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Wy kaz zastosowanych skr -t - w:

AGO2: skgdgadni k laa tgalnaanudgrazofya uRieaC y2 i ¢ comp
of BRI SC
AR|I D5XBmena i nterakcj ir ibcohg atna ew aAcTt i5aBn (dAd ma
asRNA antysearsgpmnies eRMNsAe (RNA)
BMI: wska¥fniaknmBonayy Maisagd nde x)
BRAF: Prot-RahkogenaBaesa@nB&adr ecothoc ogen e,
serine/thrneonine Kkinase
ceRNA: konkuruj NapwgempdegengyeRNAgeénous RN/
CDKN1C: inhibi toatry kkliinaayzgyl €l a@(lne Wireypendent ki |
1C)
circRNA: kandg@isrtoeu IRINFA RNA)
dPCR: cyfrowa r eakcjaan dj.ag@adactmewa speo ICihrae ma #
EC: rak enamBnedamdaa nndya i(
EMT: przej Scmezamdlygpmgloiwaedsenchymal trans
EOC: nabgonkoawygpriatkh ejlaijanli kGav a(r i an Cancer)
ERKki nme@ul owana paan&ktoma ¢ dRadvguu [dartlgyd Ki nase
FBXO11l: czgondloam@thopxdai eynF11)
FI GO: Mi ndFerdaenGdgekao PogoUnarcdmant ernati on
Federation of Gynecology and Obstetrics)
FOXOl: ForagkadpBObikbe@d
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i 2)
JPH4: jumtngfuinktoahd4!l ( n 4)
|l ncRNA: dgugi e amigokadwjoNd en gR NRA A()
L1ICAM: czNsteczka aalrhbeleejlAld hkeosni -ornk) oMwel j e cLull &
MAPK: & ihiazdgktoywweonwatno g@amarmt ©gen actliivkeaet ed
protein)
MEG3: gen 3 wymabhahgrpal mgam®pfessed
mi RI E8Gmpl eks wyciszaj Ncy i anndgnk BN AWdyu c pd z e .
silencing compl ex)
mi RNA: mi&mpiRANrAo RNA)
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MSI: niestabil na®Hl ari ksotsalalbiitida ay ha (
NBTA1: dgugi niekoduj Ncy transkagp@gptngRNA z
noncoding RNAassocohtedtomanscript 1)
ncRNA: ni ekadhuwgMNced i RINA RNA)

NFKB: czyngk&ppand@Bwél ear factor kappa B)
NSMP: ni especyf i cZannyg opsrpoefcii If i nco InmeoK welcaurl myr  p
PCOS: zesp-g pol ianypalyicczysytcihc goay anriyk -swy n(dr o
PI K3CA: podjednost ka kat al | 3% ¢tafnbas f kr amp@ay
(@nphosphat i-4dy5l s pb o &kpmkatsee T atalytic subuni
PI KBR podjednost ka regal goaiyn onzy t yakhign.a z y
phosphoi3kboeasedeegul atory subunit 1)

pi RNA:wiRfM@ANce si i @npi«DkieeRicAP)I Wk

PTEN: homol og faspgphosplatasenagdyt énsin hc
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48)
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SOX1c7zyntnriaknskrypcyjny SOX19RYawi$R¥azdywtzdr e
HMGb 0)x

STAT3: przetworni k sygnadgnmn@.ignfaknygwaider tr
Act i wdlt anscB) pti on

TCGAt:l as genmonmhh@ akar (Genome Atl as)
TNMssystem oceny stopni a Z @ a puamaos owdaunsi, a n
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t RNA: transpoagtawsp&NA RNA)

TRPS1: represor trans@&mtymparyg aryi pti iNONaly rGef
binding 1)
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10.3390/1ijms241411489. PMID
Revi ew.
Bogaczyk A, Potocka N, Pasz
KoSny M, KI ukl Mz TZawlik I,
Absol ute Quantification of
_ 4. 140
Endometrial Cancer by Digit
Il nt J 2MoN4St4 . 25(6) : 3286.
doi : 10. 3390/PiMI B855A®R&FH218 6 .
Bogaczyk A, Potocka N, Pasz
KoSny Markjlouwes ka M, Wr - bell,
Kluz T.
Mi R0O5p an@28pRas Potenti al
_ 4 . 140
Endometrial Cancer.
| nt J Mol Sci . 2025 Mar 14;

10.3390/ijms26062615. PM
PMC11941963.

D:

pods


https://pubmed.ncbi.nlm.nih.gov/38542261/
https://pubmed.ncbi.nlm.nih.gov/38542261/

2 Wprowadzeni e

2 . RRaeé&ndomet rcihmmakterystyka Kkliniczr
mol ekul arna oraz znaczenie mi kr oF

nowot wor u

Rak endometrium (EC) jest sz-stym najcznSi
na Swilgjclest drugim najcziSciej wystihipuj Nc
pgci ojwyc 2 20 zdi agnozowano 417 367 EC na ¢
wystnpowani a20wyhosa 1209000 Kkobiet, a Wws
20,7 na 10p3PO0 kobiet

Cziist oSi z am@ahorraokwvaneadometri um ,maj Wiemdeijnc

zachorowa® odnotowuje sin w krajach Amer

najcznstszy nowotw-r UeEWysoki naspNdcwy
zapadal noSci moUna przypisal duUej czfstc
zwi Nzanych ze stylem Uycia, takich ,jak wy

otygobBrak aktywnbkSciefsRyzwindiane [z1,04&]ogo
Wedgdjug European Cancer Observatory wska¥n
gwagtownie roSnie i szacuje sin, Ue do 20
Odnot otwveaknlbdl e wisémaT ntiekndencj i wzr olst @jwac hw L
europejskich[®&d okogo 2000 r.

Rozpoznanie EC stawia hsisthi omat oploodgsitcaznwni eeg ov
poprzez bi opsjn aspiracyjnN endometrium

poprzedzonego | up6]nie histeroskopi N

Wy r - Bnkfial ka rodzaj - -w kIl adyfsitloa ojcizynesnin. j pedsatjz s
podmoad ol omepidagaurgy dual i st yc,zngeHZitkd acarsiyif i Bkookwhe
jako typ I, tzw. endometrioidal ny, kt-ry
estrogweynsotwiNpuj e gg-wnie u kobiet otygych =z
(PCOS) i cy k!l ami bezowul acyj nymi. MoUe r - w
genet y,cnzpnny mz e s p -Tgy p L yonecmhiajr a sin na podst a\v
endomefTypum eBE€ cmaiskeezygystne roki®dwani e i
przypadk:-w rakNatemidmslelt t( uimeendometrioi dal

0]



stymul acj N estrogenowN ma zge rokowani e
endometrioidalnego w stadium | | ub I 1, poc
endometrioidal nego w stadium [ T S

iniezr-UnicpWwan8fyo raka

KIasyfi kacja WHO z 2005 r. (5. edycj a) i
zgoSl i wego rozrostu bgony akkhdemed yi omac
(85 %y ak sur omiod@y, ak(3jasnokomt®%owy r dkb
niezr-UnicowanyhodczOha&kowaky, mi eszanokom
gruczolakorak z pozostagoSci pr@aewtadk w Wo
Sluzowy tymu ujceloiltakwe @dk, | mi t uj Nmiyin s alkar ak [
(ok [59%) 10]

Zgodni e z M ailldezyeami ederweedj i- WGi P akk apFdigc O)

raka endometrium moUna r-wnieOU podzielil
zr - UOnicowani a hi stologicznego (opierajN
architekt oGiiG@I3@ chhar akt &Py Zujtey msiwiz o®em w
G2 ma od 6 do 50% |l itego wzb®u |wzreqgst uwz of
wzrostug FIVBEDORPBUzy Gilnail e Gfluzdmoi ski ego st orf
zr - UOni cowamomi ast G3 sN guz&mi ¢dwgokiaego s

W 2013 r. The Cancer Genome At as (TCG!/
mol ekul arnN rakajestomdterwiNum, i Wy mr gpostip
[ l eczeni u r ak&aeounfaeamez mii aarmn  MWar adygmat u
morfologicznej na mol e leoslzarcneaik o pvazovced i n a
odpowi edzi Naapbdatwawiiea. 0 CGAvaa® zdteenrtyy f g dkdog r u

mol ekul arne,, nal eUN do nich

T goupa PQLlLcBnautakt eryzuje sin mutacj ami W
( POLE), (7%)

T grupaiMBi NgasaniestabilnoSci N mikrosate
z niedoboru mechanizmu napr,awy niedopas
T grumpa3aboechuje sifA duUymi zmi anami | i
napndzanymie pw z®e& b(i32ab,1%q C |

N M



T orupa N&M®) muj e nowotwory o magej] l i czb

profilu molekularnego (39%).

Grupy te r-0Uni N sin profilem mutacji, in
odmi ennego pd28inpdijvani a

GuUzROLEmMut najalj ipkmevanmi e pgirauspta z duUON | i ¢z
napna manhamij genilfr5Bawk eai ekor zyRdkewani e gu
z ni edoborem naprawy ni etdpplasbwaE&@ spEERAdAI
mol ekul ar negpoo SrNgSAMP)d dljl5edktul arna ocena zaaw
endometrium jest przydatna ze wzglndu na

przewi dywania korzy[Sk6] terapii adiuwant owe

Wprowadzenie nowego podziagu mol ekul arneg
FI GO z 2009 @gat oKite (E az aoweelimszapr@atnd lao gecihd zr nuer ggo
na kl asyfikacjn FI GO 2023. Nowa kKl asyfi
ESGO/ ESTRO/ ESP zawiera nowe podklasyfi kac]
[11, 17]

Ocekampl et nej kl asyPOkBaBmj MMRo] e NGEMRe atpp 3 &
przeprowaedwanwgast kich przypadkach raka end:i
stratyfika®jpoidtympyp mog Rl satr mteny wpgyw na r
choroby i wyniki kollzelyadjke navNp w t dJmyijcdl ny
czymmivwkp gy waij Nay decyzj e dotyczNce | eczeni
system€Chwagakt erystykaosmglb&klou | rasrznie jdag Netd z i
wymgogNadal szycho dbatdawm wy m | eczeniem raka en
chirurgiczne, ewentualnie nastnpcza c¢hemi
[ 14, 18RyAYRo nawrot uwyrsakigpu¢ md a memnri ieddm w
0O wczesnym ziawwaonssiow2a,nd% w ci Ngu pier wszy

| ec z[e2nOi]a

NajczistszN mutacjN genetycznN w avwaekgo end
PTEN Funkcjonal RRENwiIiaNkjtaymda cpacj acj N i pro
endometrium. Bdf8awi aziwgyka3hgwy8dnpowania n

NN



genPuT EPlr zyi835% czhistoSci wysthnpowania utrat
[21, 22]

