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SANTRUMPOS

AP-1 (angl. activator protein 1) — aktyvinantis baltymas 1

Bax (angl. bcl-2-associated X protein) — bcl-2 susijes baltymas

DNR - deoksiribonukleininé riigstis

FKJ — funkcinis kontrastinis jautrumas

F-M 100 - Farnsworth-Munsell 100 atspalviy tyrimas

GKRA - geriausias koreguotas regos astrumas

FGFR2 (angl. fibroblast growth factor receptor 2) — fibroblasty augimo fak-
toriaus receptorius 2

HA - hipofizés adenoma

IL-17A — interleukinas 17A

KEAF (angl. vascular endothelial growth factor) — kraujagysliy endotelio
augimo faktorius

MAP (angl. mitogen-activated protein) — mitogenais aktyvuojamas balty-
mas

MIP-2 (angl. macrophage inflammatory protein 2) — makrofagy
uzdegiminis baltymas 2

MMP — matrikso metalo proteinaze

MMP-2 — matrikso metaloproteinazeé 2 arba Zelatinazé A

MMP-9 — matrikso metaloproteinazé 9 arba zelatinazé B

NAD - nikotinamido adenino dinukleotidas

NF-xB (angl. nuclear factor kappaB) — branduolio kB faktorius

NO - azoto monoksidas

OKT - optiné koherentiné tomografija

PGR - grandininé polimerazés reakcija

PI - proliferacijos indeksas

PI3K (angl. phosphoinositide-3-kinase) — fosfatidilinozitolio-3-kinazé
RND - regos nervo diskas

RNK - regos nervy kryzmé

RSKIJ - ribinis spalvinis kontrastinis jautrumas

ROR (angl. retinoic acid receptor-related orphan receptor) — su retino
rigStimi susij¢ naslaiciai receptoriai

SIRT1 (angl. silent mating-type information regulation 2 homologue 1) —
sirtuinas 1

SN — standartinis nuokrypis

STAT3 (angl. signal transducer and activator of transcription 3) — signalo
perdavéjas ir transkripcijos veiksnys 3

SSN - skirtumas statistiSkai nereikSmingas



TGF-p (angl. transforming growth factor-g4) — transformuojantis augimo
faktorius-p

Th (angl. T helper cells) — T limfocitai pagalbininkai

TNF (angl. tumor necrosis factor) — naviky nekrozés faktorius

TNSS - tinklainés nerviniy skaiduly sluoksnis

VS (lot. versus) — palyginti

DNR baziy nomenklattira
A — adeninas

C - citozinas

G - guaninas

T — timinas



IVADAS

Hipofizés adenoma (HA) — tai gerybinis intrakranijinis auglys, augantis
i§ posmegeninés liaukos priekinés dalies — adenohipofizés lasteliy ir pasi-
reiSkiantis 16,7 proc. populiacijos [1]. Posmegeniné liauka, arba hipofize,
yra lokalizuota pleistakaulio kiino virSutinés sienos iduboje, kietojo smege-
ny dangalo maiSe, pritvirtintame prie turkiS$kojo balno diafragmos priekinés
dalies, i$ Sony apsupta akytyjy veniniy anc¢iy [2]. Nustatyta, kad 6-10 proc.
HA perauga akytuosius ancius [2, 3], kadangi akytyjy an¢iy medialiné siena
yra plono kietojo smegeny dangalo lateraliné¢ dalis [4, 5], todel HA gali
lengvai plisti lateraliai ir taip pazeisti atitraukiamajj, akies judinamajj bei
skridininj nervus. Kartais HA gali biiti ypa¢ invaziné ir netgi sukelti kauko-
lés pamato destrukcijg [6]. Regos nervy kryzmé (RNK) yra vir§ posmegeni-
nés liaukos, todel, jei HA auga supraseliariai, daznai yra sutrikdomos regos
funkcijos [7-14].

HA gali buti tinklainés nerviniy skaiduly sluoksnio (TNSS) iSploné¢jimo
priezastis dél aksony degeneracijos, sukeltos priekiniy regos taky kompre-
sijos. Jis yra objektyviai jvertinamas optinés koherentinés tomografijos
(OKT) biidu [15-20]. TNSS sasajos su regos astrumo, akiplo¢io pokyciais
yra nagrinéjamos daugelyje moksliniy tyrimy [7-22], ta¢iau TNSS sasajos
su RNK, HA morfologinémis charakteristikomis pirma karta nagrinéjamos
Siame darbe.

Labai svarbu jvertinti ir prognozuoti auglio invazyvuma, kadangi inva-
zinis augimas turi jtakos HA gydymui ir ligos eigos prognozei [23]. Siuo
metu mokslininkai tyrin¢ja jvairius invazyvumo biologinius Zymenis —
chromosomines alteracijas ir miRNR, proliferacijos Zymenis, onkogenus,
naviky supresijos genus, augimo faktorius ir jy receptorius, faktorius
susijusius su angiogeneze ar lasteliy adhezija [24-29], taciau iki Siol néra né
vieno klinikinéje praktikoje naudojamo zymens, siejamo su HA atsiradimu
ar invazyvumu. Matrikso metaloproteinazés 2 (MMP-2) rs24386, matrikso
metaloproteinazés 9 (MMP-9) rs3918242, fibroblasty augimo veiksnio
receptoriaus 2 (FGFR2) rs2981582, sirtuino 1 (SIRT1) rs12778366, signalo
perdavéjo ir transkripcijos veiksnio 3 (STAT3) rs744166 genotipy dazniai
buvo tirti sergantiems jvairiais navikais [30—60], taciau nickada nebuvo tirti
sergantiems HA. Mokslingje literatiiroje paskelbtas tik vienas tyrimas,
kuriame nagrin¢jamos prouzdegiminio citokino IL-17A sasajos su HA
invazyvumu [61, 62]. Daugelis mokslininky tyrinéja Ki-67 proliferacijos
indeksag (Ki-67 PI) kaip galimg HA invazyvumo Zymenj, taciau gaunami
duomenys iki Siol iSlieka priestaringi [63—-80]. Todél mes tyréme bendruose
HA patogeneziniuose mechanizmuose dalyvaujancius molekulinius Zyme-



nis, kurie padés vertinti HA kliniking eigg, leis pasirinkti gydymo taktika,
suteiks naujos informacijos apie HA patogenezg.

Darbo aktualumas

HA yra adenohipofizés parenchimos lasteliy gerybinis navikas. HA
sudaro apie 10-25 proc. visy intrakranijiniy augliy, paplitimas bendrojoje
populiacijoje — 16,7 proc. Kliniskai reik§mingos HA pasireiskia 1 i§ 1064
gyventojy [1, 81, 82]. Invazinés HA yra agresyvios, nes i§ turkiabalnio
srities gali plisti  aplinkinius audinius. HA invazyvumas bei naviko sukelti
metaboliniai sutrikimai gali nulemti ir letalias baigtis, kadangi beveik
kiekvienas zmogaus organas ir audinys yra tiesiogiai ar netiesiogiai veikia-
mas priekinés ar uZpakalinés hipofizés liaukos dalies iSskiriamy hormony.
HA atsiradimo mechanizmai iki Siol néra iki galo iStirti. Manoma, kad tai
daugiaveiksnes etiologijos liga, kurios pasireiSkimui jtaka daro tiek gene-
tiniai veiksniai, tieck hormoniné biiklé, tiek kraujagysliy endotelio augimo
faktoriai ir kt. [24-26, 83]. Didziajai daliai HA serganciy pacienty dél RNK
kompresijos pazeisty regos nervy skaiduly sutrinka regos funkcijos (regos
aStrumas, akiplotis, spalvy jusleé, kontrastinis jautrumas), atsiranda regos
nervy disky (RND) pazeidimy, todél oftalmologiniai tyrimo metodai yra
svarbiis norint anksti diagnozuoti HA [7-14, 84-88]. Kuo anksc¢iau diagno-
zuojamas navikas, tuo labiau tikétina, kad jj bus galima radikaliai paSalinti ir
iSsaugoti regos funkcijas. Labai svarbu nustatyti HA navikinio audinio
molekulinius ir kraujo imunogenetinius Zymenis, padedancius jvertinti HA
atsiradimo galimybe, kliniking §io naviko eiga. Sio tyrimo rezultatai yra
svarbis norint suprasti HA patogeneze, taip pat Sios ligos molekuliniy
mechanizmy tolimesniems tyrimams.

Darbo naujumas

Iki Siol néra né¢ vieno kliniking¢je praktikoje rutiniSkai naudojamo HA
zymens, kuris padéty diagnozuoti HA, leisty pasirinkti gydymo taktika.
Atlikus §j tyrima inicijuoti naujos krypties tyrimai, t. y. pirma karta pasau-
lyje jvertinti bendruose patogeneziniuose mechanizmuose dalyvaujanciy
zymeny — MMP-2 rs243865, MMP-9 rs3918242, FGFR2 rs2981582, SIRT1
rs12778366, STAT3 rs744166 genotipai sergantiesiems HA. Taip pat pirma
karta Lietuvoje nustatyta IL-17A koncentracija kraujo serume ir Ki-67 PI
sergant HA. Nustatyta 11 apsauginiy genotipy deriniy ir 2 didinantys HA
galimybe.
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Darbo tikslas

Nustatyti hipofizés adenomos molekulinius zymenis ir sgsajas su regos
funkcijomis.

Darbo uzdaviniai:

1.

Ivertinti pacienty, kuriems diagnozuota hipofizés adenoma, objek-
tyviy ir subjektyviy oftalmologiniy tyrimy duomenis bei sasajas su
Palyginti Ki-67 PI esant invazinei ir neinvazinei hipofizés adeno-
mai, taip pat palyginti serganciyjy hipofizés adenoma ir sveiky
asmeny IL-17A koncentracijg kraujo serume.

Ivertinti MMP-2 rs243865 ir MMP-9 rs3918242 genotipy sasajas su
hipofizés adenomos augimo pobudziu.

Nustatyti galimas FGFR2 rs2981582, SIRT1 rs12778366, STAT3
rs744166 genotipy ir jy deriniy sgsajas su hipofizés adenomos
atsiradimu.
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1. LITERATUROS APZVALGA

1.1. Posmegeninés liaukos ir regos nervy kryZmés anatomija

Posmegeniné liauka (hipofizé) yra apie 12 mm plocio ir 8 mm ilgio,
0,5 g svorio endokrininé liauka, sudaryta i§ dviejy skirtingos kilmés daliy:
priekinés skilties, vadinamos adenohipofize, ir uzpakalinés skilties arba neu-
rohipofizés [89]. Adenohipofizés sijose yra liaukinés lastelés, endokrinoci-
tai, kurie iSskiria tropinius hormonus, regulivojancius atitinkamas periferi-
nes liaukas ir savarankiskai sukelian¢ius endokrininius poveikius (tirotropi-
nj, gonadotropinj, kortikotropinj, laktotropinj, somatotropinj hormonus),
neurohipofizéje yra kaupiami hormonai vazopresinas ir oksitocinas. Tarpiné
liaukos dalis iSskiria hormong melanotroping [89, 90]. Liauka yra lokali-
zuota pleiStakaulio kiino virSutinés sienos jduboje, kietojo smegeny dangalo
maiSe, pritvirtintame prie turkiSkojo balno diafragmos priekinés dalies, i§
Sony apsupta akytyjy veniniy an¢iy, j kuriuos atsiveria akinés venos [2, 89].
29 proc. atvejy yra pastebimas fiziologinis hipofizés plétimasis j akytaji
antj, kadangi akytyjy an¢iy medialin¢ siena yra ne tvirta kauliné struktira, o
plono kietojo smegeny dangalo lateraliné dalis [2, 3]. Tikrasis auglio
invazyvumas privalo buti atskirtas nuo lateralinio augimo be invazijos (kali
néra pazeistas kietasis smegeny dangalo maiSas) [91], kadangi tai svarbu
tolimesnei gydymo taktikai ir prognozei. Akytaisiais anciais praeina vidiné
miego arterija, atitraukiamasis, akies judinamasis, skridininis ir triSakis
nervai [92]. Regos nervai pleistakaulio kiino priekyje vir§ hipofizés sudaro
regos nervy kryzme (chiazma). Apatinés vidinés tinklainés pusés skaidulos
kryziuojasi zemai ir priekyje, virSutinés vidinés pusés skaidulos kerta
kryzmg aukstai ir dorzaliau, geltonosios démés skaidulos kryziuojasi regos
nervy kryzméje. Skaidulos, einancios i§ Soninés tinklainés pusés, eina toliau
tos pacios puses regos laidu [89, 93].

1.2. Hipofizés adenomos paplitimas

HA paplitimas bendrojoje populiacijoje yra 16,7 proc. (14,4 proc.
autopsijy ir 22,5 proc. radiologiniy tyrimy duomenimis) [1]. Kliniskai
reikSmingos HA pasireiskia 1 i§ 1064 gyventojy [82]. Jungtiniy Amerikos
Valstijy centrinio smegeny augliy registro CBTRUS (Central Brain Tumor
Registry of the United States) 2008-2012 m. duomenimis, pirminiy piktybi-
niy ir nepiktybiniy smegeny ir centrinés nervy sistemos augliy naujy atvejy
daznis JAV — 28,57 atvejai 100 000 gyventojy, i§ jy histologiskai patvirtinti
gerybiniai hipofizés augliai sudaro 15,5 proc. [81]. HA naujy atvejy daznis
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Belgijoje — 94 atvejai 100 000 gyventojy [82], Svedijos véZzio registro
duomenimis (1958-1991 m.), pastebimas HA atvejy skai¢iaus augimas nuo
71,3 atvejy 100 000 gyventojy (paplitimas 1959-1979 m.) iki 97,6 atvejy
100 000 gyventojy (paplitimas vertintas po 1980 m.) [94].

Nacionalinio vézio instituto Vézio kontrolés ir profilaktikos centro
Vézio registro duomenimis, Lietuvoje 2012 m. 275 asmenys susirgo pikty-
biniais galvos smegeny navikais ir 118 gerybiniais CNS augliais, taciau
detaliy duomeny apie sergamuma HA Lietuvoje néra [95].

1.3. Serganc¢iyjuy HA regos funkciju pokyciai

Regos nervy kryzmée yra lokalizuota vir§ hipofizés ir, jei navikas auga
supraseliariai, d¢l RNK kompresijos, daznai yra matomas regos astrumo
sumazgjimas ir yra dazniausiai temporaliniy akiplo¢io defekty [7-14, 85,
86, 74, 96-102]. Yra zinoma, kad regos aStrumo ir akiplo¢io defektai
priklauso nuo RNK kompresijos laipsnio [11, 103-105]. Wei-Chen Huang ir
Liang-Shong Lee nustaté priklausomybe tarp akiplocio defekty ir RNK
kompresijos [103]. Apjit Kaur ir bendraautoriai [11] nustaté, kad labiausiai
regos aStrumas buvo sumazéjes pacientams, kuriems nustatytas didesnis nei
2 cm arba obturaves treciaji skilvelj auglys (88,9 proc. nustatytas regos
aStrumas nuo 0,1 iki 0), jei HA buvo iki 2 cm arba rasta obturuota treciojo
skilvelio priekiné kiSené, 73,3 proc. atvejy nustatytas regos astrumas nuo
0,1 iki 0 [11]. Hanbin Wang ir bendraautoriai taip pat nustaté supraseliarinio
augimo jtaka regos astrumui bei neigiamg koreliacijg tarp regos astrumo ir
akiplocio (r = -0,555; p = 0,000) [104]. Kathrin Schmalisch ir kolegos,
iStyre 98 supraseliariai augancias HA, nustaté statistiskai reikSmingas sasa-
jas tarp regos aStrumo kritimo ir supraseliarinio HA augimo (p < 0,0001)
[105]. Yra zinoma, kad sergantiesiems HA, dar prie§ sutrinkant regos
aStrumui ar akiplociui, gali sumazéti kontrastinis jautrumas (KJ) bei spalvy
jusleé [8, 85, 88, 97, 106-109].

HA gali sukelti peripapilinio tinklainés nerviniy skaiduly sluoksnio
(TNSS) iSploné¢jima, kurj galima jvertinti objektyvaus neinvazinio tyrimo —
optinés koherentinés tomografijos (OKT) — biidu [15-20]. Ji buvo sukurta
biologinéms sistemoms stebéti matuojant jy optinius atspindzius [110].
TNSS sasajos su regos astrumo, akiploCio pokyciais yra nagrinéjamos
daugelyje moksliniy tyrimy [7-22], ta¢iau TNSS kvadranty storio rySys su
RNK ir HA morfologinémis savybémis iki Siol nebuvo tirtas.
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14.1IL-17 A

T limfocitai — pagrindinés specifinio imuninio atsako lastelés. Limfo-
city pavir§iuje yra vadinamosios CD molekulés (angl. cluster of differen-
tiation). CD4+ yra T limfocity pagalbininky skiriamoji molekulé, CD8" —
T limfocity zudiky. Patekus i organizmg antigenui, naivieji T limfocitai
diferencijuojasi j jvairias Thl, Th2 limfocity pagalbininky subpopuliacijas,
Th17 limfocitus, kurie i$skiria specifinius citokinus. Prouzdegiminiy citoki-
ny IL Seimg sudaro keli citokinai — IL-17A (IL17), IL-17F, IL-17B, IL-17D,
IL-17C ir IL-17E (arba IL-25) [111]. IL-17A - tai citokinas, atrastas Rou-
vier ir kt. 1993 m. (tuo metu pavadintas CTLA-8). Nustatyta, kad IL-17A
aminoriigs¢iy seka 57 proc. sutampa su T-limfotropinio Herpes Saimiri
viruso amino rugsciy seka [112, 113]. IL-17A koduojantis genas lokali-
zuotas 6pl2 chromosomoje [114]. Nors placiai Zinoma, kad IL17 gamina
CD4" T lgstelés, nustatyta, kad yra ir daugiau lgsteliy gaminanéiy §j
citoking: CD8" T lastelés [115, 116], Th17 [117], ap ir ySTCR CD4 CD8"
lastelés [118, 119], j limfoidinio audinio aktyvintojus panaSios lastelés
(angl. lymphoid tissue inducer—like cells) [120], neutrofilai bei makrofagai
[121].

Th diferenciacijoje dalyvauja daug veiksniy. Signalo perdavéjas ir
transkripcijos veiksnys 3 (STAT3) yra vienas svarbiausiy Th lasteliy dife-
renciacijoje. Sutrikdzius STAT3 veikla, sutrikdoma Th diferenciacija i$ nai-
vigjy Th Iasteliy, sutrikdant svarbiausia Thl7 limfocity transkripcijos
veiksnj — su retino riigS§timi susijusius receptorius naslai¢ius — RORyt recep-
torius ar ROR-a. O hiperaktyvi STAT3 forma skatina IL-17A gamybg CD4
lastelése [122]. Transformuojantis augimo faktorius-p (TGF-B) ir IL-6 taip
pat yra buitini normaliai Th Igsteliy diferenciacijai [122, 123].

Nustatyta, kad IL-17A stimuliuoja transkripcijos faktoriaus NF-kappa B
aktyvumg ir IL-6 sekrecijg fibroblastuose, taip pat yra svarbus T lasteliy
proliferacijai [113]. IL-17A yra atsakingas uz kraujagysliy endotelio augimo
faktoriaus (KEAF) reguliacija, keratinocity, makrofagy uzdegiminio balty-
mo 2 (MIP-2), prostaglandiny ir NO gamybg fibroblastuose [124-126]. IL-
17A skatina IL-1f ir naviky nekrozés faktoriaus (TNF-a) gamyba makrofa-
guose ir endotelio lastelése [127], be to, aktyvuoja granuliocity kolonijas
stimuliuojantj veiksnj (GCSF) ir CXC chemokinus, kurie stimuliuoja
granuliopoezg ir neutrofily i$siskyrimg j audinius [128-130]. IL-17A taip
pat aktyvuoja transkripcijos veiksnius: branduolio veiksnj kB (NF-«B) ir
aktyvinantj baltyma 1 (AP-1) [125]. Nustatyta, kad citokinai IL-2 ir IL-15
skatina IL-17 produkcija [131].

Placiai tyrin¢jamas IL-17A poveikis augliy iSsivystymui. Duomenys
iSlieka prieStaringi. Muneo Numasaki ir bendraautoriai nustaté, kad 1L-17
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invitro neskatino naviky iSsivystymo, tafiau nulémé greitesnj auglio
augimg ir rySkesne neovaskuliarizacija nei kontrolinéje peliy grupéje [124].
Eric Tartour [132] savo tyrimu taip pat patvirtino, kad IL-17 neskatino
auglio iSsivystymo, bet 1émé greitesnj jo augimg. Autoriai taip pat nustaté,
kad IL-17A skatina IL-6 ir IL-8 sekrecijg gimdos kaklelio vézinése laste-
lése. Tartour ir kolegos tirdami gimdos kaklelio vézines Iasteles, pastebéjo
IL-17 tumorogeninj poveikj nesant T Iasteliy [132], 0 naujesniy tyrimy metu
nustatyta, kad IL-17A slopina hemopoetiniy augliy, mastocitomos ir plaz-
mocitomos vystymasi dalyvaujant T Iasteléms [133]. Lin Wang ir bendra-
autoriai [134] patvirtino, kad IL-17 gali lemti naviko augimg, aktyvindamas
IL-6, kuris aktyvuoja STAT3. Yra nustatyta, kad padidéjes 1L-17 gaminan-
¢iy lasteliy skaiCius koreliuoja su trumpu pacienty, serganciy hepato-
celiuline karcinoma, i§gyvenamumu [135]. IL-17 taip pat skatina Slapimo
puslés ir melanomos augimg peliy modeliuose [134]. Jeong-Seok Nam ir
bendraautoriai [136] nustaté padidéjusia IL-17A raiSka kruties vézio audi-
nyje, palyginti su sveiku audiniu.

Keliais tyrimais nustatyta, kad IL-17A slopina naviky vystymasi.
Noriyuki Hirahara ir bendraautoriai nustaté, kad I1L-17 genas gali slopinti
tumorogeneze¢ [137]. Fabrice Benchetrit ir kolegos taip pat nustaté, kad IL-
17 gali slopinti naviko augima [133].

Tik viename tyrime nagrinéta IL-17A koncentracija serganciyjy HA
kraujo serume. Lubin Qiu ir bendraautoriai istyré IL-17A koncentracija
kraujo serume 75 asmenims, sergantiems HA, ir nustaté, kad IL-17A kon-
centracija sergantiesiems invazine HA buvo didesné nei sergantiesiems
neinvazine HA. Invaziniy HA grupéje IL-17A koncentracija buvo 95,46 +
34,09, neinvaziniy HA — 56,26 + 14,03 pg/ml, kontrolinéje grupéje — 23,58
+ 6,55 pg/ml [61, 62]. Lietuvoje tyrimy, kuriy metu biity vertinta IL-17A
koncentracija sergantiesiems HA, atlikta nebuvo.

1.5. Ki-67 proliferacijos indeksas

Ki-67 — tai branduolinis antigenas, baltymas, esantis lasteliy branduo-
liuose. Ki-67 raiska lastelés ciklo metu yra nevienoda. Ki-67 raiska vyksta
Gl, S ir G2 faziy metu ir pasiekia maksimuma mitozés pradzioje, bet
nevyksta lastelés ciklo ramybés fazéje GO. Ki-67 proliferacijos indeksas
(Ki-67 PI) yra isreiskiamas Ki-67 antigeno teigiamy branduoliy procentais
tarp visy branduoliy [138-141]. Pasaulio sveikatos organizacija 2004 m.
endokrininiy augliy klasifikacijoje nurode, kad Ki-67 PI > 3 proc. nulemia
HA agresyvy augimo pobudj ir, esant Ki-67 PI> 3 proc., HA klasifikuo-
jamos kaip atipinés [142].
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Vidutinis Ki-67 PI sergant HA, jvairiy autoriy duomenimis, kinta nuo
0,5 proc. iki 4,7 proc. [65, 66, 70-72, 77, 143]. Daugelis mokslininky
patvirtino Ki-67 PI svarbg vertinant HA invazyvumag ir augimo pobitdj.
Luciano Mastronardi ir bendraautoriai [65] nenustaté reikSmingo Ki-67 PI
skirtumo tarp intraseliariniy (2,6 + 3,45 proc.), intrasupraseliariniy (1,91 +
2,11 proc.), intrasupraparaseliariniy (3,29 * 5,4 proc.) makroHA (p = 0,27),
taCiau nustaté statistiSkai reikSminga skirtumg tarp infiltracinio (3,73 + 5,13
proc.) ir neinfiltracinio augimo HA (2,03 = 2,41 proc.) (p = 0,02), tarp
akytaji antj infiltruojanciy (5,61 = 7,19 proc.) ir neinfiltruojanciy (2,09 *
2,37 proc.) HA (p = 0,0005). Keliy tyrimy metu nustatytas statistiSkai
didesnis Ki-67 PI esant pazeistam kietajam smegeny dangalui (tikrasis
invazyvumas) nei neinvazinése HA [66, 67, 69, 71]. Roger Gejman ir
bendraautoriai [144] nustaté neprogresuojan¢iy HA Ki-67 PI 0,41 proc. +
0,01 proc. (0,08 — 1,2 proc.), progresuojan¢iy HA 1,45 proc. £ 0,09 proc.
(0,2-10,6 proc.) (p = 0,01). Stefan Wolfsberger ir kolegy [76] atliktame
tyrime nustatytas reik§mingai didesnis Ki-67 PI invazinése naviky grupése
nei neinvazinése.

Rahul Lath ir kolegos jvertino Ki-67 PI, atsizvelgdami j HA klasifika-
cija pagal Hardj. E laipsnio HA nustatytas statistiSkai reikSmingai aukstesnis
Ki-67 PI (1,44 proc.) nei Hardzio O laipsnio navikams (0,36 proc.) [72].
Przemystaw Witek ir bendraautoriai jvertino Ki-67 PI sasajas su HA Knosp
laipsniais. Kai Ki-67 PI buvo < 3 proc., tai 45,5 proc. pacienty nustatytos
Knosp 3 ar 4 laipsnio HA, kai Ki-67 buvo 3 — 10 proc., tai 33,3 proc. ser-
ganciy asmeny nustatytos 3 ar 4 laipsnio HA, kai Ki-67 PI buvo > 10 proc.,
100 proc. pacienty nustatytas tikras HA invazyvumas [78].

Jose Alberto Landeiro 35 pacienty iStyre ry$j tarp Ki-67 PI ir HA
pasikartojimo. Jie nustaté, kad Ki-67 PI < 3 proc. pastebétas 30 HA atvejy,
1§ jy HA pasikartojimas buvo nustatytas 7,7 proc. (2 pacientams), Ki-67 PI >
3 proc. nustatytas 5 pacientams, 3 i$ jy diagnozuotas HA pasikartojimas (60
proc.) [74]. Kyung-11 Paek ir kolegos [71] taip pat nustate statistiskai didesn;j
Ki-67 PI pasikartojanciy (1,27 proc.) nei nepasikartojan¢iy HA (0,56 proc.)
grupéje (p = 0,027). Maysam Alimohamadi ir bendraautoriai [80] nustaté
didesnj Ki-67 PI pacientams, kuriems buvo nevisiskai pasalintas hipofizés
navikas, nei tiems, kuriems buvo pasalintas radikaliai (3,5 vs. 1,7 proc.).
Laurence Katznelson nustaté, kad Ki-67 PI > 3 proc. dazniau buvo esant
makroHA nei mikroHA (44 proc. vs. 18 proc.) [79].

Jurgen Honegger ir kolegos nustaté koreliacijg tarp Ki-67 PI ir HA
augimo greiCio. Esant greitai auganc¢ioms HA (> 0,07 proc. augimas per
dieng) nustatytas Ki-67 PI > 1,5 proc., o Iétai augancioms (< 0,02 proc. per
dieng) — maZzesnis nei 1,5 proc. Autoriai nenustaté priklausomybés tarp
augimo greicio ir HA invazyvumo [75]. Asen Hadzhiyanev ir bendraautoriy
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[77] atliktame tyrime nustatyta PI koreliacija su naviko dydziu (p = 0,012),
taciau nerasta priklausomybés nuo invazyvumo, augimo krypties, pasikar-
tojimy. Marco Losa ir bendraautoriai nustaté Ki-67 PI teigiama koreliacija
su auglio diametru (r = 0,53; p < 0,01). MakroHA nustatytas didesnis Ki-67
PI (9,3 + 2,7 proc.) nei mikroHA (2,8 + 0,5 proc.; p < 0,002) [64].

