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1.  Uvod

1.1 Epidemiologie karcinomu endometria

Karcinom endometria (EC) se fadi k nejcastéji se vyskytujicim zhoubnym nadorim
Vv rozvinutych zemich [1]. Jeho incidence dale stoupa [2]. Celozivotni riziko vzniku karcinomu
endometria u Zen je 2-3% [2]. Je Sestou nejcastéjsi malignitou u zen celosvétoveé s odhadovanou
incidenci okolo 319 600 novych piipadi za rok (2013) [3]. V USA je karcinom endometria
dokonce ¢tvrtym nejcastéji se vyskytujicim malignim onemocnénim u zen [4]. V Evropé pocet
nové diagnostikovanych piipadt piekracuje hranici 100 000 zen ro¢né v roce 2012 [1]. Po
zhoubnych nadorech prsu je druhou nejéastgjsi gynekologickou malignitou. V Ceské republice
se gynekologické zhoubné nadory podili pfiblizné 15 % na celkovém poctu vSech nadorovych
onemocnéni u zen. V roce 2014 dosahla v CR incidence karcinomu endometria hodnoty
35,3/100 000 zen. Dle absolutnich Cisel v tomto roce onemocnélo 1892 Zen. Stale vSak
incidence a ptedeviim mortalita v Ceské republice prevysuji jak evropsky tak i svétovy
standard (graf 1, 2; tabulka 1,2).

Graf &.1: Incidence karcinomu endometria v Ceské republice a vybranych zemich
(zdroj: www.svod.cz)
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Graf &.2: Srovnani mortality v Ceské republice a vybranych zemich
(zdroj: www.svod.cz)
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Tabulka &.1: Incidence karcinomu endometria v Ceské republice, piepodet na 100 000 Zen

Ceska republika 34
EU (EU-27) 22,5
USA 25,4

Tabulka &.2: Srovnani mortality v Ceské republice, v zemich EU a v USA, pfepoéet na

100 000 zen
Ceské republika 6,8
EU (EU-27) 5,2
USA 4,7

Incidence v Ceské republice vzrostla z piivodnich 21,1/100 000 Zen v roce 1975 na

29,1/100 000 v roce 1995 a za dalSich 19 let pak jiz dosahla hodnoty 34,1/100 000 Zen (v roce
2014) (tabulka 3, graf 3).

Jedinym pozitivnim trendem je, Ze mortalita v souvislosti s karcinomem endometria od roku
2000 stagnuje. Svého maxima 11,3/100 000 Zen dosahla roku 1999 [5, 6].



Tabulka ¢.3: Vyvoj incidence a mortality v Ceské republice od roku 1977
(zdroj: www.svod.cz)
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Graf &.3: Vyvoj incidence a mortality v Ceské republice od roku 1977 (zdroj: www.svod.cz)
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Karcinom endometria se typicky objevuje u Zen v peri- a postmenopauze, diagnéza je stanovena
VvV primérném véku 63 let, z toho vice nez 90% piipadi je diagnostikovano u zen ve véku > 50

let. Pfesto postihuje zhruba 4% zen mladsich 40-ti let [7].




1.2 Rizikové faktory karcinomu endometria

Dnes pievladaji nézory, ze typ I (endometroidni) a typ II (non-endometroidni) karcinomu
endometria maji rozdilné rizikové faktory. Rozsahla epidemiologicka studie publikovana roku
2013 [8] vsak na zkoumaném souboru 14 069 ptipadu karcinomu endometria ukazuje, Ze oba
obezita, parita, uzivani hormonalnich kontraceptiv, koufeni cigaret, vék, menarche a diabetes
melitus. Naopak vyssi hodnota BMI ovliviiuje vyznamnéji vice vznik EC 1. typu. Autoii této
rozsahlé epidemiologické studie (v souladu s témito zjisténimi) vyslovili zavér, ze v 1 piipadé
typu II karcinomu endometria mohou estrogeny hrat svou roli v etiologii vzniku tohoto
onemocnéni [9]. Dal$imi rizikovymi faktory zejména pro typ I EC jsou hypertenze, anovulaéni
cykly, 1é¢ba neoponovanymi estrogeny, polycysticka ovaria a 1é¢ba tamoxifenem [10].

Familiarni vyskyt karcinomu endometria je v souc¢asné dobé pomérné dobfte literarné
dokumentovan a je vSeobecné ptijiman fakt, ze zhruba 5 % ptipadl karcinoml endometria je
podminéno dédi¢né. Lynchiv syndrom, znamy téz jako HNPCC — Hereditary Non-Polyposis
Colorectal Carcinoma, je pfi¢inou vétSiny dédiénych piipadt [11]. Jednd se 0 dédicné
autozomdlné¢ dominantni onemocnéni projevujici se vznikem mnohacetnych zhoubnych
nadorii. Objevuje se V mladém a stfednim véku a kromé délohy postihuje zejména sliznice
tlustého stfeva a mazové zlazky v kizi. Zeny s Lynchovym syndromem maji 27-71 % riziko
onemocnéni karcinomem endometria a pfiblizn€ 3-13 % riziko onemocnéni karcinomem
vajecniku [12].

Soucasné vyzkumy se zabyvaji téZ studiem vlivu potravin a stavu vyzivy na riziko
vzniku karcinomu endometria. Hledaji téz latky, které by zeny pied vznikem EC ochraniovaly.
Studie publikovand v roce 2011 prokazala, Ze vysoky pfijem folath a vitamini skupiny B
(zejména z vitaminovych dopliikd) je spojen s prokazatelné zvySenym rizikem vzniku

karcinomu endometria, typ 11 [10].

1.3 Protektivni faktory karcinomu endometria

Z hlediska ochrany endometria pfed rozvojem maligniho onemocnéni je diskutovan pozitivni
vliv délky laktaci a poctu gravidit. BEéhem gravidity a pii kojeni dochdzi k vyznamnému snizeni
hladin hypofyzarnich a ovarialni hormont a tim je utlumena stimulace endometria estrogeny
[13, 14]. V rozsahlé metaanalytické studii z roku 2015 byl prokazan snizeny vyskyt karcinomu

endometria u Zen, které dlouhodob¢ kojily [15].



Uzivéani kombinované hormonalni antikoncepce (COC) ¢i inzerce nitrodélozniho systém (IUS)
S progestinem omezuji vznik hyperplazie endometria. Bylo prokazano snizeni rizika rakoviny
endometria pfiblizné 0 50 % pfi uzivani kombinované hormonalni antikoncepce. Dle vétSiny
studii, zkoumajicich vliv COC na vyskyt karcinomu endometria, pfetrvaval tento ochranny
ucinek po dobu az 20 let po ukonceni uzivani COC [16]. Protektivni vliv je dale pfisuzovan
stravé bohaté na ovoce, zeleninu a vlakninu [3]. Téz konzumace kavy s obsahem kofeinu

(neplati pro dekofeinovanou kavu) snizuje incidenci L. typu karcinomu endometria [17].

1.4 Klinické projevy

Ptestoze dosud neexistuji spolehlivé screeningové markery, karcinom endometria je obvykle
diagnostikovan ve svych ranych stadiich. Nepravidelné délozni krvéaceni je ptitomno v 90 %
pripadd a obzvlasté u postmenopauzalnich zen by mélo byt povazovano za suspektni ptiznak
z malignity [18]. Ostatni symptomy (vCetné bolesti bificha apod.) jsou méné Casté a jsou

vétSinou piiznakem pokrocilej$iho stadia onemocnéni.

1.5 Diagnostika, vySetiovaci metody

Pii klinickém podezieni na karcinom endometria je diagndza ziskdna pomoci biopsie
endometria. V piipadé potvrzeni diagndzy karcinomu endometria jsou doplnéna dalsi vySetieni
k detekci Sifeni nemoci. Magneticka rezonance je jiz dlouho velmi cennou diagnostickou
metodou pro preoperacni staging karcinomu endometria [19]. Pro posouzeni postizeni cervixu
a hloubky myometralni invaze je vhodnéjsi pouZiti magnetické rezonance s kontrastni latkou
nez bézné magnetické rezonance ¢i sonografie nebo pocitacové tomografie [19, 20]. Piesto
nekteré prace uznavaji vaginalni sonografii jako levnéjsi a operativné;jsi alternativu magnetické
rezonance K posouzeni hloubky invaze do myometria [21] S podobnou mirou piesnosti.
Vaginalni sonografie je ale daleko vice zavisla na zkuSenosti vySetfujiciho neZ magneticka
rezonance [22]. Pocitacova tomografie (abdominalni sken) je indikovana v ptipadé podezieni

na Sifeni mimo malou panev a zejména pak u nizce diferencovanych tumort typu II.
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2.  Prognostické faktory karcinomu endometria

Ptiblizn€ 75 % vsech ptipadl karcinomu endometria je diagnostikovano ve stadiu, kdy je nador
ohrani¢en na délozni télo [2, 23]. Piesto 15-20 % piipadd po primarni chirurgické 16¢bé
recidivuje do 3 let od 1éCby a jsou Casto rezistentni na systémovou lécbu. Proto je snahou dale
vylepsit diagnostické a 1éCebné algoritmy a identifikovat nové markery, aby bylo mozné
rizikovou skupinu pacientii s Casnym metastazovanim a rizikem recidiv v¢as identifikovat a
aplikovat radikalnéjsi 1écebné rezimy. Naopak je dulezité vyclenit skupinu pacienti s nizkym
rizikem, kde radikalni operacni 1écba nejenze neptinasi 1éCebny benefit pro pacienty, ale navic
je zatézuje zvysenou morbiditou.

Zakladnim (av$ak ne pfili§ pfesnym) rozdélenim pacienti s karcinomem endometria
s ohledem na riziko recidivy je dano histologickym podtypem. Ve véts$iné piipadt karcinomu
endometria typ | — endometroidni se jedna o dobie diferencovany, ohrani¢eny nador obvykle
spojeny s dobrou prognozou. Naopak typ II je charakteristicky nizkym grade, rychlym $ifenim
a horsi prognozou. Prognostickd hodnota tohoto ¢lenéni je ale velmi limitovana, protoZe bylo
prokazano, ze az 20 % EC typ I miiZe recidivovat a naopak pfiblizn€ jedna polovina karcinomt
typ II zGstava bez recidiv [8, 24] (tabulka 4).

Na zakladé¢ histologického vySetfeni biopsie endometria a hloubky invaze do myometria
je mozné preoperacné pacienty rozdélit do skupin dle miry rizika. Nizké riziko predstavuji
nadory typ I, grade 1 nebo 2 a s infiltraci myometria méné nez 50 %. Skupina se stfednim
rizikem je charakterizovana nadorem endometroidniho typu, grade 3 a s infiltraci myometria
do 50 %, €1 grade 1 nebo 2 a s postizenim vice nez 50 % hloubky myometria. Vysoké riziko
pak pfedstavuji vSechny histologicky non-endometroidni typy nadoru s hlubokou invazi do
myometria a grade 3 [25-27]. Hloubka infiltrace myometria hodnocena hrubou inspekci ma
bohuzel nizkou prediktivni hodnotu zejména v piipadé high grade tumora [28]. Frozen section
provedena peroperacné nadale presnost diagnostiky zvysuje [29, 30].

Nalez pozitivnich lymfatickych uzlin béhem primérni operace miiZe identifikovat
skupinu pacientt s horsi prognézou [27, 31], avSak tento postup je zatizen vysSim vyskytem
komplikaci [32]. Z tohoto dtivodu rutinni sampling lymfatickych uzlin, zvlasté pokud je
provadén laparotomickou cestou, nebyl uznan jako metoda zvySujici benefit pro pacienty [32,
33]. Proto je i nadale snaha najit nové prognostické markery, které¢ by nam umoznily
preoperacné identifikovat rizikové pacienty a pro né€ pak individualizovat 1écbu.

Definitivni zatazeni do rizikovych skupin, které urcuji t€z prognozu, je provedeno

podle histologické vySetteni vzorku z hysterektomie, histologického typu, nadoru, grade,
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hloubky invaze do myometria, miry postizeni cervixu a metastatického Sifeni [2, 8, 31].
Chirurgicky staging karcinomu endometria je od roku 1988 provadén dle FIGO klasifikace,
ktera byla revidovana roku 2009. TNM kategorie jsou definovany tak, ze odpovidaji stadiim
podle klasifikace FIGO. Nizké riziko odpovida dle FIGO I1A-G1, G2, stfedniho riziko: FIGO
IA-G3; IB-G1, G2; FIGO II-G1, vysoké riziko: jiny histologicky typ nez endometroidni

karcinom; FIGO IB-G3; FIGO 11-G3, extrauterinni Sifeni, postiZzeni uzlin.

3. Histopatologické charakteristiky

Karcinom endometria je standardné délen dle histologie na typ I a typ II. Typ I je zodpovédny
za 80-90% vsech pripadl karcinomu endometria, histologicky se jedna o endometroidni typ (t;.
adenosquamozni, mucindzni a glanduldrni). Typ II reprezentuje 10-20 % vSech piipadi a jedna
se 0 ser6zné papilarni typ, ¢i o karcinom z jasnych buné¢k [34]. Jednotlivé histologické typy se
1181 téz svymi klinickymi projevy. Témét 80 % karcinomti endometria, typ I je diagnostikovano
ve stadiu jeSté ohrani¢eném na t€lo délozni [18], zatimco u jasnobunééného karcinomu je to jen
v 50% piipadt [31] a u ser6zné papilarniho typu dokonce jen v 37% piipadi [31]. Podobné je
téz 1 doba pteziti v izké souvislosti s histologickym podtypem nédoru. V ptipadé€ obou typi je
celkova doba preziti cca 80 % a interval 5 let bez remise kolem 85 % [18, 34]. V kalkulaci na
pouze typ II EC pak celkova doba pteziti klesa na 36-46 % a interval 5 let bez remise na 45-
55 % [31, 35] (tabulka 4).

4.  Molekularni patogeneze karcinomu endometria

4.1 Onkogeny a tumor supresorové geny
V procesu kancerogeneze endometrialniho karcinomu se uplatiiuje nékolik rtiznych genti. Jsou
to tzv. onkogeny a tumorsupresory.

Onkogeny byly objeveny v roce 1911, kdy Rous popsal pienosny sarkom u kufat.
Onkogeny jsou vSeobecné geny, které zpisobuji nebo podporuji nadorovou transformaci.
Onkogeny mohou byt jednak plivodu virového a dile mohou vznikat mutaci naprosto
normalnich gend, tzv. protoonkogenli. Onkogen z protoonkogenu miiZze vzniknout nékolika
zpusoby a to deleci, mutaci, translokaci ¢i zesilenim exprese daného genu nebo jeho genovou

duplikaci [36]. Nasledkem téchto zmén muze v konecném dusledku dojit az ke stimulaci

12



nadorového rastu. V endometrialni kancerogenezi jsou nejvyznamnéj$imi onkogeny predevsim
KRAS a c-erbB-2.

Tumor supresorové geny (téz antionkogeny) funguji jako tzv.“pojistky*, které reguluji
bunécné déleni a v pripadé abnormalni proliferace ¢i poskozeni genetické informace bunécny
cyklus zastavi. Na rozdil od onkogenii proteiny kddované tumorsupresory maji antiproliferacni
ucinek, podporuji diferenciaci a apoptézu. Pii poruSe téchto gend bunka unikd kontrolnim
mechanismim, hromadi se sekundarni mutace protoonkogenti ¢i tumorsupresord, coz mize mit
za nasledek maligni zvrat buiiky. Na rozdil od onkogenti maji mutace v tumor supresorovych
genech recesivni charakter. To znamena, Ze k inaktivaci tumor supresorového genu dochazi az
Vv piipadé mutace obou alel. Tento jev popsal poprvé Knudson [37] jako ,,teorii dvojiho zasahu*
(two hit theory) u retinoblastomu. Mutaci ¢i inaktivaci pouze jedné alely nedochazi k iniciaci
nadorového procesu. Dojde-1i v§ak k mutaci obou alel, je tumor supresorovy gen inaktivovan a
muze dojit ke spusténi nadorového procesu. Tento proces byl nazvan jako ztrata
heterozygozity (LOH — loss of heterozygozity). V piipadé endometrialniho karcinomu byly
prokazany predevsim mutace pS3, PTEN, CTNNB, CDKN1A(p21) a CDKN2A(p16).

4.2 Molekularni biologie a histologické podtypy karcinomu endometria
Molekularni zéklad jednotlivych typl karcinomu endometria je jen z¢asti probadan. Jednotlivé
histologické typy karcinomu endometria se lisi téz typem genetické abnormality. Typ | je
vSeobecné spojen s hyperestrogennim prostiedim, velmi casto obsahuje estrogenové i
progesteronové receptory, je diploidni, vykazuje mikrosatelitovou nestabilitu a genové mutace
KRAS ¢1 PTEN. Typ II karcinomu endometria je velmi ¢asto aneuploidni, ¢astymi alteracemi
jsou mutace tumor supresorového genu CDKNA?2 ¢i TP53 anebo onkogenu ERBB2 [38, 39].
V soucéasné dobé je nejcastéjsi genetickou poruchou ve vztahu ke karcinomu endometria
popisovana mutace tumor supresorového genu PTEN, ktera je pfitomna az v 83 % ptipadu [40].
Inaktivace PTEN je davana do souvislosti s ¢asnou kancerogenezi [41] a S abnormalni
proliferaci v prostiedi bohatém na estrogeny [42]. Naproti tomu progesteron navozuje involuci
bunék s mutaci genu PTEN [42]. D&jem zodpoveédnym za spusténi kancerogeneze je inaktivace
gent mismatch repair systému, ktera se sporadicky objevuje u 15-20 % karcinomi endometria
typ I a soucasné je hlavnim etiologickym faktorem dédi¢ného pienosu EC [11]. DalSimi
genetickymi zmény v souvislosti s typem | EC jsou mutace 31— catein genu, KRAS a CTNNB
[43, 44]. U typu II karcinomu endometria je pak nejcastéj$i mutace genu p53 [45] a dale pak

inaktivace tumor supresorového genu pl6 (CDKN2A) ¢i nadmérné exprese onkogenu ERBB
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[46, 47]. Nejcastéjsi genetické mutace ve vztahu ke karcinomu endometria jsou uvedeny dale
(tabulka 5). Tyto molekularni poruchy maji sviij vyznam pro prognoézu nadorového onemocnéni
[48], dosud se vsak nestaly zakladem pro individualizaci 1é¢by a bohuzel ani nezvySuji jeji
uspésnost [2]. I proto je jejich vyznam a souvislost s onemocnénim karcinomem endometria
naddle extenzivné studovan.

Ptitomnost aneuploidie je u karcinomu endometria v§eobecné spojovana se Spatnou
progndzou [49, 50].

Pozitivita hormonalnich receptort ovlivituje vybér 1é€by u metastatickych typt nadoru,
avsak nejagresivnéjsi typy nadort tyto receptory neobsahuji [2]. Korelace pozitivity receptort

a délky pieziti byla potvrzena nékolika studiemi [51-53].
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Tabulka 4: Charakteristiky jednotlivych typa karcinomu endometria

Karcinom endometria — Typ |

Karcinom endometria — Typ 1l

Typ

Endometrialni

Non-endometrialni

Vyskyt
(rizikové faktory)

Perimenopauzalné

Chronicka estrogenni stimulace
Anovula¢ni cykly

Obezita

Hypertenze

Diabetes melitus

Vek vice nez 65 let
Bez estrogenni stimulace

Atrofické endometrium

Incidence

80 % ptipadl EC

20 % ptipadi EC

Inicialni zména

Endometridlni intraepitelialni

Endometridlni intraepitelialni

Mikrosatelitova instabilita (20-
40%)

PIK3CA

Beta-catenin (30-40%)

TP53 (5-10%)

E-catherin (10-15%)

P16 (10%)

neoplazie karcinom
Atopicka hyperpléazie
Cesta $iteni Infiltrace myometria Hluboka infiltrace myometria
Lymfatickymi zilami Lymfatickymi zilami
Agresivita Stabilni pomaly rust Agresivni rist
onemocnéni 5-ti leté preziti = 80-85% Peritonealni metastazy,
metastazy v lymfatickych
uzlinach
5-ti leté preziti = 30-70%
Grade Low grade, dobra progndza High grade, Spatna prognoza
Receptory ER+, PR+ ER-, PR-
Molekularni PTEN (40-80%) Mikrosatelitova instabilita (do
KRAS (20-35%) 5%)
poruchy

PTEN (10%)

KRAS (do 5%)
TP53 (90%)
Beta-catenin (do 5%)
E-catherin (80-90%)
P16 (40%)
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Tabulka 5: Genetické mutace a jejich zastoupeni u jednotlivych typi karcinomu endometria

KRAS [43] onkogen 13-26 0-10
ERBB2/HER-2/neu [54] | onkogen ojedinéle | 18-80
PIK3CA [55] onkogen 26-36 26-36
PIK3CA [24] onkogen 2-14 46
Stathmin [24] onkoprotein 15 64
FGFR2 [56] onkogen 12 12
PTEN [57, 58] tumor supresorovy gen | 35-55 0-11
TP53 [59] tumor supresorovy gen | 5-10 80-90
P16 [60, 61] tumor supresorovy gen | 10 10-40
MSI [62, 63] DNA repair 20-45 0-5
MLHI [64] DNA repair 20-35 0-10
ER, PR [51] transkripéni faktor 70-73 19-24
Beta-catenin [65, 66] onkogen 25-38 0-5
E-cadherin [67] tumor supresorovy gen | 22-43 57-75
EZH2 [68] transkrip¢ni faktor 16 36

MSI = mikrosatelitova instabilita

S, Sérové markery karcinomu endometria

Nadorové biomarkery jsou definovany jako skupina molekul, které jsou ptitomny v lidskych
tkanich, krvi ¢i télesnych tekutinach. Tato skupina zahrnuje jednak geny a chromozomy
(uvedeny v kapitole 3.2) a dale pak tzv. markery sérové. Podobné¢ jako i1 u jinych typt nadort,
tak i v pfipadé karcinomu endometria, je dosud hlavnim nedostatkem téchto markera jejich
nizka specifita. Mirn€ zvySené hladiny biomarkerti nachazime napft. u zanétu ¢i u fady dalSich
nemalignich onemocnéni. Naopak vysoké hladiny téchto markert mohou signalizovat

pritomnost malignity.
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5.1 Cal2s

Cal25 je bézné uzivanym sérovym markerem jako soucast diagnostiky a 1éCby karcinomu
endometria. Ur¢eni jeho hladiny pfed 1écbou umoziiuje upiesnit staging. Klinicky vyznamné se
jevi sérové koncentrace Cal25 vyssi nez 35 U/ml [69-71]. Piesto senzitivita (zejména v ptipadé
nizkych stadii karcinomu endometria) a i specificita tohoto markeru jsou velmi nizké. Pouze
10-20 % ranych stadii karcinomu endometria koreluje se zvySenymi sérovymi koncentracemi
Cal25. Zvysené hladiny Cal25 se bézn¢€ vyskytuji napt. u endometriozy, benignich leiomyomu
a fady zanétlivych onemocnéni. Z tohoto ditvodu je tento biomarker v klinické praxi pouzivan
predev§im v diagnostice pokrocilych stadii [72, 73]. Presto vysoké koncentrace Cal25
stanovené preoperacné jsou prediktivnim faktorem $patné prognozy [74, 75]. ZvySené hladiny

Cal25 mohou signalizovat mozné postizeni regionalnich lymfatickych uzlin [76].

5.2 HE4

,2Human epididymis protein“ (HE4) je potencionalni biomarker v diagnostice karcinomu
ovaria. Zvysené hodnoty jsou ovSem pozorovany i v pfipadé endometrialniho karcinomu.
Sérové hladiny HE4 maji vyS8i senzitivitu nez Cal25 a to zejména v Casnych stadiich
karcinomu endometria [77]. Dale bylo prokazano, ze koncentrace HE4 v séru koreluje
S hloubkou invaze do myometria a stadiem tohoto onemocnéni[78] [79-82]. Byl popsan téz
statisticky vyznamny vztah mezi sérovymi koncentracemi HE4 a metastazovanim,
histologickym typem nadoru, vékem a BMI pacienta [82].

Hladiny HE4 maji téZ prognosticky vyznam pro celkovou miru pfeziti pacientl
s karcinomem endometria [83]. Stanoveni hladin Cal25 a HE4 soucasné ma vyssi prediktivni
hodnotu nez v pfipadech, kdy jsou jednotlivé koncentrace téchto markerti posuzovany

individualné [82].

5.3 Cal5.3
Klinicky vyznam stanoveni sérovych hladin Cal5.3 u pacientd s karcinomem endometria je
nizky. Udava se vyskyt elevace sérovych hladin u 24-53 % pacientii s endometridlnim

karcinomem. Je téz popisovan vztah mezi vysSimi koncentracemi Cal5.3 (>30U/ml a
(>50U/ml) a kratsi dobou pieziti [84].
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5.4 VEGF

Neovaskularizace je zasadni d€j pro rozvoj riastu nadoru a vznik metastaz. NejvyznamnéjSim
angiogenetickym faktorem je rodina vaskuldrniho endotelidlniho ristového faktoru (VEGF).
VEGF hraji zasadni roli v iniciaci jak fyziologické, tak i patologické angiogeneze lymfatickych
i krevnich cév, ovlivituje cévni permeabilitu. V ptipadé nddorové neovaskularizace je
spoustécim déjem hypoxie, kterd vyvola nadmérné uvolnovani aktivatort angiogeneze. Krome
nadorovych onemocnéni se vSak vysoké koncentrace VEGF v séru nachéazi i1 v piipadé
zangtlivych stavi veetné autoimunitnich nemoci.

Ptibyva klinickych i experimentalnich dikazi, Ze angiogenetické rastové faktory hraji
vyznamnou roli i v pfipadé rlstu a Sifeni karcinomu endometria. Byl prokézén vztah mezi
sérovou koncentraci VEGF a klinickym stadiem karcinomu endometria [85]. Nadmé&rna
exprese VEGF a jeho receptorti (VEGFR) je téz davana do souvislosti se Spatnou prognoézou
endometridlnich karcinomu [85]. Hladiny VEGF a VEGFR-1 mohou byt pouzity jako
prediktivni marker pétiletého pieziti u pacient s endometroidnim karcinomem [86].

Kamat et al prokazuji ve své praci 19x vyssi riziko umrti ve skupinach nemocnych s vysokou
koncentraci VEGF oproti skupinam s nizkou koncentraci v séru [86]. Naopak Fine at al
nezachytili vyraznéjsi vztah mezi expresi VEGF a stupném metastazovani, recidivami ¢i délkou

preziti pacientti s karcinomem endometria [87].

5.5 PLGF

Dal8im aktivatorem angiogeneze s moznym vztahem ke karcinomu endometria a patfici do
rodiny VEGF je placentarni ristovy faktor (PLGF). Jeho vyznam byl zkouman ve vztahu
k mnoha typim malignit, v¢etné karcinomu prsu ¢i kolorektalniho karcinomu [88, 89].
V piipad¢ karcinomu endometria nebyla dosud role PLGF dostate¢né prozkoumana. Zvysené
sérové koncentrace byly prokazany pouze u 4. stadia a soucasn¢ nebyl vliv hladiny PLGF na

délku preziti pacientt [90].

5.6 YKL-40

Biomarker YKL-40, znamy také jako chitinase-3-like 1 protein (CHI3L1), byl objeven
pocatkem 90. let. Jedna se o glykoprotein inhibujici apoptdzu, je aktivatorem angiogeneze a
patii také do rodiny VEGF. U pacientd s revmatoidni artritidou je produkovan chondrocyty a
bunikami synovie a nasledné€ uvoliiovan do krve. ZvySené koncentrace tohoto biomarkeru v séru

byly identifikovany u pacientlil s riznymi typy nadord. Existuje fada studii, které prokazaly
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prognostickou hodnotu YKL-40 zejména v pfipadé melanomu, rakoviny prsu, plic,
kolorektalniho karcinomu ¢i rakoviny vaje¢nikd a endometria [91-95] [96].

I v ptipadech karcinomu endometria FIGO I-IB byly prokazany vyssi hladiny markeru
YKL-40, coz naznauje jeho potencialni vyuzitelnost jako biomarkeru vhodného k detekci
casnych stadii tohoto onemocnéni. Koncentrace YKL-40 maji vyssi diagnostickou senzitivitu
u karcinomu endometria I a I ve srovnani s Cal25. Pacienti se zvySenou hladinou YKL-40

pred 1éEbou maji téz vyssi riziko relapsu [97].

5.7 AMH

AMH, neboli antimiilleriansky hormon. U Zen je AMH produkovan bunikami granuldzy
rostoucich folikl a je pokladén za senzitivni marker ovaridlni rezervy. Jeho koncentrace jsou
velmi nizké po narozeni, vyznamné rostou v puberté. Tyto vysoké hodnoty piervavaji zhruba
do 25 let véku Zen a poté postupné klesaji az na témét nedetekovatelné hladiny v obdobi
menopauzy [98]. AMH je téz vyuzivan jako prediktivni marker ovarialni odpovédi na IVF 1é€bu
[99]. Diskutovan je téz jeho diagnostickym vyznam v piipadé pacientek s PCO syndromem,
kde u téchto pacientek byvaji jeho sérové hladiny dvojnasobné zvySeny v porovnani se
skupinou zdravych zen [100]. Klinicky vyznam monitorovani sérovych koncentraci AMH je
dobte dokumentovan u ovarialnich ,,granulosa cell* tumort. AZ 90% té€chto nadort vykazuje
velmi vysoké hodnoty AMH v krvi [101].

Antimiilleriansky hormon vazbou na jeho specificky receptor typu II (AMHRII)
inhibuje bunécnou diferenciaci a rist. Experimentalni studie prokéazaly, Ze AMH inhibuje rist
rakoviny endometria apoptdzou a zastavou bunécného cyklu v endometriu pozitivnim na
AMHRII. Podobny efekt AMH byl popsan i v ptipadé endometriozy [102].

Bylo publikovéno jen minimum prospektivnich epidemiologickych udaji o vztahu
AMH a riziku rakoviny endometria. VétSina poznatki se opirda o experimentalni data, ktera
predpokladaji, ze vyssi cirkulujici hladiny AMH mohou poskytnout relativni ochranu proti
vyvoji rakoviny endometria. Fortner et al ve svém vyzkumu neprokazal asociaci mezi

koncentraci AMH a rizikem karcinomu endometria [103]

5.8 DJ-1

DJ-1, znamy téZ pod ndzvem protein 7 Parkinsonovy choroby (PARK7). Jedna se o protein
s mnoha funkcemi. Krom¢ jeho hlavni ulohy pfi podpofe bunécné proliferace a regulace

bunécného cyklu byla pfitomnost DJ-1 prokdzana u mnoha typl rakoviny véetné karcinomu
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prsu [104, 105]. Dale byla demonstrovana role DJ-1 jako onkogenu modulujiciho PTEN a tim
podporujiciho ptezivani bunék [106]. Shu et al prokazali zvySenou expresi DJ-1 ve vzorcich
tkan¢ karcinomu endometria oproti endometriu fyziologickému. Vysoké hladiny DJ-1 jsou

spojovany téz s progresi endometrialniho karcinomu [107].

