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Abstract

Background: Endometrial adenocarcinoma (EAC) is a malignant tumor of the endo-
metrium. EAC is the most common female malignancy following the menopause
period. About 40% of patients with EAC are linked with obesity and interrelated with
hypertension, diabetes mellitus, and high circulating estrogen levels. Proprotein con-
vertase (PC) furin was involved in the progression of EAC.

Recent findings: Furin is a protease enzyme belonging to the subtilisin PC family
called PC subtilisin/kexin type 3 that converts precursor proteins to biologically
active forms and products. Aberrant activation of furin promotes abnormal cell prolif-
eration and the development of cancer. Furin promotes angiogenesis, malignant cell
proliferation, and tissue invasion by malignant cells through its pro-metastatic and
oncogenic activities. Furin activity is correlated with the malignant proliferation of
EAC. Higher expression of furin may increase the development of EAC through over-
expression of pro-renin receptors and disintegrin and metalloprotease 17 (ADAM17).
As well, inflammatory signaling in EAC promotes the expression of furin with further
propagation of malignant transformation.

Conclusion: Furin is associated with the development and progression of EAC
through the induction of proliferation, invasion, and metastasis of malignant cells of
EAC. Furin induces ontogenesis in EAC through activation expression of ADAM17,
pro-renin receptor, CD109, and TGF-p. As well, EAC-mediated inflammation pro-
motes the expression of furin with further propagation of neoplastic growth and

invasion.
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1 | INTRODUCTION

Endometrial adenocarcinoma (EAC) is a malignant tumor of the endo-
metrium causing abnormal vaginal bleeding, dyspareunia, pelvic pain,
and dysuria.! EAC is the most common female malignancy following
the menopause period and presented with irregular vaginal bleeding
and clear vaginal discharge.! About 40% of patients with EAC are
linked with obesity.2? As well, EAC is interrelated with hypertension,
diabetes mellitus, and high circulating estrogen level.> EAC is the third
greatest common cause of death in women following ovarian and cer-
vical cancers.>® EAC is the most common malignant tumor in devel-
oped countries and represents 80% of endometrial cancer.*
Remarkably, the rate of EAC has been shown to increase between
1980 and 2020 due to the growing rate of obesity and the increasing
rate of elderly women.*

Regarding the molecular classification of EAC, recent studies illus-
trated four types including DNA polymerase epsilon (POLE) -mutated,
copy number low, copy number high, and hypermutated type.>®
According to analogous classification system, five types are recorded
including POLEmut, mismatch repair (MMR) deficient, p53 aberrant,
and no specific molecular profile.>® The National Comprehensive
Cancer Network has integrated molecular analysis into its endometrial
carcinoma algorithm as a result of the increasing amount of evidence
that supports this classification system.®

Diagnosis of EAC is done by endometrial biopsy.* Molecular bio-
markers like DNA ploidy, hormone receptor, p53 level, stathmin, and
level of adhesion molecules have been used in the diagnosis and prog-
nosis of EAC.* Due to the heterogeneity of EAC, many molecular bio-
markers might be not enough for a more accurate diagnosis of this type
of malignancy. These methods are not “used” but they were “exam-
ined” as a screening serum marker.” Diagnosis should be confirmed by
histopathologic examination of the endometrial biopsy, and it is the
golden standard, and it can be applied as an office biopsy. Currently,
there is no molecular diagnostic marker for any disease to replace histo-
pathology. However many molecular markers are under examination
for prognostic or therapeutic purposes mainly in EAC. This molecule
may be high in endometrial cancer, however, to describe a diagnostic
marker, and to report the presence or absence of a condition (here
endometrial cancer) we need an accuracy test that describes the sensi-
tivity, specificity, predictive values, and the likelihood ratios.® In order
to render clinical judgments and direct the provision of patient treat-
ment, healthcare professionals must possess a comprehensive grasp of
the probability of a patient's affliction, achieved through the amalgam-
ation of their understanding of pretest probability and diagnostic evalu-
ations. Diagnostic instruments are regularly employed in healthcare
environments for the purpose of ascertaining appropriate courses of
action; nevertheless, numerous of these instruments are susceptible to
fallacy.® The identification of EAC is conducted through the use of an
endometrial biopsy.* Due to the heterogeneity of EAC, many molecular
biomarkers might be not enough for a more accurate diagnosis of this
type of malignancy. To promote the progress of clinical outcomes in
women with EAC, numerous strategies are suggested to reach the

