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Wykaz skr -t -w

ARID1A - AT-Rich Interaction Domain 1A gen, gen domeny interakcji bogatej w AT

AUCiArea under curve, powierzchnia pod krzyw
BRCAl-Br east <cancer type 1 susceptibility pro
BRCA2- Breast cancertype2sustep bi | ity protein, Bi agko pod

BRIP1- BRIP1 gene, gen BRIP1
CA125- cancer antigen 125, antygen nowotworowy 125

CMIA-chemi |l uminescent microparticle i mmunoass

mi kr oczNst ek
DNA - deoxyrilonucleic acid, Kwas deoksyrybonukleinowy
ELISA - enzymelinked immunoassay, metoda immunoenzymatyczna

FIGO-l nt ernati onal Federation of Gynaecol ogy

Ginekologii i PogoUnictwa

HE4 - human epididymis protein 4, podfik c j a czwarta | udzkiego bia

nabgonkowych naj Ndrza

MLH1 - DNA mismatch repair protein Mlhbj agk o napr awy ni edopasows:
MMP-1 - Matrix metaloproteinase IMetalgproteinaza 1

MMP-2 - Matrix metaloproteinase 2, metaloproteinaza 2

MMP-31 Matrix metaloproteinase 3, metaloproteinaza 3

MMP-9 - Matrix metaloproteinase 9etalgproteinaza 9

MMP-10 - Matrix metaloproteinase 10\Metalgproteinaza 10

MMP-11 - Matrix metaloproteinase 11yetalgproteinaza 11

MMP-13 - Matrix metaloprotenase 13Metalgproteinaza 13



MMP-23 - Matrix metaloproteinase 23yletalgproteinaza 23

MMP-23A - Matrix metdloproteinase 23A gene, genrAetalgroteinazy 23

MMP-23B - Matrix metdloproteinase 23B gene, gemi&talroteinazy 23

MMP-26 - Matrix metaloproteinase 2@yletalgproteinaza 26

MMPs - Matrix metaloproteinasedyletalop r ot ei nazy maci erzy pozako
MSH2-DNA mi smatch repair protein MIh1, Bi agko
MSH6-DNA mi smatch repair protein DNAHBEHG Bi agko
OCi ovarian carcinoma, rak jajnika.

PIK3CA - phosphatidylinosite#4,5-bisphosphate-Rinase catalytic subunit alpha gene, gen
podjednostki katalitycznej alfal@nazy fosfatydyloinozytolet,5-bisfosforanu

PMS2- DNA mismatch repair protein PMSB,i agk o napr awy niedopasow
proMMPT pro- matrix metaloproteinase, pranetalgroteinaza macierzy

pro-MMP-1 - pro- matrix metaloproteinase 1, prmetalgroteinaza macierzy 1

proMMP-81 pro- matrix metallgproteinase 8, prmetal@roteinaza maciaey 8

PTEN- Phosphatase and tensin homolog gene hgerologu fosfatazy i tensyny

RADS51C- RADS51C gene, gen RAD51C

ROC- Receiver operating characteristic curve, krzywa charakterystyki operacyjnej odbiornika
ROMA - Risk of ovarian malignancy algorithra,| gor yt m ryzyka nowot wor
STK11- Serine/threonine kinase 11 gene, gen kinazy serysiceominowej 11

TIMP - tissue inhibitor ofnetallgroteinases, tkankowy inhibitonetalgroteinaz

TIMP-2 - tissue inhibitor ofmetallgroteinases 2, #okowy inhibitormetalgroteinaz 2

TP531 TP53 gene, gen TP53

WOCC-Worl d Ovarian Cancer Coal ition, Swiat owse



Rozdziag 1.

Wykaz publi kacj.i bidNcych podst a

Niniejsza praca doktor-skdnppsprakygagogNNtow
oryginal nych, kt -re ukazagy sin na gamach :
punktacjn I F oraz punktacjn MNi SW:

Publikacja 1.Kicman A, Niczyporuk M,Kul esza M, Mot yka J, Gawi
Metalloproteinases in the Diagnosis, Monitoring and Prognosis of Ovarian Cancer P&uerts:
Manag Res. 2022 Nov 30;14:333982.

Il F: 2.500; MNi SW: 140 punkt - w ( dukidacmageutycang c
iinne)

Publikacja 2KicmanA,Gacut a E, Kul esza M, Bnd&lkwgloavsk@
Knapp P, Niczyporuk M, Gawicki Bletaloprotengseso st i
(MMP-2, MMP-3, MMP-11, MMP-26), HE4, CA125 and ROMA Algorithm in Diagnosis of
Ovarian Cancer. Int J Mol Sci. 2024 Jun 6;25(11):6265.

Il F: 4.900; MNi SW: 140 punkt-w (dyscypliny c:
iinne)

Publikacja 3Kicman A, Gacuta E, Marecki R, Kicman MS, Kulesza M, KlaBlko k 0 g o ws k a
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Collagenase Group (MMB, MMP-8 and MMR13) in Biochemical Diagnosis of Ovarian
Carcinoma. Cancsrn(Basel). 2024 Nov 26;16(23):3969.

Il F: 4.500; MNi SW: 140 punkt-w (dyscypliny c:
i inne)

GNczna walkt1oSi I F =

GNczna MNBWEo 8RO punkt - w



Rozdziag 2. Wprowadzeni

Rak jajnika (ang. ovariarc ar ci n o ma, OC) cechuj e sin

rokowariem. J e d n o ¢ zrakSjajiika, pr zebi ega najczhin3ciwyUelp

wy mi eni ony ¢dhorobatgestd 1wt o nlacziycwhaynna z ab - j ¢ NO . N
przez chore odj awyS oibejj mujlINe npodbrzusza, cz
szybkie uczucie sytoSci. Objawy tego typu wi
z rakiem jajnika. Co waUne, diagnostyka@ak
przesi ewowych. Obecnie do jednych z niewiel

USG przezpochwowego or az o0 Z sanodzigneiubw lomhingcg E |
z uwzglndnieniem statusu menopauzal Aegot ym

standar demo pozostaje j ednak wyni k badani

z wykonaniem zabiegu operacyjnego i potencj
2.1. Nowotwory zgoSliwe jajnika

Nowot wory zgdoSliwe jajnika wywedkoM: rséki
nabgonkowych, kom-r ek rozrodczych | ub z k
Nowot wory nabgonkowe, czyl:. raki stanowi N w
jajnika jes chorobN niejednorodnN. Bazuj Nc na
mol ekul arnych i i mmunol ogi cznych, raka jajni
[ nisko zr-Unicowany (5% rozpoznaG@), en-dome
10%r ozpozna@) 4i% $loupowy aE} . Poszczeg:-1l ne tyg
sobN mifndzy innymi patogenezN, zmi anami n
odpowiedzi N na chemioterapiin. NajcznSciej
naj wyUszN SmiertelnoSci N, typem jest rak
za okogo 70% Smierci zwi Nzanych z nowot wor

wystnpowania | est rak endometroidalny skt - r

zr - Uni co6kany [ 1, 3

2.1.1. Epidemiologia i klasyfikacja raka jajnika

Zgodni e z dany mi Gl obal nego Obserwat or i
Observatory), rak jajnika |jest Si-dmym naj
wszystkich nowotworw z oSl i wych -smMolwi edNcN przycz)
na cagym Swiecie. JednoczeSnie r ak j aj ni k



ginekologicznychi zaj muj e bowiem trzecie miejsce pod
k1 asyf i ku jighcszyjkiimicicyzoaaz nakiekn endometriumdy Tylko w 2022 roku

w Europie zdiagnozowano 46 232 przypadki ral
Swi atowe | Koal i cji na rzecz Walki z Rakiem
wocCC) , |l iczba zachorowa® bndzie dal ej rosga

raka jajnika z czego aU 223 tysiNce umrze [

Mi ndzynarodowa Federacja Ginekologi.i i P
stopnie. Zaawansamie choroby wzrasta wraz z stopniem schorzenia. Rokowania pacjentek
z rakiem jajnika, malejN wraz z stopniem za
dla pacjentek w stopniu Ill wynosi 27%, w stopniu IV to tylko 13%. Wykrycie raka jajnika
w stopniu niUszym tj. I l ub I 1 przekgada si
|l 1 ws klaéftnnike do przeUycia wynosi(cCa@¥%ownatomi a
przeUycie dla kobiet 240 4 Ki, d@d, La] ni Kdewydo
pacjentek jest diagnozowana w wysokich stopniach schorZehid | l ub IV co v
z wspominanym brakiem bada®@ pr zazckevanedelily c h p

2.1.2. Objawy i powi kgania raka jajnika
Jakws pomi nano wczeSniej, rak jajnika ma naj c.
sN nieswoiste i nie zawsze zwi Maagrep®eamd §j

siwvi zaawansowanych stopniach chorlodbyzdgdddzdj

podbrzusza i/l ub miednicy. Do innych objaw:
sin wzdnci a, wczesne uczucie pegnoSci, pOWi
cznsto zggaszanych objaw-w ezail i @g-al nPacjgatkibry d z

uskarUajN sin r-wnieU na cziste parcie na m

Typowe objawy ginekologbcmereophaegimaj Nbkt

podczas stosunku [1,AB0 ] . W miarn z postnpem chor giby,
jelit lub nerek skfut kaQ Nz, 2w ] ni edrnd Envwadlc i j
strukturami antonimicznymi, zguszczone kom- 1

[ poprzez pgdyn otrzewnowy sN ragpihpwiaezpaoen
odl eggych. Wyni ka z tego oognemiei @$i- whi ez wy cwhN
whzgach chdonnych, koSci BHajhgzinsmt ggN Pr ayc

u pacjentek z rakiem jajnijae st ni e d[t,2336l.o Si j el i t

10



2.1. 3. NajwaUniejsze czynni ki ryzyka raka j
2.1.3.1. Wiek

Wiek naleUy do jednych z najwaUniejszyct
Zasadniczo wraz z wiekiem roSnie ryzyko wys
gg- wni e nkeonboipeatu zpioe i w 50% przypadk:-w jest
wszystkich typ-w raka jajnika w okresie po
surowiczy niskozmryUnoocojwakhy wspominano wcze§
rokowaniem2,18,23,26].

2.1.3.2. Uwarunkowania genetyczne

Poza wiekiem, uwarunkowani a genetyczne ¢
jajnika. Funkcjonalne biagka BRCAl1/ BRCA2 od
DNA poprzez proces rekombinacji homolog z nej . Utrata funkcj i
niestabilnoSci N genomu i w r ezul t-3]cS$zacowanea n s
Srednie ryzyko zachorowania na raka jaj-nika

50% natomiast w BRCA2 ok-85%.Zgodnie z danymi literaturowymi pacjentki z rakiem jajnika

u kt-rych stwierdzono mut acj e w BRCA m.
Z innymi typami mutacji. JednoczeSnie mat ac,]
wyni ka zpadestljpmua deN w BRCA2 | epiej reaguj N
ochronnN u pacjentek z mutacjami W genach
jajni k- w

i J aj ¢3@,81H - w

Szacuje sin, Ue zesp: - gli%nphaypaddlwwvadaa

genetycznie raka jajnika [32,33]. U podstaw
gen-w odpowiedzi al nyc AMHLE MB3H2, MSHHowrsizP M S A ciowke 9 | e |
ryzyko zachorowania na raka jajnika w rod:z

a najcznstszym typem histologicznym raka st
Met odN pr oMtymizespotgyecsztn Noper acj a @by st owomne gquo iV
[33,35,36].

R-wnieU mutacje w innych genach mogN byl
raka jajnika. Zalicza sin do nich fRiamera)y i r
STK11 (zesp-§ Peutz URbheRADSDCacz-$9pke OhPARLI

11



2.1.3.4. Czynniki ginekologiczne

DuUa cznSi czynnik-w ryzyka zwi Nzana jes
Szczeg:-Inie dobrze poznano wpgyw endometri o
zmianye ndometroi dalne majN tendencjn do zez{go-
zl okalizowanN w obriabie jajnik:-.RyzykatjdstoB0% k s :

wyUsze ni U w populacji og-lnej [Ai0Ofka ®Wapaeh
z endometriozN |jest typ endo nmeezmiang novaworowej P ¢
z ogniska endometriozy jest zgoUony i obej mt

wpgyw estrogen-w (hiper e stzmianyezakurzema genekaziveo t
(mutacje somatyczne w genach PIK3CA, PTEN, and ARID1A). Zasadniczo jednak pacjentki
z rakiem jajnika zwi Nzanym z endometriozN n

odpowi edni o wczeSnie [41,42].