Sema Yarman ir bendraautoriai nerado Ki-67 PI sgsajy su HA invazy-
vumu [63]. Severine Dubois ir kolegy [68] tyrimas nepatvirtino Ki-67 PI
kaip galimo invazyvumo ar pasikartojimo prognostinio veiksnio. M. Losa ir
bendraautoriai [70] taip pat nenustaté Ki-67 PI skirtumy tarp invaziniy ir
neinvaziniy HA, pasikartojan¢iy ir nepasikartojan¢iy HA. Regina Gandour-
Edwards ir kolegos [73] nenustaté Ki-67 PI skirtumo tarp sfenoidalinj
sinusg pazeidzianciy ir nepazeidzianciy HA.

Nors Ki-67 PI indeksas sergantiesiems HA tyrin¢jamas daugelio moks-
lininky, taciau duomenys islieka priestaringi. Lietuvoje Ki-67 PI sergantie-
siems HA iki Siol nebuvo tirtas.

1.6. FGFR2 rs2981582, SIRT1 rs12778366, STAT3 rs744166 genu
polimorfizmy sasajos su HA

1.6.1. SIRT1 rs12778366

Sirtuinas 1 (SIRT1) — tai nuo NAD (nikotinamido adenino dinukleo-
tido) priklausoma deacetilazé, priklausanti sirtuiny Seimai [145], kuri yra
svarbi balansui tarp lgsteliy ztties ir iSlikimo per Ku70-Bax kelig [146], p53
[147, 148], FOXO3 [149] ir kitus taikinius palaikyti. SIRT1 dazniausiai yra
lokalizuotas lgstelés branduolyje, bet dalis yra ir citozolyje [150]. Vienas
svarbiausiy SIRT1 taikiniy yra p53, kuris yra atsakingas uz lgstelés ciklo
reguliavimg, apoptoze¢, DNR pazaidy taisymg. Esant padidéjusiai SIRT1
raiskal, p53 yra deacetilinamas, dél to sumazéja pS3 aktyvumas, sutrikdoma
jo veikla, lastelés gali iSgyventi DNR pazaidas [148]. FOXO baltymai taip
pat yra susije su DNR pazaidy taisymu ir apoptoze, lastelés ciklo regulia-
vimu, lIgsteliy diferenciacija [149, 151-155].

Yra Zinoma, kad SIRT1 raiSkos padidé¢jimas hepatoceliulinés karcino-
mos audinyje [156], kriities vézio [157], prostatos vézio [158], Kiausidziy
[159], skrandzio [160], storosios Zarnos [161], glioblastomos [162], limfo-
mos [163], tminés mieloidinés leukemijos [164], odos plokscialastelinio
vézio [165], skydliaukés vézio [166] atvejais gali biiti susijes su $iy naviky
i8sivystymu. Taciau keliuose tyrimuose apraSomi rezultatai, kuriais remian-
tis SIRT1 pristatomas kaip genas, slopinantis vézio vystymasi [167, 168].

SIRT1 geno rs12778366 polimorfizmas siejamas su kriities véziu [30].
Sherine M. Rizk ir bendraautoriai [30] nustaté, kad, esant SIRT1 rs12778366
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T/T genotipui, pastebétas didesnis kiekis SIRT1 nei esant C/C ar C/T geno-
tipams. T alelio daznis buvo didesnis pacientams, sergantiems krities véziu,
nei sveikiems asmenims [30]. SIRT1 rs12778366 geno polimorfizmas ser-
gantiems HA, miisy duomenimis, dar nickada netirtas.

1.6.1.1 pav. 10 chromosoma ir SIRT1 geno lokalizacija
(http://www.genecards.org/cgi-bin/carddisp.pl?gene=SIRT1)

1.6.2. FGFR2 rs2981582

Fibroblasty augimo faktoriaus receptorius 2 (FGFR2) priklauso FGFR
tirozino kinazés receptoriy Seimai ir dalyvauja tumorogenez¢je aktyvuota-
mas mitogeninius procesus, sukeldamas invazyvuma ir angiogeneze. Kai
vezinés lastelés ima iSskirti daugiau FGFR su pakitusiu ligando prisijun-
gimo specifiSkumu, FGF iSskirtas i§ Salia esanciy lasteliy gali stimuliuoti
vezines lasteles, sudarydamas parakrining kilpg [169]. Aktyvuojant FGFRs,
yra aktyvuojami jvairiis signaly perdavimo keliai, tokie kaip antiapoptozinis
fosfatidilinozitolio-3-kinazés (PI3K), mitogenais aktyvuojamo baltymo
(MAP), transkripcijos signalo perdavéjy ir transkripcijos (STAT) keliai,
kurie gali paskatinti vézio progresavima [170-174].

Padidéjusi FGFR2 raiska buvo nustatyta sergantiesiems slapimo pislés
[175] bei plauciy véziu [176]. O hepatoceliulinés karcinomos [177], pro-
statos vézio [178] atvejais nustatyta sumaze¢jusi FGFR2 raiska. FGFR2
rs2981582 geno polimorfizmas buvo tyrinéjamas sergantiesiems kriity [31-
34, 170, 179-184] ir prostatos véziu [185].

FGFR2 rs2981582 polimorfizmas buvo iSsamiai tyrinéjamas sergantie-
siems krities véziu, taciau duomenys islieka priestaringi. Ying Chen ir
bendraautoriai [32] nustaté, kad FGFR2 rs2981582 G/A ir A/A genotipai
yra susij¢ su mazesne krities vézio rizika. Salma Butt ir kolegos [31]
nustaté, kad FGFR2 rs2981582 A/A genotipas statistiSkai reikSmingai buvo
susijes su padidéjusia krities vézio rizika. Jingxuan Shan ir bendraautoriai
[34] taip pat nustaté, kad pacientams, turintiems FGFR2 rs2981582 A/A
genotipa, buvo padidéjusi kruties vézio rizika. Joanna Ledwon ir bendra-
autoriai [33] nustaté rs2981582 polimorfizmo rysji su sporadiniu ir pavel-
dimu kriities véziu.

FGFR2 rs2981582 geno polimorfizmo sasajos su HA pasaulyje iki Siol
dar nebuvo tirtos.
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1.6.2.1 pav. 10 chromosoma ir FGFR2 geno lokalizacija
(http://www.genecards.org/cgi-bin/carddisp.pl?gene=FGFR2)

1.6.3. STAT3 rs744166

Signalo perdavéjas ir transkripcijos veiksnys 3 (STAT3) yra aktyvuo-
jamas vézinése lastelése ir daugelyje imuniniy lasteliy naviko mikroaplin-
koje ir yra siejamas su navikiniy lgsteliy proliferacija, invazija, angiogeneze
[186-188]. Sie baltymai yra neaktyvis citoplazmoje ir yra aktyvuojami
fosforilinant tirozing, daZniausiai per su citokiny receptoriais susijusias
kinazes (JAKs) arba augimo veiksniy receptoriy tirozinokinazes. Fosfori-
linta STAT forma patenka j branduolj ir kartu su kitais transkripcijos veiks-
niais aktyvina transkripcija. Sveikose lastelese STAT aktyvintos formos
iSlieka nuo keliy minuciy iki keliy valandy, o vézinése lastelése STAT
iSlieka nuolat fosforilintos ar aktyvios formos [189, 190]. Manoma, kad
STAT3 dalyvauja naviky vystymesi aktyvinant genus, koduojanc¢ius apopto-
z¢s inhibitorius (Bcl-xL, Mcl-1), Iasteliy ciklo reguliatorius (ciklinai D1/D2,
c-Myc) ir angiogenezés aktyvatorius (KEAF) [191].

STATS3 svarba vystantis augliams buvo nagrinéta kolorektalinés karci-
nomos [192], hepatoceliulinés karcinomos [193], daugybinés mielomos
[194], glioblastomos [195], prostatos vézio [196], galvos ir kaklo vézio
[197] atvejais. Nustatyta padidéjusi STAT3 raiska augimo hormong sekre-
tuojanciose HA, palyginti su neaktyviomis HA [198].

STAT3 rs744166 geno polimorfizmas buvo tirtas tik sergantiesiems
skrandzio [35, 36], storosios zarnos [37] ir plauciy véziu [38], taCiau sgsajos
su HA iki Siol nebuvo tirtos.

1.6.3.1 pav. 17 chromosoma ir STAT3 geno lokalizacija
(http://www.genecards.org/cgi-bin/carddisp.pl?gene=STAT3)
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1.7. Serganciyju HA MMP-2 (-1306 C/T) ir
MMP-9 (-1562 C/T) genu polimorfizmai

Matrikso metaloproteinazés (MMP) tai yra nuo cinko priklausomos
endopeptidazés, dar kitaip vadinamieji matriksinai. MMP dalyvauja uzlas-
telinio matrikso ir bazinés membranos degradacijoje, yra susij¢ su augliy
invazyvumu, metastazavimu bei angiogeneze [12—18]. MMP yra skirstomos
1 SeSias grupes: kolagenazes, Zelatinazes, stromelizinus, matrilizinus, mem-
braninio tipo MMP ir kitas MMP [199]. MMP gamybg skatina daugelis
faktoriy: citokinai, augimo faktoriai, stresas, lgstelinis-ekstralgstelinis mat-
riksas, lastelés—lgstelés tarpusavio sgveika [19]. Manoma, kad yra keturi
MMP veikimo keliai: 1) MMP, keiCiant lgsteliy adhezinj fenotipa i ne adhe-
zinj bei suardant uzlgsteling erdve, veikia lasteliy migracija, 2) MMP keicia
uzlastelinés erdvés mikroaplinkg ribojant lasteliy proliferacija bei apoptoze,
3) MMP moduliuoja biologiSkai aktyvias molekules, skaldydamos arba
iSlaisvindamos jas i§ uzlastelinés erdvés, 4) MMP keicia proteaziy aktyvu-
ma, skaldydamos fermentus ar jy slopintojus [19]. Zinomi 24 skirtingi
genai, koduojantys MMP proteaziy raiska [200]. MMP raiskos aktyvumas
gali priklausyti nuo jvairiy geny polimorfizmo promotoriaus srityje, kai yra
pazeidziama transkripcijos faktoriy ar kity reguliaciniy elementy prisijun-
gimo vieta. Yra nustatyta, kad, jei MMP-2 (-1306 C/T) 1306 baziy poroje
citidinas pakeic¢iamas timino nukleotidu, promotorius praranda 50 proc.
aktyvumo [42]. Taip pat zinoma, kad ir MMP-9 (-1562 C/T) 1562 baziy
poroje citiding pakeitus timino nukleotidu pakinta promotoriaus aktyvumas.
C nukleotidg pakeitus j T sutrinka branduolio baltymy komplekso prisijun-
gimas prie DNR grandinés, jei yra T alelis. Nustatyta, kad jei C alelis
mutuoja | T, promotoriaus aktyvumas padidéja 1,5 karto [201].

Nustatyta, kad MMP-2 koduojantis genas yra 16 chromosomos ilgojo
peties 16q13-g21 regione (1.7.1 pav.).

1.7.1 pav. 16 chromosoma ir MMP-2 geno lokalizacija
(http://www.genecards.org/cgi-bin/carddisp.pl?gene=MMP2)

MMP-9 koduojantis genas yra 20 chromosomos ilgojo peties 20q11.2-
q13.1 regione (1.7.2 pav.).
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1.7.2 pav. 20 chromosoma ir MMP-9 geno lokalizacija
(http://www.genecards.org/cgi-bin/carddisp.pl?gene=MMP9)

Daugelio tyrimy duomenimis, nustatyta padidéjusi MMP-2 raiSka
jvairiy naviky metu, iskaitant kraties [202-207], plauciy [208], kolorektalinj
veézi [209], kasos karcinomg [210], skrandzio ir stemplés vézi [211-215].
Keliuose tyrimuose nustatyta padidéjusi raiska sergantiesiems glioma [216—
218]. Yra tik keli tyrimai, nagrin¢jantys MMP-2 raiSka sergantiesiems HA
[219-220], ir néra né vieno tyrimo, analizuojan¢io MMP-2 (-1306 C/T)
polimorfizma sergant HA. Tyrinétos MMP-2 (-1306 C/T) polimorfizmo
sasajos su jvairiais kitais navikais (plauciy, stemplés, skrandzio, kriity, kolo-
rektalinio, Slapimo piislés véziu, glioma), taciau rezultatai iSlieka kontrover-
siski [48-60].

Keliuose moksliniuose tyrimuose analizuota MMP-9 raiska HA [220-
222] bei prostatos ir skrandzio navikiniame audinyje [39, 40, 223]. Nusta-
tyta statistiSkai reikSmingai didesné MMP-9 raiska invazinése HA nei nein-
vazinése HA [219, 221, 224-227]. Kai kurie tyréjai nerado sasajy tarp
naviko invazyvumo ir MMP-9 raiSkos [228]. Keliuose tyrimuose ieskota
sgsajy tarp MMP-9 (-1562 C/T) geno polimorfizmo ir prostatos [39], kriities
[41, 40], skrandzio [42—44], kolorektalinio [45, 46] ir plauciy vézio [47].
Diana Schveigert ir kolegos nustaté, kad prostatos vézio atveju MMP-9
(-1562 C/T) polimorfizmas susijgs su vézio diferenciacijos laipsniu [39].
Morteza Sadeghi ir kolegos nustaté, kad C/C ir T/T genotipai lemia kriities
vézio invazyvumg ir metastazavimag [40]. Shuji Matsumura ir bendraautoriai
nustaté, kad T alelio buvimas susijes su skrandzio vézio progresavimu ir
invazyvumu japony populiacijoje [43]. Frank J.G.M. Kubben ir bendra-
autoriai nenustaté sgsajy tarp MMP-9 (-1562 C/T) polimorfizmo ir skran-
dzio vézio [44]. Mohammad Jafari ir bendraautoriai nustaté, kad T alelis
gali buti susij¢s su plauciy vézio progresavimu [47]. Li-Li Xing savo tyrime
nustaté, kad MMP-9 (-1562 C/T) polimorfizmas susij¢s metastazavimu |
limfmazgius sergantiesiems kolorektaliniu véziu [46].

Rezultatai islieka kontroversiski. Tyrimy, kuriuose buty tirta MMP-9
(<1562 C/T) geno polimorfizmo sasajos su HA iSsivystymu, iKki Siol néra
atlikta.
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1.8. FGFR2, SIRT1, STAT3, IL-17A ir MMP sasajos

Nustatytas rySys tarp padidéjusios FGFR raiSkos ir STAT3 fosfo-
rilinimo vézinése lgstelése. FGF sukeltas STAT3 aktyvavimas, fosforilinant
tirozing, reikalauja aukstos FGFR raiskos ir priklauso nuo su citokiny recep-
toriais susijusiy kinaziy (JAKs) arba Src onkogeny (baltymy tirozinkinaziy)
[174, 229]. STAT3 yra transkripcijos faktorius, ir kai tirozinas yra fosfori-
linamas, translokuojasi j branduolj, kur reguliuoja geny taikiniy transkrip-
cija. FGFR2 aktyvuoja STAT3, taip skatinama c-fos, c-myc ir JunB
baltymus koduojanciy geny (ankstyvo atsako transkripcijos faktoriai) raiska
ir lasteliy proliferacija [174, 230]. Hiperaktyvi STAT3 forma skatina
IL-17A gamybg CD4 lastelése [122]. STAT3 aktyvavimas padidina MMP,
ciklooksigenazés-2 (COX-2) ir angiopoetino-2 (Ang-2), nuo kuriy priklauso
navikiniy lgsteliy migracija, angiogenez¢é ir metastazavimas, raiskg [231].
Nustatyta, kad SIRT1 dalyvauja STAT3 acetilinime, slopina STAT3
fosforilinimg bei transkripcinj aktyvuma [232-234]. Taip pat Zinoma, kad,
esant padidéjusiam SIRT1 aktyvumui, slopinama MMP raiska [235].

Iki Siol néra né vieno klinikinéje praktikoje rutiniskai naudojamo
molekulinio Zymens, kuris bty siejamas su HA atsiradimu, invazyvumu,
pasikartojimu. Todél mes nusprendéme istirti dalyvaujancius bendruose
patogeneziniuose mechanizmuose ir turinius sgsajas su jvairiais Kkitais
navikais zymenis (MMP-2 rs243865, MMP-9 rs3918242, FGFR2 rs2981582,
SIRT1 rs12778366, STAT3 rs744166, 11-17A) bei Ki-67 PI sergantiesiems
HA. Tikimés, kad miisy tyrimo rezultatai padés suprasti HA patogenezg, o
ateityje diagnozuoti ir gydyti HA.
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2. TYRIMO METODIKA

Moksliniam medicininiam tyrimui atlikti gauti Kauno regioninio
biomedicininiy tyrimy etikos komiteto (Nr. P2-9/2003) ir Valstybinés
duomeny apsaugos inspekcijos (Nr. 2R-581) leidimai.

2.1. Tirtasis kontingentas

I tyrimg jtraukti asmenys, gydyti LSMU Akiy ligy, Neurochirurgijos ir
Endokrinologijos klinikose, kuriems diagnozuota HA, pasiras¢ informuoto
asmens sutikimo forma. Sis mokslinis tyrimas yra Lietuvos moksly tarybos
Nacionalinés mokslo programos ,,Mokslininky grupés® finansuojamo pro-
jekto ,,Hipofizés adenomos naujy molekuliniy prognostiniy zymeny paieska
ir sgsajos su regos funkcijomis* (MIP-008/2014) dalis.

Itraukimo kriterijai: pacientams HA diagnozé patvirtinta magnetinio
rezonanso tomografijos (MRT) tyrimu; sutikimas dalyvauti tyrime; amzius
> 18 mety; neserga kitu galvos smegeny ar kitos lokalizacijos augliu;
nenustatyta kity akiy ligy (glaukoma, didelio laipsnio refrakcijos ydos,
intensyvios optiniy terpiy drumstys, regos nervo ligos) detalaus oftalmo-
loginio patikrinimo metu.

Tyrimo metu suformuotos tiriamyjy grupés:

I grupé — oftalmologiskai istirti asmenys, sergantys HA (n=77) (154
akys). Tiriamyjy amzius buvo nuo 24 iki 83 mety. Tiriamuosius sudar¢ 34
(44,2 proc.) vyrai ir 43 (55,8 proc.) moterys. Sioje grupéje IL-17A istirtas
60 asmeny (77,9 proc.). Ki-67 PI nustatytas 69 asmenims (89,6 proc.).
Sergantieji HA pagal Ki-67 PI suskirstyti j tris grupes:

1. Ki-67 PI<1 proc.

2. Ki-67 PI =1 proc.

3. Ki-67 PI1>1 proc.

Kontroling grup¢ OKT rodmenims palyginti sudaré¢ 77 sveiki asmenys
(154 akys), 1 Munsell-Farnsworth 100 atspalviy atrinkimo ir kompiuterinio
ribinio spalvinio kontrastinio jautrumo tyrimo kontroling grupe¢ atrinkti 99
asmenys (198 akys), i funkcinio kontrastinio jautrumo tyrimo — 198
asmenys (396 akys). IL-17A kontroling grupe sudaré 64 asmenys.

Kontrolinés grupés sudarytos atsizvelgiant | amziaus ir lyties
pasiskirstyma serganc¢iyjy HA grupéje.
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Il grupé — pacientai, sergantys HA, kuriems istirtas MMP-2 rs243865
geno polimorfizmas (n=84).

Kontroling MMP-2 15243865 geno polimorfizmo grupg sudaré¢ 318
sveiki asmenys, atsizvelgiant | amziaus ir lyties pasiskirstyma serganciyjy
HA grupéje.

Il grupé — pacientai, sergantys HA, kuriems istirtas MMP-9 rs3918242
geno polimorfizmas (N=86).

Kontroling MMP-9 rs3918242 geno polimorfizmo grupe sudaré 526
sveiki asmenys, atsizvelgiant j amziaus ir lyties pasiskirstyma serganciyjy
HA grupéje.

IV grupé — pacientai, sergantys HA, kuriems istirtas FGFR2 rs2981582,
SIRT1 rs12778366 bei STAT3 rs744166 geny polimorfizmas (n=143).

Kontroling FGFR2 rs2981582, SIRT1 rs12778366 ir STAT3 rs744166
geny polimorfizmo grupe sudaré 808 sveiki asmenys, atrinkti atsizvelgiant j
amziaus ir lyties pasiskirstyma serganciyjy HA grupg¢je.

MMP-2 rs243865 ir MMP-9 rs3918242 geny polimorfizmo kontroliné
grupé buvo sudaryta i§ atsitiktinés Kauno miesto gyventojy imties, kuri
buvo surinkta LSMU Kardiologijos instituto Populiaciniy tyrimy labora-
torijai vykdant tarptautinij HAPIEE (Health, Alcohol and Psychosocial
Factors In Eastern Europe) projekta (Paesey, ir kt., 2006), CINDI
(Countrywide Integrated Non-communicable Disease Intervention) projekta
(Grabauskas, ir kt., 2003) bei projekta ,,Sveikas senéjimas‘.
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n=T77 (154 akys)
Kontroling grupé OKT
duomenims palyginti

n=99 (198 akys)

Kontroling grupe

F-M 100 ir RSKJ
duomenims palyginti

n=198 (396 akys)
Kontroling grupe FKJ
duomenims palyginti

n=T77 (154 akys)
(Igr)
Pacientai, sergantys HA,
istirti oftalmologiskai

n=6{
| gr. pacientai,
kuriems istirtas
IL-17A

n=69
| gr. pacientai,
kuriems istirtas
Ki-67 PI

n=84 (Il gr.)
Pacientai, sergantys HA,
kuriems istirtas
MMP-2 rs243865
geno polimorfizmas

n=318
Kontroliné grupe
MMP-2 rs243865
geno polimorfizmo
duomenims palyginti

n=86 (111 gr.)
Pacientai, sergantys HA,
kuriems istirtas
MMP-9 rs3918242
geno polimorfizmas

n=526
Kontroling grupe
MMP-9 53918242
geno polimorfizmo
duomenims palyginti

[

n=143 (IV gr.)
Pacientai, sergantys HA,
kuriems istirtas
FGFR2 52981582,
SIRT1 rs12778366,
STATS rs744 1606
geny polimorfizmas

n=808
Kontroliné grupé,
FGFR2 rs2981582,
SIRTI rs12778366,
STATS rs744166
geny polimorfizmo
duomenims palyginti

2.1.1 pav. Tirtieji pacientai
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2.2. Oftalmologinis iStyrimas

Oftalmologiniai tyrimai atlikti LSMU MA Akiy ligy klinikoje. Visiems
pacientams jvertintas geriausias koreguotas regos aStrumas ] tolj, naudojant
Landolto ziedus (C optotipus) Sneleno principu (tirta 5 metry atstumu)
desimtaine sistema. Biomikroskopu jvertinta voky, junginiy, ragenos, raine-
I¢s, lesiuko, stiklakiinio buklé. Tiriamyjy vyzdziams iSplésti vartotas 1 proc.
tropikamido tirpalas. Akiy dugnas tirtas naudojant monokulinj tiesioginj
oftalmoskopa ir plySing lempa, naudojant dvigubai asferini + 90 D lesi
(Volk, JAV). Atliktas statinés perimetrijos pilno regéjimo lauko tyrimas
(135 taSkai, 87 laipsniai temporaliai) Humphrey Field Analyser, Model 7451
aparatu (Carl Zeiss Meditec Inc. Dublin, CA, USA), taip pat funkcinis
kontrastinio jautrumo tyrimas, pagal dr. Arthur P. Ginsburg metodika
OPTEC 6500 aparatu, kompiuteriniai ribinio spalvinio kontrastinio jautru-
mo ir Munsell-Farnsworth 100 atspalviy atrinkimo tyrimai, optiné koheren-
tiné tomografija RS-3000 Advance aparatu (Nidec Co., Japan).

2.2.1. Funkcinis kontrastinio jautrumo tyrimas

Funkcinis kontrastinio jautrumo tyrimas (FKJT), naudojant skirtingo
kontrasto ir erdvinio daznio sinuso bangos groteles, atliktas pagal dr. Arthur
P. Ginsburg metodika OPTEC 6500 aparatu. Kontrastinis jautrumas ver-
tintas penkiais standartiniais erdviniais dazniais (1,5; 3,0; 6,0; 12,0; 18,0
ciklai / laipsnis) pagal devynias kontrastingumo pakopas. Cikly skaiCius
viename laipsnyje — tai besikeicianciy juody ir balty linijy (erdviniy dazniy)
skaiCius vieno laipsnio kampo regos lauke. Tyrimas atliktas esant geriau-
siam regos astrumui nakties (3 cd/m?) ir dienos (85 cd/m?) sglygomis, be
(su) akinancios Sviesos. Tyrimo metu pacientas turi apibudinti paskuting
matomg linijg kiekvienoje eil¢je (A, B, C, D ir E) ir pasakyti linijos krypti:
deSiné, vertikali, kairé. Paskutiné tikroji matoma linija kiekvienam erdvi-
niam dazniui pazymima kontrastinio jautrumo kreivéje. Kontrastinis jautru-
mas vertintas naudojant logaritming sistema.
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2.2.1.1 pav. Funkcinis kontrastinio jautrumo tyrimas, naudojant skirtingo
kontrasto ir erdvinio daznio sinuso bangos groteles

2.2.2. Spalvy juslés tyrimai

Farnsworth-Munsell 100 (F-M 100) atspalviy tyrimo metu reikia
sudélioti 88 vienodo Sviesumo ir sotumo visg atspalviy spektra apimancius
spalvinius pavyzdzius pagal atspalvi. Spalviniai pavyzdziai atsitiktine tvarka
rodomi kompiuterio ekrane. Rezultatas vertinamas suma skirtumy tarp
tiriamojo nustatyto ir turin€io biti toje vietoje spalvinio pavyzdélio
numerio. Vertinamas spalvy skyrimo laipsnis: labai geras — klaidy skaiCius
iki 20, normalus vidutinis — klaidy iki 100, sutrikusi spalvy juslé — klaidy
daugiau nei 100.
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2.2.2.1 pav. Farnsworth-Munsell 100 spalvy juslés tyrimas

Ribinio spalvinio kontrastinio jautrumo (RSKJ) testo metu pilko fono
skritulyje rodomas horizontalus arba vertikalus briksnys. Tyrimo metu rei-
kia nurodyti briikSnio kryptj. Jei spalva nurodoma teisingai, mazinamas
spalvos sodris ir kei¢iamas fono Sviesis. Jei kryptis nurodoma klaidingai,
padidinamas bruksnio spalvos sodris. Spalvy juslés tam tikrai spalvai
slenkstis nustatomas pagal pirma teisingg atsakyma po neteisingy atsakymy
serijos arba pirma neteisingg atsakyma po teisingy atsakymy serijos. Pa-
ciento spalvy juslés slenkstis — tai vidutinis spalvy juslés slenkstis visoms
bandytoms spalvoms.
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2.2.2.2 pav. Ribinio spalvinio kontrastinio jautrumo tyrimas

2.2.3. Optiné koherentiné tomografija

Tinklainés nerviniy skaiduly sluoksnis buvo vertinamas spektrinés opti-
nés koherentinés tomografijos (RS-3000 Advance Nidec Co., Japan) budu,
iSplétus vyzdzius 1 proc. tropikamido tirpalu. Akiy dugno vaizdai buvo
gauti konfokaliniu skenuojanciu lazeriu, naudojant 785 nm ilgio artimus
infraraudoniesiems spindulius. Tinklainés skersiniy pjuviy vaizdai gauti
optiniu interferometru naudojant infraraudonyjy spinduliy, kuriy bangos
ilgis 880 nm, Saltinj. Naudota ,,disk circle mode* programa. Jos metu akiy
dugnas yra skenuojamas cirkuliariai apie regos nervo diska tokia tvarka —
temporalin¢ dalis, virSutiné, nazalin¢ ir tada apatiné dalis. Nustatomas
peripapiliarinio TNSS vidutinis storis ir atskirai kiekvieno kvadranto storis.
Skenavimo krypties A-skenavimy kiekis: 1024.
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2.2.3.1 pav. Tinklainés nerviniy skaiduly sluoksnio storio pokyciy
sergant HA pavyzdys

2.3. Radiologiné duomeny analizé

HA magnetinio rezonanso tomografijos tyrimai atlikti 1,5 T MR skene-
riais (Siemens MAGNETOM Avanto, Philips ACHIEVA), naudojant galvos
ritg. MRT tyrimui atlikti taikytas standartinis hipofizés skenavimo protoko-
las, pries intraveninj kontrastavima atlieckant TIW seka Soninéje ir vaini-
kin¢je plokStumose, taip pat T2W/TSE seka vainikingje plokStumoje. Po
intraveninio kontrastinés medziagos susvirkstimo atlikta TIW seka vaini-
kinéje ir Soninéje plokstumose. Intraveniniam kontrastavimui naudota kont-
rastiné medziaga gadodiamidas (Omniscan 0,5 mmol/ml), kontrastinés
medziagos kiekj apskaiciuojant pagal paciento kiino mase.