primitive diagnosis of EAC particularly in the early stage.” Indeed, some

biomarkers like micro-RNA, miR223, miR222, and CA-125 can accu-
rately differentiate high and low-risk women with EAC.? It has been
shown that proprotein convertase (PC) furin was involved in different
tumor progressions including EAC.2° Different studies revealed that
furin was the unique PC type linked with the development of EAC as
confirmed by endometrial biopsies in postmenopausal women. %2
Thus, furin could be a noninvasive tool in the diagnosis of EAC. The
rationale of the present study was regarded as due to the involvement
of furin in various types of malignancies.'® Therefore, furin could be a
noninvasive tool in the diagnosis of EAC. Therefore, this review aimed

to find the association between furin activity and EAC.

2 | FURIN PATHWAY OVERVIEW

Furin is a protease enzyme also named paired basic amino acid cleav-
ing enzyme encoded by the furin gene, involved in the activation of
several proteins.2* Furin belongs to subtilisin/kexin type 3 converts
precursor proteins to biologically active forms and products.'* The
substrates of furin are pro-albumin, pro-parathyroid hormone, pro-
beta-secretase, transforming growth factor beta-1 (TGF-1), von Will-
ebrand factor, and type 1 matrix metalloproteinase.>® As well, furin is
implicated in the pathogenesis of juvenile hemochromatosis by activa-
tion of the hemojuvelin gene.'® Furin is highly expressed in the Golgi
apparatus where it cleaves inactive proteins to their active forms.*®
Furin is also concerned in the activation of virus envelop proteins as
in human immune deficiency virus, dengue fever, influenza virus,
Ebola virus, Marburg virus, and severe acute respiratory syndrome
coronavirus type 2 (SARS-CoV-2).1¢ Furin is also engaged in the pro-
teolytic activation of pseudomonas and anthrax toxins.*4*”

Variations and defects in the expression and enzyme activity of
furin promote the progression of a wide range of diseases including
dementia, rheumatoid arthritis, and cancer.'®? Moreover, furin has a
role in the activation differentiation and growth of human cells.'?
Aberrant activation of furin promotes abnormal cell proliferation and
the development of cancer. PC furin increases the pathogenesis of
viral and bacterial infections (Figure 1).
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FIGURE 1 Role of proprotein convertase furin in the

development of cancer and viral/bacterial infections.
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3 | FURIN AND CARDIOMETABOLIC
DISORDERS

It has been shown that furin is associated with development of cardio-
metabolic disorders including obesity and type 2 diabetes mellitus
(T2DM).2%21 Furin enhances the levels of high-density lipoprotein by
deactivating lipoprotein lipases in the endothelium.?2 The cleavage of
membrane-bound transcription factors, specifically referred to as ste-
rol regulatory element binding proteins, by furin leads to the increase
in the synthesis of sterols, lipids, and the LDL receptor.?? Furin is
responsible for the reduction of protein levels of the LDL receptor by
amplifying its intracellular metabolic pathway in acidic compartments
within the subcellular environment.?? Furthermore, hepatic furin
diminishes the functionality of endothelial lipase by means of stimu-
lating the cleavage of angiopoietin-like protein 3, which is an innate
inhibitor of endothelial lipase.?® Therefore, the act of inhibiting furin
in the liver leads to an increase in the activity of endothelial lipase,
which subsequently causes a reduction in HDL-C levels and hampers
the process of reverse cholesterol transport.?® The hepatic furin path-
way represents a newly discovered mechanism that controls the
metabolism of high-density lipoproteins (HDL) and the maintenance
of cholesterol homeostasis.?® The results of this study imply that furin
plays a role in lipid metabolism and the development of dyslipidemia.