Zgodnie z nielic n'y mi doni esi eni ami naukowymi, g
prekursorami zmian zdoSliwych. Mimo, Ue wihn
ryzyko rozwoj u raka j aj ni kaU padentekp o d dkresieu [
postmenopauzalnym saag e sin, Ue j est 0,3% szansy

(jednokomorowej) cysty. W przypadku zgdoUony

Do innych udokumentowanych czynnik-w r1Yy:z
obrnbie miednlecypacWyknazkano,zwgaszcza 2z nawr
wyUsze ryzyko zachorowania na raka jajnika
mi edni cy mo UGhlarhyyi4 trachonfatisk wy 8 azano, Ue pacjent

przechodZj y i nChlanydig teachomatimaj N wi inksze ryzyko rozwo
2.1.4. NajwaUniejsze czynniki protekcyjne r

Zgodnie z teori N Anieustannej owul acji o,
wzrostu ryzyka raka jajnika. Wz asi e owul acji dochodzi do us:
ul ega regeneracji, powt arzaj Nce sin uszkodz
wyst Npieni a bgnd-w podczas procesu repl i k:
cozkoleizw hksza ryzyko transformacij.i nowot wor o

hamuj Ncy owul acjn bnindzie przyczyniag sifn do
z takich czynnik-w sN pigugki ant yk cedukugep c vy |
ryzyko raka jajnika niezaleU5%jie od jego typ:

12



Potwierdzonym czynni kiem protekcyjnym j e

jak i ni edonoszona zmniejsza ryzyko raka |
Wykazano, Ue r-wnieU zwifkszenie | ichaowaniaci N
na raka jajnika [27,32,56]. Mechanizm ochr

z protekcyjnym dziaganiem wysokich stnUe@E
[56].

BezpoSrednio 2z c¢i NUON zwi Nzasnal jjesstt |jakdt
udokument owanych czynniWwysvt N pkadamikaaiadathoMoowaz h |
z wydguUeniem czasu karmienia piersiN obs:¢
Mechanizm ochronny karmienia piersiN, podobi
wywogywaniu cykl i b eapodatmie @ezahgmowanidnuwaniaaizhormona w
|l uteinizuj Ncego kt-rego u degonaiptwprg?s32u|l owany |

W licznych badaniach wykazano r-wnieU,
wyst Npienia raka jajUmika, wj ednaekilnedsi i poud Nt
Najwinkszy spadek ryzyka obserwuje sin w pi
Prawdopodobni e podwi Nzane j aj owody stanow
karcynogennych [1,59,60].

2.2.Metaloproteinazy maci erzy pozakom-rkowe|j
2.2.1.Rola metaloproteinaz w warunkach fizjologii i patologii

Metalgpr ot ei nazy maci er zy p onetaldrotemased), MMesjto ( a
grupa enzym-w o wgaSciwoSciach protenljogew

cynku. W organi zmach krngowc-w wystnpuj e
u | udzi . maygiorknaza 23¢MMP 3 ) wystnpuje w dw-ch f
przez dwa o MMRA2BAieMMB28B j-3,61-6 7 ] . NadrziandnN fun!

urz y mywani e homeostazy tkankowe]j poprzez deg

co jest walUnym el ementem Poda¢kowo|feganrzegmy

w degradacji innych el ement - -w takichwzostk en
oraz krzepnincia krwi, i nhi bitor-w proteaz,
Ponadto pwSrpeodusitaawani u chemoki n, czynni k- w

czynnych peptydowz ni eaktywnych pr et Wgkazew w [ & 2 MOIF
sN produkowane przez kom-rki r-Unego typu mi

trombocyty oraz kom-r ki endotelium [1, 3, 65,

13



jednak

z wzglndu

1.t el at;R.rSaamielizyny 3. Matrylizyny; 4 Kolagenazy

najcznSci ej

na

5.

MMP s

stosowpedlti meanpbarpgawej a
spektrum s3y7/68%tlr at owe

kt -re dzi i

typu b,

Pozost a.g ez MiPzmdstawiona tabeli 1.K u r s yazmdtzono enzymy opisywane w

rozprawie doktorskiej

chymaza | ub

podj wPbg§kwe ymwn yaly arietdi@reteinaza B (MR

14

Tabela 1. Podziag MMPs
Nazwa grupy Enzymy nal eUNce do danej
telatynazy Met al ot ei na29 2 ( MMP
Met al ot ei na®a 9 ( MMP
romielizyny Met il ot ei na#88g 3 ( MMP
Met al ot ei nazla0)L0 ( MMP
Met al ot ei nazlal)l1l ( MMP
Matrylizyny Metal ot ei naZza 7 ( MMP
Met pal ot ei naza6)26 ( MMP
Kol agenazy Met al ot ei naddg 1 ( MMP
Met al ot ei na83d 8 ( MMP
Met pal ot ei nazh3)13 ( MMP
Met al ot ei nazla8)18 ( MMP
Metal ot ei nazy ty|Metptoteinazhad4)L4 ( MMP
Met al ot ei nazla5)15 ( MMP
Met al ot ei nazla6)16 ( MMP
Met al ot ei nazla7)L7 ( MMP
Met al ot ei naza4)24 ( MMP
Met al ot ei naza5)25 ( MMP
Pozostage MMPs Met pl ot ei nazl2)12 ( MMP
Met al ot ei nazla9)L9 ( MMP
Met al ot ei naza0)20 ( MMP
Metal ot ei nazzal)18 ( MMP
MMPs sN wuwalniane do Srodowiska w posta
pr oMMPS zachodzi pod wpgywem innych enzym-w

j a



3), dzi esl0)Nb azterGaBtM@MMR 4) . pr o MMPs mogN r - wni
poprzez reakcjn z metal ami ci nU0Oki mi, Srodk:
[1,7,6571].

Akt ywnoRBd jMavs t regul owana gg-wnhie poprze

metal@roteinaz (ang. tissue inhibitoo§metallgpr ot ei nases, TI MPs) Kkt -r
nieaktywnN postaci N MMPs. W organizmie -cz§oc
1;23;4). Do i nnych inhibitor-wakwMPgl doad ti wthray psi

prekur s or enmngdoidbiinkilbhtd protefazy serynowej [1,7;69

Fizjologicznie aktywnoSi MMP s utrzymywa
poSredniczNj awilsikazry cfhi z7 ol ogi cznych organi
mi ndzy I nnymi w regul acji proces-w na poz
proliferacja oraz apoptoza. MMPs medi uj N r -

zapalnej.Enzyjm te bior N udziag w gwy&ynanfianmi 8¢ @d

[ ml ecznych a takUe w przebiegu owul acj.i or
menstruacyjnym. Co waUne istotna rola MMPs
[ organogenezy, gdzie bi oriNz wgdazsi zacgz aw ordazevech

sercowenaczyniowego [1,3,65,66,68,70].

W momencie, gdy dochodzi do dysrequlddjMP s, pr zyczyni aj N si i

chor - b. Wy kazano i stotN roln MM P shaczyniowegot o0 g
(mi aUOdyca, tntni aki, choroba niedokr wi enna
nadci Snieni e tft(misazmem),, wid kend hremwegop uc, pr
pguc, rozedma pgdguc) nerwowego (choroba Parki
boczne, stwardnienie rozsiane, choroba Hunt
choroba nerek nefropatia cukrzycowa) . Szczeg:- Il nie

karcynogenezy [1,7,681]
2.2.2.Rola metaloproteinaz w karcynogenezie

Wy kazano, Ue MMPs mediujN w wszystkich s
odpowiedzialne za indk c j i niestabilinpSzyk gageemmotweg o
metalgroteinaza2 (MMR2) Kkt -ra |l okalizujNc sifn w jNdrz

odpowi adaj Nce za naprawin uszkodze@ DNA. MMP :

kom:-r ekwomowo/tc h . W obrnbie zmiany rakowe] [
szczeg-lnie istotna r-wnieUO w dalszych et a]
przyrost masy guza. W bardzi ej Zaawansowany
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sizh powst awaniem ogni sk przerzutowych co-wyn
75]

2.2.3.Charakterystyka wybranych MMPs w raku jajnika
2.2.3.1.Metaloproteinaza 2 (MMP-2)

MMP-2 nal eUy do grupy Uel at yn aA{76]. Rodobknieyala n a
inne MMPs, MMR2 jest produkowana w postaci peon z y mu gg- wni e pr z
keratynocyty, kom-rki endotelium, chondrocy
Aktywacja MMR2 zachodzi gg- - wni e ,naw ptoywm eprzeadhesi ek
mi ndzy metalpy mt ei naza 1 typu bJgonoedimgec koraztpmh
tego enzymu pobudzaj Natakmiyavstcj wy MMPi € bigrad h a
udziag zar - wno Ww 2z jjakipataldgiezoybh. Enzym jferoodpmgiedziamyjgst h
za remodeling tkankowy, gojenie ran, utrzyi
Nadmi erna aktywnoSi wiNUOe sin z rozwoj-em

naczyniowego [76,80] oraz wydalaiego [76,81].

MMP-2 ulega ekspresji w fizjologicznej tkance jajnika [1,82,83], materiale biopsyjnym

raka jajnika, ni ezal eUni-87] wad w pgeiskach frzagrputowybhi s t

raka [ 88]. W przypadku matiefr ira-glinibd owsy¢ nieq
MMP-2
w zaleUnoSci od typu histologiczRegberh¥kgaj

od stopnia raka jajnika oraz rozmiaru zmian

leczenia. Wykazano natomiastrke | acj i mi idz8% a@akebeesp8SciMMPpr

tendencjN choroby do nawrot-w [89]. Ba@ani e
a rokowani ami pacjentek z rakiem jajnika sN
i wsp., [89 EKinci i wsp. ., [ 88], oraz Manet. i ]

mi fndzy ek s-pwtkasce tdkowe)Mdnikamkowaniemp acj ent ek. Jednal
Davidson i wsp., [88] oraz Morales8 s quez i wsp., [ 93] ,w wkyasm- krak
rakowych oraz ogniskach przerzutowych wiNza
ekspresia MMR2 w podScielisku dumgadnéeet zk weditSicN Ns
MMP-2 w podScielisku wi NUe stékioo,21]. Zgedpie zbgdariiamir o k
Ekinci i wsp., [89], ekspresia MMR  w podScielisku wiNzaga si.f

pacjentek.

StinlUeni2a bMNMB wstinpnie ocenianie r-wniel0

wykazano, Ue pmajEnnhklUsze rakfi@enni a tego en:
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gagodny mi [ 90, 922 9Bile ByFiddenmabkbe WP od sto
z kl asyfikacjN FI GO [94]. Dodat kowo ni2e w)
rokowaniempr zeUyci a pacjentek [90, 95]

2.2.3.2.Metaloproteinaza 3 (MMP-3)

MMP-3 nazywana jest -L:RnbobdlUkseswaoami pesrzypN
fibroblasty natomiast jej spektrum substrat
vV, X1, I X, Uel atynn, fi bronekt yondigt kloawoi, n irna
czynni ki wzrostu oraz recept®rywbpaowej ¢35t
innych MMPs takich jak prdIMP-1, -3,-7,-8,-9 i -13. Fizjologicznie MMP3 zaanga Uowa
w sygnalizacjn mindzyk o nk gojenewad, remodelidgtkaokowya n i
fizjologin adipocyt- -w ora28j mpNadmiaeij ma3 akto

prowadzi do rozwoju chor-b ukgdgadu ner wowego

Ekspresja MMP3 jest stwierdzanaw r awi d o we j tkance jajnil
nowotworowej [83,101,102]. Ekspresja MMP by g a stwierdzana w
hi stologicznych raka jajnika [ 833w eHlu]jajnikaNa | e
wi Nzaga sif z sHiezfFlcOiepma cgremrtkhbdy wzgadpni ach w
ekspresje tego enzymu [83,100,101]. Jednocz
ekspresji MMP3 w tkance rakowej eokowaniempacjentek [83,102,103].