6. DalSi potencionalni sérové markery

6.1 S100-Al1l

Jedna se o skupinu proteint, u kterych se predpoklada podil na rozvoji kancerogeneze a
progrese rakovinnych onemocnéni. S100 jsou malé proteiny vazici kalcium a vyskytujici se
vyluéné u obratlovcd. Prvni protein z této skupiny byl objeven v roce 1965 [108]. Nazev S100
vznikl na zéklad¢ jejich rozpustnosti ve 100 % nasyceném sulfatu amonném pfi neutralnim pH.
V lidské populaci bylo dosud popsano 25 zastupct této skupiny. Proteiny S100A1 — S100A18
jsou kodovéany geny v okoli lokusu 1g21 (zndmy téz jako epidermélni diferencia¢ni komplex).
Dalsi skupina S100B, S100P, S100Z a S100G jsou kdédovany na lokusu 21q22, 4p16, 5q14 and
Xp22 [109]. Proteiny S100 se vyskytuji jako homo-, hetero- ¢i oligodimery. Pfedpoklada se, ze
kazdy S100 protein v organizmu zastava rizné funkce [110]. Diky svému intra- a
extracelularnimu ptisobeni ovliviiuji fadu riznych biologickych procest, jako naptiklad
regulaci bunééného cyklu, bunééného ristu, diferenciaci a motilitu bunék [111-113].
Intracelularni funkce zahrnuji regulaci fosforylace, transkripcnich faktorii, cytoskeletalnich
komponent a udrZzovani homeostazy vapniku. Extracelularné piisobi mechanismem podobnym
cytokinum na receptory pro produkty pokrocilé glykace (RAGE) [114].

Asociaci mezi proteiny S100 a rozvojem rakoviny lze vysvétlit né€kolika zpusoby.
Ptedevsim jde o nachylnost lokusu 1g21(kde je vétsina S100 genti lokalizovana) ke genetickym
mutacim, coz pravdépodobné podporuje rozvoj kancerogeneze [115]. Proteiny S100 vykazuji
pozménéné hladiny exprese v rakovinovych buiikdch ve srovnani s normalnimi buiikami a jsou
rizné exprimovany v riznych malignitach podle typu a stadii [116-122].

Bylo téz prokazano, ze ovliviiuji a reguluji rizné proteiny, které se podileji na rozvoji
nadorového bujeni a maji rizné ucinky na aktivitu p53 [123-127]. Vyznam jednotlivych
proteinti ze skupiny S100 je zkouman ve vztahu k ¢etnym typtim nddori. Calgizzarin (S100-
All) je povazovan za mozny sérovy marker karcinomu endometria [128]. Nadmérna exprese
proteint ze skupiny S100 byla detekovana u malobunécného karcinomu plic a déloznich

leiomyomtu [129, 130]. Bylo prokazano, Ze calgizarrin ( S100-All) blokuje apoptdzu
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Vv bunkach délozniho leiomyosarkomu [129]. Zda se, Ze svou ulohu hraje i v pfipad¢ karcinomu
prsu [131].

6.2 AlF-1

Allograft inflammatory factor-1 (AlF-1) je cytoplazmaticky, ,,calcium-binding* protein, ktery
ma vyznamnou ulohu v rozvoji zanétlivé reakce jako odpovédi na tkanové trauma.

Tento faktor byl poprvé objeven v roce 1995 u krys a o rok pozdéji i u lidi. Jedna se o protein
produkovany aktivovanymi makrofagy, ktery byl izolovan z transplantovanych srdecnich
Stépu, které se nevhojily [132, 133]. Jesté dva roky pied objevem AIF-1 byl ze stiev prasat
izolovan tzv. ,daintain®“ protein, kterd mé vliv na sekreci insulinu a je téZ produkovan
aktivovanymi makrofagy [134]. Daintain a AIF-1 jsou v podstaté identické peptidy, lisi se
pouze zastoupenim jednotlivych aminokyselin [135]. DalSimi strukturalné podobnymi faktory
jsou Ibal [136] a MRF-1 (microglia response factor) [137].

U lidi je AIF-1 gen kédovan v okoli lokusu chromozomu 6p21.3, ktery je Vv té€sné
blizkosti genti regulujicich tvorbu peptidi zodpovédnych za zanétlivou odpovéd’ organismu,
jako jsou napt. TNF alfa a beta (tumor necrosis factor), NF-kB (nuclear factor) ¢i proteiny
komplementu [138, 139]. V lidském téle byl AIF-1 ve vyznamném mnozstvi prokazan
v lymfatické tkani [140], v zarode¢nych bunkach varlete a dale zejména v ¢ervené pulpé sleziny
[141]. AIF-1 ma vSeobecné prozanétlivy efekt. Spolu s makrofagy hraje zasadni roli v rozvoji
zanétlivé a imunitni reakce jako odpovédi na tkanové trauma. Makrofagy vlivem plisobeni
AlF-1 jednak méni sviij tvar a dale produkuji velké mnozstvi interleukinu IL-6, IL-10 a

IL-12p40 [142]. Pti pokusech in vivo bylo dale prokazano, ze AIF-1 vyvolava oxidaéni stres,
zvySuje hladinu C reaktivniho proteinu a aktivaci fibrinogenu zvySuje krevni koagulaci [143,
144]. Je tedy zfejmé, ze AIF-1 jako spoustéc zanétlivé reakce je vyznamnym faktorem v rozvoji
onemocnéni jako jsou autoimunitni choroby, rejekce Stépu po transplantaci, zanétliva
onemocnéni CNS, vaskulopatie ¢i nadorova onemocnéni. Recentni studie odhalily, ze AIF-1 je
uvolinovan do krevniho fecisté béhem experimentalné navozené autoimunitni neuritidy [145].
Byla prokéazana vyznamna korelace mezi expresi AIF-1 v buitkach makrofagi a glie v ptipadé
malignich gliomt u lidi [146]. AIF-1 je rovnéz pfitomen ve sténé cév détskych hemangiomu.
Pfitomnost AIF-1 byla prokdzana v endotelidlnich bunikdch pupecniku, kde zvySuje jejich
proliferaci a migraci. Nalez Casté exprese AIF-1 Vv endotelidlnich buiikdch hemangiomu
podporuje vyznamnou roli tohoto faktoru v patofyziologii téchto typti nadortu [147, 148]. Dalsi

malignitou, kde byla prokazana vyznamna exprese AIF-1, je duktalni karcinom prsu. Pokusy
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na mysich odhalily pozitivni vliv AIF-1 na rast nadoru [149, 150]. S ohledem na tato zjisténi
se jevi AIF-1 jako novy slibny marker k detekci ¢i sledovani 1ééebného efektu mnoha
zangtlivych a nddorovych onemocnéni. Je zkoumano i jeho vyuziti jako markeru pro hodnoceni

a kontrolu metastazovani nadoru v pribéhu onkologické 1éCby.

6.3 TFF (trefoil peptidy)

Trefoil peptidy (trifolaty) patii do skupiny malych peptidi bohatych na cystein. Trifoldtové
proteiny jsou definovany pfitomnosti 42-43 aminokyselin, které tvoii unikatni strukturalni
motiv. Jejich tfi pary disulfidovych vazeb jsou zodpovédné za charakteristicky vzhled molekuly
ve tvaru trojlistku. Jsou zastoupeny v lidském téle a jejich geny jsou umistény spolecné na
chromozomu 21qg22.3 [151].

Z animalnich pozorovani (mys, krysa, ropucha) je ziejmé, ze trifolatova doména je
evoluéné velmi stabilni [152] . Dosud byly identifikovany tii savéi trefoil peptidy. Jednotlivé
trifolatové peptidy se tkanové specificky vyskytuji v epitelidlnich bunkach lidského
gastrointestinalniho ustroji: TFF1 v epitelidlnich povrchovych foveolarnich bunkach celého
zaludku, TFF2 v distalni ¢asti zaludku a v dolnich ¢astech Brunnerovych zlazek duodena a
TFF3 v prubéhu celé délky tenkého i tlustého stieva [153-157]. Jedna se o velmi stabilni
molekuly, rezistentni k u¢inktim kyselin, proteaz i tepelné degradaci [158, 159].

Jejich fyziologicky vyskyt byl jiz dokumentovan 1 v dalSich tkénich - hypofyze,
hypotalamu, slinnych zlazach, v déloze a prsni tkani [160-163]. U mladych Zen se vzorec
exprese méni v zavislosti na menstrua¢nim cyklu. Naopak, v mukoéznich epitelidlnich bunikach
respiraéniho a mocového traktu nebyly dosud identifikovany a je mozné, ze probihajici
vyzkumy odhali dalsi ¢leny této rodiny. Trifolaty by v budoucnu mohly slouzit jako sérové

markery nadorovych a inflamatornich onemocnéni, ptipadné poruch reprodukce.
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Obrazek 1: Znazornéni jedné molekuly trifolatového peptidu (TFF). Klicky odpovédné za
nazev ,trifolaty jsou ocislovany. Esencialni pro tvar struktury jsou residua cysteinu (C). Pro
nékteré funkce trifolatd je nezbytnd dimerizace na misté ,,X*“. Tak vzniké struktura podobna
TFF2, obsahujici dvé domény trifolatt.
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Od zacatku svého zkoumani byly trefoil peptidy velmi riiznorodé¢ pojmenovavany, coz bylo

n¢kdy zavadéjici. Proto byla ve Francii v roce 1996 schvalena definitivni nomenklatura a

vzniklo doporuceni nadale pouzivat pouze nazvy TFF1, TFF2 a TFF3 (tabulka 6).

Tabulka 6: Nomenklatura trefoil peptida

lokus (gen) -stary
nazev

lokus (gen) - novy
nazev

peptid -stary nazev

peptid - novy nazev

BCEI

TFF1

TFF2

TFF3

pS2

BCEI

PNR-2

PNR-105

Md2

Spazmolyticky polypeptid

ITF (intestinal trefoil factor)

P1.B

TFF1

TFF2

TFF3
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Mechanismus ptsobeni

Dosud byly identifikovany dv¢ zékladni funkce trefoil peptidi v gastrointestindlnim traktu —
ochrana sliznic a tkanové hojeni. Tyto peptidy jsou povazovany za proteiny ,,okamzité
reakce® na tkanové poranéni, kde ovliviiuji ¢asné faze tkanového hojeni [159]. Kromé toho je
mozno tyto proteiny detekovat v pfipadé mnoha humannich karcinomu. Trefoil peptidy zlepsuji
ochranné schopnosti supramukozni bariéry na povrchu sliznic gastrointestindlniho traktu
interakci s mucindéznimi glykoproteiny a vytvofenim viskoelastické mukdzni gelové vrstvy
chranici tyto bunky pied pusobenim zaludecnich kyselin [164]. Role téchto peptida je
spatfovana v indukci zmén fyzikalnich vlastnosti mucinu, vedouci ke zvySeni optické hustoty
a viskozity ochranné slizni¢ni vrstvy. Déle se ptredpoklada jejich vliv na poharkové bunky, kde
ovlivituji sekreci a kvalitu produkovaného mucinu. TFF peptidy jsou téz zfejmé vyluCovany
jako soucést mucinu. Provedené studie ptedpokladaji, ze TFF peptidy pfispivaji k ochrané
zalude¢ni sliznice pied acidifikaci tvorbou silnéjsi ochranné vrstvy mukoézniho gelu v Zaludku
[165]. Dalsi prace ptisuzuji protektivni roli TFF spiSe na urovni plsobeni na receptory.
Transport chloridovych iontil v gastrointestinalnich epitelidlnich bunkach je pfi pokusech in
vitro indukovan pouze v ptipad¢€, kdyz bazolaterdlni povrch bunék je vystaven ptisobeni TFF.
Navazani TFF3 na membranovy protein kolorektdlnich epitelidlnich bunck je spojeno s
naslednou fosforylaci tyrosinu a beta-kateinu. Tyto cytoplazmatické peptidy poté ovliviuji
receptorovou odpoveéd’ [166]. Kromé ochrany sliznic traviciho traktu hraji TFF vyznamnou roli
téz v procesu hojeni jiz vzniklého poranéni. Na mnoha zvitecich modelech ale i lidskych
bunéénych koloniich bylo prok4zano, Ze trefoil peptidy indukuji bunénou migraci, a tim
umoznuji rychlou obnovu mukézy po jejim poranéni, coz je proces zvany restituce [159, 164].
ZvySena koncentrace TFF peptidl byla pozorovana v pfipadech zanétlivych onemocnéni strev
a dale pak v blizkosti peptickych ulceraci, zeyména v epitelidlnich bunkach migrujicich ptes
bazi viedu [167]. Recentni studie podporuji hypotézu vyznamu TFF peptidd ve stimulaci
obnovy gastrointestindlnich poranéni. Pfi pokusech na mySich s nadprodukci TFF2 byla
demonstrovana zvysSena rezistence na indometacinem indukované poskozeni sliznic [168].
Mysi s nedostatkem genu pro TFF3 vykazovaly poruchu slizni¢niho hojeni a podléhaly
dusledkiim zanétlivych stfevnich onemocnéni [169]. Stimulaci migrace epitelialnich bun¢k
zZ okrajii rany spolu se zplostovanim pfiléhajicich neposkozenych bun¢k ptispivaji tyto peptidy

k obnoveni integrity sliznic [170].
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Tabulka 7: Vyskyt TFF peptidta v jednotlivych organech (PID = panevni zanétlivé
onemocnéni, UACL = ,ulcer-associated cell lineage®)

Za fyziologickych podminek

Peptid

organ

TFF1

zaludek

tenké stfevo
tlusté stievo
slinivka bfisni
zlucnik

prsni zlaza

hlenové bunky

bunky vyvoda Brunnerovych zlaz
poharkové bunky pobliz povrchu krypt
fokalné v ductus pancreaticus

hlenové¢ zlazky rozeseté po sliznici

epitel lobularnich a duktalnich bun¢k

tlusté stfevo
zluénik
hypothalamus
hypofyza

urogenitalni trakt Zen

prostata fysiologicka tkan
TFF2 zaludek fundus; hlenové buiky antra zaludku; hlenové bunky pii
bazi zlaz
tenké stfevo lalic¢ky Brunnerovych z1az a buiiky jejich distalnich
vyvodl
slinivka bfisni fokaln¢ v ductus pancreaticus
zluénik hlenové zlazky rozeseté po sliznici
TFF3 tenké stievo lalicky Brunnerovych z1az a bunky jejich vyvoda,

poharové buiky

povrchové pohéarové bunky

hlenové zlazky rozeseté po sliznici
neurony peri- a paraventrikularnich jader
oba laloky

v epitelu
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Za patologickych podminek

Peptid organ
TFF1 jicen Barrettliv jicen
zaludek metaplazie, hyperplastické polypy, karcinom
tenké stfevo metaplazie, chronické ulcerace, UACL
tlusté stievo UACL, hyperplastické polypy, adenomy,
Zluénik adenokarcinomy
genitalni trakt-zeny |karcinom zluc¢ovych cest
ostatni karcinomy: endometria, ovaria (mucin6zni>serdzni),
¢ipku
karcinomy: prsu, slinivky bfi$ni, prostaty, mocového
meéchyte, plic
TFF2 jicen Barrettlv jicen
tenké stfevo metaplazie, chronické ulcerace, UACL
tlusté stfevo UACL, hyperplastické polypy, adenomy,
adenokarcinomy
TFF3 Zaludek tkan pfilehla k ulceracim, metaplazie pohdrovych bunék
tenké stievo chronické ulcerace, UACL,
tlusté stfevo hyperplastické polypy, adenomy, adenokarcinomy
(mucinozni)
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Vztah k neoplaziim

TFF1 byl ptivodné izolovan z bun€k karcinomu prsu. Od té¢ doby n¢kolik studii dokumentovalo
vztah mezi TFF peptidy a vznikem neopléazii. Exprese TFF1 byla prokédzana u mnoha znamych
epitelidlnich karcinomi, v€etné karcinomu prsu, zaludku, slinivky, plic, endometria, vajecniku
(zejména mucindézni typ), prostaty a dale nékterych nddortt mocového méchyie a hrdla
délozniho [171, 172]. Rozdilna exprese TFF proteind u jednotlivych nadord je nicméné
pomérné dobte zdokumentovana. U karcinomu prsu, kde je exprese TFF1 ptfitomna az u 50 %
nadort, je pozitivita na TFF1 spojena se stavem estrogenovych receptori, odpovédi na
hormonalni 1é¢bu a piiznivou progndzu [173, 174]. U vSech ostatnich tumori se zda byt

pritomnost TFF1 nezavisla na stavu estrogenovych receptorti.

Tabulka 8: Vyskyt TFF u nadorovych onemocnéni

TFF1 TFF2 TFF3
Gastrointestinalni Karcinom zaludku Karcinom zaludku Hepatocelularni
trakt karcinom zluéniku a karcinom zluéniku a |karcinom
zlucovych cest zlucovych cest o
kolorektalni hyperplastické kolorektalni kolorektah.n )
polypy hyperplastické polypy hyperplasticke
kolorektalni karcinom polypy
kolorektalni
karcinom
Endo- a exokrinnikarcinom pankreatu karcinom pankreatu  karcinom prsu
Zlazy karcinom prsu (LCIS, (LCIS, DCIS)
DCIS)
karcinom §titné Zlazy
Urogenitalni karcinom mocového
trakt meéchyie
karcinom prostaty
karcinom vaje¢niku
karcinom c¢ipku délozniho
karcinom téla délozniho
Respiraéni astroji|bronchialni karcinom malobunécny
karcinom plic

Pouzité zkratky: LCIS — lobularni karcinom in situ
DCIS — duktélnikarcinom in situ

Dosud neni znamo, zda TFF peptidy ovliviiuji vznik tumoru ¢i jeho metastazovani. Moznost
detekovat TFF v naddorovych tkanich ¢i stanovovat jejich sérovou koncentraci by mohlo byt

klinicky uZzite¢né.
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TFF a karcinom endometria

V nedavnych studiich byly prokazany vyssi sérové hladiny TFF3 u pacientek s endometralnim
karcinomem G3 ve srovnani se zdravymi kontrolami a pacientkami s hyperplazii endometria
[175]. Podobn¢ imunohistochemické analyzy ukazaly zvySenou expresi TFF3 u $patné
diferencovanych endometralnich karcinoma [176]. Pouziti imunohistochemického panelu
obsahujiciho estrogenovy receptor (ER), progesteronovy receptor (PR), insulin-like growth
factor Il MRNA — binding protein 3 (IMP3) a TFF3 umoziuje bezpecné odlisit vzacné podtypy
karcinoml endometria G3 od serosniho karcinomu a karcinomu z jasnych buné¢k. Na rozdil od
Spatn¢ diferencovaného karcinomu endometria maji pfes podobnou histopatologii serosni
karcinom a karcinom z jasnych bunék vyznamné horsi prognézu z hlediska pteziti pacientek.
Moznost odliseni téchto nadorti pomoci imunomarkerti nabyva na vyznamu zejména v piipade,
ze je tento krok mozné ucinit jiz na materidlu ziskaném z biopsie/kyretaze a nasledné vcas

uzpusobit adekvatni management téchto onemocnéni [177].

7.  Cil prace a pracovni hypotéza

V soucasné dobé nejsou znamy zadné relevantni sérové markery pro karcinom endometria i
pfesto, ze v této oblasti probihd velmi intenzivni vyzkum. Zdkladem lécby karcinomu
endometria nadéale zlstava chirurgicky staging. Nalez pozitivnich lymfatickych uzlin béhem
primarni operace miiZe identifikovat skupinu pacientl s horsi prognézou, avSak tento postup je
zatizen vys§im vyskytem komplikaci. Proto je 1 nadale snaha najit nové prognostické markery,
kter¢ by nam umoznily preoperacné identifikovat pacientky s vysokym nebo naopak
zanedbatelnym rizikem postiZzeni lymfatickych uzlin a pro né€ pak individualizovat chirurgickou

1é¢bu.

Cilem nasi prace bylo:

» prispét k pochopeni endometrialni kancerogeneze na Girovni molekularné genetickych
zmen

« stanoveni sérovych hladin S 100Al11-Calgizzarinu, TFF1, TFF2 a TFF3 a AIF-1 u
pacientek v okamziku chirurgické 1ééby endometridlni hyperplazie a karcinomu
endometria

» stanoveni sérovych hladin S 100Al11-Calgizzarinu, TFF1, TFF2 a TFF3 a AIF-1 u
pacientek pii chirurgické 16¢bé benignich gynekologickych onemocnéni, které budou

tvorit kontrolni soubor
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» zhodnoceni korelaci s markery imunitni a zanétlivé odpovédi k vylouceni vliva
patologického nutri¢niho stavu (obezita)

* Zhodnoceni korelace téchto markerG s tradinimi  klinicko-patologickymi
charakteristikami endometridlniho karcinomu (ve€k, klinické stadium onemocnéni,

histologicky grade, hloubka myometralni invaze, postizeni lymfatickych uzlin)

Pracovni hypotéza

Jak vyplyva ze zprav v recentni odborné literatuie, jsou studované biomarkery S 100A11-
calgirazzinu, TFF a AIF-1 nadéjné tumormarkery u fady zhoubnych nadort. Pfedpokladame,
ze tyto markery jsou zvySeny u patologickych stavii endometria. Na zaklad¢ téchto zjisténi by
stanoveni S 100A11-calgirazzinu, TFF 1-3 a AIF-1 mohly byt klinicky dobfe vyuzitelné jak

pro diagnostiku, tak pro 1é€bu a monitorovani pribéhu onemocnéni karcinomem endometria.

8. Material a metodika

8.1. Charakteristika souboru

Tf1 prospektivni studie byly provedeny na porodnicko-gynekologické klinice Fakultni
nemocnice v Olomouci v obdobi fijen 2012 aZ ¢erven 2015. Pacientky potvrdily svou ucast ve
studii podpisem informovaného souhlasu (viz. ptiloha). Vyzkum byl schvélen etickou komisi a

byl veden v souladu s ptislusnymi vnitrostatnimi predpisy a s principy Helsinské deklarace.

Soubor 1- TFF

Do prvni studované skupiny bylo zatfazeno konsekutivné 89 pacientek, které podstoupily
hysteroskopii a izolovanou kyretdZz pro postmenopauzalni krvaceni. U 53 pacientek ve véku
(pramértstandardni odchylka) 63,4+9,5 (33-80 let) byl histopatologicky z materialu ziskaného
pti kyretazi diagnostikovan karcinom endometria, u 6 pacientek ve véku 62,9+6,4 (55-74 let)
byla diagnostikovana hyperplazie endometria a 30 pacientek ve véku 63,3+9,3 (48-62 let) s
histologicky verifikovanou atrofii endometria tvofilo kontrolni soubor. Pfed operacnim
vykonem byla kazdé pacientce odebrdna venozni krev a odesldna na laboratorni vySetfeni

TFF1, TFF2 a TFF3,
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Soubor 2 — TFF3, S100-A11, AlF-1

Do druhé studované skupiny bylo postupné zatazeno celkem 232 pacientek. 98 pacientek
s histologicky prokdzanym karcinomem endometria (primér+standardni odchylka) 65+10 (33-
80 let), které byly planovany k opera¢ni 1é¢bé. Dale do tohoto souboru bylo zafazeno 43
pacientek 63+10 (44-97) s hyperplazii endometria stanovenou histopatologicky z materialu
ziskaného pfi kyretazi a hysteroskopii a 91 Zen 65+9 (48-87) s negativnim hysteroskopickym
nalezem a benignim histologickym nalezem endometria. Kazd¢é pacientce byla odebrana
venodzni krev a odeslana na laboratorni vySetfeni TFF3, S100-A11 a AIF-1. U 98 pacientek,
které byly indikovany k operac¢ni 1é¢bé, byl krevni odbér proveden v den operace pied

zapocetim chirurgického vykonu.

Soubor 3 - TFF3, S100-A11, AIF-1 a markery zanétlivé odpoveédi

Do tieti studované skupiny bylo zafazeno konsekutivné 98 pacientek s histologicky
prokazanym karcinomem endometria (primér+standardni odchylka) 65+10 (33-80 let), které
podstoupily  hysterektomii s oboustrannou adnexektomii, panevni a paraaortalni
lymfadenektomii. Opera¢ni vykon byl proveden laparotomicky, laparoskopicky ¢i roboticky.
Dale 24 pacientek ve véku 55+12 (36-80 let), které se podrobily elektivni hysterektomii pro
nemaligni onemocnéni. Hysterektomie byla provedena bud’ otevienou laparotomickou cestou
anebo jako laparoskopicky asistovand vaginalni hysterektomie. Do téchto dvou skupin byly
pacientky alokovany néhodné. Kazdé pacientce byla v den operace pied zapocletim
chirurgického vykonu odebrana ven6zni krev a odeslana na laboratorni vySetfeni biomarkert
TFF3, S100-Al11, AIF-1 a sérovych markerti zanétlivé odpovédi. Zkoumanymi sérovymi
markery zanétlivé odpovédi jsou: leukocyty, trombocyty, C reaktivni protein, IL-6, citrulin,
vitamin D, alfa-tokoferol, retinol, kynurenin a tryptofan. Ve stejnou dobu byly odebrany
vzorky moci, které byly odeslany k analyze poméru neopterin/kreatinin. K dal§im klinickym a
laboratornim parametrim, které byly hodnoceny, patiily: vék pacientky, body mass index
(BMI), pocet ziskanych lymfatickych uzlin, grade, stage a postiZzeni lymfatickych uzlin. BMI

byl kalkulovan pouzitim standardniho vzorce (t€lesna hmotnost/vyska?).
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8.2. VySetieni vzorki

8.2.1 VysSetreni TFF1-3, S100-Al1l a AIF-1 Vv séru

Metodika stanoveni hladin TFF1, TFF2, TFF3, S110-All a AIF-1 byla vyvinuta
firmou Biovendor (Brno, Ceska republika). Viechny parametry byly méfeny pii dostate¢nych
analytickych charakteristikach; CV <5 %, CV mezi jednotlivymi sériemi <8 %; a méteni
analytickych charakteristik bylo dokonalejsi, nez bylo uvedeno v laboratornim manualu.
Vsechna méteni byla provedena ve stejném casovém obdobi, na biorobotickém analyzatoru
DS2 (Dynex, USA), po centrifugaci (alikvotni sérum, chlazena centrifuga, 4 C, 3500/4 min,

zmrazeny).

8.2.2 Vysetfeni kynureninu, tryptofanu, neopterinu a kreatininu v séru

Analyzy byly provedeny pomoci vysoce vykonné kapalinova chromatografie (HPLC)
Prominence LC 20 Shimadzu (Kyoto, Japonsko) vybavené specialnim automatickym
vzorkovacem pro mikrotitraéni desky. Vzorky byly pfipravovany technikou mikrotitracnich
desek s filtrem AcroPrep 96 filter Plate 0.2um / 350 ul Pall Corporation (Ann Arbor, M1, USA),
vakuového potrubi Phenomenex (Aschaffenburg, Némecko), vakuového ¢erpadla VAC Space-
50 Chromservis (Praha, Ceska republika) a centrifugy Minispin Eppendorf (Hamburk,
Némecko). Kynurenin a kreatinin byly stanoveny pomoci detekce diodového pole (230 a 235
nm), neopterin a tryptofan byly detekovany za pouziti fluorescenc¢ni detekce (excitace a emise
vlnovych délek 353 nm a 458 nm pro neopterin, a excitacni a emisni vinové délky 254 nm a

404 nm pro tryptofan).

8.2.3 Vysetreni retinolu a alpha-tokoferolu v séru

Metoda pouzita v této studii pro analyzu retinolu a alfa-tokoferolu v séru byla modifikovana z
metody Urbanek et al [178]. Separace retinolu a alfa-tokoferolu byla provedena s vyuzitim
monolitické kolony Chromolith Performance RP-18e (100 x 4,6 mm, Merck, Darmstadt,
Némecko). Analyza byla provedena za pouziti systému Prominence HPLC (Shimadzu) [179].
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8.2.4 VySetieni vitaminu D V séru

Celkem 50 pl 4% sulfatu zinku jako srazeciho ¢inidla a 400 pl methanolu bylo pfidano do 200
ul lidského séra v Eppendorfové zkumavce. Po protiepani (20 vtefin) se vzorek inkubuje po
dobu 10 minut pii teploté 4 ° C. Dale byl vzorek centrifugovan (14 000 x g, 5 min, 21 °C) a
300 pl supernatantu bylo filtrovdno za pouziti filtracnich desticek s primérem 0,2 pm.
Filtrovany roztok byl vstiikovan do systému UHPLC. Analyza byla provedena s pouzitim
soupravy UHPLC Nexera (Shimadzu) spole¢né s hmotnostnim spektrometrem LCMS-8030
triple-kvadrupolem pracujici v pozitivnim rezimu ESI. Chromatografickd separace byla
provedena na analytické koloné Kinetex C18 (1,7 um, 3 x 100 mm) pfipojené k ochranné
cartridge C18, oboji zakoupené od Phenomenex (Aschaffenburg, Némecko). Data byla

zpracovana pomoci software LabSolutions 5.41 SP1.

8.2.5 Vysetfeni citrulinu v séru

Pro citrulinovou analyzu bylo pouzito 20 pl séra, které bylo smichano se 100 pl methanolického
roztoku obsahujicitho 0,1% FA a deuterovanymi vnitinimi standardy (aminokyseliny a
acylkarnitiny, ne-derivatizovana reagencni souprava,; Chromsystems, Mnichov, Némecko).
Kone¢né roztoky byly vortexovany a centrifugovany (24 400 x g, 10 min pii 24 ° C, 400 x g
pii 4 ° C) a 80 pl supernatantu bylo preneseno na devadesatiSesti jamkové desticky pro
hmotnostni spektrometrickou analyzu s pfimym vstfikovanim. Zbyvajici supernatant byl
seskupen a pouzit pro kontrolu kvality [180]. Vzorky byly méfeny piimou hmotnostni
spektrometrii (AB Sciex, Framingham, MA, USA). Data byla zpracovana pomoci software
Chemoview 2.0 (AB Sciex).

