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Abstract

Among human malignancies, uterine fibroids (UF) rank high in frequency and severity of symp-
toms. Vitamins, mutant genes, growth factors, microRNAs, steroid signaling pathways, and a
host of other substances can influence UF. This study set out to compile the effects of various
agents, such as growth factors and signaling pathways, on nucleotide excision repair (NER) in
uterine fibroids. For this review, the PRISMA guidelines were followed. The following search
phrases were utilized in the PubMed, Ovid, and Cochrane Library databases: “fibroid, leiomyo-
mata, leiomyoma, TGF-*, vitamin D, RACK 1, WNT, miR, mutant gene.” Every study, in vitro,
invivo, and clinical, was also taken into account. From January 1, 2000, to December 31,2023, we
looked for any proceedings published by the Pacific Coast Fertility Society, SGI,American Soci-
ety for Reproductive Medicine, Association of Gynecologic Laparoscopists, ASRM, or ASRM.
Relevance was determined by looking at titles first, and then abstracts. Full reports included an
assessment of all citations that could be relevant. From the original pool of 990 studies, 24 were
included in the data analysis. Methods, steroid signaling, growth factors, microRNAs, vitamins,
and mutant genes were the main categories into which studies were subdivided. Proliferation
of cells and an excess of disordered extracellular matrix (ECM) were identified as hallmarks of
uterine leiomyomas. This pair of activities is carefully controlled by a network of signaling path-
ways. Furthermore, future research should employ current procedures consistently in order to
conduct meta-analysis on the results. This will greatly assist in developing treatment protocols.
[GMJ.2024;13:e3525] DOI:10.31661/gmj.v13i.3525
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Introduction ogist from St. George's Hospital, Matthew

Baillie [1, 2]. Several gynecological issues,

he most common tumors found in the fe- as well as a heavy financial and health care

male genital tract are uterine leiomyomas, cost, have been associated with them since

which were first described by a British pathol- then. The truth is that leiomyomas affect any-
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thing from half a million to eighty million per-
sons [3, 4]. Their estimated yearly direct and
indirect costs to the United States are $34.4
billion [5, 6]. Uterine fibroids (leiomyomas)
are affected by growth hormones, signaling
pathways, and other substances that decrease
nucleotide excision repair (NER).
Regardless, steroid hormones influence a wide
range of biological processes through binding
to certain receptors, including development,
reproduction, energy balance, metabolism,
immunology, and behavior [7, 8]. Sex ste-
roids (including androgens, oestrogens, and
progesterones) and corticosteroids (includ-
ing glucocorticoids and mineralocorticoids)
are two ways to classify them. Nanomolar
concentrations of steroid hormones in bodily
fluids allow the endocrine system to maintain
constant communication with the neurologi-
cal and immunological systems. The body's
natural and synthetic components, known as
endocrine-disrupting chemicals (EDCs), are
increasingly implicated in a host of harmful
health effects, including reproductive dys-
function [9, 10], cognitive impairment [11,
12], cognitive deficits [13], metabolic diseas-
es and disorders [14] and cancers [15, 16].
Due to their hormonal properties, which in-
clude oestrogen and androgen activity, EDCs
have been associated with an elevated risk of
tumors when present.

Although EDCs are still largely unknown,
they play a significant role in regulating the
tumor microenvironment. Therefore, RACK1
is an immunological EDC target that has been
extensively studie [17] and this molecular ac-
tor mediates the progression of cancer.
Several investigations have found that uterine
fibroids are associated with obesity, a posi-
tive family history, low vitamin D levels, and
high TGF-123 blood concentrations. Two other
studies also found a correlation between vi-
tamin D and uterine fibroids. The growth of
smooth muscles and UFs in the uterus are
controlled by a TGF-B receptor. Laboratory
investigations have shown that the uterine
smooth muscle directly touching the fibroid
expresses a large amount of TGF- [18, 19].
Expression of TGF- B is nearly double in UF
tissue compared to normal smooth muscle, the
control group [20, 21]. In contrast to healthy
myometrium tissue, UF tissue contains rough-

Growth Factors, Signaling Pathways and other Biochemical Markers effect on NER Suppression in Leiomyomas

ly five times the amount of TGF- 3 3 [22, 23].
The process of TGF- B signaling is highly
involved in creating UFs. Myometrium and
UF cancers express different types of TGF- (3
and the receptors that bind to them. By sup-
pressing proliferation and inducing apopto-
sis, TGF- B effectively suppresses tumors in
smooth muscle cells. In addition, UFs show
an overexpression of TGF- 3, which seems to
be crucial for their development and advance-
men [24-26].

Although uterine fibroids have a huge influ-
ence, the specific pathobiology of them is still
a mystery. As a result, there is currently no
viable medical therapy option. Leiomyoma
formation is thought to begin with the prolif-
eration of a smooth muscle cell [27, 28]. More
changes to the signaling pathways are suppos-
edly required [29].

Identifying the role of innate immunity in
cancer development and comprehending en-
docrine-mediated microenvironment mod-
ulation may depend on how EDCs regulate
RACKI in both settings. Hence, our review
covered the fact that RACKI is involved in re-
acting both immune and cancer cells to EDCs.
The alterations to these signaling pathways
and their linkages in order to identify possi-
ble treatment targets.Our research focuses on
uterine fibroids (leiomyomas) and the mecha-
nisms by which growth hormones, signaling
pathways, and other substances inhibit NER.

Materials and Methods

Search Strategy

Protocol for the Reporting of Systematic Re-
views and Meta-Analyses, or PRISMA, was
followed throughout the course of this review
(Figure-1). We utilized search phrases such
“fibroid, leiomyomata, leiomyoma, TGF-*, vi-
tamin D, RACK 1, WNT, miR, Mutant gene”
to extensively explore the Ovid, PubMed, and
Cochrane Library databases. Phrases related
to the outcome and the population were used
in all database searches in the same way. From
2000-01-30 through 2023-12-30, all databas-
es were searched. Only English dates and
publications were supplied.