T2W/TSE seka vainikinéje plokStumoje pasirinkta kaip optimali RNK
matuoti. IS gauty T2W/TSE sekos vainikinés plokstumos vaizdy isrinktas
pjuvis su optimaliai diferencijuojama RNK. RNK storis matuotas ties RNK
viduriu bei lateralinése kryzmeés dalyse. Ivertintos ir uzfiksuotos RNK
deformacijos ir signalo pakitimai. Taip pat iSmatuotas maziausias atstumas
tarp hipofizés naviko virSutinés ribos ir RNK. MRT duomeny analizé atlikta
retrospektyviai gydytojos radiologés S. Jakstienés.
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2.3.1 pav. Invazinés hipofizés adenomos pavyzdys

HA augimo ir invazijos pobuidziui jvertinti naudojome Hardzio klasifi-
kacija, modifikuota Vilsono [23], bei Knosp klasifikacija [236].

Hipofizés adenomu supra- bei paraseliarinio augimo HardZio
klasifikacija, modifikuota Vilsono:
Supraseliarinis augimas
A — plétimasis (augimas) ] supraseliaring cisterna,
B — obturuota trecio skilvelio priekiné kisené,
C - ryski trecio skilvelio dugno dislokacija.
Paraseliarinis augimas
D — intrakranijinis (intraduralinis):
1. jprieking dauba,
2. 1viduring dauba,
3. juzpakaling dauba.
E — augimas | akytajj antj ar po akytuoju anciu (ekstraduralinis).

Turkiabalnio dugno pazeidimas buvo klasifikuojamas j I-1V laipsnius:
| — turkiabalnis normalus ar lokaliai deformuotas; auglys <=10 mm.
I —turkiabalnis padidéjes; auglys >=10 mm.
111 — lokali turkiabalnio dugno perforacija.
IV — difuziné turkiabalnio dugno destrukcija.
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I, Il laipsnis — turkiabalnio dugnas nepazeistas ir tuomet HA
vertinome kaip neinvazing.
I11, 1V laipsnis — turkiabalnio dugnas pazeistas ir HA vertinta kaip
invazing.
HA invazijos | akytaji antj klasifikacija pagal Knosp:
0 — néra augimo link akytojo ancio.
1 — navikas stumia medialing akytojo ancio sienele, taciau neperauga
hipotetinés linijos tarp dviejy vidinés miego arterijos segmenty centry.
2 — navikas perauga hipoteting linijg tarp dviejy vidinés miego arterijos
centry, taciau neperauga hipotetinés linijos i§vestos per lateraling miego
arterijos sienele.
3 —navikas auga lateraliau vidinés miego arterijos.
4 — navikas visiSkai apsupa vidinés miego arterijos akytojo ancio
segmenta.
Pagal Knosp klasifikacija, tik 3 ir 4 laipsnio HA vertintos kaip inva-
zings.

2.4. Deoksiribonukleininés ruagsties i§skyrimas
ir geny polimorfizmy tyrimas

Visiems pacientams iS venos buvo imamas periferinis kraujas gene-
tiniams tyrimams atlikti. Deoksiribonukleininés rugsties (DNR) iSskyrimas,
hipofizés navikinio audinio molekuliniy ir kraujo imunogenetiniy Zymeny
tyrimai buvo atlickami LSMU Neuromoksly instituto Oftalmologijos bei
Neuroonkologijos ir genetikos laboratorijose, LSMU Laboratorinés medici-
nos klinikoje ir LSMU Patologinés anatomijos klinikoje. Imunogenetinius
tyrimus atliko genetiké A.Vilkevicituté. DNR bankas papildytas LSMU Neu-
romoksly instituto Neuroonkologijos ir genetikos laboratorijoje sukauptais
DNR meéginiais.

DNR iSskirti kraujas buvo surinktas j vakuuminius mégintuvélius su
EDTA (etilendiamintetraacetatu). Tyrimo0 metu naudota genominé DNR
buvo iSskirta i§ periferinio kraujo leukocity, naudojant Thermo Scientific
GeneJET Genomic DNA Purification Kit ir Thermo Scientific MagJET
Genomic DNA Kit DNR skyrimo rinkinius. Genominés DNR skyrimas
atliktas remiantis gamintojo rekomendacijomis.

DNR koncentracija iSmatuota spektrofotometru ,,Agilent Technologies,
Cary 60 UV - Vis“. DNR, RNR, oligonukleotidy ir mononukleotidy kiekis
nustatytas vandeniniuose tirpaluose, matuojant tirpalo absorbcija (optinj
tankj) ultravioletiniy bangy ilgyje. Nukleino riigStys nustatytos panaudojant
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260 nm bangos ilgio spindulius. Baltyminés tirpalo priemaiSos jvertintos
matuojant santykj bangos ilgiy prie 260 nm ir 280 nm.

Geny polimorfizmo tyrimas (MMP-2 rs243865, MMP-9 rs3918242,
SIRT1 rs12778366, FGFR2 rs2981582 ir STAT3 rs744166) buvo atliktas
naudojant tikro laiko grandininés polimerazés reakcijos (TL-PGR) metoda.

Genotipavimas buvo atliekamas TL-PGR gausintuvu ,,Rotor — Gene
Q“. MMP-2 rs243865, MMP-9 rs3918242, SIRT1 rs12778366, FGFR2
rs2981582 ir STAT3 rs744166 genotipuoti skirti rinkiniai, pradmenys ir
molekuliniai Zibukai buvo sukurti kompanijos ,,Applied Biosystems“. DNR
meginiai, laikyti —20° C temperatiiroje, buvo atSildyti ir nucentrifuguoti
pries atlieckant TL-PGR. Kiekvienai reakcijai buvo naudojama 1 pl matri-
cinés bandiniy DNR (~10 ng) ir 9 ul PGR reakcijos misinio, kurio sudétis
kiekvienam tiriamam polimorfizmui nurodoma 2.4.1 lenteléje. PGR vykdyta
pagal 2.4.2 lentel¢je aprasytas salygas.
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2.4.1 lentelé. TL-PGR miSinio paruoSimas MMP-2 rs243865, SIRT1 rs12778366, FGFR2 rs2981582, STAT3
rs744166 ir MMP-9 rs3918242 geny polimorfizmams nustatyti

Pradiné Galutiné MMP-2 SIRT1 FGFR2 STAT3 MMP-9
Reagentai koncent- | koncentracija | (rs243865) | (rs12778366) | (rs2981582) | (rs744166) | (rs3918242)
racija (taris 10 pl) | 1 pvz., pl 1 pvz., pl 1pvz.,pl | 1pvz,pl | 1pvz,pul
TagMan Universal Master Mix 1, no
UNG (,,Applied Biosystems®, Lietuva) 2X X > > > > >
Sterilus H,O (,,Thermo Fisher 3 3 3.5 3,5 3.5 3.5 2.8

Scientific, Lietuva)

»Applied Biosystems* genotipavimo
rinkinys (C_ 3225943 10 20X 1X 0,5 - - - -
(MMP-2 rs243865)

»Applied Biosystem* genotipavimo
rinkinys C_ 1340370 _10 - - - 0,5 - - -
(SIRT1 rs12778366)

»Applied Biosystem* genotipavimo
rinkinys C_ 2917302 10 - - - - 0,5 - -
(FGFR2 rs2981582)

»Applied Biosystem* genotipavimo
rinkinys C_ 3140282 10 - - - - - 0,5 -
(STAT3 rs744166)

Pirmaujancios sekos pradmuo,
,,Applied Biosystem*, UK
Atsiliekancios sekos pradmuo,
,,Applied Biosystem*, UK

VIC zymétas molekulinis Zibukas
,,Applied Biosystem*, UK

6 FAM zymétas molekulinis zibukas,
,,Applied Biosystem*, UK

10 pmol/ul| 0,16 pmol/ul - - - - 0,4

10 pmol/ul| 0,16 pmol/ul - - - - 0,4

20 pmol/ul| 0,4 pmol/ul - - - - 0,2

20 pmol/ul| 0,4 pmol/ul - - - - 0,2
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2.4.2 lentelé. Optimalios genotipavimo reakcijos sglygos, nustatant MMP-2 rs243865, MMP-9 rs3918242, SIRT1

rs12778366, FGFR2 rs2981582 ir STAT3 rs744166 genotipus tikro laiko PGR gausintuvu ,,Rotor Gene-Q““

Pradmeny sekos ir molekuliniai Zibukai PGR salygu protokolai
40 cikly:
MMP-2 rs243865 »Applied Biosystem* patentas. 95°C 10 min. 92 °C 15 sek.
60 °C 60 sek.
40 cikly:
SIRT1 rs12778366 »Applied Biosystem* patentas. 95°C 10 min. 92 °C 15 sek.
60 °C 60 sek.
40 cikly:
FGFR2 rs2981582 »Applied Biosystem* patentas. 95°C 10 min. 92 °C 15 sek.
60 °C 60 sek.
40 cikly:
STAT3 rs744166 »Applied Biosystem* patentas. 95°C 10 min. 92 °C 15 sek.
60 °C 60 sek.
F:5’-CAGATCACTTGAGTCAGAA-3’ (,,Applied Biosystem*, UK)
R: 5’-GGTGTAGTATCACTCTGTCA- 3’ (,,Applied Biosystem*®, UK) 40 cikly:
MMP-9 rs3918242 5 .FAM- T?GCGCACGCCTATAATACCA-MGBNFQ 3’ (,,Applied 95°C 10 min. 95 C 15 sek.
Biosystem*®, UK) 60 °C 60 sck
5’VIC-TGGCGCATGCCTATAATACCAGC-MGBNEFQ 3’ (,,Applied '
Biosystem*®, UK)

F — pirmaujanti seka, R — atsiliekanti seka.




Cycling A. Green

Metodas:

1.

W

PGR miSinys paruoSiamas 72 méginiams.

MiSinys iSpilstomas po 9 pl i 0,1 ml turio mégintuvélius, kurie yra
sujungti juostelémis po 4.

I 71 mégintuvélj jpilama po 1 pl DNR, o paskutiniajame mégin-
tuvélyje, kaip neigiama kontrolé, jpilama sterilaus vandens.
Meégintuveliai sudedami i specialy 72 mégintuvéliams skirtg diska.
Nustatoma programa vienam i§ polimorfizmy identifikuoti. Genoti-
puojant naudota Aleliy nustatymo programa (angl. Allelic Discri-
mination).

6.Pagal skirtingy detektoriy fluorescencijos intensyvumo santyki prog-

rama nustato individy genotipus. Tam tikri kanalai atpazjsta skirtingus
fluorescencinius dazus: ,,Yellow* kanalas atpazjsta VIC fluorescenci-
niais dazais Zymétus molekulinius zibukus, o ,,Green“- FAM
fluorescenciniais dazais Zymétus molekulinius zibukus (2.4.4.1 pav.).
Programai baigus darbg, gauti rezultatai naudojami statistiniams
skai¢iavimams atlikti.

. g

Cyeling A. Yellow

2.4.4.1 pav. Aleliy nustatymo programos rezultaty diagrama
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2.5. IL-17A koncentracijos kraujo serume nustatymas

Asmeny, serganciy HA, ir kontrolinés grupés asmeny IL-17A koncent-
racijai kraujo serume nustatyti buvo atlikta imunofermentiné analizé, naudo-
jant komercinj ELISA (angl. enzyme linked immunosorbent assay) rinkinj
pagal gamintojo pateikta protokola (,,ThermoFisher Scientific Human
IL17A ELISA Kit*). Tirpalai, skirti tyrimui atlikti, paruosti pagal gamintojy
protokolg. Kalibracinei kreivei nustatyti buvo paruosti zinomy IL-17A kon-
centracijy etaloniniai tirpalai: 2000 pg/ml, 1000 pg/ml, 500 pg/ml, 250
pg/ml, 125 pg/ml, 62,5 pg/ml, 31,25 pg/ml ir 0 pg/ml. [ sterilias 96 Sulinéliy
ELISA ploksteles (i kiekvieng Sulinéli) buvo jpilta po 50 uL biotinilinty
antikiiny. Etaloniniai tirpalai ir tiriamieji méginiai buvo iSpilstyti j Sulinélius
po 50 uL po du kartus. Uzdengta plokstelé inkubuota 2 valandas kambario
temperatiiroje ir 3 kartus plauta plovimo buferiu. | kiekvieng Sulinélj jpilta
po 100 uL streptavidino konjugato su krieny peroksidaze ir uzdengus inku-
buota 1 valandg. Kiekvienas Sulinélis ir vél 3 kartus plautas plovimo bufe-
riniu tirpalu. | kiekvieng Sulinélj, pridéjus substrato tirpalo, inkubuota 30
min. kambario temperatiiroje, reakcija vykdyta tamsoje. | kiekvieng Sulinélj
pridéjus po 100 uL reakcijos sustabdymo reagento, mélyna spalva pakito |
geltong. Absorbcija buvo matuota mikroploksteliy skaitytuvu esant 450 nm
ir 550 nm bangy ilgiams, o koncentracijai skai¢iuoti buvo naudojamas skir-
tumas tarp optiniy tankiy, esant Siems bangos ilgiams. Méginiy koncent-
racija buvo nustatoma naudojant etaloniniy junginiy kreive.

2.6. Ki-67 proliferacijos indekso nustatymas

Ki-67 PI nustatymas atliktas LSMU Patologinés anatomijos klinikoje
gydytojos patologés I. Gudinavic¢ienés. Darbe tirty biologiniy Zymeny balty-
my raiSka parafininiuose pjiviuose analizuota IHC tyrimo metodu naudo-
jant Ventana BenchMark XT dazymo automatg (Ventana Medical Systems,
Tucson, Arizona, JAV). Parafininiai pjiviai deparafinizuoti naudojant
Ventana deparafinizavimo reagenta. Antigeny epitopams atkurti naudotas
Ventana lasteliy kondicionavimo tirpalas (pH 8,4) — 100° C 60 min. Véliau
pjuviai inkubuoti monokloniniu antikiinu — 37° C 32 min. ir identifikuoti,
naudojant Ventana Iview DAB detektavimo sistemg. IHC reakcijos pabai-
goje pjuviai kontrastuoti Gillo hematoksilinu, po to melsvinti vandeninio
buferinio licio karbonato tirpalu ir uzdengti dengiamaisiais stikleliais.

Antikiinas Gamintojas Klonas Skiedimo santykis
Ki-67 Spring SP6 1:200
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Ki-67 PI yra teigiamai nusidaziusiy ir visy branduoliy santykis, iSreiks-
tas procentais (2.6.1 pav.).
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2.6.1 pav. Ki-67 teigiami branduoliai

2.7. Statistiné analizé

Statistiné duomeny analiz¢ atlikta naudojant statistinés programos paketa
,otatistical Package for the Social Sciences, version 23,0 for Windows*
(SPSS for Windows, 23,0 versija, JAV). Hipotezé apie matuojamy pozymiy
reik§miy normalyjj skirtinj tikrinta taikant Kolmogorovo-Smirnovo ir Sapiro-
Vilko testus. Tiriamiesiems pozymiams, turintiems normalyji skirstinj, buvo
taikomos Sios aprasomosios statistikos charakteristikos: vidurkis (standartinis
nuokrypis) arba vidurkis (x standartiné vidurkio paklaida). Tiriamiesiems
pozymiams, kurie netenkino normaliojo skirstinio kriterijy, buvo taikomos
Sios apraSomosios statistikos charakteristikos: mediana, minimali bei maksi-
mali reik§més, vidutinis rangas.

MMP-2 15243865, MMP-9 rs3918242, SIRT1 rs12778366, FGFR2
rs2981582 ir STAT3 rs744166 geny polimorfizmo pasiskirstymas Sergantie-
siems HA ir kontrolinés grupés asmenims Vvertintas pagal Hardzio-Vainber-

38



go pusiausvyros model; (http://www.oege.org/software/hwe-mr-calc.shtml).
Serganciyjy HA ir kontrolinés grupés MMP-2 rs243865, MMP-9 rs3918242,
SIRT1 rs12778366, FGFR2 rs2981582 ir STAT3 rs744166 geny polimorfiz-
mo pasiskirstymo homogeniSkumui palyginti taikytas x> ir Fisher Exact
testas, naudojant vienpuses ir dvipuses alternatyvas. Atlikus dvinarg logis-
ting regresing analizg, jvertintas galimybiy santykis (GS) HA pasireiksti,
atsizvelgiant j paveldéjimo modelius bei genotipy derinius. Si analiz¢ atlikta
ir atskiroms HA grupéms pagal HA invazyvumg bei pasikartojimg, nurodant
GS su 95 proc. patikimumo intervalu (PI). Pasirenkant geriausig paveldéji-
mo modelj buvo vertinamas Akaike informacinis kriterijus (AIC), kurio
maziausia verté nurodo tinkamiausig modelj. IL-17A koncentracijoms paly-
ginti skirtingose genotipy grupése, kai duomeny pasiskirstymas néra nor-
malus, taikyti neparametriniai Kruskalo-Voliso ir Mano-Vitnio U testai.
Statistinéms hipotezéms tikrinti pasirinkome kriterijaus reikSmingumo lyg-
menj 0,05. StatistiSkai reik§mingas skirtumas buvo nustatomas tada, kai
p reik§me < 0,05.
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3. REZULTATAI

3.1. HA charakteristikos

IStirti 77 pacientai — 43 moterys (55,8 proc.) ir 34 vyrai (44,2 proc.).
KeturiasdeSimt SeSiems pacientams (59,7 proc.) buvo diagnozuota invaziné
HA ir 31 pacientui (40,3 proc.) neinvaziné¢ HA. Atsinaujinusi HA nustatyta
12 pacienty (15,6 proc.).

Supraseliarinis augimo pobudis diagnozuotas 55 pacientams (71,4
proc.). HA supraseliarinio augimo laipsniai pagal Hardzio Kklasifikacija,
modifikuotg Vilsono, pateikti 3.1.1 lenteléje.

3.1.1 lentelé. Hipofizés adenomos supraseliarinio augimo laipsniai pagal
HardzZio klasifikacijq, modifikuotg Vilsono, pacienty, serganciyjy hipofizés
adenoma, grupéje

Supraseliarinio augimo laipsniai Pacienty skaicius, n (proc.)
0 22 (28,6)
A 25(32,5)
B 21 (27,3)
C 9(11,7)

Paraintrakranijinis augimas diagnozuotas tik 10 asmeny (13,0 proc.).
Parakaverninis augimas diagnozuotas 56 pacientams (73,7 proc.), tikroji
akytojo ancio invazija (3—4 laipsnis pagal Knosp klasifikacijg) nustatyta 26
pacientams (33,8 proc.), sergantiems HA (3.1.2 lentelé).

3.1.2 lentelé. Parakaverninio augimo laipsniai pagal Knosp klasifikacijg,
pacienty, serganciy hipofizés adenoma, grupéje

Parakaverninio augimo laipsniai Pacienty skaicius, n (proc.)
0 21 (27,3)
1 16 (20,8)
2 14 (18,2)
3 15 (19,5)
4 11 (14,3)
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Turkiabalnio dugno destrukcija (111-1V laipsnis) buvo diagnozuota 40
pacienty, serganc¢iy HA (51,9 proc.) (3.1.3 lentelé).

3.1.3 lentelé. Pacienty, serganciy hipofizés adenoma, turkiabalnio dugno
pazeidimas (sfenoidalinis augimas) pagal Hardzio klasifikacijq, modifikuotq
Vilsono

Turkiabalnio dugno paZeidimo laipsniai Pacienty skaicius, n (proc.)
0 33,9
I 10 (13)
I 24 (31,2)
Il 25(32,5)
v 15 (19,5)

Keturiasdesimt septyniems pacientams (61 proc.) nustatyta RNK defor-
macija MRT tyrimo biidu. RNK signalo poky¢iai rasti 13 pacienty, sergan-
¢iy HA (16,9 proc.).

3.2. Regos nervo kryZmeés charakteristikos

RNK ir jos santykis su HA buvo nustatomi jvertinant 73 serganciyjy
HA MRT nuotraukas. Keturiy nuotrauky nebuvo galima jvertinti dél blogos
MRT kokybés.

Nustatyta deSinés pusés RNK auks¢io mediana 2,0 mm (min — 0,1;
maks — 3,7), kairés pusés 2,0 mm (min — 0; maks — 4,0), vidurinés dalies
1,7 mm (min — 0,1; maks — 3,7). Atstumo tarp HA ir RNK mediana 0 mm
(min — 0; maks — 7,6). RNK storio skirstiniai statistiskai reikSmingai skyrési
pacientams, kuriems nustatytas supraseliarinis HA augimas, ir ty, kuriems
nebuvo supraseliarinio HA augimo, grupése (p < 0,001) (3.2.1 lentelé).

3.2.1 lentelé. Regos nervo kryzmés aukstis pacienty, serganciy hipofizés
adenoma su ir be supraseliarinio augimo, grupése

Regos nervo HA su supraseliariniu HA be supraseliarinio | p reikSmé*
kryZmé augimu: mediana (min; augimo: mediana (min;
maks); vidutinis rangas maks), vidutinis rangas
Desiné puse 1,7 (0,1;3,6); 60,81 2,6 (1,3;3,7); 112,28 <0,001
Vidurin¢ dalis 1,6 (0,1;3,4); 64,25 2,2 (1,1;3,7); 101,78 <0,001
Kairé pusé 1,7 (0;3,6); 60,63 2,8(1,8;3,7); 112,83 <0,001

*Mano-Vitnio U testas.

41



3.3. Serganciyjuy HA regos astrumo ir akiplocio pokyciai

Nustatytas geriausio koreguoto regos astrumo (GKRA) vidurkis sergant
HA 0,76 £ 0,33; mediana 0,95 (min 0; maks 1,0). GKRA skirstiniai, sergan-
tiems HA su supraseliariniu plitimu (vidutinis rangas 71,40) ir be suprase-
liarinio plitimo (vidutinis rangas 92,76) skyrési statistiskai reik§mingai (p =
0,004). Buvo nustatyta silpna teigiama koreliacija tarp RNK deSinés pusés,
vidurio bei kairés pusés aukscio ir GKRA (r = 0,349; 0,276; 0,307; p <
0,001).

Akiplotis be pakitimy buvo nustatytas 82 akyse (53,2 proc.), 13 akiy
(18,4 proc.) diagnozuota daliné temporaliné hemianopsija (akiplotis susiau-
réjes < 87° 1§ lateralinés pusés, defektas nesiekia vertikalaus meridiano), 51
akyje (33,1 proc.) — pilna temporaliné hemianopsija (akiplotis susiauréjes
87° 18 lateralinés pusés, defektas siekia vertikalyjj meridiang) ir 6 akyse (3,9
proc.) nustatytas koncentriskai susiauréjes akiplotis. Dvi akys neistirtos dél
potrauminio aklumo.

3.4. Serganc¢iyju HA TNSS pokyciai

Kontroling grupe OKT rodmeny palyginimui sudaré 77 asmenys (154
akys). Demografinés pacienty, serganciy HA, ir sveiky asmeny charakteris-
tikos pateiktos 3.4.1 lenteléje.

3.4.1 lentelé. Pacienty, serganciy hipofizés adenoma, ir oftalmologiskai
sveiky asmeny demografinés charakteristikos

Grupé
Veiksniai HA Kontroliné grupé p reik§me
(n=77) (n=77)
Vyrai, n (proc.) 34 (44,2) 24 (31,2) SSN
Moterys, n (proc.) 43 (55,8) 53 (68,8) SSN
Amzius, mediana 50,0 49,5 SSN

SSN — skirtumas statistiS$kai nereik§mingas.
Nustatytas statistiSkai reikSmingai suplonéjes prieSoperacinis TNSS

sluoksnis apie RND visuose keturiuose kvadrantuose pacientams, sergan-
tiems HA, palyginti su kontroline grupe (3.4.2 lentel¢).
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3.4.2 lentelé. TNSS pokyciai sveiky asmeny It pacienty, serganciy hipofizés

adenoma, grupése

Kontroliné grupé: Pacientai, sergantys HA:
OKT mediana (min; maks); | mediana (min; maks); . 13 -
A S reikSmé
vidutinis rangas vidutinis rangas

Temporalinis 70 (50; 91); 184,74 60 (16; 109); 120,63 <0,001
kvadrantas
Virsutinis kvadrantas 130 (102; 197); 179,41 119 (47; 178); 126,07 <0,001
Nazalinis kvadrantas 84 (56; 111); 176,68 71 (25; 132); 128,85 <0,001
Apatinis kvadrantas 132 (100; 169); 181,50 118 (44; 159); 123,93 <0,001

*Mano-Vitnio U testas.

Nustatéme statistiSkai reikSmingai suplonéjusj visy kvadranty TNSS
pacientams, turintiems akiplo¢io defekty (pilna, daling hemianopsija ar
koncentriskai susiaur¢jusj akiplotj), palyginti su pacientais, kuriems nebuvo
akiplocio defekty (p < 0,001). TNSS storio skirstiniai apie RND pasikarto-
janc¢iy HA ir nepasikartojanciy HA grupése statistiskai reikSmingai skyrési
tik temporaliniuose ir nazaliniuose kvadrantuose (3.4.3 lentel¢).

3.4.3 lentelé. Tinklainés nerviniy skaiduly sluoksnio storio pokyciai pacien-
ty, serganciy pasikartojancia ir nepasikartojancia hipofizés adenoma, gru-

pése
Pasikartojanti HA: Nepasikartojanti HA;
TNSS storis, pm mediana (min; maks); | mediana (min; maks); . 13 -
AR S reikSmé
vidutinis rangas vidutinis rangas
Temporalinis 47 (16;87); 54,67 61 (61;29); 80,03 0,009
kvadrantas
Virsutinis kvadrantas 111 (70;158); 64,33 122 (47;178); 78,20 SSN
Nazalinis kvadrantas 62,5 (29;126); 59,00 74 (25;132); 79,21 0,038
Apatinis kvadrantas 113 (71;149); 60,00 120 (44;159); 79,02 SSN

*Mano-Vitnio U testas. SSN — skirtumas statistiskai nereik§mingas.

TNSS storio skirstiniai statistiS$kai reikSmingai skyrési tik temporalinia-
me kvadrante pacientams, kuriems pasireiské supraseliarinis HA augimas ir
kuriems nebuvo supraseliarinio HA augimo (3.4.4 lentelé).
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3.4.4 lentelé. Tinklainés nerviniy skaiduly sluoksnio storis pacienty, ku-
riems pasireiské supraSeliarinis hipofizés adenomos augimas ir kuriems
nebuvo supraseliarinio augimo, grupése

TNSS storis, pm

HA su supraseliariniu
augimu

HA be supraseliarinio
augimo

p reikSmé

Virsutinis kvadrantas

117,45 (24,340)
Vidurkis, (standartinis
nuokrypis)

118,67 (21,644)
Vidurkis, (standartinis
nuokrypis)

SSN*

Temporalinis kvadrantas

68,63; 54 (16; 109)
Vidutinis rangas;
mediana (min; maks)

94,50; 68 (22; 94)
Vidutinis rangas;
mediana (min; maks)

0,001**

Apatinis kvadrantas

94,50; 117 (67; 159)
(vidutinis rangas,
mediana; min; maks)

82,57; 120 (44; 155)
(vidutinis rangas;
mediana, min; maks)

SSN**

Nazalinis kvadrantas

70,10 (20,666)
Vidurkis (standartinis
nuokrypis)

74,28 (23,080)
Vidurkis (standartinis
nuokrypis)

SSN*

*Stjudento t testas. **Mano-Vitnio U testas. SSN — skirtumas statistiskai nereikSmingas.