8.2.6 Vysetfeni C reaktivniho proteinu (CRP) v séru

Hladiny CRP byly stanoveny na analyzéru Cobas 8000 (Hitachi, Japonsko).

8.2.7 VysSetfeni interleukinu-6 (IL-6) v séru

Detekce hladiny IL-6 v lidském séru byla provedena elektrochemiluminiscenéni

imunoanalyzou (ECLIA) za pouziti Cobas 8000 analyzatoru.
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8.2.8 VySetreni neopterinu vV mo¢i

Vzorky moci byly po odbéru uchovavany pii teploté¢ -20 ° C az do analyzy. Po centrifugaci

(5 min, 1 300x g) a zfedéni 100 pl vzorku moci s 1,0 ml mobilni fazi obsahujici 2 g disodium-
EDTA na litr byly vzorky umistény do HPLC kolony. Neopterin byl analyzovan pomoci vysoce
vykonné kapalinové chromatografie (HPLC) Prominence LC20 (Shimadzu). Kreatinin byl
stanoven pomoci Jaffeho reakce po pfedchozim roziedéni vzorku 1:50 na modularnim
analyzatoru (Roche) s pouzitim komer¢ni sady podle pokyntl vyrobce. Koncentrace neopterinu

byly vyjadieny jako pomér neopterinu / kreatininu (umol / mol kreatininu).

8.3. Statistické vyhodnoceni

Vysledky byly kvantitativné vyhodnoceny jako primér (mean), median, smérodatna odchylka
(SD), minimalni a maximalni hodnota. Rozdily ve véku mezi skupinami byly analyzovany
pomoci neparametrického Friedmanova ANOVA testu. Dalsi udaje byly analyzovany pomoci
Mann-Whitney testu s Bonferroniho korekci a Kruskal-Wallisova testu. Hladina statistické

vyznamnosti byla stanovena na 5 %.

9. Vysledky

9.1. Hladiny TFF1, TFF2, TFF3 (Metodika: Soubor 1)

Pacientky se z hlediska véku nelisily mezi skupinami s karcinomem, endometralni hyperplazii
a kontrolni skupinou. Charakteristika sledovaného souboru a zavislost sérovych koncentraci
trifolati v jednotlivych skupinach jsou souhrnné uvedeny nize (tabulka 9 a graf 4). Sérové
hladiny TFF1 byly ve skupiné s karcinomem endometria na trovni (pramértstandardni
odchylka) 3,0443,55 ng/ml (0,48-20,97), ve skupiné s hyperplazii endometria byly 2,15+1,14
ng/ml (0,96-4,14) a ve skupiné kontrolni 2,47+2,23 ng/ml (0,51-9,52). V sérovych hodnotach
TFF1 nebyl mezi skupinami statisticky vyznamny rozdil. Sérové hladiny TFF2 byly ve skupiné
s karcinomem endometria na urovni 5,22+4,74 ng/ml (1,06-25,94), ve skupiné s hyperplazii
endometria byly zjiStény hodnoty 3,19+1,19 ng/ml (1,93-5,14) a ve skupin€ kontrolni se
hodnoty pohybovaly na trovnich 4,2+2,19 ng/ml (0,89-11,33). V sérovych hodnotach TFF2
nebyl mezi jednotlivymi skupinami zjistén statisticky vyznamny rozdil. Sérové hladiny TFF3

byly ve skupiné s karcinomem endometria na trovni 1,72+1,52 ng/ml (0,27-11,41), ve skupiné
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S hyperplazii endometria byly hladiny na trovni 1,27+0,58 ng/ml (0,49-2,93) a ve skupiné
kontrolni byly zjistény hodnoty 1,54+2,04 ng/ml (0,26-14,56). Hodnoty TFF3 byly ve skupiné

pacientek s karcinomem endometria vyznamné vys$i nez u pacientek s endometralni

hyperplazii a ve skupin¢ kontrolni (graf 5).

Tabulka 9: Sérové hladiny TFF1, TFF2, TFF3 (Metodika: Soubor 1)

Karcinom (n = 53) Hyperplazie (n = 6) Kontroly (n = 30)

Mean | SD |Med | Min | Max |Mean| SD |Med | Min | Max | Mean | SD | Med | Min

Max

Vék 63.4| 95| 64| 33 80| 629| 6.4| 64| 55| 74| 63.3| 9.3| 62| 48

85

0.9912

TFF1 (ng/ml)| 3.04[3.55(2.11|0.48(20.97| 2.15|1.14|1.83|0.96|4.14| 2.47|2.23|157|0.51

9.52

0.726°

TFF2 (ng/ml) | 5.224.74|3.69|1.06|25.94| 3.19(1.19|3.12|1.93|5.14| 4.20|2.19|3.65|0.89

11.33

0.518P

TFF3 (ng/ml) | 1.72|1.52|1.40|0.27|11.41| 1.27|0.58|1.13|0.49|2.93| 1.54|2.04|0.97|0.26

14.56

0.003P

2ANOVA. PKruskal-Wallis test
Nebyly prokazany statisticky vyznamné rozdily mezi skupinami ve véku ani ve
sledovanych markerech.

Graf 4: Sérové hladiny TFF1, TFF2, TFF3 (Metodika: Soubor 1)
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Graf 5: Sérové hladiny TFF3 (Metodika: Soubor 1)
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9.2. Hladiny TFF3, S100-Al1, AIF-1 (Metodika: Soubor 2)

Statisticky vyznamné rozdily jsou mezi sledovanymi skupinami u vSech tii markert (tabulka
10). Sérové hladiny TFF3 byly vyznamné vy$$i u pacientd s karcinomem endometria ve
srovnani s kontrolni skupinou (graf 5). Hladiny S100-All a AIF-1 byly vyssi u pacientli
s endometridlni hyperpldzii v porovnani s kontrolni skupinou a téZ vyznamné vyssi v piipadech
karcinomu endometria oproti skupiné pacientll s endometrialni hyperplazii (graf 6 a 7). Sérové
koncentrace TFF3 (graf 8 a 10), S100-A11 (graf 9 a 11) souviseji se stadiem onemocnéni a
stavem lymfatickych uzlin (tabulka 11,12 a 14). U markeru AIF-1 jsme tuto souvislost
neprokazali. Sérové koncentrace TFF3, S100-Al11 ani AIF-1 nesouvisi s grade nadoru (tabulka
13).
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Graf 6: Sérové hladiny S100-Al11 (Metodika: Soubor 2)
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Graf 7: Sérové hladiny AIF-1 (Metodika: Soubor 2)
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Graf 8: Sérové hladiny TFF3 (Metodika: Soubor 2)
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Graf 9: Sérové hladiny S100-A11 (Metodika: Soubor 2)
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Graf 10: Sérové hladiny TFF3 (Metodika: Soubor 2)
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Graf 11: Sérové hladiny S100-A11 (Metodika: Soubor 2)
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Tabulka 13: Sérové hladiny TFF3, S100-A11 a AIF-1 (Metodika: Soubor 2)
Grade
1(n=54) 2 (n=24) 3(n=20) p
Mean SD |Med| Min | Max |Mean| SD |Med | Min | Max | Mean | SD | Med | Min | Max

(Tn';if“) 1.76| 1.88]1.32|027|11.41| 1.75|098|1.51|0.32| 4.14| 1.57| 084|1.32|055| 3.72|0.472°
S100-

All | 12.15| 11.48|7.74| 322 | 68.00| 9.54|6.27|7.10|2.79| 25.90 | 11.10 | 10.86 | 8.18 | 3.16 | 52.08 | 0.780°
(ng/ml)

@)'g/#“) 882| 520| 746| 318| 2386| 761| 453 | 660| 220| 1736 | 878 | 1067 | 555 | 248 | 5168 | 0.228°

bK ruskal-Wallis test

Statisticky vyznamna zavislost mezi gradem a tfemi markery u pacientek s karcinomem
prokédzéana nebyla.

Tabulka 14: Sérové hladiny TFF3, S100-Al11 a AIF-1 (Metodika: Soubor 2)

positive (n = 14) negative (n = 84)
Mean SD Med Min Max | Mean SD Med Min Max P
TFF3 281| 2.64| 211| 089|11.41| 154| 1.16| 1.28| 0.27| 8.99| 0.004c
(ng/ml)
alg?r%ll 19.44| 18.49| 1454| 3.38|68.00| 9.94| 7.54| 7.19| 2.79|41.22| 0.013¢
(Ap'g/'ril) 1234| 1238| 834| 201| 5168| 788| 474| 669| 220| 2386/ 0.177¢

‘Mann-Whitney U-test

Bylo prokazano, Ze pozitivni pacientky maji vyznamné vyssi hladiny TFF3 a S100-Al1.
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9.3. Hladiny TFF3, S100-Al1, AIF-1 v korelaci s markery zanétlivé
odpovédi (Metodika: Soubor 3)

Hladina TFF3 vykazovala pozitivni korelaci s v€kem, IL-6, vitaminem D, kynureninem,
pomérem mocového neopterin/kreatininu a pomérem kynurenin/tryptofan. Rovnéz hladiny
S100-Al1 a AlF-1 pozitivné korelovaly s IL-6 a TFF3.

Korelace mezi TFF3, S100-All, AlF-1 a sledovanymi markery zanétlivé odpovédi u pacientt
s karcinomem endometria jsou zobrazeny v tabulce 15 (tabulka 15).

V kontrolni skupiné pacientek s benignim nalezem na endometriu jsme prokdzali pozitivni

korelaci S100-A11 a AIF-1(rs = 0,874, p = 0,0001) (tabulka 16).
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10. Diskuze

Nové molekularni ptistupy ve vyzkumu nadorti umoznily v posledni dobé identifikovat nové
onkogeny/tumor supresorové geny, které by mohly hrat roli pii rozvoji a progresi
endometrialniho karcinomu. Nalezeni a sledovani pfislusnych biomarkert je zasadni pro
management 1éCby pacienti s malignim onemocnénim [181]. K identifikaci novych
selektivnich markera pro karcinom endometria probihaji dalsi vyzkumy.

Trifolaty jsou fyziologicky exprimovany v epitelu gastrointestindlniho traktu a to
organové specificky. TFF1 je pfitomen rovnomérné ve sliznici zaludku, TFF2 ve sliznici
distalniho Zaludku a duodena a TFF3 ve sliznici tenkého a tlustého stieva [153, 154, 156, 157,
182]. Tato organové specificka exprese byva naruSena pii ulcerativnich a inflamatornich
onemocnénich, kdy dochazi ke zvySené expresi TFF3 v misté zalude¢niho viedu [160]. Do
soucasné doby bylo publikovano velmi malo udaji tykajicich se vyznamu a funkce trifolati u
karcinomu endometria.

Zvysena exprese TFF1 byla nalezena u karcinomu prsu, zaludku, pankreatu, plic,
endometria, ovaria, prostaty a hrdla délozniho [171, 172]. U karcinomu prsu byla exprese TFF1
pfitomna v 50% tumori a je signifikantné asociovana se stavem estrogenovych receptort,
citlivosti na hormonalni 1é¢bu a s pfiznivou prognoézou [173, 174, 183] . Ve vsech ostatnich
nadorech byla vSak exprese TFF1 nezavisld na stavu estrogennich receptorii. ZvysSené séroveé
hladiny TFF1 korelovaly s pokro¢ilosti bronchialniho adenokarcinomu a zejména specificky
gobletového podtypu bronchoalveolarniho karcinomu. Souasné¢ byly TFF1 pozitivni
adenokarcinomy asociovany s horsi progndzou nez tumory negativni [184]. V nasi praci jsme
neprokazali zvySené sérové hladiny TFF1 u pacientek s karcinomem endometria ve srovnani
s pacientkami s endometrialni hyperplazii nebo normalnim endometriem.

TFF2 ma velmi kratky biologicky polocas a je volné vylu¢ovan ledvinami [185]. Jeho
koncentrace v Zalude¢ni $taveé vykazuji velmi silnou diurnalni variabilitu a dosahuji nejvyssich
hodnot v noci, zatimco v priabéhu digesce se jeho hladina silné snizuje [31]. Vymizeni TFF2 u
geneticky programovaného mysiho modelu karcinomu zZaludku mé za nasledek zvySenou
proliferaci a vétsi objem nadoru [186]. TFF2 vykazuje tumor-suppresorovou aktivitu v mysim
pankreatu a brani formaci mucinosnich nadort [187]. Ishibashi et al nalezli recentné zvySené
sérové hladiny TFF1 a TFF3 u pacientek s karcinomem prsu, zatimco hladiny TFF2 byly vyssi
u zdravych kontrol. Autofi tento rozdil vysvétluji moznym vlivem hladin TFF1 a TFF3 na
hladinu TFF2 [188]. V nasi praci jsme nalezli dvakrat vyssi sérové hladiny TFF2 ve vsech
sledovanych skupinach, nez byly hladiny TFF1 a TFF3. Rozdily mezi hladinami TFF2 u
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pacientek s endometrialnim karcinomem, endometrialni hyperplazii a normalnim endometriem
nebyly statisticky signifikantni.

Z dostupnych publikaci byla zvySena exprese TFF3 na urovni genu prokazana u
endometrialniho karcinomu ve srovnani s karcinomem serosnim a stejné tak u nizce
diferencovaného endometrialniho karcinomu ve srovnani s normalnim endometriem [176, 189,
190]. Bignotti et al nalezli zvySenou imunoexpresi proteinu TFF3 u 79% nizce diferencovanych
karcinomi endometria a u 18 % vzorkll normalni sliznice délozni [191]. Puvod cirkulujicich
hladin TFF3 neni zcela ziejmy, i kdyz TFF3 je exprimovano ve tkanich zenského genitalu a in
vitro studie prokazaly, ze stejné jako u TFF1, i exprese TFF3 je regulovana estrogenem [192].
Absence fluktuaci sérovych hladin TFF3 v prubéhu menstruacniho cyklu vsak ukazuje, ze
cirkulujici TFF3 pochazi pievazné z tkani, které nejsou pod vlivem estrogenu [193]. V nasi
praci jsme nalezli vyznamné zvysené sérové hladiny TFF3 u karcinomu endometria ve srovnani
s hladinami u pacientek s endometrialni hyperplazii a benignim histopatologickym nalezem.

Calgizzarin (S100-A11) je soucasti pocetné skupiny S100 proteinti. V organizmu maji
celou fadu funkci, a to jak na urovni intracelularni, tak i extracelularni [111-113]. Vyznam
jednotlivych proteini ze skupiny S100 je zkoumdn ve vztahu k ¢etnym typim nadort.
Calgizzarin (S100-A11) je povazovan za mozny sérovy marker karcinomu endometria [128].
Nadmérna exprese proteinu S100-A11 byla prokazana u malobunééného karcinomu plic a
déloznich leiomyomu [129, 130]. Bylo prokazano, ze calgizzarin blokuje apoptoézu v buikach
délozniho leiomysarkomu [129]. Zda se, Ze svou Glohu hraje i v ptipadé karcinomu prsu [131].

Allograft inflammatory factor-1 (AlF-1) je povazovan za spousté¢ zanétlivé reakce
organizmu. V lidském téle byl AIF-1 ve vyznamném mnozstvi prokazan v lymfatické tkani
[140], v zarode¢nych buiikach varlete a dale zejména v Cervené pulpé sleziny [141]. Kromé
vSeobecné prozanétlivého efektu byla jeho nadmérna exprese prokédzana u malignich gliomi a
duktalniho karcinomu prsu [146, 149, 150].

Nase data prokazuji zvysené sérové koncentrace TFF3, S100-Al1l a AIF-1 u pacient
S karcinomem endometria oproti kontrolni skupiné pacientd s fyziologickym nalezem na
endometriu ¢i hyperplazii endometria. Dale sérové hladiny TFF3 a S100-All korelovaly se
stadiem nddoru a postizenim lymfatickych uzlin. Tato zjiSténi naznacuji, Ze by tyto sledované
molekuly mohly slouzit jako biomarkery v diagnostice, pfedoperaénimu stanoveni staging a
pfipadné naslednému monitorovani pacientll v pribehu 1éCby.

Rist nadoru a jeho Sifeni je spojeno se zadnétlivou odpovedi organizmu. Praveé zanétliva
reakce, ktera podporuje riist nadoru, je v soucasné dob¢ pokladana za jeden z charakteristickych

znakt [194]. Makrofagy mohou ptedstavovat dulezité efektory protinadorové odpovédi, ale
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také prispivaji k ristu nadoru a jeho Sifeni [195, 196]. Aktivované makrofagy produkuji
neopterin. Zvysené sérové koncentrace neopterinu, popisovany u celé fady onemocnéni, vedou
ke stimulaci makrofagi prostiednictvim interferonu gama [197, 198]. Neopterin je tedy
nespecifickym biomarkerem. Jeho zvySené sérové koncentrace diky chronické stimulaci
makrofagli pozorujeme dale u celé tady pokrocilych malignich tumort, vcetné
gynekologickych malignit a obvykle jsou povazovany za negativni prognosticky marker téchto
tumoru [199, 200]. Vysoké koncentrace neopterinu byly spojovany s piitomnosti laboratornich
parametrl imunitni dysfunkce jak v mikroprostfedi nadoru [201, 202] tak i v séru [203].

Kynurenin je tvofen pfeménou tryptofanu v reakci katalyzované enzymem indolamin
2,3-dioxygenazou (IDO). Tvorba tohoto enzymu je indukovana interferonem gama. Vysoké
hladiny kynureninu ptisobi cytotoxicky proti nadorovym bunikam [204]. Nedostatek tryptofanu
¢i kynureninu ma vyznamny vliv na potlaceni imunitni odpovédi [205]. Nizké koncentrace
vitaminu D jsou prediktivnim faktorem $patné prognézy u mnoha primarnich nadort. Proto
neni prekvapujici nami zjisténa inverzni korelace hladin vitaminu D a TFF3.

Vsechny nami sledované biomarkery (TFF3, S100-A1l, AlF-1) vykazovaly korelaci
s markery zanétlivé odpovédi. Vyznamnou korelaci jsme prokdzali mezi vSemi tfemi markery
a IL-6, zatimco smoCovym neopterinem, sérovym kynureninem a pomérem
kynurenin/tryptofan koreloval pouze TFF3. Zadny ze sledovanych biomarkerti nekoreloval
s hladinami CRP. Byla prokazéana pozitivni korelace mezi velikosti tumoru a zvySenou hladinou
sérovych tumor markeri souCasné s alteraci hladin neopterinu, kynureninu a poméru
kynurenin/neopterin.

V budoucich studiich by se vSechny tyto biomarkery mély zkoumat spole¢né, aby bylo
mozné zhodnotit vliv jednotlivych 1écebnych postupli na zménu sérovych koncentraci téchto
markerd. Studie by mély téZ zahrnovat vyzkum markeri toxicity systémové 1écby, coz je Casto
opomijeno. Spolehlivé biomarkery pro monitoring a predikci toxicity chemoterapie c¢i
radioterapie stale nebyly objeveny [206-208]. S vyjimkou hematologické toxicity jsou vedlejsi
nezadouci ucinky onkologické 1écby posuzovany vétSinou retrospektivné ¢i az béhem kontrol
pfi probihajici protinddorové 1é€bé. Zajimava je zprava publikovana ¢eskymi autory v roce
2016, kterd prokazuje souvislost mezi koncentraci neopterinu v séru a vyskytem komplikaci

chemoterapie a radia¢ni 1é¢by u pacientt s karcinomem rekta [180].
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11. Zavér

Prokazali jsme zvySené hladiny TFF3, ale ne TFF1 a TFF2 u pacientek s onemocnénim
karcinomu endometria. Z vysledkti nasi studie je ziejmé, ze TFF3 by mohl hrat roli jako marker
onemocnéni u pacientek s karcinomem endometria. Dalsi studie jsou nutné pro detailnéjsi
objasnéni jeho biologické role pii rozvoji tohoto onemocnéni.

TFF3, S100-Al11 a AlF-1 jsou potencionalnimi biomarkery pro karcinom endometria.
Elevace hladin TFF3 a S100-All koreluje se stadiem karcinomu endometria (stage) a
postizenim lymfatickych uzlin. Rist nadoru a vyssi objem nadorové hmoty jsou té€Z spojeny se

zvySenou hladinou markert zanétlivé odpovédi.

12. Souhrn

Cil: Stanoveni korelace sérovych hladin TFF1, TFF2, TFF3, S100-A11 a AIF-1 u pacientek
s endometrialni hyperplazii a karcinomem endometria. Zhodnoceni korelace s markery
imunitni a zanétlivé odpovédi k vylouceni vlivi patologického nutri¢niho stavu. Trefoil peptidy
patii do skupiny malych peptidd, jejichz exprese je mistné i tkanové specifickd. S100-All
(Calgizzarin) diky svému intracelularnimu a extracelularnimu ptisobeni ovlivituje celou fadu
biologickych procesti. AIF-1 (Allograft inflammatory factor) je sérovy protein, ktery hraje

vyznamnou Ulohu v rozvoji zadnétlivé reakce organizmu.

Typ studie: Experimentalni studie

Nazev a sidlo pracoviste: Porodnicko-gynekologicka klinika, FN a LF UP, Olomouc, Oddéleni

klinické biochemie, Stfedomoravska nemocnicni a.s., Nemocnice Prostéjov.

Metodika: V obdobi od 2012 do 2015 byly zkoumany celkem tfi soubory pacientek.

Prvni soubor tvofilo celkem osmdesat devét Zen, které podstoupily hysteroskopii a biopsii
endometria pro krvaceni v postmenopauze. U padesati tii pacientek, ve ve€ku
(praimértstandardni odchylka) 63,44+9,5 (33-80 let) byl diagnostikovan karcinom endometria,
u Sesti pacientek ve veéku 62,9+6,4 (55-74 let) byla diagnostikovana hyperplazie endometria a

téicet pacientek ve véku 63,349,3 (48-62 let) s histologicky verifikovanou atrofii endometria
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tvofilo kontrolni soubor. V den vykonu byl kazdé¢ pacientce odebran vzorek vendzni krve, ktery
byl nasledné vysetien a byly stanoveny hladiny TFF1, TFF2 a TFF3.

Do druhé studované skupiny bylo postupné zatazeno celkem 232 pacientek. 98 pacientek
s histologicky prokazanym karcinomem endometria (primeér+standardni odchylka) 65+10 (33-
80 let), které byly planovany K operacni 1écbé. Dale do tohoto souboru bylo zafazeno 43
pacientek 63+10 (44-97) s hyperplazii endometria stanovenou histopatologicky z materialu
ziskaného pii kyretazi a hysteroskopii a 91 Zen 65+9 (48-87) s negativnim hysteroskopickym
nalezem a benignim histologickym nalezem endometria. Kazdé pacientce byla odebrana
venodzni krev a odeslana na laboratorni vysetfeni TFF3, S100-Al1l a AlF-1.

Do tieti studované skupiny bylo zafazeno konsekutivn¢ 98 pacientek s histologicky
prokazanym karcinomem endometria (praimértstandardni odchylka) 6510 (33-80 let), které
podstoupily  hysterektomii s oboustrannou adnexektomii, panevni a paraaortalni
lymfadenektomii. Operaéni vykon byl proveden laparotomicky, laparoskopicky ¢i roboticky.
Dale 24 pacientek ve veéku 5512 (36-80 let), které se podrobily elektivni hysterektomii pro
nemaligni onemocnéni. Hysterektomie byla provedena bud’ otevienou laparotomickou cestou
anebo jako laparoskopicky asistovana vaginalni hysterektomie. Do téchto dvou skupin byly
pacientky alokovany ndhodn¢. Kazdé pacientce byla v den operace pied zapocetim
chirurgického vykonu odebrana ven6zni krev a odeslana na laboratorni vysetfeni biomarkera
TFF3, S100-A11, AIF-1 a sérovych markerti zanétlivé odpovédi. Zkoumanymi sérovymi
markery zanétlivé odpovédi jsou: leukocyty, trombocyty, C reaktivni protein, IL-6, citrulin,
vitamin D, alfa-tokoferol, retinol, kynurenin a tryptofan. Ve stejnou dobu byly odebrany
vzorky moci, které byly odeslany k analyze poméru neopterin/kreatinin. Dals$i klinické ¢i
laboratorni parametry, které¢ byly hodnoceny, jsou: vék pacientky, body mass index (BMI),
pocet ziskanych lymfatickych uzlin, grade, stage a postizeni lymfatickych uzlin. BMI byl

kalkulovéan pouzitim standardniho vzorce (t€lesna hmotnost/vyska?).

Vysledky: Hladiny TFF3 byly vyznamné vys$$i u pacientek s karcinomem endometria, ale ne ve
skupiné Zen s endometridlni hyperplazii. Hladiny TFF1 a TFF2 se v jednotlivych
histopatologickych skupinach vyznamné nelisily.

Hladiny S100-Al1l1 a AIF-1 byly vys§i u pacientd sendometrialni hyperplazii
vV porovnani s kontrolni skupinou a téZ vyznamné vyssi v pfipadech karcinomu endometria
oproti skupiné pacientli s endometridlni hyperplazii. Sérové koncentrace TFF3 a S100-All

souviseji se stadiem onemocnéni a stavem lymfatickych uzlin. U markeru AIF-1 jsme tuto
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souvislost neprokazali. Sérové koncentrace TFF3, S100-All ani AIF-1 nesouvisi s grade
nadoru.

Prokazali jsme pozitivni korelaci mezi velikosti tumoru a zvySenou hladinou vsech
sledovanych tumor markerti (TFF3, S100-A-11, AlF-1) soucasn¢ s alteraci hladin neopterinu,

kynureninu a poméru kynurenin/neopterin.

Zaver: Prokazali jsme zvySené hladiny TFF3, ale ne TFF1 a TFF2 u pacientek s karcinomem
endometria. U Zen s endometralni hyperplazii nebyly hladiny TFF1, TFF2 a TFF3 zvySeny.
Elevace hladin TFF3 a S100-All koreluje se stadiem karcinomu endometria (stage) a
postizenim lymfatickych uzlin. Riist nadoru a vyssi objem naddorové hmoty jsou té€Z spojeny se

zvySenou hladinou markert zanétlivé odpovédi.

Klicova slova: TFF, S100-Al1, AlIF-1, karcinom, endometralni, trefoil faktor, sérovy, zanétliva

odpovéd, vyziva, postizeni lymfatickych uzlin

13. Summary

Aim: To study correlation TFF1, TFF2, TFF3, S100-A11 and AIF-1 serum levels in patients
with endometrial hyperplasia and endometrial cancer. To evaluate correlation of these markers
with inflammatory response biomarkers to exclude influence of pathological nutritional status.
Trefoil peptides are a family of small proteins that are expressed in a site-specific fashion by
certain epithelial tissues. S100-A11 (Calgizzarin), due to its intracellular and extracellular
activities, affects a variety of biological processes. AIF-1 is a serum protein that plays a
significant role in the development of inflammatory response.

Design: Experimental study
Setting: Department of Obstetrics and Gynaecology, University Hospital, Medical Faculty,
Palacky University, Olomouc, Czech Republic; Department of Laboratory Biochemistry,

Central Moravian Hospital Trust, Member of Agel holding, Prost&jov, Czech Republic.

Methods: During the time period from 2012 to 2015 three sets of patients were examinated. The

first study group consisted of eighty-nine women underwent hysteroscopy and endometrial
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biopsy for postmenopausal bleeding. Fifty three patients, at the age of (meantstandard
deviation) 63,4+9,5 (33-80 years) were diagnosed with endometrial cancer, six patients at the
age of 62,9+6.,4 (55-74 years) were diagnosed with endometrial hyperplasia and thirty patients
at the age of 63,3+9,3 (48-62 years) diagnosed with endometrial atrophy represented control
group. At the day of surgery the venous blood was sampled and subsequently examined for the
levels of TFF1, TFF2 and TFF3. The second study group included 232 consecutive patients
with histologically confirmed endometrial cancer (mean+standard deviation) 65+10 (33-80
years) scheduled for surgery and 43 patients (meantstandard deviation) 63+10 (44-97 years)
with endometrial hyperplasia diagnosed during hysteroscopy and histologically verified. 91
patients (meantstandard deviation) 65+9 (48-87 years) with benign endometrial histology
served as a control group. Venous blood samples were taken from each patient and examined
for TFF3, S100-A11 and AIF-1. The third study group consisted of 98 patients (mean+tstandard
deviation) 6510 (33-80 years) with histologically confirmed endometrial cancer who
underwent hysterectomy with bilateral salpingo-ophorectomy, pelvic and paraaortic
lymphadenectomy. These procedures were performed by laparotomic, laparoscopic or robotic
approaches. 24 patients (mean+standard deviation) 55+12 (36-80 years), who were scheduled
for elective total hysterectomy for non-malignant disease, costituted a control group. The
patients were randomly allocated to receive either an abdominal hysterectomy or laparoscopy
assisted hysterectomy for their benign disease. Venous blood samples were collected from each
patient to examine TFF3, S100-Al11, AlIF-1 and inflammatory response biomarkers serum
levels. The investigated inflammatory serum markers were: leukocytes, platelets, CRP, IL-6,
citruline, vitamine D, alpha-tocopherol, retinol, kynurenine and tryptofan. Urinary samples
were collected at the same time for determination of the urinary neopterin/kreatinine ratio.
Other parameters evaluated were: patient age, body mass index ( BMI), number of lymph nodes

obtained, stage and grade.

Results: TFF3 levels were significantly higher in patients with endometrial carcinoma but not
in endometrial hyperplasia subgroup. The levels of TFF1 and TFF2 were not different in
selected histopathological subgroups. S100-A11 and AIF-1 levels were higher in endometrial
hyperplasia patiens than in controls and also significantly higher in endometrial cancer than in
endometrial hyperplasia patients. The serum concentrations of TFF3, S100-A11, but not

AIF-1 were associated with tumor stage and lymph node status. The serum concentrations of
TFF3, S100-Al11 and AIF-1 were not associated with tumor grade. All three markers (TFF3,
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S100-Al1, AIF-1) show correlation with tumor size together with alteration of neopterin and

kynurenine levels and kyunurenine/neopterin ratio in serum.

Conclusion;: We have shown elevated levels of TFF3 but not of TFF1 and TFF2 in patients with
endometrial cancer. TFF1, TFF2 and TFF3 levels were not elevated in patients with endometrial
hyperplasia. Increase in serum levels of TFF3 and S100-Al11 correlates with stage and lymf
nodes involvement. Tumor growth and tumor mass are associated with elevated serum levels

of inflammatory response markers.