A population-based prospective study involved subjects at high
risk for the development of T2DM and revealed that initial high furin
serum levels increased the risk for the development of T2DM and
premature mortality.?%?* Mutation in furin induces propagation of
insulin resistance (IR) and T2DM due to association with mutation in
the insulin pro-receptors.?® Indeed, high circulating furin serum level
is correlated with dyslipidemia, high body mass index, and develop-
ment of metabolic syndrome.?® Moreover, genetic variation of furin is
connected with the development of systemic hypertension.?” A
cohort study that included 94 hypertensive patients showed that sin-
gle nucleotide polymorphism of furin was associated with the devel-
opment and severity of hypertension.?’

In contrast, a longitudinal study comprised Chinese adults with
hypertension illustrated that low furin levels were associated with a
high risk of hypertension?® suggesting a protective effect of furin.
Similarly, a prospective study demonstrated that a deficiency of furin
increases the risk for the development of abdominal obesity.2?~!
However, Ren et al.3? disclosed that furin through induction of inflam-
matory reaction and lipid dysmetabolism may promote the propaga-
tion of atherosclerosis and hypertension. These findings suggest a
latent controversy regarding the role of furin in the development of
cardiometabolic disorders. Recently, cardiometabolic disorders have
been associated with the development and progression of different
cancer types including EAC.3% It has been observed that obesity is
regarded as an established risk factor for EAC, and weight reduction
in obese women by bariatric surgery decreases EAC risk by 81%.%* In
addition, the use of combined oral contraceptives protects against
EAC for about 30 years.>* The mechanisms of obesity-induced EAC
are not fully elucidated, though adipose-derived estrogen, which is

unopposed by progesterone in postmenopausal obese women could
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be the potential mechanism.®> Besides, T2DM and IR promote the
development of EAC due to dysregulation of insulin signaling and adi-
pocytokines.3® However, a systematic review and meta-analysis illus-
trated that insulin-sensitizing metformin improves survival in patients
with EAC, but does not prevent endometrial proliferation after
2-16 weeks of treatment.?” Furthermore, hormonal changes are
increased at menopause characterized by reducing estrogen levels,
which cause loss of subcutaneous adipose tissue and augment visceral
fat.%83? However, adipose tissues remain the major source of estro-
gen by converting androgen derived from ovary and adrenal gland to
estrogen via aromatase enzyme, which is highly expressed in adipose
tissue.®3? Therefore, hormonal changes in menopause and the devel-
opment of visceral obesity together with cardiometabolic may

increase EAC through furin-dependent mechanisms.

4 | FURIN AND TUMOR PROGRESSION
Furin is considered a master switch and regulator of tumor cell prolif-
eration and progression.*® The expression of aberrant furin triggers
the development and progression of different types of malignancies
including lung carcinoma, rhabdomyosarcoma, colonic cancer, and skin
cancers.'® It has been reported that furin was regarded as a poten-
tial biomarker of cancer staging since it correlated with the aggres-
siveness of cancer type.*° Furin promotes angiogenesis, malignant cell
proliferation, and tissue invasion by malignant cells through its pro-
metastatic and oncogenic activities.*° In addition, furin through acti-
vation of numerous growth factors increases cell proliferation and
tumor growth.'%“° For example, furin promotes the activation of vas-
cular endothelial growth factor and lymphangiogenic factor which
increase the vascularization of solid tumors.*°

Of note, furin also increases the proliferation and vascularization
of tumors in hypoxic areas. Tissue hypoxia induces the expression of
hypoxia-inducible factor 1 alpha, which triggers the induction of furin
in hypoxic tissues.*! Also, hypoxia enhances intracellular localization
of furin with subsequent direct interaction and activation of onco-
genic growth factors.** Thus, hypoxia may increase the proliferation
and growth of malignant cells through the furin-dependent pathway.