Zmni ej szeni e PelkEdp rtelsgnk agcennur aka endometri
spowodowane hi permety!l acejpN omeR D E ko sotnmeodt yo r
zaobsenrewoSwa, 0% t kanek h@wBlgn womowydhmt nym
zaangaUowarcygmremwe zKa r aka e®0X%Xant@ RYuan ajteesdt

HMGbopedni Ncy funkcj i genu sadgreyswa oiwsetgmt. n
w progresji nowot wor u poprzez deregul ac
-mezenchymalnh24lo ( EMT)

2.2naczaerkir@RNA w kancerogenezie i \

Do mechani zm-w regul uj Newchsi &Kk szparre-swnio gke
mechani zmy ejpa kg eenkeot dyucj zNwée Nndpd A i RMNGA) P o mi mo
Ue ncRNAIlmisgcgNymi czynnitkadgr ewajgdniestyaotz

w regul acji ekspresji gen- vwb5na 2@dzi omi e pc

Do klasycznych mechanakeUnie adpNiAgee) nmeotdyycf zi nkyacc
hi ston-w (np. acetyl atcwaoar, z RKheeet yk cadc joliasztf corsd
remodel i ng[ 2hf omatyny

Ni ekl gufiNAS:N t RlNA. (traAppor®&MNgRINHo s omal RNA
|l nc R é ng n oRNAo)d,i nsgnnRyNva | (| nu), eama RPA (
smal | nNuc) meIRNAN @NAI sen)s,e cRNeANGE.ofpeting
endogengouyus pRiREAwWN Tt e rRaNcA ,i vneiaRiNgrer 06 R[NAG ]

Mikr o RNA stanowi N sz&F eng felkmoideu j iNrcayeche sRiNpAN ¢ N
rolijlak N pe@miulNl awj i ekspresiji gem,-SWN o Zost &
jednoemaeeitawWst eczki RNA D2 5d gnuugko Secoit yak oM o Pl
opi samyRibA gaNsteczlkarkedddpamtegul uje ekspil
bi alglkiiCaenor habdi tcios zeol sepgaagneszw fje 2.9 e

Bi ogemeRzNeA rozpoczyna sifn w | NdrRNeA Ik omPalk o
lIs)ynt et yzuj e pierNvAO pmiyRNA )T RINFAy gtesmi Br zyc

N



przez kompl ODIGCRBBOBKATr s orpa-remRRRNR AR RNA

] e ;atst mtprna nes p odrot ocwyatngap lza@z myE x, p okrtt-yrnan wb t ym p
wchodzi W interaXTch 310Mzc i aglk-memN&KRamest da
przetwarzany przez endonukl eazn DI CER do
z nici (tzw. nil przewodnia) zostapdecwdgNc
silencing complex), kt-rego kluczowym komyg
natomiast druga[ 81| 8RPfpga degradacij.i

Mikr o RNA dziagaj N jako skgadni ki kompl eks
mi RI S oRiAduced sil en&3nDojcrozmapjlee xgz Nst ec:
osadzone w kompleksach mi RI 90, firhd3eNUTByd lomc
MRNA genu domgrei ypmwadjmue j WKk o mphieRieA t dha noSkcw e n
docel owe jd od delgmBdiaopiczni e cznSciej jednak
kompl ement arnoSi prowadz[NXk4a] Mea lyalap m@sajnii at
mi RNoAdbej megNpasifiranpekpypegiafNjii tdegnmaldacij

MRNA, skr - ceAder aogguomian cpiod-7-mme & y e ®mwylkaeawme j , co
skutkuje destabilizacj N i wWy3csi]szeniem eksrg
Mikr o RNKAc zestniczN w regul acij i wi el u proc

prolcijfaembagr da cajwaozpja z ejn & dij o imeacveam c hy mal ne ( E
EMT to waUny proces, w kt-rym koknomkrikaab
i przechodzN stopniowN transformacjn z fe
obej muj e np. przebudown cyt d 346K Kol ReN Au [

wpgywaijwhriae Ust abi | no Sdc pydetnacbmous,p ek @uml- r e k

nowot worowydhlmkUe w8sogesgeima®leiwiiaj N nowot
ucikeigzzed kontnuklgddue osliproodwdJoigiNweeag ul owa

ekspresjn gen- w zar - wnho wewnNt r z kom- r k
jak i w k om- r kiapcoh ischhs iwaydduzjiNeclyecnhi u do mi kr o
samym stanowieNgulysti@tUoee]j sieci proces -\

w mi kr oSr od AvBszkyuk Jgaudzeahe ij7es kd et @aja |j ako r e
nor mal nego r-Unicowani a i proliferacj.i k
nowot wor owy c-imakP aizizeona elo=dtmi &k om-irjealf Ncoyzva s |
a jego dziagdanie obej muje RAfmpr zbeezz piorStreerd:
zbi agki efmd.d]l N2 38

NO



Podczmsgrkoa®bys egswiuli znaczNpeafikigs pngs jwi mi R’
Deregul acj avytnidekmioelleu bzynhi an, W utby ndgea mepcw ii f i k
koduj Ncyctlk mma@NgAene¢tyaz ntyackhll vz en@® ¢ haacnh z m

bi ogetnackziych j akDUEERKkt yPBOSHMBNMOogN pegni
zar -wno funkcje onkojelmm&ogpaurNpzwmjpr eaka
poprhkaamowearkise rgeesnj- w suprlesmr geyclw Kkontr ol
r-Unicowaniieaphpimbre&lol ei mi RNA slzprgagmNce
kancer ompegrNe zhyarmozwalj ompwpt wez regul acjin on
gen-w kontcryokllujKarf-¢rBft @wyk g adanli8 1sN1 Smii bR

i nmli8Rlc, kt-rycbbrikbopmedjddbpedtzad8pdy mi
i mi8WH egaj N nadmiepacj erkswrze2spstrN biagdeé
(ALL3.7]

Mi kr o RiNCAZ e s ttnaikcareN r egul acj i szl ak- - w sygna:
znowot woyzent gm JAMOB]KBAERR®] MAPK] EE®RKnadt o
mogwWzajemnie regul owal swoje dziagiaRNAe w T
[ 5.1]

Samekr MNAnogN byl regul atorafmiedpaky Usay akty
podlega r-wnieU precyzyjnej ueé @gwhaagijist Je
kontprodeazne kl asy niekoduj Ncych RNA, takie
ni ekoduj Nce RNA. ©SQ9z7zcazegp $ @ @ o geeintyc RNA dzi a
mol ekul arnegr amwi N&lcNd i ch dosthipnoSi ora
z docel owymiW mRANM spos- b modul uj N ekspr e
posttranskPoypdyjnecym. czNst edadka agiywaRNA mo
r-Unymi [ m2 RNB3]

Obecnkr@®&Nmi sN atrakcyjnymi kandydat ami na
nowotwor-w zJdoSliwych.gebl avt alpa eilsd evy z Y fwiak a
w badani ach n a dcemy@ecnbddink rzarRiimAw skiyekb r zy st y wan
jako bidmao&eny odpowWelbadamnia ¢ le clreg knizRaMAo
indukuj N chemioopypmowdit wes5.Robagth opisany
zwi Nzek mifidzy ekspresj N mi RNAn amo@ega dbwi ie d z
pi ewskt - -rym s tenk seprniliezBoNagd 5 afdgdjwy Bve zkoonm- r k a ¢ h

NI



opornych na t7d MmAKRI( Mégla)sMdnraec h pochodz Ncych
M/ T (EM/GTB.5 ]

W raku pguc wykazano zmiwnipdzizdwmkNRE Amimi i d
a opornoSci \Namae ksips ®isg BBB{ e alip , -Ind 4R

mi -R9-%p, p o d cozbansi @gkasyiroaedsnjot o wami eB 8 ¢ | -an6i aR,
mi-R07 | b 56 |R

W zaawansowanym r aku jelita grubego wy k
(H 1 uorouracyl, |l eukoworyna [ oksaliplat.
mi -R 9[a5.7] Podobna sytuacj a ma mi ej sce p C

z zaawansakvaemmj el nhabigtr e/iEg&gio | aibG FaRn,t yn p .
nadmi er na elk2sép rkeosrjeal unjieR z opdr5dSci N na be

Zjawi sko chemioopornoSci wystipuje r-wnie
m R 2-2p zwi Rkszhkonoproerkn o 8b wmtaworr alwoykcshi f e n P
hamowani er ekesptrgsgvweg dBRa.ISuayer uj é Rt2&2p Ue m
moUe byl pot eummojUdli nwpma 7 Nevigenknemri disjkiutEER z nej
odpowi edzi na terapiNadaektspeRBmgmamrn ey zw J B
wraUl kwoSKRL95 na r al plodicfzearhangodwani e eksp
mi-R2-2p zwinkszalgomwaddqmaadSi

Ciekawym kierunki em badaiCE pjaecy te ntysdenzamo FIC n
Ue naderkisP3®aj awi nkszyga przeUywalnoSi ko
| eczeniu, chnapbmtgaiN | ej o lawii fkesnz een i @r oawpaady
i ndukowan eNy np rkzsekdajeN dlel 35 Ruljemar no S na ci s
w kom-r kReahi E€¢ e k slBrjeszwii NmiaRy 2z apoptozN
przez cisplatyni w kom-rkakh5&Cmo Wy nwkdy wa
chemi owraUOUliwoSi kom-rek rak@a6@®&hdometri um

NP



2.3Bm- wi eni e mvyklrroaRM\yAc h

Kancer agegnrez zgoUonym mechani zmem, na k t
mi kr o RNA, daeldsnzayknp moicNguy mg gllae pgsoz € o z uami e n i

Id e n taycfijpiakt e Iy cjmalr kwu gat wicdlj Bgnostykn EC, j a
potencpealwnyeh apeutycznycmegdesynwyizdWw aad ie&gno
anal zmiaan eks prcdmilyr RN Myak iacnhy -2j0dblp , m2RZPD

i nmIRp, moUe wstpamroywidl@mSet dl ao wpscthrcaotweagniiia

terapeutycznych.
2. 3MiKLr. 0o RN®RS p

Hs-mai -RO-DpB gmi -RO-Sp, -2n0)Rmk rRBIA  kt - rego nadmi ern

jest 1T stotnie skorelowana z zaawansowanym
i sgabymi wskaFlLlk&@i2ipywsawslcdznal i, Ue po
ekspm RoBpby gy istotnie zwipdzagkemt rzakpreme U

endometrium. Pacj en®ROBpmi awiiy’s k Nz el Kjsiziias e edg N
przeUytea wyisOKki mi mip-B @% m meochiwpaeorbdsze r wacj e,
podwyUszonmi -B®mpvomkankach nowotworowych m

gorszego wskafnika przeUyci[a6.lul pacj ent ek z

Mi ROBpierze udziag wemeaqg uwlugpe RicEHNGIVEg®S ] |
Zaobsenwow&s pmé RoBp est znaczrkioen- wkleha w
|l shi kawa w pporra-wwndagnoidue gueft 6.5Mu R 0-5ppddaj ag
bezpoSredni sUTzR rgeefnEllo esnk BNjkuj e obni Ueni em
[ bi agkran®d&0lagUem ROSm | wjker an PITEN] b} gw
szlsaykgnal IAKacy jKoynstytutywna aktywacja AKT
nowot wodoudeéeregul acj i THB®iBB-OA Qbankii Usehns je & s j i
mi -RO-Bpp owo dspjaep®k i omu biwzgkpaetzp ®3nui b-2agka E
W zwi NzkugeTpyBGCL2sU8¢ z aan gualkorvkasnte aph pt oz i