Clinical, in vitro, and in vivo investigations
were all part of this study. From 2000 to 2023,
the proceedings of the following societies
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Figure 1. A PRISMA flow diagram including 24 out of 990 records.

were hand-searched: Pacific Coast Ripeness
Society, American Society for Regenerative
Pharmaceutical, American Association of
Gynecologic Laparoscopists, and Society for
Gynecologic Examination. After perusing the
titles, we moved on to the abstracts to find any
relevant information. All potentially relevant
citations were reviewed in full reports.

Selection Criteria

This review included studies about steroid
signaling, signaling pathways, growth fac-
tors, miRNAs, vitamins, and mutant genes. A
paper that lacked molecular investigation on
UFs, a study focusing on another disease or a
specific population of patients, a randomized
controlled trial, a case study, a review, an edi-
torial, or a letter was not included.

Main Outcome Variables

Suppression of nucleotide excision repair
(NER) in uterine fibroids (leiomyomas) was
the primary outcome variable. Research on
the suppression of nucleotide excision repair
(NER) in uterine fibroids (leiomyomas) was
included in all studies that assessed growth
hormones, signaling pathways, or other
agents. Following the guidelines laid out by
the PICO (Population, Intervention/Exposure,
Comparison, and Result) framework for ef-
fective surveys, we drafted the following au-
dit address to guide the investigation: People
with leiomyomas, or uterine fibroids, were
the intended recipients. It failed to identify a
particular intervention or comparison due to
the extremely varied exposures for leiomyo-
mas. The following factors were considered:
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Table 1. Distribution of the Studies according to the Authers, orgine and Year

Reference Main Auther orgine Year
[18] Arici New Haven, Conn 2003
[32] Halder Nashville, Tennessee 2013
[33] Arici USA 2000
[34] Levens USA 2005
[35] MichatCiebiera Poland 2016
[36] Yangyu Zhao USA 2007
[37] Halder Tennessee 2011
[38] Xi-Xi Cao China 2011
[39] Xi-Xi Cao China 2010
[40] Buoso Italy 2019
[41] Asada Japan 2008
[42] Panagiotis Greece 2008
[43] Govindan, Sujatha Russia 2009
[44] Zhu China 2021
[45] Gallagher USA 2018
[46] Makwe NGA 2021
[47] Vinita India 2019
[48] Li China 2020
[49] Ciebiera Poland 2018
[50] Ciebiera Poland 2018
[51] Markowski Germany 2012
[52] Wang Newark, NJ 2007
[53] Markowski Bremen 2014
[54] Jokinen Finland 2023

Signaling based on steroids, TGF-8, 25-hy-
droxyvitamin D, RACK1, Wnt/B-catenin, vi-
tamin effects, mutant genes, and so on.

Data Extraction

All citations of included studies were export-
ed to Mendeley. After deleting duplicates, all
references were manually screened and cate-
gorized. To choose studies that could be in-
cluded in the review, one of the writers looked
at the titles and abstracts to see if they were
eligible. Then, they read the entire texts to see
if they were. Final decisions regarding man-
uscript screening and data extraction were
made by one person for consistency. Finally,
the required data of the full-text screening
were exported into extraction table. In this
study, general information (title, author, jour-
nal, year), cell source type, type of investiga-
tion, method of testing and effect on UF was
collected from each of the studies (Table-2).

Also, in Table-3,: patients characteristics,
method of measurement of variables, animals
(If the study is carried out on animals), cell
line, steroid signaling, signaling pathway,
grows factors, miRNA, vitamin, mutant gene
and finally results were extracted from the in-
cluded studies in this systematic review.

Risk of Bias Assessment

In order to evaluate the possibility of bias, we
employed the revised Cochrane risk-of-incli-
nation device (RoB-2), which consists of five
distinct parts: randomization handle, devia-
tions from planned treatments, lost result in-
formation, result estimation, and detailed re-
sult determination. The findings of the analy-
sis for potential bias are presented in Table-2.

Results

About 24 papers out of 990 were evaluated

GM1J.2024;13:e3525
WWW.gmj.ir



~
S
&
R
S5
3
[P}
=
<
>
)

Growth Factors, Signaling Pathways and other Biochemical Markers effect on NER Suppression in Leiomyomas