Furthermore, furin can increase metastasis of malignant cells
through induction the expression of integrin and matrix metalloprotei-
nases (MMPs), which assist metastasis by degrading the extracellular
matrix.*2 Notably, there is a close interaction between furin and
interferon-gamma (INF-y), which increase the expression of PC furin.

Castro et al.*®

pointed out that INF-y may have a pro-tumorigenic role
through the downregulation expression of major histocompatibility
complexes, also it acts as a checkpoint inhibitor promoting immuno-
suppressive microenvironment in the tumor area. Furthermore, furin
increases the expression of INF-y during tumor growth and
invasion.**

Interestingly, furin attenuates cell antitumor activity by promoting
the development of immunotolerant and immunosuppressive T cells
namely regulatory T cells with inhibition of cytotoxic T cells.*®

Besides, activated immune cells as activated T cells demonstrated a
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FIGURE 2 The role of furin in tumor progression: furin activates
expression of growth factors which stimulate cell proliferation; furin
increases metastasis by increasing the expression of integrin and
matrix metalloproteinases (MMPs), also furin reduces cellular
antitumor activity by inhibition of T cells. These changes trigger tumor
progression.

higher expression of furin.*®> As well, infiltration of tumors by the
immune cells is correlated with the expression of furin. In this state,
deficiency of furin may be associated with the reduction in the infiltra-
tion of the tumor by immunosuppressive regulatory T cells leading to
a better immunological response.*>*¢ Herein, the inactivation of furin
in the activated T cells may inhibit tumor growth and invasion.*
Therefore, targeting furin could be a potential therapeutic value in the
management of cancer.*® However, PC furin inhibitors may increase
the aggressiveness of some human cancers.*°

In vitro study, included ovarian cancer cell lines demonstrated

that furin was highly expressed*’

suggesting that furin could be a bio-
marker of ovarian carcinoma.*” Chen and colleagues observed that
furin induces proliferation and metastasis of ovarian cancer through
stimulation of signal transducer activator transduction 3.*4° More-
over, in vitro and in vivo studies revealed that overexpression of furin
was correlated with the risk of cancer development.>°>*

Moreover, furin activity is increased in both atypical endometrial
hyperplasia and endometriosis.2®3® Total furin activity in cervical
swabs and uterine lavage correlated with the severity and progression
of atypical endometrial hyperplasia and endometriosis.'®*° An experi-
mental study illustrated that inhibition growth of endometriosis by
baicalein reduced furin level.> The results imply the possible function
of PC furin in the propagation of atypical endometrial hyperplasia and
endometriosis.

These verdicts proposed that aberrant activation of furin is corre-
lated with malignant proliferation and metastasis of different mamma-

lian cancers (Figure 2).

5 | FURIN AND EAC

Low-grade EAC is characterized by well-differentiated cells not invad-

ing the myometrium.* However, high-grade EAC is less differentiated

and associated with atrophied endometrium.®> Some EAC have many
foci of mucinous changes, which increase the severity and invasive-
ness of EAC.1® Of note, furin activity is correlated with the malignant
proliferation of EAC.° A direct link between furin activity and the
development of EAC was less assessed in the clinical studies. How-
ever, a recent study confirmed the association between a higher
expression of TGF-p and the progression of EAC.>® Particularly, furin
is regarded as a TGF-p converting enzyme that increase the oncogenic
activity of TGF-p.>* In addition, plasminogen activator inhibitor
1 (PAI-1) inhibits intracellular activation of furin thereby reducing
derangement in metabolic syndrome.>>°¢ Therefore, PAI-1 attenuates
intracellular communication of adiposity-mediated development of
EAC through inhibition of PC furin.>” Besides, PAI-1 inhibits the
expression of TGF-p.>” Thus, a higher expression of PAI-1 in obesity
could be a protective mechanism against the development of EAC
through suppression of furin/TGF-p axis.>®

Furthermore, furin induces the processing of CD109 into small
proteins which form an intricate complex with type 1 TGF-p receptor
for the direction of TGF-p signaling in cancer cells.® It has been
reported that expression of the CD109 gene was increased in patients
with EAC, though this expression was higher in cervical squamous cell
carcinoma compared to EAC.?° In general, the expression of the
CD109 gene was elevated mainly in squamous cell carcinoma than in
adenocarcinoma.®® A meta-analysis study illustrated that the expres-
sion of the CD109 gene could be a beneficial biomarker of cancer in
general.®? These observations suggest that the CD109 gene is not a
specific biomarker in women with EAC.