Il oSI bada@ donegijczNr e d altjakandkecjnmiorowego
z kr wi obwodowej jest mocno ograniczona. Po
jajnika miagy w8Uswze@ost wWwdania MBPkobiet 1z z
poziomy MMR3 stwierdza si u kobi et w wyUszych stadiac
z wysokimi wyj Sci owy mii awjayr tgooSrcsi zaemir oMkMPwa ni a

stnlUeniami tego enzymu [104].

2.2.3.3.Metaloproteinaza 11 (MMP-11)

Metaloproteinaza 11 (MMFL1) jestnazywam r - wni eU stromi el i zyn
poznanych wgaSciwoSciach i dziagani ac-l Z
produkowana jest gg-wnie przez fibrobasty o

i stotnN roln t mgesach ainekojogiaznychiv z wgas z c z a Z Wi
z rozrodem [ 71] . Enzym t en bierze udzi
[ proliferacj.i kom-rek [71,105]. Wykazano r
typ-w nowotwor - -w [10811w6porCownwalUone doMMRBRNYy
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MMPs ma szczeg-lne wgdgaSciwoSci . P akywiyenzyms z e
(w odr-Unieniu od innych MMPs wuwalnianych
kl asycznych skgadowych macierzy pozakom:-r ko
Wykazano, Ue ma zdolnoSi d&eryeagaainpsyiVitraz n h i
bi agka wi NUNcego i nsu-ljl0s80flodobny czynni k wz

MMP-11 podobniejak MMBB ul ega ekspresji w fizjologi
w nowotworach jajnika, ni ezal e UR,108]. Co diekgwe, g o

wysoka ekspresjiMP-1 1 wi Nzaga sin z wyUszN ekspaaesj N

metal@roteinazal3(MMRL 3) [ 101]. Poziom ekspresji tego
raka jajnika zgodnie z €| GQkai18n0109phblyJed
zal eUaga od prognoz pacjentek [93,103]. Ob e

MMP-11 w krwi pacjentek z rakiem jajnika.
2.2.3.4 Metaloproteinaza 26 (MMP-26)

Metalgoroteinaza 26 (MMR2 6 ) nal eUy rylioyn. §osiada ypral mene n i
z uni kalnN sekwencj N przegdgNcznika cysteiny i
cynku. Spektrum substratowe MMP6 o bej muj e klasyczne skgado
takie Jak kol agen tegidaynn o Vaz el amitryinmnp . f
powinowactwo MMP26 do aktywacji metalgroteinazy 9 (MMPO) [110]. MMP-26 jest
produkowana | est przez fibroblasty oraz ko

[71,111]. MMR2 6 szczeg-Ilnie zaapngabowaamracypegenew

w stymul acj i angiogenezy Zgodnie z danymi n .
sin w przebiegu raka pguc [112], piersi [ 11
MMP-26 ul ega ekspresji w tkance jajnika i

nar ZifMmoWe byl ona wysoka | ub niska [1,113].

stwierdza si-86, ekdpregntastwigrazanMjbsPw wszystkypach histologicznych

t ego schorzeni a [1,93,101,113]. Dodat ko
odstopniaFIGOpacj ent ki w stopniach wyUszych26gwl! I |
por-wnaniu do pacjentek w stogplneUndSdil, millgz
ekspresji MMP26 arokowaniemp acj ent ek [101] . Ni e i1 stniej
dotyczNce zmian-2wW wt fplhecnieanctche KMMP r aki em j aj

zdrowych | ub pacjentek z zmianami gagodnymi
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2.2.3.5 Metaloproteinaza 1 (MMP-1)

Metaloproteinazal (MMPL ) , nazywana inaczej kol agena
MMP-1 produkowana jest przez fibroblastoaz ke

makrofagi . Enzym ten rozszczepia skgadowe
budul cem macierzy pozakom-rkowej takie jak
martwicy nowotwor - -w. -W NUer ai poWwamiga pracasacihe Vi
zapalnych oraz wg-knienid pleT7Tkel lud]z.i aBo dva't
aktywuje inne MMPs takie jak MMR lub MMP-9) [114,115].Wy k az an o, Ue z\

aktywnod3i wMMMBe sin z chorobami rpazvedjieng amiNea!

oraz mindzy i nnymi reumatoi dal nego zapal eni .

Dane naukowe dotw crzakkcue jMMPMi ka sN doBi n

zostaga potwierdzona w fizjologicznej t kanc
zar-wno w zmianach gagodnych jajnika jak i
[1,93,113,117,118]. Zgodnie z pracN Behren:

stwierdza sin widUszNoeksypaas jun diMPuegaseksprési g o (
zar-wno bezpoSrednio w kom-rkach rakowych |
badani a, kt -re wykazagy by-1k omkoednianu padjentgkooraz 1 d

jakiekol wiek badani a dwasyopwythc e kr wi lub 1 nn
2.2.3.6.Metaloproteinaza 8 (MMP-8)

MMP-8 zwana jest r-wnieU kdl agéeiljy 20 podq
Enzym produkowany | est przez kom-r ki takie

oraz mifnSnie aqbasdkiad.owepdltgorumng ymu obej muj

1 oraz 111, fibronektynn -MMRE&z wyspecjalizoavanyclh 7 1 ,
ziarnistoSci zachodzi pod wpgdgywem r - -Unych b
interleuk na 8, czynni k martwicy nowotwor - w, skg
fibryny i czynnik stymulujNcy tworzenie kol
ma i stotne znaczenie W rozwoju i pPBgrzesiia:l
wykazana w przebiegu ast my, zapalenia przyz

Dane naukowe doBywzNae&ur glaij nMMR sN bar d
MMP-8 ni e | est stwierdzana w prawi dgowajnkh st
[1,118,124]. Obecnie ekspresja MMP w z mi anach gJgagodnych nie
ekspresa MM u pacjentek przekgadaga sifn na gor

bidNce w wyUszych stopniach zaa vwkamskoowaNn ieak sg
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MMP-8. Dodat kowo wyU&zawielzama shyg amMmBy (kstz-N ae K|

zwi Nzana z progresjN raka jajnika [1, 124].
2.2.3.7 Metaloproteinaza 13 (MMP-13)

MMP-13 (kolagenaza IlI) jest kolejnym enzymem z grupy kolagenemdURowana jest przez

kom-rki tkanki gNcznej, zwdaszcza podczas |
MMP-13 degraduje kolagen 1, I [ I I IV, VII
remodel i ngu t kanek, mebdi uoem- r kwvwy e b tv a kzi jce

imigracjai d | at ego teU wykazadl® wzaoeg-oljuNir @lriogl

szczeg-lnie w tworzeniu przerzut- -w [125,126

W fizjologiczne]j tkance jaj-b83kaonbajgst wij
obecnoSi w tkance rakowej raka jajnika moUe
[ 93] . Ekspdar3esgtiwiMMRIza sin w wszystkich ty
[1,71,101,118]. Wykazano r - w3 ardbwaniaripatenelS| 1
iwysoka ekspresja u pacjentek przekgadaga si
przypadku MMPL , r - wni eU ak3 ywndSi badM®Pna w pgyni e
Akt ywnoS&l3 MMPcystach jajoni haewkee8hbhanailkyga

r-Onicy w akltd wmiolScay MiwPst ami Gagodnymi i 2z
donosi o st-h¥ewipgynniMMPpobranym z jamy otrz
postaciami raka jajnika (w lll lub IVtsopni u FI GO) , pacjent kil3z w
mi agy gorsze rokowania [127]. Obecni e ni e

diagnostycznej MMPL3 oznaczanych z krwi obwodowej pacjentek z rakiem jajnika.

Podsumowani e naj waSknii eojpsizsyacnhy cvhg aMMPisw pok a z u j

Tabela2.Naj waUni ej sze wgaSciwoSci opisanych

Enzym Kom-rki pro Spektrum subg
enzym

MM P-2 Fi brobl ast|Kol agen typu I,

keratynocyt| Uelatyna, fibr
Sr-dbgonka, agrekan, el ast
osteobétakoyg biagko mieliny

pgyt ki Kr wi
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MM P-3 Fi brobl asty| Kol agen typu I
| X, fibronekt
|l ami nina, agre
dekoryna, pods
mieliny, kazei
MMP11 Keratynocyty Kol agen typu |
kom-rki na proteolfkl Bamgy
fibronektyna,
agrekan.
MMP-2 6 Kom:- r ki nak kol agen typu I
fibrynogen,
witronBlfanyyayry
MMP-1 Fi brobl asty, /Kol agen typu 1,
kom-r ki Sr i X1, Uel atyn
makrofagi, tenascyna, agr ¢
c hondrpojcyyttkyi,, wi tronektyna, |
osteoblag mieliny, owost
MM P-8 Chondrocyty Kol agen typu
Sr-dbgJonka, fibronektyna
makr of agi ovostatyna
mi nSni gge
MMP-1 3 Kom:- r ki nab/lKol agen typu I,

neurony

X1 V, izofor ma t
fibronektyna, |
pl azminogen, O0S5S
kazeina;hafii brny

proteinaz seryn
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Roz dz Cdeprag .

Celemr ozprawy doktorskiej bygo

1.0znaczeni e -$%MNRIZMMP:S, MRS MMP-11, MMP-13 oraz MMP26 oraz
dw-ch marker-w por-wnawczych HEkemijgnkahli 25 w

zmi anami gagodnymi oraz u zdrowych kobiet.
2.Wyznaczenie algorytmu ROMA u pacjentekrza ki em j aj ni ka oraz zmi

3.0cena korelacji stnUe® badanych paraméabr - w

zz mi a nagoariymi @razdrowychu kobiet.

4.0cenao ¢ zxiwiggndStyczaj, swoist® ¢ ujemrejw a r di ppeBykcypej, dodatngjwa rd o S
predykcyjrej mocy diagnostycznefAUC-ROC) b adany c h parametr - w sa
gNczonych kom@airkacjaach por - wnawczymi

5.0cengpr zydatnoSci diagnostycznej badanych par

nowotworowe raka jajnika.
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RozdzRegl dzacja cel -w nauk

4. 1. Om- wi enp eg IpN)ba. Kiejancj Niczyporuk M, Kulesza M, Motyka J,
Gawi cki S. U tMietalloptoteinaset in e Diagnosis, Monitoring and Prognosis
of Ovarian Cancer Patients.Cancer Manag Res. 2022 Nov 30;14:3358882.

Celem pracy byga anal i za daczbiaidiagngstytznegoy n i
enzym- w netalgroteinazmacierzy w diagnostyce pomocniczej raka jajnika.

Wewst npie pracy zostaga s zer olkepidemiologayi o n ;

objawy, poniei kakgadni e om-wiono r-wnieU zar - wn

potencjalne czynniki o charakterpeotekcyjinym Do dat kowo, autorzy po.
na czynni ki o charterze niepewnym co do kt -
Kolejny rozdziag wpr onetalqgp zat eiagazdnmaaoi er zy . F

dokgadne dziaganie tych enzym-w oraz naj wal

substratowe, Podziag ten bndzie wykor zaghstyw
oryginalnych. Autorzy przedst awi metalproteinazvw i e U
organizmie czgowi eka, wr az z procesami fiz

patol ogiczne kt-re zwi Nzane sN N tzywihn kaeez oNnzN
z wymienieniem najwaUniejszych jednostek ch
roln tych enzym-w w.Opreanasi @ ok §gammdtgiraanazane z ¢ I
zal eUnoSci od stadium tego zjawi ska.

PrzechokdoziNegg ndjoc h rozdzi agd-w pr acy-zmaeéener zy
metal@roteinaz w diagnostyce raka jajnikdetalgp r ot ei nazy z o st -&gognieopi

z podziagem wspominanym w wczeSniejszycdh ak

uwagin ekspresjn tkankowN, stnUenia w krwi,
danych dotyczNca roli tych enzym-w w raku |j
do ekspresji tkankowe|j oraz b esmigeo Bewielel praco  d

por-wnuj Ncych ekspresjn tkankowN mifndzy nowc

Wstipne wyni ki bada@ wykazagy metaldeoteirak 8 pr e
pacjentek z rakiem | aj niu#oakobietedi@vycs oraz pacjentékz |
zmi anami gagodnymi . Ekspr eagretalp oo tagi nsatzi Uleati
stopniem raka jajnika oraz cinUkoSci N choro
z tych enzym-w w @ gmaoczjoevatnd ku arbkzo mao k en
oznaczanych z kr wi . P o ndgrniczoba, oreedzneapkzepioladzgrie d
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winkszepadd®SgpednoernaaghNcgch potencjalnN p
metal@roteinaz u pacjentek zx aki em | ajni ka,uwzgl é6dokzegi kn

magoi nwazyjnych takich jak badania kr wi

Pods umo wa jtyNic etapieni e da sin jednoznaczni €

metalgroteinazw di agnostyce raka jajnika. Wy ni k a
ograniczonych ggdg-wnie do ekspresj.i t kankowe
DIl atego teU, po analizie piSmiennictwa post.
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4. 2. Om- wi e rdryginajmej)2. K ikcanegn A, Gacuta E, Kul es
Marecki R, Klank-So ko gows ka E, Knapp P, Niczyporuk N
Selected Matrix Metalloproteinases(MMP -2, MMP-3, MMP-11, MMP-26), HE4, CA125 and
ROMA Algorithm in Diagnosis of Ovarian Cancer. Int J Mol Sci. 2024 Jun 6;25(11):6265.

