinizing Hormone (LH). But continuous
administration inhibits the pituitary gonad axis
leading to decreased oestrogen associated reduction in
tumour volume. Despite shrinkage in tumour volume
use of such drugs creates menopause-like symptoms,
bone demineralization, and an increase in tumour
size after cessation of therapy™®l. Selective oestrogen
receptor modulators bind to oestrogen and display
stimulation and inhibition effects based on the tissue.
Certain report suggests increase in fibroid growth
and endometrial hyperplasia following treatment
with tamoxifen and no effect in fibroid volume after
treatment with raloxifenel®”’. GnRH antagonists like
cetrorelix bind to the GnRH receptors and block
the binding of endogenous naturally occurring
exogenous ligands and agonists thereby creating
a hypo-estrogenic state. But the short half-life of
the drug and lack of depots demands for frequent
administration?”),

Anti-progesterone, like  mifepristone  blocks
progesterone receptors and control fibroid-related
bleeding without influencing the tumour volume.
But its influence over endometrium makes its use
controversial. ~ Selective progesterone receptor
modulators like asoprisnil and ulipristal possess both
stimulatory and inhibitory effects in a tissue-specific
manner. Despite proven tumour reduction in short
management to improve surgical outcome, its long-
term endometrial safety is yet to be established?®8).
Non-hormonal therapies, like Non-Steroidal Anti-
Inflammtory Drugs (NSAIDS) and tranexamic
acid decrease prostaglandin production and fibrin
degradation respectively leading to decreased blood
September-October 2023
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loss. But it fails to influence tumor volume[38].
This shows that the available treatments are only
for symptom management, short-term treatment to
improve surgical outcome, and are strategies with
un-established safety efficacy reports.

PATHOGENESIS OF UTERINE FIBROIDS

The exact initiator of uterine fibroid is not known.
There are many theories that support the initiation of
tumorigenesis *”. Some of the theories are described
below.

Hormones and growth factors:

One theory suggests that the increased levels of
estrogen and progesterone increases the mitotic rate
of fibroid cells by enhancing somatic maturations.
Estrogen upregulates both estrogen receptors and
progesterone receptors during the follicular phase,
followed by progesterone mediated mitogenesis
during the luteal phase. The deficiency of the
estrogen-metabolizing enzyme 17f3-hydroxysteroid
dehydrogenase in fibroids causes the accumulation
of estradiol in these tumors thereby leading to
growth promoting effects while the overexpression
of estradiol 4-hydroxylase results in a metabolite
that possesses long-acting estrogenic activity. The
growth-promoting effects of these hormones are
also mediated through the mitogenic effects of
growth factors secreted by smooth muscle cells
and fibroblasts. Growth factors are polypeptides
or proteins that are produced by various cell types
and, have different biologic effects. They function
in an autocrine or paracrine manner and control the
multiplication of cells. Overexpression of either
the growth factor or its receptor may contribute to
tumorigenesis.

The Transforming Growth Factor-p (TGF-B) and
TGF-B receptors classified as I-1II has been detected
in human myometrial tissue. These factors can lead
to the upregulation cell proliferation and synthesis of
matrix components. Although some reports suggest
TGF-B3 to be an important factor in uterine fibroid
growth by stimulating cellular proliferation and the
production of extracellular matrix. The effects of
TGF-B may be controversial, depending upon the
target, the amount of TGF-f and the presence of other
regulatory factors. Basic Fibroblast Growth Factor
(bFGF) causes the proliferation of smooth muscle
cells and fibroid cells and promotes angiogenesis.
Increased expression of bFGF messenger RNA
(mRNA) was found in the leiomyomas when
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compared with the myometrium.

Epidermal Growth Factor (EGF) causes the
proliferation of smooth muscle cells and fibroid
cells. The EGF is elevated in leiomyomas during the
luteal phase. Platelet-Derived Growth Factor (PDGF)
has the capacity to bind to heparin, hence they may
become sequestered in the extracellular matrix and
serve as a reservoir for these growth factors. More
PDGEF receptors are expressed in lelomyomas than in
the myometrium.