Moreover, emerging evidence proposes a potential role of the
pro-renin receptor in the ontogenesis and pathogenesis of EAC.
In vitro study used endometrial cancer cell lines demonstrated that
the pro-renin receptor was crucial for the development of EAC
through maintaining endometrial cell viability.®® As well, the pro-renin
receptor is highly expressed in human EAC compared to normal endo-
metrium.®® Pro-renin receptor improves cell migration, proliferation,
and angiogenesis, which are essential for tumorigenesis of EAC.%*
Pro-renin receptor promotes activation of the renin-angiotensin sys-
tem (RAS), increasing the production of angiotensin 11.4°¢¢ Similarly,
the pro-renin receptor enhances cellular viability and proliferation
through induction expression of growth factors like phosphatidylinosi-
tol 3 kinase p85a subunit (PI3K-p85a).%>¢”~%? Pringle et al.”® study
demonstrated that women with EAC had mutant RAS compared to
healthy women. Obesity and high estrogen level are implicated in the
generation of mutant RAS with the development of EAC.”° Therefore,
RAS inhibitors could be protective agents against the development of
cancer in both males and females by inhibiting RAS/pro-renin recep-
tor axis-mediated intracellular activation.”*”? In this state, furin
increases the activity and level of the soluble pro-renin receptor by
intracellular cleavage.”®

Indeed, disintegrin and metalloprotease 17 (ADAM17) also increase
proteolytic activation of pro-renin receptor.”> ADAM17-mediated pro-
teolysis of membrane proteins promotes intracellular signal transduction
in cell proliferation, migration, and differentiation.”* ADAM17 increases

the release of tumor necrosis factor-alpha (TNF-a) with induction of
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FIGURE 3 Role of furin in the development of endometrial
adenocarcinoma (EAC): furin activates expression of transforming
growth factor-beta (TGF-p), CD109, pro-renin receptor (PRR) and
disintegrin and metalloprotease 17 (ADAM17) with subsequent
endometrial proliferation and EAC.

inflammation.247>7¢ ADAM17 is activated by PC furin with subsequent
induction release of TNF-a.”® Higher ADAM17 expression is linked with
the development of EAC.”” Xu and coworkers found that a high level of
ADAM17 was associated with poor clinical outcomes in women with
uterine carcinoma.”® Therefore, higher expression of furin may increase
the development of EAC through overexpression of pro-renin receptors
and ADAM17 (Figure 3).

Expression of furin was increased in postmenopausal endometrial
biopsies as compared to controls.* Uterine lavage is a noninvasive
source material for evaluating the endometrium. Furin activity was
altered in the uterine lavage of EAC patients as compared to con-
trols.** Furin activity was detected in all uterine lavage samples and
significantly elevated in all grades of EAC.1! Notably, the expression
of furin is variable according to the stages of EAC, being higher in the
early stages and reduced with increasing grades of EAC.}* Endome-
trial biopsies from 30 women with EAC and 7 healthy controls
showed that furin activity was higher in patients compared to con-
trols, but this expression was reduced as the disease advanced.!!
However, total PC activity of uterine lavage was increased in all
grades and stages of EAC in women with EAC compared with healthy
controls.** These findings suggest that furin is more accurate than
total PC in the diagnosis, staging, and prognosis of EAC, as a furin
decrease indicates a poor prognosis.