[ pr of i fweyrna «&ji te stanowi N podsniaBgpdo da
w kom-r k&g kbS&l apoptozyr kwniiaokwamaUep rizye
mi -BRO-Sp Mi ROSpfunkcj onuj eorzkdgegaem jiakdamuj e
kom-rkowN w EC poprzePTENKEGGSEHhkowani e na ¢

N Z



Ponamt-B0%phamugkes prteaskjUte g g eums u p r eesgod P K4

promuj Nc nowotwor zen[ &6]i progresjn nowot wc

Nal eOy r-wni eURDOBpwWaglyiwa Wa OnN rolfn w migrt

endometri um. Mechahkt ywad jaik uHaprko@raan i €1 rekspr
E-kadheryny | promowampireeerkakt gwjaic] Sn AKIT
ekspresiji kinazy &y retgdavd lNjzMmeej] zgl m&dmieer n3

mi -R 0-B p Mol ekul ar ny menci hRBAa0ASi pz @ g Wlzu jaNjay i & r z
nabgomeawmnchymal ne poprzez aktywacjn sygn
endometrium w | ini-a0B k-bAdECkibvy eovB.p) BIHZ(

Il nny mechanmizBO-BgE pagagubhuj Ncy BMEKoampir Kywan
raka ppoiperrzseiz wyci sz amige nZE BRonxg eBfiErEdi (g h o me
1,[26.8]

Eksprmd Robppadano teU w innyabkamamweilg®o roanc h
nad e k s pmr elsijnii ach kom-r kowyeh] rraklua sg[yd0y imas
raku nerKki [ phEmngreda omonokxkowmkgd g@Wym ak u
pi eff&8&] por-wnaniu 2z t kNatkamiiarsit@&malrreysmia.
mi-RO-5gostagav amikua[dBB3gNdk a

EkspmeRjoBmadano rswmokeiliwiwst wi erdzono isto
pozieokns puejaicj ent -w z rakiem niedrobnokom
z grupN [KanPr7ddp No tedddazdoannod a poz mb-ROSepkspr e
W surowicy w cel u gouwz--wWnt aednd ay ojfl giowdyncyhc.h F
wW surowicy bygy najwyUsze u pacjielhszev 1z

u pacjentgagadgymamia najni Usze w grupie k

korel owaga z rozmiarem guza, stopniem za
chgonnych, naci ek arsi¢ eamuwtsaBoR &ilfakni B-Ryagfz @ t o
-oncogene, seri heZitdhernsvaymiio nkeal okliam & $ & kor el e

ekspméROBpr pozi omamBHEBMRNAYroi d stimul atin

receptpad¢) ent -w z[ 7réaki em tarczycy

Zmi any ek Ribgsgdano VwWECgpeaofpch @daulbedzermi
zaobser woiwBaGSip | dea n avd ekkosmp-rreksg R bphir kg wh

na pr ogwesptoerr-omnnN)ani u z kom-r kami | shi kawa.

NT


https://www.ncbi.nlm.nih.gov/gene/673
https://www.ncbi.nlm.nih.gov/gene/673

Ue leczenimei RWShH i 2maeamNco zahamowado wzr o
i kom-rekObgwrzavaRR.e tnmei -ROBknaazlld NhyiOezaangal
w opornoSi na progesteron w nBGQmdzhotcaijad
ni ejWysmiyki badra-@vmioévdNz pje spektywin mechani z
mi-RO-SPpp naPTgkeMm PERC, gdzi eP TpEokzyi joymy znac z Nc
zmniejszone w kom-rkacrmi-BP0Rbm wihn ksazawgd ek sm
PTEW tych kom-rkach.,U@dikRBOSxp dgrtyewsgp owa@muy N
w utekhspREBINIirozwoju PR [w7.klom-rkach EC

Ba chiaavp Jymi ROSpnamechaoippommoeaS pakivikakafi

mi -RO-Bmul ega navd etkksapmrkegsg@h) oEC ¢l0OX@adpBet k head
boQlFOXQ@Qo czynnik transkrypcyjny szeroko 1
pgucach i i nnych MikgaOmBkiarc du ki 0 wiaadr zwzdraccsht. o p
paklitaksel [ przyczyniag sin d&OXO®bpl az]j
Obni (kekmsipmmieRPSE wi fkszygo wraUliwoSi kom-re
skutkowago zmniejszermiremSpr alpiefydieaalia ck am-
ekspmieRPSwyznaozwgo Ul kiwgr unek | eczehiv.8] pac |
Nal eUOy r-wnieU wg @mdmdgiNe iwp ghew Inmnac RNeAk a endo
modul acgyYignadii ma-RB9-pmegd TEN Taki przykgad p |
Xi wsippi suj Nc wp gty jw.-3 In38[RIBIA i ;R Obab g BE N

gdzi e -3L1A31BIcl. 11 moUe hamowal rozw-jmiiR prog:
205p a tym samym p oekrsepdPnd SNAD WKW & @ 2 5j &l c

Ue aU 13 I ncRNA moUe by RO TNEiNa nsyNe ht oz
LI NCOOG658B95R8BP3I 13, - ASNRNMEGCMSAP SNHGS5, SNHG
LA184d3D11. 1L-ASITHARPPAK17. 1-:38 P 2RP.128B 4 ORAR 121 5,
UBXNS8 i -IERWVK&8zBao,ch 13 I ncRNA moUe dziag
AspoRNy0 wchodzNc mi-BWEgep alkkcg d 80§ u mi Nc

2. 3Mi2k.r o RN3Ap 222

Kol ejwiyyomany m mko obReNdasm R 2-2 [ mi2R-2p , -2n2).2R

Byg on intensywnie analizowany w vkroamk ek Sc i
endomeWykamardk,s plthe Rj22g est podwytlksazmknaac h E
uj emnych poBR Wwoqlaiid em ek-2p2esj astmi Rst ot ni

NY



w pr-bkach tUdorkit niE€] EMRielhnnwj ER pozi om
mi-R2-2p jest odwrotnie s HKoWyekaomamoy rz- wak g
nadmi er na e2k2s2pr dyjjan mikRrel owana z wyUszymi
stadiami i winkszN |liczbN przer zZwmt- -w vwiz

supresg22pminbUe znaczNco [h@mInMowal wzrost gu

Poziom eks2p2r2eslhadamoR w surowicy i wy kaza
W surowicy u pacjentek z HKEG.Njatpoormi-ansnta mni umoz

U starszycbz kol prte gjeigof!d2dg obni Ueni u

Ekpsr esj-22ZpbRdano w- wming/ @& h nowout woa @ajcdint erk
z nabdonkowym r aWy leanz g jilegsmi ukpar e(sEr@e@m,pra s a
wilBin z lepszym og-| nym .prPzoeenJayecki sepp v o ac |
negatywni eamazekwezebewam guza in vivo. Eksper
Fu ii wsyitro wyX2a®pa hyppen dJlei meRacj i i migrac
or az zamfna efj srzy | &GANJAAR (@ AKRT .ot ei Ml Bhip u rkidtst a g
zidentyfi kowamiyR Z32pkma cdkdipargoaNncigepr ol i f er ac |
kom-rek JeE®E&kt ywat orem s z][88BKZa o Pd 8KWAWAnN o
nadekspr233pi wnitRkankach nnewotowmrokwync r k owe
pgufast osowani e-22Bpi pirtoova@ zmg® do zahamow
nowot winbwéjUeni u ulegaga proliferacja kom
apopZokaddkdaksnmrB&R@ma w komieldanobnokomkakowe
pguc promowaga proliferacj nBeadanykraghkw Ue z mni
skgadni k 2ijeBNcyj eRbarido c2 ¢ ldWwyai -R2-2p e do
wyci sae®@alki go regul acy|j-232pwpnjay wp ri onlhii fbe rt aocrje
[ apoptozinnwekombnbhkomkak b go

Wy niibkada & doit yaom lwyg € wo-rwnwyekl§ ¥y @ g o k o grednln N

wt kaemowot worowej, na przykgad [w8 5k.0os8t6ni ak on

Poziom ek 2pPR_esyhjadmmk Ugaswomach spaojwe mtye k
z rakiem jajnika, a jego poziom bygd zwi Nz
Egas omari RyY2-2p | est skutecznym regul atorem
promuj Ndej7] Yuzpacjent  -w z rakiem brodawk

wykorzystano egzkspome-R@8p badanwaerdzono |

N ®



WzZr ost u pacjent-w z pr{a8r8Poamdt dowwRknegz

surowi cn j ako mat eri ag do badani a pozi of
mi -BR5 p i -2 2 R, u p a cnji eendtr-ow n @ k orna-kri keonwy pmg u c
i wykazano, Ue ma on dobr N wartoSi diagno

chor[o8yednak rola klinkR2g2mewoEQ nmxda®Inimi aeni
poznana, dlatego teU wybrano jN do naszyct

2. 3Mi3k.r oRSA 21

Trzecim miakrnokmAsna RSHp ((2rdb pmi-RYL Ul egna

nadeksnpreemsajWiszyst kich nowpd.@pbPaichga jlakizio
i moUe byl wuUytecznym klinicznym biomarke:
wzrast a r-wnieU wSarteookup ercceoamdtir i-afoppr esj |

w kom-rkach guza EC i podScielisRHpoddzi
w kom-rkach EC bygo istotniehigwoNagneznz
[ przerzut ami do wnzg-w chgonnych. Bygo
przeUyci em Dble21 Fkpsrporgersejads5ip mo Be byl powi N:
Z zaawansowanymi stadi ami Kl inicznymi, g9

stopniem hi[99t2d] ogi czny m

Wykazano r-Une mecha®Bpzryegdziomkamgieamnmi R ol
hamowani u gewed®&X@llagdbopr ot einalbhastAapni e

hamowani u apoptozy I zaf9.xpmywaecliadiegmapa
bezpoSredni mumé& iUSTNu nrkRINVAEMNI Funkcj onal na i n
PTEjNest zwi Nzana z inicjafFpPR]i progresj N r
Jak wspomniano wczeSniej, mi RNA wi NUON s
kompl ement arnoSi sekwencij i [ prowadzN do
mMRNA. . Wi ado mo, Ue na ten proces mogN wp

l nc RNA: mi RNA. Pr z yME GG e jha tl e rcERAIAI e fSesresx

kKt -ry wpgywa mn-B35 gk®B4p,r.e 9lsbminy m przykgadem
| nc RNA: mi RMAR L mrisGASFangGr owtAhr eptec i F)i ¢
Zaobserwowano zmnG~ASes zmankNr oef kasgparcehs j ziwi Nz an

w raku endometrium. Jego rola przeciwnowot

111
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prezentowaniu antygen-w i aktywowaslhpu cyt
jako onkogen hameAb kwpr e Kyajcrhy r eflOstk]te nd o me

l nny medbiaamiazBhidbg ost ag zbadany przez Li Xi
z niedotl enieniem kWmwraelkinkawbt wordwydni
nowot worowg¢ Nwaptcwai 2gaawsioic evk ond- vk iwar unkach

nor moksji. Nir odvatdlze @ k & imeaRjdb pw geas omach.