TNSS storio skirstiniy analizé, atlikta atsizvelgiant | supraseliarinio
augimo laipsnj, parodé temporalinio TNSS kvadranto suplonéjima lyginant
0 ir B grupes (p =0,009), 0ir C (p <0,001), AirC(p<0,001),BirC(p<

0,001) (3.4.5 lentelé).

3.4.5 lentelé. Pacienty, serganciy hipofizés adenoma, tinklainés nerviniy
skaiduly sluoksnio kvadranty storis, priklausomai nuo supraseliarinio augi-

mo laipsniy

TNSS TNSS TNSS TNSS

Supraseliarinis augimas | temporalinis | virSutinis nazalinis apatinis
(Hardzio klasifikacija, | kvadrantas | kvadrantas | kvadrantas | kvadrantas

modifikuota Vilsono) Mediana Mediana Mediana Mediana
(min; maks) | (min; maks) | (min; maks) | (min; maks)
0 68 (22;94) | 124 (60; 164) | 74 (25; 132) | 120 (44; 155)
A 63 (16; 109) | 122 (70; 178) | 73 (29; 126) | 119 (67; 159)
B 59 (19;91) | 118 (47;167) | 67,5 (33; 109) | 117 (71, 156)
Cc 45 (21;54) | 110 (61; 162) | 64 (35;101) | 115 (84; 149)

Nustatyta stipriausia temporalinio kvadranto TNSS storio koreliacija su
atstumu tarp RNK ir HA (r = 0,401, p < 0,001), koreliacija su virSutiniu,
nazaliniu, apatiniu TNSS kvadrantais buvo silpna (r = 0,079; 0,074; 0,113)

ir statistiskai nepatikima (p = 0,351; 0,380; 0,180).
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RNK aukstis statistiSkai patikimai koreliavo su TNSS visy kvadranty
storiu (p < 0,05) (3.4.6 lentele).

3.4.6 lentelé. Regos nervo kryzmés aukscio ir tinklainés nerviniy skaiduly
sluoksnio storio sgsajos

RNKA RNKA RNKA
TNSS ve s . Sy . . . . .
deSinés pusés | vidurinés dalies | kairés pusés
Temporalinis Koreliacijos 0,540 0,393 0,530
kvadrantas koeficientas
p reikS§mé <0,001 <0,001 <0,001
Virsutinis Koreliacijos 0,346 0,320 0,341
kvadrantas koeficientas
p reikSmé <0,001 <0,001 <0,001
Nazalinis Koreliacijos 0,243 0,187 0,240
kvadrantas koeficientas
p reikSmé 0,003 0,025 0,004
Apatinis Koreliacijos 0,321 0,256 0,343
kvadrantas koeficientas
p reikSmé <0,001 0,002 <0,001

3.5. Serganc¢iyju HA Munsell-Farnsworth 100 atspalviu atrinkimo
ir ribinio spalvinio kontrastinio jautrumo tyrimo rezultatai

F-M 100 ir RSKJ tyrimai atlikti 67 asmenims. 10 asmeny tyrimai
neatlikti, kadangi nesuprato tyrimy, atsisaké tirtis ar pavargo. I kontroling
grupe atrinkti 99 sveiki asmenys (198 akys).

Nustatéme vidutinj klaidy skaiciy F-M 100 kontrolinéje grupéje — 87,39
(24,106), serganciyjy HA — 201,95 (106,071). F-M 100 tyrimo rezultatai
pasiskirsté nuo 28 iki 148 klaidy sveiky tiriamyjy grupéje, o pacienty, ser-
ganCiy HA, nuo 6 iki 608 klaidy. RSKJ tyrime vidutinis klaidy skai¢ius
sveiky asmeny grupéje — 1,33 (0,649), serganciy HA — 3,806 (3,425). RSKJ
tyrimy rezultatai sveiky tiriamyjy grupéje pasiskirsté nuo 0,26 iki 3,5, o
pacienty, sergan¢iy HA, nuo 0,66 iki 18,36. Tyrimy rodmenys buvo statis-
tiSkai reikSmingai geresni oftalmologiskai sveiky pacienty nei serganc¢iy HA
(p <0,001) (3.5.1 lentele).
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3.5.1 lentelée. Farnsworth-Munsell 100 azspalviy ir ribinio spalvinio kont-
rastinio jautrumo tyrimy duomenys oftalmologiskai sveiky asmeny ir pa-
cienty, serganciy hipofizés adenoma, grupése

Klaidy skaicius sergan¢iyjy | Klaidy skaitius kontrolinéje
. HA grupéje (n=67, 134 akys) | grupéje (n=100, 198 akys) -
Tyrimas Vidutinis rangas, mediana Vidutinis rangas, mediana p verte
(min; maks) (min; maks)
F-M 100 242,94; 186 (6; 608) 113,87; 88,00 (28;148) <0,001
RSKJ 235,24; 2,735 (0,66; 18,36) 116,21; 1,230 (0,26; 3,5) <0,001

*Mano-Vitnio U testas.

Nenustatyta statistiskai reikSmingy SKJ poky¢iy palyginus pacientus,
sergancius invazine ir neinvazine HA (p = 0,49), taciau nustatytas statistis-
kai reikSmingai didesnis klaidy skaicius atlickant F-M 100 tyrimg (p =
0,041) (3.5.2 lentelé).

3.5.2 lentelé. Farnsworth-Munsell 100 ir ribinio spalvinio kontrastinio jaut-
rumo tyrimy duomenys pacienty, serganciy invazine ir neinvazine hipofizes

adenoma, grupése

Klaidy skaicius serganciujy | Klaidy skai€ius serganciyju
Tvrimas invazyvine HA grupéje neinvazine HA grupéje reik§me*
y Vidutinis rangas, Vidutinis rangas, P
mediana (min; maks) mediana (min; maks)
F-M 100 72,26; 216 (68;608) 58,44; 160 (6;388) 0,041
RSKJ 65,41; 3,05 (76;18,36) 60,87; 3,31 (1,36;17,5) SSN

*Mano-Vitnio U testas. SSN — skirtumas statistiS$kai nereik§mingas.

Nustatytas statistiSkai reikSmingas klaidy skaiciaus skirtumas tarp
serganciyjy supraseliarinio augimo HA ir HA be supraseliarinio augimo
RSKJ tyrimo metu (p < 0,001), o F-M 100 atveju skirtumas nebuvo statis-
tiskai reikSmingas (p = 0,126) (3.5.3 lentele).
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3.5.3 lentelé. Farnsworth-Munsell 100 ir ribinio spalvinio kontrastinio
jautrumo #yrimy duomenys pacienty, serganciy hipofizés adenoma su
supraseliariniu hipofizés adenomos plitimu ir be supraseliarinio plitimo,

grupése

Tyrimas | Klaidy skaicius, nustatytas | Klaidy skaifius, nustatytas | p reik§mé*
sergantiems supraseliarinio sergantiems HA
plitimo HA be supraseliarinio plitimo
Vidutinis rangas, Vidutinis rangas,
mediana (min; maks) mediana (min; maks)
F-M 100 69,86; 194 (6; 608) 58,78; 148 (40; 432) SSN
RSKJ 73,95; 3,085 (0,76; 18,36) 39,29; 1,835 (0,66; 11,87) <0,001

*Mano-Vitnio U testas. SSN — skirtumas statistiskai nereikSmingas.

Nenustatyta statistiSkai reikSmingo klaidy skai¢iaus skirtumo tarp pasi-
kartojan¢ios HA grupés ir nepasikartojancios HA RSKJ tyrimo metu (p =
0,72), o F-M 100 atveju nustatytas statistiSkai reikSmingas skirtumas (p =
0,03) (3.5.4 lentele).

3.5.4 lentelé. Farnsworth-Munsell 100 ir ribinio spalvinio kontrastinio jaut-
rumo tyrimy duomenys pacienty, serganciy pasikartojancia ir nepasikar-
tojancia hipofizés adenoma, grupése

Tyrimas Klaidy skaicius, Klaidy skaicius, p reik§mé*
nustatytas sergantiems nustatytas sergantiems
pasikartojancia HA nepasikartojancia HA
Vidutinis rangas; Vidutinis rangas;
mediana (min; maks) mediana (min; maks)
F-M 100 84,72; 216 (112; 440) 63,62; 162 (6; 608) 0,03
RSKJ 66,33; 3,18 (1,35; 8,52) 63,03; 2,695 (0,66; 18,36) SSN

*Mano-Vitnio U testas. SSN — skirtumas statistiskai nereikSmingas.

3.6. Serganc¢iyju HA funkcinio kontrastinio jautrumo poky¢iai

FKJ tyrimas atliktas 77 asmenims (154 akys), sergantiems HA, ir paly-
gintas su 396 sveiky asmeny akiy FKJ duomenimis. Siame tyrime rodmenys
perskaiciuoti i logaritmus.

Tyrimo rezultatai pateikiami 3.6.1-3.6.4 pav.
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3.6.1 pav. Funkcinio kontrastinio jautrumo #yrimy, atlikty dienos
sqlygomis be akinancios Sviesos, rodmenys pacientams, sergantiems
hipofizés adenoma, ir kontrolinés grupés asmenims

Nustatytas statistiskai reikSmingas FKJ sumazéjimas 1,5, 3, 6, 12, 18
erdviniuose dazniuose (ciklai / laipsnis) (p < 0,001) sergantiesiems HA die-
nos salygomis be akinancios §viesos.
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3.6.2 pav. Funkcinio kontrastinio jautrumo tyrimy, atlikty dienos sqlygomis
su akinancia Sviesa, rodmenys pacientams, sergantiems hipofizés adenoma,
ir kontrolinés grupés asmenims
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Sergantiesiems HA nustatytas statistiskai reikSmingas FKJ sumazéjimas
1,5, 3, 6, 12, 18 erdviniuose dazniuose (ciklai / laipsnis) (p < 0,001) dienos

salygomis su akinancia Sviesa.
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3.6.3 pav. Funkcinio kontrastinio jautrumo #yrimy, atlikty nakties sqlygomis
be akinancios $viesos, rodmenys pacientams, sergantiems hipofizés
adenoma, ir kontrolinés grupés asmenims

Sergantiesiems HA nustatytas statistiskai reikSmingas FKJ sumazéjimas
1,5, 3, 6 ir 12 erdviniuose dazniuose (ciklai / laipsnis) (p < 0,001) nakties

salygomis be akinancios $viesos.
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3.6.4 pav. Funkcinio kontrastinio jautrumo tyrimy, atlikty nakties sqlygomis
su akinancia sviesa, rodmenys pacientams, sergantiems hipofizés adenoma,
ir kontrolinés grupés asmenims
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Sergantiesiems HA nustatytas statistiskai reikSmingas FKJ sumazéjimas
1,5, 3, 6 ir 18 erdviniuose dazniuose (ciklai / laipsnis) (p < 0,05) nakties sa-
lygomis su akinancia $viesa.

Palyginome FKJ tyrimo rezultatus pacienty, serganciy HA su suprase-
liariniu plitimu ir be supraseliarinio plitimo. Tyrimo rezultatai pateikiami
3.6.5-3.6.8 pav.

2
=

—
h
L

e
N
1

Kontrastinis jautrumas (log)
=]

_—
=
N

Erdvinis Erdvinis Erdvinis Erdvinis Erdvinis
daznis 1,5 daznis 3 daznis 6 daznis 12 daZnis 18

Erdviniai daZzniai (ciklai / laipsnis)

|lSupraselian'ni5 augimas  [Be supraseliarinio augimo |

3.6.5 pav. Funkcinio kontrastinio jautrumo tyrimy atlikty dienos sqglygomis
be akinancios $viesos, rodmenys pacientams, sergantiems hipofizés
adenoma su supraseliariniu augimu ir be supraseliarinio augimo

Nustatytas statistiSkai reikSmingas FKJ sumaz¢jimas 1,5, 3, 6, 12 ir 18

erdviniuose dazniuose (ciklai / laipsnis) (p < 0,05) sergantiesiems suprase-
liarinio augimo HA dienos saglygomis be akinanc¢ios $viesos.
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3.6.6 pav. Funkcinio kontrastinio jautrumo tyrimy, atlikty dienos sqglygomis
SU akinancia Sviesa, rodmenys pacientams, sergantiems hipofizés adenoma
su ir be supraseliarinio augimo

Sergantiesiems supraseliarinio augimo HA statistiSkai reikSmingai
sumazejo FKJ tyrimo, atlikto dienos saglygomis su akinanc¢ia Sviesa, rezul-
tatai 1,5, 3, 6, 12 ir 18 erdviniuose dazniuose (ciklai / laipsnis) (p < 0,05).
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3.6.7 pav. Funkcinio kontrastinio jautrumo tyrimy, atlikty nakties sqlygomis
be akinancios $viesos, rodmenys pacientams, sergantiems hipofizés
adenoma su ir be supraseliariniu augimo
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FKJ tyrimo rezultatai statistiSkai reikSmingai sumaz¢jo 1,5, 3 ir 6 erdvi-
niuose dazniuose (ciklai / laipsnis) (p < 0,05) sergantiesiems supraseliarinio
augimo HA nakties salygomis be akinanc¢ios §viesos.
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3.6.8 pav. Funkcinio kontrastinio jautrumo tyrimy, atlikty nakties sqlygomis
su akinancia Sviesa, rodmenys pacientams, sergantiems hipofizés adenoma
su ir be supraseliariniu augimo

FKIJ tyrimo rezultatai statistiSkai reikSmingai sumaz¢jo 1,5, 3, 6, 12 ir
18 erdviniuose dazniuose (ciklai / laipsnis) (p < 0,001) sergantiesiems
supraseliarinio augimo HA nakties salygomis su akinancia $viesa.

3.7. Serganc¢iyju HA KI-67 proliferacijos indeksas

Istirti 69 hipofizés adenomos audinio méginiai. Dalies pacienty naviki-
nio audinio nepavyko istirti, kadangi buvo per mazas audinio kiekis, nu-
statyta navikinio audinio nekroz¢, nepavyko paimti audinio operacijos metu.
Ki-67 PI istirtas 37 moterims (53,6 proc.) ir 32 vyrams (46,4 proc.). Nenu-
statyta statistiSkai reikSmingy Ki-67 PI skirtumy tarp vyry ir motery (p =
0,092).

Ki-67 PI < 1 proc. nustatytas 34 pacientams (49,3 proc.), sergantiems
HA, Ki-67 PI 1 proc. — 17 asmeny (24,6 proc.), Ki-67 PI > 1 proc. — 18
pacienty (26,1 proc.). Nustatyta, kad Ki-67 PI statistiskai reik§mingai
priklauso nuo HA invazyvumo (p = 0,039), taciau nenustatyta Ki-67 PI sa-
sajy su pasikartojimu (p = 0,6) ir HA augimo kryptimi (p > 0,05) (3.7.1 len-
tele).
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3.7.1 lentelé. Ki-67 proliferacijos indeksas HA navikiniame audinyje,
atsizvelgiant j hipofizés adenomos augimo pobiidj

- - >
Augimo pobadis Ki-67 P(In; 1 proc. Ki-67 P(Ins 1 proc. p verté*

Supraseliarinis Taip 24 26 SSN

augimas Ne 10 9

Parakavernozinis | Taip 10 15 SSN

augimas Ne 24 20

Sfenoidalinis Taip 16 21 SSN

augimas Ne 18 14

**Stjudento t testas.

SSN — skirtumas statistiskai nereik§mingas.

3.8. Serganciyju HA IL-17A koncentracija kraujo serume

Tiriant IL-17A koncentracijos skirtumus HA (n=60) ir kontrolingje
grup¢je (n=64) bei atskirose HA skirtingo augimo pobiudzio grupése,
Nustatyta statistiskai reikSmingai didesné citokino IL-17A koncentracija pa-
cienty, serganCiy HA, kraujo serume palyginti su sveiky asmeny grupe
(minimali reik§mé / mediana / maksimali reik§mé: 1,95/42,12/76,80 pg/ml
vs. 0,39/8,19/74,57, p < 0,001) (3.8.1 lentel¢), taciau, lyginant atskiras HA
grupes, skirtumy nenustatyta (p > 0,05) (3.8.2 lentelé).

3.8.1 lentelé. 1L-17A koncentracijos kraujo serume pacienty, serganciy
hipofizés adenoma, ir sveiky asmeny grupéje, atsizvelgiant j hipofizés
adenomos augimo pobiidj

HA augimo . IL-17A koncentracija (pg/ml) -

pobiudis Grupé (n) min/mediana/maks p verte
Invaziné (29) 1,95/42,12/76,80

Invazyvumas - — SSN
Neinvaziné (25) 3,10/42,12/76,80
. B Pasikartojanti HA (5) 1,95/42,12/76,80

Pasikartojimas - — SSN
Nepasikartojanti HA (49) 3,10/42,12/76,80

Supraseliarinis | Yra (38) 1,95/42,12/76,80 SSN
augimas Neéra (16) 4,29/39,95/55,12

Parakavernozinis | Yra (18) 1,95/44,29 /76,80 SSN
augimas Néra (36) 3,10/41,04/76,80

Parasfenoidalinis | Yra (24) 1,95/42,12/76,80 SSN
augimas Néra (30) 3,10/42,12/76,80

*Mano-Vitnio U testas. SSN — skirtumas statistiskai nereikSmingas.
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3.9. Serganc¢iyjy HA geny polimorfizmy pokyciai

3.9.1. Serganciyjy HA MMP-2 (-1306 C/T) geno polimorfizmo
poky¢iai

[sanalizavus 87 pacienty, sirgusiy HA, MMP-2 (-1306 C/T) rs243865
geno polimorfizma, ir palyginus su 318 sveiky asmeny polimorfizmu, nenu-
statyta statistiSkai reikSmingy skirtumy pagal genotipy (C/C, C/T ir T/T)
pasiskirstyma (atitinkamai 50 proc., 44 proc., 6 proc. vs. 59,75 proc., 33,96
proc., ir 6,29 proc.). MMP-2 (-1306 C/T) C/T genotipas statistiSkai reiks-
mingai dazniau buvo nustatytas moterims, sergan¢ioms HA, nei sveikoms
moterims: 33,66 proc. vs. 49,1 proc.; p = 0,041. Atlikus dvinar¢ logisting
regresing analizg¢, nustatyta, kad genotipai nebuvo statistiSkai reikSmingi
prognozuojant galimybe susirgti HA, lyginant pacientus, serganCius HA, ir
sveikus asmenis.

Nustatéme, kad MMP-2 (-1306 C/T) C/T genotipas, palyginti su C/C
genotipu, didino neinvazyvios hipofizés adenomos galimybe¢ 3 kartus, paly-
ginti su C/C + T/T genotipais — 2,8 karto, 0o MMP-2 (-1306 C/T) C/T + T/T
genotipai, palyginti su C/C genotipu, $ig galimybe didino 2,7 karto.

Kiti MMP-2 (-1306 C/T) geno polimorfizmo analizés rezultatai aprasyti
misy straipsnyje Role of MMP-2 (-1306 C/T) Polymorphism in Pituitary
Adenoma. Scientifica. 2016; 2016: 2839697.

3.9.2. Sergan¢iyju HA MMP-9 (-1562 C/T) geno polimorfizmo

poky¢iai

Istyréme 86 pacienty, serganciy HA, MMP-9 (-1562 C/T) rs3918242
geno polimorfizmg ir palyginome su 526 sveiky asmeny geno polimor-
fizmu.

MMP-9 genotipy ir aleliy dazniai sveiky asmeny grupése atitiko
Hardzio-Vainbergo désnj (p > 0,05), o pacienty, serganc¢iy HA, neatitiko (p
< 0,05). Atlikus MMP-9 (-1562 C/T) geno polimorfizmo analizg, nustatytas
statistiSkai reikSmingas skirtumas pagal genotipy pasiskirstyma, tarp
pacienty, serganc¢iy HA, ir sveiky asmeny (p = 0,003). C/C genotipas statis-
tiSkai reikSmingai dazniau buvo nustatytas pacientams, sergantiems HA, nei
sveikiems asmenims (81,4 proc. vs. 64,6 proc., p = 0,002), o C/T genotipas
re¢iau nustatytas sergantiems HA nei sveikiems asmenims (14,0 proc. Vs.
32,1 proc., p <0,001) (3.9.2.1 lentelé).
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3.9.2.1 lentelé. MMP-9 (-1562 CIT) genotipy dazniai pacienty, serganciy
hipofizés adenoma, ir kontrolinéje grupése

Daznis (proc.)
Genotipas/ Kontroliné HA
Genas a|e|il; grupé P grupé P P
n (proc.) | HVE | n (proc.) HVE reikSmé
(n=526) (n=86)
MMP-9 Genotipas
(-1562 C/T) Ci/C 340 (64,6)' | 0,469 | 70 (81,4)' | 0,0029
rs3918242 CIT 169 (32,1)* 12 (14,0) 0,003
TIT 17 (3,2) 44,7
IS viso 526 (100) 86 (100)
Alelis
Cc 849 (80,70) 152 (88,37)
T 203 (19,30) 20 (11,63)

MMP — matrikso metaloproteinazé, p reikSmé — reikSmingumo lygmuo (alfa=0,05), p verté
HVE - reikSmingumo lygmuo pagal Hardzio-Vainbergo désnj, skirtumai laikomi statis-
tiskai reikSmingais, kai p<0,05.'p=0,002, 2p<0,001.

Isanalizavus MMP-9 (-1562 C/T) genotipus, nenustatyta statistiSkai
reik§mingy skirtumy pagal genotipy (C/C, C/T ir T/T) pasiskirstymg vyry ir
motery, sergan¢iy HA, grupése (atitinkamai 81,5 proc., 14,8 proc., 3,7 proc.
vs. 81,2 proc., 12,5 proc., 6,2 proc.) (3.9.2.2 lentelé). Nustatyti statistiskai
reikSmingi skirtumai lyginant moteris, sergancias HA, ir sveikas moteris.
MMP-9 (-1562 C/T) C/C genotipas dazniau buvo nustatomas HA sergan-
¢ioms moterims nei sveikoms kontrolinés grupés moterims (81,5 proc. Vs.
64,6 proc.; p = 0,018). C/T genotipas buvo re¢iau nustatomas HA sergan-
¢ioms moterims nei sveikoms (14,8 proc. vs. 32,3 proc.; p = 0,01). MMP-9
(-1562 C/T) T/T genotipy daznis tarp motery grupiy nesiskyré. Vyry grupéje
tik MMP-9 (-1562 C/T) C/T genotipo daznis statistiskai reikSmingai skyrési
tarp vyry, serganciy HA, ir sveiky vyry grupés (12,5 proc. vs. 31,9 proc.; p =
0,023).
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3.9.2.2 lentelé. MMP-9 (-1562 C/T) genotipy dazniai pacienty, serganciy hipofizés adenoma, ir kontrolinéje grupése,
atsizvelgiant j lytj

Daznis (proc.)
Genotipas/ Kontroliné grupé HA grupé
Genas - n (proc.) p p n (proc.) p oy
alelis - o - p reik§mé
Moterys Vyrai HVE reikSmé Moterys Vyrai HVE
n=316 n=210 n=54 n=32
Genotipas
Ci/C 204 (64,6)' | 136 (64,8) | 0,991 0,868 44 (81,5 | 26(81,2) 0,836 1,00
MMP-9 CIT 102 (32,3)* | 67 (31,9 0,928 8 (14,8) 4 (12,5)° 1,00
(-1562 C/T) TIT 10 (3,2) 7 (3,3) 0,915 2(3,7) 2 (6,2) 0,626
rs3918242 IS viso 316 (100) 210 (100) 54 (100) 32 (100)
Alelis
C 510 (80,7) | 339 (80,71) 96 (88,89) 56 (87,5)
T 122 (19,3) | 81 (19,29) 12 (11,11) 8 (12,5)

MMP — matrikso metaloproteinazé, p reik§mé — reikSmingumo lygmuo (alfa=0,05), p vert¢é HVE — reikSmingumo lygmuo pagal Hardzio-
Vainbergo désnj, skirtumai laikomi statistiskai reik§mingais, kai p<0,05.'p=0,018, *p=0,01, *p=0,023.
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Atlikus dvinarg logisting regresing analiz¢, nustatyta, kad, HA galimybe
mazino C/T genotipas, palyginti su C/C (GS = 0,345, 95 proc. PI: 0,182-
0,654; p = 0,01), C/T + T/T genotipai, palyginti su C/C genotipu (GS =
0,418, 95 proc PI: 0,236-0,740; p = 0,003), C/T genotipas, palyginti su
C/C + TIT genotipais (GS = 0,343, 95 proc. PI: 0,181-0,648; p = 0,001),
T alelis, palyginti su C aleliu, taip pat mazino HA galimybe (GS = 0,551, 95
proc. PI: 0,337-0,901; p = 0,018) (3.9.2.3 lentelé).

3.9.2.3 lentelé. MMP-9 (-1562 C/T) geno polimorfizmo ir hipofizés adeno-
mos sgsajos (dvinaré logistiné regresiné analizé)

Modelis Genotipas GS (95 proc. PI) p reik§mé AIC

Kodominantinis c/C 1 489,539
CIT 0,345 (0,182-0,654) 0,01
TT 1,143 (0,373-3,5) 0,815

Dominantinis C/IC 1 490,616
C/T+T/T 0,418 (0,236-0,740) 0,003

Recesyvinis C/C+C/T 1 50,423
TIT 1,461 (0,479—-4,449) 0,505

Overdominantinis C/C+T/T 1 478,593
CIT 0,343 (0,181-0,648) 0,001

Adityvinis 0,551 (0,337—0,901) 0,018 494,457

GS - galimybiy santykis, AIC — akaike informacinis kriterijus, p — reikSmingumo lygmuo,
statistiskai reikSmingas skirtumas buvo nustatomas tada, kai p reikSme <0,05.

Dvinaré logistiné regresiné analiz¢ atlikta pacientams, sergantiems HA,
ir sveikiems kontrolinés grupés asmenims, atsizvelgiant j lytj (3.9.2.4 len-
telé). Vyry grupéje HA galimybe mazino C/T genotipas, palyginti su C/C
genotipu (GS = 0,312, 95 proc. PI: 0,105-0,931; p = 0,037) ir C/T geno-
tipas, palyginti su C/C + T/T genotipais (GS = 0,305, 95 proc. PI: 0,103-
0,904; p = 0,032). Analiz¢ parodé, kad motery grup¢je HA galimyb¢ maZzino
C/T genotipas, palyginti su C/C genotipu (GS = 0,364, 95 proc. PI: 0,165-
0,801; p = 0,012), C/T, palyginti su C/T + T/T genotipais (GS = 0,365, 95
proc. PI: 0,166-0,802; p = 0,012), bei C/T + T/T, palyginti su C/C genotipu
(GS = 0,414, 95 proc. PI: 0,201-0,854; p = 0,017), bei T alelis palyginti su
C aleliu (GS = 0,520, 95 proc. PI: 0,275-0,983; p = 0,044).
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3.9.2.4 lentelé. MMP-9 (-1562 C/T) geno polimorfizmo ir hipofizés adeno-
mos sgsajos, atsizvelgiant j lytj (dvinaré logistiné regresiné analizé)

Modelis | Genotipas | GS (95proc. PI) | p reikimé | AIC

Vyrai

Kodominantinis c/C 1 189,034
CIT 0,312 (0,105-0,931) 0,037
TIT 1,495 (0,294-7,601) 0,628

Dominantinis c/C 1 189,340
C/T+T/T 0,424 (0,167-1,077) 0,071

Recesyvinis C/C+C/T 1 190,485
TIT 1,933 (0,384-9,745) 0,424

Overdominantinis C/C+T/T 1 187,253
CIT 0,305 (0,103-0,904) 0,032

Adityvinis -—- 0,603 (0,278-1,310) 0,201 191,239

Moterys

Kodominantinis C/C 1 306,013
CIT 0,364 (0,165-0,801) 0,012
TIT 0,927 (0,196-4,381) 0,924

Dominantinis Cc/C 1 305,045
C/T+T/T 0,414 (0,201-0,854) 0,017

Recesyvinis C/C+C/T 1 311,512
TIT 1,177 (0,251-5,525) 0,836

Overdominantinis C/C+T/T 1 304,022
CIT 0,365 (0,166-0,802) 0,012

Adityvinis 0,520 (0,275-0,983) 0,044 306,912

GS - galimybiy santykis, AIC — akaike informacinis kriterijus, p — reikSmingumo lygmuo,
statistiskai reikSmingas skirtumas buvo nustatomas tada, kai p reiksmé <0,05.