abed 1xou uo snuiyuod

o] :synsa1 Sungodoar ur seiq 9A1399[0g

SN
Ul SUOT}BIIUIOUOD

€g-1D], enssy pue
WInIas ul 3seardap

sonssy pue
WNISS UT SUOT)EIIUQOUOD
€d-4D1 JO JuowaINSeIW

[¥e€] 'S)INSAI AU} UL SeIq JO 9ouBYD O[PI] SIAIAY], 9y} 9q Aew A30]01q ot pue ‘sojdues ¢d-1ID1L uewnyg
[ewrurw :SUISSIW BIEP S)NSY AN uo yoedur osmm w:m ow ‘IBos
S[eoS papuojul Iy} (VdQN) s.o1e100e H put poolq
T punosenn [euISeA y
W01} 9JBIASD Jel} sjuduwear) wolj Surste seiq Jo Aiqissod oy [eysudin jo yoodse ‘
INOQE SUIIOUOY) J[NI| :UOIIBZIWOPUEI JO J[NSAI B SE SeIq JOJ [eNU0d uEBdYIUSIS oUQ
VNYW €¢-4D1 J0 .
Kmuenb 1oy31y proy VNA
110dax 03 3nsaz siyy Sursooyo ur 991pnfoid Jo doueyd NI AIOA 7 i 1o8UASSOU UNOOUOIQ
133 S[NI] :JUSWAINSBIW SWONO Ul SBIq 10] [enualog S €° ME SILALIES pue ¢g-1D1 JO S[oAd] uewinyg
MO :SIWI00IO UO Byep Judtognsuy  BHOAWOL o o SSSSE 0] posn sea €d-4DL
SoLLIOM Qwos :asinoo  soldwes [eLnowoAw SISA[PUE WIAYLION
POPUAIUI AYI WO JIBIASP JBY) SUOHUIAIDIUI JO J[NSAI © st seiq 10j W O uostredwoo uy
[enualod "seiq Jo ysu mo[ & sasod yoeoidde uorieziwopuelr oy,
j10dar 03 3nsazx s1y) Sursooyd ur oo1pnfaid Jo aoueyo NI AIOA wnnawoAw
: : oo : [euIou SUIpuUNOLINS unov-g pue YA ISurese
. oy 0y uostreduwod : ‘ €a
[ze] ST JUSWIAINSELIW SWOXIO UI SBIq 10§ [eHuUjod o o 5 sdIpoqnue Sursn Sumolq Y ey S uewny
MO :SOWO0INO UO BJep JUIOLYNSU] m.ﬁ%m Mﬁcgo\s.o HE UI0)SON AQ pazATeuy e PATIA-S T
SOLLIOM QUWIOS :9SIN0J :ozmmh dxo ISt
PApUAIUL AY) WOIJ AJRIAP JRY} SUOIUIAIIIUL JO }[NSI B SB SBIq 10 : 4aA
[enualod "seiq Jo st mo[ & sasod yoeoidde uoreziwopuelr oy,
MO[ :9wono payrodor ay) JO UOIOI[OS Y} UI SeIq JO ST .
MOJ :JUSWINSEIW dWODINO UI SBIq JO JSIY MW%ONMMM”M%
9[1I] ‘BJEP SWOINO JUIIILPNSU] T : VZI'1d pue i
[81] *SUOT)UIAISIUT PI103IR) [[29 saonput SISAJRUE 10[q UIOUMON 19-4DL ety
: P Auewnd 1g-10)08] AL 19 5o
oy woiy sarnyredop woly SUIUS)S Seiq Jo JSLI AU} M SuIduo)) " co50D MO
MOJ :$59001d UOIRZIIOPUEI A} 0} d[qeINgLIIE SBIq JO JSIY b MOV
adsy
AUAIY AN uo 39yq 3uns9d) Jo poyIdIAl uonesnsaAul jo adAy,

se1q Jo ysry

924N0S [[3)

selpnig Jo Alewwng g ajgel

GM1J.2024;13:e3525

WWW.gmj.ir



Growth Factors, Signaling Pathways and other Biochemical Markers effect on NER Suppression in Leiomyomas

~
=
S
=
v
e
=
o
=
<
>
o

obed }1xau uo snuUoo

anbruto9) asejeydsoyd
Sures[e unorq

'sdnoig -urpiae ue urkojdwo (OINST)
[L€] SOLLIOM QWIOS :pajIodor o1om 1By} SINSAI Y UI SBIq 9[QISSOJ Ot} UoaMaq 1ogIp \Qm_anwoﬁEo::EEM SI[99 I[osht
’ . O . JjoupIp [-Ndd Jo pue ‘Surjoqe] qjoows  puy
SOLLIOM QUIOS :JUSTUSSISSE SWOINO Ul SeIq 0] [eUdI0J
] uorssaxdxa ay, 90UISIONFOUNTUITIIT uewIngy
MO :SOWO0JINO UO BIEP JUIIOLINSU] . s (1- ) [~
SOLLIOM QUWIOS :9SIN0D PIPUAIUL Mwm ‘ I"N&d) [-HHIHaY
-[ea1 :spoyjow g-I01L
AU} WOIJ 9JRIAP JBY) SUOTJUIAIIIUIL JO J[NSAI € SE Seiq 10 SULMONOL @
[enudjod ‘seiq Jo st moj e sasod yoeordde uonezrwopuer oy, HAOTI0) 94.L
“SUOT}BIIUIUO0D ‘poo[q
wnies ¢g-40L oy Ul ¢g-JDL pue q
1918213 pue Urwe)IA Jo sannuenb
Q[N :3[NSSI PAJeIS oY} JO UOT)OI[AS ) UI SBIq JOJ [BNU)OJ  S[OAJ] (] UTWUBIIA oy Surmseaw pue
[o€] [EWIUIW :9WO0JINO0 3 UI SBIq JUSWAINSLIW JO UONESNHIN  I9MO[ 9pnjoul 0} ‘sordwes pooiq €d-ID1 pue (q UrweiA uewing
S[NI] :BJEp SWONO JO Yor]  UONESNSIAUIL SIY) SurmeIp ‘uowopqe
sayoeoidde popudjur I19Y) WOIJ 9JBIASP JBY}  AQ UMOYS 9I19M oy 1o euiSea oy
sjusuneal) wolj Sunnsai seiq Jo Aiqrssod o) Jnoge SoLIIoM  SPIOIQY SULIdIN JO ueds punosenn
Qwog "serq Jo Nsu mo[ & sasod yoeoxdde uoneziwopuel sy, J10J SI0}OEJ JSTY ue SurIojIo J
"SRWOAWOI9]
JO saInmesy onoIqy
o) UI [BIONIO ST
‘uoneziuesio
anss1) jo Joje[ngax
‘ Supnojq uIesom pue
jueyrodw ue ouas QONA
[s¢l f i Ansruayoo)stgounuuul uewINg
o] a0dax 03 3 nsar s1yy SuIsooyd Ul Serq [qIssod AONA ey " Swsn xm ‘ cpews pue ¢-J0 L.

‘[EWITUI ST JUQWISSOSSE S}NSar oy} ur seiq Jo Apiqissod oy
Jood :synsor aqe[rearu)

swojqoid owos sostel Yorym ‘seiq Jo

ysu1 [enuajod e 9sod suonuoarajur pauued oy 03 suondnisiq
UOJBZIWOPUEI JO J[NSAI € SB SBIq JO d0UBYD 9] AIOA

9)edIpUI ONIA
u1 poje[n3al a1e
EHYUD pue
g-ADL yorym ur
SAem SNOLIBA 9],

saIpn)g Jo Alewwng g a|qeL O 8nuiuoy)