Monocuyl & gparj ZNe kesnzitwa gnca k r of a g i pol aryzuj Nce
dostar czsemalenegg zddbi pRAINAZ y k g ancb Ug teaan o wi | ] ed
zme c hanwezmeczKki i mmunol ogi cznej-2lkbqgmo Geek no
i ndukowal potencjalny mechanizm tworzeni i
W progresji raNkeedenhtdemeeni am.j est zatem

endometcreicthnu jie si fmi RaxEe kEonm ewi Nosh n iplbemoideu |
ekspPEBEBNIsi | ny wzr olsli C AdknggpiCedAdijhie soedneug u | e

Co sprzyja inwazj. kom:- r[ek7]nowot wor owych i

Nadmi erna eR&BHEpr egjoanufmieR r - wni e Un apbr§zoenj kSocw ee.
Nat omi ast wydips zeechwre- cmigRo EMTE®@ IMierihaah z knc
ten | est z vbioNz SAX)L(Z | SeRsYt skorel owany ze s
u pacjentek z rSakXkeord ue redadmiedtkrwialsm.we bi agko
do rodziny czynni k- wbox ag$SOXY pczywinNzcahny H |
Nadmi erna eR&HBpr egsnjac zMWMicR hamuje ekspresjn
kom-rek rakaS@hidd mkezirgp@uansiy¢e n®y a jego nadn
promuj e pabképlece nchympbdezas gdSYOX Wy ci sz
i ndukuje EMT w |liniach 2kdodfm-r ek raka endome

W innym patdemadmuj NcymiwpiynaP TEN Ponadt o
wykapaUe2 BigRpsdt encj al ny m@andp.negn nNoBnTcAdld i ng |

neur oblasstoatirtaatnesdc r i pt 1), co zostago pot wi
aktywnoSci | u cpyof tew i agzdyeh 2 dBeakdsapnrizets pa nmie Rt y | k
promowaga proliferacjn i i nwapjriz e2C mealhea nt

bl ok@aWBHALl w kom: -9&lJach EC

Poziom ekBp@rpe shjaidamo r - wni eU w innych nowo
[ 9,9]r ak[ul OpOdfruack u | € 11iQtldr agkrpulbfelghoraskiu[ 1j0a3jlni k a

N



MiR%HBp byg szeroko badany w surowicy u pac,]
jelita gradeegkos pwyelsa A w pri-bkbohUeruireowe &
upacj ewtokw epo @pyejrmycmJ eagenk spresj a by ga s k
zkl asyTNKMagstNemny stopnia zaa)varnps evea rziua amo
wnzg-w chdomiMicBpj est wni eU ecom owmpk kguwa n i

ipr ognouwroavkaan itf ritOwdrtikadr obnokom:[rlkOo6mM&yyoo kiak a
poziom2Hmi Rv surowicy obsercvhowared am-dwrai e U
Srodkawe d@mmnzakalUeni em Bafdd®dh Epsteina

W raku p2#BpsiwymkmiaRag jednak zmniejszonN ek

di agnostycznN w przypadku choroby we wcz

zmni ejszona ekspresja moUe sguUyi jako b
pi €erls0i8 ]

Badanie roli dizi mgnrhaaRNvxe m-awk u e n d oinsettorti nuem
znaczeami-e&no z naukowego, |jakDog@hpbyeaniego
procksnwer ongdreepy zyczynil sifi do opracowa.
terapeutycznych, zahamowania przerzut - -w n

i jakoSci Uycia pacjentek.



3Cel e p

Podstawowym <celem pracy |jest poznani e

u paeck eBC€.

racy

z

Do cel-w szczeg-gowych pracy nal eUN:

1. Wykazanie zmiany ekspresj.i w-20bpnce
mi -R 2-2 p i -2#®mpR w por - wnaniu z tkankN e
kontrol nej

2 Wkazanie zaleUnoSci mindzy ekspresj N
ci @gahorobami wsp-gJistniej Ncymi u pacij ¢

3.Wykazanie zwiNzku ekspresj.i RNA w
i zr-Unicowania histopatologicznego

4 Pot wi e
5.0cena
i pot e
tkanko
6.Zbadani

rdzenie zmian ekspresji

W

pr z kdRaN M co&cniacnzianego W Sur owi cy

ncjalnie uUytecznego biomarker a

wego.
e stabilnoSci ekspresj.i

111
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4 Materiagy I met ody
4 . Gr.upa badana

Badanie zostago przeprowadzone w dw-ch et
w KI'inice Ginekologii, Ginekol ogi i On k
Uni wer syteckiego i m. Frydecj &mtskZih gpg gdeo w
szpiw aolka esi e dd200232/ 2w 2clelduo rozpoczncia | ec
W pierwszym &etapie anajydmiokvmmRNAe kg p mag jef
tkankowym pobranym od 111 pacjentek z hi:
endometri um. Drugi etap badania objNg 18
w pierwszym etapie.ozbatyohospmgycbmkehset
W Surowiocy wmyzwaonzoe menk s pr esj i w materiale
umoUl i wi o ocenn zsruzrygineatkroo it emzcrj sead md @ mn
met ody diagnostycwnebhbu &Stapiwkdotidl alr ow
operowanych z powodu wypadania narzNd-w
maci cy, bez rozpbadaai & mpawgtemdrelk. ni e ot

hor monal nej, radioterapii ani chemioterapi

Wszystkie kadhiietdyo iy rzagzoiddily nanadwy&drwylsad
tkanek do badBEojgeketyerysakad pozytywnN op
Okrngowe|j | Zuy hivalgédd ¢V Rr0i2za0 21). maja 2020 r

111
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4 . Me.t ody
4 . 21.z1o.lmei ckjraoR NtAk a n K |

Tkankpo pobraniu bygy umieszczane w RNAprTr c
Ni emwygel abiRNA,acg inastinpni etpmpec-@80¥gwano
l zol acjfh cagkoéwnkmgli, RNAt kanki nowot wor owe

uUyciu zestawu mi RNeasy Mini Ki t ( Qi agen,
pr odutkeannbkpi v zathmrea | ipd zoisaz doepr ob - wek zawi e

700 Ol odd iywyryniQkaAzolz,o0sd ag g $ tpivp ghcca) e z e z

soni kkaocljefj.nym Kkr oki e ml dnudgfoowdnved{atrdinemi n pr z-
1D0gW 4&4€3n wodnN zawieraj NcN ¢cppgkoives eoRD
do nowychi pdodtaamedkl , cage Shpmdeandadksoilounmn y

RNeasy Mini ElutDe PpizepFokuwmani a ukfoolru mho z &
pgukania KRWTyozoisgi@@aeapnoemanwly zalece®& pr
Podczas procedury oczyszczahia przeprowad
RNaseee DNaseaeld@ingagen,emdy) . Do el ucj i RNA
od RNaz. Suzbdéemigme@dNly uUyciu spektErof ot or
2000c (ThermoFisher Sci.endakio&l, wWyail 2 cdhlaonwa
oceniano przez rozdziag elektroforetyczny
rozci edit zho&cowego stnUeni aliRN®¥e znpyonSorsezd\hci e

i zolpadjdjameakdwirotnej .transkrypcj.i
4. 21.z20.1 acja mi kr oRNA z surowicy

Po pobrani u Kr wi od pacjentek odwi rowano
przechowywano -80 ARr.mpedar atzwhblkae jsNurpowi cy r ozr

N

|l odtzel acji mi RNA wykomary aU04e0 ulblzestnww

Serum/ Pl asma Advanced Ki t (Qi agen, Hi | de
produ®bpiitoScdo Htuadsumow wee p b s z Ntokg widjoSci pr -
Na etapie izolacji do pri-nhelk Ndddbdamwewnadtl zG
dzi fAki ktemoUOd iiwotSdi egceny poprawnoSci pr z

doSwi aRalped@ni u buwlor uowgnrovoNd hBzn zawier aj
RNA przeniesiono do nowapgdogpamd: r wkopr dOmans

zapewni | odpowi edni e warunki do wi Nzani a

=}



z membranN krzemi onkowN.nakCalgWmnpyr - bNeala sgyr z
Mi n Elwk elyeneriiagp p opJuwks uant @mhioeczyszczeni a
z bgonN. Do elucji RNA uUyto BPezPbSwedwiwo

i zol acjpoi rpad@e@pat nej .transkrypcj.i
4. 20d3vr @ttrnancgk r y p

Reakcjn odwrojfinevykomas&rympzy uUyciu zest a
Transcription Ki t Ni(eQmcayg)e nz g oHdinlidee n z zagNc
Mi kr oRNMAdbtnaagj pi er e p@loidaldeanyl| acj i zZa pomoc N
poli merazy,prazekagdaagobBa przy uUydiTu st a
zawierajNcych =zdegenerowanN kotwicn 3N;

mi RNA w reakcji PCR w czasie rzeczywisty
transkrypcji przeprowadzono Ské¢amuo cnzieeSsnzi aen
reakcyjnej: 2 Ol RNA, EBrddn 5RT R eReCAtRIYo nS
1 Ol 10RYMRRCEnzyme Mix, pwoe3@B, paz ulple guhn iohp6

wodN do objntoSci koE&owej wynoszNcej 10 (

T dla RNA wyizol owpOegg RNAkanki
T dla RNA wyizol owdy®dhd 27 oxzwri evEiczyonego R

Reakcjn RT przegodgwkadyonot ew m@blyRiRadze T:
Hercul es, Kalifornia, USA) w dAaAChipugélzyéh
i nakt wwaejmnper at urast OmniAdC caga miesz.ani na

Do czasu ytaBbaegpnzethowywan20W&Ct emperatur z
4. 2Anda.l i za pozieotnkddPE€ERspresji m

W badani u zastosowano met odn digital PCR

Ql Acuity (Qiagen, Hi | den, Ni emcy) do bezw:

mi RNA. Technol ogia ta opiera sifn na podzi ¢
w specj alopygh kaah, co umoUliwia precyzyj
amplifikacji w kaUdym z nich. Do obliczedG
czemu moUl iwe jest dokgadne okreSlenie I|ic

uUyto zestawuA mii RONARYP CLRN As s ad/o §(k@iweeg e np § it
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Nanopl ate 8.5K dla mikroRNAkaweéjowpdeigli zN

26K dl a mi Kkr oRNA i zol owanego z surowi cy
mi kr oRNAni RBepa -mhRODp, -mhRI-2p . Dodat kowo
mi kr olRWNiIAzZ o | ozwatnkeagnok i uUyt o kontrole referer

nat omi ast diwy i o ko wRMeA@ wi ¢y -mi (ByB m ak el
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Abstract: Endometrial cancer is one of the most common cancers in developing and developed
countries. Although the detection of this cancer is high at the early stages, there is still a lack
of markers to monitor the disease, its recurrence, and metastasis. MiRNAs are in charge of the
post-transcriptional regulation of genes responsible for the most important biological processes,
which is why they are increasingly used as biomarkers in many types of cancer. Many studies have
demonstrated the influence of miRNAs on the processes related to carcinogenesis. The characteristics
of miRNA expression profiles in endometrial cancer will allow their use as diagnostic and prognostic
biomarkers. This paper focuses on the discussion of selected miRNAs based on the literature and
their role in the development of endometrial cancer.