Almost all the Vascular Endothelial Growth Factor
(VEGF), contrarian-binding regions and hence can
mediate binding to the extracellular matrix and
serve as a reservoir. VEGF stimulates angiogenesis
and increases capillary permeability, which could
enhance the growth of fibroids by increasing their
nutrient supply. VEGF also indirectly induces the
proliferation of endothelial cells, which further
produces a number of growth factors. In addition,
VEGF acts synergistically with Fibroblast Growth
Factor (FGF) and release bFGF from its storage on
heparan sulfates of the extracellular matrix. The
resulting combinations have a combined effect on
angiogenesis while bFGF also exerts proliferative
effects on smooth muscle cells.

Insulin-like Growth Factor (IGF) is structurally
related to proinsulin and promote cellular
proliferation, differentiation, and cell survival. Some
studies indicate mRNAs for IGF-I and IGF-II and
their receptors to be expressed in myometrium and
fibroid tumors.

Genetic and/or epigenetic changes:

Genetic and/or epigenetic changes can also lead
to fibroids. Karyotypic abnormalities have been
identified in surgically removed uterine leiomyomas.
The most common of these are the translocation
t(12;14) and the deletionn of 7q. There may be more
than one genetic pathway to the formation of fibroids.

Fibrosis and fibroblasts in uterine fibroids:

The fibrosis theory is one interesting theory wherein
a fibroid is said to develop as a response to injury.
This occurs when the myometrial cells undergo a
change from a contractile phenotype to a proliferative
phenotype as response to an injury™.

Fibrosis is defined as enhanced deposition of the
extracellular matrix due to an imbalance in the
wound healing process during chronic inflammatory
statel*”). Myofibroblasts are matrix secreting cells that
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are responsible for the contractility of scar tissue. It
plays a key role in both wound healing and fibrotic
processes*!l, During an injury fibroblasts present
in the connective tissue of the organ transform
into myofibroblasts. The myofibroblasts produce
extracellular matrix that leads to wound closure. The
restoration of the integrity of the organ after wound
closure is followed by apoptosis of myofibroblasts*?.
But in chronic inflammation, the myofibroblast fails
to undergo apoptosis and continues to persist leading
to fibrosis similar to hypertrophic scarring. A similar
state was reported in fibroids. Certain studies suggest
that tissue macrophages were abundant in leiomyoma
tissue when compared to normal, myometrium. As
tissue macrophages are also known to be involved
with fibrosis and fibroblastic transformation, it was
concluded that chronic inflammatory state in the
uterus activates the fibrotic response and production
of excessive extracellular matrix by activation of
myofibroblasts! .

A microarray study found an association between
abnormal wound healing disorder keloid and uterine
fibroid as both the diseases involved similarities
in myofibroblast apoptotic resistance, matrix
accumulation, deregulated extracellular matrix
genes, ultrastructure and ethnic prevalence. Though
steroid-responsive hormone tumour genes involving
in hormone action were not differentially expressed,
it was the extracellular matrix genes that were
differentially expressed suggesting the involvement
of a myofibroblast phenotype. The study highlighted
that about 30 % of under-expressed genes and 20
% of over expressed genes encoded extracellular
proteins or were closely involved in the synthesis
or secretion of matrix. This finding was further
confirmed by reverse transcription polymerase
chain reaction*!. The first link between leiomyoma
and keloids was established by comparing the
similarities in decreased dermapontin expression in
both the diseases. Both the diseases showed similar
disoriented collagen fibrils**!. Uterine fibroids and
keloid scars resemble each other as both conditions
are non-cancerous fibrous overgrowths characterized
by increased deposition of disorganized extracellular
matrix and not increased proliferation of cells.
Both the diseases can be inherited and have ethnic
similarities of prevalence. Molecular similarities
like enhanced uterine TGF-B levels, increased
glycosaminoglycans and decreased dermatopontin
levels are observed with both the diseases. These
resemblances confirm the fibrotic background of
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uterine fibroids!®. Uterine leiomyoma cells when
co-cultured with leiomyoma-derived fibroblasts
led to the proliferation of leiomyoma cells and
extracellular matrix due to increased downstream
signalling pathways and growth factors production
in co-culture. This effect was not seen with uterine
smooth muscle co culture or leiomyoma culture
alone*”). This confirms the involvement of activated
fibroblasts in tumour development.