Thus, monitoring the total PC activity in uterine lavage may pro-
vide a rapid and noninvasive method for the diagnosis of EAC in post-

menopausal women.'* Heng et al.*°

observed that furin activity was
significantly increased in the uterine lavage of postmenopausal
women with EAC. Uterine lavage can be acquired in a noninvasive
manner in contrast to the procurement of uterine tissues; nonethe-
less, the broad clinical application of uterine lavage is constrained by
blood contamination and various other factors. The correlation
between furin activity in swabs and lavage was found to be remark-
ably significant in postmenopausal women. Moreover, there was a

notable increase in furin activity within endocervical swabs in patients
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with EAC as compared to the control group.®° Hence, the furin activ-
ity observed in endocervical swabs could potentially serve as a
straightforward, nonintrusive, and innovative approach for identifying

EAC in women who have reached menopause.

6 | FURIN AND INFLAMMATION IN EAC

It has been shown that furin has pro-inflammatory and anti-
inflammatory effects in different inflammatory and metabolic disor-
ders.”” Furin level is correlated with the level of pro-inflammatory
cytokines.”?8% A comparative study illustrated that children with obe-
sity had a higher rate of furin and pro-inflammatory cytokine levels as
compared to normal-weight children.”® Inhibition of furin was shown
to decrease vascular remodeling and systemic inflammation.8%82
Therefore, a high furin level reflects underlying systemic inflammation
and could be a potential link between obesity and inflammation.

In contrast, a previous study demonstrated that myeloid cells
expressing furin had anti-inflammatory effects through modulation of
T cell immune response and tolerance.83%4 Experimental studies
revealed that deletion of furin promotes aberrant activation and polar-
ization of T cells with the development of autoimmunity due to the
lack of immune tolerance.®>®¢ Lin et al.®” illustrated that furin had a
protective role against inflammatory changes in patients with rheuma-
toid arthritis by regulating T cell immune tolerance. These verdicts
suggest a pro-inflammatory and anti-inflammatory role of furin in dif-
ferent inflammatory conditions.

On the other hand, it has been hypothesized that chronic inflam-
mation may promote the development of EAC through induction of
rapid cell division; DNA injury; mutation and ineffective DNA
repair.2® High estrogen improves endometrial inflammation through
(PGE2) and

cyclooxygenase-2 (COX-2), which induce tumorigenesis by increasing

the induction expression of prostaglandin E2
the generation of pro-inflammatory cytokines including interleukin
(IL)-6 and 1L-8.87%° Besides, COX-2 increases the generation of free
radicals and reactive oxygen species (ROS) through the induction
expression of nitric oxide synthase.®%?* Thus, ROS and inflammatory
reactions in the endometrium may induce neoplastic transformation
and the development of EAC.28

Indeed, the inflammatory signaling pathway nuclear factor kappa
B (NF-kB) is involved in cell proliferation, apoptosis, and angiogenesis.
NF-kB provokes malignancy signaling in both tumor-associated
inflammatory and cancer cells.??>?2 Inhibition of the NF-kB signaling
pathway and associated inflammatory changes may decrease the risk
of malignant transformation and progression of EAC.”* Of note, furin
increases the expression of COX-2, PGE2, and NF-kB in the initiation
of labor.” Also, PGE2 and COX-2 increase the expression of furin,
and inhibition of COX-2 and PGE2 can decrease the expression of PC
furin in cancer cells.”® Interestingly, activated NF-kB promotes the
expression of furin in EAC.°® Therefore, nonsteroidal anti-
inflammatory drugs like aspirin could be effective in reducing the risk
of EAC through inhibition of the NF-kB/COX-2 axis.””?® A meta-

analysis included seven case-control studies and eleventh cohort
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FIGURE 4 Inflammatory signaling in endometrial adenocarcinoma
(EAC): EAC promotes the expression of proprotein convertase furin
with further propagation of malignant transformation. COX-2,
cyclooxygenase-2; NF-kB, nuclear factor kappa B; PGE2,
prostaglandin E2; ROS, reactive oxygen species; TNF-a, tumor
necrosis factor-alpha.

studies of 14 766 endometrial cases showed that aspirin was

regarded as a protective factor against the development of EAC.”?
These findings suggest that inflammatory signaling in EAC pro-

motes the expression of furin with further propagation of malignant

transformation (Figure 4).