Key words: TFF, S100-All, AIF-1, inflammatory, carcinoma, endometrial, trefoil factor,

serous, nutrition, lymph nodes involvement
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15-31564A Cast A

Nazev projektu Cesky:

Vyuziti novych laboratornich ukazatell v diagnostice patologii endometria

Nazev projektu anglicky:

New laboratory parameters in endometrial pathology diagnosis

Klicova slova ¢esky:

Calgirazzin, A 100A11, TFF, endometrium, endometriosis, endometrial cancer ,biomarkers

Kli¢ova slova anglicky:

Calgirazzin, A 100A11, TFF, endometrium, endometriosis, endometrial cancer ,biomarkers

Datum zahajeni: 2015-05-01

Doba feSeni (v letech): 4

Zarazeni do ciselniku CEP:

FK

Podanim navrhu projektu uchazec¢ stvrzuje, ze:

« navrhovatel je v pracovnépravnim poméru k uchazeci nebo tento vztah vznikne nejpozdéji ke dni zahajeni feseni
projektu;

* zavazuje se, Ze po uzavieni smlouvy o podpore projektu bude pinit vSechny povinnosti pfijemce vyplyvajici ze zakona
€. 130/2002 Sb., zadavaci dokumentace a uzaviené smlouvy nebo vydaného rozhodnuti o poskytnuti podpory;

« zajisti, aby feSitel po uzavieni smlouvy o podpore projektu plnil vSechny své povinnosti, zejména odpovidal za
odbornou urover Feseni projektu; nastane-li situace, ze podminky na strané fesitele i pfijemce znemozni feSiteli
pokracovat v feSeni projektu v navrhovaném terminu a nedojde-li k ukon€eni projektu, pfijemce zajisti se souhlasem
poskytovatele jiného fesitele, pokracovani feSeni projektu a jeho dokonéeni v souladu s uzavienou smlouvou;

« vSechny udaje uvedené v navrhu projektu jsou pravdivé, uplné a nezkreslené a jsou totoZzné s udaji viozenymi do
navrhu projektu pomoci aplikace, a ze navrh projektu byl vypracovan v souladu se zadavaci dokumentaci;

* navrhovatel, vSichni spoluuchazedi, spolunavrhovatelé a odborni i dalSi spolupracovnici uvedeni v navrhu projektu byli
seznameni s vécnym obsahem navrhu projektu i s finanénimi pozadavky v ném uvedenymi a se zadavaci dokumentaci;
* pfed podanim navrhu projektu zajistil souhlas vySe uvedenych osob s U€asti na feSeni projektu uvedeného v navrhu
projektu;

* na jiny projekt s totoznou nebo obdobnou problematikou nepfijal, nepfijima a nepfijme podporu z jiného zdroje;

« obsah navrhu projektu, jehoz se v jinych grantovych nebo programovych projektech G€astni stejny navrhovatel nebo
spolunavrhovatel je rozdilny od tohoto navrhu projektu a navrzené rozsahy praci umozZni navrhovateli nebo
spolunavrhovateli feSit vSechny jejich projekty;

« souhlasi, aby udaje uvedené v navrhu projektu byly pouzity pro vnitini informacéni systém poskytovatele a uverejnény
v rozsahu stanoveném zakonem ¢&. 130/2002 Sb. a zadavaci dokumentaci;

« v pfipadé uzavreni smlouvy nebo vydani rozhodnuti o poskytnuti podpory na feSeni projektu se bude pfi jeho feSeni
fidit podminkami pro feSeni projektt uvedenymi v Pfiloze 8 zadavaci dokumentace.

Kopie specialnich opravnéni podle zvlastniho pravniho predpisu (viz § 18 odst. (2) pism. b) zakona &. 130/2002 Sb.)
jsou pfilozeny, zahrnuje-li projekt ¢innosti je vyzaduijici.

Uchaze¢ bere na védomi, Ze zaslani jiné nez FINAL verze dokumentu bude diivodem k vyfazeni navrhu projektu z
vefejné soutéze.

Pro vyhodnoceni navrhu bude do soutéZe pfijata pouze posledni verze navrhu projektu, ktera bude doruc¢ena do
Datové schranky GACR vyhrazené pro systém GRIS (ID Datové schranky: ntq92gs ) v fadném terminu soutéze.
Uchaze¢ potvrzuje, Ze byla zkontrolovana Uplnost a spravnost tdaju.

Statutarni zastupce uchazece
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2nd year 2016

Prof.Pilka, MUDr.Huml - indications to and performance of surgery, enrollment of patients
into study, preparation of reports, preparation of publications

MUDr.Neubert, MUDr.Ondrova, MUDr.Horvathova - surgery, data collection
Prof.Stejskal, - laboratory examinations, Prostéjov

3rd year 2017

Prof.Pilka, MUDr.Huml - indications to and performance of surgery, enrollment of patients
into study, preparation of reports, preparation of publications

MUDr.Neubert, MUDr.Ondrova, MUDr.Horvathova - surgery, data collection
Prof.Stejskal, - laboratory examinations, Prost&jov

4th year 2018

Prof.Pilka, MUDr.Huml - indications to and performance of surgery, enrollment of patients
into

study, preparation of reports, preparation of publications, final report

MUDr.Neubert, MUDr.Ondrova, MUDr.Horvathova - surgery, data collection
Prof.Stejskal, - laboratory examinations, Prostéjov

Statistical evaluation

Results will be evaluated in absolute and percentage figures comparing day - 1 till +5.
Normality will be tested by Shapiro-Wilk test. In the case of normal distribution ANOVA test
will be used, if not, non-parametric Kruskal-Wallis test and post-hoc Wilcoxontv test with
Bonferroni’s significance corrections will be used. Statistical evaluation will be done by SPSS
software.

Collaboration

The project suggest collaboration of Department of Obstetrics and Gynecology, University
hospital Olomouc and Department of Laboratory Medicine, Hospital Prostéjov. Laboratoty in
Prost&jov is the only facility in the Czech Republic capable to analyze S 100A11-Calgizzarin,
TFF 1-3 and AlIF-1in blood samples.

Discussion

Abnormal endometrial findings are very common in women with perimenopausal bleeding.
The most significant one being endometrial cancer. At present there is no reliable biomarker
for early diagnosis of endometrial pathology.

Endometriosis is characterised by the presence of endometrial tissue outside the uterine
cavity. Typical symptoms include dysmenorrhoea, dyspareunia, pelvic pain and infertility.
Approximately 5-15% of women in reproductive age have benn shown to suffer from
endometriosis. Diagnosis relies on surgery. The predominant method of treatment is surgery
with possible serious complications, when performed in advanced stages of disease. At
present there is no marker for early diagnosis and follow-up of endometriosis.

Endometrial cancer is after the breast cancer the second most prevalent female cancer in the
Czech republic. The prognosis of early stages is very good, but definitive staging depends on
radical surgery. At present there is no marker for diagnosis, prognosis and follow up of this
disease.

Calgizzarin (S 100A11), TFF 1-3 and AIF-1 are proteins which play important role not only
in physiology but in cancerogenesis as well.
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Hypothesis

S 100A11-Calgizzarin, TTF 3 and AlF-1 are elevated in endometrial pathologies.

Material and methods

Every year patients with perimenopausal bleeding (approx. 400) will have performed
hysteroscopy. According to the final histopathology the patients will be subdivided into
groups with benign fading (50), precancerous (50) and cancerous lesions. Blood samples will
be taken during the procedure. In patients with endometrial cancer (50) second blood sample
will be taken during the radical surgery. Similarly, the blood sample will be taken during
surgery in patients with endometriosis (50). Control group will consist of patients operated for
benign disease (myoma) (50).

In this project Calgizzarin (S100A 11), Trefoil factor 3 (TFF3) and Allograft inflamatory
factor 1 (AIF-1) will be tested in blood samples.

At the same time all patients will be tested for Ca 125 (Immulite, Siemens, USA) and CEA
(Immulite, Siemens, USA). In all patients blood count, CRP, creatinin, ALT, bilirubin, AST,
Na, K and CI will be examined to exclude secondary pathologies.

Time schedule

150 patients will be enrolled into the study group and 100 patients into the control group.
1st year (2015)

Prof.Pilka, MUDr Huml - indications to and performance of surgery, enrollment of patients
into study, preparation of reports

MUDr. Neubert, MUDr.Ondrova, MUDr.Horvathova - surgery, data collection
Prof.Stejskal, - laboratory examinations, Prostéjov

2nd year 2016

Prof.Pilka, MUDr.Huml - indications to and performance of surgery, enrollment of patients
into study, preparation of reports, preparation of publications

MUDr.Neubert, MUDr.Ondrova, MUDr.Horvathova - surgery, data collection
Prof.Stejskal, - laboratory examinations, Prost&jov

3rd year 2017

Prof.Pilka, MUDr.Huml - indications to and performance of surgery, enrollment of patients
into study, preparation of reports, preparation of publications

MUDr.Neubert, MUDr.Ondrova, MUDr.Horvathova - surgery, data collection
Prof.Stejskal, - laboratory examinations, Prostéjov

4th year 2018

Prof.Pilka, MUDr.Huml - indications to and performance of surgery, enrollment of patients
into study, preparation of reports, preparation of publications

MUDr.Neubert, MUDr.Ondrova, MUDr.Horvathova - surgery, data collection
Prof.Stejskal, - laboratory examinations, Prostéjov

5th year 2019

Prof.Pilka, MUDr.Huml - indications to and performance of surgery, enrollment of patients
into study, preparation of reports, preparation of publications, final report

MUDr.Neubert, MUDr.Ondrova, MUDr.Horvathova - surgery, data collection
Prof.Stejskal, - laboratory examinations, Prost&jov
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PRILOHA C. 3

Informovany souhlas

Vézena pani,

Pro Gc¢innou 1é¢bu naddorovych onemocnéni je nutno ziskat maximum informaci o charakteru
zhoubného nadoru. Jednou z novych moznosti je stanoveni Calgizzarinu (S 100A11), TFF 1-3
a AlF-1, 4. latek, které by mély podat informace o charakteru nadoru a jeho vlastnostech.
Obdobnym zpiisobem chceme sledovat tyto latky i u onemocnéni endometriozou. Uvedené
latky budeme stanovovat z krevniho vzorku, ktery budeme odebirat a nésledné vySetfovat
v dob¢ prvé, event. druhé operace a po provedené operacni 1é¢bé. Dosavadni zpravy v odborné
literatufe 1 naSe predbézné zkuSenosti ukazuji, Ze provedena vysetieni budou piindset nejen
nova poznani ale bude je mozno ziejme i vyzit pfi fizeni 1éCby. VSechny vzorky po provedeném
vysetteni budou zni¢eny. Ugast ve studii pro Vas neznamena zadné zatiZeni, bude pouzit jen
materidl, ktery se odebira k bézn€ provadénym laboratornim vySetfeni. Mate rovnéz pravo ze
studie kdykoliv odstoupit. VE&fime, Ze vysledky studie pfispé&ji ke zlepSeni 1écby uvedenych
onemocnéni. Anonymizovana data mohou byt publikovéana v odborné literatute.

Piecetla jsem si informaci o studii a rozumim ji. Souhlasim s Gcasti v projektu za vyse
uvedenych podminek.

V Olomoucidne................

Jméno lékare, ktery ziskal souhlas Jméno pacientky
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PRILOHA C. 4

Publikace — pfehledovy ¢lanek v recenzovaném c¢asopise
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Vyznam trifolatu u gynekologickych

onemocneni

The role of trefoil factor family in gynecological disease

Neubert D., Pilka R.!, Stejskal D.%3, Krej¢i G.2

Porodnicko-gynekologicka klinika FN a LF UP, Clomouc, pfednosta prof. MUDr. R. Pilka, Ph.D.

WA Agel, feditelka Mgr. Ing. K. Murtingerova

*Oddéleni laboratorni mediciny Stfedomoravskeé nemocnicni, a.s., pfednosta prof. MUDr. D. Stejskal, Ph.D.

ABSTRACT

Aim: Trefoil peptides are a family of small proteins that
are exprassed in a site-specific fashion by certain epi-
thelial tissues. These peptides appear to be important
in mucosal healing processeas, in neoplastic disease and
in human reproduction.

Design: Literature review.

Setting: Department of Obstetrics and Gynaecology,
University Hospital, Medical Faculty, Palacky University,
Olomouc, Czech Republic; Department of Laboratory
Biochemistry, Central Moravian Hospital Trust, Member
of Agel holding, Prostéjov.

Methods: Literature review.

Results: Trefoil peptides are aberrantly expressed by
awide range of human carcinomas and gastrointestinal
inflammatory conditions. Outside the gastrointestinal

tract, members of this group of peptides have also been
identified in the normal hypothalamus and pituitary,
and in normal breast tissue where it is responsive to
oestrogen stimulation. Evidence of peptide expression
has been found in a range of urological, gynaecological,
gastrointestinal, pulmonary and breast carcinomas.
Furthermore, possible associations between recurrent
spontaneous abortion susceptibility and genetic varia-
tion in the TFF2 gene were shown.

Conclusion In the future, serum levels of trefail peptides
might be used as markers for neoplastic and inflamma-
tory diseases, as well as some defects of reproduction.

KEYWORDS

TFF, carcinoma, endometrial, recurrent miscarriage,
trefoil factor, serous

SOUHRN

Cil: Trefoil peptidy patfi do skupiny malych peptidd,
jejichz exprese je mistné i tkanové specifickd. Tyto
peptidy maji vyznam pro hojeni sliznic, u nadorovych
onemocnénia v lidské reprodukci.

Typ studie: Literdrni prehled.

Nazev a sidlo pracovisté: Porodnicko-gynekaologicka kli-
nika FM a LF UP Olomouc; Oddéleni klinické biochemie,
Stredomoravska nemaocnicni a.s., Nemocnice Prostéjov.
Vysledky: Trifolaty jsou v rlzné mife exprimovany v celé
fadé karcinomd a u zanétlivych gastrointestinalnich
gnemocnéni. Mimo gastrointestinalni trakt byly fyzio-
logicky identifikovany v hypotalamu, hypofyze, endo-

metriu a v normalni prani tkani, kde reaguji na stimulaci
estrogeny. Exprese trifoldtd byla zjisténa v nadorech
urclogickych, gynekologickych, gastrointestinalnich,
plicnich & v karcinomu prsu. Mavic byly prokazany
mozné souvislosti mezi genetickymi polymorfismy TFF3
a habituglnim potracenim.

Zavér: V budoucnu by mohly byt séroveé hladiny trifo-
[atd vyuZivény jako markery pro naddorova a zanétliva
onemaocnéni, stejné jako pro poruchy reprodukce.

KLICOVA SLOVA

TFF, karcinom, endometrialni, habitualni potraceni,
trefoil faktor, sérovy

CESKA GYNEKOLOGIE

uvoD

Trefoil peptidy (trifolaty) patii do skupiny
malych peptidil bohatych na cystein, Trifolitové
proteiny jsou definovany pfitomnosti 42-43 ami-
nokyselin, které tvofi unikatni strukturalni motiv,
Jejich tFi pary disulfidovych vazeb jsou zodpovéd-
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né za charakteristicky vzhled molekuly ve tvaru
trojlistku,

Byly pojmenoviny jako ,trefoil® peptidy
Thimem vroce 1989 [44], Dosud byly identifikova-
ny tfi savéi trefoil peptidy, TFFL byl objeven v roce
1982 pfi patrani po estrogeny indukované mRNA



Obr.1 Znazoménijedné molekuly trifoldtového peptidu (TFF).
Klicky odpovEédné za nazev ,trifolaty” jsou ofislovany. Esencialni
pro tvar struktury jsou rezidua cysteinu (C). Pro nékteré funkce
trifolatd je nezbytnd dimerizace na mistd ,X“. Tak vzniké struktura
podobna TFF2, obsahujici dvé domény trifolati.

v bunéénych liniich karcinomu prsu a ve stejném
roce byl objeven spazmolyticky peptid (TFF2) pri
izolaci praseéiho inzulinu [21, 28]. Stfevni trifolit
TEE3 byl plivodné objeven v roce 1991 u krys [41].
Ve snaze o standardizaci nomenklatury jsou tyto
trefoil faktory dnes souhmné nazyvany rodina
trifolatovych peptidd (TFF), Viechny tfi jsou za-
stoupeny v lidském téle a jejich geny jsou umistény
spoleéné na chromozomu 21g22.3 [40], Z animal-
nich pozorovani (my3, krysa, ropucha) je zfejmeé,
Ze trifolatova doména je evoluéné velmi stabilni
[19], Jednotlivé trifolatové peptidy se tkifioveé spe-
cificky vyskytmji v epitelidlnich burikach lidského
gastrointestinalniho tstroji: TFF1 v epitelialnich
povrchovych foveolirnich bufikich celého Zalud-
ku, TFF2 v distdln{ &isti Zaludku a v dolnich éistech
Brunnerovych Zlizek duodena a TFF3 v pribéhu ce-
1é délky tenkéhoi thustého stfeva [13, 14, 36, 39, 45],

Jedna se o velmi stabilni molekuly, rezistentni
k i¢inkiim kyselin, proteiz i tepelné degradaci
21, 35].

Jejich fyziologicky vyskyt byl jiZ dokumentovan
i v daldich tkianich - hypofyze, hypotalamu, slin-
nych Zlazach, v déloze a prsni tkani [16, 33, 37, 38].
U mladych Zen se vzorec exprese méni v zavislosti
na menstruaénim cyklu, Naopak, v mukéznich
epitelidlnich burnikich respiracniho a mocového
astroji nebyly dosud identifikovany a je moZné, Ze
probihajici vyzkumy odhali dal3i éleny tétorodiny,
Trifolaty by v budoucnu mohly slouzit jako sérové
markery nadorovych a inflamatornich onemocné-
ni, pfipadné poruch reprodukce.

A¢koliv byl TFF3 objeven diky své podobnosti
s lidskym TCIF (transforming growth-interacting
factor), nebyl dile prokizan Zidny vztah mezi TFF3
a TGIF. Rovnéz pasobeni obou peptidi na bunéé-
nou migraci je rozdilné, Jedna ze studii s TFF2 pro-
kazuje , growth factor-like effects” tohoto peptidu
ve vztahu ke kolorektialnimu karcinomu (HCT116)
a karcinomu prsu (MCF7). Je prokiazan shodny
protektivni ié¢inek TEF peptidi, ristovych faktori,
epidermalniho ristového faktoru (ECF) a fibroblas-
tového ristového faktoru na stfevni mukédzu [8, 16,
34], Na zvifecim modelu byl dokumentovan shod-
ny vliv TFF3 a EGF na zvy3eni sekrece prostaglan-
dini a elektrolyti v epitelidlnich bunkach, ktera
vedla k jejich ochrané proti ulceracim zplisobenym
u¢inkem indometacinu. ECF se podili na regulaci
exprese genu pro TFFL a ovliviiuje celou fadu dal-
gich procest v téle, jako napt. sekreci estrogenu,
insulin-like growth faktoru 1, fibroblastového
ristového faktoru, K déinktm EGF jsou senzitivni
pouze geny pro TEF1, geny pro ostatni TFF peptidy
jsou k témto Gcinkiim rezistentni [20].

Dosud byly identifikovany dvé zakladni funk-
ce trefoil peptidl v gastrointestindlnim traktu -
ochrana sliznic a tkafiové hojeni. Tyvto peptidy
jsou povaZovany za proteiny ,okamzZité reakce®
na tkanové poranéni, kde ovliviiuji éasné faze
tkanového hojeni [35], Kromé toho je moZno tyto
proteiny detekovat v pfipadé mnoha humannich
karcinomt, Trefoil peptidy zlep3uji ochranné
schopnosti supramukdézni bariéry na povrchu sliz-
nic gastrointestinalniho traktu interakci s mu-
cindznimi glykoproteiny a vytvofenim viskoelas-
tické mukdzni gelové vrstvy chrani tyto buriky pied
pusobenim Zaludeénich kyselin [23]. Role téchto
peptidil je spatfoviana v indukci zmén fyzikilnich
vlastnosti mucinu, vedouci ke zvyEeni optické hus-
toty a viskozity ochranné slizniéni vrstvy. Dile se
predpoklida jejich vliv na poharkové buriky, kde
ovliviiuji sekreci a kvalitu produkovaného mucinu,
TEF peptidy jsou téZ ziejmé vylucovany jako sou-
cast mucinu, Provedené studie predpokladaji, ze
TEF peptidy prispivaji k ochrané Zaludeéni sliznice
pfed acidifikaci tvorbou silnéjii ochranné vrstvy
mukézniho gelu v Zaludku [9].

Dalsi price pfisuzuji protektivni roli TFF spige
na urovni plisobeni na receptory, Transport chlo-
ridovych iontd v gastrointestindlnich epitelidlnich
burikich je pfi pokusech in vitro indukovan pouze
v pfipadé, kdyz bazolaterdlni povrch bunék je vy-
staven plisobeni TFE, Navazani TFE3 na membra-
novy protein kolorektialnich epitelidlnich bunék je
spojeno s naslednou fosforylaci tyrozinu a beta-ka-
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Tab. 1

Vyskyt TFF peptidi v jednotlivych organech

Za fyziologickych podminek

Faludek hlenoveé bufiky
tenke stfevo | bufky wyvodl Brunnerowvych Zlaz
tlusté stfevo | poharkove bufky pobliz povrchu
krypt
TFF1 slinivka bfisni | fokalné v ductus pancreaticus
Zlucnik hlenové zlazky rozeseté po sliznici
prsni Zlaza epitel lobularnich a duktalnich
bunék
prostata fyziologicksa thkan
Zaludek fundus; hlenové burfiky antra
Faludku; hlenové buriky pfi baz 23z
tenke stfevo | laldcky Brunnerovych Zlaz a bufky
TFF2 . o . .
jejich distalnich vywodl
slinivka bfisni | fokalné v ductus pancreaticus
Zlucnik hlenowvé zlazky rozeseté po sliznici
tenke stfevo | laldcky Brunnerowych Zlaz a buriky
jejich vywodl, poharove buriky
tluste stfevo povrchove pohdarove bunky
Zlucnik hlenové zlazky rozeseté po sliznici
TFF3Z hypotalamus | neurcny peri- a
paraventrikulamich jader
hypofyza oba laloky
urogenitalni v epitelu
trakt Zen

Za patologickych podminek

jicen Barrettlv jicen
Zaludek metaplazie, hyperplasticke polypy,
karcinom
tenké stfevo | metaplazie, chronicke ulcerace, UACL
tlusté strevo | UACL, hyperplasticke polypy,
TFFI adenomy, adenckarcinormy
Zluénik karcinom Zlu€ovych cest
genitalni karcinomy: endometria, ovaria
trakt - Zeny (mucindzni=serdzni), Cipku
ostatni karcinomy: prsu, slinivky bFisni,
prostaty, mocoveho méchyfe, plic
jicen Barrettlv jicen
tenkeé stfevo | metaplazie, chronicke ulcerace,
TFFZ LacCL
tlusté stfevo | UACL, hyperplastickeé polypy,
adenomy, adenckarcinomy
Zaludek tkan pfilehla k ulceracim,
mataplazie poharowych bunék
TFF3 tenké stfevo | chronickeé ulcerace, UACL
tlusté stfevo | hyperplastické polypy, adenomy,
adenokarcinomy (rmucindzni)

PID - pénevni ZEnetlivé cnemocnieni, UACL - ulcer-associated cell ineage
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teinu, Tyto cytoplazmatické peptidy poté ovliviuji
receptorovou odpovéd [20]. Kromé ochrany sliz-
nic traviciho tstroji hraji TFF vyznamnou roli téz
v procesu hojeni jiZz vzniklého poranéni, Na mnoha
zvifecich modelech, ale i lidskych bunéénych ko-
loniich bylo prokizano, Ze trefoil peptidy indu-
kuji bunéénou migraci, a tim umoZnuji rychlou
obnovu mukézy po jejim poranéni, coZ je proces
zvany restituce [23, 35], ZvySena koncentrace TFF
peptidi byla pozorovana v piipadech zinétlivych
onemocnéni stiev a dile pak v blizkosti peptickych
ulceraci, zejména v epitelidlnich butikich migr-
jicich pfes bazi viedu [8].

Recentni studie podporuji hypotézu vyznamu
TEF peptidil ve stimulaci obnovy gastrointestindl-
nich poranéni. Pii pokusech na mysich s nadpro-
dukci TFF2 byla demonstrovana zvysena rezistence
na indometacinem indukované poskozeni sliznic
[34], My3is nedostatkem genu pro TFE3 vykazovaly
poruchu slizni¢niho hojenia podléhaly dasledkim
zanétlivych stfevnich onemocnéni [27]. Stimulaci
migrace epitelidlnich bunék z okrajil rany spolu
se zploStovanim pfiléhajicich neposkozenych bu-
nék prispivaji tyto peptidy k obnoveni integrity
sliznic [24].

VZTAH K NEOPLAZIIM

TFEF1 byl pavodné izolovan z bunék karcinomu
prsu, Od té doby nékolik studii dokumentova-
lo vztah mezi TFF peptidy a vznikem neoplazii,
Exprese TFF1 byla prokazana u mnoha znamych
epitelialnich karcinom, véetné karcinomu prsu,
Zaludku, slinivky, plic, endometria, vajecniku (ze-
jména mucindzni typ), prostaty a dile nékterych
nadori mocového méchyte a hrdla déloZniho [5,
17]. Rozdilna exprese TFF proteinil u jednotlivych
nadord je nicméné pomérné dobfe zdokumentova-
na, Ukarcinomu prsu, kde je exprese TFF1 pfitom-
naazu 50 % nadori, je pozitivita na TFFl spojena
se stavem estrogenovych receptoril, odpovédi na
hormonalni 1éébu a pfiznivou progndzou [7, 11].
U viech ostatnich tumori se zda byt pfitommnost
TEF1 nezavisla na stavu estrogenovych receptori,

Dosud neni znameo, zda TFF peptidy ovliviniji
vznik tumoru & jeho metastizovani, MoZnost
detekovat TFE v nadorovych tkanich ¢i stanovovat
jejich sérovou koncentraci by mohlo byt klinicky
uzitetné.

Karcinom prsu

TFF1 byl objeven v souvislosti s karcinomem
prsu [28, 35], Bylo prokazano, Ze vét§ina karcinomi
prsu vykazuje pfitomnost TEF1 a TFE3 [37], Ve vice
nez 68 % pripadi tohoto karcinomu byla zjisté-
na zvysena exprese TFF1, TFF3 bylo exprimovano
v 90 % pfipadh [30, 37]. ZvySena exprese TFF1iTFF3



Tab.2 Vyskyt TFF u nadorovych onemocnéni

TFF1

TFF2 TFF3

karcinomn Zaludku

karcinom zluéniku a ZluCovych cest
kolorektalni hyperplasticke polypy
kolorektalni karcinom

Gastrointestinalni trakt

hepatoceluldrni karcinom
kolorektalni hyperplasticke

polypy
kolorektalni karcinom

karcinorn Zaludku

karcinom zlucniku a Zlucovych
cest

kolorektaIni hyperplasticke polypy

karcinom pankreatu
karcinorn prsu (LCIS, DCIS)
karcinom stitnég zlazy

Endokrinni a exokrinni
Zlazy

karcinomn pankreatu karcinomn prsu (LCIS, DCIS)

karcinom mocoveho méchyfe
karcinom prostaty

karcinom vajecniku

karcinomn délozniho cipku
karcinom délozniho téla

Urogenitalni trakt

Respiracni stroiji bronchidini karcinom

malobunécny karcinom
plic

LCIS - kobuldrni kardinom in situ, DCIS - dukting karcinom in situ

byla prokazana jak v pfipadé duktilniho a lobular-
niho karcinomu in situ, tak i v pfipadé karcinomu
invazivniho [37].

Karcinom prostaty

Vétiina karcinomn prostaty exprimuje TEF1,
Piitomnost TFF1 vykazuje kromé vlastniho ma-
ligniho tumorm téZ pfilehla tkan hyperplasticka,
na druhou stranu fyziologicka prostaticka tkan
je TEF1 negativni [5]. Toto zjisténi se jevi jako
klinicky vyznamné pii hodnoceni histologicky
negativnich biopsii prostaty, ktera jsou viak TFF1L
pozitivni, Tento nilez miZe predikovat vysokou
pravdépodobnost pfitomnosti malignity kdekoli
v prostatické tkani, TFF1 je detekovano ve vel-
mi 11zké navaznosti na neurcendokrinni buniky
karcinomu prostaty; vyznam tohoto vztahu viak
zlistiva nejasny [5]. Neuroendokrinni bunky ve
stfevni tkani postizené chronickou ulceraci viak
rovnéz exprimuji TFF1, coZ by mohlo znamenat,
Ze trifolity mohou hratroli v modulaci bunééného
uvoliovani neuroendokrinnich peptidii,

Karcinom Zaludku

TFF1 je béZné piitomen v Zaludeéni tkini,
Exprese TFFl je nizsi v pfipadé adenomu a kar-
cinomu Zaludku v porovnani s hyperplastickymi
polypy & normalni tkani mukézy [25], AZ v polovi-
né piipadfi viech karcinomi Zaludku pak exprese
genu pro TFFL zcela chybi [17, 26]. Nékteré prace
prokazuji vztah mezi expresi TFF1 a stagingem
tumoru, Exprese TFF3 pak byla prokizana v ente-
rocytech adenomil a karcinomi tlustého stfeva,
kdy tyto enterocyty soucasné ztraceji svou typickou
morfologii pohdrkovych (goblet) bunék, Zatimco
kompletni ztrata exprese proteinii je u karcino-

mil tlustého stfeva vzacna, snizené hladiny jsou
casto asociovany s nekrdzou mumoru a pokroéilym
stagingem [42].

Kolorektalni karcinom

TFE3 je b&Zné ve velkém mnoZstvi obsaZen ve
slizniénich burikich tlustého stfeva za fyziolo-
gického stavu, zatimco v piipadé kolorektilni
neoplazie je jeho mnoZstvi znacné snizeno [42].
U kolorektilnich adenoma byla popsana silna
pozitivni korelace mezi expresi TFE3 a stupném
dysplastickych zmeén [42]. Ztrata exprese TFF3
naopak korehije se ztratou bunééné diferenciace
a s pokroéilejiim stadiem onemocnéni [42, 46], To
miiZe ukazovat na vyznam TFF pro prabéh tumoro-
geneze a pro prechod z adenomu do metastatického
karcinomu, zejména s ohledem na jejich migracni
a cytokineticky efekt,

Nadory plic

Benigni tumory plic, skvamézni & malobunéé-
ny bronchogenni karcinom nejsou spojeny se zvy-
senou sérovou hladinou TEF1[18], Naopak, zvyiené
primémé sérové hladiny a imunohistochemic-
ki pozitivita byly prokazany u pokrocilych stadii
bronchogenniho karcinomu, zejména u ,,goblet
cell” podtypll a karcinomu bronchoalveolarniho,
TFF1 pozitivni adenokarcinomy plic jsou rovnéz
spojeny s horsi prognézou nez karcinomy TFF1
negativni [18].