GMJ.2024;13:e3525

WWW.gmj.ir



~
S
&
R
S5
3
[P}
=
<
>
)

abed )1xau Uo sSnuiUoo

9[NI] :3[NSAI PAje)s Y] JO UOIDIS A} Ul Seiq J0J [BIIUAO]
[EWIUIW :WO)NO ) Ul SBIq JUSWAINSBIW JO UONESNIN

[1%] I[N :BIBP AWOIINO JO JOr]
sayoeoidde papuojul J19Y) WOIJ AJBIASD

ey} sjuowIean) woyj Junnsal seiq Jo Ajiqissod oy} Jnoqe soLLIOM

Qwog "serq Jo ysu mo] e sasod yoeoidde uoneziwopuer Ay,

snje)s uone[AyIow
VN JO UOTjeuruIexo o)
10} YDd-LY Qwin-[eal pue 0-4q uewngy
‘A1)STUIOY00)STYOUNTITIT
‘urddew uonoinsar 9yynsiq

1018913
A[1e10ud3 o1om

S[OAS] VN W 0-YH
‘SewoAwWoId] Uy

skemyjed
W21 PIp SUI[oNU0d
ur 9[ox syt sorjdwur

o] :11odar 03 3NSaI SIy) SUISOOYD Ul SeIq 9[qIssOd  UONERISIW S[[99 Ul MO dumneay1d (@DD1V)1€T
[ov] ‘[BWITUIW ST JUSWISSISSE S)[NSAI Ay} UI seiq Jo A)1qIssod oy  JUSWIA[OAUL ¢ ISUS Suruoyo‘uoneredard IOV -GIN-VAIN 2ul]
100d :S)[NSoI 9[qe[IBARBU  JBY) 9)BISUOWAP VNd prused 1199 DENL YL
swoqold owos sastel pue uonengox
yorym ‘serq jo s [enuajod e osod suonuorul pauued oy 0} [euonduosuern
suondnisi(] UOTLZIIOPUEI JO J[NSAI & SB SBIq JO 90URYD O[N] AIoA DV Y 23epIonyo
‘uonjeIdru sajoword
o] :synsa1 Suniodor Ut seIq 9A1309[0S T
. [Y0OVY ‘Aemuyed .
SHNS21 9y} Ul Selq JO dUBYD A SLAYL - O o sisATeue uoneI3I ‘sisA[eue
[6€] [ewuTuTr :SUTSSTUI BIJBP SHNSIY 5 .xw:ww\\, %owm QoudIsdIONoUNUIU] ¢ ouon 1DV uewng
S[e03 PIpUAIUL JIAY) WOJJ cﬁw op o i~ A1s1uoyooisiyountuw|
9)BIADD JBY) sjusunear) woiy Sursiie seiq jo Aiqissod ot ynoqe MS MEMMWM
SUIOOUO)) [PI] :UOIIBZIWOPUEI JO J[NSAI © Sk SeIq I0J [eNud}0] HoviuL Ad
‘[ urueA
Aq paysturwrp
A[renue)sqns
‘ "SOIPNYS SOUIISOIONFOUNTUTUT
d10M £g-4DL ue $)0[q UI9ISIAN JO ash
10da1 03 3nsai sty Sursooyd ur 991pnfaid Jo douryd 9[NI] A19A Aq parerpawr PUE 51019 LIASOM J €a
[8¢] } : : N ‘ : o) YSNOIY) POWLIGUOD SeM S[199 INThH

O[N] JUSWAINSBAW SWOIINO Ul SBIq JOJ [eNu)0d
MO :SOWO0NO UO BJBP JUILYNSU|

$J09J9 9sdY) JO
[1enq ‘¢g-40L

UOIIBAIOR PBUWIS Paonpul-¢y UILENA‘€g-dO L TPews

-0 uo joedur s g UIEIIA

Growth Factors, Signaling Pathways and other Biochemical Markers effect on NER Suppression in Leiomyomas

SOLIIOM QUIOS :9SIN0D
POPUAIUL AY) WOIJ AJRIAIP JBY) SUOTIUIAIUI JO J[NSAI © Sk SeIq 10J
[enuLjod "seiq Jo su moj e sasod yoeoidde uoryeziwopues oy,

Aq paoueyquo sem
uonejAroydsoyd
pewig

selpnig Jo Alewwng *Z a|qel JO 8nujuoy

GM1J.2024;13:e3525

WWW.gmj.ir



Growth Factors, Signaling Pathways and other Biochemical Markers effect on NER Suppression in Leiomyomas

~
=
S
-
Y]
S 9
=
Q
=
<
<
]

abed )xau Uo sSnuiUoD

o] :synsax Suniodor ur serq 9A109[OS
"S}[NSQI AU} UI SeIq JO 90ULYD O[N] SI AIOY ],