7 | FURININHIBITORS

Expression and activity of furin are essential for tumor progression
and metastasis via activation of MMPs, which are correlated with
tumor aggressiveness.'® Furin inhibitors could be of therapeutic
value in inflammation, infection, and cancer.'®? It has been reported
that polyarginines are potent furin inhibitors.*°* Small molecule com-
pounds that inhibit furin and/or furin are of great value in cancer man-
agement.2® In vitro and vivo findings showed that furin inhibitor
alpha-1PDX reduced tumorigenicity in a considerable way.'°° Despite
evidence of efficacy in preclinical studies, no furin inhibitor is used
clinically. Therefore, repurposing clinically FDA-approved furin inhibi-

tors is of great value.

71 | Metformin

Insulin-sensitizing drug metformin had been confirmed by preclinical
in vitro study to inhibit furin and other genes associated with tumor
progression and invasion.'°2 Of interest, in vitro invasion in EAC was
considerably inhibited by sera from women with polycystic ovarian
syndrome following 6 months of metformin treatment.’°® This effect
is mediated by the inhibition of MMP-2/9 and furin.2°® Other studies
also confirmed the effectiveness of metformin against EAC.1%4%%7 |n

addition, metformin reverses obesity-induced aggressiveness of EAC

by inhibiting growth factors.1°® It has been shown that metformin the
proliferation of EAC as documented in an in vitro study in a
dose-dependent manner in progesterone resistance Ishikawa cells by
inducing autophagy®®® signifying that metformin is effective in pro-
gesterone resistance EAC. A randomized clinical trial started in 2019,
showed that medroxyprogesterone acetate in combination with met-
formin is an effective therapeutic strategy against EAC.2%° A system-
atic review and meta-analysis showed that metformin in combination
with progestin is more effective than progestin alone in the manage-
ment of atypical endometrial hyperplasia and early EAC.*%? Metformin
can mitigate abnormal glucose metabolism, IR, and hyperinsulinemia,
which are involved in the pathogenesis of EAC.!%° In addition,
medroxyprogesterone antagonizes the carcinogenic effect of
estrogen, % therefore this combination seems to be more appropriate
in postmenopausal women with obesity and EAC. A clinical trial
showed that long-term metformin treatment can induce endometrial
atrophy in 96% of women with endometrial hyperplasia.110 The anti-
cancer mechanism is mediated by inhibiting inflammatory signaling
pathways, such as mammalian target of rapamycin (mTOR) and mito-
gen-activated protein kinase (MAPK), which are involved in the patho-
genesis of EAC.1% A case-control study revealed that metformin
inhibits the AKT/PI3K/mTOR signaling pathway in women with EAC
compared to healthy controls.*®” These findings indicated that met-
formin through inhibition of furin, inflammatory signaling pathways,
and growth factors may be effective in treating EAC.

7.2 | Statins

Statins are 3-hydroxyl-3-methyl-glutaryl coenzyme A (HMG-CoA)
reductase inhibit hepatic denovo cholesterol biosynthesis.***1? Statins
are widely used in the management of hypercholesterolemia
and dyslipidemia, therefore they are used in the prevention of primary
and secondary cardiovascular complications. In addition, statins have
anti-inflammatory, antioxidant, anti-thrombotic, and antiapoptotic
effects.!*® Moreover, clinical studies established that statins have the
ability to inhibit furin activity.*****> Furin plasma levels are increased in
patients with acute cardiac events and following cardiac intervention in
statins-free patients but reduced in statins-treated patients.20¢1%4
Higher plasma levels of furin and PCSK? in patients with acute cardiac
events are associated with resistance to statins therapy.**® In addition,
statins attenuate SARS-CoV-2 infection by inhibiting furin.2*¢ Interest-
ingly, high cholesterol increases the activity of furin for priming and acti-
vation of SARS-CoV-2 spike protein to bind angiotensin-converting
enzyme 2 (ACE2).*Y Therefore, statins can directly inhibit furin or indi-
rectly reduce furin activity by reducing cholesterol.