W niniejszym badani u-20diR-a Mye Il orazsMviRdbevn i a
osoczu jako nowych biomawrkemri-w dakrautjyj awyka
HE4 oraz algorytmu ROMAP ot e remjsa (r § oznaczony samodzi e

gNczonych.

Badanie obejmowago 120 pacjentek z rakie

Organi zacj i Zdr owdQa poarcagjze nk kyptmerzi - wakFHlem | aj
Kliniczny (I-1 V) or az kl asyfi kacjn h i sztro-1Ubngii ccozwiahh y
endometroidal ny, r ak Sluzowy oraz rak jast
wykonana na etapie diagnostykiz pi t al nej , materi agem badany
materiag biopsyjny. Badanie podstawowe, bad
zostagy wykonane przed wprowadzaniem jaki eq
chemio lub radid er pai i przed pobraniem pr - bki Kr wi

wykluczone z badania z wzglndu na wysokie s

pisemnN zgodnin na udziag w badaniach oraz hi:

Grupn kontr o0 niNa csjteamtoewki §zo z7mi a n a mi gagod!
oraz 50 zdrowych kobiet. Pacjent ki Z zmi ane
Uni wersyteckiego Szpital a Kl i ni cz2082g mraz w
w Uniwersyteckim Centrum Onkoo g i i Uni wer syteckiego Szpita
w latach 2012 0 2 3, pacjentkom wykonano badania hi s

Zdrowe kobiety bygy ochotniczkami wgNczonym

rodzinnego oraz ginekologa Uniwersyteckiego Szpitala Klinicznego

w Biagymstoku. Dobrane do bada® ochotniczki
(badania | aboratoryjne, cytologin szyjki m
wykluczono pacjentkizvy wi adem kl inicznym w kierunku gac
Przed pobraniem Kkr wi do badaG, wol ontari us:
r-wnieU badanie ultrasonograficzne. Od wszy:

wbadani ach oraz historifn medycznN.

Materiagem badanym byga krew h@ylamay,nfipdhb
W ci Ngu godziny od pobrani a, krew byga wir
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pozyskania osocza. Nast fnpwanew wraperataras 10CdAd zai (b |
mo ment u wykonani a oznaczeCE. Oznaczeni a Wy
i mmunoenzymat yc zlinkdd ifineunogssay ELISA)y Webadaniu wykorzystano

zestawyf i r my R&D Systems. PoimidEorazCAIBy wy Wy ala nma m
chemiluminescencyjnN z uUOyciem mi kroczNst

immunoassay, CMIA).

U pacjentek z rakiem jajezinkanamipogawgoadnmn
zdrowych kobiet stwierdzoniopd wy Us t di Ve n-illaHEMMP r az CA125. R- w
procentowe algorytmu ROMA bygy naj wyUsz2 u |
oraz MMR2 6 naj wyUsze stinUenia stwierdzono u
w por-wnaniu do pacjentedkwygchaknatmo niais tbkyatyid
por-wnywalne mindzy pacjent kami z rakiem j a
zdr owych. |l stotne korel acj e -llwiy HEd zomn MMPILy § N c
i algorytmem ROMA.

CzugoSi i swogicgtna$Si dbidagmos i ujemna war

di agnostycznego wyznaczong@rOPrepbgt pgmoaoewcelpata

oceny uUytecznoSci klinicznej. Naj wyUsze w
MMP-26, CA125 i ROMA. Przeprowadze nROMA p anpribymio ny c
met al oprotei nami zwinkszygo wd rntaojSceips par amn

parametr - -w diagnost ycz nMMPR+MER3HMMR-ILe MMAR-26 Kk O |
+ ROMA.

Uzyskane wyni kadanevw pracMiMjP8, nlle wykazuj N p
samodzielne biomarkery raka jajnika, ale mo

uUOytecznoSi diagnostycznN algorytmu ROMA.
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4. 3. Om- wi e ni -eKicrpam B, Gaduta &,jMarecRi R, Kicman MS, Kulesza M,
Klank-Sokogowska E, Knapp P, Niczyporuk M, Szmi
of Metalloproteinases from Collagenase Group (MMPL, MMP-8 and MMP-13) in
Biochemical Diagnosis of Ovarian Carcinoma. Cacers (Basel). 2024 Nov 26;16(23):3969.

Celem tego badania bygo okreSlenie-lprzy
MMP-8iMMP-13) w di agnostyce raka jajnika w por
ROMA.

W badaniu wzingo ud ziem gajnikh Xdk supowiczy eniekb e k

zr - Unicowany, rak endometroidalny, rak | as|
zmi anami gagodnymi jajnika (cysty badanpivy G a e )
krew Uyl na pobrdahapaayaintykoa@iMVR-Bdraz MER1L8 a M
oznaczono metodN ELI SA, mar kery por - wnawcze
rakiem jajnika oraz zmi anami gagodnymiki wy :z
anali zowano met odami ni eparametrycznymi or a.

Naj wyUs ze s-1 orézeMMiRES stMidddzono u pacjentete rakiem jajnika
w por-wnaniu do pacjentek z zmianami gagod:
MMP-8 stwierdzawou kobi et zdrowych w por-wnaniu do |
z zmi anami(jeghaygnarde)y Miaj wy Usze stnUenia HE4 or
sin u pacjentek z rakiem jajnika w poretwnar

zdrowych, wartoSci algorytmu ROMA bygy wyUs.

kobiet z zmianami gagodnymi
Analiza korelacji nie wykazaga zal eUnoSc
NajwyUsze wartoSci paircezmejtorScsit,ad$saiponos & g o
uj emne|j i dodatni ej wartoSci predykcyjnej p
badanychmetalp r ot ei naz naj | ep sdagnostyeznytimAskano (aaMMV® me t
1. Wy konani e anetaldprotainazgohametdoprgtainaz z algorytmem ROMA
wi Nzago sin z wzrostem wartoSci parametr - -w

diagnostycznych w analizimetalgroteinaz pozyskano dla kombinacji MMP+ MMP-8 + MMP-
13, natomiast dla kombinacjietalgroteinaz z lgorytmem ROMA dla MMP1 + ROMA.

W przypadku analizy ROC, najwyUszewamtr o$
byga wyUsza ni U0 wartoSi AUC pozyskana dl a

anal i z @&Naqraeingzz rharkerami rutynowymwi Nzago sifn w wi fik:
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wzrostem AUC, naj wy Us z N1+pMP8yMMPda 3 W preypadku analia | i z
g Nc z omejalphr ot ei naz z algorytmem ROMA r - wnie

a najwyUszy wzrost stwieROMAa sifn dla kombin

Pods umosamuyiNecr, dkplagenazy MNIP& i MMP-1 3 wy kazuj N dwuk
potencjag w diagnostyce biochemicznej raka
gdzie wykazujN potencjag jako sameld+tzMV@Bn e
+ MMP-13. Po drugieno g N safoupdmodnicze biomarkeryykorzystywardo potencjalnego
r-Unicowania zmian zgdoSliwych i gJagodnych,
kombinacia MMP1+ROMA wykazuje szczeg-lnak Hadgnpat:
a jednoznaczne potwierdzeni e potencjagu
w diagnostyce biochemicznej raka jajnika wy
pacjent - w
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Rozdziag 5. Wnioski

. Wykazano i sobesboize wey U siziMie-hliomz MMRAP3 or az ni Us:
8 (markerujemy) w grupi e pacjentek z raki emcjoajmoille

sugertoowaliUe enzymy te mogN bral wudziag w pat

. Wykazano wy Us z-& MERI/pldz2MMRA3 upEdd2u pacjentek z rakiem jajnika w
por -wnani uedmi kmdmiet § ag,ocd nwykazuje nachjprrizkyal at no S

di agnostyce r-Unicowej

NajwyUszN przydatnoSi di agnoisstwocizsntfb Sy rdai Chogr
dodatni N i ujemnN wartoSi predykskhgmdN olrazc
MMP-1 oraz MMR13.

. GNczna analiza badany zahwzrgsemamedio S avi enmnNezja § &
predykcyjnej oraz mocy di aogtmaobserwowananier] dlaad adl
MMP-1 + ROMA co moUe mielil znaczenie w tworzeni
jajnika.

Bazuj Nc na pozyskanych wyni kach, -4 WMNRIloraze si
MMP-13j] a k o b i owndiagnostyceaka jajnikal ub j ako bi omar ker - w
algorytmu ROMA-zwgaszcza w kDb#nROMA fakojnowy paNePdiagnostyczny

raka jajnika.
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Rozdziag 6. Streszczeni

6.3t reszczenie w jnanzyku pol skim

Rak jajnika Aniaclyywahwgolyeska to ggJ-wnie z
przebiegu oegbolkoig&k O zpyrsatknt yce Kkl inicznej b
przesi ewowych or az r- Uni cuj Ncdyicehg nroaokbaeqd maig
wykonani e USG parzaez pozcrhawozweerngioe sitsimth@@zHE4 no re
kombinacj i z uwzglndnieni em st)alluastue gme ntogpla u
j est poszuki wanie nowych imeglowt eutrizanlylrewisazj\ka
jajnika. kMarnio dreongiN tbay i 02z n acnzeetmpil ant @n nyapawmaczc i

nowych biomarker-w raka jajnika.

Celem pracy bygo wustalenie przydatnoSci
me t@rl ot ei naizMMR¢ i ¢aMPy MMP MAMP MMP, JM®R az -2VoMP
w diagnostyce biochemicznejuhrinakaljogij rcizlna,gon

Do badania wgNczono 120 paeZzmindarekmiz §akd ke
50 zdrowych wolontariuszek. Mat enaagemybadg
(heparyn&t ilUeamiwa neytimri@anecmaz ozinmmuzoe oz ynad to)
(ELI SA), markery pmetwddwchemotronmcnesocencyj
czugoSci dii asgwooissttyocScniej , uicemedykcyfdoeat-orafp
AUC okrperSzyodneébi agSbstycpaNamadanwch

Wykazano istotnie wyUskz,e MNMPR cozroawte3 MitRnallekne
dodatnie) of8az mairkseze MNIRmne) w gr uppoire wnaachi

do kobiet zdrowych co sugeruje ich roln w
jajnika stwierdza -§j nMuMpPdsaz 3MNH Peomi- avn b MP u
zmi anami Jagodnymi jajnika oo swykcaez uj-ednna oiw

PrzydatnoSi diagnostyczna wyznaczona popr
wartoSi predykcyjnN oraz moc diagnost-Ycamnaz
MMRL 3 . Wykonanie gNcznej @malaimey rwiwNzZd @a ns
naj wyUszy wzrost stwilerdROMAL N dla analizy |

Uzyskane wyni ki sugeruj N wstfipne znaczen

bi omarker-w w diagnostyce r@a&mo ¢ naijcnziykcah |duob

ROMA jako test-w r-UnicujNcych zmiany zgoSI |
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6.2t reszczenie w jAnzyku angiel skim

Ovarian candirl e sdT tkailsll ledr imMaé nl y due to it
unf avorabl e prsoccgnreocesniisn.g Efnfde cdtiifvfeer ent i al t es
clinical practice. Available medical met hod.
HE4 and CA1l125-xlommrcendamr atmoasembinati on takin
(ROMA algorithm Therefore, it is advisabl e
ovarian cancer. Such met hods may be t he

met ptrbbei nases group as new biomarkers of o

The purtphasse safudy was to determine the di
t he mettrpiFrXobei nab®®Bl ,gr MR MMP MMP MMP, JEBP and