USWoM
Ul S[9A9[ pOO[q
wniofed pue ‘q ‘D

BSI[H JO 19§ "suewuny
ur juasaxd Ajjermeu

[o¥] [eTUTUT :SUISSIW BJep S}NSAY  UIWE)IA POINPAI QIE JBY) SUTWE)IA e YeXel uewInyg
S[e0S PIpudUL JIOY) WOy  Apueoyiudis yum  Juizin Aq poauruIdidp
9JBIAQD JBY) SIUdW)eAI) WOy Jursiie seiq Jo Aqiqissod ayj Jnoqe  pIJeIOOSSE dIoM QI0M SUTWIEBIIA
SUIOOUO)) I[N :UOIIBZIWIOPUERI JO J[NSII B SB SIq I0J [eNud}0d  SPIOIQY QULId)IN)
odar 03 3ynsax sty ursooyd ur dd1pnford Jo soueyd I K19
o ot svsoono a s o opuno P2122%%0 55
L ! ! SBIq 10J TERU910d sordwres juaned 10
[ch] MO] :SQWOdJNO UO Bjep Judlolynsuy MOXOm SwiL] (203 PUE YId LOXOd wewny
sy SOLLIOM QUWIOS :9SIN0OD POPUI)UL : fmoﬁo:c WL B4 P
o) WOIJ AJBIAIP I} SUONIUIAIUI JO JJNSII B SB SBIq I0J 118013 M:om-w 'z
[enua)0J "selq Jo ysi mo] e sasod yoeoidde uoneziwopues oy,
S9 : d
LLIOM QUWIOS :pa310dal 019M JeY) SINSAI oY) Ul Selq [qISSOq wnmewoAw
SOLLIOM OWIOS :JUIUWISSISSE JUWI0IINO UL SBIq 10] [BUAO] : .
) uey) uorssardxa UBWNH‘S[[9D
[pp] MO] :S3WO0IINO UO BIBP JUSIOLYNSU] oUs3 [ LINNG JITANMO-Lb Kemyped WA
vy SOLLIOM JUWIOS :dSINOD PIPUUIL I Vv D SurreudIs uruIeI-gAuM
‘ ° QoW Sey| anssn : o pue 41NH
o) WOIJ JBIAP Jey) SUONUIAIUIL JO }|NSAI B SE Selq 0] 101q1] AULIS)
[enuajod ‘seiq Jo st mof & sasod yoeordde uoneziwopuer ay |, po1qg sukN
oI :s)nsax Sunaodar ur seiq AN
s :ww.u_o :S ser .M doury nw m:.u&o_ ! sproiqy pue ‘pauriopiad
! i urseiq YO S[RI ST a1y, proiqg p sem ] nag Sursn
[eTUTUTL :SUISSIW BJep S}NSAY  SISOLNAWIOPUD pue :
[ev] uonsagip uonowsar  wsiydiowAjod O/ 0 Yq uewIny
S[e03 POpUIUI JIAY) WOLJ dUdST ) oY) UAIMIdq AM.U& mo:om.og.:_mau L
9JBIAJD JBY) SIUSW)BAI) WO Jursiie seiq Jo AJpiqissod ay) noqe  UONE[OII0 SUOHS B : ‘
TEIASP JB) SHUSWILST) WOLY SUlS tq Jo Auiqr U} Inoq ey 1 osesowA[od Suimo[[og
SUIOOUO)) I[N :UOLZIWIOPUERI JO J[NSI B Sk SBIq J0J [BNUd0g :
Sumojqounwwr
110da1 03 3nsax siyy Sursooyd ur oo1pnfaid Jo ooueyd o[NI] ATA ‘[9A9] .ﬂm& :
9N JUSWIAINSBAUW SWODINO UT SeIq J0J [enudlod YJIy A[[ewiouqe ue PUe HOVd
: Co : : uoneydroardounuuw d pue
[z+] MO] :SOWI0JINO UO BIEP JUSIDYNSU]  J& SBWOAWOIS] Ul T uewNg
: o D dwn 0 s103do0a1 uagonso
SOLLIOM QUWIOS :9SIN0J POPUUL  punoy si 0 103dadar . o
[eay~gDd uonoenxa

o1} WOIJ JIAJP Iy} SUOJUIAIOUIL JO J|NSAI B SB SeIq I0J
[enu9)04 "seiq Jo ysi mo] e sasod yoeoidde uoneziwopues ay [,

ua3013S9 Ay I,

pIo. o19[oNUOqTY

saIpn)g Jo Alewwng g ajgel Jo anunuon

GMJ.2024;13:e3525

WWW.gmj.ir



~
=
S
=
Y
S5
3
[P}
=
<
>
)

Growth Factors, Signaling Pathways and other Biochemical Markers effect on NER Suppression in Leiomyomas

abed 1xou uo snuiuod

110dar 03 3nsax siy} Sursooyd ur d21pnfaid Jo doueyd NI AIOA

‘Kred 100d
pue ‘A103s1y AJrurey
aanrsod e ‘(TN g)
Xopur ssew Apoq
1oy & (1V)

poy_w (O 1dH)

(6] 9N JUSWAINSLIW dWOINO Ul SeIq 10J [enuajod  [0toydoool-eydy \EgﬁonmEoﬂo Wsw: (Lv) [0s2ydooos-eydry HewnH
MO :SOWOJINO UO BIEp JudldIgnsu]  JIOySJIy € dpnjout SoupIopRE-UoI
SOLLIOM QWIOS :9SINOD PIPUIIUL 0 POIOAOISIP
O} WOIJ AJRIAP Jey) SUONJUIAIUI JO }|NSAI B SB Selq JojJ o1oM S () 10
[enud1oJ ‘seiq Jo st moj e sasod yoeordde uoneziwopuer oy, 10308} SLI J0[RJA
“J0u
PIp OyMm 9s01]) 0}
paredwod sproiqy :s10jowered
[8t] O[N] :3[NSAI PAJeIS A} JO UONOJ[AS A} UI SBIq 10] [BNUIOJ  pBY OYM USWOM  FUIMO[[0F Y} SSISSE 0} ( urweyp uewny
[RWIUIW :9WO)NO ) Ul SBIq JUSWAINSEIW JO UOHBINIA ur 10M0[ 9q 0} pasn sem punosen|n
S[NI[ :BJEP SWIOJNO JO OB  PUNOJ SIOM S[AJ]
soyoeoxdde papudjul 119y} WO AIRIAIP JBY)  (JHOST WIS dY [,
sjuouyean) woly Sunnsar seiq Jo Aiqissod ay3 ynoqe sorLIom
Jwog ‘serq Jo s mof € sasod yoeoidde uoreziwopuer oy J,
"S[0U0D .
S[9AJ]
Ul et uwion € urweya pue HSq
ur ¢ ururera P
WINJIOS JO JUIUISSISSE
(4] o] 10dax 03 3 nsaz siyy SuIsooyd Ul Serq J[qIssoq  JO UONBIIUIIUOD SO S—— e uwE S

‘[EWITUI ST JUSWISSOSSE S}NSAI oy} ul seiq jo Ajiqissod oy
100d :symsar o[qe[rearu)

swo[qold owos sasrel yorym ‘seiq

Jo ysu [enuojod e osod suonuoArojur pauueld oy 03 suondnisiq
UOIJBZIWOPUEI JO J[NSAI © SE SBIq JO 90UBYD O[] AIOA

WNIAS UBIW JOMO]
A[pa3jliew € aim
POJBIOOSSE 919M
SpIoIqU QULIdIN

puB punosenn
QULIN B M SuI3oq
ampaooid ay,

s8Ipnig Jo Alewwng g ajgel JO anunuon

GM1J.2024;13:e3525

WWW.gmj.ir



Growth Factors, Signaling Pathways and other Biochemical Markers effect on NER Suppression in Leiomyomas