MMP-9 (-1562 C/T) C/C genotipas dazniau nustatytas neinvaziniy,
invaziniy ir nepasikartojan¢éiy HA grupése palyginti su kontroline grupe
(atitinkamai 81,8 proc. vs. 64,6 proc; p = 0,021; 81,0 proc. vs. 64,6; p =
0,041; 81,8 proc. vs. 64,6 proc.; p = 0,005). Nenustatyta skirtumo tarp nein-
vaziniy ir invaziniy, pasikartojan¢iy ir nepasikartojanc¢iy HA.

Tolimesné analizé parodé, kad MMP-9 (-1562 C/T) C/T genotipas
reiau pasitaiké invazinése, nepasikartojanciose ir pasikartojan¢iose HA
palyginti su kontroline grupe (atitinkamai 9,5 proc. vs. 32,1 proc; p = 0,001;
15,2 proc. vs. 32,1 proc; p = 0,004; 10,0 proc. vs. 32,1; p=0,047) (3.9.2.5 ir
3.9.2.6 lentelés).
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3.9.2.5 lentelé. MMP-9 (-1562 C/T) genotipy dazniai tiriamyjy, serganciy hipofizés adenoma, ir kontrolinéje grupéje,
atsizvelgiant j invazyvumg

Daznis (proc.)

Genas Gen;)tli_pas/ Kontroliné grupé b Neinvaziné HA b Invaziné HA b
alelis n (proc.) n (proc.) n (proc.)
(n=526) HVE (n=44) HVE (n=42) HVE
Genotipas
CI/C 340 (64,6)"* 0,469 36 (81,8) 0,507 34 (81,0) <0,001
MMP-9 CIT 169 (32,1 8 (18,2) 4(9,5)°
(-1562 C/IT) T 17 (3,2) 0 (0) 4(9,5)
rs3918242 I§ viso 526 (100) 44 (100) 42 (100)
Alelis
C 849 (80,70) 80 (90,91) 72 (85,71)
T 203 (19,30) 8 (9,09) 12 (14,29)

MMP — matrikso metaloproteinaze, p reikSmé — reikSmingumo lygmuo (alfa=0,05), p vert¢ HVE — reikSmingumo lygmuo pagal Hardzio-

Vainbergo désnj, skirtumai laikomi statistiSkai reikSmingais, kai p<0,05 ! p=0,021,2 p=0,041, 3 p=0,001.




3.9.2.6 lentele. MMP-9 (-1562 C/T) genotipy

grupése, atsizvelgiant j pasikartojimq

dazniai tiriamyjy, serganciy hipofizes

adenoma, ir sveiky asmeny

Daznis (proc.)

Genas Genoti_pas/ Kontroliné grupé p Nepasikartojanti HA p Pasikartojanti HA p
alelis n (proc.) HVE n (proc.) HVE n (proc.) HVE
(n=526) (n=66) (n=20)
Genotipas
Ci/C 340 (64,6)" 0.469 54 (81,8)" 0,103 16 (80,0) 0,007
MMP-9 CIT 169 (32,1)** 10 (15,2) 2 (10,0
(-1562C/T) TIT 17 (3,2) 2(3,0) 2 (10,0)
rs3918242 I$ viso 526 (100) 66 (100) 20 (100)
Alelis
C 849 (80,70) 118 (89,39) 34 (85,0)
T 203 (19,30) 14 (10,61) 6 (15,0)

MMP — matrikso metaloproteinazé, p reik§mé — reikSmingumo lygmuo (alfa=0,05), p vert¢é HVE — reikSmingumo lygmuo pagal Hardzio-

Vainbergo désnj, skirtumai laikomi statistiskai reik§mingais, kai p<0,05." p=0,005, > p=0,004, * p=0,047.
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Atlikta dvinaré logistiné regresiné analizé neinvaziniy HA ir kontroli-
néje grupése (3.9.2.7 lentelé). Neinvazinés HA galimybe mazino C/T
genotipas, palyginti su C/C genotipu (GS = 0,447, 95 proc. PI: 0,203-0,983;
p = 0,045), C/T + T/T genotipai, palyginti su C/C genotipu (GS = 0,406, 95
proc. PI: 0,185-0,892; p = 0,025), T alelis, palyginti su C aleliu (GS =
0,409, 95 proc. PI: 0,193-0,866; p = 0,021). Invazinés HA galimybe mazino
CI/T genotipas, palyginti su C/C genotipu (GS = 0,237, 95 proc. PI: 0,083—
0,678; p = 0,007), C/T + T/T genotipai, palyginti su C/C genotipu (GS =
0,430, 95 proc. PI: 0,195-0,948; p = 0,036), invazinés HA galimybe didino
T/T genotipas, palyginti su C/C + C/T genotipais (GS = 3,152, 95 proc. PI:
1,010-9,835; p = 0,048), invazinés HA galimybe mazino C/T genotipas,
palyginti su C/C + T/T genotipais (GS = 0,222, 95 proc. PI: 0,078-0,633;
p =0,005).

3.9.2.7 lentelée. MMP-9 (-1562 C/T) geno polimorfizmo ir invazinés bei ne-
iNvazinés hipofizés adenomos sqsajos (dvinaré logistiné regresiné analizé)

Modelis ‘ Genotipas ‘ GS (95 proc. PI) ‘ p reik§mé ‘ AIC

Neinvaziné HA

Kodominantinis c/C 1 308,535
CIT 0,447 (0,203-0,983) 0,045
TIT 0(-) 0,998

Dominantinis c/C 1 308,035
C/T+T/T 0,406 (0,185-0,892) 0,025

Recesyvinis C/C+C/T 1 311,145
TIT 0(-) 0,998

Overdominantinis C/C+T/T 1 309,878
CIT 0,469 (0,214-1,032) 0,060

Adityvinis 0,409 (0,193-0,866) 0,020 307,187

Invaziné HA

Kodominantinis C/IC 1 302,361
CIT 0,237 (0,083-0,678) 0,007
TIT 2,353 (0,749-7,393) 0,143

Dominantinis c/C 1 298,548
C/T+T/T 0,430 (0,195-0,948) 0,036

Recesyvinis C/C+C/T 1 300,429
TIT 3,152 (1,010-9,835) 0,048

Overdominantinis C/C+T/T 1 302,203
CIT 0,222 (0,078-0,633) 0,005

Adityvinis 0,698 (0,372-1,310) 0,263 302,240

GS - galimybiy santykis, AIC — akaike informacinis kriterijus, p — reikSmingumo lygmuo,
statistiskai reikSmingas skirtumas buvo nustatomas tada, kai p reiksmé <0,05.
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Atlikus dvinarg logisting regresing analiz¢ nepasikartojan¢iy HA ir
kontrolin¢je grupése, buvo nustatyta, kad nepasikartojancios HA galimybe
mazino C/T genotipas, palyginti su C/C genotipu, (GS = 0,373, 95 proc. PI:
0,185-0,750; p = 0,006), C/T + T/T genotipai, palyginti su C/C genotipu
(GS=0,406, 95 proc. PI: 0,212-0,779; p = 0,007), C/T genotipas, palyginti
su C/C + T/T genotipais (GS = 0,377, 95 proc. PI: 0,188-0,758; p = 0,006)
bei T alelis, palyginti su C aleliu, (GS = 0,492, 95 proc. PI: 0,276-0,878; p =
0,016) (3.9.2.8 lentelé).

Atlikus dvinare logisting regresing analiz¢ lyginant pacientus, sergan-
Cius pasikartojanciomis HA, ir sveikus asmenis, genotipai nebuvo statistis-
kai reik§mingi vertinant polimorfizmo sasajas su HA.

3.9.2.8 lentele. MMP-9 (-1562 C/T) geno polimorfizmo ir nepasikartojan-
c¢ios bei pasikartojancios hipofizés adenomos sqsajos (dvinaré logistiné reg-
resiné analizé)

Modelis ‘ Genotipas ‘ GS (95 proc. PI) ‘ p reikSmeé ‘ AIC

Nepasikartojanti HA

Kodominantinis c/C 1 410,785
CIT 0,373 (0,185-0,750) 0,006
TIT 0,741 (0,166-3,297) 0,694

Dominantinis Cc/C 1 409,409
C/T+T/T 0,406 (0,212-0,779) 0,007

Recesyvinis C/C+C/T 1 417,933
TIT 0,936 (0,211-4,143) 0,930

Overdominantinis C/C+T/T 1 408,952
CIT 0,377 (0,188-0,758) 0,006

Adityvinis 0,492 (0,276-0,878) 0,016 411,211

Pasikartojanti HA

Kodominantinis Cc/C 1 171,102
CIT 0,251 (0,057-1,106) 0,068
TIT 2,500 (0,531-11,762) 0,246

Dominantinis Cc/C 1 175,346
C/T+T/T 0.457 (0,151-1,387) 0,167

Recesyvinis C/C+C/T 1 173,731
TIT 3,327 (0,714-15,498) 0,126

Overdominantinis C/C+T/T 1 170,208
CIT 0,235 (0,054-1,023) 0,054

Adityvinis 0,736 (0,303-1,784) 0,497 175,041

GS - galimybiy santykis, AIC — akaike informacinis kriterijus, p — reik§mingumo lygmuo,
statistiskai reik§mingas skirtumas buvo nustatomas tada, kai p reiksmé buvo <0,05.
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3.9.3. SIRT1 rs12778366, FGFR2 rs2981582 ir STAT3 rs744166
geny polimorfizmy poky¢iai

SIRT1 rs12778366, FGFR2 rs2981582 ir STAT3 rs744166 genotipy
dazniai jvertintas pacientams, sergantiems HA, ir sveikiems asmenims
(3.9.3.1 lentele).

SIRT1 genotipy ir aleliy dazniai pacienty, serganciy HA, ir sveiky
asmeny grupése neatitiko Hardzio-Vainbergo désnio (p < 0,05). Atlikus
SIRT1 rs12778366 polimorfizmo analize¢, nustatytas statistiSkai reikSmingas
skirtumas pagal genotipy pasiskirstymg tarp pacienty, serganciy HA, ir
kontrolinés grupés asmeny (p < 0,001). T/C genotipas HA grupé¢je
nustatytas re¢iau nei sveiky asmeny grupéje (0 proc. vs. 17,5 proc., p <
0,001), o C/C genotipas buvo daznesnis HA grupéje nei sveiky asmeny
grupéje (18,9 proc. vs. 2,5 proc., p < 0,001) (3.9.3.1 lentelé).

FGFR2 genotipy ir aleliy dazniai pacienty, sergan¢iy HA, ir sveiky
asmeny grupése neatitiko Hardzio-Vainbergo désnio (p < 0,05). Atlikus
statisting analiz¢, nenustatyta statistiSkai reik§mingy skirtumy pagal geno-
tipy (G/G, G/A ir AJA) pasiskirstyma, lyginant kontroling grupe su pacien-
tais, serganciais HA (atitinkamai 41,6 proc. vs. 39,2; 53,1 vs. 58,7; 5,3 vs.
2,1, p=0,174) (3.9.3.1 lentelé).

STAT3 rs744166 genotipy ir aleliy daZzniai sveiky asmeny grupéje
neatitiko Hardzio-Vainbergo désnio (p < 0,05), bet atitiko pacienty, sergan-
¢iy HA grupéje (p > 0,05). Atlikus STAT3 rs744166 polimorfizmo analizg,
nustatyti statistiSkai reikSmingi genotipy pasiskirstymo skirtumai tarp pa-
cienty, serganc¢iy HA, ir kontrolinés grupés (p = 0,012). G/G genotipas
reCiau pasitaiké asmenims, sergantiems HA, nei sveiky asmeny grupéje
(9,1 proc. vs. 19,1 proc., p=0,003) (3.9.3.1 lentel¢).
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3.9.3.1 lentelé. SIRT1 rs12778366, FGFR2 rs2981582 ir STAT3 rs744166
genotipy dazniai pacienty, serganciy hipofizés adenoma, it SVeiky asmeny

grupése
Daznis (proc.)
Genotipas/ Kontrol.lne HA .
Genas alelis grupé P grupé P | preikimé
n (proc.) HVE n (proc.) HVE
(n=808) (n=143)
SIRT1 Genotipas
rs12778366 TIT 647 (80,1) | <0,01 | 116 (81,1) | <0,001
T/C 141 (17,5)" 0 (0)"
CiC 20 (2,5) 27 (18,9) p<0,001
I$ viso 808 (100) 143 (100)
Alelis
T 1435 (88,8) 232 (81,1)
C 181 (11,2) 54 (18,9)
FGFR2 Genotipas
rs2981582 G/G 336 (41,6) | <0,001 | 56(39,2) | <0,001
G/A 429 (53,1) 84 (58,7)
A/A 43 (5,3) 32,0 p=0,174
I$ viso 808 (100) 143 (100)
Alelis
G 1101 (68,13) 196 (68,53)
A 515 (31,87) 90 (31,47)
STAT3 Genotipas
15744166 GIG 154 (19,1)3 | <0,001 | 13 (9,1)3 | 0,354
G/A 363 (44,9) 68 (47,55)
A/A 291 (36,0) 62 (43,35) p=0,012
I$ viso 808 (100) 143 (100)
Alelis
G 671 (41,5) 94 (32,87)
A 945 (58,5) 192 (67,13)

SIRT1 —sirtuinas 1, FGFR2 - fibroblasty augimo faktoriaus receptorius 2, STAT3 — signalo
perdavéjas ir transkripcijos veiksnys 3, p reikSmé — reikSmingumo lygmuo (alfa=0,05),
p vert¢ HVE - reikSmingumo lygmuo pagal Hardzio-Vainbergo désnj, skirtumai laikomi
statistiskai reik§mingais, kai p<0,05. *p<0,001; *p<0,001; *p=0,003.
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Visi trys genotipai iSanalizuoti atsizvelgiant j pacienty, serganc¢iy HA, ir
kontrolinés grupés asmeny lIytj (3.9.3.2 lentel¢). ISanalizavus SIRT1
1512778366 polimorfizma (T/T, T/C ir C/C) pagal tiriamyjy lytj, nenustatyta
statistiSkai reikSmingy rodmeny skirtumy tarp motery ir vyry, serganciy HA
(atitinkamai 80,7 proc., 0 proc., 19,3 proc. vs. 81,8 proc., 0 proc., 18,2 proc.)
(3.9.3.2 lentelé). Palyginus SIRT1 rs12778366 genotipy daznj tarp motery,
serganciy HA, ir sveiky motery, rasti statistiSkai reikSmingi skirtumai. T/C
genotipas reCiau nustatytas moterims, sergan¢ioms HA, nei sveikoms mote-
rims (0 proc. vs. 2,7 proc., p < 0,001) ir C/C genotipas buvo dazniau nusta-
tytas HA sergan¢ioms moterims nei kontrolinés grupés moterims (19,3 proc.
vs. 2,7 proc., p < 0,001). Nustatant T/T genotipa, statistiSkai reik§mingo
skirtumo nebuvo. Nustatyta, kad C/T genotipas statistiSkai reiksmingai
retesnis vyrams, sergantiems HA, nei kontrolinés grupés vyrams (0 proc. Vs.
17,4 proc.; p < 0,001), o C/C genotipas dazniau nustatytas sergantiesiems
HA nei sveikiems vyrams (18,2 proc. vs. 2,0 proc., p < 0,001) (3.9.3.2
lentelé).

Atlikus FGFR2 rs2981582 polimorfizmo analiz¢ atsizvelgiant |
tiriamyjy lyti, statistiSkai reikSmingy skirtumy nenustatyta (3.9.3.2 lentelé).

Atlikus STAT3 rs744166 polimorfizmo genotipy (G/G, G/A ir A/A)
analizg, taip pat nenustatyta statistiSkai reikSmingy skirtumy tarp vyry ir
motery, sergan¢iy HA (atitinkamai 8,0 proc., 48,9 proc., 43,2 proc. vs. 10,9
proc., 45,5 proc., 43,6 proc.) (3.9.3.2 lentel¢). Palyginus STAT3 rs744166
genotipy daznj tarp sveiky motery ir motery, serganciy HA, nustatyta, kad
STAT3 rs744166 G/G genotipas reciau pasitaiké moterims, serganc¢ioms
HA, nei sveikoms moterims: 8,0 proc. vS. 20,4 proc., p = 0,004. STAT3
rs744166 G/A ir A/A genotipy pasiskirstymas tarp sveiky ir serganciy HA
motery nesiskyré. STAT3 rs744166 genotipai nesiskyré sveiky ir serganciy
vyry grupése (3.9.3.2 lentele).
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3.9.3.2 lentelé. SIRT1 rs12778366, FGFR2 rs2981582 ir STAT3 rs744166 genotipy daznial pacienty, serganciy
hipofizés adenoma, grupéje ir sveiky asmeny grupéje, atsizvelgiant j lytj

Daznis (proc.)
Gonss | Gomotpas | omironn g i
alelis : P P : P P
Moterys Vyrai HVE | reik§mé Moterys Vyrai HVE reikSmé
(n=510) (n=298) (n=88) (n=55)

SIRT1 Genotipas

rs12778366 T 407 (79,8) 240 (80,5) | 0,811 | 0,801 71 (80,7) 45(81,8) | 0,866 | 0,866
T/C 89 (17,5)" 52 (17,4)° 1,000 0 (0)" 0 (0)° 1,00
ciC 14 2,7y 6 (2,0)* 0,518 17 (19,3) 10 (18,2)4 0,866
I§ viso 510 (100) 298 (100) 88 (100) 55 (100)

Alelis

T 903 (88,5) 532 (89,3) 142 (80,7) 90 (81,8)
C 117 (11,5) 64 (10,7) 34 (19,3) 20 (18,2)

FGFR2 Genotipas

rs2981582 GIG 218 (42,7) 118 (39,6) | 0,675 | 0,381 39 (44,3) 17 (30,9) | 0,197 | 0,117
GIA 265 (52,0) 164 (55,0) 0,398 48 (54,5) 36 (65,5) 0,224
AIA 27 (5,3) 16 (5,4) 1,0 1(1,1) 2 (3,6) 0,559
I§ viso 510 (100) 298 (100) 88 (100) 55 (100)

Alelis

G 701 (68,73) 400 (67,11) 126 (71,59) 70 (63,64)
A 319 (31,27) 196 (32,89) 50 (28,41) 40 (36,36)
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3.9.3.2 lentelés tesinys

Daznis (proc.)
. Kontroliné grupé HA grupé
Genotipas/
Genas alelis n (proc.) p . pv . n (proc.) p . pv .
Mote rys Vyrai HVE reik§me Mote rys Vyrai HVE reik§Sme
(n=510) (n=298) (n=88) (n=55)
STAT3 Genotipas
rs744166 GIG 104 (20,4)° 50 (16,75) 0,378 0,207 7 (8,0)° 6 (10,9) 0,815 0,563
G/A 229 (44,9) 134 (45,0) 0,986 43 (48,9) 25 (45,5) 0,733
A/A 177 (34,77) 114 (38,25) 0,312 38 (43,2) 24 (43,6) 1,00
I8 viso 510 (100) 298 (100) 88 (100) 55 (100)
Alelis
G 437 (42,84) 234 (39,26) 57 (32,39) 37 (33,64)
A 583 (57,16) 362 (60,74) 119 (67,61) 73 (66,36)

SIRT1 - sirtuinas 1, FGFR2 — fibroblasty augimo faktoriaus receptorius 2, STAT3 — signalo perdavéjas ir transkripcijos veiksnys 3,
p reiksmé — reik§mingumo lygmuo (alfa=0,05), p vert¢ HVE — reikSmingumo lygmuo pagal Hardzio-Vainbergo désnj, skirtumai laikomi
statistiskai reik§mingais, kai p<0,05.* p<0,001; * p<0,001; * p<0,001; * p<0,001; > p=0,004.



Atlikus SIRT1 rs12778366 analizg, nustatyta, kad, HA galimybe didino
C/C genotipas, palyginti su T/T genotipu (GS = 7,530, 95 proc. PI: 4,087-
13,873; (p < 0,001), C/C genotipas, palyginti su T/T + T/C genotipais (GS =
9,171, 95 proc. PI: 4,982-16,881; p < 0,001), ir C alelis, palyginti su T
aleliu (GS = 1,584, 95 proc. PI: 1,187-2,115; p = 0,002).

Atlikus dvinarg logisting regresing analize, nenustatyta statistiSkai reiks-
mingy FGFR2 rs2981582 genotipo sasajy su HA, lyginant HA sergancius
pacientus ir sveikus asmenis.

STAT3 rs744166 analizé parodé, kad HA galimybg¢ mazina G/G geno-
tipas, palyginti su A/A genotipu (GS = 0,396, 95 proc. PI: 0,211-0,743; p =
0,004), G/G genotipas, palyginti su A/A + G/A genotipais (GS = 0,425,
95 proc. PI: 0,234-0,71; p = 0,005), bei G alelis, palyginti su A aleliu (GS =
0,702, 95 proc. PI: 0,541-0,911; p = 0,008) (3.9.3.3 lentele).

3.9.3.3 lentelé. SIRTL rs12778366 ir STAT3 rs744166 geny polimorfizmy ir
hipofizés adenomos sgsajos (dvinaré logistiné regresiné analizé)

Genas Modelis Genotipas GS (95 proc. PI) P AIC
reik§meé
SIRT1 Kodominantinis |T/T 1 720,516
rs12778366 T/IC 0(0) 0,995
C/C 7,530 (4,087-13,873) | <0,001
Recesyvinis T/T+T/C 1 780,895
C/C 9,171 (4,982-16,881) | <0,001
Adityvinis - 1,584 (1,187-2,115) | 0,002 | 780,214
STAT3 Kodominantinis | A/A 1 801,223
rs744166 G/A 0,879 (0,603-1,282) | 0,504
GIG 0,396 (0,211-0,743) | 0,004
Recesyvinis A/A+G/A 1 799,670
GIG 0,425 (0,234-0,71) 0,005
Adityvinis - 0,702 (0,541-0,911) | 0,008 | 801,881

GS - galimybiy santykis, AIC — akaike informacinis kriterijus, p — reik§mingumo lygmuo,
skirtumai laikomi statistiSkai reikSmingais, kai p<0,05.
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Atlikta dvinaré logistiné regresiné¢ analizé HA serganciy pacienty ir
sveiky asmeny grupése, atsizvelgiant j Iytj (3.9.3.4 lentelé).

Atlikus SIRT1 rs12778366 analiz¢ vyry imtyje, nustatyta, kad HA didi-
no galimybe C/C genotipas, palyginti su T/T genotipu (GS = 8,889, 95 proc.
PI: 3,076-25,683; p < 0,001) ir C/C genotipas, palyginti su T/T + T/C geno-
tipais (GS = 10,815, 3,748-31,205; p < 0,001). Moterims HA galimybeg
didino C/C genotipas, palyginti su T/T genotipu (GS = 6,961, 95 proc. PI:
3,285-14,750; p < 0,001), C/C genotipas, palyginti su T/T + T/C genotipais
(GS = 8,483, 95 proc. PI: 4,008-17,955; p < 0,001) bei C alelis, palyginti su
T aleliu (GS = 1,580, 95 proc. PI: 1,100-2,271; p = 0,013).

Atlikus FGFR2 rs2981582 dvinar¢ logisting regresing analize
atsizvelgiant ] lytj, nenustatyta statistiSkai reikSmingy FGFR2 rs2981582
genotipo sasajy su HA.

STAT3 rs744166 dvinaré logistiné regresiné analizé parodé, kad motery
grupése, HA galimybe mazino G/G genotipas, palyginti su A/A genotipu
(GS =0,314, 95 proc. PI: 0,135-0,727; p = 0,007), G/G genotipas, palyginti
su A/A + G/A genotipais (GS = 0,337, 95 proc. PI: 0,151-0,752; p = 0,008)
bei G alelis, palyginti su A aleliu (GS = 0,654; 95 proc. PI: 0,469-0,912; p =
0,012), o vyry imtyje HA genotipai nebuvo statistiSkai reikSmingi vertinant
HA galimybe.
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3.9.3.4 lentelé. SIRTL rs12778366 ir STAT3 rs744166 geny polimorfizmy ir hipofizés adenomos sgsajos, atsizvelgiant
J tiriamyjy Iytj (dvinaré logistiné regresiné analizé)

Genas Lytis | Modelis Genotipas GS (95 proc. PI) p reikSmé AIC
SIRT1rs12778366 | Vyrai Kodominantinis TIT 1 275,783
T/C 0 (0) 0,997
CiC 8,889 (3,076-25,683) <0,001
Recesyvinis T/T+T/C 1 290,082
CiC 10,815 (3,748-31,205) <0,001
Moterys Kodominantinis TIT 1 450,358
T/C 0 (0) 0,996
CIC 6,961 (3,285-14,750) <0,001
Recesyvinis T/T+T/C 1 474,428
CiC 8,483 (4,008-17,955) <0,001
Adityvinis 1,580 (1,100-2,271) 0,013 497,979
STAT3 rs744166 Moterys Kodominantinis A/A 1 496,249
G/IA 0,875 (0,542-1,411) 0,583
G/IG 0,314 (0,135-0,727) 0,007
Recesyvinis A/A+G/A 1 494,549
G/IG 0,337 (0,151-0,752) 0,008
Adityvinis 0,654 (0,469-0,912) 0,012 497,077

GS - galimybiy santykis, AIC — akaike informacinis kriterijus, p — reik§mingumo lygmuo, skirtumai laikomi statistiSkai reik§mingais, kai
p<0,05.
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Atlikta SIRT1 rs1277836, FGFR2 rs2981582 ir STAT3 rs744166
polimorfizmy analizé atsizvelgiant i HA invazyvuma ir pasikartojima
(3.9.3.5ir 3.9.3.6 lentelés).

SIRT1 rs12778366 T/C genotipas buvo refiau nustatomas sergan-
tiesiems neinvazinémis ir nepasikartojanc¢iomis HA, palyginti su kontroline
grupe (atitinkamai O proc. vs. 17,5 proc.; p = 0,021, 0 proc. vs. 17,5 proc.; p
< 0,001; p < 0,001). Nenustatyta statistiSkai reikSmingo skirtumo tarp
neinvaziniy ir invaziniy, pasikartojanciy ir nepasikartojan¢iy HA grupiy
(3.9.3.5 ir 3.9.3.6 lentelés).

Taip pat nustatéme, kad C/C genotipas dazniau pasitaiké invaziniy ir
pasikartojanciy HA grupése, palyginti su kontroline grupe (atitinkamai 18,8
proc. Vs. 2,5 proc.; p = 0,041, 19,4 proc. vs. 2.5 proc.; p = 0,047) (3.9.3.5 ir
3.9.3.6 lentelés).

FGFR2 rs2981582 G/G genotipas refiau buvo nustatomas sergantie-
siems neinvazinémis HA, palyginti su kontroline grupe: 27,6 proc. VS.
41,6 proc.; p = 0,038, bet G/A genotipas buvo nustatomas dazniau sergantie-
siems neinvazinémis HA nei kontrolingje grupéje (72,4 proc. vs. 53,1 proc.;
p = 0,004) ir sergantiesiems invazinémis HA (72,4 proc. vs. 49,4 proc., p =
0,009) (3.9.3.5 lentele).