MMR26 in the biochemical di agnosis of ovari g

Te study included 120 patients with ovar.i
healthy volunteers. The study materi al was
heparin). Concemternr attibdoes nat e s e lvemrae mloeet nezr ymm ar
assay (ELI SA), comparative markers were det
of diagnostic sensitivity and specificity, r

ROAUC function, diageromitned.reliability was

Significantly higher p1l .,as MBIP caomdele3v M pact s iot
mar kers) an8l (| mevepat MMEP mar kers) were found i

healthy women, suggesting theiom.r dHli g hiem- tl lree
1, MMPand-1BMBre found in patients with ovari
ovarian | esions, which shows their useful ne:

Diagnostic wutility determined by sensiti

predictive value and diagnosti c powleranod- MMPR

13. Performing the combined amaldysaigmhowdas caPs
the highest incrkateROMA faoruaaldy Siog. MMP
The results suggest preliminar-gl dnaghboetna

in the diagnosis of ovarian cancerri tchrm ass au

di fferentiate malignant from benign | esions
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Abstract: Ovarian cancer is one of the most common gynecologic malignancies. It is characterized by a high mortality rate, which iz
mainly due to the asymptomatic course of the disease. In light of the high mortality rate and mereasing morbidity. new diagnostic
methods are being explored to enable earlier detection, better monitoring, and improved prognosis. Such diagnostic methods include
the assessment of tumor markers in various biological samples. Among the markers currently bemng mvestigated, extracellular matrix
metalloproteinases (MMPs) are of particular interest. The objective of this article was to compile the existing lmowledge of MMPs m
ovanan cancer patients and to descmbe thewr potential diagnostic utility. Additionally, this article provides an overview of the
symptoms, complications, and risk factors associated with ovarian cancer and the role of MMPs in physiology and pathology.
Preliminary results indicate that tissue expression and blood and body fluid levels of MMPs may be different in ovarian cancer patients
than in healthy women. The expression and concentration of individual MMPs have been shown to be correlated with cancer stage and
disease severity. [n addition the preliminary value of some of these enzymes in predicting prognosis is discussed. However, as the
amount of data is limited, more studies are needed to fully evaluate the potential function of individual MMPs in ovanan cancer
patients. Based on the knowledge gathered for thus article, it seems that MMP-2, MMP-3. MMP-7, MMP-8. MMP-9, MMP-13. are
tentatively the most useful A thorough evaluation of their utility as modern biomarkers in ovarian cancer requires further
investigation.

Keywords: carcinogenesis, extracellular matrix metalloproteinases. ovarian cancer. fumor markers

Introduction
The number of women developing gynecologic cancers. including ovarian cancer. 1s steadily increasing. In 90% of cases.
ovarian cancer originates from epithelial cells; ovarian cancers of epithelial origin are referred to as ovarian carcinomas
or ovarian epithelial. '~ Ovarian cancer is one of the most common gynecologic malignancies, ranking third in incidence
after cervical and endometrial cancers. accounfing for 3.4% of all cancers types diagnosed in women. Ovarian cancer has
a poor prognosis and the highest mortality rate of all gynecologic cancers. According to World Health Organization
reports, less than 30% of patients survive more than five years after diagnosis. This unfavorable prognosis results not
only from a lack of effective screening tests but also from the uwsually asymptomatic or minimally symptomatic disease
progression—most patients are diagnosed at an advanced stage, and 60% have metastatic foci at the time of diagnosis ~ e
Considering the high mortality rate. asymptomatic course, lack of effective screening tests, and increasing number of
diagnosed cases. novel methods for early diagnosis of ovanian cancer are constanfly being sought. Modern diagnostic
methods would enable earlier detection of ovarian cancer at a less advanced stage. thereby improving prognosis. Such
investigations could 1nclude the assessment of fumor markers in biological samples. For example. the preliminary utility

of tumor markers (evaluated in peripheral blood) has been demonstrated in the diagnosis of breast™ and gyvnecologic

cancers,*'? including ovarian cancer.'!? In addition to early detection of cancer. tumor markers can also be used to
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1518 Among the groups of molecules considered to be
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assess prognosis and monitor the clinical course of the disease.
potential markers for ovanan cancer, matrix metalloproteinases (MMPs) are of particular interes

Ovarian Cancer: An Overview

Classification and Symptoms of Ovarian Cancer
Owarian cancers originate from three types of cells— epithelial cells, germ cells or from sex chord and stromal cells. As
mentioned in the introduction, epithelial malignancies (ovarian carcinoma or ovarian epithelial cancer) account for the
majority of lesions diagnosed in patients. It 1s important to note that non-epithelial malignancies have a much better
prognosis and are less invasive than carcinomas. Ovanian epithelial cancer 1s a heterogeneous disease. It can be
subdivided into high-and low-differentiated serous. endometrioid. clear cell. and mucinous carcinomas based on
histopathologic. molecular. and immunologic findings. The different types of ovarian carcinomas differ in pathogenesis.
prognosts, and response to chemotherapy. The most commonly diagnosed type, which also has the highest mortality rate.
1s high-grade serous ovarian carcinoma. which accounts for 70-80% of ovarian cancer-related deaths. The second most
common type is endometrioid carcinoma. which has a befter prognosis than the high-grade serous type.!=17-2%22

Because of its asymptomatic course. ovarian cancer is often called the “silent killer™. Most patients are in stage III or
IV at the time of diagnosis according to the International Federation of Gynecology and Obstetrics (FIGO) classification
(see Table 1). Due to the lack of anatomical barriers around the ovary. exfoliated cancer cells easily enter the peritoneum,
where they are distributed through the peritoneal fluid to the abdominal organs and then further to distant organs. This
results in the formation of numerous metastatic foci—mainly in the liver. lymph nodes. bones, brain. and Iungs.
Metastasis to the intestines, resulting in their obstruction. is particularly life threatening. It is estimated that bowel
obstruction is the most common cause of death in the course of ovarian cancer>1720-23-2¢

Nonspecific and minimal symptoms appear in the advanced stages of ovarian cancer and are usually not directly
related to the reproductive system. Patients mainly report abdominal and pelvic pain or discomfort. which is most often
confused with other complaints, such as indigestion, irritable bowel syndrome, or menstrual pain. Other gastrointestinal
symptoms include bloating, early satiety. increased abdominal girth. and loss of appetite. Some of the other commonly
reported symptoms include back pain, general fatigue, and urinary symptoms, such as frequent or excessive urination.
Typical gynecological symptoms include menstrual disorders, postmenopausal bleeding, and pain or bleeding during
intercourse +**3% As the disease progresses. some patients may experience intestinal obstruction (as previously men-
tioned) or ureteral obstruction, which can result in renal failure. The development of ascites is associated with a poor
prognosis. ***** Tt should also be mentioned that the presence of cancer cells can induce paraneoplastic syndromes. such
as subacute cerebellar degeneration, dermatomyositis, migratory thrombophlebitis (Trousseau syndrome), disseminated

432

intravascular coagulation, and hemolytic anemia ™~ The symptoms and complications of ovarian cancer, as well as the

most commeon locations of metastases. are presented in Figure 1.

Selected Risk and Protective Factors for Ovarian Cancer

Age

Age 1s one of the most important risk factors for ovarian cancer. In general, the nisk of ovanan cancer increases with age.
The disease mainly affects postmenopausal women; 50% of cases are diagnosed after the age of 65. while ovarian cancer

Table | FIGO's Staging Classification for Ovarian Cancer

Stage |: Tumor confined to ovaries or fallopian tube(s)

Stage ll: Tumor involves one or both ovaries or fallopian tubes with pelvic extension (below pelvic brim) or peritoneal cancer

Stage lll: Tumor involves | or both ovaries or fallopian tubes. or peritoneal cancer. with cytelogically or histologically confirmed spread to the
peritoneum outside the pelvis and/cr metastasis to the retroperitoneal l[ymph nodes

Stage IV: Distant metastasis excluding peritoneal metastases

Mote: Data adapeed from Javadi et al.”' Prat et al™ and Berek et al™®

3360 e Cancer Management and Research 2022:14
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is rare before 40 years of age. Among all types of ovarian cancer in the postmenopausal period. high-grade serous

ovarian carcinoma is the most common and. as discussed earlier. has the poorest prognosis. It is also notable that ovarian

cancer has a worse prognosis in older patients compared to younger patients, mainly due to less aggressive treatment
. . . . . 2

approaches and higher disease stage at the time of diagnosis.>>3334

Genetic Factors

Besides age. genetics are considered the second most important risk factor for ovarian cancer. Genetic predisposition to

ovarian cancer manifests as hereditary ovarian cancer. hereditary ovarian and breast cancer syndrome. and hereditary
Cancer Management and Research 2022:14

nonpolyposis colorectal cancer (Lynch syndrome). Hereditary ovarian and breast cancer syndrome is the most
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common.”’>* Patients whose mother and/or sister(s) also suffer from ovarian cancer are particularly vulnerable.
Interestingly. a family history of breast and uterine cancer in a mother or sister also increases a woman'’s likelihood of
developing ovarian cancer. According to the literature. over 50% of genetically determined ovarian cancers are caused by
BRCA1 and BRCA2 gene mutations.””=*>*® The BRCA1 and BRCA2 genes are classified as tumor suppressor genes:
functional BRCA1/BRCA?2 proteins are responsible for repairing DNA double helix breaks through the process of
homologous recombination. BRCA 1/BRCA2 mutations are inherited in an autosomal dominant manner: however, they
function as recessive genes at the cellular level. Loss of function of these genes results in genome instability and.
consequently. neoplastic cellular transformation.”” ™ The estimated average risk of developing ovarian cancer is 20-50%
in patients with a BRCAI mutation and 5-25% in patients with a BRCAZ2 mutation. According to the literature, patients
with BRCA1/BRCA2 mutations most often develop high-grade serous carcinoma. However, it should be noted that
ovarian cancer patients with mutations in the BRCA genes have a better prognosis than patients with other types of
mutations. In addition, BRCA2 gene mutation patients have a better prognosis than BRCAL gene mutation patients,
mainly because the former respond better to cisplatin therapy. A protective method in patients with BRCA1/BRCA?2 gene
mutations is prophylactic salpingo-oophorectomy. which has been shown to reduce the risk of ovarian cancer by
750, 154142

Lynch syndrome is caused by an autosomal dominant mutation of the genes responsible for DNA repair. including
MHL1. MSH2. MSHG6. and PMS2. This syndrome is usually associated with an increased risk of developing colorectal
cancer; however. patients also tend to develop ovarian cancer.*3>## It is estimated that 10-15% of genetically
determined ovarian cancer cases are associated with Lynch syndrome.5 2046 and the lifetime risk of ovarian cancer in
Lynch syndrome patients is estimated to be 8%.* The most common histological subtype of cancer in these patients is
endometrioid carcinoma.*’” However. patients have a relatively good prognosis. which is related to earlier detection—
usually stage I or II—according to FIGO (see Table 1). For the patients with Lynch syndrome. salpingo-oophorectomy is
a prophylactic approach. #4648

Many other mutations may increase the risk of developing ovarian cancer. These include mutations in the TP53 (Li-
Fraumeni s5mdrome)_2°‘49‘5° STK11 (Peutz-Jeghers syndrome). BRIP1.’! RAD51C.” and PALB2 genes.5 ? These muta-
tions have not been studied as thoroughly as mutations in the BRCA1/BRCA2 and DNA repair genes.