~
=
S
=
v
e
=
o
=
<
>
o

110dar 03 3nsax siy} Sursooyd ur d2rpnfaid Jo doueyd NI AIOA
SOLLIOM QUWIOS :JUQUWISSISSE JWOINO Ul SBIq 0] [BIU)0]

sIsATeue
uoneZIPLIGAY MIs Ul

(€] MO[ :SQWO0INO UO BIEP JUSIILYNSU] 20ouddsaIoNn[ | “YDd 401004 HewnH
SOLLIOM QUWIOS :9SINOD PIPUIIUL -y ‘uoneost VNI
o} WOIJ AJRIAP Jey) SUOJUIAIUI JO }|NSAI B SB Selq JoJ
[enualod ‘serq Jo s mo[ € sasod yoeoidde uoneziwopuer oy J,
110dar 03 3nsax siy) Sursooyod ur d2rpnfaid Jo aoueyd NI AIOA
9N JUSWAINSBIW dWODINO Ul Selq 10J [eNuI0d s0850001d [2UO[
BJEP OWOINO SUISSIW JUIPILSI SUIIIUO)) ‘Surouanbag pue
[zl SOLLIOM QWS :9SINOD PIPUIIUL usnoIy) s3npou MDd ‘uonejos] yNd CYOWH PUe C1AdN HewnH
O} WOIJ 9JRIASP Jey]) SUONJUIAIUI JO }|NSAI B SB Selq JoJ ot go qowmncom
[enudjod ‘seiq Jo st moj e sasod yoeordde uonezrwopuer oy [, ot} O3 SUIpESl
o] :310da1 03 Jynsar s1y) SuISOOYd Ul Seiq [qISSoq -HM wuma.: Www, L %mmm_«mﬂonoom mSWMm
‘[EWITUIW ST JUSWISSOSSE S}Nsa1 oy ul seiq jo Aqiqissod oy -v_dmhmwgwwz qhhﬂ MMM.EQMWM%MNM L6 1-4IW PUE ‘q67
[1¢] 100d :synsai aqejieAeur) ul .wopﬁswogm% qo.:ﬁoﬂ VNY [Bl0],  -yiw dmw-mﬁﬁ ‘Tz HeiH
swojqoId owos sostel Yorym ‘seiq Jo o - it Apewy ‘ ‘ :
st [enuojod e osod suonjuoatdjur pauueld oy 03 suondnisiq oy doj ofL. Ho_m. wooN
UOIJBZIWOPUEI JO J[NSAI € SB SBIq JO 90URYD O[1] AIOA
‘Kemied
JUA\ 2U) oJe[NUINS
01 19139303 yIom
ZIQAN ueinu sojdwes anssn
oy} pue ua301so pappaqua-uyjered (z1a@am) z1
loc] UdyM PIJBAIIOR POXY-UI[BULIOJ PUE x91duroogns 10JRIPIN oSO
o] sy nsar Suntodal Ul seiq 9ANII[AS SI ‘SUOISI] oY1 ‘(4Dd-1Y) uonoeax ‘v LNM pue
"S[NSAI A} UI SBIq JO 2JURYD J[NI[ SI UYL -BWOAWOI9] ureyd aserdwAjod own uruaIeo-q

[ewuIw :SuISSIW Byep s}Nsoy

S[e0S popuojul JI9Y) WOIJ 9JBIAOD

Je} sjuowjeasy woyy Suistre seiq Jo Aiqissod oy jnoqe
SUIOOUOD) 91| :UOIBZIWOPUEI JO }[NSAI B SB Selq JOJ [eNudI0]

oonpoid 03 umouy|

ST YOIYM ‘UIudyeo-¢
181} UMOYS SEy
[opow asnow y

-[ea1 “Sunsa) o130UD)

saIpn)g Jo Alewwng g a|qeL O 8nuijuoy)

GMJ.2024;13:e3525

10

WWW.gmj.ir



Growth Factors, Signaling Pathways and other Biochemical Markers effect on NER Suppression in Leiomyomas

that were initially reviewed (Figure-1). Ta-
ble-1 shows the distribution of the research ac-
cording to the authors, origin, and year. They
were divided into sources of cells, methods,
steroid signaling, signaling pathways, growth
factors, miRNAs, vitamins, and mutant genes.
18 of these studies investigated human source
cells, one studied both human and mouse, one
studied both human and cell line, 3 studies
examined cell line, and one study examined
mouse cell line. (Table-1). Three studies in-
vestigated the influence of TGF-B, four stud-
ied vitamins, two studied both vitamin and
TGF-B, three studied RACKI1, three studied
estrogen receptor, one studied miRNA, and
two studies examined mutant genes.

Discussion

Our discussion indicates a convergent path-
way for several signal transduction path-
ways. , TGF-B, vitamin D, RACK 1, WNT,
miR/Wnt/B-catenin pathways are activated
by growth factors, progesterone and vitamin
D receptors on membranes. In cases where
different pathways are treated additively,
this phenomenon of convergence may have
important therapeutic implications. In the
following, the factors assessed in the studies
included in this review are briefly mentioned.

Steroid-based Signaling

Trilogy of studies examined steroid-based sig-
naling on human source cells. These studies
examined B and o sterogen receptors. Myo-
metrium and leiomyomas were both examined
for their DNA methylation level in one study.
In these patients, the leiomyomas usually
had larger levels of ER- o mRNA than their
myometriums. The increased levels of ER-a
mRNA expression seen in uterine leiomyo-
mas could be attributed to an aberrant DNA
methylation status at the promoter region of
the ER- a gene (Figure-2) [41]. Another study
compared fibroids with normal myometrial
tissue in terms of estrogen receptor o and 3 ex-
pression and DNA-binding status in order to
better understand the molecular basis for the
altered estrogen responsiveness in leiomyo-
mas. The ratio of estrogen receptor a-to-estro-
gen receptor o expression effects the potential
growth of myomas for the percentage of es-

trogen receptor oo DNA-binding homodimers,
not the individual expression levels [42].
Patients with endometriosis or fibroids from
Asian or Indian origins were examined for ER
[+ T/C polymorphism in the third study. Fur-
ther research is needed to establish the ER a
C allele in Asian Indian women as a potential
indicator for endometriosis and fibroids. En-
dometriosis and fibroids risk factors include
dietary variables, racial background, and eth-
nicity. We need to conduct more research in
this area [43].