Keywords: miRNA; endometrial cancer; epigenetics; carcinogenesis

1. Introduction
1.1. Endometrial Cancer

Endometrial cancer (EC) was diagnosed in 417,367 women worldwide in 2020, with
the highest burden of the disease recorded in North America and Western Europe. The
incidence of EC is rapidly increasing. As of 2020, uterine cancer is the fourth most common
female cancer in Europe, with an incidence of 12.9-20.2 per 100,000 women and a mortality
rate of 2.0-3.7 per 100,000 women [1]. The high incidence rate in North America and
Western Europe can be attributed to the high prevalence of lifestyle risk factors for EC,
such as high standard of living, aging population, and obesity, which are associated with
approximately 50% of EC cases [2].

In the historical morphological division (according to Bokhman’s dualistic theory),
EC was classified as type I, the so-called endometroid, which is associated with excessive
estrogen stimulation, develops on the basis of endometrial hyperplasia, is more common,
and has a favorable prognosis. Type II (non-endometrioid) unrelated to estrogen stimulation
has a poor prognosis. Type Iincludes stage I or IT endometrioid adenocarcinoma, while type
II EC includes stage Il endometrioid adenocarcinoma, serous, clear cell, undifferentiated,
and carcinoma [3]. The Cancer Genome Atlas (TCGA), introduced molecular profiling in
2013, which indicates a paradigm shift from morphological to molecular classification [4].
The TCGA studies identified four molecular subgroups characterized by the POLE mutation
(POLEmut group), microsatellite instability (MSI group), which arises from MMRD, high
somatic copy number changes (driven by the TP53 mutation, also called p53abn group),
and a low number of copies without a specific molecular profile (NSMP group), each
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with a separate prognosis [4]. POLEmut tumors, despite their aggressive appearance,
have an extremely favorable prognosis, while the group with a high copy number driven
by the TP53 mutation has an unfavorable prognosis. The prognosis of tumors with a
mismatch repair deficiency (MMRd) and those without a specific molecular profile (NSMP)
is relatively favorable [5,6].

The basic treatment of endometrial cancer is surgery and, possibly, subsequent
chemotherapy, radiotherapy, and chemoradiotherapy [5,7,8]. The risk of endometrial
cancer recurrence is also present in very low-risk cases and is 2.9% within the first 3 years
after the end of treatment [9]. Therefore, it is necessary to study the molecular mechanisms
in the pathogenesis of endometrial cancer in order to discover new therapeutic methods.

1.2. MicroRNAs

The non-coding molecules play a particular role in the regulation of gene expression.
The group of regulatory non-coding RNAs includes transport RNA (tRNA), ribosomal RNA
(rRNA), antisense RNA (asRNA), microRNA (miRNA), small nuclear RNA (snRNA), small
nucleolar RNA (snoRNA), competing endogenous RNA (ceRNA), and piwi-interactive
RNA (piRNA) [10].

MiRNAs are a particularly interesting group in terms of regulation of gene expres-
sion. They were discovered in 1993 and are non-coding, single-stranded, small RNA
molecules about 19-25 nucleotides long. The first ones to be described were small RNA
molecules encoded by the lin-4 gene, which regulates the expression of the lin-14 protein in
Caenorhabditis elegans by Lee et al. [11].

MiRNA formation begins in the cell nucleus where polymerase IT (Pol II) transcribes
the pri-miRNA. Pri-miRNA is trimmed by the DROSHA complex and DGCRS proteins to
pre-miRNA. Then, the pre-miRNA is exported by Exportin 5 to the cytoplasm [12]. In this
transport, Exportin 5 interacts with the Ran protein. In the cytoplasm, a miRNA duplex
is formed from the pre-miRNA, which then separates into two mature single-stranded
miRNAs. This process takes place with the participation of DICER and Argonaute 2
(AGO2) [13,14].

MiRNAs function as components of a ribonucleoprotein complex called miRISC
(microRNA-induced silencing complex) [15]. Mature miRNA molecules, embedded in
miRISC complexes, have the ability to bind to the 3’ untranslated regions (3'UTR) of the
mRNA of the target gene. As a result of full nucleotide complementarity, they can lead to
transcript degradation. In most cases, miRNAs are usually imperfectly complementary
to their target gene and modulate the effect on gene expression via translational repres-
sion [16]. The mechanism of action of miRNAs involves binding to a sequence within the
RNA-induced silencing complex (RISC), and then gene regulation through translational re-
pression, mRNA degradation, poly(A) tail shortening, and removal of the 5'7-methylguanyl
cap [17].

MiRNAs are involved in various cellular functions including proliferation, migration,
invasion, and the epithelial-mesenchymal transition (EMT) process. EMT is an important
process where epithelial cells lose cell-cell contact and undergo a gradual transformation
from an epithelial to a mesenchymal phenotype, which includes, i.e., cytoskeletal remodel-
ing and migratory activity [18]. MiRNAs affect genome instability, regulate metabolism,
and influence the apoptosis process of tumor cells; in addition, they also play a role in
angiogenesis and immune escape of cancer [19-23]. They may also regulate gene expression
within the cell or may be released outside the cell. This leads to the regulation of gene
expression in neighboring cells. Therefore, they are regulators of a complex network of
processes occurring in the tumor microenvironment [24]. For instance, the let-7 family acts
as a regulator of normal cell differentiation and proliferation and inhibits the growth of
cancer cells. Let-7 levels are crucial for development cells and act directly on RAS genes
via LIN28 [25]. Masood N. et al. have reported mutual inhibition of let-7 and LIN28, but
let-7 also inhibits IL-6 in embryonic cells, resulting in high levels of NFKB. NFKB together
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with c-Myc has a stimulating effect on the formation of higher levels of LIN28 in cells. This
increase in LIN28 then leads to a marked decrease in let-7 [26].

During carcinogenesis, the miRNA expression profile is significantly dysregulated.
This is the result of many changes, including amplification and deletion of genes or epi-
genetic abnormalities. Moreover, miRNA expression is deregulated in cancer as a result
of defects in their biogenesis machinery, including DICER and DROSHA [17,27]. Overex-
pressed miRNAs in cancers can function as oncogenes and promote cancer development
through downregulated tumor suppressor genes or genes that control cell differentiation
or apoptosis. Underexpressed miRNAs can function as cancer suppressor genes and can
inhibit cancers by regulating oncogenes or genes that control cell differentiation or apopto-
sis [28]. Such examples are miR-181a, miR-181b, and miR-181c, which are downregulated
in glioma [29], while miR-181a and miR-181b are overexpressed in patients with acute
lymphoblastic leukemia (ALL) [30].

In addition, they are involved in the regulation of cancer-related signaling pathways,
including the JAK/STATS3 transcription pathway [31], the NF-KB pathway [32], and the
MAPK/ERK pathway [33]. They may also affect other miRNAs and may be subject to
mutual regulation of miRNAs: miRNAs [34].

MiRNAs can be regulators of the above processes, but they can also be regulated by
such molecules as circular RNAs, long ncRNAs, or pseudogenes. CircRNA molecules act
as ”sponges” for miRNA and thus regulate the amount of free miRNA. They are post-
transcriptional regulators of gene expression regulation. A single circRNA molecule can
bind to several miRNAs [35,36].

Currently, miRNAs are attractive candidates for therapeutic targets in the treatment of
malignancies. Therefore, identifying their targets is essential for cancer research. They are
used to assess response to treatment. MiRN As have also been found to induce chemore-
sistance in various cancers [37]. A relationship has also been found between miRNA
expression and response to treatment, for example, in breast cancer, miRNA-205 was upreg-
ulated in tamoxifen resistance cells MCF-7/TAMR-1 (M/T) and M/T cell-derived exosomes
(M/ T-Exo) [38]. In lung cancer, the relationship between miRNA levels and cisplatin re-
sistance has also been demonstrated, and miR33b-3p, miR-425-3p, miR-124, miR-295-5p
are overexpressed, while miR-98, miR-26a, miR-107 or miR-17 [39]. In advanced colorectal
cancer, resistance to FOLFOX (5-fluorouracil, leucovorin, and oxaliplatin) has been shown
to correlate with miR-19a overexpression [40]. A similar situation occurs when treating
patients with advanced CRC with anti-VEGF or anti-EGFR inhibitors, e.g., overexpression
of miR-126 has been correlated with resistance to bevacizumab [41].

The phenomenon of chemoresistance also occurs in endometrial cancer. MiR-222-3p
has been shown to increase raloxifene resistance by suppressing Era expression in cancer
cells. MiR-222-3p may be a potential target for restoring ERc expression and response to
antiestrogen therapy in the EC. With the upregulation of miR-222-3p, RL95-2 cells were
less sensitive to raloxifene. In contrast, AN3CA cells were more sensitive after miR-222-3p
inhibition [42].

An interesting direction of research is resistance to cisplatin. Cisplatin has been used in
the treatment of various cancers as an effective chemotherapeutic agent for several decades.
Wang et al. showed that overexpression of miR-135a increased the survival of endometrial
cancer cells after cisplatin treatment. And the decrease in miR-135a expression reduced the
survival of endometrial cancer cells after cisplatin treatment. Researchers indicated that
miR-135a regulated cisplatin resistance in EC cells. The expression level of miR-135a was
associated with cisplatin-induced apoptosis in EC cells. These findings suggest that miR-
135a may affect the chemosensitivity of endometrial cancer cells to cisplatin treatment [43].

The most commonly used material for miRNA detection is tissue obtained during
surgery. They can also be detected in blood, serum, urine, and other body fluids [44,45].
The method of using blood collection instead of abrasion of the uterus is much easier and
carries a lower risk of complications, such as uterine infection. In the future, miRNA profile
analysis may be included in routine blood tests for endometrial cancer screening in the
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general population. This is of great importance, especially for patients living in places with
difficult access to health care.