Gynecologic and Gynecologic-Related Factors
In addition to genetic determinants. there are many other risk factors for ovarian cancer that have been studied to varying
degrees. The vast majority are associated with pathologies within the reproductive system. The impact of endometriosis
on ovarian cancer risk is particularly well understood. Because endometrial lesions tend to become malignant. patients
with endometriosis. especially those located within the ovaries. have a higher risk of developing ovarian cancer: this risk
is 50% higher than in the general population.3 434 Ovarian cancer in patients with endometriosis is known as endome-
triosis-associated ovarian cancer (EAOC). Histologically. the most common EAOC tumor types are clear cell. endome-
trioid. and low-grade serous carcinoma. The pathological mechanism of the formation of a neoplastic lesion from an
endometriosis focus is complex and includes oxidative stress. inflammatory processes. estrogen effects (hyperestrogen-
ism). hemorrhages. and somatic mutations in the PIK3CA. PTEN. and ARIDIA genes.”**™’ In general. patients with
EAOC have a good prognosis as long as they are diagnosed early enough.”®

According to a few scientific reports. benign ovarian cysts can be precursors to malignant lesions. Although most
cysts disappear spontaneously. there is a small risk of developing ovarian cancer from benign lesions. In postmenopausal
patients. the likelihood of a malignant lesion developing from a simple cyst is estimated at 0.3%. With complex cysts,
this risk increases to 36%.”%° Other documented risk factors for ovarian cancer include pelvic inflammatory disease.
Patients with recurrent pelvic inflammatory disease have been shown to have a higher risk of developing ovarian

cancer."™® One cause of pelvic inflammatory disease is Chlamydia trachomatis infection: patients with a history of

C. frachomatis infection have been shown to have a higher risk of developing ovarian cancer.®*%
The role of polycystic ovary syndrome (PCOS) in the development of ovarian cancer is controversial. Since PCOS
patients have ovulatory-free cycles. some researchers assert that they should have a lower risk of ovarian cancer (the

effect of ovulation on ovarian cancer risk will be described later).(’é‘67 Conversely. a study by Schildkraut et al®® found

3362 e Cancer Management and Research 2022:14
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a 2.5-fold increased risk of ovarian cancer in PCOS patients, especially in those with elevated body mass index (BMI)
and no oral contraceptive use. However. it should be noted that the study was conducted on a small group of patients. Far
more studies suggest that PCOS does not increase the risk of ovarian cancer.5%7

Other debatable factors associated with ovarian cancer risk include the use of tale, which is an ingredient in baby powder.
and feminine hygiene products. A study by Cramer et al’! determined that the regular application of talc to the genital area

2 % . .
1.7? there is no association

was associated with an increase in overall ovarian cancer risk. However, according to O'Brien et a
between talc use and increased ovarian cancer risk. Because talc can be contaminated with carcinogens. such as asbestos and
quartz, more research on the potential links between talc and the development of ovarian cancer is warranted.**”

Besides the factors that increase the risk of ovarian cancer. there are numerous protective factors. including tubal
ligation, oral contraceptive use, and preg_rnancy.j'3 ¢ Large studies have determined that tubal ligation reduces the risk of
ovarian cancer. The greatest decrease in risk was observed for endometrioid ovarian carcinoma. It is likely that ligated
fallopian tubes provide a mechanical barrier to carcinogens.*>’*”

According fo the “Incessant Owvulation Theory™, uninterrupted ovulation may confribute to increased ovarian
cancer risk. During ovulation. the ovarian epithelium is damaged and then undergoes regeneration. Repeated damage
to the ovarian epithelium translates into the possibility of errors during the replication process and resulting DNA
damage. which in turn increases the risk of cancerous transformation.™**’®"” Therefore, any factor that inhibits
ovulation might contribute to a decrease in ovarian cancer risk: one such factor is oral contraceptive use. According

. . . . . —82
to the literature. oral contraceptive use reduces the risk of ovarian cancer regardless of its type.”>-7552

The greatest
protective effect of oral contraceptive use is observed in women taking the medication for a longer period of time—
the risk of getting the disease decreased with the duration of pill use.”®*? It is estimated that in women taking the pill
for 15 years. the risk of developing ovarian cancer decreases by 70%. Interestingly. a protective effect was already
observed with lower doses of the dmg.78 Positive effects of hormonal contraception were also found in BRCA1/
BRCA2 mutation casriers. In female carriers. long-term use translated into a reduced risk of ovarian cancer.?*#

Pregnancy is another confirmed protective factor. Both term and non-delivered pregnancies reduce the risk of ovarian
cancer. It has been shown that an increase in the number of pregnancies translated into a further decrease in the risk of
ovarian cancer.>>%**348 However. the exact mechanism of the protective effect of pregnancy on ovarian cancer risk is
not well understood. In addition to inhibition of ovulation during pregnancy. one of the postulated reasons is the high
concentration of progesterone that occurs physiologically in the tissues of pregnant women to maintain preguancy.n's“
This theory is supported by in vitro studies by Yu et al®> and Lima et al®® in which progesterone inhibited proliferation,
migration, and invasion of ovarian cancer cells and also induced apoptosis.

Lactation is directly related to pregnancy. Breastfeeding is one of the better documented factors in reducing the risk of
ovarian cancer. In fact, a stronger protective effect was observed with longer duration of breastfeeding %8759
According to a study by Babic et al’° breastfeeding for 12 months or longer reduced the risk of ovarian cancer by
34%: this relationship was demonstrated mainly for high-grade serous and endometrioid carcinomas. As in the case of
pregnancy. the protective mechanism of breastfeeding consists mainly of the induction of ovulatory-free cycles and
probably the inhibition of luteinizing hormone release, which has been postulated to be involved in the pathogenesis of

ovarian cancer.>*

Lifestyle Factors
Numerous lifestyle-related factors are associated with decreased or increased risks in the development of ovarian cancer.

An association between obesity and increased ovarian cancer risk has been demonstrated. Women with a higher BMI

. . . " . 2 .
were more likely to develop ovarian cancer than women in the healthy weight rangf:.5 3152 Interestingly. women who

had a high BMI in early adulthood also had an increased risk of ovarian cancer in later life.”" Furthermore. obesity

translated into a worse prognosis in the course of ovarian cancer.’***%*

The pathogenesis of obesity-related ovarian
cancer most likely results from changes in the bioawvailability of active compounds in female tissues. Obese women have
an increased availability of compounds with potentially procarcinogenic properties. including leptin. inflammatory
mediators, androgens, and estrogens. while a decrease in progesterone (as mentioned earlier) who had a protective effect

on the development of ovarian cancer,” 349194
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Although cigarette smoking is one of the most important factors that increases the risk of several types of cancer. no
significant association has been found between smoking and the overall risk of ovarian cancer.”>*® However. it should be

noted that female smokers have an increased risk of mucinous carcinoma.***4°% Furthermore. smoking patients with

ovarian cancer had a worse prognosis compared to non-smoking ovarian cancer patients.34'94

Alcohol is another factor linked to an increased risk of various types of cancer. In the case of ovarian cancer. studies

have not confirmed a link between alcohol consumption and an increased likelihood of developing this type of

cancer. B0

The effect of diet on increasing or decreasing cancer risk has been known for many years: individual nutrients also

affect ovarian cancer risk. The main foods with a protective effect include fresh fruits and vegetables. which is mostly

4,101-10 ' -
341017103 At the same time, consumption of salted and canned vegetables has been

shown to increase the likelihood of developing ovarian cancer.!°1% The effect of dairy products depends on their type—

due to their antioxidant properties.

consumption of milk. sour milk products. and yogurt increased the risk of ovarian cancer, while an inverse relationship
was observed with cheese.'® It has also been shown that patients who have a diet high in fat (especially animal fat or
saturated fat and cholesterol) were more likely to develop ovarian cancer.’*!°*> A similar relationship was demonstrated

for smoked and fried foods.!%!

Matrix Metalloproteinases—Physiological Role and Involvement in
Pathological States

Matrix metalloproteinases (MMPs) comprise a group of proteolytic enzymes that are similar in structure whose

BRESERS Twenty-eight enzymes of the MMP family have been identified in

enzymatic activity depends on zinc ions.
vertebrates. However. only 23 MMPs are expressed in humans. 97113113 Interestingly. MMP-23 exists in two isoforms
that are encoded by two separate genes—MMP-23A and MMP-23B.103114116 Baced on their specificity to the
degraded substrate. MMPs can be divided into six groups: (1) gelatinases: (2) collagenases: (3) stromelysins; (4)
matrilysins: (5) membrane-type MMPs: and (6) other MMPs, 110113116118 The division of MMPs with examples is

shown in Figure 2.

gelatinases
MMP-2, MMP-9
collagenases
@ MMP-1, MMP-8,
MMP-13, MMP-18

stromelysins
3 MMP-3, MMP-10,
MMP-11

matrilysins
MMP-7, MMP-26

membrane-type MMPs
5 MMP-14, MMP-15,
MMP-16, MMP-17, MMP-24,
MMP-25

other MMPs
MMP-12, MMP-19,
MMP-20, MMP-21

Figure 2 Division of matrix metalloproteinases.

Abbreviations: MMP- |, Metalloproteinase-1; MMP-2, Metalloproteinase-2; MMP-3, Metalloproteinase-3; MMP-7, Metalloproteinase-7; MMP-8, Metalloproteinase-8; MMP-
9, Metalloproteinase-9; MMP-10, Metalloproteinase-10; MMP-11, Metalloproteinase-11; MMP-12, Metalloproteinase- 12;MMP-13, Metalloproteinase-13; MMP-14,
Metalloproteinase-14; MMP-15, Metalloproteinase-15; MMP-16, Metalloproteinase-16; MMP-17, Metalloproteinase-17; MMP-18, Metalloproteinase-18; MMP-19,
Metalloproteinase-19; MMP-20, Metalloproteinase-20; MMP-21, Metalloproteinase-21; MMP-24, Metalloproteinase-24; MMP-25, Metalloproteinase-25; MMP-26,
Metalloproteinase-26; MMPs, Matrix metalloproteinases.
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MMPs are produced by various cell types, including smooth muscle cells, leukocytes, platelets, fibroblasts, and endothelial

105-113
cells. &

The primary function of MMPs is to maintain physiological tissue homeostasis by digesting components of the
extracellular matrix. In addition to the degeneration of extracellular matrix components. MMPs are also involved in the
degradation of other proteolytic enzymes (including other MMPs). protease inhibitors. blood clotting factors. cytokines.

antimicrobial peptides. growth factors, adhesion molecules. and membrane-bound 1‘eceptors.1 SRR They also

mediate the formation of chemokines, growth factors. and other biologically active peptides from their inactive precursors.w9

MMPs are secreted into the environment as inactive zymogens known as proMMPs. ProMMPs are maintained in an inactive
form by binding between a conserved cysteine in the propeptide domain of the molecule and a zinc ion in the catalytic center.
ProMMPs are activated by breaking the chemical bond between the cysteine amino acid and the zinc ion, which can occur through
three different mechanisms. The first involves limited proteolysis. resulting in the removal of the prodomain. This process occurs
through the activity of other proteolytic enzymes. such as plasmin. furin. chymase. or other MMPs, including MMP-3. MMP-10.
and MMP-14, 19 107HLIBISIS 1) e gecond mechanism, proMMPs are activated by reactions between the cysteine amino acid
in the propeptide domain and alkylating agents, heavy metal ions, or reactive oxygen species. The third mechanism of MMPs
activation occurs through allosteric reconformation of the pl'odonmhl.l°5'1°6’119‘120

The proteolytic activity of MMPs is regulated by tissue inhibitors of metalloproteinases (TIMPs). TIMPs bind covalently
to a given MMP or its precursor form. thereby inhibiting its activity. Four types of TIMPs have been identified: TIMP-1.
TIMP-2. TIMP-3, and TIMP-4. The different types of TIMPs differ in their affinity for % 1
Interestingly. MMPs activity can also be controlled by non-specific inhibitors. such as o2-macroglobulin. al-antitrypsin. p-
amyloid precursor protein. tissue factor pathway inhibitor-2. and serine proteinase inhibitor. 10113117

MMPs have multiple physiological roles. including regulation of cellular processes related to differentiation and
proliferation. apoptosis, and induction of inflammatory or immune responses. These enzymes are involved in wound
healing. tissue remodeling, ovulation. and restoration of the endometrium during the menstrual cycle. During fetal
development., MMPs are involved in embryogenesis and organogenesis, with particular emphasis on the development of
the cardiovascular. respiratory. and musculoskeletal systems. They are also essential during the final stages of pregnancy
and childbirth, 105-107-109.110,113.117.118.122

Physiologically. the activity of MMPs is maintained in a state of equilibrium: if their activity becomes dysregulated.
these enzymes can contribute to the onset and progression of various pathological conditions. Dysregulation of MMPs
has been shown to be associated with the progression of several cardiovascular (aortic and intracranial aneurysms.
arteriosclerosis. coronary artery disease. pathological myocardial remodeling. and hypertension),!07-111-113.117.123.124
nervous (Parkinson’s disease. Alzheimer’s disease. Huntington’s disease., amyofrophic lateral sclerosis and multiple
sclerosis), 10713125196 oycratory (renal fibrosis, chronic kidney disease, and diabetic nephropathy),!!!-127-128

musculoskeletal (osteoarthritis and osteoporosis),'®”%18131 and liver diseases (hepatic
107,111,132

4§ 2
l‘espn'atmy.lo-”m’l 13,129,130

fibrosis. cirrhosis. and portal hypertension).