Nenustatyta statistiSkai reikSmingy FGFR2 rs2981582 genotipo s3sajy
su HA pasikartojimu (3.9.3.6 lentel¢).

STAT3 15744166 G/G genotipas buvo reciau nustatomas sergantiesiems
invazinémis ir nepasikartojanciomis HA, palyginti su kontroline grupe
(atitinkamai 4,7 proc. vs. 19,1 proc.; p < 0,001, 6,2 proc. vs. 19,1 proc.; p <
0,001). STAT3 rs744166 G/G genotipas buvo dazniau nustatomas sergantie-
siems neinvazinémis HA, palyginti su serganciaisiais invazinémis HA (15,5
proc. vs. 4,7 proc.; p = 0,038), ir sergantiesiems pasikartojaniomis HA,
palyginti su serganciaisiais nepasikartojan¢iomis HA (19,4 proc. vs. 6,2
proc.; p = 0,036) (3.9.3.5 ir 3.9.3.6 lentelés).
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3.9.3.5 lentele. SIRT1 rs1277836, FGFR2 rs2981582 ir STAT3 rs744166 genotipy dazniai pacienty,
hipofizés adenoma, grupéje ir sveiky asmeny grupéje, atsizvelgiant j invazyvumg

serganciy

Daznis (proc.)

Genotipas/ Kontroliné grupé Neinvaziné HA Invaziné HA
Genas alelis n (proc.) P n (proc.) P n (proc.) P
(n=808) HVE (n=58) HVE (n=85) HVE
SIRT1 Genotipas
1512778366 T 647 (80,1) <0,001 47 (81,0) <0,001 69 (81,2) <0,001
T/C 141 17,5)"° 0 (0)! 0 (0)°
ciC 20 (2,5)** 11 (19,0) 16 (18,8)*
I§ viso 808 (100) 58 (100) 85 (100)
Alelis
T 1435 (88,8) 94 (81,0) 138 (81,2)
C 181 (11,2) 22 (19,0 32 (18,8)
FGFR2 Genotipas
rs2981582 G/IG 336 (41,6)° <0,001 16 (27,6)>’ <0,001 40 (47,1) 0,043
G/IA 429 (53,1)° 42 (72,4)%* 42 (49,4)°
A/A 43 (5,3) 0 (0) 3(3,5)
I§ viso 808 (100) 58 (100) 85 (100)
Alelis
G 1101 (68,13) 74 (63,79) 122 (71,76)
A 515 (31,87) 42 (36,21) 48 (28,24)
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3.9.3.5 lentelés tesinys

Daznis (proc.)
Genas Ge;ltz}tlii];as/ Kontr(()liné g)rupé p Neim;aziné)HA p Inva(ziné I-)IA p
n (proc. n (proc. n (proc.
(n=808) HVE (n=58) HVE (n=85) HVE
STAT3 Genotipas
15744166 GIG 154 (19,1)° <0,001 9 (15,5) 0,313 4 (4,7)"* 0,031
GIA 363 (44,9) 23 (39,7) 45 (52,9)
A/A 291 (36,0) 26 (44,8) 36 (42,4)
I§ viso 808 (100) 58 (100) 85 (100)
Alelis
G 671 (41,5) 41 (35,34) 53 (31,18)
A 945 (58,5) 75 (64,66) 117 (68,82)

SIRT1 - sirtuinas 1, FGFR2 — fibroblasty augimo faktoriaus receptorius 2, STAT3 — signalo perdavéjas ir transkripcijos veiksnys 3,
p reikdmé — reik§mingumo lygmuo (alfa=0,05), p vert¢é HVE — reikSmingumo lygmuo pagal Hardzio-Vainbergo désnj, skirtumai laikomi
statistidkai reik§mingais, kai p<0,05. ' p=0,021; * p=0,041; * p<0,001; * p<0,001; ° p=0,038; ° p=0,004;" p=0,024; * p=0,009; ° p<0,001;
10

p=0,038.



3.9.3.6 lentelé. SIRT1 rs1277836, FGFR2 rs2981582 ir STAT3 rs744166 genotipy dazniai pacienty, serganciy
hipofizés adenoma, grupéje ir sveiky asmeny grupéje, atsizvelgiant j pasikartojimq

Daznis (proc.)

Genas Genoti_pas/ Kontroliné grupé p Nepasikartojanti HA p Pasikartojanti HA p
alelis n (proc.) HVE n (proc.) HVE n (proc.) HVE
(n=808) (n=112) (n=31)
SIRT1 Genotipas
rs12778366 TIT 647 (80,1) <0,001 91 (81,2) <0,001 25 (80,6) <0,001
T/C 141 17,5)"° 0 (0)! 0 (0)°
ciC 20 (2,5)** 21 (18,8)° 6 (19,4)
I§ viso 808 (100) 112 (100) 31 (100)
Alelis
T 1435 (88,8) 182 (81,25) 50 (80,6)
C 181 (11,2) 42 (18,75) 12 (19,4)
FGFR2 Genotipas
rs2981582 GIG 336 (41,6) <0,001 44 (39,3) <0,001 12 (38,7) 0,067
GIA 429 (53,1) 66 (58,9) 18 (58,1)
A/A 43 (5,3) 2 (1,8) 1(3,2)
I3 viso 808 (100) 112 (100) 31 (100)
Alelis
G 1101 (68,13) 154 (68,75) 42 (67,74)
A 515 (31,87) 70 (31,25) 20 (32,26)



user
Rectangle


3.9.3.6 lentelés tesinys

Daznis (proc.)
Genas Genoti_pas/ Kontroliné grupé p Nepasikartojanti HA p Pasikartojanti HA p
alelis n (proc.) HVE n (proc.) HVE n (proc.) HVE
(n=808) (n=112) (n=31)
STAT3 Genotipas
15744166 GIG 154 (19,1)° <0,001 7 (6,2)>° 0,083 6 (19,4)° 0,305
G/A 363 (44,9) 56 (50,0) 12 (38,7)
AIA 291 (36,0) 49 (43,8) 13 (41,9)
I§ viso 808 (100) 112 (100) 31 (100)
Alelis
G 671 (41,5) 70 (31,25) 24 (38,71)
A 945 (58,5) 154 (68,75) 38 (61,29)

SIRT1 - sirtuinas 1, FGFR2 - fibroblasty augimo faktoriaus receptorius 2, STAT3 — signalo perdavéjas ir transkripcijos veiksnys 3,
p reik§mé — reik§mingumo lygmuo (alfa=0,05), p vert¢ HVE — reikSmingumo lygmuo pagal Hardzio-Vainbergo désnj, skirtumai laikomi
statistiskai reik§mingais, kai p<0,05.* p<0,001; > p<0,001; * p=0,005; * p=0,047; > p<0,001; ® p=0,036.




Atlikta dvinaré logistiné regresiné analizé neinvaziniy, invaziniy HA ir
kontrolingje grupése (3.9.3.7 lentelé).

Isanalizavus SIRT1 polimorfizma neinvazinés HA galimybe¢ didino C/C
genotipas, palyginti su T/T genotipu (GS = 7,571, 95 proc. PI: 3,426-
16,734; p < 0,001), C/C genotipas, palyginti su T/T + T/C genotipais (GS =
9,221, 95 proc. PI: 4,175-20,367; p < 0,001), bei C alelis, palyginti su T
aleliu (GS = 1,649, 95 proc. PI: 1,065-2,554; p = 0,025). Atlikus invaziniy
HA ir kontrolinés grupés analize¢, nustatyta, kad galimybe susirgti invazine
HA didina C/C genotipas, palyginti su T/T genotipu (GS = 7,501, 95 proc.
PI: 3,715-15,147; p < 0,001), C/C genotipas, palyginti su T/T + T/C
genotipais (GS = 9,136, 95 proc. PI: 4,528-18,434; p < 0,001), bei C alelis,
palyginti su T aleliu (GS = 1,616, 95 proc. PI: 1,120-2,330; p = 0,010).

FGFR2 rs2981582 dvinaré regresiné logistiné analizé parode, kad
neinvazinés HA galimybe¢ didina G/A genotipas, palyginti su G/G genotipu
(GS = 2,056, 95 proc. PI: 1,136-3,721; p = 0,017), G/A + A/A genotipal,
palyginti su G/G genotipu (GS = 1,869, 95 proc. PI: 1,033-3,380; p =
0,039), ir G/A genotipas, palyginti su G/G + A/A genotipais (GS = 2,319,
95 proc. PI: 1,283-4,193; p = 0,005).

STAT3 1s744166 dvinar¢ logistiné regresiné analizé parodé, kad
invazinés HA galimyb¢ mazina G/G genotipas, palyginti su A/A genotipu
(GS =0,210, 95 proc. PI: 0,073-0,601; p = 0,004), G/G genotipas, palyginti
su A/A + G/A genotipais (GS = 0,210, 95 proc. PI: 0,076-0,581; p = 0,003),
G alelis, palyginti su A aleliu (GS = 0,651, 95 proc. PI: 0,467-0,908; p =
0,011).
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3.9.3.7 lentelé. SIRTL rs12778366, FGFR2 rs2981582 ir STAT3 rs744166 geny polimorfizmy ir neinvazinés ir
invazinés hipofizés adenomos sqsajos, atsizvelgiant j tiriamyjy lytj (dvinaré logistiné regresiné analizé)

Genas HA tipas Modelis Genotipas GS (95 proc. PI) p reik§mé AIC

SIRT1 rs12778366 Neinvaziné Kodominantinis T/T 1 390,145
T/IC 0(0) 0,996
Ci/C 7,571 (3,426-16,734) <0,001

Recesyvinis T/T+T/C 1 406,092
Ci/C 9,221 (4,175-20,367) <0,001

Adityvinis 1,649 (1,065-2,554) 0,025 425,148

Invaziné Kodominantinis T/T 1 509,448
T/IC 0(0) 0,996
Ci/C 7,501 (3,715-15,147) <0,001

Recesyvinis T/T+T/C 1 533,418
Ci/C 9,136 (4,528-18,434) <0,001

Adityvinis 1,616 (1,120-2,330) 0,010 459,515

FGFR2 rs2981582 Neinvaziné Kodominantinis GIG 1 419,170
G/IA 2,056 (1,136-3,721) 0,017
AlA 0(0) 0,998

Dominantinis GIG 1 425,028
G/A+A/A 1,869 (1,033-3,380) 0,039

Overdominantinis G/G+A/A 1 420,961
G/IA 2,319 (1,283-4,193) 0,005

STAT3 15744166 Invaziné Kodominantinis A/A 1 553,313
G/IA 1,002 (0,630-1,595) 0,993
GIG 0,210 (0,073-0,601) 0,004

Recesyvinis A/A+G/A 1 551,313
GIG 0,210 (0,076-0,581) 0,003

Adityvinis 0,651 (0,467-0,908) 0,011 558,771

GS - galimybiy santykis, AIC — akaike informacinis kriterijus, p — reikSmingumo lygmuo, skirtumai laikomi statistiskai reikSmingais, kai
p<0,05.
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Atlikome SIRT1 rs12778366 polimorfizmo dvinarg logisting regresing
analiz¢, vertindami nepasikartojancias, pasikartojancias HA ir kontroling
grupes. Palyginus nepasikartojan¢iy HA ir kontroling grupe, nustatyta, kad
nepasikartojancios HA galimybe didino C/C genotipas, palyginti su T/T
genotipu (GS = 7,465; 95 proc. PIL: 3,896-14,307; p < 0,001), C/C geno-
tipas, palyginti su T/T + T/C genotipais (GS = 9,092; 95 proc. PI: 4,748—
17,411; p < 0,001), ir C alelis, palyginti su T aleliu (GS = 1,592; 95 proc.
PI: 1,153-2,199; p = 0,005) (3.9.3.8 lentelé). Pasikartojancios HA galimybe
didino SIRT1 rs12778366 C/C genotipas, palyginti su T/T (GS = 7,764; 95
proc. PI: 2,868-21,019; p < 0,001), ir C/C genotipas, palyginti su T/T + T/C
genotipais (GS = 9,456, 95 proc. PI: 3,495-25,586; p < 0,001).

Nenustatyta statistiSkai reikSmingy FGFR2 rs2981582 genotipo sasajy
su HA atsiradimu.

STAT3 rs744166 dvinarés logistinés regresinés analizés metu nustaté-
me, kad nepasikartojanc¢ios HA galimybe mazino G/G genotipas, palyginti
su A/A genotipu (GS = 0,270; 95 proc. PI: 0,119-0,610; p = 0,002),
G/G genotipas, palyginti su A/A + G/A genotipais (GS = 0,283, 95 proc. PI:
0,129-0,621; p = 0,002), bei G alelis, palyginti su A aleliu (GS = 0,653;
95 proc. PI: 0,487-0,876; p = 0,005) (3.9.3.8 lentel¢). Nenustatyta statistis-
kai reikSmingy genotipo sasajy su HA pasikartojimu.
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3.9.3.8 lentelé. SIRTL rs12778366 ir STAT3 rs744166 geny polimorfizmy ir nepasikartojancios bei pasikartojancios
hipofizés adenomos sgsajos (dvinareé logistiné regresiné analizé)

Genas HA tipas Modelis Genotipas GS (95 proc. PI) p reik§mé AIC
SIRT1rs12778366 |Nepasikartojanti Kodominantinis TIT 1 614,042
T/C 0(0) 0,995
C/C 7,465 (3,896-14,307) <0,001
Recesyvinis T/T+T/C 1 645,812
C/C 9,092 (4,748-17,411) <0,001
Adityvinis 1,592 (1,153-2,199) 0,005 678,223
Pasikartojanti Kodominantinis T/T 1 247,718
T/C 0(0) 0,996
C/C 7,764 (2,868-21,019) <0,001
Recesyvinis T/T+T/C 1 255,407
C/C 9,456 (3,495-25,586) <0,001
STAT31s744166 | Nepasikartojanti Kodominantinis AIA 1 673,559
G/A 0,916 (0,606-1,385) 0,678
G/G 0,270 (0,119-0,610) 0,002
Recesyvinis A/A+G/A 1 671,731
G/G 0,283 (0,129-0,621) 0,002
Adityvinis 0,653 (0,487-0,876) 0,005 677,047

GS - galimybiy santykis, AIC — akaike, p — reik§Smingumo lygmuo, skirtumai laikomi statisti$kai reik§mingais, kai p<0,05.




3.9.4. SIRT1, FGFR2 ir STAT3 genotipu polimorfizmy deriniy
sasajos su HA atsiradimu

Atlikome SIRT1 rs12778366, FGFR2 rs2981882 ir STAT3 rs744166
genotipy deriniy sgsajy tyrimus. Gauti genotipy deriniy duomenys buvo
palyginti tarp pacienty, kuriems nustatyta HA, bei sveiky asmeny grupés.
Statistiskai reikSmingi genotipy deriniai pateikiami 3.9.4.1 lenteléje.

3.9.4.1 lentelé. SIRTL, FGFR?2 ir STAT3 genotipy deriniai, didinantys ar
mazinantys hipofizés adenomos galimybe

Genotipu deriniai GS (95 proc. PI) p verté
SIRT1 T/T + FGFR2 G/G + STAT3 G/G 3,475 (1,073-11,258) 0,038
SIRT1 T/T + FGFR2 G/A + STAT3 A/A 0,627 (0,407-0,967) 0,035
SIRT1 C/C + FGFR2 G/G + STAT3 G/A 0,170 (0,059-0,492) 0,001
SIRT1 C/C + FGFR2 G/G + STAT3 A/A 0,058 (0,006-0,560) 0,014
SIRT1 C/C + FGFR2 G/A + STAT3 G/A 0,130 (0,029-0,585) 0,008
SIRT1 C/C + FGFR2 G/A + STAT3 A/A 0,042 (0,009-0,199) <0,001
SIRT1 C/C + FGFR2 G/G 0,151 (0,065-0,349) <0,001
SIRT1 C/C + FGFR2 G/A 0,092 (0,038-0,224) <0,001
SIRT1 T/T + STAT3 G/G 2,699 (1,338-5,444) 0,006
SIRT1 C/C + STAT3 G/G 0,260 (0,072-0,933) 0,039
SIRT1 C/C + STAT3 G/A 0,151 (0,065-0,349) <0,001
SIRT1 C/C + STAT3 A/A 0,045 (0,012-0,162) <0,001
FGFR2 G/A + STAT3 A/IA 0,595 (0,398-0,890) 0,011

SIRT1 —sirtuinas 1, FGFR2 - fibroblasty augimo faktoriaus receptorius 2, STAT3 — signalo
perdavéjas ir transkripcijos veiksnys 3, GS — galimybiy santykis, PI — pasikliautinasis inter-
valas, p — reikSmingumo lygmuo, skirtumai laikomi statistiSkai reik§mingais, kai p<0,05.

Atlikus logisting regresing analiz¢ buvo nustatyta 11 apsauginiy ir 2
genotipy deriniai didinantys HA galimybe. SIRT1 T/T + FGFR2 G/G +
STAT3 G/G geny variantas didino HA galimybe 3,475 karto (GS = 3,475;
95 proc. PI: 1,073-11,258, p = 0,038), o SIRT1 T/T + STAT3 G/G geny
variantas HA didino galimybe 2,699 karto (GS = 2,699; 95 proc. PI: 1,338—
5,444, p = 0,006).

Geny variantai, mazinantys HA galimybe:

SIRT1 T/T + FGFR2 G/A + STAT3 A/A (GS = 0,627; 95 proc. PI:
0,407-0,967, p = 0,035).

SIRT1 C/C + FGFR2 G/G + STAT3 G/A (GS = 0,170; 95 proc. PI:
0,059-0,492, p = 0,001).
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SIRT1 C/C + FGFR2 G/G + STAT3 A/A (GS = 0,058; 95 proc. PI:

0,006-0,560, p = 0,014).

SIRT1 C/C + FGFR2 G/A + STAT3 G/A (GS = 0,130; 95 proc. PI:

0,029-0,585, p = 0,0080.

SIRT1 C/C + FGFR2 G/A + STAT3 A/A (GS = 0,042; 95 proc. PI:

0,009-0,199, p < 0,001).

SIRT1 C/C + FGFR2 G/G (GS = 0,151; 95 proc.
p < 0,001).

SIRT1 C/C + FGFR2 G/A (GS = 0,092; 95 proc.
p <0,001).

SIRT1 C/C + STAT3 G/G (GS = 0,260; 95 proc.
p =0,039).

SIRT1 C/C + STAT3 G/A (GS = 0,151; 95 proc.
p < 0,001).

SIRT1 C/C + STAT3 A/A (GS = 0,045; 95 proc.
p < 0,001).

FGFR2 G/A + STAT3 A/A (GS = 0,595; 95 proc.

p=0,011).
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4. REZULTATU APTARIMAS

4.1. Serganciyjuy HA regos funkciju pokyciai

RNK yra lokalizuota vir§ hipofizés ir, jei navikas auga supraseliariai,
dél kryzmés kompresijos, daznai biina regos astrumo bei akiplocio pakitimy.
Daugelis mokslininky nustaté sutrikusias regos funkcijas sergantiesiems HA
[7-14, 74, 84, 85, 97-102, 237]. Misy tyrime taip pat nustatytas sumazejgs
GKRA ir akiploCio defektai (daliné temporaliné hemianopsija, pilna
temporaliné hemianopsija, koncentriskai susiauréjgs akiplotis) Sergantie-
siems HA. Tik viename tyrime Siddharth Ogra ir bendraautoriai 7 atvejais
(13 proc.) 1§ 103 serganciyjy rado homoniminiy akiplo¢io defekty [238].
Misy tyrime né¢ vienam pacientui homoniminiy akiplo¢io defekty nenu-
statyta. Paprastai homoniminé hemianopsija rodo ne kryzmés pazeidima, o
pazeidimg uz RNK prieSingoje puséje nei nustatytas akiplocio defektas.

HA gali sukelti peripapilinio TNSS iSplon¢jima, kurj galime objektyviai
jvertinti objektyvaus neinvazinio tyrimo — optinés koherentinés tomografi-
jos — badu. Siuo metu OKT plagiai naudojama oftalmologijoje nerviniy
skaiduly buklei jvertinti. Misy atliktame tyrime nustatytas statistiSkai
reikSmingas TNSS iSplon¢jimas visuose keturiuose kvadrantuose HA
sergantiems pacientams. Tai patvirtina miisy ankstesnio tyrimo rezultatus,
kai, i§tyr¢ 20 HA serganciy pacienty ir palyging su 20 kontrolinés grupés
asmeny, nustatéme TNSS iSplonéjima visuose keturiuose kvadrantuose apie
RND [239]. Chan Hee Moon ir bendraautoriai taip pat nustaté statistiSkai
reik§mingai i§plonéjusj TNSS HA sergantiems pacientams (n=18), palyginti
su kontroline grupe (n=20) [15]. Charlotta Johansson ir Bertil Lindblom
[240] istyré 16 pacienty, sergan¢iy HA, kuriems visiems pasireiské bitem-
poraliné hemianopsija, taiau ne visose akyse nustatytas iSplonéjes TNSS.
Manome, kad tokie rezultatai gal¢jo buti gauti dél mazo tiriamyjy skaiciaus.
TNSS sasajos su RNK, HA morfologinémis charakteristikomis iki Siol
nebuvo tirtos.

Misy tyrimo iSskirtiné dalis — iSsami radiologiné HA ir RNK analiz¢.
Nustatéme, kad sergan¢iyjy HA vidurinés dalies RNK mediana 1,7 mm
(min 0,1; maks 3,7), kai normalus RNK aukstis turéty buti mazdaug 3,5 mm
[241]. RNK storis statistiSkai patikimai skyrési tarp HA su ir be
supraseliarinio plitimo. Yra svarbu jvertinti HA augimo kryptj, kadangi su-
praseliarinis HA augimas gali sukelti regos funkcijy sutrikimus. Nustatéme,
kad TNSS storis temporaliniame kvadrante buvo statistiskai patikimai ma-
Zesnis pacientams, sergantiems HA su supraseliariniu plitimu nei be supra-
seliarinio plitimo. Taip pat nustatéme statistiSkai patikimai blogesnj GKRA
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pacienty, kuriems nustatytas supraseliarinis HA augimas, grupéje nei tiems,
kuriems nebuvo supraseliarinio HA augimo. Misy rezultatai patvirtina
Schmalisch ir kolegy atlikto tyrimo rezultatus, kai nustatyta statistiSkai
reik§minga priklausomybé tarp regos astrumo maze¢jimo ir supraseliarinio
HA augimo [105].

Nustatéme kontrastinio jautrumo ir spalvy juslés sutrikimus sergantie-
siems HA. Miisy tyrimo rezultatai sutampa su kity mokslininky duomenimis
[85, 88, 97, 109], kurie taip pat nustaté sutrikusias Sias regos funkcijas
sergantiesiems HA. Moksliniame tyrime, kurj atliko dr. Kestutis Sinkiinas
[109], iStyrus 40 HA serganciy asmeny ir 80 sveiky asmeny, taip pat nusta-
tyta, kad sergan¢iyjy HA spalvy juslés slenkstis yra statistiSskai reikSmingai
aukstesnis nei sveiky asmeny. Sinkiinas savo disertacijoje nagringjo ir
serganciyjy HA spalvy juslés pokyc€ius. F-M 100 testo metu nustatyta, kad
asmenys, sergantys HA, padaré¢ 3 kartus daugiau klaidy nei sveikieji. Miisy
atliktame tyrime spalvy juslés bei KJ rodmenys taip pat buvo statistiskai
reik§mingai geresni sveiky pacienty nei serganciy HA. Tyrimo metu mes
papildomai jvertinome sgsajas tarp F-M 100 ir RSKJ tyrimo rezultaty ir HA
augimo pobudzio ir nustatéme, kad tyrimy rodmeny skirtumai nebuvo
statistiSkai reikSmingi tarp pacienty, serganCiy invazine ir neinvazine HA,
RSKJ tyrimo atveju, o F-M 100 tyrimo metu pastebétas statistiskai
reikSmingas skirtumas. Nustatytas statistiSkai reikSmingas RSKJ skirtumas
tarp supraseliarinio augimo HA ir HA be supraseliarinio augimo grupése, o
F-M 100 tyrimo atveju skirtumas nebuvo statistiSkai reikSmingas.

Taigi, jtarus turkiabalnio srities patologija, reikéty atlikti ne tik jprasti-
nius oftalmologinius tyrimus, bet ir detaliai iStirti spalvy jusle bei kontrastinj
jautruma.

4.2. Serganciyjy HA IL-17A poky¢iai

Tik viename tyrime mokslininkai nagrinéjo IL-17A koncentracija
sergan¢iyjy HA kraujo serume. Qiu ir bendraautoriai [61, 62] prieS operacija
iStyré¢ IL-17 koncentracija kraujo serume 75 HA sergantiems asmenims ir
nustate, kad IL-17 koncentracija sergantiesiems invazine HA buvo didesné
nei sergantiesiems neinvazine HA. Invaziniy HA grupéje 1L-17 koncent-
racija buvo 95,46 * 34,09, neinvaziniy HA 56,26 + 14,03 pg/ml, kontroli-
néje grupéje 23,58 + 6,55 pg/ml. Mes taip pat nustatéme statistiskai
reik§mingai didesn¢ citokino IL-17A koncentracija pacienty, serganc¢iy HA,
kraujo serume, palyginti su kontroline sveiky asmeny grupe, taciau nenu-
statyta statistiSkai reikSmingy skirtumy tarp skirtingo augimo pobudzio HA.
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Mes galime kelti hipotezg, kad citokinas IL-17A gali buti svarbus HA atsi-
radimui, taciau neturi jtakos HA augimo pobudziui.

4.3. Serganciyjuy HA Ki-67 proliferacijos indekso pokyciai

Ki-67 proliferacijos indeksas intensyviai tyrin¢jamas, kaip galimas HA
invazyvumo Zymuo, taciau gaunami duomenys iki $iol iSlieka priestaringi.
Tai vienintelis HA zymuo, kuris PSO endokrininiy augliy klasifikacijoje yra
jvardintas kaip agresyvaus HA augimo rodiklis [142].

Misy tyrimas patvirtina kity mokslininky gautus rezultatus, kad Ki-67
PI yra statistiSkai reikSmingai didesnis esant pazeistam kietajam smegeny
dangalui (tikrasis invazyvumas) nei neinvazinése HA [65-67, 69, 71, 72, 76,
78], taciau keliuose moksliniuose tyrimuose nenustatyta Ki-67 PI sgsajy su
HA invazyvumu [63, 64, 68, 73]. Mes nenustatéme Ki-67 PI priklauso-
mybés nuo pasikartojimo, taciau Paek ir kolegos [71] nustaté statistiSkai
didesnj Ki-67 PI (1,27 proc.) pasikartojanc¢iy HA nei nepasikartojan¢iy HA
atvejais (0,56 proc.) (p = 0,027). Miisy tyrimo metu nustatéme invazinése
HA statistiSkai reikSmingai didesnj Ki-67 PI nei neinvazinése HA, taciau
nenustatyta Ki-67 PI sgsajy su pasikartojimu ir HA augimo kryptimi.

Ki-67 PI tyrimy rezultatai iSlieka priestaringi, todél reikia iSsamesniy
tyrimy su didesne tiriamyjy imtimi.