2. MicroRNAs in Endometrial Cancer Patients
2.1. The Process of Carcinogenesis

The development of endometrial cancer is a complex process involving multiple
oncogenes and tumor suppressor genes, although the molecular mechanisms are not clear.
In recent years, many studies have been conducted on the expression and function of
miRNAs in endometrial cancer [46—49]. Cancer progression involves several key steps
(Figure 1), including primary tumor growth, migration, and local invasion, transendothelial
migration of cancer cells into vessels known as intravasation, survival in the circulatory
system, extravasation, and niche formation (pre-metastatic niche). This is followed by the
recruitment of tumor-promoting immune cells and metastasis. Each stage of carcinogenesis
is regulated by many miRs (Table 1).

7 ®®
e @

Tissue surrounding a cancerous tlumor

Blood
vessels

Distant
tissues

Figure 1. Stages of cancer progression: 1. Primary tumor growth. 2. Migration and local invasion.
3. Transendothelial migration of cancer cells into vessels 4. Survival in the circulatory system.
5. Extravasation. 6. Pre-metastatic niche formation.

Table 1. miRNAs of significance for the individual stage of carcinogenesis.

Primary Tumor Growth

miR-15/16

The miR-15/16 family is a highly expressed tumor suppressor group that targets a
large network of genes in T cells to limit their cell cycle, memory formation, and
survival. Once activated, miR-15/16 T cells are downregulated, allowing rapid

{ expansion of differentiated effector T cells to mediate a sustained immune response.
MiR-15/16 deficiency alters Treg expression of critical functional proteins, including
FOXP3, IL2Re/CD25, CTLA4, PD-1, and IL7R/CD127, and results in the
accumulation of functionally impaired FOXP3loCD25loCD127hi Tregs [50].

miR-17/91

Involved in immune regulation, three clusters of the miR-17/92 family collectively
T suppressed IL-12 production in macrophages, and miR-17/92 acts through PTEN to
inhibit IL-12 expression by modulating the PI3K-Akt-GSK3 pathway [51].

miR-34

It is involved in the regulation of the cell cycle and apoptosis through p53
i; signaling [52]. It acts as a tumor suppressor through DNA methylation in both
epithelial and hematological malignancies [53].

miR-181a

It can interact with H3F3B, ATM, CCDC6, TAM15, RAS, and PLAGI to promote cell
proliferation [54].

miR-200

8 Targets ZEB1 and blocks the epithelial-mesenchymal transition [55].
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miR-211 Targets mRNAs: POU3F2, ZCCHC24, PRLR, ITPR1, and CHRDL1 [56].
miR-222 Targets tumor suppressors PTEN and TIMP3. Targets MMP-2 i MMP-9 [42,57].
Acting through Lin28, it targets RAS genes. Overexpression of let-7 leads to a decrease
in RAS production, accelerating the cell cycle, angiogenesis, and cell adhesion.
Let7 Therefore, under normal conditions, miR let-7 acts as a tumor suppressor gene and

inhibits the activation of oncogenes that can lead to the formation of cancer
cells [26,58].

Migration and local invasion

miR-9

MiR-9, which is upregulated in breast cancer cells, targets CDH1, the mRNA encoding
E-cadherin, leading to increased cell motility and invasiveness. The miR-9-mediated
downregulation of E-cadherin causes activation of B-catenin signaling, which
contributes to the upregulation of growth factor gene expression [59].

miR-10b

It increases invasion, migration, and proliferation and inhibits apoptosis in the EC [60].
It targets HOXB3 [61].

miR-21

Overexpression of miR-21-5p promoted epithelial to mesenchymal transition. It works
through SOX17 [62].

miR-29¢

It affects the expression of HBP1, ITGB1, MCL1, MDM2 and SGK1 [63].
Overexpression of miR-29¢ reduces COL4A1 production in endometrial cells [64].

miR-34a

Inverse correlation between miR-34a and LICAM protein expression. A decrease in
miR-34a and an increase in LICAM are associated with poor [65]. MiR-34a is
downregulated in endometrial cancer tissues and is negatively correlated with Notch1
expression [66].

miR-103

Overexpression of miR-103 promotes EC cell proliferation. It works through ZO-1 and
triggers its downward adjustments. There is an inverse correlation between ZO-1 and
miR-103 [67].

miR-107

MiR-107-5p downregulated Erac mRNA and protein expression [68].

miR-135a

MiR-135a can regulate the epithelial-to-mesenchymal transition (EMT) by altering the
expression of E-cadherin and N-cadherin. MiR-135a promotes endometrial cancer cell
proliferation by regulating PTEN. Expression levels of PTEN and p-AKT in
endometrial cancer cells decreased after miR-135a overexpression [43].

miR-135b

Upregulation of miR-135b significantly reduced FOXO1 protein and mRNA
expression, promoting EC proliferation [69].

miR-145

MiR-145 expression is lower in EC tissues than in neighboring tissues. MiR-145
inhibits SOX11. MiR-145 targets site 3 (3615) of SOX11 3'UTR to affect SOX11
expression [70].

miR-148b

Downregulation of miR-148b induced endometrial EMT of the tumor cell as a result of
alleviating DNMT1 suppression [71].MiR-148b regulates the expression of
endoplasmic reticulum metalloprotease 1 (ERMP1) [72].

miR-155

It impairs the functioning of dendritic cells in endometrial cancer which play an
important role in the activation of anticancer immune responses. It acts via the
p38MAPK14 pathway [73].

miR-214-3p

MiR-214-3p is downregulated and TWIST1 is upregulated in EC tissues and cells.
Overexpression of miR-214-3p suppressed migration, invasion, and EMT in EC cells
[74].A decrease in miR-214-3p is associated with an increase in NEAT1, HMGAT1, and
B-catenin [75].

miR-223

MiR-223 modulates the inflammatory response by directly targeting genes mediating
signal transduction, including those present in the canonical NF-kB pathway [76].

miR-340

MiR-340-5p is downregulated in the EC compared to adjacent normal tissues. In vitro,
miR-340-5p inhibited the migratory capacity of EC cells by downregulating MMP-3
and MMP-9 and prevented TGF-«l-induced EMT by p-eIF4E [77].
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Transendothelial migration of cancer cells into vessels

miR-21

1

It inhibits the suppressive effect of FBXO11 (a member of the F-box subfamily lacking
a clear unifying domain) [78].

miR-105

It targets the ZO-1 protein. In endothelial monolayers, exosome-mediated transfer of
tumor-secreted miR-105 effectively disrupts the tight junctions and integrity of these
natural barriers to metastasis. Overexpression of miR-105 in non-metastatic cancer
cells induces metastasis and vascular permeability in distant organs [79].

miR-126

It is a tumor suppressor and its growth can downregulate VEGF to inhibit EC cell
invasion and migration [80].Its decrease correlates with high levels of Lnc-ATB, which
induced accelerated tumor growth by regulating the miR-126 PIK3R2 target gene and
Sox2-related apoptosis.In the tested RL95 and HEC1A cell lines, the downregulation
of Lnc-ATB resulted in the upregulation of miR-126. There was an impairment of cell
viability, an increase in caspase-3-related tumor apoptosis, and G1/S arrest [81].

Survival in the circulatory system

miR-26a

1

Increased peritumoral lymphoid endothelial hyaluronan receptor-1 (LYVE-1) density
in LNM patients was negatively associated with the level of miR-26a-5p in primary
lesions, indicating that down-expression of miR-26a-5p can induce LNM EC [82].

miR-141

PPPIR12A and PPP1R12B are targeted and degraded. Both are members of the
myosin phosphatase (MYPT) targeting protein family [83].

miR-145-3p

MiR-145 participates in M2 macrophage polarization by targeting IL-16 and
upregulating IL-10 [84].

miR-181-a

MiR-181a and miR-181b increased the expression of PECAM-1 mRNA and protein
and VE-cadherin accompanying the differentiation of human embryonic stem cells
into vascular endothelial cells [85]. By acting on VE-cadherin, it disrupts the barrier in
endothelial cells [86].

miR-424

MiR-424 has a protective role in various types of cancer including endometrial cancer,
upregulation of miR-424 inactivated PI3K/AKT signaling mediated by G-1
protein-coupled estrogen receptor (GPER) in endometrial cancer. Moreover, the
luciferase report confirmed the targeting reaction between miR-424 and GPER [87].

Extravasation

miR-7

Through the downregulation of the PI3K and MAPK pathways, its dominant role is to
inhibit proliferation and survival, stimulate apoptosis, and inhibit migration [88].

miR-21

It inhibits the expression of the SOX17 protein and promotes
epithelial-to-mesenchymal transition (EMT) [62].

miR-31

MiR-31 acts as an oncogene in endometrial cancer by suppressing the hippopotamus
pathway. MiR-31 significantly suppressed mRNA luciferase activity in conjunction
with the LATS2 3'-UTR and consequently promoted the translocation of YAP1, a key
molecule in the Hippo pathway, into the nucleus [89]. MiR-31 is a master regulator of
integrins as it targets multiple partners of the « subunits (a2, a5, and V) of 1
integrins as well as 33 integrins, inhibiting cell proliferation in a ligand-dependent
manner [90].

miR-155

Targets are MLH1, MSH2, and MSHS6 [91].

miR-182

Promotes cancer cell migration and invasion by inhibiting MBNL2 expression [92].

miR-214

Targets are PTEN/ AKT, B-catenin, and tyrosine kinase receptor pathways. MiR-214
also regulates the levels of key modulators of gene expression: the epigenetic
repressor Ezh2, p53 ”genome guardian”, the transcription factors TFAP2 and another
miRNA, miR-148b. Thus, miR-214 seems to play an important role in coordinating
tumor proliferation, stem, angiogenesis, invasiveness, extravasation, metastasis,
chemoresistance, and microenvironment [93].

oP



Int. J. Mol. Sci. 2023, 24, 11489

7 of 24

Table 1. Cont.

Pre-metastatic niche formation

Member of the highly conservative miR-17-92 cluster [94]. The miR-17/miR-20a seed
family is responsible for this anti-aging activity [95]. MiR-19a activates the

miklda g mammalian protein kinase B (AKT) rapamycin (mTOR) pathway, thereby functionally
antagonizing PTEN to promote cell survival [96].

miR-126 + The target is VEGF. It increases the rate of migration and invasion of EC cells [80].
MiR-133a is a suppressor. The miR-1/133a cluster directly regulates PDE7A in EC

miR-133a (8 cells. PDEs are enzymes that regulate the cellular levels of cAMP and cGMP second
messengers by controlling their rate of degradation [97].

miR-503 4 It plays a tumor suppressor role by targeting CCND1 [98].

T Upregulation; | Downregulation.