TGF-3

Six investigations were conducted on TGF-8.
One study used pairs of myometrium and
leiomyoma tissues donated by 28 women who
had hysterectomy. Each tissue's total RNA
was collected and examined utilizing North-
ern blot technique in order to detect TGF-63 1
messenger RNA. The total and active levels
of transforming growth factor-B 1 proteins
were examined using an enzyme-linked im-
munosorbent assay. TGF-8 1 (0.01-1 ng/
mL), anti-transforming growth factor-8 an-
tibody (0.01-10 ng/mL), or platelet-derived
growth factor (10 ng/mL) were employed
to measure the proliferation of pure human
myometrial and leiomyoma cells using [3H]
thymidine incorporation Also, transforming
growth factor-B 1 only promotes cell prolif-
eration in leiomyoma cells at low doses, just
like its bimodal and dose-dependent activities
in smooth muscle cells elsewhere (Figure-3)
[18]. In their study, Arici et al. assessed the
amounts of TGF-B3 mRNA and protein in
the myometrium and leiomyoma. In the sub-
sequent steps, they injected TGF-B3 into the
developed myometrial and leiomyoma cells.
Leiomyoma samples contained 3.5 times more
TGF-*3 mRNA than myometrial samples.
The amount of TGF-f3 mRNA was five times
higher in leiomyoma samples collected during
the midsecretory phase compared to samples
taken during the proliferative phase [30-33].
During the menstrual cycle, Eric Levens et al.
found that FMOD expression was approved in
leiomyoma and myometrium (N=20). Seven
women were given gonadotropin-releasing
hormone analogue (GnRHa) as treatment in
the trial, whereas twenty women were given
transforming growth factor (TGF)- B in addi-

Movahed F, et al.
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Figure 2. ER-a expression in uterine leiomyoma and normal myometrium[41].
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Figure 3. The dosage response for TGF-1 and PDGF therapy over one day in cultured leiomyoma cells: tritiated thymidine consolida-

tion. Data are reported as averages + SEM for 8 replicates [18]

tion to GnRHa. Immunohistochemistry and
western blotting confirmed the presence of im-
munoreactive FMOD in LSMC, MSMC, vas-
cular walls, and connective tissue fibroblasts.
The treatment of MSMC with TGF- B 1 (2.5
ng/ml) led to an increase in the expression of
FMOD, which was time- and cell-dependent.
Nevertheless, upon treatment with GnRHa
(0.1 m), FMOD expression was shown to be
downregulated (P 0.05) in LSMC. The pre-
treatment of LSMC and MSMC with Smad3
SiRNA and U0126, an inhibitor of MEK1/2,
reduced the impact of TGF-  and GnRHa on
FMOD production [34]. The levels of TGF- 3
3 in the myometrium and leiomyoma were as-
sessed in a study carried out by Arici et al. The
cells were subsequently treated with TGF- 3.
The level of TGF- B 3 mRNA was 3.5 times

higher in leiomyoma samples compared to
myometrial samples. Compared to leiomy-
oma samples taken during the proliferative
phase, those taken during the midsecretory
phase had TGF- B 3 mRNA levels that were
five times greater [33]. The study conducted
by Micha*Ciebiera et al. [S0] found that uli-
pristal acetate (UPA) can decrease blood and
tissue TGF- B 3 concentrations, which could
significantly impact UF biology.

25-hydroxyvitamin D

Chebiera, Micha investigated the impact of
variables such as body mass index (BMI), se-
rum levels of 25-hydroxyvitamin D and alter-
ing growth factor 8 3 (TGF- 3 3), and personal
and family medical history on uterine fibroids
formation. Factors that could increase the

Movahed F, et al.
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Figure 4. Percentage of carcinoma in situ[38]

likelihood of uterine fibroids include a high
body mass index (BMI), a positive genetic
background, low vitamin D levels, and high
concentrations of TGF- B3 3 in the blood. None
of the groups showed any difference in the ex-
pression of FBN-1. The expression of LTBP-1
and FBN-1 mRNA and protein was enhanced
in cultured leiomyoma smooth muscle cells
(LSMC) by 17 B -eestradiol (E2) (P<0.05).
E2 did not influence FBN-1 or LTBP-1 lev-
els when given alongside progesterone. A
response to estrogen triggers the secretion
of LTBP-1 and FBN-1 by leiomyomata. It is
possible that the extracellular matrix metab-
olism varies in medium-sized leiomyomas
[35]. Halder We hope to learn more about the
effects of vitamin D3 on TGF-123-induced
protein fibrosis in immortalized human uter-
ine leiomyoma (HuLLM) cells in this study. Vi-
tamin D3's effects on fibrosis-related protein
production in immortalized human uterine
leiomyoma (HuLM) cells were studied in re-
lation to TGF- B 3. By lowering the nuclear
translocation and phosphorylation of Smad2
and Smad3 in HuLM cells, vitamin D3 con-
siderably diminished the effects of TGF- 3 3
on fibrosis in human leiomyoma cells [37].

RACKI

The function of RACK1 has been the subject
of research. Xi-Xi Cao set out to discover the
molecular mechanisms by which RACKI
aids in the migration and metastasis of breast

cancer. To perform migration tests, cell lines
derived from breast carcinomas were utilized.
Additionally, the Rho kinase inhibitor and
siRNA targeting RACK1 were employed.
RACKI1/RhoA interactions were studied us-
ing immunoprecipitation and immunofluo-
rescence. The RhoA/Rho kinase pathway is
activated by RACKI1 through interaction with
RhoA in vitro. The RACKI1 protein is high-
ly correlated with RhoA and accepted tumor
spread indicators in 160 samples studied by
immunohistochemistry [38] (Figure-4). To
learn how RACKI1 contributes to breast can-
cer progression, invasion, and metastasis, Xi-
Xi Cao et al. performed their own investiga-
tion. In vivo and in vitro investigations have
shown that RACK1 promotes breast cancer
cell growth and metastasis [39, 40].