4.4. Serganciyju HA MMP-2 (-1306 C/T) geno polimorfizmo analizé

Pasaulyje daugiau néra atlikta tyrimy, nagrin¢janciy MMP-2 (-1306
C/T) geno polimorfizmo sgsajas su HA iSsivystymu ir augimo pobiudZziu.
Daugelis mokslininky nagrinéjo MMP-2 (-1306 C/T) geno polimorfizmo
svarbg vystantis jvairiems navikams [48—60]. Taip pat keliuose tyrimuose
nustatyta padidéjusi MMP-2 raiska hipofizés navikiniame audinyje [219-
220]. Remdamiesi $iais tyrimais, mes iSkéléme hipoteze, kad MMP-2 geno
polimorfizmas gali turéti jtakos HA atsiradimui, taip pat invaziniam HA
augimo pobudziui. ISanalizavus 84 pacienty, sergan¢iy HA, MMP2 (-1306
C/T) polimorfizmag ir palyginus su 318 kontrolinés grupés asmeny, nusta-
téme, kad MMP-2 (-1306 C/T) C/T genotipas, palyginti su C/C ir C/C + T/T
genotipais, didino neinvazyvios HA galimybe 3 ir 2,8 karty, o C/T + T/T
genotipai, palyginti su C/C genotipu, $ig galimybe didino 2,7 Kkarto.
Nenustatyta statistiSkai reikSmingy skirtumy pagal genotipy pasiskirstyma,
tik C/T genotipas buvo dazniau nustatytas moterims, sergan¢ioms HA, nei
sveikoms moterims. Galime daryti i§vada, kad MMP-2 (-1306 C/T) C/T
genotipas gali salygoti HA atsiradimg moterims.
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4.5. Serganc¢iyju HA MMP-9 (-1562 C/T) geno polimorfizmo analizé

Miisy duomenimis, daugiau néra atlikta pasaulyje tyrimy, nagrin¢janciy
MMP-9 (-1562 C/T) geno polimorfizmo sasajas su HA. Ankstesniuose
tyrimuose, nagriné¢janciuose HA atsiradima, invazyvuma, didesnis démesys
buvo skiriamas MMP-9 raiSkai HA audiniuose [219-222, 224-227], bet ne
geno polimorfizmui. Nustatéme, kad MMP-9 (-1562 C/T) T/T genotipas,
palyginti su C/C + C/T genotipais, didino invazinés HA galimybe 3,2 karto.

Taip pat nustatéme, kad MMP-9 (-1562 C/T) C/C genotipas, dazniau
pasireiSké pacienty, serganciy HA, grupéje nei sveiky asmeny grupéje.
MMP-9 (-1562 C/T) C/C genotipas buvo pastebimas dazniau sergantiems
neinvazine, invazine ir nepasikartojancia HA, palyginti su sveikais asme-
nimis. Todél mes galime kelti hipotezg, kad MMP-9 (-1562 C/T) C/C geno
polimorfizmas gali biiti svarbus HA atsiradimui, ta¢iau néra reikSmingas HA
pasikartojimui.

4.6. Serganciyjy HA SIRT1 rs12778366, FGFR2 rs2981582
ir STAT3 rs744166 genu polimorfizmy analizé

SIRT1, FGFR2, STAT3 geny polimorfizmy jtaka jvairiy naviky issivys-
tymui, analizuota daugelyje tyrimy [30-38, 170, 179-185], taciau misy
duomenimis, néra tyrimy, kuriy metu biity jvertintos sgsajos su HA.

Mes pirma karta pasaulyje iStyréme SIRT1 rs12778366 genotipa
sergantiesiems HA. C/C genotipas dazniau nustatytas HA sergantiems asme-
nims nei sveikiems (18,9 vs. 2,5 proc., p < 0,001). Todél SIRT1 rs12778366
C alelis ir C/C genotipas gali buti siejJamas su didesne galimybe susirgti HA.
Taip pat nustatyta, kad HA galimyb¢ 7,5 karto didino C/C genotipas,
palyginti su T/T genotipu, C/C genotipas, palyginti su T/T + T/C genotipais
Sig galimybe didino 9 kartus. Tyrimy, nagrinéjanciy SIRT1 rs12778366 geno
polimorfizmo s3sajas su HA atsiradimu, daugiau pasaulyje néra atlikta.

Istyre FGFR2 rs2981582 geno polimorfizma, mes nenustatéme statis-
tiskai reikSmingy skirtumy tarp genotipy pasiskirstymo, lygindami kontro-
ling ir HA grupes. Taip pat nenustatéme skirtumy analizuodami HA invazy-
vumg ar pasikartojimg. Tyrimy, nagrinéjanciy FGFR2 rs2981582 geno
polimorfizmo sasajas su HA, daugiau pasaulyje néra atlikta.

Kelivose tyrimuose nagrinéta STAT3 rs744166 polimorfizmo svarba
jvairiy augliy iSsivystymui, taiau néra né¢ vieno tyrimo, analizuojancio
sgsajas su HA iSsivystymu, invazyvumu, pasikartojimu. Mes pirmieji nusta-
téme, kad STAT3 rs744166 G/G genotipas reCiau pasitaiké pacientams,
sergantiems HA, nei sveikiems asmenims (9,1 vs. 19,1 proc., p = 0,012).
G/G genotipas dazniau nustatytas sergantiems neinvazinémis HA, palyginti
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su invazinémis (15,5 vs. 4,7 proc., p = 0,038), ir sergantiesiems pasikarto-
janc¢iomis HA palyginti su serganciaisiais nepasikartojan¢iomis HA (19,4
vS. 6,2 proc., p = 0,036). Galime daryti iSvada, kad STAT3 rs744166 geno
polimorfizmas gali biiti siejamas su HA invazyvumu ir pasikartojimu.

Tyrimo metu metu nustatéme 2 genotipy deriniy variantus didinancius
HA galimybe. SIRT1 T/T + FGFR2 G/G + STAT3 G/G genotipy deriniy
variantas didino HA galimyb¢ 3,5 karto, o SIRT1 T/T + STAT3 G/G
genotipy deriniy variantas didino HA galimybe 2,7 karto. Taigi, svarbu ne
tik jvertinti atskiry geny polimorfizmy sgsajas su HA iSsivystymu, bet ir
genotipy derinius, kurie gali mazinti ar didinti HA galimybe.
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ISVADOS

Atlikus pacienty oftalmologinj iStyrima, nustatyta:

* Sumazejes funkcinis kontrastinis jautrumas hipofizés adenoma
sergantiems pacientams.

»  Sutrikusi spalvy juslé pacientams, sergantiems invazine ir pasikar-
tojancia hipofizés adenoma, bei sumazéjes spalvinis kontrastinis
jautrumas pacientams, sergantiems supraseliarinio augimo hipofi-
z¢s adenoma.

*  Suplonéjes priesoperacinis tinklainés nerviniy skaiduly sluoksnio
storis visuose keturiuose regos nervo disko kvadrantuose pacien-
tams, sergantiems hipofizés adenoma. Tinklainés nerviniy skaiduly
sluoksnio storis pacientams, kuriems nustatytas supraseliarinis
hipofizés adenomos augimas, palyginti su pacientais, kuriems
nenustatytas supraseliarinis augimas, buvo sumazéjes tik temporali-
niame kvadrante.

Invazinése hipofizés adenomose nustatytas didesnis Ki-67 proliferacijos
indeksas nei neinvazinése hipofizés adenomose.

Nustatyta didesné citokino IL-17A koncentracija pacienty, serganciy
hipofizés adenoma, kraujo serume, palyginti su sveikais asmenimis.

MMP-2 (-1306 C/T) C/T genotipas, palyginti su C/C genotipu, didino
neinvazyvios hipofizés adenomos galimybe 3 kartus, o palyginti su
C/C + T/T genotipais — 2,8 karto. MMP-2 (-1306 C/T) C/T + T/T geno-
tipai, palyginti su C/C genotipu, $ig galimybe didino 2,7 karto.

MMP-9 (-1562 C/T) T/T genotipas, palyginti su C/C + C/T genotipais,
didino invazinés hipofizés adenomos galimybe 3,2 karto.

SIRT1 C/C genotipas, palyginti su T/T genotipu, hipofizés adenomos
galimybe didino 7,5 karto, o palyginti su T/T + T/C genotipais — 9
kartus. SIRT1 T/T + FGFR2 G/G + STAT3 G/G genotipy deriniy
variantas hipofizés adenomos galimybe didino 3,5 karto, o SIRT1 T/T +
STAT3 G/G genotipy deriniy variantas — 2,7 karto.
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Summary. Background and Objective. The aim of this study was to evaluate associations be-
tween visual functions (visual acuity, perimetry, optic nerve disc condition, and color contrast sen-
sitivity) and pituitary adenoma (PA) diameter,

Material and Methods. In the study, 20 patients with PA, which was confirmed by computed
tormagraphy or magnetic resonance imaging scans, were examined, The patients were divided into 2
groups: those with @ PA digmeter of <1 cm (14 eves) and with a PA digmeter of >1 cm (26 eyes).
The control group comprised 40 healthy age- and gender-matched persons (80 eyes). The diameter
of PA, visual acuity, and perimetry were analyzed: the F-M 100 hue test for color discrimination
was used in patients with PA.

Results. Visual acuity was better in the control group as compared with both groups of patients
(1.0vs. 0.90 [SD, 0.50] and .64 [SD, 0.21]; P=0.01; respectively). The results of the Farnsworth-
Munsell 100 hue test were also better in the control group compared with the patients with PA of <1
cm and >1 cm (error score of 80,1 [SD, 33.0]vs, 131.8 [SD, 30.6]and 244.68 [SD, 531. 6], respec-
tively; P=0.011). There was a very strong positive correlation between the error score of the F-M
100 hue test and PA diameter (r=0.905), but the correlation between the error score and visual acu-
ity (r=—0.32). perimeiry (r=0.21), and eye fundus changes (r=0.36} and PA diameter was weak.

Conclusions. Our results showed that PA can cause the impairments of visual acuity, perimetry,
and color contrast sensitivity. The computerized F-M 100 hue test can be one of the methods for an
early diagnosis of chiasm damage in patients with PA.

Introduction

The pituitary gland is a small endocrine gland,
weighing about 0.5 g, It is slightly larger in the
brain of women than men. Pituitary adenoma (PA)
is the most common pathological process occurring
in the sella turcica. PAs account for 12%-15% of
all brain tumors (1). Ezzat et al. (2) reported the
estimated prevalence of pituitary adenomas to be
14.4% and 22.5% in pooled autopsy and radiologi-
cal series, respectively. Davis et al. (3) reported that
pituitary adenomas occurred with a prevalence rate
of 190280 cases per 1 000 000, It is a benign tumor
originating in adenohypophysial cells of the ante-
rior lobe of the pituitary gland (4). The classifica-
tion of PAs is based on the secretion of hormones,
It can be a secreting (functional) or a non-secreting
(nonfunctioning) pituitary adenoma, According to
the size, adenomas are classified into microadeno-
mas (£ 10 mm) and macroadenomas (>10 mm) (5).
Women have a 2-fold increased risk of developing
PA in comparison with men (4). Most commonly,
PA is a nonmalignant tumor; however, it tends to
renew/recur itself (). Usually this tumor is soft and

Caorrespondence to R, Kaspuryté, Department of Oncology,
Moedical Academy, Lithuanian University of Health Sciences,
Eiveniy 2, 50028 Kaunas, Lithuania
E-mail: robertamedicag gmail.com

has no capsule, which could isolate it from the sur-
rounding mass of microglia. That is the reason why
it can grow and infiltrate the surrounding structures.
Adenomas may cause symptoms in 2 ways: 1) due
to tumor-related hypersecretion or hyposecretion
of hormones. In this case, the tumor causes com-
pression to a normally functioning hypophysis; or
2) due to compression of PA to the surrounding
structures (3),

PA can often cause injury to the optic chiasm,
Hypophysis is in the sella turcica, 8-13 mm lower
than the optic chiasm. Therefore, when it increases,
it can easily compress the optic nerve fibers in the
chiasm. Microadenomas can have a negligible effect
on the visual system or on the function of other
glands, whereas macroadenomas can cause visual
function impairment (7-%). Visual function impair-
ment depends on the diameter of PA and its contact
with optic pathways. If PA is small, it cannot reach
the optic chiasm, and visual function impairment
may not be observed (10). When PA compresses the
frontal part of the optic nerve, impairments in visual
field, visual acuity, and color contrast sensitivity are
possible. Visual impairments can also be triggered
by a microadenoma when it grows directly to the
optic pathways and causes swelling of the pituitary
gland (3).
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The long-lasting compression of the chiasm in-
duces primary optic nerve atrophy, which directly
impairs the visual function. Functionally active PAs
usually appear with specific clinical symptoms be-
cause of hormone hypersecretion. Functionally ac-
tive PAs cause less damage to the visual function
than the nonfunctioning gland, because functioning
PAs become symptomatic due to hormone secre-
tion. Nonfunctioning PAs can grow slowly, com-
press the optic chiasm, which is directly above the
pituitary gland, and cause progressive visual loss
(11). Among patients with intracranial tumors, the
PA prevalence is high, and diagnosing the tumor, an
overall visual system examination is required.

The aim of this study was to evaluate associations
between visual functions (visual acuity, perimetry,
optic nerve disc condition, and color contrast sensi-
tivity) and PA diameter.

Material and Methods

A total of 20 patients diagnosed with PA (40
eyes, study group) and 40 healthy patients (80
eyes, control group) were enrolled into the study.
PA was confirmed by computed tomography (CT)
or magnetic resonance imaging (MRI) scans. The
patients in the study group were divided into 2
groups according to the PA diameter: patients with
the PA diameter of 1 ¢m and less (14 eves) and
patients with the PA diameter of more than 1 cm
(26 eyes).

The inclusion criteria were as follows: 1) PA
identified and confirmed by CT/MRI; 2) good pa-
tient’s general condition; 3) patient’s consent to take
part in the study.

The exclusion criteria were as follows: 1) in-
fectious eye diseases (history of keratitis, acute or
chronic uveitis), glavcoma, optic nerve diseases, de-
generation or dystrophy of the central part of the
retina, high-degree refraction defects, lens opacities
because of obscurity or poor photography quality of
eye fundus; 2) systemic disease (diabetes, malignant
diseases, systemic connective tissue disease, chronic
infectious diseases, tissue or organ transplant sur-
gery; 3) brain tumors of other localization; and 4)
patient’s refusal to participate in the study.

In this study, visual acuity as well as the trans-
parency of the cornea and lens and the fundus were
investigated in patients. Biomicroscopy was per-
formed in order to assess the corneal and lenticu-
lar transparency. Noncorrected and best-corrected
visual acuity {measured in decimals from 0.1 o 1.0)
was evaluated using Landolt’s rings (C optotypes) by
Snellen test types at a 5-m distance from the chart.

The lenses were evaluated by biomicroscopy. The
lenses were examined using a slit lamp, positioning
the illumination source at a 45-degree angle and the
light beam split to a 2-mm width.
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To reach the best-corrected visual acuity, refrac-
tion was performed during each examination. The
intraocular pressure was measured in order to ex-
clude the patients with glaucoma. Moreover, the
pupils of the subjects were dilated with 1% tropi-
camide. After dilation of the pupils, funduscopy was
performed with an ophthalmoscope of the direct
monocular type and the slit-lamp using a double as-
pheric lens of +78 diopters.

The Farnsworth-Munsell 100 hue test (F-M 100
hue test), which is a computer test of color sensitiv-
ity, was applied to all the patients (Fig. 1). The test
was carried out under artificial daylight illumina-
tion; care was taken to use the same instructions
during all the testing sessions.

The F-M 100 hue test required the arrangement
of color samples by tone. The majority of sam-
ples were of the same brightness and intensity in
color, Four boxes containing 85 plastic color sam-
ples were provided. Two color samples in each box
were repeated and used as supportive colors, while
other color samples were arranged <o that a con-
sistent transition of tones between the two support-
ive colors were achieved. The color samples were
in such a manner as to cover the entire range of
tones, The samples differed in tone, but their colors
were approximately of the same brightness and in-
tensity. Two minutes were given for each box series,
though the speed of accomplishment of the test was
not highly accentuated, A sequence number was as-
signed to each color sample. The result was evalu-
ated by the total number of differences between the
number of the color sample chosen by a subject and
the number of the color sample actually belonging
to the position. The degree of color distinction was
assessed. The sensitivity of colors might be very
high (when the number of mistakes is up to 20),
normal (up to 100), or impaired {(more than 100).

Stimuli were generated and presented on a color
monitor for calibration. The chromaticity of the
monitor phosphors was calibrated using a spectrom-
eter (VIS-LIGA of STEAG microParts GmbH), The
computerized test was compared with the original
test using a Bland and Altman plot (12).

Statistical analysis was performed using the com-
puter program SPSS/W 13.0 (Statistical Package for
the Social Sciences for Windows, Inc., Chicago, 11-
linois, USA). The data were expressed as absolute
numbers (percentage) or means and standard de-
viation (SD). The Mann-Whitney U and Kruskal-
Wallis tests were used for the comparison of 2 or
3 groups, respectively. The correlation between the
diameter of PA and Farnsworth-Munsell 100 hue
test, visual acuity, perimetry, and fundus changes
was evaluated by using the Spearman’s correlation
coefficient. Differences were considered statistically
significant if P<0.05.
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Fig. 3. Visual flield impairments by pituitary
adenoma diameter

was not significant. There was a weak positive cor-
relation between visual field impairment and PA di-
ameter (r=0.21, P<0.03).

The patients diagnosed with PA showed optic
nerve disc changes in the fundus of the eye (Table).
Optic nerve disc changes were significantly more
common in the patients with PA than the healthy
controls {20% ws. 50%, P=0,009), and there was a
weak positive correlation between eye fundus chang-
es and PA diameter (r=0.36, P<0.05),

Table. Opric nerve disc changes in patients with a pituitary
adenoma (PA) diameter of <1 cm and =1 em

Change — 3
B PAclem  PA >1em  value
Unchanged optic nerve dise 615} 6il5) 1.0
Optic nerve disc pallor 6(15) 14 (35) 069
Optic nerve dise atrophy 2(5) Gi{15) .26

Discussion

Visual functions in patients with PA were ana-
lyzed in this study. Our analysis revealed that PA
can cause the impairments of visual acuity, perim-
etry, eve fundus, and color contrast sensitivity in
patients with PA, and the computerized F-M 100
hue test can be one of the methods for an early di-
agnosis of chiasm damage in patients with PA.

Molecular genetic research has identified a num-
ber of genetic defects that might be involved in pi-
tuitary tumorigenesis. Few genes have been report-
ed to be associated with inherited forms of pituitary
tumors. Approximately 3% of all pituitary tumors
arise in a familial setting (11). The etiology of pitui-
tary adenomas has not been clearly understood until
now. A relationship between adenomas and multi-
various environmental factors, such as smoking,
mobile phone use, etc., was studied. However, no
scientifically confirmed environmental risk factors
associated with the development of pituitary adeno-
mas have been identified so far (13, 14).

PA affects people of all ages. It can occur at any
age, but its prevalence increases with age (31). A
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study by Thomas et al. showed that the mean age of
PA patients was 43 years (range, 16—6% vears); the
ratio of women to men was 1:2 (27). Other study by
Elgamal et al. reported the mean patients’ age of 42
vears (range, 14-83) and a female-to-male ratio of
1.4:1 (16). In our study, the mean age of PA patients
was slightly greater, i.e., 51 years (range, 25-70),
and the ratio of women to men was 3.8:1.

The impairment of visual functions may be
found in patients with PA. The present investiga-
tion showed that visual acuity impairment can be
found even when the diameter of PA less than 1 cm
(visual acuity, 0.9 [SD, 0.50]). The level of damage
directly depended on the of diameter adenoma and
the location of compression on optic pathways (15).
Other researchers also determined visual acuity im-
pairment in 54.8% of the patients (n=37) who were
diagnosed with PA (16).

In literature, information about the impairment
of color contrast sensitivity can only be found when
visual acuity is altered, i.e. in advanced PA stages,
Researchers have also determined a great impair-
ment in color contrast sensitivity in patients diag-
nosed with PA (17). In Grochowskis opinion, the
examination of contrast sensitivity is a susceptible
method for the determination of visual pathway
compression. However, it should not be used sepa-
rately from other examination methods of the visual
system (18). Gutowski et al. evaluated 11 patients
who had tumors in the sella turcica and had no visu-
al acuity and visual field impairment; however, color
contrast sensitivity impairment was found (19).

Our study showed that the results of the F-M
100 hue test were better in the control group than
in the groups with PA £1 ¢m and >1 ¢m (80.1 [SD,
53.0] vs. 131.8 [SD, 30.6] and 244.7 [SD, 51.6],
P=0.011; respectively). Dain et al. reported that the
results of the F-M 100 hue test depended on the
human race, but the difference was insignificant if
the examination was performed in the same group
of age and with the same pupil diameter. However,
the mentioned authors noted that the difference
was significant between Asians and brown-eyed Eu-
ropeans (20). With reference to the study by Kin-
near et al., the results of the F-M 100 hue test can
vary depending on age. The authors reported the
number of mistakes ranging from 43 to 364 (21).
The researchers examined 10 patients (20 eyes) of
the same age and ophthalmelogically healthy pa-
tients similar to our group (50-39 years old); and
the number of mistakes was 90, but in the group of
60-69-year-old persons, the number of mistakes in-
creased to 120 (21). Based on the results of the F-M
100 hue test, Kessel et al. reported that the Danish
healthy human population made 83 mistakes (SD,
79) (22). Our study of healthy human population
showed very similar results, e, 80.1 (SD, 53).
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The evaluation of visual field defects is very
important in diagnosing PA, especially in primary
stages of the development. Patients with PA have
unique visual field defects — usually the visual field
begins to constrict from the upper temporal sector
(23). The prevalence of visual field defects in PA,
with reference to various studies, varies from 37%
to 96% (15, 24—26). Another very characteristic and
unique symptom of PA is a constriction of the vis-
ual field from temporal sides to a complete bilateral
temporal hemianopia. Thomas et al. reported that
theoretically optic chiasm compression caused by
PAs led to bitemporal defects. According to their re-
sults, bitemporal hemianopsia was the second most
common presentation (27). Their study showed that
visual field defects were determined in 94.6% of
the patients. The unique visual field constricted
from the temporal side for PA was determined in
69 of the 93 patients (74.2%). Bitemporal hemia-
nopia was diagnosed in 19 patients (20.4%). In 24
patients (25.8%). 3 sectors of the visual field were
lost. Nonspecific visual field defects for PA were
determined in 19 patients (20.4%) (27). The re-
sults of our study are in line with the findings of
these studies. Our study showed that in the group
with a PA diameter of <1 cm, field defects were
determined in 71% of patients. Of these patients,
57% had the concentric constricted vision field
and 14% bitemporal hemianopia. In the group with
a PA diameter of >1 cm, visual field defects were
determined in 85% of patients. Of these patients,
63% had the concentric constricted field of vision
and 23% bitemporal hemianopia. In the group with
a PA diameter of >1 cm, visual field defects were
twice as common in comparison with the group
with a PA diameter of <1 ¢m. However, bitemporal
hemianopia was more common in other scientific
studies: the visual field was damaged in all the pa-
tients, and 50% of the patients were diagnosed with
bitemporal hemianopia (28). Other nonspecific de-
fects in the visual field were found in 55 eyes of
29 patients (44%), and 19 of them had bitemporal
hemianopia (69%) (13). A study by Elegemal et
al. also reported that 37 patients had visual field
defects (65.5%) (16).
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In a retrospective study by Kerrison et al., 62 pa-
tients with a mean age of 54 years (SD, 15 years;
range, 22 to 83) were examined (33 men and 29
women). Visual field defects were analyzed before
and after surgical treatment of pituitary adenoma
and abnormal static threshold perimetry {29). The
authors reported that the early fast phase (1 week af-
ter surgery) of improvement might lead to normali-
zation of visual fields in some individuals, The early
slow phase (1 month to 4 months) was the period
of the most notable improvement. The late phase (6
months to 3 years) of mild improvement did not ap-
pear significant overall but may be marked in some
individuals. Each of these phases might have one
or more mechanisms underlying the observed im-
provement (29).

With reference to Monteiro et al., 30 patients (60
eyes) with pituitary adenoma were examined. All
patients underwent neuro-ophthalmic examination
and MRI before and after optic chiasm decompres-
sion. The study showed the tumor size to be the
best predictive factor for visual loss, and the fac-
tors associated with visual recovery were the degree
of optic atrophy, the severity of VF defect, and the
tumor size. The authors reported that diagnosing
pituitary adenomas before optic atrophy becomes
severe might be related to a better prognosis in such
patients (30).

The earliest defect of visual function is the im-
pairment of color contrast sensitivity. The progres-
sive impairment of color contrast sensitivity could
warn about the development of the disease and pro-
gression; therefore, the examination of color con-
trast sensitivity is an informative and useful test to
investigate visual functions.

Conclusions

Our results showed that PA can cause the impair-
ments of visual acuity, perimetry, and color contrast
sensitivity, Computerized F-M 100 hue test can be
one of the methods for an early diagnosis of chiasm
damage in patients with PA.
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The Application of a New Maximum Color Contrast Sensitivity Test
to the Early Prediction of Chiasma Damage in Cases of Pituitary
Adenoma: The Pilot Study
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Purpose: Our objective was to estimate the maximum color contrast sensitivity (MCCS) threshalds in individu-
als with chiasma oplicum damage.

Methods: The pilot study tested 41 people with pituitary adenoma (PA) and 100 age- and gender-maiched con-
trols. Patients were divided into two groups according to PA size, PA =1 cm or PA 1 cm. A new MCCS test
program was used for color discrimination.

Results: The mean total ermor score (TES) of MCCS was 1.8 in the PA =1 cm group (standard deviation [SD], 0.38),
3.5 in the PA =1 cm group (SD, 0.96), and 1.4 in the control group (S0, 0.31; p < 0.001). There was a positive
correlation between tumor size and MCCS result r = 0648, p < 0.01). In the group that had PA-producing

hormeanes, the TES was 2.5 (SD, 1.09), compared to 4.2 value in the non-functioning PA group of patients that
did not have clinically significant hormone excess (SD, 3.16; p < 0.01). In patients with narmal visual acuity (VA)
or visual field MCCS, the TES was 3.3 (SD, 1.8), while that in patients with VA <0.00 was 4.6 (SD, 2.9).
Conclusions: Results of the MCCS test TES were 1.9 times betier in patients with PA =1 cm compared to
patients with PA =1 cm (p < 0.01). In PA patients with normal VA, the TES was 2.35 times worse than that of

healthy persons (p < 0.01).

Key Words: Macroadenoma, Maximum color contrast sensitivity, Micoradenoma, Pituitary, Visual function im-

pairmeant

Pituitary adenoma {PA) is a common benign monoclonal
neoplasm that accounts for approximately 15% to 2084 of
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primary intracranial tumors [1]. Compared with men,
women have a two-fold increased risk of developing PA [2].
This condition develops as a non-malignant tumor that
grows from the frontal lobe adenchy pophysis cells of the
hy pophysis [2]. It is the most common pathological process
in sella turcica, but no scientifically-based environmental
risk factors have been identified [2-4]

Pituitary tumors can be subdivided into non-secretory
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hy=ne/ 3,00 which permits unrestricted non-commencial use, distribution, and reproduction in any mediom, provided the original work is properly cited
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(non-functioning) and secretory (functioning) types. Se-
cretory PAs become symptomatic because they secrete
hormones, Non-secretory pituitary tumors might grow
slowly, compress the optic chiasm, which is directly above
the pituitary gland, and cause progressive visual loss [2].
Adenomas are classified according o size into microade-
nomas (smaller than 1 cm) and macroadenomas (larger
than 1 em). Microadenomas have less of an effect on the
visual system or on the function of other glands, whereas
macroadenomas can cause visual impairment [5-7], Visual
function impairment depends on the PA diameter and its
contact with optic pathways. If the PA is small, it cannot
reach the optic nerve chiasm, and visual function impair-
mient might not oceur [8].

Early diagnosis of PA is ¢ssential because long-standing
chiasmal compression indicates primary optic atrophy and
a poor prognosis for visual recovery following surgical de-
compression [2]. Detailed visual examination is very im-
portant for early PA diagnosis. Various visual functions
are tested, including the general health of the visual sys-
tem, central pathways of vision, and visual system cogni-
tive perception. Studies have shown that visual acuity (VA)
assessment using the typical Snellen chart and Landolt
rings {Coplotypes) alone is insufficient for visual function
testing because it provides limited information about cen-
tral vision; accurate diagnosis requires both VA determi-
nation and contrast sensitivity [9]. The purpose of the pres-
ent study was to assess visual function (VA, visual field,
and color contrast sensitivity) in order to achieve early pre-
diction of chiasma damage in patients with PA. The maxi-
mum color contrast sensitivity (MCCS) test is especially
useful for follow-up of PA patients after PA surgery. Im-
pairment revealed by the MCCS test could indicate recur-
rence, which can be confirmed though a brain imaging
study.