Fibroblast Activation Protein (FAP):

FAP is a fibroblast activation marker, especially
for cancer-associated fibroblasts. It has pro-
tumourogenic activity by its enzymatic and non-
enzymatic activities!*®.. FAP mRNA expressions
were higher in uterine fibroids when compared
to normal myometrium. The over expressed FAP
was also associated with increased expression of
proliferation and invasion genes such as survivin,
livin, B-cell lymphoma 2, Snail, N-cadherin, and
Matrix Metalloproteinase (MMP2) leading to
proliferation and invasion of uterine fibroids*. As
a steroid hormone-responsive tumour, Oestrogen
plays a crucial role in fibroblast proliferation, cell
proliferation signalling pathways by phosphorylating
Mitogen activated protein Kinase (MEK),
Extracellular Regulated Kinase (ERK1/2), and AKT,
and extracellular matrix production. Silencing of FAP
by small interfering RNA attenuated proliferation
of fibroblasts, decreased phosphorylation of cell
proliferation pathways and decreased extracellular
matrix components. This displayed that estrogens
exerts its activities partially via FAPP,

Antifibrotic drugs for the treatment of fibroids:

Pirfenidone is an anti-fibrotic agent studied for its
therapeutic benefits in pulmonary fibrosis patients.
Oral administration of pirfenidone in clinical trials
is led to severe side effects such as vomiting, fever,
abnormality of hepatic function, dizziness, facial
paralysis, hepatoma and skin photosensitivity. It
is also studied for its anti-fibrotic role in uterine
fibroids as both pulmonary fibrosis and uterine
fibroids involved tissue fibrosis. Pirfenidone blocked
the proliferation of both leiomyoma and myometrium
cells by down regulating several growth factors. It
also led to diminished mRNA levels of collagen 1
and 3B, Currently Pirfenidone is in the second
phase of the clinical trial for its anti-fibrotic activity
against uterine fibroids (Clinical trial.gov number
NCT00332033)52,
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Antifibrotic agent halofuginone is an alkaloid
predominantly used as a coccidiostat to prevent
infection of the gastrointestinal tract. Halofuginone
blocks leiomyoma and myometrial smooth muscle
cells proliferation via inhibition of DNA synthesis
and eventually leading to apoptosis. Halofuginone
also significantly down regulates TGFp 1 mRNA.
Oral administration of halofuginone, when taken
in solid tumours, led to nausea, vomiting, and
fatiguel**5*, Collagenase C histolyticum breaks the
increased collagen present in uterine fibroids leading
to diminished matrix stiffness®*!. Decreased stiffness
also decreased tumour bulk symptoms such as pain
and bleeding due to decreased tumour size associated
with  changed mechanotransduction.  Purified
collagenase upon injection reduced tissue stiffness of
fibroids in a proof of principle study®®.

Role of

mechanotransduction in uterine fibroids:

extracellular matrix mediated

Uterine fibroids are characterized by increased
deposition of extracellular matrix leading to matrix
rigidity. The stiffness of the extracellular matrix leads
to tumourogenesis owing to increased mechanical
stress®®”l. Mechanotransduction is a process whereby
mechanical signals are converted into biochemical
signals by extracellular matrix components and
transmembrane molecules. In uterine fibroids the
mechanical force elicited by the stiff matrix stimulates
mechanical signalling pathways. The interaction
between integrin (a and ) and matrix molecules
activates Focal Adhesion Kinase (FAK) leading to
actin polymerization and activation of Ras family
member homology A (RhoA), further activating Rho-
associated protein Kinase (ROCK) and Extracellular
Regulated Kinase/p38 Mitogen Activated Protein
Kinase (ERK/p38 MAPK)-signalling cascade. The
activation of the pathways leads to cell proliferation,
diminished apoptosis, and an increase in genes
involved in matrix production® (fig. 2). As uterine
fibroids are characterized by a low mitotic index, it
is the extracellular matrix that contributes to tumour
bulkB*!. The tumour bulk and stiffness also lead to the
manifestation of clinical symptoms such as pain and
abnormal bleeding!®!.