Karcinom endometria
V nedavnych studiich byly prokazany vy3s&i sé-
rové hladiny TFF3 u pacientek s endometridlnim
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karcinomem G3 ve srovnani se zdravymi kontro-
lami a pacientkami s hyperplazii endometria [4],
Podobné imunochistochemické analyzy ukazaly
zvysenou expresi TFE3 u Spatné diferencovanych
endometriilnich karcinomi [32]. PouZiti imuno-
histochemického panelu obsahujiciho estrogenovy
receptor (ER), progesteronovy receptor (PR), insu-
lin-like growth factor [l mRNA - binding protein 3
(IMP3) a TFF3 umoznuje bezpefné odlisit vzacné
podtypy karcinomil endometria G3 od serdzniho
karcinomu a karcinomu z jasnych bunék, Na rozdil
od fpatné diferencovaného karcinomu endometria
maji pfes podobnou histopatologii serézni karci-
nom a karcinom z jasnych bunék vyznamné horsi
prognozu z hlediska pfeziti pacientek. MoZnost
odliSeni téchto nadomi pomoci imunomarkerii
nabyva na vyznamu zejména v pripadé, Ze je tento
krok moZné uéinit jiZ na materiilu ziskaném z bio-
psie/kyretiZe a nasledné véas uzpiisobit adekvatni
management 1é€by téchto onemocnéni [31].

Receptivita endometria a habituilni potriceni

Je znamo, Ze povrichové muciny jsou dialezi-
té pro receptivitu endometria a jeho schopnost
selekece a implantace vysoce kvalitnich embryi,
Soucasné u Zen s habitualnim potracenim byla
prokazana nizsi endometriilni exprese urcitych
mucini ve srovnani s Zenami zdravymi, Tato sni-
Zena exprese milze byt pfifinou narusene recepti-
vity endometria umozZnujici implantaci defektnich
embryi [3, 12, 43], U Zen s habitudlnim potricenim
byly rovnéZ zjistény nizii hladiny endometriilnich
mucinil v sekreéni fazi cyklu [3], Produkce TFF3
byla kromé jinych epitelidalnich povrchii prokizdana
i v déloznim endometriu [6, 22]. Pomoci genové
analyzy byl TFF3 rovnéz identifikovan jako jeden
z moZnych faktorfi receptivity endometria v obdobi
implantace [2]. V nedavneé studii byla prokazana
souvislost mezi genovymi polymorfismy TFF3,
poctem aspéiné ukonéenych téhotenstvi a habi-
tmilnim potracenim [15].

Jaka je moZna role TFF jako markeri v nové éfe
stratifikované mediciny? Nabizi se celkem Sest
moZnosti vyuzZiti téchto markerti. Predevsim je
nutno upfesnit, které bunky podléhaji regula-
ci témito proteiny a zda jsou tyto proteiny pro-
dukovany nadorovymi bunikami. Za normalnich
okolnosti jsou TEF secernovany intraluminarné
a uplatfiuji sviij protektivni vliv na epitelidlni
hlenovou vrstvu. U invazivnich nadora viak jsou
TEE secernovany do stromatu, a indikuji tak me-
tastaticky fenotyp.

Druhou otizkou je, zda je nutno odliSovatriizné
molekularni formy, Z dosavadnich studii se zda,
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Ze ano, protoZe TFF1 diomer ma vétii potenci nez
monomer, Nadory Zaludku tak maji vétdi sklon
k metastazovani, pokud chybi sekrece heterodi-
meru TFFL [29].

Tteti zkoumanou oblasti je, zda TEF1a TFF3 jsou
prediktivnimi markery odpovédi na endokrinni te-
rapii, Existuji v tomto sméru velmi silné podplrné
argumenty zejména pro vyuziti TFF1u karcinomu
prsu [10].

Ctvrtym aspektem je vztah trifoldtl k metastd-
zam, TFF3 umoZnuje odlisit buniky s vétsim &i men-
sim sklonem k metastizovani; jeho vy3si exprese
je asociovana s tendenci k lymfovaskulirni invazi,
Ke zvaZeni je zde tak moZnost, Ze stanovovani
hladin trifolati jako prognostickych biomarkerii
by mohlo identifikovat §patné diferencované na-
dory s hori progndzou, a tak nahraditvysetfovani
lymfatickych uzlin [1].

Pitou oblasti jejich vyuZiti jako biomarkeri je
moznost rozlifeni pomoci hladin trifolatd pfipad-
nou vnitini heterogenitu nadori, Pro prognostické
biomarkery invaze a metastazovani (v tomto piipa-
dé trifolatl) by bylo velmi dilezité, pokud by jejich
sérové hladiny byly schopny odligit existenci vice,
¢i méné agresivnich populaci bunék v nadoru,
Praveé piipadna moznost stanoveni podilu bunék
v nadoru se sklonem k metastizovani by byla ne-
smirné dilezitd a pfinosna,

Posledni, Sestou moZnosti je vyuziti trifolati
v diagnostice a 1é¢bé patologickych stavil repro-
dukce ve smyslu habitudlniho potraceni a poruch
receptivity endometria a implantace,

Vyznam TFF peptidill je postupné studovan od
okamZiku jejich objevu v roce 1982, Ukazuje se,
Zze spolu s lumindlnimi muciny hraji astfedni
roli v ochrané sliznic Zaludku a stfev a podileji
se na hojivém procesu po ulceraci, Jejich exprese
a biologicka aktivita jsou izce spojeny s hormo-
nalnim fizenim, rastovymi faktory a onkogenni-
mi stimuly, Zmény v jejich expresi s naslednymi
poruchami sekrece mucinil mohou byt pii¢inou
naruiené receptivity endometria, Na zikladé ex-
perimentalnich a observaénich studii je zfejmy
jejich potencialni vyznam v morfogenezi, maligni
transformaci a poruchich reprodukce,

1. Ahmed, AR., Griffiths, AB., Tilby, MT., et al. TFFZ is a nor-
mal breast epithelial protein and is associated with differentiated
phenotype in early breast cancer but predisposes to invasion
and rmetastasis in advanced disease. Am J Pathol, 2012, 180(3), p.
904-916.



2. Altmae, 5., Martinez-Conejere, JA., Salumets, A., et al.
Endometrial gene expression analysis at the time of embryo im-
plantation in women with unexplained infertility. Mol Hum Reprod,
2010, 16(3), p. 178-187.

3. Aplin, JD., Hey, NA., Li, TC. MUUCl as a cell surface and sacreto-
ry component of endometrial epithelium: reduced levels in recu-
rrent miscarriage. Am J Reprod Immunaol, 1996, 35(3), p. 261-266.
4. Bignotti, E., Ravaggi, A., Tassi, RA., et al. Trefoil factor %
a novel serum marker identified by gene expression profiling in
high-grade endometrial carcinomas. Br J Cancer, 2008, 99(5), p.
768-773.

5. Benkhoff, H., Stein, U., Welter, C., et al. Differential expre-
ssion of the p52 protein in the human prostate and prostate can-
cer: association with premalignant changes and neuroendocrine
differentiation. Hurm Pathol, 1995, 26(8), p. 824-828.

6. Borthwick, JM., Charnock-Jones, DS., Tom, BD., et al.
Determination of the transcript profile of human endormetrium.
Mol Hum Reprod, 2003, 91, p. 19-33.

7. Cappelletti, V., Coradini, D., Scanziani, E., et al. Prognostic
relevance of p52 status in association with steroid receptor status
and proliferative activity in node-negative breast cancer. Eur J
Cancer, 1992, 28A(8-9), p. 1315-1318.

8. Dignass, A., Lynch-Devaney, K., Kindon, H., et al. Trefoil
peptides promote epithelial migration through a transforming
growth factor beta-independent pathway. J Clin Invest, 1994,
941y, p. 376-383.

9. Engel, E., Guth, PH., Nishizaki, Y., et al. Barrier function of
the gastric mucus gel. Am J Physiol, 1995, 269(6 Pt 1), p. G994-
999

10. Feekens, JA., Portengen, H., Look, MP., et al. Relationship
of P52 with response to tamoxifen therapy in patients with recu-
rrent breast cancer. Br J Cancer, 1994, 70(8), p. 1217-1223.

1. Foekens, JA., Rio, MC,, Seguin, P., et al. Prediction of relap-
se and survival in breast cancer patients by p52 protein status.
Cancer Res, 1990, 50(13), p. 3832-2827.

12. Gipson, IK., Blalock, T., Tisdale, A., et al. MUCIG is |ost from
the uterodome (pinopode) surface of the receptive hurman endo-
metriurm: in vitro evidence that MUCIE is a barrier to trophoblast
adherence. Biol Reprod, 2008, 78(1), p. 134-142.

13. Hanby, AM., Poulsem, R., Elia, G., etal. The expression of the
trefoil peptides pS2 and hurnan spasmolytic polypeptide (hSPY in
gastric metap lasia’ of the proximal duodenum: implications for the
nature of gastric metaplasia’. J Pathol, 1993, 169(3), p. 355-360.

14. Hanby, AM., Poulsom, R., Singh, S., et al. Spasmolytic poly-
peptide is a major antral peptide: distribution of the trefail pep-
tides hurman spasmolytic polypeptide and p52 in the stormach.
Gastroenterology, 1993, 105(4), p. MO-E.

15. Haroun, S., Altmae, 5., Karypidis, H., et al. Association be-
tween trefoil factor 3 gene variants and idiopathic recurrent spon-
taneous abortion. Reprod Biomed Online, 2014, 29(6), p. T37-744.
16. Hauser, F., Poulsom, R., Chinery, R., et al. hP1E, 2 human
P-domain peptide homologous with rat intestinal trefoil factor, is
expressed also in the ulcer-associated cell lineage and the uterus.
Proc Natl Acad Sci U S A, 1993, 90¢15), p. 6961-6965.

17. Henry, JA., Bennett, MK., Piggott, NH.. et al. Expression of
the pNR-2/p52 protein in diverse hurman epithelial turnours. Br J
Cancer, 1991, 64¢4), p. 677-682.

18. Higashivama, M., Dei, 0., Kedama, K., et al. Estimation of
serum level of pS2 protein in patients with lung adenocarcinoma.
Anticancer Res, 1996, 16(4B), p. 2351-2355.

19. Hoffmann, W. & new repetitive protein from Xenopus laevis
skin highly homaologous to pancreatic spasmolytic polypeptide. J
Biol Chiern, 1988, 263(16), p. 7686-7690.

20. Chinery, R., Cox, HM. Modulation of epidermal growth factor
effects on epithelial ion transport by intestinal trefoil factor. Br J
Pharmacol, 1995, 115(1), p. 77-80.

21. Jorgensen, KH., Thim, L., Jacobsen, HE. Pancreatic spasmo-
ytic polypeptide (PSPY: | Preparation and initial chemical cha-
racterization of a new polypeptide from porcine pancreas. Regul
Pept, 1982, 3(3-4), p. 207-219.

22. Kao, LC., Tulac, S., Lobo, 5., et al. Global gene profiling
in human endometrium during the window of implantation.
Endocrinology, 2002, 143(6), p. 2119-2138.

23. Kindon, H., Pothoulakis, C., Thim, L., et al. Trefoil peptide
protection of intestinal epithelial barrier function: cooperative
interaction with mucin glycoprotein. Gastroenterology, 1995,
109(2), p. b16-523.

24. Lacy, ER., Morris, GP.,Cohen, MM. Rzpid repair of the surface
epithelium in hurman gastric mucosa after acute superficial injury.
J Clin Gastroentercl, 1993, 17, Suppl. 1, p. 5125-5135.

25. Machade, JC., Cameiro, F., Blin, N., etal. Pattern of pS2 pro-
tein expression in premalignant and malignant lesions of gastric
mucosa. Eur J Cancer Prev, 1996, 5(2), p. 169-179.

26. Machado, JC., Carneiro, F., Ribeiro, P., et al. p52 protein ex-
pression in gastric carcinoma. An immunchistochemical and im-
rmunoradiomnetric study. Eur J Cancer, 1996, 224(9), p. 1585-1590.
27. Mashimo, H., Wu, DC., Podolsky, DK., et al. Impaired de-
fense of intestinal mucosa in mice lacking intestinal trefoil factor,
Science, 1996, 274(5285), p. 262-265.

28. Masiakowski, P., Breathnach, R., Bloch, J., et al. Cloning of
cDNA sequences of hormone-regulated genes from the MCE-7
human breast cancer cell line. Mucleic Acids Res, 1982, 10(24), p.
7895-7903.

29. May, FE., Griffin, SM., Westley, BR. The trafoil factor inter-
acting protein TFIZ1 binds the trefoil protein TFF1 preferentialby
in normal gastric mucosal cells but the co-expression of these
proteins is deregulated in gastric cancer. Int J Biochem Cell Biol,
2009, 41(3), p. 632-640.

30. May, FE., Westley, BR. Cloning of estrogen-regulated me-
ssenger RNA sequences from human breast cancer cells. Cancer
Res, 1986, 46012 Pt 1), p. 6034-6040.

31. Mhawech-Fauceglia, P., Yan, L., Liu, S., et al. ER+ /PR+ /
TFFZ+ /IMPE- immunoprofile distinguishes endometrioid from se-
rous and clear cell carcinomas of the endormetrium, p. a study of
A01 cases. Histopathology, 2012, 62(7), p. 976-986.

32. Mhawech, P., Benz, A., Cerato, C., et al. Downregulation of
14-3-Zsigma in ovary, prostate and endometrial carcinormas is as-
sociated with CpG island methylation. Mod Pathol, 2005, 18(3), p.
340-348.

33. Piggott, NH., Henry, JA., May, FE., et al. Antipeptide anti-
bodies against the pHNR-2 oestrogen-regulated protein of human
breast cancer cells and detection of pNR-2 expression in nor-
mal tissues by immunohistochemistry. J Pathol, 1991, 16302, p.
95-104.

06, 81 L6

84

CESKA GYNEKOLOGIE

449



450

CESKA GYNEKOLOGIE

34. Playford, RJ., Marchbank, T., Goodlad, RA., et al. Transgenic
mice that overexpress the human trefoil peptide pS2 have an in-
creased resistance to intestinal damage. Proc Matl Acad Scill 5 A,
1996, 93(5), p. 2137-2142.

35. Playford, RJ)., Marchbank, T., Chinery, R., et al. Hurman spas-
muolytic polypeptide is a oytoprotective agent that stimulates cell
migration. Gastroenterclogy, 1995, 108(1, p. 108-116.

36. Podolsky, DK., Lynch-Devaney, K., Stow, JL., et al.
Identification of human intestinal trefoil factor. Goblet cell-specific
expression of a peptide targeted for apical secretion. J Biol Chem,
1993, 268(9), p. 6694-6702.

37. Poulsom, R., Hanby, AM., Lalani, EN., et al. [ntestinal trefoil
factor (TFF 3) and pS2 (TFF 1), but not spasmolytic polypeptide
(TFF 23y mRNAs are co-expressed in normal, hyperplastic, and ne-
oplastic human breast epithelium. J Pathol, 1997, 1831, p. 30-38.
38. Probst, JC., Zetzsche, T., Weber, M., et al. Human intestinal
trefoil factor is expressed in human hypothalamus and pituitary:
evidence for a novel neuropeptide. FASER J, 1996, 10012), p. 1518-
1523,

39. Rio, MC., Bellocq, JP., Daniel, JY., et al. Breast cancer-as-
sociated pS2 protein: synthesis and secretion by normal stomach
mucosa. Science, 1988, 241(4866), p. 705-708.

40. Seib, T., Blin, N., Hilgert, K., et al. The three human trefoil
genes TFF1, TFF2, and TFF3 are located within a region of 55 kb
on chromosome 21g22.3. Genomics, 1997, 4001, p. 200-202.

41. Suemori, S., Lynch-Devaney, K., Podolsky, DK. |dentification
and characterization of rat intestinal trefoil factor: tissue-and cell-
-specific member of the trefoil protein family. Proc Natl Acad Sd
S A, 1991, 88(24), p. NOT7-121.

2016, 81, L6 85

42, Taupin, D., Ooi, K., Yeomans, N., etal. Conserved exprassion
of intestinal trefail factor in the human colonic adenoma-carcino-
ma sequence. Lab Invest, 1996, 75, p. 25-32.

43, Teklenburg, G., Salker, M., Heijnen, C., et al. The molecular
basis of recurrent pregnancy loss: impaired natural embryo selec-
tion. Mol Hum Reprod, 2010, 16012), p. 886-895,

44, Thim, L. A new family of growth factor-like peptides.  Trefoil’
disulphide loop structures as a commaon feature in breast can-
cer associated peptide (p52), pancreatic spasmolytic polypeptide
(PSP, and frog skin peptides (spasmolysins). FEBS Lett, 1989,
2501, p.85-90.

45, Tomasetto, C., Rio, MC., Gautier, C., et al. 5P, the domain-
-duplicated homolog of pS2 protein, is co-expressed with p52
in stornach but not in breast carcinoma. EMBO J, 1990, 9(2), p.
A07-414,

46. Uchino, H., Katacka, H., Itoh, H., et al. Expression of intes-
tinal trefoil factor mREMA is downregulated during progression of
colorectal carcinornas. J Clin Pathol, 1997, 50(1T), p. 932-924,

MUDr. David Neubert
Porodnicko-gynekologicka klinika
FNalLF UP

I. P. Pavlova &

775 00 Olomouc

e-mail: david.neuberti@seznam.cz




PRILOHA C.5

Publikace — ptivodni védecka publikace v ¢asopise s IF

86



ANTICANCER RESEARCH

International Journal of Cancer Research and Treatment

ISSN: 0250-7005

Systemic Inflammatory Response After Open, Laparoscopic
and Robotic Surgery in Endometrial Cancer Patients

RADOVAN PILKA', RADIM MAREK!, TOMAS ADAM-, MILAN KUDELA!,
DANA ONDROVA!, DAVID NEUBERT!, JOZEF HAMBALEK! MARTIN MADERKA!,
DAGMAR SOLICHOVA?, LENKA KUJOVSKA KRCMOVA* and BOHUSLAV MELICHAR?

"'Depar!mem of Obstetrics and Gynecology,
Medical Faculty Palacky University and Faculty Hospital, Olomouc, Czech Republic;

: Department of Oncology, Medical Faculty Palacky University and Faculty Hospital, Olomouc, Czech Republic;
ijparImff:! of Laboratory Biochemistry, Medical Faculty Palacky University and Faculty Hospital,
Olomouc, Czech Republic;

*Third Department of Medicine-Gerontology and Metabolic Care,

University Hospital, Hradec Krdlové, Czech Republic

Reprinted from
ANTICANCER RESEARCH 36: 2909-2922 (2016)

87



ANTICANCER RESEARCH

International Journal of Cancer Research and Treatment
.*—Highmre m IS5N iprint}: 0250-7005

Editorial Board

P. A. ABRAHAMSSON, Malmsdi, Sweden

B. B. AGGARWAL, Houston, TX LSA

T. AKIMOTO, Kashiwa, Chiba, Japan

P. 7. ANASTASIADIS, Jacksonville, FL, LISA

A, ARGIRIS, 5an Anfonio, TX, USA

). P. ARMAND, Touwkbuwse, France

V. L. AVRAMIS, Los Angeles, CA, LISA

R. C. BAST, Houston, TX, LSA

D.-T. BAU, Taichung, Taiman, ROC

G. BAUER, Freiburg, Germany

E. E. BAULIEU, Le Kremblin-Bicetre, France

E. J. BENZ, Jr., Boston, MA, USA

J. BERGH, Stockholm, Sweden

F. T. BOSMAN, Lausanne, Switzerland

G. BROICH, Monza, taly

6. 5. BRULAND, Cslo, Norway

J. M. BUATTI, Jowa City, I4, USA

M. M. BURGER, Bas¢l Switzerlind

M. CARBONE, Honolulu, HI, USA

C. CARLBERG, Kuopio, Rnland

). CARLSSON, Uppsala, Sweden

A. F. CHAMBERS, London, ON, Canada

P. CHANDRA, Frankfurt am Main, Germany

L. CHENG, indianapolis, IN, LSA

J-G. CHUNG, Taichung, Taiwan, ROC

E. DE CLERCQ, Lewven, Belgium

W. DEN OTTER, Amsterdam, The Netherbnds

E. P. DIAMANDIS, Toronto, ON, Canada

G. TH. DIAMANDOPOULDS, Boston, MA, LSA

D. W. FELSHER, Stanford, CA, LSA

|- A. FERNANDEZ-POL, Chesteriield, MO, USA

L ). FIDLER, Houston, TX, USA

A. P. FIELDS, jacksonville, FL, USA

B. FUCHS, Zurich, Switzedand

D. FUCHS, Innshruck, Austria

G. GABBIANI, Ceneva, Switzerland

R. GANAPATHI, Charlotte, NC, USA

A. F. GAZDAR, Callas, TX, USA

| H. GESCHWIND, Baltimone, MD, USA

A. GIORDANO, Philadelphia, PA, LISA

G. GITSCH, Freibug, Gemmany

R H. GOLDFARB, Guilford, CT, USA

L. HELSON, CQuakerdown, PA, USA

R. M. HOFFMAN, San Diego, CA, LSA

5 C. JHANWAR, New York, NY, USA

J. ¥. JOHANNESSEN, Oslo, Norway

B. KAINA, Mainz, Germany

P. -L. KELLOKUMPU-LEHTINEN, Tampere,
Firnland

D. G. KIEBACK, Schieswig, Germany

R. KLAPDOR, Hamburg, Germany

5. D. KOTTARIDIS, Athens, Greoece

G. R F. KRUEGER, Kiln, Genmany

Pat M. KUMAR, Manchester, LK

Shant KUMAR, Manchester, UK

0. D. LAERUM, Bergen, Nomway

F. ). LEJEUNE, Lausanne, Switzerlnd

L F. LIU, Fiscataway, NJ, LEA

D. M. LOPEZ, Miami, FL, LSA

E. LUNDGREN, Urmed, Sweden

Y. MAEHARA, Fukuoka, fapan

J. MAHER, [ondon, UK

J. MARESCAUX, Strasbourg, France

J. MARK, Skivde, Sweden

5. 5. MARTIN, Baltimore, MDy LISA

5. MITRA, Houston, TX, USA

S. MIYAMOTO, Fukuoka, fapan

M. MUELLER, Villingen-Schwenningen,
Germany

F. M. MUGGIA, New York, NY, LISA

M. NAMIKI, Kanarawa, [shikawa, Japan

R. NARAYANAN, Boca Raton, FIL, USA

K. NILSSON, Uppsala, Sweden

5. PATHAK, Houston, TX, UISA

J.L. PERSSON, Malmd, Sweden

G. J. PILKINGTON, Portsmouth, UK

C. D. PLATSOUCAS, horfolk, VA, LSA

A. POLLIACK, Jerusalem, Israel

M. RIGAUD, Limoges, France

U. RINGBORG, Stockholm, Sweden

M. ROSELLI, Rome, ftaly

A. SCHALER, Gattingen, Germany

M. SCHMNEIDER, Wuppetal Germany

A. SETH, Tovonto, ON, Canada

G. V. SHERBET, Newcastle-upon-Tyne, UK

G.-l. SOMA, Kagawa, Japan

G. 5. STHEIN, Burlington, VT, LISA

T. STIGBRAND, Umed, Sweden

T. M. THEOPHANIDES, Athens, Greoce

P. M. UELAND, Bergen, Nomvay

H. VAN VLIERBERGHE, Ghent, Belgium

R. G. VILE, Rochester, MM, LISA

M. WELLER, Zurich, Switzerfand

B. WESTERMARK, Lippsal, Sweden

Y. YEN, Duante, CA, LSA

M.R.L YOUNG, Charleston, SC, USA

B. ZUMOFF, New York, NY, LISA

. G. DELINASIOS, Athens, Greece
Managing Editor

G. ). DELINASIOS, Athens, Greoce
Assistant Managing Editor and
Executive Publisher

E. ILIADIS, Athens, Greooe
Production Editor

88

ISSN (online): 1791-7530

Editorial Office: International Institute of Anticancer Research, 1st km
Kapandritiou-Kalamou Rd., Kapandriti, P.O. Box 22, Attiki 19014,
Creece. Tel [ Fax: +30-22950-53389.

U.S, Branch: Anticancer Research USA, Inc.,
|1i5h|=|.n|]:i. M) 07732, USA,

E-mails: Editorial Office: joumals@iiar-anticancer.org

111 Bay Avenue,

Managing Editor: editor@iiar-anticancer.omg
ANTICAMCER RESEARCH supports: fa) the establishment and the
activities of the INTERMNATIONAL INSTITUTE OF ANTICANCER
RESEARCH (1IAR; Kapandriti, Attiki, Greece); and (b) the organization
of the International Conferences of Anticancer Research. The IIAR is a
member of UICC. For more information about ANTICANCER
RESEARCH, lIAR and the Conferences, please visit the AR website:
www.iiar-anticancer.ong
Publication Data: ANTICAMCER RESEARCH (AR) is published manthly
from January 2009, Each annual volume comprises 12 issues. Annual
Author and Subjed Indices are induded in the last issue of each volume,
ANTICAMCER RESEARCH Vol. 24 (2004) and onwards appears online
with Stanford University HighWire Press from April 2009
Copyright: On publication of a manuscript in AR, which is a
copyrighted publication, the legal ownership of all published parts of
the paper passes from the Author(s) to the Journal,
Annual Subscription Rates 2016 per volume: Institutional subscription
LSS 1,696.00 (online) or USS 2277.00 (print & online). Personal
subscription USS 897,00 (online) or US$ 1,277.00 (print & online). Prices
include rapid delivery and insurance. The complete previous volumes of
Anticancer Research (Vol. 1-35, 1961-201 5) are available at 50% discount
on the above rates,

Subscription Orders: Orders can be placed at agencies, bookstones, or
directly with the Publisher, (e-mail: subscrptions@ iiar-anticancer org)
Advertising: All correspondence and rate requests should be
addressed to the Editoral Office.

Book Reviews: Recently published books and journals should be sent to
the Editorial Office. Reviews will be published within 2-4 months,
Articles in  ANTICANCER RESEARCH are megularly indexed in all
bibliographic services, induding Current Contents (Life Sdences), Sdence
Citation Index, Index Medicus, Biological Abstracts, PubMed, Chemical
Abstrads, Exerpta Medica, University of Sheflidd Biomedical Information
Service, Cumrent Clinical Cancer, AIDS Abstrads, Elsevier Bibliographic
Database, EMBASE Compendes, GEOBASE, EMBiology, Elsevier BIOBASE,
FLLIDEX, Waorld Testiles, Scopus, Progress in Palliative Care, Cambridge
Scientific Abstracts, Cancergram (International Cancer Research Data
Bank), MEDUNE, Reference Update - RIS Inc., PASCAL-CNRS, Inpharma-
Reactions (Datastar, BRS), CABS, Immunology Abstracts, Telegen Abstracts,
Genetics Abstracts, Nutrition Research Newsletter, Dairy Scenae Abstracts,
Current Titles in Dentistry, Inpharma Weekly, BioBase, MedBase, CAB
Abstracts/Global Health Databases, Investigational Dirugs Database, VINITI
Abstracts Journal, Leeds Medical Information, PubsHub, Sociedad
Ibercamericana de Informacién Gentifica (SIC) Data Bases.
Authorization to photocopy items for internal or personal use, or the
intemal or personal clients, is granted by ANTICANCER RESEARCH,
provided that the base fee of $2.00 per copy, plus 040 per page is paid
directly to the Copyright Clearance Center, 27 Congress Street, Salem,
MA 01970, USA. For those organizations that have been granted a
photocogy license by COC, a separate system of payment has been
amanged. The fee code for users of the Transactional Reporting Service is
0250-70052016 §2.00 +0.40.

The Editors and Publishers of ANTICANCER RESEARCH accept no
responsibility for the opinions expressed by the contibutors or for the
content of advertisements appearing therein,

Copyright 2016, International Institute of Anticancer Research

(Dr. John G. Delinasios), All rghts resenved.

[T P BY NAR

PRINTED BY ENTYPC), ATHENS, GREECE. PRINTED ON ACID-FREE PAPER




ANTICANCER RESEARCH 36: 2900-2922 (2016)

Systemic Inflammatory Response After Open, Laparoscopic
and Robotic Surgery in Endometrial Cancer Patients

RADOVAN PILKA', RADIM MAREK ', TOMAS ADAM®, MILAN KUDELA',
DANA ONDROVA!, DAVID NEUBERT!, JIOZEF HAMBALEK!, MARTIN MADERKA!,
DAGMAR SOLICHOVA*, LENKA KUJOVSKA KRCMOV A* and BOHUSLAYV MELICHAR?

! Department of Obstetrics and Gynecology,
Medical Faculty Palacky University and Faculty Hospital, Olomouc, Czech Republic;
zﬂeparrmem aof Oncology, Medical Faculty Palacky University and Faculty Hospital, Olomouc, Czech Republic;
3Deparrmem of Laboratory Biochemistry, Medical Faculty Palacky University and Faculty Hospital,
Nomouc, Czech Republic;
*Third Department of Medicine-Gerontology and Metabolic Care,
University Hospital, Hradec Krdlové, Czech Republic

Abstract. Aim: To study inflammatory response and nupritional
biomarkers in operated endometrial cancer (EC) patienis.
Materials and Methods: A fotal 109 consecutive EC patients
undergoing open laparciomy (LT), laparoscopic (LS) or robot-
assisted surgery (RS) were studied. Twenty four patients served
as controls. Pre- and posioperative levels of inflammatory and
nutritional biomarkers were analvzed prospectively. Results : The
estimated blood loss was significantly lower in BS compared fo
all other groups. C-reactive protein (CRP) and interleukin-6
(IL-6) correlated with each other and exhibited positive
correlation with age, body-mass index (BMI), leukocyte count,
platelet count, kynurenine, kynurenine/tryptophan ratio and
urinary neopterin and a negative corvelation with vitamin D and
retinol. Hemoglobin, retinol, alpha-tocopherol, vitamin D and
citrulline  concentrations decreased and  inflammatory
biomarkers increased after surgery to a different extent in LT,
LS, RS and control groups. Conclusion: The present data
demonsirate a differential response to surgical trawma in

patients with endomeirial carcinoma.