MMPs also play an important role in all stages of carc:inogenesis.122 Among other functions, MMPs affect tumor cell
proliferation. migration. and invasion. stimulate angiogenesis. and induce epithelial-mesenchymal transition within the cancerous
HLIZUANS 121122033 1) the early stages of cancer, MMPs induce DNA damage and resultant genomic instability,'**1%°
For example, MMP-2 localizes in the cell nucleus and degrades proteins responsible for repairing DNA damage.*® At the stage of

lesion.

tumor progression. a particularly important role of MMPs is the aforementioned stimulation of angiogenesis and lymphangiogen-
esis. which has been shown to enable further growth of the tumor mass.!!>"1613>137 Iy the later stages of the disease, MMPs
activity has been associated with the formation of metastatic foci, mainly due to their proteolytic properties that enable digestion of
the extracellular matrix.}*:112133138 The role of MMPs in the process of carcinogenesis is shown in Figure 3.

Metalloproteinases in Ovarian Cancer
Gelatinases—MMP-2 and MMP-9

MMP-2 expression is found in physiological ovarian tissue,'*'® whereas MMP-9 expression is lov 19 op
139.140 Expression of I_\/H\/IP_Z15,141—147 and DVINIP_gl-fL140.147.148

Expression of MMP-2 and MMP-9 is found directly in cancer epithelial cells,

16
undetectable. is found in ovarian cancer samples.

IS.141-148 (ithin the stroma of the
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cells proliferation

[alele18 R
<ells Invasion and metalloproteinases in N0 of -
migration the carcinogenesis metastatic foci

Figure 3 Multidirectional role of MMPs in carcinogenesis.

tumor lesion, 141743193197 4nq in metastatic foci.'*! Expression of MMP-0 is higher in cancer compared to benign

lesions.***? Expression of MMP-2"*""*" and MMP-9 is found in all histological types of ovarian carcinoma,'#¢48
According to most reports. there are no differences in MMP-2 and MMP-9 expression between the different histological
types of ovarian carcinoma.!*!>1** However, according to Jeleniewicz et al'* the highest expression of MMP-2 was
found in the serous ovarian carcinoina type and chemotherapy-sensitive tumors. Additionally. a single study determined
that the highest expression of MMP-9 was in the high-grade serous ovarian carcinoma.'*” MMP-2 expression levels were
independent of disease stage. tumor size. and treatment effects. However. there was a correlation between MMP-2
expression and the tendency of ovarian cancer to recur. as well as the presence of metastatic lesions.”® In contrast to
MMP-2, MMP-9 expression was closely related to the ovarian cancer stage according to the FIGO classification: it was
higher in stages II and IV than in less advanced stages.'*!3%140 Furthermore, MMP-0 levels were higher in patients with

142,

established metastatic foci than in patients without metastasis.*>4® Levels of MMP-9 expression have also been shown

to be positively correlated with the number of vasculogenic-like networks formed in cancerous tissue.’ The formation
of vasculogenic-like networks is associated with the so-called “vascular mimicry phenomenon”. which involves the
transformation of cancer cells into endothelial-like cells and the formation of vascular-like structures. In addition to
providing for the metabolic needs of the growing tumor lesion. these structures have been shown to provide an alternative
pathway for cancer cell extravasation and subsequent metastasis. 491!

The relationship between MMP-2 expression and patient prognosis is controversial. MMP-2 expression in cancer

41.147 . .141 » 5 . .
1AL stroma. and metastatic f()(.‘l1 was associated with poorer patient prognosis. However. as reponed

1_145 1‘146

epithelial cells.

3 2 . .
13 Maneti et al.'>? there was no association between MMP-2

by Ekinci et al.”” Vos et a and Jeleniewicz et a
expression in cancer epithelial cells and patient prognosis. The presence of MMP-2 in the stroma of the lesion is another
matter of debate. Morales-Véasquez et al'"” and Maneti et al'* stated that this MMP has a protective effect in ovarian
cancer patients, while Ekinci et al'® reported that the survival time of patients expressing stromal MMP-2 was shorter.
The relationship between MMP-9 expression and patient survival is unclear. According to Hu et al.'* the mean survival
time of ovarian cancer patients expressing MMP-9 was significantly shorter than that of patients with negative MMP-9
expression. while a study by Sillanpdi et al**® described an inverse relationship.

Although the preliminary usefulness of gelatinases determined from peripheral blood has been determined in
patients with different types of cancers.!>*-13* studies of MMP-2 and MMP-9 in patients with ovarian cancer are
incomplete and inconclusive. Serum MMP-2 levels were lower in ovarian cancer patients than in healthy women.
However, there was no difference in the levels of this MMP between patients with ovarian cancer and women with
benign lesions.'* In contrast to MMP-2. the serum and plasma levels of MMP-9 were higher in women with ovarian
cancer than in healthy patients or those with benign lesions.!*132156:157 Serum MMP-2 levels were not dependent on
ovarian cancer stage according to FIGO."? while MMP-0 levels were higher in patients with stage III and IV disease
according to FIGO than in women with stage I and II disease.””*"” However, there was no correlation between
MMP-9 levels and the histological types of ovarian carcinoma. 14159 Additionally. elevated serum MMP-9 levels were

3366 e Cancer Management and Research 2022:14
Dove

46



Dove Kicman et al

found in women who were insensitive to chemotherapy or had ascites or metastatic foci.'*!*® Importantly, Eawicki
S el investigated plasma levels of MMP-9 and the most common marker in ovarian cancer (CA-125) in two
independent studies and reported that the highest diagnostic sensitivity values for ovarian cancer were obtained when
these two markers were evaluated together. In addition. MMP-O levels decreased in patients after surgery, indicating
the potential use of this enzyme to assess the effectiveness of surgical procedures. The potential of MMP-2 and
MMP-9 to predict the prognosis of ovarian cancer patients has not yet been thoroughly researched. A single study
demonstrated that there was no relationship between plasma MMP-2 and MMP-9 levels and prognosis.152
Interestingly. there is a single report of elevated MMP-2 and MMP-9 concentrations in the urine of women with
ovarian cancer in whom the routine marker CA-125 remained within reference norms."®® This indicates that MMP
expression levels and blood concentrations may not be the only parameters that potentially have diagnostic value.

Collagenases—MMP-|, MMP-8, MMP-13, and MMP-18

The expression or activity of collagenases in healthy ovarian tissue varies by type. MMP-1 activiry161 and MMP-18
expression’®® have been identified in ovarian tissue collected from healthy women. MMP-13 expression was not
found in physiological ovarian tissue.!® and MMP-8 expression has not been studied. The expression of MMP-1.
MMP-8, and MMP-13 was found in ovarian cancer samples. while the presence of MMP-18 has not been

<ol ey According to Behrens et al.'®* MMP-1 expression was higher in ovarian cancers compared

investigate
to benign lesions. The expression of the other collagenases in benign lesions has not yet been studied. The relation-
ship between collagenase expression levels and prognosis has been studied using MMP-8 and MMP-13 as examples
—higher expression of these collagenases was associated with poorer prognosis.’®!%> Patients who were at higher
stages of ovarian cancer exhibited higher MMP-8 tissue levels. Moreover. higher expression of MMP-§8 was
associated with higher expression of MMP-9, whose diagnostic significance was discussed in the previous
section.'®® MMP-13 expression was not related to disease stage or whether the cancer occupied one or two ovaries. %

The activity of individual collagenases was also examined in fluids collected from ovarian cysts. MMP-1 and MMP-
13 activity in the ovarian cysts was determined to be low. and there was no difference in MMP-1 activity between benign
and malignant cysts. MMP-8 activity was higher in malignant cysts than in benign cysts.164

A single study reported on MMP-13 levels in peritoneal fluid from patients with advanced forms of ovarian cancer
(FIGO stage III or IV): patients with higher MMP-13 levels had a worse prognosis than patients with lower MMP-13
levels.'®” There are currently no studies on the diagnostic utility of collagenases measured in peripheral blood in ovarian
cancer patients. but preliminary studies indicate that they potentially have diagnostic value in other types of cancer. such

as gastric cancer'® and skin cancer.'®

Stromelysins—MMP-3, MMP- 10, and MMP-1 |

As with collagenases. the expression of stromelysins in physiological ovarian tissue depends on their type. MMP-3 is found
in physiological ovarian tissue. but MMP-10 is not expressed.m’170 To date. MMP-11 expression in physiological ovarian
tissue has not been studied Patients with ovarian cancer express all three of these stromelysins.'%%"%17 Interestingly. high
MMP-11 expression was associated with higher tissue expression of other MMPs, including MMP-2 and MMP-13."% The
potential utility of these two enzymes in ovarian cancer was described in earlier sections of this article. In the cases of MMP-

166.17L173 yhile there was

3 and MMP-11. higher expression was found at higher stages according to the FIGO classification.
no correlation between the levels of these stromelysins in cancerous tissue and patient prog_rnosis.m172 In contrast. high
MMP-10 expression was associated with a better prognosis for patients at stages IIT and IV.*®

There is very limited research on the potential utility of stromelysins as tumor markers in peripheral blood. A single
study reported that patients with ovarian cancer had higher MMP-3 levels compared to women with benign lesions.
Higher MMP-3 levels were found in women in more advanced stages according to the FIGO classification. Furthermore,

patients with high baseline MMP-3 levels had a worse prognosis than patients with lower levels of this enzyme.174
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Matrilysins—MMP-7 and MMP-26

Low expression of MMP-7 was found in physiological ovarian tissue.!”>"” High or low expression of MMP-26 was

also observed, depending on the structure of the ovary.!”® Samples from ovarian cancer patients exhibited the expression

16.143.144.166.175.177-179 MMP-7 143 and in

of both of these matrilysins. was detected in the stroma of a cancerous lesion
metastatic foci of ovarian cancer.'”’ MMP-7 expression was the same in the metastatic foci as in the primary lesion."”’
Interestingly. MMP-7 was identified in the mucin of mucinous ovarian carcinoma. indicating that MMP-7 is produced by
cancer gland cells.!”” Data on MMP-7 expression in ovarian cancer compared to benign lesions are scarce and contra-
dictory. According to Wang et al 170 higher MMP-7 expression was found in patients with serous ovarian carcinoma
compared to benign lesions; however, Brun et al'*? documented higher MMP-7 expression in benign lesions compared to
serous ovarian carcinoma. To the best of our knowledge. no studies have compared MMP-26 expression between benign
and malignant ovarian lesions. No correlation was found between MMP-7 expression and ovarian cancer stage according
to the FIGO classification,!% while MMP-26 expression was dependent on FIGO stage. with higher expression levels
observed in stages III and IV compared to stage 1.1

A study by Sillanpa et al'”’ suggests a potentially protective role for MMP-7 in ovarian cancer. Patients with high
expression of this MMP in cancerous tissue had a better prognosis in terms of 10-year disease-related survival rate and
recurrence-free survival time. The protective properties of MMP-7 seem to confirm the results presented in the same
study. which state that low expression of MMP-7 was associated with advanced tumor stage. high histological tumor
grade, and large primary residual tumor. The study by Sillanpéé et al''’ is not supported by the results of Zeng et al.'®
who found no relationship between MMP-7 expression and prognosis. At present, no relationship has been demonstrated
between MMP-26 expression levels and prognosis.'