2.2. Risk Factors and Prognostic Factors

Risk factors for EC include genetic predisposition to Lynch syndrome and Cowden
syndrome, polycystic ovary syndrome (PCOS), use of tamoxifen, infertility, diabetes, and
obesity [99-101]. On the other hand, prognostic factors for EC include the patient’s age,
stage of endometrial cancer, involvement of lymph nodes, and lymphatic space (LVSI) [102].

2.2.1. Polycystic Ovary Syndrome (PCOS)

PCOS is the most common endocrine disorder among young women of reproductive
age. It is characterized by rare or absent ovulation and hyperandrogenism. In patients with
PCOS, other factors of endometrial cancer are often diagnosed, such as diabetes, obesity,
and nulliparous status [103]. MiRNAs have been studied in patients with polycystic ovary
syndrome (PCOS) [104]. This is a large group of mostly young women. The worldwide
prevalence of PCOS ranges from 4-21% [105]. Obesity with or without concomitant diabetes
often coexists in these women [106]. Many abnormalities and overexpression of many
miRNAs have been found in them. It has been discovered that changes in their expression
occurring in PCOS are also often associated with metabolic syndrome, which includes
hypertension, dyslipidemia, central obesity, and impaired glucose tolerance [107].

PCOS increases the risk of developing endometrial cancer 2.7 times. It has been shown
that women with PCOS also change the level of miRNAs, e.g., miR-27a-5p, the level of
which is increased in serum-derived exosomes. MiR-27a-5p plays a role in EC cell migration
and invasion by regulating SMAD4 [108].

2.2.2. Obesity and Diabetes

Altered expression patterns of miRNAs are not only associated with cancer develop-
ment but also with comorbidities that are common in patients with EC. These diseases
include obesity, type 2 diabetes, and cardiovascular diseases [109]. They are risk factors
for many cancers, including endometrial cancer. Another important risk factor in EC
carcinogenesis is excessive estrogenic stimulation of the endometrium with a simultaneous
lack of progesterone effect. This is the case with polycyclic ovary syndrome (PCOS), obesity,
functional tumors, and iatrogenic use of estrogens [103,110,111]. Serum miRNA levels were
abnormal in obese women or women with type 2 diabetes, data are summarized in Table 2.

Table 2. MiRNA changes in obese women.

miR-17 [112]
miR-152 [112]
Upregulation miR-205 [113]
miR-376a [114]
miR-548ag [115]
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Table 2. Cont.

miR-15b [116]
miR-17 [117]
Downregulation miR-138 [112]
miR-150 [118]
miR-593 [112]

2.2.3. Aging of the Body

Aging is a natural and multifactorial phenomenon characterized by the accumulation
of degenerative processes, which in turn are underpinned by multiple changes and damages
in molecular pathways [119,120]. Despite many theories that have been proposed to explain
the phenomenon of aging, none has been able to fully explain the mechanisms that drive
the underlying process so far [120]. MiRNA expression also changes with the age of
patients [121]. Some of these were downregulated in long-lived individuals, such as let-7,
miR-17, and miR-34 (known as longevity miRNAs). They are conserved in humans and
probably promote life extension. Conversely, they are upregulated in age-related diseases
such as cancer [122]. MiR-151a-3p, miR-181a-5p, and miR-1248 are downregulated with
age [120,123]. In contrast, miR-21 and miR-23a expression increases in middle-aged humans
and decreases in advanced age [124].

2.2.4. Involvement of the Lymph Nodes Metastasis

One of the most important prognostic factors used to determine the stage of EC
and possible adjuvant treatment is the presence of neoplastic cells in the lymph nodes.
Lymphadenectomy is associated with significant surgical and postoperative risks. The
use of sentinel lymph node mapping (SLNM) has emerged as an alternative method for
total lymphadenectomy in the EC [125]. However, controversy remains over the use
of SLNM in high-risk diseases and its false-negative rate (3%) [126]. Reliable SLNM
mapping requires surgeons and institutions to be equipped with appropriate knowledge
and skills. In addition, SLNM mapping is performed during the operation. It is also worth
remembering that the involvement of lymph nodes may also engage paraaortic nodes.
Isolated involvement of the paraaortic nodes in patients without pelvic nodal metastases
was only 1% [127]. Therefore, finding pre-operative methods that can accurately identify
LNM (lymph node metastasis) would be of great clinical value. MiRNA mapping may
prove to be such a way. A correlation of miRNAs depending on the presence of relapses in
lymph nodes has been demonstrated. Table 3 summarizes the above data.

Table 3. MicroRNAs changes in metastatic lymph nodes.

miR-21 [128]
miR-107-5p [68]
Upregulation miR-429 [129,130]
miR-501 [131]
miR-576-5p [132]

miR-24b-5p [133]
miR-26a-5p [82]
miR-34a [65,66]
miR-34b-5p [134]
Downregulation miR-34c¢-3p [134]
miR-34c-5p [134]
miR-148b [71]
miR-204-5p [126]
miR-505 [135]
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2.2.5. The Impact of miRNA Changes on Survival and Recurrence in Patients with
Endometrial Cancer

Mortality related to endometrial cancer continues to increase [136]. Although most
patients with endometrial cancer have a tumor confined to the uterus that is treated by
hysterectomy with or without adjuvant therapy, the advanced disease has a poor progno-
sis [137]. Although early-stage endometrial cancer is associated with a favorable 5-year
relative survival rate (96%), the rate is only 18% in patients with distant metastases [138].
Patients with an increase in the recurrence-free period were examined and changes in
microRNA levels were also found here (Table 4).

Table 4. MicroRNA changes occurring in patients with good prognosis, with long PFS (progression-
free survival).

miR-29b [139]
miR-126 [81]
miR-148b [71,72]
miR-152 [140,141]
Upregulation miR-199a-5p [133]
miR-214-3p [74]
miR-340-5p [77]
miR-455-5p [133]
miR-505 [135]

Downregulation miR-429 [129]

On the other hand, the factors associated with shortening the recurrence-free period
are a high expression of miR-21 [128] or miR-205 [142].

Changes in miRNA expression levels are clearly visible in tumor tissue but can also be
seen in plasma/serum. In patients with endometrial cancer, two groups—increased and de-
creased expression—were distinguished. Disorders of miRNA expression in plasma/serum
are summarized in Table 5. Such studies are particularly important due to the ease of
obtaining material for research.

Table 5. Serum miRNA changes in patients with endometrial cancer.

Upregulation miR-15a-5p [143]
miR-20b-5p [144]
miR-27a [145]
miR-106b-5p [143]
miR-107 [143]
miR-143 [44,144]
miR-143-3p [144]
miR-150-5p [145]
miR-186 [146,147]
miR-195-5p [144]
miR-200a [146]
miR-203 [146]
miR-204 [146]
miR-204-5p [144]
miR-222 [146,147]
miR-223 [146,147]
miR-423-3p [144]
miR-449 [146]
miR-484 [144]
miR-887-5p [148]
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Downregulation miR-16 [44]
miR-99b [44]
miR-125 [44]
miR-145 [44]
miR-204 [147]

3. Overview of Selected microRNAs
3.1. MiR-205

Multiple studies have shown that miR-205 is overexpressed in the EC compared
to normal endometrial tissues. It was previously reported that miR-205 upregulation
was significantly correlated with advanced disease stage, relapse incidence, and poor EC
survival rates [142,149]. MiR-205 is involved in regulating the expression of PTEN, which
is the most common mutated tumor suppressor gene [150,151]. This mutation is also found
in endometrial cancer and accounts for 25-83% of cases [152]. PTEN performs an important
inhibitory function by promoting apoptosis and proliferation. Its deletion or mutation leads
to carcinogenesis. Zhang et al. observed that miR-205 was significantly upregulated in the
Ishikawa cell line compared to normal endometrium [153]. MiR-205 interacted directly
with the 3/-UTR region of the PTEN gene. Overexpression of miR-205 decreased PTEN
mRNA and protein levels in Ishikawa cells. Zhang et al. further reported that miR-205
blocked PTEN translation and activated the AKT pathway. Constitutive activation of AKT
contributes to tumor progression and regulates several downstream targets (e.g., TP53
and BCL-2). Downregulation of miR-205 expression is followed by decreased levels of
p53 protein and increased levels of BCL-2 protein. Since the TP53 and BCL-2 genes are
involved in cell growth, apoptosis, and proliferation, these results provide the basis for
further research into the role of miR-205 in EC cells. Also, the rate of cell apoptosis can be
inhibited by miR-205. MiR-205 acts as an oncogene and inhibits cellular apoptosis in the
EC by targeting the PTEN/AKT pathway [153].

It should also be noted that miR-205 plays an important role in the migration and
invasion of endometrial cancer. This mechanism is based on the targeting of miR-205 to the
AKT pathway.

Inhibition of E-cadherin expression and promotion of Snail expression by activat-
ing AKT and downregulation of glycogen synthesizing kinase 33 were associated with
overexpression of miR-205. The molecular mechanism of action of miR-205 regulating
the epithelial-mesenchymal transition (EMT) by activating AKT signaling in endometrial
cancer cells in the HEC-50B and HEC-1-A cell lines was described by Jin C. et al. [154].

In addition, several studies have reported that miR-205 inhibits the tumor suppressor
gene JPH4, promoting tumorigenesis and progression [46].

3.2. MiR-34

The miR-34 family has three members, i.e., miR-34a, miR-34b, and miR-34c. MiR-34a, b,
and c are encoded by two different transcription units. MiR-34a is located on chromosome
1p36.22 and has a unique transcript, while miR-34b and miR-34c share one transcript that
is located on chromosome 11q23.1 [155].

MiR-34 is a direct target of the tumor protein p53 (TP53), a tumor suppressor gene that
causes cell cycle arrest and apoptosis when activated under cellular stress. Inactivation of
P53 can result in a cellular environment that contributes to oncogenesis [52].

It was shown that miR-34c acted as a tumor suppressor in human endometrial carci-
noma 1b (HEC-1b) with the E2F3 transcription factor being one of its targets [156].

Reduced miR-34 expression is a negative prognostic factor for serous endometrial
cancer and is strongly associated with LVSI. These data reinforce knowledge about the
miR-34 family (miR-34a, b, and c), which appears to act as a tumor suppressor [157].

The miR-34 family acts as a negative regulator of cancer-related EMT and plays a large
role in suppressing carcinogenesis and delaying tumor progression. As an excellent tumor
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suppressor, miR-34a is a cancer therapy agent. Many studies have been conducted on
miR-34a and verified its suppressive role in cancer. However, some challenges have arisen
with the use of miR-34a therapy. One of them is the aforementioned miRNA degradation.
RNase is rich in serum and easily denatures miR-34a, as a result of which miR-34 cannot
penetrate the capillary endothelium and does not reach its target cells [158].

3.3. MiR-21

MiR-21 is overexpressed in almost all human cancers. It acts as an oncogene and may
be a useful clinical biomarker and therapeutic target. Its level also increases in endometrial
cancer [128].