Endometrial cancer (EC) is the most common cancer of the
female genital system (1). Historically, the principal
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treatment modality of endometrial cancer is surgery that
includes abdominal total hysterectomy, salpingo-
oophorectomy and pelvic and/or paraortic lymphadenectomy.
In 1993, Childers ef al. were the first to propose the
laparoscopic approach in performing complex surgical
procedures, such as total hysterectomy (2). The Gynecologic
Oncologic group study confirmed the superiority of
laparoscopy compared to laparotomy in a randomized study
(LAP-2), in terms of complications and hospital stay (3).
Subsequently, laparoscopy became the preferred surgical
approach in the endometrial cancer staging. Recently, the
robotic system Da Vinci (Intuitive Surgical, Sunnyvale, CA,
USA) has been introduced. Since the approval of robotic
surgery in 2005, the use of robotic surgery has grown
exponentially. It has a shorter learning curve compared to
conventional laparoscopy and an experience in laparoscopy
is not a prerequisite (4, 5).

Surgical intervention elicits an inflammatory response that
is accompanied by oxidative stress. There are obvious
differences berween different therapeutic approaches in terms
of tissue trauma and oxidative stress. Different biomarkers
of inflammatory response include C-reactive protein (CRP),
kynurenine/tryptophan  ratio or neopterin.  Systemic
inflammatory response is also associated with decreased
hemoglobin concentrations and higher platelet counts, as
well as oxidative stress. Oxidative stress results in decreased
concentrations of circulating antioxidants like alpha-
tocopherol. The concentrations of alpha-tocopherol, along
with other lipid-soluble vitamins like retinol or vitamin D,
also reflect the nutritional status of patients. More recently, it
was demonstrated that the concentrations of citrulline, a
biomarker of bowel mass, also inversely correlates with
inflammatory response.

2909



ANTICANCER RESEARCH 36: 2909-2922 (2016)

The aim of this study was to compare an associaion between
clinical indicators of surgical trauma with biomarkers of
inflammatory response and nutritional balance in endometrial
cancer patients treated with three surgical approaches including

open laparotomy (LT), laparoscopic (LS) and mobotic surgery
(RS), as well as in patients operated for benign disorders.

Materials and Methods

Patients. This prospective study was undertaken at the University
Haospital Olomouc between October 2012 and June 2015, The smdy
was approved by the hospital’s ethical committee and informed,
written consent was obtained from all patients. The study group
imclided 109 consecutive patients with histologically confirmed
endometrial cancer, aged 6510 (range=33-88) years who underwent
hysterectomy with bilateral salpingo-ophorectomy, pelvic and para-
aortic lymphadenectomy. These procedures were performed by LT,
RS or LS approaches. Twenty four patients, aged 55412 (range=36-
80) years, who were scheduled for elective total hysterectomy for
non-malignant disease, constiited a control group. The patients were
randomly allocated to receive either an abdominal hysterectomy or
laparoscopic assisted hysterectomy for their benign disease. Venous
blood samples were collected from each patient at the following
times: a baseline sample the day before surgery (day - 1), before skin
incision (day 0), 24 h after operation (day 1), second, third, fourth
and fifth day after surgery (day 2-5). The samples were separated
and the sera were all stored at —B0°C until analysis for CRP,
imterleukin-6 (IL-6), citrulline, vitamin D, alpha-tocopherol, retinol,
kynurenine and tryptophan. Urinary samples, with the same timing,
were collected and stored at ~20°C until analysis for urinary
neopterin determination. The changes during the postoperative period
were assessed by calculation of the area under curve (AUC). Other
parameters evaluated were: patient age, body mass index (BMI),
blood loss, decline of hemoglobin, increase of white blood cell
count, increase of platelet count, number of lymph nodes obtained
and visual analogue scale (VAS) scores. BMI was calculated using
the formula: body weight/height?. Preoperative and postoperative
hemoglobin, white blood cells and platelets levels were analyzed on
the same days (day-1 to day 5) as the venous blood samples were
collected. The difference was calculated by subtracting postoperative
levels from the preoperative levels. Postoperative pain was evaluated
at the time of admission, before surgery and during the postoperative
period (day-1 till day-5) using a 10-point VAS score (0, absence of
pain; 10, worst possible pain).

Neopterin, kynurenine, tryptophan and creatinine in human serum.
The blood samples were centrifuged (1,600 x g, 10 min, +4°C) and
serum was separated. Then, 200 pl of serum was diluted with 100 pl
phosphate buffer (15 mmol/l, pH 6.5) and deprotemized by 100 pl
cooled ethanol (10 min, -25"C). After centrifugation (14,000 x g, 10
min}, the supemnatant was filtered using 0.2-pm micro-titration plate
filters and vacuum manifold. Filtered solution was applied into the
HPLC colimn. The @nalyses were performed using a high
performance liquid chromatography (HPLC) set Prominence LC 20
Shimadezu (Kyoto, Japan) composed by degasser DGU 20A5, pump
LC20-AB, special auto sampler SIL20 AC for micro-titration plates
(rack changer), column oven CTO-20 AC, diode array detector SPD-
M20A, fluorescence detector RF10 AXL and communication bus
module CBM-20A. Sample preparation technigue was developed
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using micro-titration plates with filters AcroPrep 96 filter Plate 0.2
pry350 pl Pall Corporation (Ann Arbor, M1, USA), vacuum manifold
Phenomenex (Aschaffenburg, Germany), vacuum pump VAC Space-
50 Chromservis (Prague, Czech Republic) and centrifuge Minispin
Eppendorf (Hamburg , Germany ). Analysis was performed at HPLC
set Prominence LC 20 (Shimadzu) equipped by special auto sampler
for micro-titration plates. As stationary phase, two monolithic
columns RP- 18e (4650 mm, 3 0x100 mm) were connected together
with monolithic security guard (4.6x10 mm). As mobile phase, 15
mmol/l phosphate buffer (KH,PO, +K,HPO,-3H,0) was used at pH
451 and flow rate 1 ml/min (0-3.09) and 2.3 ml'min (3.10-820).
Injection volume was 1 pl. Kynurenine and creatinine were detected
using diode array detection (230 and 235 nm), neopterin and
tryptophan were detected using fluorescent detection (excitation and
emission wavelengths of 353 nm and 458 nm for neopterin,
respectively, and excitation and emission wavelengths of 254 nm and
404 nm for ryptophan, respectively). Separation was held at ambient
temperature in 82 min.

Retinol and alpha-tocopherol in human sertm. The method used in
this study for the analysis of retinol and alpha-tocopherol in the sermum
was modified from the method previously published by Urbanek er
al. and is briefly described below (6). In the liguid-liquid extraction
(LLE) procedure, 500 pl of serum was deproteinized using cold
ethanol with 5% of methanol. Then, 2500 pl n-hexane was added to
this mixmre and extracted using a vortex apparatus. After
centrifugation, an aliguot of the clean extract was separated and
evaporated in a concentrator. The residue was dissolved i 400 pl of
methanol and analyzed using a Prominence HPLC system (Shimad )
(7). The separation of retinol and alpha-tocopheral was performed
using the Chromolith Performance RP-18¢ monolithic column
(100x4 6 mm; Merck, Darmstadt, Germany ). The detection of retinol
and alpha-tocopherol was carried out at 325 and 295 nm, respectively,
using a diode array detector.

Vitamin D in hunan serum. A total of 50 pl of 4 % monohydrate zinc
sulfate as the precipitation reagent and 400 pl of methanol were added
to 200 pl of human serum in an Eppendorf tmbe. After 20 s of
vortexing, the sample was incubated for 10 min at 4°C. The sample
was then centrifuged (14000 x g, 5 min, 21°C) and 300 pl of
supernatant was filtered using 0.2-pm well filter plates and a vacuum
manifold. The filtered solution was injected into the UHPLC system.
Analysis was performed by using an UHPLC Nexera set (Shimadzu)
coupled with an LCMS-8030 triple-quadrupole mass spectrometer
operating in positive ESI mode. Chromatographic separation was
achieved on a Kinetex C18 analytical column (1.7 pm, 3x100 mm)
connected to a security guard ultra cartridge C18, both purchased from
Phenomenex (Aschaffenburg, Germany). The column oven, CTO-20
AC was used to set the temperature of the analytical column at 50°C.
Acetonitrile and water, both with the addition of FA (c=0.01 molT)
were used as the mobile phase at a flow rate of 0.5 ml/min. The
separation of metabolites 25-0OHD, and 25-0HD, was realized in 6
min and under isocratic conditions, 72:28 viv of acetonitrile/ water.
After analyte separation, the switching valve was activated and the pre-
colunn and the analytical column were washed and equilibrated for
3min into the waste by increasing the flow rate to 0.8 ml/min with
90:10 viv of acetonitrile/water. The sample imjection volume was 20
pl. The total analysis time was 9 min. System operation, data
acquisition and data processing were controlled using the LabSolutions
541 5P1 software. MS conditions were investigated using automated
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Table I. Comparison of baseline parameters between groups.

Mean+5D (range)

p-Value (post hoo 12s1s)

Parameter Robotic surgery  Laparoscopy  Laparotomy Controls p-Value RS w. LS w. LTws. RS w. RS w. LS s
(R5) (L5) (LT) (C) C C C L3 LT LT
Age (vears) 65410 5949 6710 55412 <000012 00004 0965 0001 04583 1000 0141
(33-81) (45-73) (32-88) (36-80)
BMI (kg/m?) 312468 290456 Ml67T 26 B42 000034 0.017 1000 00001 1000 0597 0.4
(15-48.9) (1%-38) (24-53 4) (214-365)
Hemoglobin (g/) 1337+13 5 1359 0+8 8 128+122 134 0+11.5 0.113b
(95-163) (124157 (105-147) ( 107-150)
Leukocytes (10%/1) TA+l 9 T3x13 H4+2 4 TA+19 0.243b
(33-12.6) (34932) (4.1-1459) (4.8-12.1)
Platelets (10%1) 243260 24649 27475 260+61 0111k
(32-315) (175-3659) (96-459) (144-428)
CRFP (mg/T) 4.7£59 1.4+09 122+18.0 25+29 00001% 0367 1000 0003 0052 0036 0001
(0.6-29.2) 06-34) (0.6-90.0) (0.6-123)
IL-6 (ng/T) 4833 28x13 B3+5.5 27£13 000018 0003 1000 <0D0001 0032 0002 00003
(15-16.2) (13-35) (20-254) (15-3.8)
Citrulline (pmol/T) 202+8.4 293469 31399 23 6+74 0011k 0.023 0.168 0014 1000 1000 1000
(13-49) (19-43) (12-57) (8-39)
Vitamin D (nmoll)  530+25.7 69.2+27 1 45.1x16.4 0008k 0358 1L.000 0078 0.178 1000 0008
(12-140 8) (25 2-1348) (153-86.2) (27-137.4)
Alpha-tocopherol 25.1+3.5 25.1+5.1 254459 243456 0.986"
(pmolT) (129-409) (170-333) (18.6-43.1) (75-33.1)
Retinol (pmol/1) 1.1+04 1.5+04 1.2+0.4 1.0+04 0.0035b 1000 0002 0588 0006 1000 0408
(03-20) (0.7-23) (05-19) (0 3+1.8)
Evnurenine (pmoll)  24+13 2. 1+04 25407 1 6+ 4 <00001F 0003 0003 <D0001 1000 0746 0625
(0 4-8.6) (1.2-3.1) (10-44) (0.7-2.8)
Tryptophan (pmold) 47 7+11.5 47 1+8.1 495+155 43 5499 0311k
(108-T28) (34.1-596)  (112-83) (20.1-63.4)
Ky nurenine/ 33.7+40.1 44 6287 364279 366493 0004t 0046 0072 0004 1000 1000 03523
tryvptophan ratio (15 2-284) (264-614) (25-1637) (185-54.4)
(ol mol
Urinary neopterin 16756 151£7% 2244179 3714055 0325k
lereatining ratio (77-502) (H8-350) (85-930) (69-2931)
(pmol/ mol
creatinine)

SANOVA. PKruskal-Wallis test. NA, Not applicable; SD, standard deviation; BMI, Body mass index.

optimizaton of software LahSolution as the first step of the analytcal
method development. Voltages of Q1, Q3, collision cell and five of the
most intensive multiple reaction monitoring (MRM) transitions for
identification and quantification of 25-0HD; and 25-0HD; were
found. Other optimized conditions of ion source were as following:
interface ESI-positive polarity: interface temperature 350°C;
desolvation line (DL) temperamre 250°C; nebulising gas flow
3ml/min; heat block temperature 400°C and drying gas flow 15 Fmin.

Citrulline in human serum. For citruline analysis, 20 pl of serum
samples were mixed with 100 pl of methanol solution containing 0.1%
FA and deuterated intemal standards { amino acids and acylcarnitines,
non-derivatised reagent kit; Chromsystems, Munich, Germany). The
final solutions were vortexed and centrifuged (24 400 % g, 10 min at
24°C, 400 = g at 4°C) and 80 pl of supematant was transferred to a
06-well plate and used for direct injection mass spectrometry anal ysis.
The remaining supematant was pooled and used for quality control
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purposes (B). The samples were measured on 4000 (AB Sciex,
Framingham, MA , USA) by flow injection mass spectrometry direct
analysis infusion with settings as follows: polarity was set to positive
mode with IonSpray voltage of 5500 V. capillary temperature of
450°C, Curtain curtain Gas gas of - 20 arbpsi, lon ion Source source
Gas gas (GS 1/GS2) of - 40 arbpsi. Methanol containing 0.1 % FA was
chosen as a mobile phase. Flow rate was set at 0.03 mlmin (0.1-0.4
min) and 030 ml/min (0.0-0.1 and 04-0.5 min). Citrulline was
measurad in MEM mode under optimized parameters of declustering
potential and collision energy for each mass transition. Unit resolution
was set for isolation ions in mass analyzer. Data were processed by
software Chemaoview 2.0 (AB Sciex).

CRF levels in human serwm. Cobas 3000 imunoturbidimetry
analyzer (Hitachi, Japan) was used.

IL-6 levels in human serum. Detection was performed by electro-
chemiluminescence immunoassay (ECLIA) using a Cobas 8000
analyzer.
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Table II. Comparison of surgical parameters between groups of patients.

Mean+SD (range) p-Value (post-hoc 1ests)
Parameter Robotic surgery Laparoscopy Laparotomy Controls p-Value RS ws. LS ws RSwvs. RSws. LS s
(R5) (LS) (LT) (C) C C L5 LT LT
Sampled lvmph 27«12 21£7 17£14 M4 00010 MNA NA 0423 0001 03506
nodes (n) (11-64) (0-30) (0-48)
Elood loss (ml) 127+136 206106 31197 198112 00001 0040 1000 0042 <0.0001 0038
(3-650) (30-450) (30-1000) (3-400)
MNadir hemoglobin 108£12 107+15 102+10 111x14 0022k 1.000 1000 1000 0043 0506
concentration (g/Ty (80-136) (T6-129) (79-123) (79-123)
Decrease of 25+11 32x14 27x12 23+10 0072k
hemoglobin (0-61) (14-69) (3-48) (7-33)
concentration (g/1)
Pain (WAS) 2419 1.5+0.6 23407 1.9+0.5 0.110b
(D.8-3.4) (1-3) (1-3.8) (0.8-3.8)

bR ruskal-Wallis test. NA, Not applicable; VAS, visual analog seale.

Urinary neopterin concentrations. Urine sample were collected
and stored at -20°C until analysis. After centrifugation (5 min, 1,300
* g) and diluting 100 pl of urine specimens with 1.0 ml of mobile
phase containing 2 g of disodium- EDTA per liter, samples were
injected onto a column and neopterin was determined using HPLC,
Prominence LC20 (Shimadzu). Neopterin was identified by its native
fluorescence (353 nm excitation, 438 nm emission) and quantified by
external standard method. Creatinine was determined by the Jaffe
reaction after 1:50 dilution of the sample on a Modular analyzer
(Roche) using a commercial kit according to the manufacturer’s
instructions. Meopterin  concentrations were expressed as
neopterin/creatinine ratio (pmol/mol creatinine ).

Results

The distribution of investizated parameters in patients with benign
tunors (controls), and cancer patients reated with RS, LS and
LT at baselne is shown in Table 1. The patients in the control
rroup were significantly younger compared o RS and LT groups.
BMI was significantly higher in RS and LT groups compared to
controls, Baseline CRP was signficantly higher in the LT
compared to RS, LS and control patients, while IL-6 was
significantly higher in the LT compared © RS, LS and control
patents and also significantly higher in the RS compared to LS
and control patients. Citrulline was significanty higher in RS and
LT groups compared to controls. Vitamm D concentrations were
significantly lower in the laparotomy compared to the
laparoscopy  groups, while retinol concentrations  were
significantly lower in controls and robotic surgery compared 1o
laparoscopy group. Kynurenine concentraions were significanty
higher i all groups of EC patients compared to controls, whereas
the tryptophan/kynurenine ratio was higher in lapamtomy and
mobotic surgery groups compared to controls (Table 1),

Table Il shows the comparison of surgical pamameters,
including blood loss. As significantly higher number of lymph

nodes was sampled during RS compared to LT. The estimated
blood loss was significantly lower in RS compared 1o all
other groups, as well as in patients treated with the LS
approach and controls compared to LT, The nadr hemoglobin
concentration was significantly higher in RS compared to LT
patients (Table I1).

The concentrations of the biomarkers investigated did not
change between day -1 and day 0 indicating that the values wens
stable. Starting from day 1, however, marked changes were
observed. Figure 1A shows the changes of hemoglobin
concentrations in the perioperative period in the four groups of
patients. Compared to baseline, hemoglobin concentration was
decreased on all postoperative days in all four groups of patients
(Figure 1A). Figure 1B shows penpheral blood leukocyte counts
during the perioperative period. A significant increase in
leukocyte counts was evident on day 1 in all four groups and
on day 2 in RS and control groups (Figure 1B). Subsequently,
the difference of seguential hemoglobin  concentrations
compared to baseline was not significant. Figure 1C shows
platelet counts during the postoperative period. Compared to
baseline, CRP and 1L-6 concentrations were also significantly
increased throughout the postoperative period in all four groups
(Figures 1D and 1E). Citrulline concentrations were decreased
compared to baseline throughout the postoperative course in the
RS and LT groups, as well as on days 1 to 4 in the LS group,
with nadir concentrations observed between days 1 and 3. In
contrast, m the control group, a significant decrease of citrulling
concentrations was evident only on day 1 (Figure 1F). Vitamin
D, alpha-tocopherol and retinol concentrations decreased
significanty in all four groups with nadir observed between the
days 1 and 4 (Figures 1G, H and 1), Compared to baseline,
kynurenine concentrations decreased in RS group on days 1 and
2 and in the LT group on day O (Figure 1J). Tryptophan
concentraions were decreased throughout the postoperative
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Figure 1. A: Changes of hemoglobin concentrations in the perioperative period in the robotic (RS), laparoscopic surgery (LS), open laparotomy
(LT) and control (C) groups of patients. B: Peripheral blood leukocyte counts during the perioperative period in the robotic surgery (RS),
laparoscopic surgery (LS), open laparotomy (LT) and control (C) groups of patients. C: Platelet counts during the perioperative period in the robotic
surgery (RS), laparoscopic surgery (LS), open laparotomy (LT) and control (C) groups of patients. D: CRP concentrations throughout the
perioperative period in all four groups. E: IL-6 concentrations throughout the perioperative period in all four groups. F: Citrulline concentrations
during the perioperative period in the robotic surgery (RS), laparoscopic surgery (LS ), open laparotomy (LT) and control (C) groups of patients. G:
Vitamin D concentrations during the perioperative period in all four groups. H: Alpha-tocopherol concentrations throughout the perioperative period
in the robotic surgery (RS), laparoscopic surgery (LS), open laparotomy (LT) and control (C) groups of patients. 1: Retinol concentrations during
the perioperative period in the robotic surgery (RS), laparoscopic surgery (LS), open laparotomy (LT) and control (C) groups of patients. J:
Kynurenine concentrations during the perioperative period in all four groups. K: Tryptophan concentrations throughout the perioperative period in
the robotic surgery (RS), laparoscopic surgery (LS), open laparotomy (LT) and control (C) groups of patients.

course in the RS, LS and LT groups, but not in controls (Figure AUC of hemoglobin was significantly higher in RS
1K). The kynurenine/tryptophan rtio was significantly compared to LT group. AUC of CRP and interleukin-6 were
increased between days 3 and 5 in the RS group and on days 2 significantly higher in RS and LT compared to LS group and
to 5 in the LT group and on day 4 in the control group, but not  controls, as well as in LS compared to RS. AUC of vitamin
in the LS group (Figure 1L). The urinary neopterin/creatinine D was significantly lower in LT compared to the LS patients,
ratio did not exhibit significant changes in any of the groups  while AUC of retinol was significantly lower in RS
examined (Figure 1M). compared to the LS group. The AUC of urinary
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neopterin/creatinine ratio was significantly higher in LT
compared to LS patients (Table IIT).

Table TV shows the correlations between investigated
biomarkers of nutrition and inflammatory response at
baseline in patients with EC. CRP and IL-6 correlated with
each other and exhibited positive correlation with age, BMI,
leukocyte count, platelet count, kynurenine, kynurenine/
tryptophan ratio and wrinary neopterin and a negative
correlation with vitamin D and retinol. In addition, TL-6
correlated positively with citrulline. Beside the correlation
with CRP and IL-6, urinary neopterin correlated positively
with age, kynurenine and kynurenine/tryptophan ratio and
negatively with vitamin D and retinol. In addition to the
correlations mentioned, kynurenine and kynurenine/
tryptophan ratio correlated positively with age and citrulline,
while kynurenine correlated with BMI.

In controls, CRP correlated positively with IL-6 and
negatively with vitamin D concentrations. IL-6 correlated
significantly in a positive manner with urinary neopterin and
serum kynureninine/tryptophan ratio and negatively with
serum tryptophan concentrations. Urinary neopterin/creatinine
ratio  correlated positively with  serum  kynurenine
concentrations and kynurenine/tryptophan ratios (Table V).

In general, a similar pattern of correlations was observed
when AUC wvalues of biomarkers were correlated in EC
patients (Table VI) and controls (Table VII) with the exception
of a negative correlation being observed between CRP and
citrulline in these patients.

Table VIII shows the correlation between the clinical
indicators of surgical stress and AUC of investigated
biomarkers of nutrition and inflammatory response in
patients with EC. Blood loss correlated positively with AUC
of kynurenine. Nadir hemoglobin concentrations exhibited
significant negative correlation with the AUC of CRP,
interleukin-6 and kynurenine/try ptohphan ratio and a positive
correlation with AUC of vitamin D, alpha-tocopherol, retinol
and tryptophan. Decreased hemoglobin concentrations
showed a significant negative correlation with AUC of
platelet count and alpha-tocopherol. WAS correlated
positively with CRP. The number of removed lymph nodes
correlated positively with AUC of tryptophan and negatively
with AUC of urinary neopterin/ creatinine ratio. In the
control group, only a significant inverse correlation between
CRP and nadir hemoglobin concentration (rg=—0.405;
p=0049) and a positive correlation between citrulline and
decrease of hemoglobin concentration (r,=0.422; p=0.040)
were observed.

Discussion
The present data demonstrate significant changes in the

investigated biomarkers of nutrition and inflammatory
response in the acute postsurgical phase in patients with EC.
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Table HI. Comparison af AUC of investigated parameters between the groups of patients.

Mean+5D (range)

p-Value (post hoc tests)

Parameter Robotic surgery  Laparoscopy  Laparotomy Controls p-Value REwvs. L5 w ITvs. RSws. REwvs. LSws
(R5) (L5} (LT} (C) C C C LS LT LT
Hemoglobin (g/1) 69570 67981 6472+59 TO1£B5 00128 1L.000  1.000 0066 1000 0012 1000
(498-544) (335-801)  (507-762) (368-84T)
Lenkocytes (10%1) 51716 471108 554+138 5000115 0231k
(299-102.8) (274-677) (348-938) (29.7-835)
Platelets {10%/T) 1359464 1307276 1467+386 13742284 02140
(309-3198)  (1060-1998) (643-2269)  (674-1997)
CRP (mg1) 249 61932 13894684 402.6+262 1282709  <00001P 0002 1000 <00001 0041 00004 <0.0001
(392-10148)  (353-288) (693-1320) (26.8-301)
IL-6 (ng/T) 224 5+4846 B5.0£36.7 3724+53035 B4.6+506 <D0001® 00006 1000 <00001 0011 0023 00002
(326-3884)  (277-1582) (654-285%)  (30.2-238)
Citrulline (pmolT) 1356336 13334239  1342+343 134 5+322 0986
(685-263.0) (9435-16435) (715-22000  (67-233.5)
Vitamin D {nmolT) 2606 £1273 349321449 241321252 343321604 00100 0241 1000 0069 0.141 1000 0034
(59-6863) (1404-749.7) (802-734.1) (125.6-7174)
Alpha-tocopherol 122 8+27 4 12254270 12564282 1270£224 08807
(pmol/T) (67.7-2052) (B88.7-18335) (93.1-1953) (893-16235)
Retinol (pmol/T) 39«13 5416 4318 4215 0o17e Lo00 0014 1000 0006 1000 0259
02-72) (20-78) (13-9.1) (2.1-77)
Eynurenine (pmoll)  12.8x5.4 12848 13742 95£22 00006* 0015 0129 00001 1000 0765 1000
(33-3435) 64-227) (5.6-266) (52-159)
Tryptophan (pmold) 2341488 2265374 218.1x67.1 250.1£535 0.230%
(6735-3439) (1734-2949) (449-3558) (973-3253)
Eynurenine/ 3339«1436 31164737 409422273 2415+696 00005° 0.007 0027 00007 1000 0564 1000
tryptophan ratio (98.6-9318) (1843-46635) (145-1301.8) (125.4-438.0)
(mmol/mol )
Urinary neopierin/ 1077+482 930+317  14125£773 1151541 0022 1000 1000 0620 1000 0058 0042
creatinine ratio (458-3378) (361-1574) (519-4364)  (422-2723)
(ol mol
creatinine)

FEruskal-Wallis test.

In addition, the biomarkers of nutrition and inflammatory
response comelated significantly with clinical parameters of
surgical stress.

There were some remarkable baseline differences among the
eroups of patients investigated reflecting the presence of tumor
and associated risk factors like age or BML. Baseline parameters
of inflammatory mesponse were higher in patients with
endometral cancer scheduled for LT and RS, possibly
insinuating higher tumor load. Interestingly, baseline differences
were also evident between EC patients selected for different
surgical approaches that may imply an association with
constiutive factors like BMI or nuiritional status. The
differences in tumor burden can explain the bascline differences
in CRP and IL-6 concentrations in EC patients scheduled for
different surgical approaches. As expected, Kynurenine
concentrations were also significantly higher in all groups of EC
patients compared to controls; however, no difference was
observed in urinary neopterin  concentrations, probably

2916

reflecting the early stage of cancer. Urinary neoplerin
concentrations are known to be increased in EC patients (9) but,
similady to other tumors, neoplerin concentrations increase with
stage. In patients with eary disease, increased concentrations
are observed only in a minority of patients. Moreover, neopterin
concentrations in the control group were rather high.
MNeopterin is a non-specific biomarker of immune
activation and, in addition to cancer, increased neopterin
concentrations have been observed in a wide range of non-
neoplastic conditions, including acute myocardial infarction
(10) or increased age (11). In cancer patients, increased
neopterin concentrations are associated with poor prognosis
(9). Increased neopterin production has been linked to
phenotypic changes of the lenkocyte population associated
with down-regulation of the immune response (12-14).
Metabolism of tryptophan to kynurenine may, theoretically,
both inhibit and stimulate tumor growth. Tryptophan
depletion induces cytostasis in tumor cells (13) and
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Table 1V. Correlations between laboratory and ol infcal parameters at baseline in patients with endometrial carcinema (n=108).

EC (n=109) Apge  BMI Leuko- Plateles CRP IL-6 Citru-  Vitamin Alpha- Retinol Kynure- Urinary  Trypto- Kynurenine/
cyles -1 -1 -1 lline D-1 Too0- -1 nine neopterin/  phan Trypto-
-1 -1 pherol -1 creatinine -1 phan
-1 ratio-1 ratio-1
Age
Corr. Coef. 1000 0161 0093 0159 0314 0418 0324 0098 0087 0235 0276 0217 -0.167 0332
Sig. 0095 0336 009 0001 <00001 0.001 0313 0369 0014 0004 0025 0088 0.0005
EMI
Corr. Coef. 0.161 1000 0142 0053 0405 0452 0117 0208 0020 0101 0275 0.114 0072 0.168
Sig. 0.095 0.141 0588 <00001<00001 0.225 0032 0835 0297 0004 0243 0464 0.085
Leukocytes-1
Corr. Coef. 0093 0142 1000 0464 029 0281 0051 -0165% 0120 00% 0008 -0.030 0053 01046
Sig. 0336  0.141 000 0002 0003 0599 0082 0213 0322 0%33 0762 0587 0643
Platelets-1
Corr. Coef. -0.159 0033 0464 1000 0282 0240 0.018 0084 0150 0016 0004 -0.131 0.005 0014
Sig. 0098 0588 0.000 0003 0012 0856 0392 0121 0865 0267 0.178 05961 0.889
CEP -1
Corr. Coef. 0314 0405 0299 0282 1000 0751 0106 0206 0071 0214 0295 02M 0092 0326
Sig. 0001 <0.00010002 0003 <00001 0272 0033 0466 0026 0002 0002 0351 0.001
IL-6 -1
Corr. Coef. 0418 0452 0281 0240 0751 1000 0250 0324 0021 -0237 0418 0389 0141 0497
Sig. <0000 1 <0001 0003 0012 <00001 0. 0001 0830 0013 <00001 <0 0001 0.151 <00 1
Citrulline-1
Corr. Coef. 0324 0.117-0051 0018 O106 0250 1000 0073 0019 0080 0301 0092 0.003 0.275
Sig. 0001 0225 0399 0856 0272 0009 0456 0845 0408 0002 0347 0579 0.004
Vitamin -1
Corr. Coef. 005 -0208-0.169 0084 0206 0324 0073 1000 0112 0136 0117 0229 0117 0214
Sig. 0313 0032 0082 0392 0033 0001 0.456 0250 0163 0230 0018 0234 0.028
Alpha-tocopherol-1
Corr. Coef. 0087 0020 0120 0150 0071 0021 0019 0112 1000 0254 -00% -0031 0128 0009
Sig. 03659 0835 0213 0121 0466 0830 0845 03250 0008 0321 0749 0.189 04926
Retinol-1
Corr. Coef. 0235 0101 0096 0016 0214 0237 0080 0136 03254 1000 0130 03236 o1 0179
Sig. 0014 0297 0322 0865 0026 0013 0408 0163 0008 0182 0014 0262 0067
Kynurenine-1
Corr. Coef. 0276 0275 0008 0004 029 0418 0301 -0.117 -00% -0.130 1000 0205 0236 0,709
Sig. 0004 0004 0533 057 0002 <00001 0002 0230 0321 0182 0034 0015 <0001
Urinary neopterin/
creatinine ratio-1
Corr. Coef. 0217 0.114-0030 0131 0294 0389 0092 0229 0031 0236 0205 1000 0257 0359
Sig. 0025 0243 0762 0178 0002 <00001 0347 0018 0749 0014 0034 0.008 0.0002
Tryptophan-1
Corr. Coef. -0.167 0072 0053 0005 0092 0141 0003 0117 0128 0110 0236 -0.257 1000 0438
Sig. 0088 0464 0587 0561 0351 0151 0579 0234 0185 0262 0015 0008 <0001
Kyvnurenine/
Tryptophan ratio-1
Corr. Coef. 0332 0168 06 0014 0326 0497 0275 0214 0009 0079 0709 0339 0438 1.000
Sip. 00005 0085 0643 OB 0001 <00001 0004 0028 0926 0067 <00001 00002 <00001

Parameter -1 (Leukocytes-1; Platelets-1, erc)) shows sample taken the day before surgery (day -1), as explained in the Materials and Methods section.
BMI, body mass index; EC, endometrial cancer patients.

kynurenine has been reported to have antitumor activity at As expected, a significant correlation was observed between
high concentration (16); however, it is now thought that  different biomarkers of inflammatory phenomena. However,
tryptophan metabolism to kynurenine promotes tumor  in contrast to increasing concentrations of IL-6, CRP and
erowth through the suppression of the antitumor immune  kynurenine/tryptophan ratio, no significant increase was
response (17). evident in urinary neopterin concentrations,
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Table V. Correlations between laboratory and clinical parameters at baseline in the conrol group (n=24).