Wnt/B-catenin

One study looked at the Wnt/i>-catenin sig-
naling pathway. Gene expression and DNMT
activity were examined in Marla ef al. E. us-
ing qRT-PCR and ELISA. There was an in-
crease in DNMT1 gene expression in uterine
fibroid tissue compared to myometrium. A
potential therapeutic target was identified in
HCC cells—a new positive feedback loop in-
volving DNMT1/miR-378a-3p/TRAF1/NF-
[44]. Twenty-one endometrial polyps and fif-
teen lipomas were subjected to DNA sequenc-
ing analysis using FFPE-samples obtained by
Dominique ef al. The combination of estrogen

22
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and mutant MED12 promotes the Wnt path-
way, which in turn activates I* -catenin, lead-
ing to the development of lesions similar to
leiomyomas in mice [51].

Effects of Vitamins

A vitamin's impact was the subject of one re-
search. The results of every study corroborat-
ed its effectiveness. Uterine fibroids and sur-
rounding normal myometrium were compared
in terms of vitamin D receptor (VDR) protein
expression by Sunil K. Hald et al. By lower-
ing VDR levels, 1,25(OH)2D3 treatment for
human uterine fibroids diminishes aberrant
expression of key ECM-related to proteins in
HuLM cells. One potential noninvasive, ef-
fective, and safe method for treating uterine
fibroids in humans is the use of 1,25(OH)2D3
[32]. Christian et al. analyzed trace element
and micronutrient levels in serum (vitamins
A, C, D, and E). Uterine fibroids were asso-
ciated with decreased serum calcium, vitamin
D, and vitamin C levels in women [46]. Vin-
ita Singh et al. discovered that compared to
healthy controls, women who had uterine fi-
broids had far lower quantities of vitamin D3
in their blood. All women had their blood FSH
and vitamin D levels checked after uterine
ultrasounds [47]. This was done on the third
day of menstruation. One study looked into
beta-tocopherol (into). UFs are linked to el-
evated levels of alpha-tocopherol (AT), body
mass index (BMI), a favorable family history,
and low parity, as reported by Michal Ciebi-
era et al. [49], The impacts of miR-21, miR-
29b, miR-23b, and miR-197 were examined
in a study. The top five dysregulated microR-
NAs (miRNAs) in ULMs were determined by
Wang et al. to be mutations in miR-21, miR-
29b, miR-23b, and miR-32 [52].

Mutant Genes

Mutant genes were the subject of two investi-
gations. Markowski looked at MED12, which
is a quality code for a go-between subcomplex
12, and HMGAZ2, which is a quality code for a
high-mobility bunch protein 2, in one of these.
Based on these results, it seems that the patho-
physiology of fibroids can vary. Separate
clonal outgrowths may occur if an unidenti-
fied "mutator" mutated MED12 in the majori-
ty of these populations. There is a modest but

recognized risk of MED12-mutated fibroids
turning into cancers following a leiomyoma,
hence the latter mutation cannot be utilized
as a signal for benign development.-Leomyo-
sarcoma sequence -STUMP (small tumors of
smooth muscle with unclear cancer risk) [53,
55, 56]. According to the results of an RT-PCR
and FISH analysis, PCOLCE is a potential
chromosomal 7 locus whose product, PCPE,
cleaves sort I procollagen C-propeptide. The
following reasons make PCOLCE an intrigu-
ing gene for the study of uterine fibroids: its
high levels of expression in the uterus, the fact
that rodent fibroblasts undergo anchorage-in-
dependent development when subjected to
retroviral-mediated insertional mutagenesis,
and, lastly, its position on the human chromo-
somee (7q21.3*q22) [54, 55].

Conclusion

Uterine leiomyomas are characterized by cell
proliferation and an excess of disorganized
extracellular matrix (ECM). This pair of ac-
tivities is carefully controlled by a network of
signaling pathways. For instance, the ECM
contains dormant transforming growth fac-
tors. Once tissue proteases have activated cell
surface receptors, they are ready to be used.
Two key features of leiomyoma signaling
pathways are interconnectedness and conver-
gence. They need to communicate with one
other and work together in a number of con-
texts. Leiomyoma cells' intricate connection
to the ECM is an intriguing illustration of this.
Cellular secretion of transforming growth fac-
tors increases collagen synthesis and, by ex-
tension, ECM stiffness. A number of research
compounds, such as liarozole, use this rela-
tionship as an advantage. Our discussion indi-
cates a convergent pathway for several signal
transduction pathways. , TGF-f, vitamin D,
RACK 1, WNT, miR/Wnt/B-catenin pathways
are activated by growth factors, progesterone
and vitamin D receptors on membranes. Im-
portant therapeutic implications may arise
from this phenomenon of convergence in sit-
uations where various pathways are addressed
additively. Targeting numerous signaling
pathways at once is the foundation of dual tar-
geting and multitargeting. As a result, additive
or synergistic effects may occur. Some can-
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cers, like prostate cancer, are currently being
treated using this multifocal signal modula-
tion approach.

Future research on multifocal targeting in
leiomyoma could benefit from a better under-
standing of signaling pathways in the tumor.
It is suggested that future studies on the issue
related to the factors of the present study be
done with a larger sample size than the exist-
ing studies and in the form of cohort designs.
In addition, the use of modern techniques in
a homogeneous manner in future studies to

Growth Factors, Signaling Pathways and other Biochemical Markers effect on NER Suppression in Leiomyomas

perform meta-analysis on the obtained results
can help significantly in providing treatment
protocols. Furthermore, it should be empha-
sized that these results should be taken with
caution, even though the risk of predisposition
assessment is minimal for most of the compo-
nents discussed in this research.
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