Researchers have demonstrated different mechanisms of action of miR-21. Yan et al.
studied its oncogenic role by inhibiting the tumor suppressor gene FBXO11 (a member of
the F-box subfamily lacking a distinct unifying domain), subsequently inhibiting apoptosis
and stopping protein degradation [78]. In another study (Tu et al.), the opposite effect of
miR-21 and GAS5 (growth arrest-specific transcript 5) was observed. Reduced expression of
GASS in tumor-associated macrophages (TAMs) in endometrial cancer has been observed.
Its anticancer role consists in promoting phagocytosis, presenting antigens, and activating
cytotoxic T lymphocytes. MiR-21 as an oncogene inhibits the suppressive effect of GAS5 in
endometrial cancer cells [159].

As mentioned earlier, miRNAs bind to target mRNAs through sequence complemen-
tarity and lead to inhibition of translation and mRNA destabilization. It is known that this
process can be influenced by IncRNAs, through IncRNA:miRNA interactions. An example
of a IncRNA is MEG3, which changes the expression of miR-21 [160,161].

Another mechanism of miR-21 involvement was investigated by Li Xiao et al. and is
related to tumor cell hypoxia [162].

Under hypoxic conditions, cancer cells produced significantly more exosomes than
cells in normoxic conditions. Hypoxia increased miR-21 expression in exosomes. Monocytes
were also transformed into M2-like polarizing macrophages by delivery of exomal miRNA-
21, which may be a mechanism for the immune escape of tumor cells. MiR-21 may induce
a potential mechanism for creating an immune microenvironment in endometrial cancer
progression [162]. Hypoxia is, therefore, an aggressive feature of endometrial cancer and an
increase in miR-21 levels. This increase results in the downregulation of PTEN and a strong
increase in LICAM gene expression to promote cancer cell invasion and metastasis [162].

Overexpression of miR-21-5p has also been reported to promote epithelial-to-mesenchymal
transition (EMT). In contrast, miR-21-5p silencing reversed EMT in endometrial cancer cell
lines. This mechanism is related to the SRY-box 17 (SOX17). Overexpression of miR-21-5p
significantly inhibits SOX17 protein expression in endometrial cancer cell lines. SOX17 has
a suppressive effect and its overexpression promoted mesenchymal to epithelial transition,
while SOX17 silencing induced EMT in endometrial cancer cell lines [62].

MiRNAs also have their regulators. Such a regulator for miR-21 is circRNA, i.e.,
circFAT1. Wu et al. investigated this relationship and described CircFAT1, which was
upregulated in EC and positively correlated with miR-21 in EC tissues. In RL95-2 and
HEC-1-A cells, circFAT1 overexpression increased miR-21 expression and decreased miR-21
gene methylation, while miR-21 overexpression did not alter circFAT1 expression. Through
stem cell analysis, it was shown that overexpression of circFAT1 and miR-21 had an effect
on the number of stem cells that increased. In contrast, miR-21 inhibition resulted in a
reduction in the number of stem cells. In addition, the miR-21 inhibitor suppressed the role
of circFAT1. In conclusion, circFAT1 is upregulated in the EC and can increase the number
of tumor cells by upregulating miR-21 [163].

3.4. MiR-182

It promotes cell proliferation by targeting the tumor suppressor gene TCEAL? (tran-
scription elongation factor 7-like), which interacts with the E-box sequences of the Myc
cyclin D1 target gene. By affecting the regulation of Myc activity and the expression of
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cyclin D1, it causes cell proliferation and malignant transformation. Downregulation of
TCEALY? is associated with larger tumor size, higher tumor stage, and poor prognosis [164].

According to Donkers, miR-182 can potentially be used to distinguish high-grade
disease from low-grade disease [46].

Devor et al. studied the association of miR-182 and the altered expression of cullin-
5(CUL5), a member of the ubiquitin ligase family cullin-RING E3. They showed that there
were two miR-182 binding sites in the 3'-UTR of the CUL5 gene and that miR-182 was
overexpressed in two EC model cell lines of Ishikawa H and Hec50co. They showed that
CULS was the target of miR-182 in EC. Upregulation of miR-182 results in downregulation
of CULS5, which promotes EC proliferation [165].

Myatt et al. studied changes in the levels of some miRNAs and the tumor suppressor
FOXOL1. They showed that FOXO1 was downregulated in endometrial cancer compared
to normal endometrium. Whereas, the miRNA including miR-182 was upregulated. The
target of miR-182 was probably the 3'-untranslated region of FOXO1 transcripts [166].

3.5. MiR-200

Tt is a whole family consisting of miR-200a, miR-200b, miR-200c, miR-429, and miR-141.
Tt negatively regulates two transcription factors, ZEB1 (Zinc finger E-box-binding homeobox
1) and ZEB2, which are well-known suppressors of E-cadherin transcription [55,167]. E-
cadherin is a calcium-dependent transmembrane epithelial adhesive molecule involved
in cell cohesion. Reduced expression of E-cadherin has been linked to reduced cell—cell
adhesion, metastasis potential, tumor differentiation, and deep myometrial invasion in
endometrial and other cancers. In endometrial cancer, loss of E-cadherin is strongly
associated with histological subtypes where loss is more prevalent in EEC grade 3 compared
to serous carcinoma [46].

By targeting E-cadherin transcriptional repressors ZEB1 and ZEB2, the miR-200 fam-
ily can regulate the epithelial-to-mesenchymal transition and protect cancer cells from
apoptosis [168].

MMP2 is an enzyme that degrades type 4 collagen, the main structural component
of basement membranes. This enzyme plays a role in the menstrual breakdown of the
endometrium, regulation of vascularity, and tumor metastasis. The natural MMP2 inhibitor
is TIMP2 (tissue metalloproteinase 2 inhibitor), it is a metastasis suppressor. MiR-200b
suppresses TIMP2 expression and increases the activity of matrix metallopeptidase 2
(MMP2) [168].

MMP2 expression in endometrial cancer correlates with the histological grade of the
tumor, its invasion, or metastases. Increased MMP2 expression and low TIMP2 expression
are the strongest markers of endometrial malignancies with a high risk of local and distant
metastases [168].

Both miR-200a and miR-200b belong to the miR-200 family, but they have different
target genes, which is related to the difference in the seed regions [168].

MiR-200b is overexpressed in endometrial adenocarcinomas. It specifically inhibits
TIMP2 expression and increases MMP2 activity in HEC-1A cells. Both MiR-200b and TIMP2
and MMP?2 probably play an important role in the initiation and further development of
endometrial adenocarcinoma [168].

3.6. MiR-103

MiR-103 has an oncogenic effect. Overexpression of miR-103 increases EC cell pro-
liferation, while downregulation has the opposite effect. ZO-1 is directly suppressed by
miR-103. Silencing ZO-1 significantly promotes EC cell proliferation [67].

A possible therapeutic target for miR-103 is TIMP-3 (tissue inhibitor of metallopro-
teinase 3 expression). Yu et al. studied the effect of miR-103 on TIMP using a TIMP-3
inhibitor. They showed that miR-103 after transcription downregulated the expression of
the tumor suppressor TIMP-3 and stimulated growth and invasion in endometrial cancer
cell lines [169].
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An important pathway in the pathogenesis of endometrial cancer is the GAS5-miR-
103-PTEN pathway. GAS5 is a tumor suppressor gene important in stopping cancer
formation. It works by inhibiting the expression of the miR-103 oncogene, which increases
the expression of PTEN and promotes the apoptosis of cancer cells. Guo et al. conducted a
study in which they studied the GAS5-miR-103-PTEN pathway and found that it may be a
new therapeutic target in the treatment of endometrial cancer [170].

3.7. MiR-105

The miR-105 family, which consists of three members (miR-105-1, miR-105-2, and
miR-767). It is located on the human Xq28 chromosome. MiR-105 may play an oncogenic
or suppressor role in various cancers [171]. In endometrial cancer, it serves as a tumor
inhibitor. It is weakly expressed in tumor tissues and endometrial cancer cell lines. Further
upregulation of miR-105 inhibits the proliferation and metastatic potential of endometrial
cancer cells. A potential target of miR-105 is SOX9. It has been validated as an miR-
105 target transcript. MiR-105 likely inhibits the epithelial-mesenchymal transition and
gastric cancer metastasis by targeting SOX9. SOX9 is well established as a redundant
transcription factor regulating many developmental signaling pathways and its aberrant
expression has been associated with tumor initiation, proliferation, metastasis, and stem
cell maintenance. This is also true for endometrial cancer, as SOX9 has been reported as an
independent risk factor for endometrial hyperplasia in the uterine epithelium, which is a
precursor to endometrial cancer. In addition, overexpression of SOX9 was found to cause
proliferation of endometrial cancer cells. Other molecules can also act through miR-105,
such as Circ_0109046, which acts as an oncogene in endometrial cancer. This affects the
development of cancer and its metastases [172].

In other cancers, its function in promoting tumor metastasis has been demonstrated
by destroying the vascular endothelial barrier. This mechanism is based on the ZO1 protein
and has been described in breast cancer [79].

3.8. MiR-136

MiR-136 has also been studied in various cancers. MiR-136 has been identified as a
tumor suppressor gene in various adenocarcinomas such as breast cancer, colon cancer,
and lung cancer [173-175].

MiR-136 acts as spongeRNA for circ. PUM1. Circ_PUM1 plays a key role in the
development and progression of endometrial cancer, mainly through the uptake of miR-136
via a “sponge” effect, thereby promoting the expression of the NOTCH3 target gene [176].

Zong et al. revealed that miR-136 was an anti-proliferative and anti-metastatic miR in
the EC [176].

MiR-136 acts as a spongeRNA also for another circRNA, i.e., circ_0109046. Shi Y. et al.
studied the mechanism of action of circ_0109046 sponged miR-136 to regulate HMGAZ2 via
the ceRNA mechanism [177]. Shi Y et al. showed that miR-136 directly targeted HMGAZ2.
HMGA2 is a common oncogenic factor and is involved in various cellular processes
including cell proliferation, apoptosis, and differentiation. Meanwhile, HMGA2 accelerates
tumor progression in gynecological cancers, including cervical cancer, breast cancer, and
ovarian cancer. Ma et al. suggested that miR-302a-5p /367-3p-mediated HMGA2 promoted
EC cell malignancy [178]. In a study by Shi Y. et al., HMGA?2 was identified as a target for
miR-136. Importantly, HMGA2 augmentation abolished miR-136 mimic inhibition in EC
development [177].

Li et al. studied miR-136 levels in EC stem cells. They showed that it was significantly
reduced in EC tissues and its expression correlated with different FIGO stages and grades.
By means of a survival analysis, it was shown that patients with low miR-136 expression had
a worse prognosis. It was also shown that the expression of miR-136 in endometrial cancer
stem cells (ECSC) was significantly lower than in non-stem cells [179]. Overexpression
of miR-136 can inhibit EC cell proliferation, migration, and invasion. Overexpression of
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