C(n=24) Age BMI Leuko- Platelets CRP IL-6  Cirw- Vitamin Alpha- Retinol Kynure- Urinary  Trypto- Kynurenine/
cytes -1 -1 -1 lline D-1 0Co- -1 nine neopterin/  phan Trypto-
-1 pherol -1 creatinine -1 phan
-1 ratio-1 ratio- 1
Age
Corr. Coef. 1000 0390 0002 0065 0008 0013 -0203 0441 0012 019 0129 -0087  -0.101 0217
Sig. 0060 0592 0764 0568 0552 0342 0031 085 0367 0548 0687 0640 0308
EMI
Corr. Coef. -03%0 1000 0322 0255 0359 019 -0016 -0376 0423 0.1533 0387 -0.152 0366 0.121
Sip. 0.060 0125 0228 0002 0358 0941 0070 0040 0476 0062 0478 0079 0572
Leukocytes-1
Corr. Coef. 0002 0322 1000 0039 0312 0464 0249 0080 0193 0082 0325 0135 0.255 0.020
Sig. 0592 0125 0857 0.138 0022 0240 0710 0366 0704 0121 0530 0.230 0926
Flatelets-1
Corr. Coef. 0065 0235 0039 1000 0281 0.140 -0.136 -0071 -0.152 0335 0479 0203 0247 0247
Sig. 0.764 0228 0857 0.184 0514 03525 0742 0478 0109 0018 0342 0.245 0245
CRP-1
Corr. Coef. -0 05% 0312 0281 1000 0602 0089 0072 0330 0139 0753 0142 0369 0 364
Sig. 0568 0002 0138 0184 0.002 0681 073% 01015 0516 00001 0508 0076 0 080
IL-6-1
Corr. Coef. 0013 0.1% 0464 0140 0602 1.000 0078 -0.172 0016 0055 0453 0487 0.125 0.164
Sig. 0952 0338 0022 0514 0002 0717 0422 0540 0800 0026 0016 0560 0443
Citralline-1
Corr. Coef. 0203 0016 024% 0136 0089 0078 1000 0078 0072 0068 0144 0112 0.138 0061
Sig. 0342 0541 0240 0525 0681 0.717 0718 0737 0732 0502 0603 0519 0777
¥itamin D-1
Corr. Coef. 0441 03760080 0071 0072 0172 -0078 1000 0271 0157 -0021 -0013 0170  -0.126
Sig. 0031 0070 0710 0742 0739 0422 0718 0200 0465 0923 05952 0426 03557
Alpha-tocopherol- 1
Corr. Coef. 0012 04230193 0.152 0330 0016 0072 0271 1000 0151 -0368 0040 0015 403
Sip. 05956 0040 0366 0478 0.115 0540 0737 0200 0483 0077 0853 0.945 0.051
Retinol-1
Corr. Coef. —0.193 0.133 0082 0335 0.139 0055 0068 -0.157 0131 100 -0301 0240 -0087 0236
Sig. 0367 0476 0704 0109 0516 08K 0752 0465 0483 0,153 0259 (L6RT 0228
Kynurenine-1
Corr. Coef. 0125 0387 0325 0479 0753 0453 0144 0021 0368 D301 1000 0008 0357 0 65D
Sig. 03548 0062 0.121 0018 <0001 0.026 0502 0523 0077 01353 04971 0087 0.0003
Urinary neopterin/
creatinine ratio-1
Corr. Coef. 08T 0152 0135 0203 0.142 0487 -0112 0013 0040 0240 0008 1000 -D328 0.160
Sig. 0687 0478 0530 0342 0508 0016 0603 0552 0853 023% 0571 0118 0455
Trypiophan-1
Corr. Coef. 0101 0366 0255 0247 0369 0125 0138 0170 0015 0087 0357 0328 1000 0312
Sig. 0640 0079 0230 0245 0076 0360 0519 0426 0545 0687 0087 0118 0.138
Kynurenine/
Tryptophan ratio-1
Corr. Coef. 0217 0421 0020 0247 0364 0.164 0061 0126 0403 0256 0680 0160 -0312 1 .00
Sig. 0308 0572 0926 0245 0080 0443 0777 03557 0051 0228 00003 0455 0.138

Parameter -1 (Leukocytes-1: Platelets-1, efe.) shows sample taken the day before surgery (day -1), as explained in the Materials and Methods section.

BMI, body mass index: C, control group.

Increased concentrations of biomarkers of inflammation
during the postoperative course were associated with
decreasing hemoglobin concentrations and rising leukocyte
counts. A concept of AUC of biomarkers during the
perioperative course was introduced to assess the longitudinal
behavior. As expected, the clinical parameters reflective of

2018

surgical trauma, specifically blood loss, differed significantly
among the surgical approaches. These differences further
accentuated differences in biomarkers of inflammatory
biomarkers observed at baseline. A significant correlation was
observed between blood loss and biomarkers of inflammatory
response.
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Table V1. Correlations between AUC of laboratory parameters in patients with endometrial carcinoma (n=109).

EC (n=109) Ape  BMI Leuko- Platelets CRP IL-6  Citru- Vitamin Alpha- Retinol Kynure- Urinary  Trypto- Kynurenine/

cytes lline (8] toco- nine neopterin/  phan  Tryptophan
pherol creatinine ratio
ratio

Age

Corr. Coef. 1000 0161 0178 0121 0214 0316 0.162 0096 -0.057 -0237 0286 0408 0037 0.253

Sig. 0095 0064 0208 0025 0001 0092 0321 0556 0013 0003 <0.0001 0.702 0.008

EMI

Corr. Coef. 0.161 1000 0098 0040 0338 0229 0008 -0220 0024 0088 0299 0.228 D044 0218

Sig. 0.095 0311 0682 00003 0016 0937 0021 0804 0366 0002 0.017 0.647 0.023

Leukocytes

Corr. Coef. 0178 0098 1000 0337 0319 023% 0127 -0227 0036 -0043 0101 0l6d D016 0081

Sig. 0064 0311 00003 0001 0012 0.1% 0018 0710 0654 0293 0.089 08649 (0 404

Platelets

Corr. Coef. 0121 -0040 0337 1000 0157 0034 0026 -0073 0272 0040 -0.138 0.025 -0.182 0071

Sig. 0208 0682 00003 0103 0727 0788 0449 0004 0681 0153 0.796 0058 0 463

CRP

Corr. Coef. 0214 0338 0319 0157 1000 0683 03254 -0248 0034 -0.120 0117 0502  -0.189 0244

Sig. 0025 000030001 0©.103 <0.0001 0008 0009 0728 0216 0225 <0.0001 0049 0.011

IL-6

Corr. Coef. 0316 0229 0239 0034 0683 1000 0081 -0326 0252 -0310 0.156 0449 D213 0300

Sig. 0001 0016 0012 0727 <0.0001 0405 0001 0008 0001 0104 <0.0001 0026 0.002

Citrulline

Corr. Coef. 0162 0008-0.127 0026 0254 0081 1006 -0151 0045 0007 0138 0102 0110 0.127

Sig. 0092 0937 019 0788 0008 0405 0118 0641 0544 00152 0.289 0254 0188

Vitamin D

Corr. Coef. -00% -0220-0227 0073 0248 0326 -0.151 10060 0117 0217 0119  -0.1% 0211 03275

Sig. 0321 0021 0018 044% 0009 0001 0118 0.228 0024 0219 (041 0028 0 004

Alpha-tocopherol

Corr. Coef. 0057 0024 0036 0272 0034 0252 0045 0117 1000 0307 0118 -0.078 0059 0.147

Sig. 0556 0804 0710 004 0728 0008 0641 0228 0001 0221 0.423 0542 0.128

Retinol

Corr. Coef. -0237 0088-0043 0040 0120 -0310 0007 0217 0307 1000 0001 0180 0146 0077

Sig. 0013 0366 0654 0681 0216 0001 0944 0024  0.001 0995 0.061 0.130 0 065

Kynurenine

Corr. Coef. 0286 0299-0.101 0138 0117 0156 0.138 -0.119 -0.118 0001 1000 0.089 0.154 0.649

Sig. 0003 0002 0298 0153 0225 0104 0152 021% 0221 0595 0.360 0111 <D.0001

Urinary neopterin/

creatinine ratio

Corr. Coef. 0408 0228 0164 0025 0502 0449 0102 -0196 0078 -0180 0089 1000 0401 (0 386

Sig. <00001 0017 0088 079 <00001<00001 0289 0041 0423 0061 0360 <0 0001 < 001

Tryptophan

Corr. Coef. -0037 -0044-0016 0182 0185 0213 0110 0211 0058 0146 0154 0401 1000  -0460

Sig. 0702 0647 08659 0058 0049 0026 03254 0028 03542 0130 0111 <0.0001 <0 000 1

Ky nurenine/

Tryptophan ratio

Corr. Coef. 0253 O0218-0081 0071 0244 0300 0127 -0275 0147 0177 0649 0386 0460 1 000

Sig. 0008 0023 0404 0463 0011 0002 0088 0004 0.128 0065 <00001 <0.0001 00001

EC, Endometrial cancer patients; BMI, body mass index.

A decrease of plasma citrulline concentration, a biomarker of
Zut mass, was more pronounced in patients undergoing surgery
for endometrial carcinoma compared to patients operated for
benign disease. The decrease of citrulline in patients undergoing
surgery is of significance because citrulline represents a
biomarker of gastrointestinal toxicity of chemoradiation in
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cancer patients (8). Adjuvant therapy in patients with high-risk
endometral carcinoma consists of systemic chemotherapy and
radiation; thus, recovery of gut function may be of significance
for the planning of postoperative therapy. Surgery was also
uniformly associated with a decrease of circulating
concentrations of retinol, alpha-tocopherol and vitamin D,
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Table VIL. Correlations between AUC of laboratory parameters in controls (n=24 ).

C (n=24) Age BMI Leuko- Plaielets CRP IL-6  Citro- Vitamin Alpha- Retinol Kynure- Urinary  Trypto- Kynurenine/

cyles lline D 0Co- nineg neopterin/  phan  Tryptophan
pherol creatinine ratio
ratio

Age

Corr. Coef. 1000 —03%0 0065 0017 0017 0293 0141 0434 0015 0244 0017 -0078 0225 0.254

Sig. 0060 0763 0536 0537 0164 0512 0034 0945 0251 0537 0719 0290 0230

EMI

Corr. Coef. -035%0 1000 0669 0471 0117 0280 0137 0389 0202 0446 0070 -0243 0321 0152

Sig. 0 060 00003 0020 0586 0186 0524 0060 0343 0029 0745 0252 0,126 0478

Leukocytes

Corr. Coef. 0065 0669 1000 0423 0037 0110 0267 0118 0130 01% 0212 -0157 0.136 0040

Sig. 0763 00003 0039 0865 0610 0208 0582 0544 0364 0320 0463 0527 0853

Platelets

Corr. Coef. -0017 0471 0423 1000 0030 02001 0035 0158 0197 0066 0310 -0245 0407 0091

Sig. 0936 0020 0039 0891 0347 0870 0460 0335 0739 0140 0248 0048 0671

CRFP

Corr. Coef. 0017 01170037 0030 1000 0.655 -0056 049 03236 0076 0.037 0.141 0290 0216

Sig. 0937 0586 0863 0891 0.001 0796 0013 0268 0725 0.865 0511 0.170 0312

IL-6

Corr. Coef. 0293 02800110 0201 0655 1.000 0002 0366 -0.152 0202 0.116 0405 0462 0415

Sip. 0164 0186 0610 0347 0001 0592 0079 0478 0344 059 0049 0023 0044

Citrulline

Corr. Coef. 0.141 0137 0267 0035 0056 0002 1000 0203 0125 0049 0395 0020 0.020 0.264

Sig. 03512 0524 0208 0870 079 0992 0342 03561 0821 0.056 05926 05926 0213

Vitamin D

Corr. Coef. 0434 0389-0.118 0158 0498 0366 -0203 1000 0319 0033 0053 -0117 0026 -0.134

Sig. 0034 0060 0582 0460 0013 0079 0342 0.12% 0878 0.806 0585 0504 03533

Alpha-tocopherol

Corr. Coef. 0015 0202-0.130 -0.197 0236 -0.152 -0.125 0319 1000 0317 0067 -0228 0365 0299

Sig. 0545 0343 0544 0355 0268 0478 0561 0129 0.131  0.756 0.284 0079 0.156

Retinol

Corr. Coef. -0244 0446 0194 0066 00760 0202 004% 0033 0317 1000 0123 0.035 0310 0028

Sig. 0251 0029 0364 0759 0725 0344 0821 04878 0.131 0.565 0872 0141 0897

Eynurenine

Corr. Coef. 0017 0070 0212 0310 0037 0.116 0395 0053 0067 0123 1.000 0456 0.050 03555

Sip. 0937 0745 0320 0140 0865 0359 0056 0806 0756 0565 0.025 0815 0.005

Urinary neopterind

creatinine ratio

Corr. Coef. 0078 -0243-0157 0245 0.141 0405 -0020 -0117 0228 0035 04506 1000 —0337 0585

Sip. 0719 0252 0463 0248 0511 0049 0926 0585 0284 0872 0.025 0.108 0.003

Tryptophan

Corr. Coef. 0225 0321 0136 0407 03290 0462 0020 0026 0365 0310 0050 -0337 1000 0707

Sig. 0250 0126 0527 0048 0170 0023 0926 0% 0079 0141 0815 0.108 00001

Kynurenine/

Tryptophan ratio

Corr. Coef. 0254 -0.152 0040 0091 0216 0415 0264 0134 0299 0028 0.355 03585  -0.707 1.000

Sip. 0230 0478 0853 0671 0312 0044 0213 03533 0156 0897 0.005 0.003 0.0001

C, Control group; BMI, body mass index

possibly reflecting the decreased function of gut mucosa. The
decrease of circulating concentrations of antioxidant vitamins is
of importance for supportive care.

Meoplastic disorders and antitumor therapy are associated
with oxidative stress (18-20). The disorders of antioxidant
balance may play a role in the toxicity of anticancer
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treatment. Vitamin E represents a major antioxidant in the
serum (21). Although the term vitamin E denotes several
naturally occurring tocopherols and tocotrienols, alpha-
tocopherol is responsible for most of the activity of vitamin E
(21). Disorders of antioxidant balance, involving alpha-
tocopherol, may be implicated in the pathogenesis of the
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Table VIIL. Correlation between the clinical indicators of surgical stress and AUC of investigared biomarkers of nutrition and inflammatery response
in patients with endometrial cancer.

EC (n=104) Blood loss Nadir hemoglobin Decrease of hemoglobin VAS Number of
concentration oconcentration lymph nodes

Leukocytes

Corr. Coef. 0046 0010 0.036 0.009 -0074

Sig. 0.635 0921 0707 0529 0.447
Plateleis

Corr. Coef. —0 065 -0.123 0215 0035 0.005

Sig. 0502 0.202 0,025 0716 0556
CRP

Corr. Coef. 0.195 0177 0.070 0274 -0.051

Sig. 0042 0,066 0468 0004 0,556
IL-6

Corr. Coef. 0.219 0243 0091 0.154 -0074

Sig. 0.022 0011 0344 0.109 0.446
Citrulline

Corr. Coef. — 4 0036 -.141 116 -0.053

Sig. 0965 0713 0144 0229 0581
Vitamin [

Corr. Coef. 0004 0148 0042 184 0.075

Sig. 0965 0124 0667 0056 0438
Alpha-tocopherol

Corr. Coef. —0 1062 0,192 -0225 147 -0.007

Sig. 0519 045 0019 0.128 0.545
Retinol

Corr. Coef. 0.123 0184 0024 0014 -0.057

Sig. 0.201 0,055 0803 0887 0353
Ky nurenine

Corr. Coef. 0223 0,021 01149 0.159 -0.021

Sig. 0.020 0825 0217 0099 0829
Tryptophan

Corr. Coef. 0013 0.263 -0026 01045 0.245

Sig. 0893 0,006 0,788 0641 0.010
Ky nurenine Try ptophan ratio

Corr. Coef. 0.174 -0.167 -0.002 0.151 -0.143

Sig. 0.071 0082 0982 0.117 0.137
Urinary neoplerin/creatinine ratio

Corr. Coef. 0.118 140 -0.002 0.155 -0.231

Sig. 0.221 0.147 oR4 0.107 0.015

EC, Endometrial cancer patients; WAS, visnal analog scale.
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Abstract: To compare preoperative intestinal trefoil
factor 3 (TFF3), allograft inflammartory factorl (AIF-1)
and calgizzarin (S100-A11) serum levels in patients with
endometrial cancer, endometrial hyperplasia and in
healthy female controls. Serum levels of TFF3, S100-
A1l and AIP-1 were analyzed in 98 consecutive patients
with histologically verified endometrial cancer, in 43
patients with endometrial hyperplasia diagnosed during
hysteroscopy and 24 controls with benign disease. Results
were correlated with urinary neopterin/creatinine ratio,
serum kynurenine, tryptophan, retinol, alpha-tocopherol,
vitamin D, citrulline, C-reactive protein, interleukin-6
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and clinical characteristics. S100-A11, and AIF- levels
were higher in endometrial hyperplasia patients than
in controls, and also significantly higher in endometrial
cancer than in patients with endometrial hyperplasia.
Serum concentrations of TFF3 and S100-A11 were
associated with tumor stage and lymph node stats. TFE3
exhibited positive correlation with age, IL-6, vitamin
D, kynurenine, urinary neopterin/creatinine ratio and
kynurenine/tryptophan ratio. S100-A1l, as well as AIF-
correlated positively with 1l-6 and TFF3. TFF3, 5100-A11
and AIF-1 represent potential biomarkers in patients with
endometrial cancer. TFF3 and S100-Al1 increase with
tumor stage and lymph node involvement, reflecting
higher tumor mass that is also associated with increased
concentration of biomarkers of immune dysfunction.

Keywords: ATF-1; endometrial cancer; inflammatory
response; nodal involvement; S100-A11; TFF3.

Introduction

Endometrial cancer (EC) is the most common cancer of the
female genital system [1].

Approximately 75% of cases are diagnosed when the
tumor is confined to the uterine corpus, but 15%-20% of
these patients experience recurrence after primary surgery
with limited response to systemic therapy [2].

Surgical staging as part of the treatment paradigm for
endometrial cancer was first supported by the findings
from a large prospective surgical-pathological study of
patientswith clinical stage I and IT endometrial carcinoma,
conducted by the Gynecologic Oncology Group (GOG)
[3]. These findings led to a change in the staging system.
In 1988, FIGO replaced an inaccurate clinical staging
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system with a more accurate surgical staging, which
was most recently revised in 2009 [4]. A complete pelvic
and paraaortic lymphadenectomy allows for an accurate
evaluation of the disease extent. The information defining
the extent of disease enables the physician to recommend
adjuvant therapy, minimizing the risk of over- or under-
treatment. However, lymphadenectomy is not without
risks. Post-operative complications occur more frequently
and the extent of lymphadenectomy also impacts on post-
operative morbidity rates [5]. An improved identification
of high risk patients prior to primary surgical treatment
could allow to the omission of lymph node dissection
among low risk patients, thus lower risk for surgical
complications.

Obesity  associated with low-grade chronic
inflammation represents an important risk factor for
developing endometrial cancer [6]. As the world faces an
obesity epidemic and an aging population, the number of
casesisexpectedtorise. Themanagementofcancerpatients
is increasingly dependent on biomarkers. Circulating
proteins are the most commonly investigated cancer
biomarkers. For example, among the three mammalian
trefoil peptides (TFF1, TFF2, and TFF3) identified so far
[7-9], TFF3 was found as the top highly expressed gene in
endometrial cancer [10]. Based on published studies TFF3
might prove as marker in monitoring disease course hoth
in neoplastic and inflammatory conditions [11]. Recently,
calgizzarin (S100-A11) a novel and relatively unknown
member of large family of S100 proteins was found to be
highly expressed in uterine tumors as well as in pressure
ulcer samples [12, 13]. Allograft inflammatory factorl
(AIE-1) is a highly conserved inflammation responsive
protein [14, 15]. Besides association with acute and chronic
inflammation, AIF- is also involved in carcinogenesis
[18].

Surgical intervention is followed by an inflammatory
response that induces oxidative stress. In a prior study,
we have demonstrated that surgical approaches inducing
different tissue trauma and blood loss are associated
with differential response of biomarkers of inflammatory
response, oxidative stress and nutritional status. An
inverse correlation between the concentrations of
citrulline, a biomarker of bowel mass, and inflammatory
response was also demonstrated [17].

The aim of this study was to compare preoperative
TFF3, AIP and 5100-A11 serum levels in partients with
endometrial cancer, endometrial hyperplasia and in
healthy female controls. In addition, in patients with
endometrial cancer an association with tumor grade,
stage and nodal status. Furthermore, we analyzed an
association between TFF3, S100-A11, AIP-1 and biomarkers
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of inflammatory response, oxidative stress and nutritional
balance in endometrial cancer patients treated with
three surgical approaches including open (laparotomy),
laparoscopic and robotic surgery as well as in patients
operated for benign disorders.

Materials and methods

The present prospective study was performed at the
University Hospital Olomouc between October 2012 and
June 2015.

Informed consent: Informed consent has been
obtained from all individuals included in this study.

Ethical approval: The research related to human
use has been complied with all the relevant national
regulations, institutional policies and in accordance the
tenets of the Helsinki Declaration, and has been approved
by the authors® institutional review board or equivalent
committee,

In total 98 consecutive patients with histologically
verified endometrial cancer, aged (mean +standard
deviation) 65+10 (range 33-88) years, who underwent
hysterectomy with bilateral salpingoophorectomy, pelvic
and paraaortic lymphadenectomy were included in the
study. The surgery was performed by open (laparotomy),
robotic or laparoscopic approach. The control group was
comprised of 24 patients, aged 55412 (range 36-80) years,
who had elective total hysterectomy for non-malignant
disorder and were randomly allocated to either abdominal
hysterectomy or laparoscopic assisted hysterectomy for
benign disease. Samples of peripheral venous blood
were collected on the day of surgery before skin incision.
The samples were separated and the sera were stored
at -80°C until analysis. Urinary samples with the same
timing were collected and stored at -20°C until analysis for
urinary neopterin/creatinine ratio determination. Other
clinical or laboratory parameters evaluated included
patient age, body mass index (BMI), number of lymph
nodes obtained, grade, stage of the disease and nodal
involvement. BMI was calculated using the standard
formula (body weight/height?). The results of changes
and correlations of biomarkers of inflammatory response
and antioxidant balance in the present cohort were
published earlier [18]. The present study expanded the
analysis to the measurement of TFF3, 5100-A11 and AIP-1
serum concentrations in collected samples. Furthermore,
preoperative blood samples were taken in 43 patients aged
63+10 (range 44-97) years diagnosed with endomerrial
hyperplasia during hysteroscopy. Ninety-one patients,
aged 65¢9 (range 40-87) years, with negative hysteroscopic
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findings represented a control group. The samples, as well
as endometrial cancer patient samples from the day 0
(before skin incision) were separated and the sera were all
stored at -80°C until analysis for TFF3, S100-A11and AIF-1.
Urinary neopterin/creatinine ratio, serum kynurenine,
tryptophan, retinol, alpha-tocopherol and vitamin D were
determined by high-performance liquid chromatography
as described. Citrulline was measured by flow injection
mass spectrometry, serum C-reactive protein (CRF) and
interleukin-6 (IL-6) were determined on Cobas 8000
analyzer (Hitachi, Japan) as described ,

The assay for TFF3, S100a11 and AIF-1 was developed
by Biovendor (Brno, Czech Republic,). All parameters
above were measured with sufficient analytical precision;
coefficient of variation (CV) < 5%, CV between series <8%;

and analytical characteristics were superior than those
in laboratory sheet. All measurements were made in the

same time, using biorobotic analyzer DS2 (Dynex, USA),
after centrifugation (aliquoted serum, cooled centrifuge,
4 C, 3500/4 min).

Statistics

Results were quantitatively assessed as mean, median,
standard deviation, minimal and maximal wvalue.
Differences in age between groups were analyzed using
the nonparametric Friedman ANOVA test. Other data
were analyzed using the Mann-Whitney with Bonferroni®s

correction and Kruskal-Wallis tests. The level of
significance was set at 5%.

Results

TFF3 serum levels were significantly higher in

endometrial cancer patients when compared to controls
(Figure 1). S100-A11, and AIF1 levels were higher in
endometrial hyperplasia patients than in controls, and
also significantly higher in endometrial cancer than in
endometrial hyperplasia patients (Figures 2 and 3). The
serum concentrations of TFF3 (Figures 4 and 6), S100-
A11 (Figures 5 and 7), but not AIF-1 (data not shown) were
associated with tumor stage and lymph node status. The
serum concentrations of TFF3, S100-A11 and AIF-1 were
not associated with tumor grade (data not shown).

Table 1 shows the correlations between TFF3, 5100-
All, AIF-1 and biomarkers of oxidative balance and
inflammatory response at in patients with endometrial
cancer. TFF3 exhibited positive correlation with age, IL-6,

THFA (ngimi)
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Figure 1: TFF3 serum levels in endometrial cancer (cancer,
n=98), endometrial hyperplasia (hyperplasia, n=43), and normal

endometrium (controls, n=91) patients.
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Figure 2: 5100-A11 serum levels in endometrial cancer (cancer,
n=98), endometrial hyperplasia (hyperplasia, n=43), and normal

endometrium (controls, n=91) patients.
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Figure 3: AIF-1 serum levels in endometrial cancer (cancer,
n=98), endometrial hyperplasia (hyperplasia, n=43), and normal

endometria (controls, n=91) patients.
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Figure 7: 5100-A11 serum levels in lymphonode positive (positive,
n=14), and lymphonode negative (negative, n=84) endometrial
cancer patients.

vitamin D, kynurenine, urinary neopterin/creatinine ratio
and kynurenine/tryptophan ratio. S100-A11, as well as
AIF1 correlated positively with I1-6 and TFF3. In controls
(Tab 2), S100-A11 correlated positively with AIF-1(r.=0.874,
p=0.0001).

Discussion

The present data demonstrate an increase of serum
TFF3, 5100-A11 and AIF1 concentrations in patients
with endometrial carcinoma compared to control groups
with endometrial hyperplasia or normal endometrium.
Moreover, the concentrations of TFF3 and 5100-A11 were
associated with tumor stage and lymph node status.
These findings indicate that these molecules could serve
as biomarkers in the diagnosis, pre-operative work up and
possibly follow up of patients with endometrial cancer.
The determination of biomarkers is essential in
the management of cancer patients [19]. In addition
to identification of additional tumor biomarkers in
endometrial cancer, present data provide further insight
into the interaction between the tumor mass, immune
and inflammatory responses. TFF3, S100-A11 and AIF1
concentrations exhibited correlation with biomarkers
of inflammatory response. Interestingly, a significant
correlation with IL-6 was observed for all these three
biomarkers, while only TFF3 correlated with urinary
neopterin, serum kynurenine and kynurenine/tryptophan
ratio, and none of the biomarkers correlated with CRP.
These correlations may bhe explained by an association
of inflammatory response with the tumor mass, in
correspondence to the obsewed association between TFF3
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and 5100-A-11 concentrations and tumor stage and lymph
node status. Low vitamin D concenirations are predictive
of poor prognosis in different primary tumors and an
inverse association with TFF3 is not surprising.

Tumor growth and progression is associated with
an inflammatory response. In fact, this inflammatory
response promoting tumor progression is now
considered  represent one of the hallmarks of cancer
[20]. Macrophages may represent important effectors of
antitumor response, but also contribute to tumor growth
and progression [21, 22]. Neopterin isa product of activated
macrophages. Although increased serum or urinary
neopterin concentrations are encountered in different
disorders leading 0 the stimulation of macrophages by
interferon-gamma [23, 24], and neopterin as a hbiomarker
is therefore non-specific, chronic macrophage stimulation
leading to increased neopterin concentrations is
characierisiic of advanced tumors across the spectrum
of different malignancies [25, 26]. Moreover, increased
neopterin has been shown to be a negative prognostic
biomarker in different tumors, including gynecological
cancers [25, 26]. High neopterin concentrations have been
associated with the presence of laboratory parameters of
immune dysfunction both in the tumor microenvironment
[27, 28] and in the circulation [29]. Kynurenine is produced
from tryptophan in a reaction catalyzed by another
enzyme induced by interferon-gamma, indoleamine
2,3-dioxygenase (IDO). Although kynurenine, in high
concentrations, has cytotoxic activity against tumor
cells [30], and IDO induction has been implicated in the
mechanism of antitumor activity of interferon-gamma
[31], the predominant effect of tryptophan depletion
and kynurenine itself is the suppression of the immune
response [32]. Present data illustrate that higher umor
mass reflected in increased concentration of tumor
biomarkers is associated with biomarkers of immune
dysfunction like neopterin, kynurenine or kynurenine/
tryptophan rato.