Ultra structure of extracellular matrix:

Preliminary research shows the matrix associated with
uterine fibroids had increased collagen, fibronectin
and proteoglycan. Collagen is the most expressed
matrix protein in tissues undergoing fibrosis. Several
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studies suggest that collagen constitutes most of the
matrix in leiomyoma with collagen type 1 being
the most predominant type. Enzymes related to
post-translational modification of collagen were
also found to be greater in fibroids. Collagen is
also associated with leiomyoma cell proliferation.
Fibronectin is a dimer that binds to collagen type
1 leading to cell adhesion, cell signalling, and
excessive fibrosis. It also acts as a reservoir of
growth factors that can promote cell signalling upon
release. Glycosaminoglycans and proteoglycans help
in ligand-ligand binding, acts as receptor for growth
factors, and also a reservoir for growth factors in the
extracellular matrix®"). Therefore, many studies aims
in targeting the matrix components associated with
fibrotic process!®? (Table 3).

CONCLUSIONS AND
PERSPECTIVES

Substantial shreds of evidence state that uterine
fibroids contain smooth muscle cells and matrix
molecules. The matrix molecules are majorly
produced from activated fibroblasts having fibroblast
activation markers such as FAP and a-smooth muscle
actin. These play a major role in the initiation of
fibrosis during chronic inflammation. The stiff matrix
also initiates mechanotransduction processes leading
to tumour growth and bulk associated symptoms.
As uterine leiomyoma cells possess a low mitotic
index and the entire tumour bulk consists of matrix
predominantly, future interventions should target
the fibrotic processes and aim in decreasing matrix

FUTURE

COLLAGEN-1

ECM

production or cause dissolution of matrix molecules.
Despite an established fibrotic background for
uterine fibroids most of the drugs are introduced as
anti-proliferative and not anti-fibrotic. The available
pharmacological interventions such as leuprolide,
cetrorelix, asoprisnil, ulipristal mifepristone and
raloxifene also seem to influence certain fibrotic
mechanisms indirectly by decreasing matrix
components like fibronectin, versican, collagen.
But these interventions are associated with severe
adverse effects due to hormonal modulation and
so are indicated only as short-term pre-operative
management strategy. After years of uterine fibroid
discovery, hysterectomy is the only gold standard
treatment for uterine fibroids. With advances
in medical science, an invasive procedure like
hysterectomy should be a last resort and not the first.

Fibroblast activation protein plays a major role
in the activation of fibroblasts. Previously the use
of FAP inhibitory traditional Chinese medicinal
herbs was found very effective in the treatment
of fibroids by inhibiting fibroblast activation,
fibroblast proliferation, and by influencing matrix
components/®!, But to date, allopathic FAP inhibitors
are not introduced for the treatment of fibroids.
Future pharmacological interventions should
efficiently address the fibrotic background of the
disease. The design of FAP inhibitors and screening
for potential database molecules could lead to better
future pharmacological interventions against uterine
fibroids.

Integrin

Matrix

production

“—
Proliferation
—

| LElomyOmACELL |

Fig. 2: Mechano-transduction process of uterine fibroids

Note: The interaction between integrins (¢ and B) and collagen of matrix molecules activates FAK activates RhoA, further activating ROCK and
ERK/p38 MAPK-signaling cascade. The activation of the pathways leads to cell proliferation, diminished apoptosis and an increase in genes in-

volved in matrix production
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TABLE 3: DRUGS TARGETING EXTRACELLULAR MATRIX COMPONENTS

Drugs Targets Adverse effects
Decreased fibronectin, collagen type 1, PAI-1,
Vitamin D pSmad2, Wnt4, B-catenin, mTOR, fibromodulin, Well tolerated
biglycan, and versican
Celecoxib Decreased collagen A, fibronectin, PDGF, and TGF-8 MI, stroke, and heart failure risk
Curcumin Decreased fibronectin Well tolerated
Decreased fibronectin, collagen types I, collagen IIl, . .
Resveratrol fibromodulin. biglycan, and MMP-9, TIMP2 Nausea, diarrhea, and weight loss
Tranilast Decreased COL1A1, fibronectin versican and activin-A Well tolerated

All-trans retinoic acid versican and TGE- B3

Decreased Collagen 1, collagen 4, fibronectin,

Decreased COL1A1, COL4A2, versican, fibromodulin,

Transient headache, dry skin, and mucosa,
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