On the other hand, statins can improve the survival of women
patients with EAC by inhibiting endometrial cell proliferation and
migration through modulation of the expression of furin.1811? How-
ever, long-term use of statins led to borderline or ineffectiveness
against the development and progression of EAC.12° Statins have che-
moprotective effects against EAC in high-risk group women.'® Find-

ings from the Australian record linkage study demonstrated a
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potential benefit for statins use in women with EAC.**? It has been
reported women with EAC on statins therapy had a lower mortality
rate compared to women not on statins therapy.119 A retrospective
study involved 985 women with EAC showed that statins improved
survival and reduce complications.*?* In many epidemiological studies
statins reduced EAC and ovarian risk,'?> however, statins were
reported to be effective for ovarian but not for EAC.*2® However, a
meta-analysis and systematic review revealed that long-term use of
statins >5 years did not EAC risk.*?* These findings suggest that sta-
tins via inhibition of furin could be effective as adjuvant treatments in

the management of EAC.

7.3 | Baicalein

Baicalein is a flavonoid isolated from Scutellaria lateriflora and Scutel-
laria balacalensis, has anti-inflammatory, antioxidant, and anticancer
effects.’?® Baicalein is regarded as an allosteric modulator of benzodi-
azepine receptors, and inhibits lipooxygenase.1? It has been observed
that baicalein has anticancer properties by numerous molecular mech-
anisms including inhibition of PI3K/AKT/mTOR, and MAPK.?” Fur-
thermore, baicalein inhibits adenosine diphosphate ribosylation factor
6, which promotes the proliferation and invasion of endometrial can-
cer cells.*?® Similarly, baicalein modulates the expression of progester-
one receptors, which is intricate in the development of EAC.'?°
Furthermore, baicalein attenuates the carcinogenesis of EAC by
inhibiting the expression of inflammatory signaling pathways.**° As bai-
calein is not clinically approved, therefore there are limitations regarding
the clinical effects of baicalein in women with EAC.

The underlying mechanism of baicalein in suppressing prolifera-
tion and invasion of EAC is not fully elucidated. However, inhibition
of endometrial furin by baicalein could a possible mechanism. Preclini-
cal studies illustrated that baicalein can inhibit endometrial prolifera-
tion and ectopic endometriosis by inducing apoptosis and expression
of MMP and furin.>>3! Therefore, furin inhibitor baicalein according
to the preclinical findings seems to be effective against EAC.

Taken together, furin inhibitors, such as metformin and statins could
be a novel adjuvant therapeutic strategy in the management of EAC.

The present review had several limitations including a paucity of
clinical studies and the sequential level of furin in the different stages
of EAC was not reviewed. However, this review highlighted the
potential role of furin and associated inflammatory changes in
the propagation of EAC. These findings indicated that furin inhibitors
produce borderline effects in EAC. Therefore, this review exciting
researchers in this field to perform future clinical trials, pilot, and pro-
spective studies to confirm the exact role of furin in the pathogenesis

of EAC regarding the efficacy and safety of furin inhibtors.

8 | CONCLUSIONS

EAC is the most common malignant tumor of the female genital tract

and is linked with menopause, obesity, and other cardiometabolic
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disorders. Furin is associated with the development and progression
of EAC through induction of proliferation, invasion, and metastasis
of malignant cells of EAC. Furin induces EAC through activation
expression of ADAM17, pro-renin receptor, CD109, and TGF-f. As
well, EAC-mediated inflammation promotes expression of furin with
further propagation of neoplastic growth and invasion. Taken
together, furin has direct and indirect role in the advancement of
EAC. Therefore, experimental and clinical studies are reasonable in
this state to verify the potential role of furin in the development
of EAC.
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