In future studies, all these biomarkers should be
investigated simultaneously to determine how therapeutic
interventions are reflected in changing concentrations
of these parameters. The studies should also include
biomarkers of toxicity of systemic therapy, a largely
neglected topic. With the exception of hematologic
toxicity, other side effects of chemotherapy and radiation
are assessed mostdy by history or clinical examination
while reliable laboratory biomarkers for monitoring and
prediction of taxicity are still lacking [33-35]. Interestingly,
in patients with rectal cancer an association between
neopterin concentrations and complications of radiation

DE GRUYTER

and chemotherapy, two methods also commonly used in
endometrial cancer has been recently reported [36].

In conclusion, TFF3, S100-A11 and AIF1 represent
potential biomarkers in patients with endometrial cancer.
TFF3 and 5100-A11 increase with tumor stage and lymph
node involvement, reflecting higher tumor mass thatisalso
associated with increased concentration of biomarkers of
immune dysfunction.
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Zvyseni hladin TFF3 u zen
s karcinomem endometria

Elevated levels of TFF3 in endometrial cancer
patients

Neubert D.', Ondrova D.!, Hambalek J.,, Madérka M.', Sobkova K.!, Stejskal D.% 3, Krejéi G.%, Pilka R.!

'Porodnicko-gynekologicka klinika FN a LF UP, Olomouc, pfednosta prof. MUDr. R. Pilka, Ph.D.

WIA Agel, feditelka Mgr. Ing. K. Murtingerova

*0ddaleni laboratorni mediciny Stfedomoravské nemocniéni, Prost&jov, pfednosta prof. MUDr. D. Stejskal, Ph.D.

ABSTRACT

Alm: Trefoil peptides are a family of small proteins that
are expressed in a site-specific fashion by certain epi-
thelial tissues. These peptides might be used as markers
for neoplastic uterine disease.

Deslgn: Experimental study.

Setting: Departrent of Obstetrics and Gynascology,
Uriversity Hospital, Medical Faculty, Palacky University,
Olomouc; Department of Laboratory Biochemistry,
Central Moravian Hospital Trust, Member of Agel hol-
ding, Prosté&jov.

Methods: During the time period from 2012 to 2015
eighty-nine women underwent hysteroscopy and endo-
metrial biopsy for postmenopausal bleeding. Fifty three
patients, at the age of (mean * standard deviation) 63,4
+ 0.5 (33-80) years were diagnosed with endometrial
cancer, six patients at the age of 62,9 = 6,4 (55-74)

years were diagnosed with endometrial hyperplasia
and thirty patients at the age of 833 + 9.3 (48-62)
years diagnosed with endometrial atrophy represented
control group. At the day of surgery the venous blood
was sampled and subseguently examined for the levels
of TFFI, TFF2 and TFF3.

Results: TFF3 levels were significantly higher in patients
with endometrial carcinoma but not in endometrial hy-
perplasia subgroup. The levels of TEFT and TFF2 were
not different in selected histopathological subgroups.
Concluslon: We have shown elevated levels of TFF3
but not of TFF1 and TFF2 in patients with endometrial
cancer. TFF1, TFF2 and TFF3 levels were not elevated
in patients with endometrial hyperplasia.

KEYWORDS
TFF, carcinoma, endometrial, trefoll factor, serous

SOUHRN

Cil: Trefoil peptidy patfi do skupiny malych peptidd,
JejichZ exprese je mistné | tkanove specificka. Tyto
peptidy by mohly byt wyuZity jako markery nadorového
onemocnéeni délohy.

Typ studle: Experimentalni studie.

Nazev a sidlo pracovisté: Porodnicko-gynekologicka kli-
rilka FN a LF UP, Olomouc; Oddéleni klinické biochemie,
Stredomoravska nemocnicni a.s., Nemocnice Prostéjov.
Metodika: V cbdobi od 2012 do 2015 podstoupilo osm-
desat devét zen hysteroskopii a biopsii endometria pro
krvaceni v postmenopauze. U padesati tii pacientek ve
véku (primeér * standardni odchylka) 63,4 £ 9,5 (33-80)
let byl diagnostikovan karcinom endometria, u Sesti
pacientek ve véku 62,9 £ 6,4 (55-74) l=t byla diagnos-
tikovana hyperplazie endometria a tficet pacientek ve
véku 63,3 £ 9.3 (48-62) let s histologicky verifikovanou

atrofii endometria tvofilo kontrolni soubor. V den vyko-
nu byl kazdé pacientce odebran vzorek vendzni krve,
ktery byl nasledné vysetfen a byly stanoveny hladiny
TFF1, TFF2 a TFFZE.

Vysledky: Hladiny TEF3 byly vyznamné vy3ii u paci-
entek s karcinomem endometria, ale ne ve skuping Zen
s endometridlni hyperplazii. Hladiny TFF1 a TFF2 se v
jednotlivych histopatologickych skupinach vyznamné
nelisily.

Zavér: Prokazali jsme zvyiené hladiny TFE3, ale ne TFF1
a TFFZ u pacientek s karcinomem endometria. U Zen
s endometridglni hyperplazii nebyly hladiny TEF1, TFF2
a TFF3 zvyieny.

KLICOVA SLOVA
TFF, karcinom, endometridlni, trefoll faktor, sérovy

Korespondujic/ autor prof. MUDr Radovan Pilka, Ph.D., e-mail: radovan.pilka@imolcz
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Endometrialni karcinom je nejcastéjiim gyne-
kologickym nidorema jeho incidence se v Ceské
republice (CR) pohybuje v poslednim desetileti
mezi 33-37/100 000 Zen/rok. Incidence tohoto
nadoru patfi v CR k nejvyisim na svété a v abr
solutnim vyjadieni odpovida 1740 aZ 1890 no-
vé diagnostikovanych onemocnéni za rok (20,
Hlavnidiagnosticko terapeutickou modalitou pii
managementu tohoto onemocnéni je chirurgicky
staging s vysetfenim panevnich a paraaortalnich
lymfatickych uzlin, nebot Zidni z dostupnych
obrazovych metod neni natolik pfesna, aby s jis-
totouvyloufila jejich metastatické postiZeni [32].
Takto radikalni chirurgicky management s sebou
nese vyznamnou operacni zatéz a nemalé riziko
peroperacnich a pooperacnich komplikaci [37..
KesniZeni tohoto rizika by mohla pfispét stratifi-
kace pacientek do low-riska high-risk skupin na
podkladé klinickych parametriia molekuliarnich
markeri [19].

Trefoil peptidy (trifolaty) patfi do skupiny ma-
lfch peptidii bohatjch na cystein. Byly pojmeno-
vany ,trefoil* peptidy Thimem v roce 1989 [34].
Dosud byly identifikovany tfi savci trefoil pep-
tidy. TFF1 byl objeven v roce 1982 pfi patrani po
estrogeny indukované mRENA v bunéénych liniich
karcinomu prsu a ve stejném roce byl objeven
spazmolyticky peptid (TFF2) pii izolaci praseciho
inzulinu [13, 15]. Stfevni trifolat TFE3 byl plvodné
objeven vroce 1991 u krys [33]. Ve snaze o standar-
dizacd nomenklatury jsou tyto trefoil faktory dnes
souhrnné nazyvany rodina trifoldtovych peptidi
(TTT). Jednotlivé trifolatové peptidy se tkanove spe-
cificky vyskytujivepitelidlnich bunkach lidského
gastrointestinalniho dstroji: TFF1 v epitelidlnich
povrchovych foveolarnich bunkach celého Zalud-
ku, TFF2 v distalni castiZaludku av dolnich ¢astech
Brunnerovych Zlazek duodena a TFF3 v pritbéhu
celé délky tenkého i tlustého stieva [7, 8, 25, 29,
35].Jedna se o velmistabilni molekuly, rezistentmi
k dfinkiim kyselin, proteiz i tepelné degradaci
(13, 24..

Jejich fyziologicky vyskyt byl jiZ dokumentovan
iv dalSich tkanich - hypofyze, hypotalamu, slin-
nych Zlazich, v déloze a prsni tkani [9, 23, 27, 28].
U mladych Zen se vzorec exprese meéni v zavislosti
na menstruacnim cyklu. Produkce TFF3 byla kromé
jinych epitelidlnich povrch( prokizana i v déloZ-
nim endometriu [3, 14).

TFF1 byl piivodné izolovan z bunék karcinomu
prsu. Od té doby nékolik studii dokumentova-
lo vztah mezi TFF peptidy a vznikem neoplazii.
Exprese TFF1 byla prokdzdana u mnoha znamych
epitelidlnich karcinomil, véetnd karcinomu prsu,
Zaludku, slinivky, plic, endometria, vajedniku
(zejména mucindzni typ), prostaty a dale nékteré

nadory mocového méchyie a déloiniho éipku (2,
10.. U karcinomu prsu, kde je exprese TEF1 pfitom-
naaz u 50 % nddoril, je pozitivita na TFF1 spojena
se stavem estrogenovych receptoril, odpovédi na
hormondlni 1é¢bu a pfiznivou prognézu [4, 5.
U véech ostatnich tumorii se zdd byt pfitomnost
TFFL nezdvislid na stavu estrogenovych receptorti.
V neddvnych studiich byly prokdzany vyssi sérové
hladiny TFF3 u pacientek s endometrialnim kar-
cinomem G3 ve srovnani se zdravymi kontrolami
[21]. Podobné imunohistochemické analyzy ukiza-
ly zvyienou expresi TFF3 u spatné diferencovanych
endometridlnich karcinom [18]. Tyto vysledky
ukazuji, Ze trifolaty by v budoucnu mohly slouzit
jako sérové markery nadorovych a inflamatornich
onemocnéni. V nasi praci jsme se zamérili na
hodnoty sérovych hladin TFF1 a TFF2 u pacientek
a karcinomem endometria ve srovnani se zdravy-
mi kontrolami a pacientkami s hyperplastickym
endometriem, které v dostupné literatufe nebyly
dosud publikovany.

Soubor pacientek

Tato prospektivni studie byla provedena na
Porodnicko-gynekologické klinice Fakultni nemoc-
nicev Olomouci v obdobi fijen 2012 a derven 2015.
Studie byla schvalenetickou komisi a vsechny pa-
cientky potvrdily svou acastve studii podpisem in-
formovaného souhlasu, Do studovane skupiny bylo
zatazeno konsekutivné osmdesat devét pacientek,
kreré podstoupily hysteroskopii a izolovanou kyre-
taZ pro postmenopauzalni kivaceni. Upadesati tii
pacientek ve véku (privmér + standardni odchylka)
63,4 £9,5(33-80) let byl histopatologicky z mate-
ridlu ziskaného pri kyretazi diagnostikovan kar-
cinom endomefria, u Sesti pacientek ve véku 62,9
+ 6,4 (55-74) let byla diagnostikovana hyperplazie
endometria a tficet pacientek ve véku 63,3 £ 9,3
(48-62) let s histologicky verifikovanou amofii en-
dometria wvofilo kontrolni soubor. Pied operacnim
vykonem byla kazdé pacientce odebrana vendzni
krev a odeslana byla nalaboratorni vysetfeni TFF1,
TFE2 a TFF3.

PFiprava vzorku

Protokol byl schvalen etickou komisi. Vzorky
vendzni krve byly ziskany po 12 hodindch na ladno
a byly poté centrifugovany (1600xg, 10 min, +4°C)
¢ ndslednou separaci séra. Poté bylo 200 pl séra
roziedéno se 100 pl fosfatového pufru (15 mmol/L,
pH 6.5) a deproteinizovano pomoci 100 pL chla-
zeného etanolu (10 min, -25 °C). Po centrifugaci
(14,000« g, 10 min), byl supernatant filtrovan za
pouZitti 0,2 pum mikrotitraénich filtrii avakuovan.
Filtrovany roztok byl poté vloZen do HPLC sloupce.
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Vysetieni TFF1, TFF2 a TFF3

Zplisoby vysetfeni TFF1, TFF2 a TFF3 byly vyvi-
nuty firmou Biovendor (Czech Republic, Brnoj.
Viechny parametry byly méfeny pfi dostateénych
analytickych charakreristikach; CV <5 %, CV mezi
jednotlivymi sériemi < 8 %; a méfeni analytickych
charakteristik bylo dokonalejsi nez bylo uvedeno
v laboratornim manualu. Viechna méfeni byla
provedena ve stejném casovém obdobi, na bioro-
botickém analyzatoru DS2 (Dynex, USA], po cen-
wrifugaci (alikvomi sérum, chlazena centrifuga,
4C,3500/4 min, zmraZeny).

Z hlediska véku se nelizily pacientky ve sku-
piné s karcinomem, s endometridlni hyperplazii
av kontrolni skupiné, Sérové hladiny TFFL byly
ve skupiné s karcinomem endometria na arovni
(primér + standardni odchylka) 3,04 + 3,55 ng/ml
(0,48-20,97), ve skupiné s hyperplazii endomerria
byly 2,15 + 1,14 ng/ml (0,96-4,14) a ve skupiné
kontrolni 2,47 + 2,23 ng/ml (0, 51-9,52). Vsérovych
hodnotach TFF1 nebyl mezi skupinami statistic-
ky vyznamny rozdil. Sérové hladiny TFE2 byly
ve skupiné s karcinomem endometria na drovmi
5,22 + 4,74 ng/ml (1,06-25,94), ve skupiné s hy-
perplazii endometria byly zjistény hodnoty 3,19
+1,19ng/ml (1,93-5,14) ave skupiné kontrolni se
hodnoty pohybovaly na Grovnich 4,2 + 2,19 ng/
ml (0,89-11,33). V sérovych hodnotach TFF2 nebyl
mezi jednotlivymi skupinami zjistén statisticky
vyznamny rozdil (graf 1, tab .1). Sérové hladiny
TFF3 byly ve skupiné s karcinomem endometria
na urovni 1,72 + 1,52 ng/ml (0,27-11,41), ve sku-
piné s hyperplazii endometria byly hladiny na
trovni 1,27 + 0,58 ng/ml (0,49-2,93) a ve skupiné
kontrolni byly zjistény hodnoty 1,54 + 2,04 ng/

i

Graf 1 Porownani sérovych hladin TEF, TFF2 a TFF3

u pacientek s karcinomem endometria (n = 53), endometraini
hyperplazii (n=6 ) a benignim nalezem na endometriu ( kontrola;
n=30)
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ml (0,26-14,56). Hodnoty TFF3 byly ve skupiné
pacientek s karcinomern endometria vyznamné
vy §81 neZ u pacientek s endometrialni hyperplazii
ave skupiné kontrolni (graf 2, tab. 1).

Nové molekulidrni pfistupy ve vizkumu nadorii
umoZnily v posledni dobé identifikovat nové ormr
kogeny/tumor supresorové geny, které by mohly
hrat roli pfi rozvoji a progresi endometrialniho
karcinomu. Fyziologicky jsou trifolity exprimo-
vany v epitelu gastwointestinalniho traktu, a to
organové specificky. TFF1 je pfitomen rovnomeér-
né ve sliznici Zaludku, TFF2 ve sliznici distdlni-
ho Zaludku a duodena a TFF3 ve sliznici tenkého
a tlustého stfeva (7, 8, 29, 33, 35.. Tato organoveé
specificka exprese byva narusena pii ulcerativnich
a inflamatornich onemocnénich, kdy dochazi ke
zvisené expresi TFF3 v misté Zaludecniho viedu
[9]. Do soucasné doby bylo publikovino velmimdlo
udajfi tykajicich se vyznamu a funkce trifolati
u karcinomu endometria.

Zvysena exprese TFF1 byla nalezena u karci-
nomu prsu, Zaludku, pankreatu, plic, endome-
tria, ovaria, prostaty a déloZniho hrdla (2, 10].
U karcinomu prsu byla exprese TFF1 piitomna
v 50 % tumor a je signifikantné asociovana se
stavem estrogenovych receptorii, citlivosti na
hormondlni 1é¢bu a s pfiznivou progndzou (4,
5, 22]. Ve viech ostatnich nadorech byla viak
exprese TFF1 nezdvisla na stavu estrogennich
receptorii., Zvysené sérové hladiny TFF1 korelo-
valy s pokrocilosti bronchialniho adenokarcino-
mu, a zejména specificky gobletového podrypu
bronchoalveclarniho karcinomu. Soucasné byly
TFF1 pozitivni adenokarcinomy asociovany s horsi
prognézou ne tumory negativni [11). V nasi praci
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Graf 2 Porovnani sérovych hladin TFF3 u padentek

s karcinomem endometria (cancer; n = 53), endomet i ini
hyperplazii ( hyperplasia; n = 6) a benignim nalezem na endometriu
(controls; n = 30)



Tab.1 Statistické vyhodnoceni sérovych hladin TFF1, TFF2, TFF3 u pacientek s karcinomem endometria (cancer), endometrialni
hyperplazii (hyperplasia) a benignim nalezem na endometriu (controls)

vek 634 | 95 | 64 | 33 | B0 | 629 | 64 | 64 | 55 | 74 | 633 | 93 | 62 | 48 | 85 | 099k
(T:;m 304 | 355 | 21 | 048 [2097| 215 | 114 | 183 | 096 | 414 | 247 | 223 | 157 | 051 | 952 | 0.726b
TFF2 _ . -
(na/mD) 522 | 474 | 369 | 106 |2594| 319 | 119 | 312 | 193 | 514 | 420 | 219 | 365 [ 089 | 1,33 | 05180
TFF3 p aanl s . !

(ha/mD 172 | 152 | 140 [ 027 | 41| 127 | 058 | 103 | 049 | 293 | 154 | 204 | 097 | 0.26 | 14,56 | 0,0030

SAMOWVA, ®ruskaldw-Wallisty test

jsme neprokazali zvysené séroveé hladiny TFF1
u pacientek s karcinomem endometria ve srov-
nani s pacientkami s endometrialni hyperplazii
nebo normalnim endometriem.,

TFF2 ma velmi kratky biologicky polocas a je
volné vylufovan ledvinami [26]. Jeho koncentrace
v Zaludeéni §tavé vykazuji velmi silnou diurnalni
variabilitu a dosahuji nejvyssich hodnot v noci,
zatimco v prilbéhu digesce se jeho hladina silné
sniZuje 31]. Vymizeni TFF2 u geneticky programo-
vaného mysiho modelu karcinomu Zaludku ma
za nasledek zvySenou proliferaci a vétsi nadory
[6] TFE2 wwkazuje tumor-suppresorovou akrivitu
v mySim pankreatu a brani formaci mucinéznich
nadorii [38]. Ishibashi et al. nalezli recentné zvy-
senésérové hladiny TFF1 a TFF3 u pacientek s kar-
cinomem prsu, zatdmco hladiny TFF2 byly vyssi
uzdravych kontrol. Autofi tento rozdil vysvétluji
moZnym vlivem hladin TFF1 a TFF3 na hladinu
TFF2 [12]. V naéi praci jsme nalezli dvakratr vyssi
sérové hladiny TFF2 ve viech sledovanych sku-
pinach, neZ byly hladiny TFF1 a TFF3. Rozdily
mezi hladinami TFF2 u pacientek s endometri-
dlnim karcinomem, endometridlni hyperplazii
a normalnim endometriem nebyly statisticky
signifikantni.

Zdostupnych publikaci byla zvySena exprese
TFF3 na drovni genu a RNA prokdzana u endo-
metrialniho karcinomu ve srovnani s karcino-
mem serdznim a stejné tak u nizce diferencova-
ného endometrialniho karcinomu ve srovnani
s normalnim endometriem [16, 18, 30.. Bignotti
et al. nalezli zvySenou imunoexpresi proteinu
TFE3 u 79 % nizce diferencovanych karcinomii
endometria a u 18 % vzorkil normalni déloZzni
sliznice [1]. Plvod cirkulujicich hladin TFF3
neni zcela ziejmy, i kdyZ TFF3 je exprimovano
ve tkanich Zenského genitadlu a in vitro studie
prokazaly, Ze stejné jako u TFF11i ex prese TFF3 je
regulovana estrogenem [17]. Chybéni fluktuaci
sérovych hladin TFF3 v priibéhu menstruaéniho

cykluviak ukazuje, Ze cirkulujici TFF2 pochazi
pfevaineé z tkani, které nejsou pod vlivemn es-
trogenu [36].

V nasi praci jsme nalezli viznamné zvySené
sérové hladiny TFF3 ve stovnani s hladinami u pa-
cientek s endometrialni hyperplazii a benignim
histopatologickym nalezem.

ZAVER

Prokizali jsme zvySené hladiny TFF3, ale ne
TFF1 a TFF2 u pacientek s onemocnénim kar-
cinomu endometria. Z vysledki nasi studie je
ziejmeé, Ze TFF3 by mohl hrat roli jako marker
onemocnéni u pacientek s karcinomem endo-
metria. Dalii studie jsou nutné pro detailnéjsi
objasnéni jeho biologicke role pfirozvoji tohoto
onemocnéni.

LITERATURA

1. Bignotti, E., Ravaggi, A., Tassi, RA., et al. Trafoil factor &
a navel serum marker identified by gene expression prafiling in
high-grade endometrial carcinomas, Br J Cancer 2008, 99(5), p.
TER-TT3.

2. Bonkhoff, H., Stein, U,, Welter, C., et al. Differential expre-
ssion of the p5S2 prote in inthe human prostate and prostate cane
cer: association with premalignant changes and neuroendocring
differentiation. Hum Fathal, 1995, 26(8), p. 824-828,

3. Borthwick, JM., Charnock-Jones, DS., Tom, BD., et al.
Cetermination of the transcript profile of human endometrium.
Mol Hum Reprod, 2003, 903 p. 19-33.

4. Cappelietti, V., Coradini, D., Scanziani, E., et al. Prognostic
relevance of pS2 status in association with steroid receptor status
and proliferative activity in node-negative breast cancer. Eur J
Cancer, 1992, 28A(B-9), p. 1315-1318,

5 Foekens, JA., Rio, MC,, Seguin, P, et al. Prediction of relap-
se and survival in breast cancer patients by pS2 protein status.
Cancer Res, 990, 50(13), p. 3832-3827.

2018,83,2.2  (ESKA GYNEKOLOGIE

115

m



nz2

6. Fox, JG., Rogers, AB., Whary, MT., et al. Accelerated pro-
gression of gastritis to dysplasia inthe pyloric antrurn of TFF2 -/-
CE7BLE x Sv129 Heliccbacter pylori-nfected mice. Am J Pathal,
200715, p. 1520-1528.

7. Hanby, AM., Poulsom, R., Elia, G., et al. The expression af
the trefoil peptides pS2 and hurman spasmaolytic palypeptide
(hEP) in gastric metaplasia’ of the proximal ducdenum: implicati-
ons for the nature of gastric metaplasia’. J Pathol, 1993, 165(3), p.
356-360

8. Hanby, AM., Poulsom, R., Singh, 5., et al. Spasmalytic paly-
peptide & a major antral peptide: distribution of the trefoll pep-
tides human spasmolytic polypeptide and p52 in the stomach.
Gastroenterclogy, 1993, 105047, o MO-1ME,

9. Hauser, F., Poulsom, R., Chinery, R., et al. hF1L.E, a3 human
F-domain peptide homologous with rat intestinal trefoil factor, &
expressed ako in the ukcer-associated cell lineage and the uterus.
Proc Matl Acad Scill § A, 1993, 20(15), p. 6961-6965.

0. Henry, JA., Bennett, MK., Piggott, NH., et al. Expression of
the pNR-2/pS2 protein in diverse human epithelal turmours. Br J
Cancer, 1991, 64(4), p 677-682.

7. Higashiyama, M., Doi, 0., Kodama, K., et al. Estimation of
serum level of pS2 proteinin patients with lung adenccarcinoma,
Anticancer Res, 1996, 16(4B), p. 2351-2 355,

12. Ishibashi, Y., Ohtsu, H., Ikermura, M., et al. Serurm TFFI and
TFF3but nat TFFZ are higher inwomen with breast cancer than in
warnen without breast cancer, 5¢i Rep, 2017, 7010, p. 45846,

3. Jorgensen, KH., Thim, L., Jacobsen, HE. Pancreatic spasmo-
Iytic polypeptide (PSP): |, Preparation and initial chemical cha-
racterization of a new polypeptide from porcine pancreas, Regul
Pept, 1982, 3(3-4), p. 207-219.

4. Kao, LC., Tulac, 5., Lobo, 5., et al. Global gene profiling
in human endametrium during the window of implantation.
Endocrinclogy, 2002, 143(6), p. 219-2138

15. Masiakowski, P., Breathnach, R., Bloch, J., et al. Cloning of
cDNA sequences of hormone-regulated genes from the MCF-7
human breast cancer cell line, Nucleic Acids Res 1982, 10(24), p.
TEAS-TA03,

6. Maxwell, GL., Chandramouli, GY., Dainty, L., et al.
Microarray amalysis of endometrial carcinomas and mixed mulle-
rian tumors reveals distinct gene expression profiles associated
with different histologic types of uterine cancer. Clin Cancer Res,
2005 N7, p. 4056-4066.

17. May, FE.,Westley, BR. Expression of human intestinal trefoil
factor in malignant cels and its regulation by oestrogen in breast
aancer celk, J Pathol, 1957, 182(4) p 404-413,

18. Mhawech, P., Benz, A., Cerato, C.,et al. Downregulation af
14-3-3 sigma in ovary, prostate and endometrial carcinamas is
associated with CpG island methylation, Mod Pathal, 20068, 18(3),
o 340-348.

19. Mickova, I., Pilka, R., L'ubusky, M., et al. [Molecular pro-
grastic factars and pathagenesis of endometrial cancer]. Ces
Gynekol, 2006, TI(4), p. 355-360.

20. Mika, O., Koznarova, J., Sak, P. [Ultrasound staging of stage
I-Il endometrial cancer, analysis of own file in the years 2012-
2016). Cas Gynakol, 2017, 82(3), p 218-226.

A. Neubert, D., Filka, R., Stejskal, D., et al. [Therok of trefoil fac-
tor farmily in gynecological disease]. Ces Gynekal, 816D, p. 444-450,

CESKA GYNEKOLOGIE 2018 83, &2

116

22, Pallud, C., Le Doussal, V., Pichon, MF., et al
Immunaohistochemistry of pS2 in normal human breast and in va-
rious histological forms of breast turnours. Hetopathology, 1993,
23(3), p. 249-256.

23, Piggott, NH., Henry, JA., May, FE., et al. Antipeptide anti-
bodies against the pMR-2 oestrogen-regulated pratein of human
breast cancer cells and detection of pMR-2Z expression in normal
tissues by immunohistochemistry. J Pathol, 1991, 183(2), p. 95-104,
24. Playford, R)., Marchbank, T., Chinery, R., et al. Hurman spas-
malytic palypeptide is a cytopratective agent that stimulates cell
migration. Gastroenteralogy, 1995, 108(T, p. 108-16.

25, Podolsky, DK., Lynch-Devaney, K., Stow, JL., e« al.
Identification of hurman intestinal trefoil factor, Goblet cell-specific
expression of a peptide targe ted for apical secretion, J Biol Chemn,
W93, 268(9), p. 6694-6702.

26, Poulsen, 55.,Thulesen, J., Christensen, L., et al. Matabalism
of oral trefoil factor 2 (TFF2) and the effect of oral and parenteral
TFF2 on gastric and duodenal ulcer healing in the rat, Gut, 1999,
45(4), p. 516-522.

27. Poulsom, R., Hanby, AM., Lalani, EN., et al. Intastinal trafall
factar (TFF 3) and pS2 (TFF T, but not spasmalytic palypeptide
(TFF 2) mRNAS are co-axpressed in normal, hyperplastic, and ne-
oplastic hurman breast epithelium. J Pathol, 1997, 183(1), p. 30-38.
2. Probst, JC., Zetzsche, T., Weber, M, et al. Human ntestinal
trefoil factor is expressed in human hypothalamus and pituita-
ry: evidence for a novel neuropeptide, FASEE J, 1996, 10013), p.
1518-1523.

29, Rio, MC., Bellocq, JP., Daniel, JY., et al. Breast cancer-as-
sociated pS2 protein: synthess and secretion by normal stormnach
mucosa, Science, 1988, 241(4B6E), p. 705-TO8

30. Risinger, JI., Maxwell, GL., Chandramouli, GV ., et al
Microarray analysis reveals distinct gene expression profiles
among different histologic types of endometrial cancer. Cancer
Res 2003, 63(1), p. 6-11.

3. Semple, JI., Newton, JL., Westley, BR., et al. Dramatic di-
urnal variation in the concentratian of the human trefail peptide
TFF2 in gastric juice. Gut, 2001, 48(5), p. 648-655,

32, Slama, J.,Kocian, R. [Technigue of pelvic and paraaortic lym-
phadeneactomy]. Cas Gynekol, 81(4), p. 253-264.

13, Suemori, S., Lynch-Devaney, K., Podolsky, DK. |dertification
and characterization of rat intestinal trefoil factor: tissue- and cell-
specific member of the trefoil protein Rmily. Proc Natl scad Sci
U8 A, 1991, 88(24), p. NO7-1021.

34, Thim, L. & new family of growth factor-like peptides. Trefoi’
disulphide loop structures as a commen feature in breast can-
cer associated peptide (pS2), pancreatic spasmaolytic poly peptide
(FSF), and frog skin peptides (spasmaolysins). FEBS Lett, 19589,
25001, p. 85-90,

15. Tomasetto, C., Rio, MC., Gautier, C., et al. h=F, the domain-
-duplicated homolog of pS2 protein & co-expressed with pSs2
in stamach but nat in breast carcinoma. EMBQ J, 1990, 9(2), p.
407-414.

I6. Vestergaard, EM., Poulsen, 55, Gronbaek, H., et al
Development and evaluation of an ELISA for human trefoil fact or
3. Clin Chern, 2002, 48000, p. 168%-1695.

I7. Weinberger, V., Minar, L., Felsinger, M., et al. [Fostoperative
administration of octreotide to reduce lympharrhea, lymphocele,



lymphedema and lymphatic ascites after lymphadenectomy in
gynecological malignancies]. Ces Gynekal, 2017, 82(2), p. 92-99.
38 Yamaguchi, J., Mino-Kenudson, M., Liss, AS., et al. loss
of trefoil factor 2 from pancreatic duct glands promotes for-
mation of intraductal papillary mucinous neoplasms in mice.
Gastroenterology 2016, 151(6), p. 1232-1244 e10.

Korespon dujici autor

Prof. MUDr. Radovan Plika, Ph.D.
Porodnicko-gynekologicka klinika

FN a LF UP
I. P. Paviova &
775 20 Olomouc

e-mail: radovan.pilka@fnol.cz

117

2N8, 83, L2

CESHA GYNEKOLOGIE

n3



118