Some studies have noted the preliminary potential of MMP-7 as a biomarker in peripheral blood samples. In ovarian
cancer patients, plasma or serum MMP-7 levels were higher than in healthy subjects and those with benign
lesions, 15517-181
of metastasis or ascites.*>" but a relationship was shown between MMP-7 levels and primary tumor size.!” Notably.
MMP-7 levels after surgery and chemotherapy were reduced. which suggests the possibility of using this MMP to

No relationship was found between serum MMP-7 levels and tumor stage. tumor grade. and presence

evaluate the efficacy of ovarian cancer treatment in the future.’*>!” According to Bedkowska et al.'S! MMP-7 had
comparable diagnostic sensitivity and specificity values and negative and positive predictive values as two routine
ovarian cancer markers (CA-125 and HE4). In addition. preliminary analyses indicate the possibility of detecting ovarian
cancer at earlier stages using simultaneous determination of MMP-7 and CA-125."% To the best of our knowledge, no
studies have evaluated the levels or diagnostic utility of MMP-26 in the serum or plasma of ovarian cancer patients.
However. elevated levels of this MMP are found in other types of cancer. including breast cancer'® and prostate
cancer.'®

Membrane-Type MMPs—MMP-14, MMP-15, MMP-16, MMP-17, MMP-24, and MMP-25
Research on the expression of membrane-type MMPs in physiological ovarian tissue is inconsistent. On one hand. some
scientific reports have confirmed the expression of MMP-14, MMP-15. MMP-16. MMP-24. and MMP-25 in normal
ovarian tissue.’%% On the other hand. a study by Testuri et al'®? failed to determine whether membrane MMPs were
expressed in physiological ovarian tissue. Similar observations for MMP-25 were made by Zeng et al.'® but the study
was conducted on a small number of samples (n = 3). In ovarian cancer. the expression of MMP-14,13:16.142.144.166.184-187
MMP-15,16-185 MMP-16,16:166-185.188 Avipo17, MMP-24.16196185 and MMP-25'%1% was confirmed by numerous
studies. Both epithelial and stromal expression was demonstrated for MMP-14,13:142:143,186 Epithelial and stromal
MMP-14 expression was associated with ascites and lymph node involvement. whereas high mRNA levels in the
epithelium. in particular. translated to the development of distant metastatic foci.”? Interestingly. an inverse relationship
with CA-125 was observed for MMP-14 expression. Tumors with high MMP-14 expression simultaneously had low CA-
12524 study by Sakata et al'*? determined that benign lesions had lower MMP-14 expression than cancer: however,
according to Testuri et al.'® there was no expression of MMP-14 or other membrane MMPs in nonmalignant ovarian

lesions. Therefore, further studies are needed to clearly ascertain the potential of membrane MMPs as auxiliary markers
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for differentiating between benign and malignant lesions. The relationship between FIGO stage and expression of
12 mRNA levels of MMP-14 increased with
higher FIGO classification stages. On the contrary. Wang et al'% found no relationship between MMP-14 expression and
ovarian cancer stage. According to a single study. there was no relationship between MMP-17 and MMP-24 expression

and FIGO stage. However, MMP-16 and MMP-25 expression was higher in FIGO stages III and IV than in less advanced
166

membrane-type MMPs is a matter of debate. According to Escalona et al.

stages.

A few studies have reported an association between membrane MMP expression and prognosis. According to Kamat
etal” patients with high epithelial and stromal MMP-14 expression had low disease-related survival rate values: the
lowest disease-related survival rate values were among women with high MMP-14 expression found only in cancerous
epithelium. Patients with moderate MMP-14 expression in the epithelium accompanied by low stromal expression had
the best prognoses.13 In addition. Wang et al'® determined that high levels of mRNA for MMP-14 in ovarian cancer
were associated with a poorer prognosis. However, it should be noted that according to Zeng et al.' MMP-14 expression
was not associated with patient survival. A similar relationship was found for MMP-15.'%¢ MMP-16."¢ MMP-17,16-19
and MMP-24.1% Interestingly. high expression of MMP-25 was associated with longer overall survival.!®

To the best of our knowledge. only a single study to date has suggested that MMP-14 can be used as a blood-based
marker for ovarian cancer patient. MMP-14 concentrations were higher in women with ovarian cancer compared to
healthy patients and those with benign lesions.'*® However. the concentrations and potential utility of other membrane
MMPs as markers in peripheral blood in patients with ovarian cancer have not yet been investigated.

Other Types of MMPs—MMP-12, MMP-19, MMP-20, and MMP-2|
There is limited research on the other MMPs. No MMP-12 expression was found in normal ovarian tissue.!® Expression
of MMP-19. MMP-20. and MMP-21 has not yet been studied. MMP-12. MMP 19, MMP-20. and MMP-21 mRNA was
found in serous and endometrioid ovarian carcinoma.'®1% According to Wang et al.*® there was no correlation between
MMP-12, MMP-19, MMP-20, and MMP-21 mRNA levels and FIGO stage. Differences were found between the
expression of individual MMPs and prognosis. High levels of MMP-12 expression in stage IIT or IV patients were
associated with better overall survival. The same study simultaneously found that MMP-19. MMP-20. and MMP-21
expression was not associated with progvnosis.16 However. it should be noted that Wang et al'® determined that high
MMP-19 and MMP-20 expression was associated with poor overall survival and that these two MMPs could serve as
independent factors to predict poor prognosis in ovarian cancer patients. The poor prognosis of female patients has been
shown to be due to a complex mechanism of action. studied in vitro, in which MMP-19 and MMP-20 induced resistance
to anti-cancer drugs and stimulated cancer cell invasion.'®

To the best of our knowledge. no studies have established the potential of other MMPs as peripheral blood markers in
ovarian cancer patients. A single study of colon cancer patients determined that MMP-12 has potential as a novel tumor
marker.!! It is unfortunate that the potential of MMP-19, MMP-20, and MMP-21 as tumor markers has not been
determined by any oncology studies. Therefore. future investigations of this group of enzymes should be conducted to
evaluate their potential utility. not only in ovarian cancer patients, but also in other types of cancer. A representation of
the most significant characteristics of MMPs is presented in Table 2

Conclusion
Ovarian cancer is one of the most common gynecologic malignancies. and many interrelated factors confribute fo its
prevalence. Due to its usually asymptomatic or minimally symptomatic course. it is most often detected at an advanced
stage. which translates into an unfavorable prognosis. Considering the increasing number of cases and its insidious
nature, it is vital to search for new ways to enable earlier diagnosis of ovarian cancer. Additionally, besides early
detection, it is necessary to properly control its progress and assess its prognosis. It might be possible to measure these
tumor markers in different biological samples as diagnostic parameters. This article summarized the potential role of
extracellular MMPs in the diagnosis. monitoring, and prognosis assessment of ovarian cancer patients.

MMPs are involved in all stages of carcinogenesis. and their role and potential utility in ovarian cancer remains
controversial. Most currently known MMPs are expressed in ovarian cancer. and high expression of some of them (eg.
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Table 2 The Most Significant Properties of MMPs Groups Found in Tissue Studies and Body Fluids

Gelatinases

MMP Results References

MMP-2 Research in tissues [14-16,139,141—148,152]
-Expression was found in: physiological ovarian tissue, all histological types of OC samples, in
cancer epithelial cells, stroma cells and metastatic foci
-Conflicting data on expression differences between different OC histological types - Single
studies show higher expression in serous ovarian carcinoma type and chemotherapy-sensitive
ocC
-Expression independent from disease stage, tumor size and treatment effects
- Expression dependent from OC tendency to recur and metastasis
-The relationship between expression in cancer epithelial cells and prognosis is contradictory. It
is observed: a) Worse prognosis of patients with higher MMP-2 expression or b) No relationship
between expression and prognosis of patients
-The relationship between expression in stroma cells and prognosis is contradictory. It is
observed: a) Shorter or
b) Longer survival time of patients with higher MMP-2 expression

Research in body fluids [152,155,160]
-Serum levels lowers in OC patients than in healthy women
-Serum concentrations independent from OC stage
-No differences in serum concentrations between OC patients and women with benign lesions
-Plasma concentrations independent from patient prognosis
-Higher urine levels in OC patients with normal CA-125 blocd levels

MMP-9 Research in tissues [14,139-148]
-Expression was found in: all histological types of OC samples, in cancer epithelial cells, stroma
cells and metastatic foci
-Expression in physiological ovarian tissue is low or undetectable
-Conflicting data on expression differences between different OC histological types - Single study
shows higher expression in high-grade serous OC
-Higher expression in OC than in benign lesions
-Higher expression in OC patients with present metastatic foci than in patients without
metastatic foci
-Expression dependent on OC stage (higher expression in more advanced stage), and number of
vasculogenic-like networks
-The relationship between expression in OC tissue and prognosis is contradictory. It is observed:
a) Shorter or
b) Longer survival time of patients with higher MMP-9 expression

Research in body fluids [14,152,156-158,160]
-No correlation between serum concentrations and OC histological types
-Serum and plasma concentrations higher in OC patients compared to healthy women and those
with benign lesions
-Serum concentrations higher in more advanced stage OC and in patients insensitive to
chemotherapy and with ascites or metastatic foci
- Plasma concentrations independent of patients prognosis
-Decline in serum concentrations after surgery
- Highest sensitivity values in assays with CA-125 in plasma

- Higher wrine levels in QC patients with normal CA-125 blood levels

(Continued)
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Table 2 (Continued).

Gelatinases

MMP

Results

References

Collagenases

MMP

Results

References

MMP-|

Research in tissues
-Activity was found in physiological ovarian tissue
-Expression was found in OC samples
-Higher expression in OC than in benign lesions

[16,161,163-166]

Research in body fluids
-Low activity in ovarian cyst fluid
-There was no difference between activity in the fluids from malignant and benign cysts

[164]

MMP-8

Research in tissues
-Expression in physiological ovarian tissue and benign lesions has not been studied
-Expression was found in OC samples
-Expression dependent on OC stage (higher expression in more advanced stage
- Higher expression was associated with worse prognosis
-Higher expression was associated with higher MMP-9 expression

[16,164,165]

Research in body fluids
-Higher activity in malignant cyst fluids compared to benign cyst fluids

[164]

MMP-13

Research in tissues
-Not expressed in physiological ovarian tissue
-Expression in begin lesions has not been studied
-Expression was found in OC samples
-Expression independent from disease stage or whether cancer occupied one or two ovaries
-Higher expression was associated with worse prognosis of patients

[16,164-166]

Research in body fluids
-Low activity in ovarian cyst fluid
-Higher expression in peritoneal fluid was associated with worse prognosis of patients

[164,167]

MMP-18

Research in tissues
-Expression was found in physiological ovarian tissue
-Expression in OC tissue and benign lesions was not studied

[162]

Stromelysins

MMP

Results

References

MMP-3

Research in tissues
-Expression was found in physiological ovarian tissue and in OC samples
-Expression dependent on OC stage (higher expression in more advanced stage)
-Expression independent from patients prognosis

[16,166,170-173]

Research in body fluids
-Serum concentrations higher in OC patients compared to women with benign lesions
-Serum concentrations dependent on OC stage (higher concentration in more advanced stage)
-High serum levels were associated with shorter progression-free time and worse overall

survival

[174]

(Continued)
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Table 2 (Continued).

Gelatinases
MMP Results References
MMP-10 Research in tissues [16,166,171,172]

-Not expressed in physiological ovarian tissue
-Expression was found in OC samples
-High expression associated with better overall survival of patients in stage Ill and IV in
accordance with FIGO

MMP-11 Research in tissues [16,166,171-173]
-Expression in physiological ovarian tissue has not been studied
-Expression was found in OC samples
-Higher expression was associated with higher expression of MMP-2 and MMP-13
-Expression dependent on OC stage (higher expression in more advanced stage)
-Expression independent from patients prognosis

Matrilysins
MMP Results References
MMP.7 Research in tissues [16,117,143,144,166,175—
-Low expression in physiological ovarian tissue 177,179]

-Expression was found in: OC tissues, stroma cells, metastatic foci and in the mucin of mucinous
ovarian carcinoma
-Conflicting data on expression differences between OC and begin lesions. It is observed: a)
Higher expression in serous OC compared to benign lesions or b) Higher expression in benign
lesions compared to serous OC
-Conflicting data on the relationship between expression and prognosis. It is observed: a) Better
prognosis in patients with high expression of MMP-7 or b) Expression independent from patients
prognosis
-Low expression associated with advanced stage, high histological grade OC and large primary
residual tumor

Research in body fluids [155,179-181]

-Serum and plasma concentrations higher in OC patients compared to healthy women and begin
lesions

-No relationship between serum levels and tumor stage and grade, presence of metastasis or
ascites

-Positive correlation between serum concentrations and primary tumor size
-Decrease in serum concentrations after surgery and chemotherapy
-Parallel to CA-125 and HE4 values of diagnostic parameters (sensitivity, specificity, negative and
positive predictive values) after determination from plasma

MMP-26 Research in tissues [16,155,166,178,179]
-High or low expression depending on the structure of the ovary
-Expression was found in OC samples
-Differences in expression between OC and benign lesions have not been studied
-Expression dependent on OC stage (higher expression in stage lll and IV compared to stage I)
-No relationship between expression and prognosis of patients with OC

(Continued)
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