Materials and Methods

The study group comprised patients (41 patients, 82
eyes) who were referred to the Clinic of Neurosurgery,
Hospital of Lithuanian University of Health Sciences, for a
consultation with a neuroophthalmologist due to worsened
visual function (VA and visual field). All these patients
underwent color contrast sensitivity testing, and the
diagnosis of PA was conflirmed by nuclear magnetic
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resonance imaging (MRI) of the brain,

The control group consisted of patients who had no
ophthalmologic pathology on examination and who agreed
o undergo color contrast sensitivity testing. OF the 300
patients who underwent color contrast sensitivity testing,
100 (198 eyes) were included into the control group
matched for age and gender to the study group. The
patients in the study group were divided into two groups
according to PA size. Based on PA diameter, the first group
comprised patients with a PA diameter of 1 cm or less, e,
microadenoma; the second group of patients had a PA
diameter larger than | em, i.e, macroadenoma.

The inclusion criteria were as follows: (1) PA determined
and confirmed using MR, (2) generally healthy, (3)
consented to take part in the study, (4) age between 18 and
65 years. The exclusion criteria were as follows: (1) conta-
gious eve diseases, high degree of refraction error { patients
with high degree of myopia =6.0 diopters and a high
degree of hyperopia 3.0 diopters), or lens opacities
(nuclear, cortical, and posterior subcapsular cataract)
except minor opacities, keratitis, acute or chronic uveitis in
anamnesis, glaucoma, optic nerve discase, reting central
part degenerations or dystrophy; (2) systemic disease
{diabetes, oncological disease, systemic connective Lissue
disease, and chronic infectious disease, state after the
tissue or organ transplant); (3) other brain tumors; (4)
congenital color vision deficiency; and (5) patient refusal
to participate in the study.

Healthy patients with no ophthalmological eve disorder
based on detailed ophthalmological evaluation were
in¢luded if they did not have any eve disorders (patients
with any refractive error were not included in the study) or
if they were taking epileptic or sedative drugs,

In this research, non-corrected and best-corrected VA
were evaluated using the logarithm of the minimum angle
of resolution chart a1 a standard 4-meter distance from the
chart. Refraction was determined during cach examination
in order to obtain the best-corrected VA, Biomicroscopy
was performed to assess corneal and lenticular transparency,
The subjects’ pupils were dilated with 1% tropicamide.
After dilation, funduscopy was performed with a direct
monocular ophthalmoscope and a slit-lamp using a double
aspheric lens of +78 diopters.

The MCCS test was carried out under artificial daylight
illumination; care was taken to use the same instructions
in all westing sessions, The light was directed at an angle of



approximately 90° from the patient’s side, the viewing an-
le was about 60° positioned at about 45° 10 the plate sur-
face without a glare from the monitor,

In the MCCS computer test [10], the subject’s task was
to determine the correct direction of a bar in a circle,
indicated by pressing a button, If the direction was unclear,
a blank button was pressed. Each time the button was
pressed, a blank screen appeared; 1 second later, another
circle with a randomly chosen bar direction was presented.
If the direction of the bar in the circle was chosen
incorrectly, its color was automatically highlighted. After
the direction of the bar was selected correctly, the intensity
of its color was automatically dulled; due to the change in
intensity of the bar, the brightness of the background of
the circle appeared 1o change. The first correct answer
after a series of incorrect answers or the first incorreet
answer after a series of correct answers was accepled as
the subject’s maximum sensitivity to the target color of a
bar. When this maximum sensitivity was determined, the
color of the bar was changed, and the test was started
again. The bar was presented in a total of six colors; red,
green, blue, greenish blue, violet, and vellow, Once a
subject’s sensitivity 1o all these colors had been assessed,
all findings were recorded in a database, and the results of
the test were presented in a result window. The grey
background luminance of the monitor was 350 ed/m’ [10].
The luminance of the surrounding area was 400 cd/m” [10].

Statistical analyses were performed to assess the VA of
cach eye: the visual field and MCCS test results were
estimated separately for cach eve. Statistical analysis was
performed using the SPSS ver. 130 (SPSS Inc., Chicago,
IL. USA). The data are expressed as absolute number,
percentage, or mean and standard deviation (SD). The
Mann-Whitney U-test and Kruskal-Wallis test were used
to compare the groups. The correlations between PA
diameter and MCCS test results, VA, perimetry, and fundus
changes were evaluated using Spearman’s correlation
coefficient. Differcnces were considered statistically
significant at p < 0035,

Results

A total of 141 participants were enrolled in the study.
There were 34 men (34%) and 66 women (66%) in the
control group and 8 men (19.5%) and 33 women (80.5%) in
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the study group, The mean age of the patients with a
diagnosis of PA was 51.7 years (5D, 10.4), while that of the
control group and 51.4 years (SI3, 10.8).

The VA was 000 in the control group and -0.04 in the
group with PA =1 em (distributed from 0.3 to 0.00). In the
group with PA =1 em, the VA was -0.20 (distributed from
2 to 0000, The VA was significantly worse in patients with
PA diameter =1 em compared to that of those with PA di-
ameter <1 cm {(p = 00281} VA deficit was found in 50 of
the patients (61%) with PA: 34 patients (66%) with PA =]
cm and 16 patients (37%) with PA <1 cm. A weak negative
correlation was found (r = 0.341, p = 0.002) between tumor
size and YA, VA decreased in 10% of persons with PA di-
ameter <1 em and in 40% of patients with PA =1 ¢m. There
were no blind patients in the PA patients groups,

The analysis indicated that 7™ of patients with PA =|
cm had an affected visual field (concentric narrowing was
detected in 62% of patients, bitemporal hemianopia was
found in 15% of patients). The visual field was affected in
86% of patients with PA =1 cm (concentric narrowing was
detected in 57% of patients, bitemporal hemianopsia was
found in 29% of patients) (Table 1). There was no
correlation (r = 0,053, p = 0.634) between tumor size and
visual field damage.

This was the first study 1o analyze changes to the optic
nerve dise (OND) in patients with PA <1 em and =1 ¢m
and in those with hormone-producing PA. The OND was
more frequently affected in patients with PA with a
diameter greater than 1 em and in patients with non-
functioning PA. The analysis indicated that 16.66% of

of patients with PA =1 ¢m experienced OND atrophy.
However, there was no statistically significant difference
between these groups (Table 2).,

Our research showed that MCCS was affected in 73.17%
of individuals with PA. Color contrast sensitivity was

Table 1. Visual field damage in patients with PA

P Enr.\cm_lrr: hl:;mh Nnma:l E:'t:anail
PA <l cm 15 (62) 4(15) 5(23)
PA=1¢m 31(5T) 16 {29) Til4)
p-value 0.8053 0.2726 04976
Walues are presented as number (%),
PA = pituitary adenoma,
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Table 2. OMD changes in patients with PA <1 cm and =1 cm

Change PA <1 em PA=1em p-value
Mormal OND 10 ({41.67) 12 (22.20y 0.1034
OND pallor 10(41.67) 30 (55.56) 0.8061
OND atrophy 4(16.66) 12 (22.22) 0.7634

Values are presented as number (%4),
OND = optic nerve disc; PA = pituitary adenoma,

affected in 13.3% of patients with PA <1 cm and was af-
fected in 8L1% of patients with PA =1 ¢m. The total error
score (TES) of MCCS was 1.8 (3D, 0.38) in the group with
FA =1 em, 3.5 in the group with PA =1 cm (5D, 0.96), and
1.4 in the control group (5D, 0.31). The difference between
the TES values of MCCS in individuals with PA and the
controls was significant {p < 0.001), There was a positive
correlation between tumor size and MCCS results {r =
(LG48, p = 0.001)

When VA and visual field were normal, the TES MCCS
test results were 3.3 (SD, 1.8), compared to 4.6 in those
with a VA less than 0.00 (3D, 2.9). Even for PA patients
with normal VA, the TES was 2.35 times worse than tha
of healthy individuals (p < 0.01),

The average diameter of the PA was 2.4 cm in patients
with a VA of 0.00 (5D, 1.01), 3.6 cm in patients with a VA
in the range of 0.00 to 0.04 (SD, 3.2) (p < 0.01), and 483
cm in those with a VA <0.04 (5D, 2.1). The average
diameter of the PA was 3.1 cm (5D, 0.95) when the VA was
less than 0.00. When the VA was normal, the diameter of
the PA was half the size of that of patients with VA <0.04,
We grouped all patients in order to caleulate the specificity
and sensitivity of the MCCS test. According to our data,
the sensitivity of this test was 71L95% and the specificity
was T5%.

Discussion

PAs are classified based on size into microadenoma (=1
cm) and macroadenoma (=1 cm). The size of the adenoma
corresponds with the compromising effects on the optic
chiasm, cranial nerves, and cavernous sinuses, but tumor
size does not reflect clinical importance [11]. In addition,
macroadenomas can cause local symptoms such as visual
disturbances when the optic chiasm is compressed [12],
This classification is supplemented by immunochemistry
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and functional status, Pituitary tumors are classified as
functioning or non-functioning on the basis of ability o
produce and secrete mature hormones [13,14]. Patiems
might experience headaches, visual disorders, and cranial
nerve dysfunction from compressive effects, while changes
in hormone expression are either due to pituitary stalk
disruption or pituitary failure due to compression of
normal pituitary tissue [13]. Since MRI technigues have
improved and are used more widely in the general population,
PAs are more Trequently incidentally diagnosed; however,
pituitary tumors such as non-functioning PA might not be
identified for many years.

In cases of PA, one of the most imporiant aspects of
diagnosis is to thoroughly investigate visual function. The
complexity of the examination includes VA, perimetry,
and fundus examination of both eves. Although these
examination methods are very useful, they do not
completely reflect the condition of the visual system. We
used the new MCCS test to more accurately examine
visual functions in our research. This test is extremely
sensitive 1o the carliest stages of visual function alterations,
The qualitstive estimation of color contrast sensitivity is
very important for diagnosing PA and can provide valuable
information for diagnosing the disease and determining
progression [16], These alterations depend on changes in
the entirg visual tract from the cones in the retina to the
cerebral extrastriatal regions [17].

In our research, VA decreases in accordance with
adenoma diameter. VA was particularly affected in
patients with PA =1 cm. VA deficit was found in 34 patients
(66%) with PA =1 ¢m. This result is in agreement with that
of Elgamal et al, [18], who reported VA impairment in
54.8% of patients diagnosed with PA, although the authors
did not analyvze the dependence of VA on PA diameter or
hormone activity. In their study, blindness was determined
in three eyes, VA was diagnosed when a patient could only
see fingers in fromt of their eves, and the results were based
on a total of six eves [18]. There were no blind patients in
our study, and the most progressed VA was 0,01, In the
study by Elgamal et al. [18], a total of 68 of the eyes with
PA were affected either by decreased VA and/or change in
the visual field. The main visual presentation in 32 patients
was impaired vision (VA, 20/ 50 or greater; 38.7%), and it
wias bilateral in 16 patients. In the remaining 76 eyes
(61.3%), there were no visual symptoms related 1o the
presence of PA. Visual field abnormality was detected in



55 eves of 29 patients (44.4%), and bitemporal hemianopia
represented strikingly abnormal VF in 19 patients (69%%)
[18]. In a case series by Dhar and Pehere [19], 66 of 114
eves (57 patients) had normal VA. Additionally, only 16 pa-
tients (28.1%) had normal visual fields in both eyes [19].
Therefore, the viseal field changes were very similar
across all of the studies. A review by Hollenhorst and Yo-
ung [20] of 1,000 cases of pituitary tumors over a 22-year
period indicated that 70% of these patients had either VA
loss, visual defects, or bath, while only 20% of patients
had reduced VA and 32% had visual field defects. The
results of this analysis differ only from the case series stu-
died by Anderson et al. [21], where the authors found that
only 16% of patients had decreased VA and 32% had visu-
al field defects, Oul of 36 eyes studied, 24 (66,7%) had
visual field defects at presentation, including 12 eyes
(33.3%0) with temporal defects, 10 eves (27.8%) with non-
specific defects, and two eyves with peripheral constriction
[21]. The most common pattern of visual field loss was
bitemporal defects, present in six patients (33.3%) [21]. In
another study, eight eyes of four patients (median age,
41.50 years; interquartile range, 33 to 51 years) with PA
that caused visual field defects were reviewed [22]. The
transverse dimensions of the tumor on MRI ranged {rom
2.5 w0 4.5 em in all subjects. All the subjects presented
with progressive VA loss, headache, and visual field de-
feets. The VA deficits ranged from 20/ 60 w 20 / 30 [22].
In our research, when VA was <0.00, the average PA
diameter was 3.1 + 095 cm [22].

Optic nerve changes are commeon in patients with PA.
Longstanding compression by pituitary macroadenoma
leads to optic atrophy [23]. Dhasmana et al. [23] reported
five patients (27.8%) in their series with optic nerve head
changes; three patients had unilateral optic atrophy, and
two patients had bilateral disc pallor. In our research, there
were 12 individuals (22.22%) with OND atrophy among
patients with PA =1 cm, and four (16.66%) among
individuals with PA <1 cm. Elgamal ¢t al. [18] determined
that a funduscopic sign of longstanding chiasmal
compression from pituitary macroadenoma 1s primary
optic atrophy (secondary 1o retrograde axonal degeneration).
In this group of patients, optic atrophy was seen clearly in
21 eyes (17%), and all of them were found to have
significantly affected vision (VA, 20 / 100 or worse). This
also reflects the degree of visual recovery following trans-
sphenoidal decompression [18],
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In the literature, information about color contrast
sensilivity impairment can only be found in conjunction
with VA impairment, i.e., in the later stages of PA.
Researchers have determined great color contrast
sensitivity impairment in patients diagnosed with PA [24].
In Grochowicki et al. [25]'s opinion, the contrast sensitivity
examination is a suitable method to determine visual
pathway compression. However, it should not be used
separately from other examination methods of the visual
system.

The decreasing MOCS test resulis in our study indicated
some of the earliest signs of PA in patients with intact VA,
It is interesting to note that, even when VA was normal in
patients with PA, the MCCS test results were worse
compared to those of healthy persons. Furthermore, a
degrease in color contrast sensitivity in patients with PA
was found in a study using a Farnsworth-Munsell 100 hue
test. In the present study, the results were determined
according 1o PA diameter. The PA diameter was 131.79 in
patients with PA <1 cm (5D, 30.62), while that of patients
with PA =1 em was 244.68 (3D, 51.56; p = 0.011) [20].
Jayaraman et al, [22] also found color vision impairment
in ong or both eyes in patients with PA. Gupta et al. [27]
interpreted the alterations of color contrast sensitivity in
patients with hypophysis adenoma as a decrease in the
myelination of the vision fibers due to altered nutrition,
This can be a primary cause of color sensitivity changes,
especially when the tumor is localized in the region of the
optic chiasma. In our research, the MCCS was affected in
73.17% of individuals with PA, and the results of the
MCCS test were 1.9 times better in patients with PA <1 ¢cm
compared to patients with PA =1 cm (p < 0.01); even when
the WA was normal in PA patients, the group error score
was 2.35 times worse compared to that of healthy persons
(=000

In conclusion, results of a new MCCS test TES were 1.9
times better in patients with PA <1 ¢m compared to pa-
tients with PA =1 em (p < 0.01). Even when VA was
normal in the PA patients group, their TES was 2.35 times
wiorse than that of healthy persons. To our knowledge, this
is the first study to analvze color vision abnormalities in
patients with PA based on diameter. Therefore, this is the
first analysis of visual function dependence on PA
diameter. However, there were limitations 1o this study.
Although the TES for the hue test was determined, we did
not determine the partial error score for the red-green axis
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or blue-yellow axis, Future studies can use these parameters
1o assess the impact of PA on color vision abnormalities.
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Purpose. To determine if the frequency of the genotype of MMP-2 (1306 C/T) Rs243865 has an influence on the development of
pituitary adenoma (PA). Methods. The study enrolled n = 84 patients with PA and a random sample of the population n = 318
(reference group). The genotyping test of MMP-2 (-1306 C/T) was carried out using the real-time polymerase chain reaction method,
Results. Analysis of MMP-2 (-1306 C/T) gene polymorphism has not revealed any differences in the genotype (C/C, G/, and T/T)
distribution between the PA patienis and the reference group (as follows: 50%, 44%, and 6% versus 59,75%, 33,96%, and 6.29%).
MMP-2(-1306) C/C genotype was rarely observed in noninvasive PA compared to healthy controls: 35.1% versus 59.75%: p = 0.0049,
as well C/C genotype being more frequently detected in nonrecurrence PA compared to healthy controls: #6.5% versus 59.75%;
P = 00468, MMP-2(-1306) C/T genotype was more frequently present in PA females compared to healthy controls females: 49.1%
versus 33.66%; p = 0.041. Conrclision. Patients with noninvasive and nonrecurrence pituitary adenoma were the carriers of the C/C
genotype significantly more frequently than their control counterparts and the C/T genotype in females was more frequent,

1. Introduction

Pituitary adenoma (PA) is a common benign monoclonal
neoplasm accounting for approximately 15% to 20% of
primary intracranial tumours [1]. Ezzat et al. (2] reported
the estimated prevalence rates of pituitary adenomas to be
14.4% to 22.5% in pooled autopsy and radiological series,
respectively. The pituitary gland is localized in a dural bag
attached to the inferior aspect of the diaphragm of the sella
and surrounded by venous spaces that correspond laterally
to the cavernous sinuses [3]. PA may grow large and extend
into the surrounding structures resulting in neurclogical
complications including visual impairment. 6% to 10% of
pituitary adenomas involve the cavernous sinus [4-9]. PA
is a disease of multifactorial etiology, the occurrence of
which is influenced by alterations in hormonal regulation and
hormone receptors, dysregulated growth factors and alter-
ations in their receptors, abnormalities in signaling proteins
that transduce the signals of these stimuli, and changes in
cell-cycle regulators. In addition, the neoplastic process is

associated with altered cell-stromal interactions that have a
role in the morphogenesis of pituitary tumours [10]. Recently,
great attention in the PA pathogenesis has been drawn to
the search of new epigenetic and gcm:tic factors, To invade,
tumour cells must undergo several changes in molecular
pathways in accordance with invasion-associated cellular
activities, namely, cell-cell adhesion, cell-matrix adhesion
and ectopic survival, migration, and proteolysis [11]. Matrix
metalloproteinases (MMPs), a family of zinc-dependent
endopeptidases, also called matrixins, play an important role
in the process of degradation of the extracellular matrix
(ECM) and basement membrane (BM) in relation to tumour
invasiveness, metastasis, and angiogenesis [12-18]. Many
factors might induce MMPs production: cytokines, growth
factors, physical stress, cell-extracellular matrix, and cell-cell
interaction [19].

MMP-2 is a member of the MMP family and is capa-
ble of hydrolyzing type IV collagen, which is the main
component of the BM [13, 15]. Several studies have shown
that MMP-2 plays an important role not only in tumour
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invasion and metastasis, but also in cancer development
[20, 21).

Numerous studies have shown that MMP-2 is overex-
pressed in various human tumours, including breast cancer
[22-27]. lung cancer [ 28], colorectal tumours [29], pancreatic
carcinoma [30], and gastric and esophageal cancers [31-35].
Some studies have also showed the expression of MMP-
2 in human gliomas [36-38]. There are not many studies
analyzing MMP-2 expression in PA [5, 39, 40] and to the
best of our knowledge there are no studies that have exam-
ined the MMP2 -1306 C/T polymorphism in patients with
PA.

MMP polymorphisms can be caused by nucleotide
changes within the promoter region by insertions, substi-
tutions, or microsatellite instability [41]. Price et al. [42]
reported a single nucleotide polymorphism in the promoter
of the MMP2 gene (-1306 C/T). -1306 C—T transition is
located in a core recognition sequence of Spl (CCACC
box), which abolishes the Spl-binding site and consequently
diminishes promoter activity. Another C to T transition
located at nucleotide -735 in the promoter region of MMP-
2 has been identified [43].

Numerous studies have been carried out to look for the
passible association between the MMP2 -1306 C>T polymor-
phism and risk of human cancers (colorectal, breast, gastric,
esophageal, prostate, lung, and oral cancer) (reviewed in
[44, 45]).

To our knowledge, no studies have investigated the asso-
ciation between the MMP-2 (-1306 C/T) gene polymorphism
and PA development. Therefore, the aim of this study was to
determine the association between the MMP-2 (-1306 C/T)
gene polymorphism and the development of PA.

2, Materials and Methods

Permission (Number P2-9/2003) to undertake the study was
abtained from the Kaunas Regional Biomedical Research
Ethics Committee. The study was conducted in the Depart-
ments of Ophthalmelogy and Neurosurgery. Lithuanian
Health Sciences University Hospital.

Study participants comprised 84 subjects with a diagnosis
of pituitary adenoma and 318 persons from the reference
group.

Reference Group Formation. The reference group involved 318
subjects according to their age and gender, considering the
pituitary adenoma group structure. It was constructed from
the following:

(1) A random sample of the Kaunas population aged 45-
74 years collected within the international HAPPIE
(Health, Alcohol and Psychosocial Factors in Eastern
Europe) project (1) by the Laboratory of Population
Research at the Institute of Cardiology of the Lithua-
nian University of Health Sciences (LUHS).

{2} A random sample of the Lithuanian population aged
25-65 years collected within the international CINDI
(Countrywide Integrated Non-Communicable Dis-
ease Intervention) project (2) by the Laboratory of

Scientifica

TasrLe 1@ Demographic characteristics of patients with pititary
adenoma (PA) and reference group subjects,

(imup N .-'-\34,'_ year [min/max. median) Males, e (%)
PA 54 19871525 29(34.5)
Reference 318 25/87/51 113 (35.5)
p value — 0.83 0.86

Preventive Medicine at the Institute for Biomedical
Research of the LUHS.

(3) A random sample of the Kaunas population older
than 65 years collected within the "Kaunas Healthy
Ageing Study” by the Geriatrie Clinic and Laboratory
of Molecular Cardiology, Institute of Cardiology of
the LUHS (3).

The reference group was created by taking into consideration
the distribution of age and gender in the pituitary adenoma
group. Therefore, the medians of the patient age of the refer-
ence group and the pituitary group did not differ statistically
significantly (p < 0.05).

Demographic data of the study subjects are presented in
Table 1.

The inclusion criteria were as follows: (1) determined and
confirmed PA via MRI; (2) patient’s general good condition;
(3) patient’s consent to take part in the study; (4) age = 18
years, (3) no other brain or other localization tumours.

2.1. Radiological Evaluation. All pituitary adenomas were
analyzed based on MR imaging findings. The suprasellar
extension and sphenoid sinus invasion by PAs were classified
according to Hardy classification, modified by Wilson [46].
‘The degree of suprasellar and parasellar extension was graded
as stages A-E. The degree of sellar floor erosion was graded
as grades 1-1V, Grades [-11 mean that sellar floor is intact and
was considered as noninvasive PA, grade 111 shows localized
sellar perforation, and grade 1V shows diffuse destruction
of sellar floor which is the sign of invasive PA. Knosp
classification system was used to quantify the invasion of
the cavernous sinus, Grade 0: no involvement of cavernous
sinus represents the normal condition; grades 1 and 2: the
tumour pushes into the medial wall of the cavernous sinus
but does not go beyond a hypothetical line extending between
the centres of the two segments of the internal carotid artery
(grade 1) or it goes beyond such a line, but without passing
a line tangent to the lateral margins of the artery itself (grade
2); grade 3: the tumour extends laterally to the internal carotid
artery within the cavernous sinus; grade 4: total encasement
of the intracavernous carotid artery [47]. According to Knosp
classification, only grades 3 and 4 pituitary tumours were
considered to be invasive.

2.2, DNA Extraction and Genotyping. The DNA extraction
and analysis of the gene polymorphism of MMPs were
carried out at the Laboratory of Molecular Cardiology at
the Institute of Cardiology of the LUHS for control group
and at the Laboratory of Ophthalmology at the Institute
of Neuroscience of the LUHS for the PA patient group.
The DNA was extracted from the venous blood of patients
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Tasre 2: Frequency of MMP-2 {-1306 C/T) genotype in the patients with pituitary adenoma (PA) and in the control group.

Frequency (%)

Gene marker  Genotype/allele Cﬂ“:‘f%?;m”p Hﬁf}_-‘, P":E(:J“F H{:\."E i
(n = 318) {n = 84)
Genotype
cic 190 (59.75) 42(50.00) X =2980
Midp-2 o 108 {33.96) 37 (44.00) p=0225
(-1306) T 20(6.29) 0383 51(6.00) 0.390
Rs243865 Total 318 (100} 84 (100}
Allele
C 0.767 0.720
T 0.233 0.280

MMP: matrix metalloproteinase; p valve: significance level (alfa = 0.05) p-value HWE: significance level {alfa = 0.03) by Hardy-Weinberg equilibrium,

using the Genomic DNA Purification Kit (Thermo Fisher
Scientific} according to the recommendations of the man-
ufacturer or the silica gel column method utilizing the
genomic DNA extraction kit SorpoClean™ Genomic DINA
Extraction Module (SORPO Diagnostics) according to the
recommendations of the manufacturer.

The genotyping test of MMP-2 (-1306 C/T) was carried
out using the real-time polymerase chain reaction (PCR)
method. Applied Biosystem (USA) kits were used for the
genotyping of MMP-2 (1306 C/T) (rs243865). To ensure
internal control, 20 samples were sequenced at the Sequenc-
ing Center of the Institute of Biotechnology, and the received
results confirmed the reiteration and precision of the data.
The genotyping was performed using the HT 7200 real-
time PCH quantification system (Applied Biosystems, USA).
The real-time PCR reagents (2x Maxima™ Probe/ROX qPCR
Master mix buffer, fluorescent dye labeled markers, sterile
ddH2() were taken out from an environment of -20°C and
were thawed at room temperature, The thawed reagents were
centrifuged (10,000 rpm) and stored in an ice tub. An appro-
priate real-time PCR mixture of MMP-2 (-1306 CT) was
prepared for determining single nucleotide polymorphism
(SNP).

9 ulL of the PCR reaction mixture was poured into each
well of the microtiter plate with 96 wells and then 1 uL of
matrix DNA of the samples (~10ng) and 1L of negative
control (<K} were added. An optic film was pasted on the
microtiter with 96 wells and the microtiter was centrifuged
for 15 seconds at 10,000 rpm.

During the genotyping the following real-time PCR
programs were used: Allelic Discrimination and Absolute
quantification. Then, the work was continued following the
manual provided by the manufacturer (http://www.appli-
edbiosystems.com/ Allelic Discrimination Getting Started
Guide). After that, the Allelic Discrimination program was
completed, the genotyping results were received. The pro-
gram determined the individual genotypes according to the
fluorescence intensity rate of different detectors. A molecular
marker labeled with VIC fluorescent dye or Yakima Yellow
was chosen for the x axis and a molecular marker labeled with
FAM fluorescent dye was selected for the y-axis,

2.3, Statistical Analysts. Statistical analysis was performed
using the SPS5/W 20.0 software (Statistical Package for the
Social Sciences for Windows, Inc,, Chicago, 1L, USA). The
data are presented as minimum, maximum, and median. The
frequencies of genotypes (in percentage) are presented in
Table 2. Hardy-Weinberg analysis was performed to compare
the observed and expected MMP genotype frequencies using
the y* test for all groups. The distribution of the MMPs (SNP}
in the PA and control groups was compared using the y°
test or Fisher exact test. Binomial logistic regression analysis
was performed to estimate the impact of genotypes on PA
development. Odds ratios (OR) and 95% confidence intervals
are presented. The selection of the best genetic model was
based on the Akaike Information Criterion; therefore, the
best genetic models were those with the lowest Akaike
Information Criterion values, Differences were considered
statistically significant when p < 0.05.

3. Results

The genotyping of MMP-2 (-1306) C/T was performed in
patients with PA and in the control group subjects (Table 2).
The distribution of the analyzed MMP genotypes and
allele frequencies in patients with PA and in the control
group matched the Hardy-Weinberg equilibrium. MMP-
2 {-1306) C/T gene polymorphism analysis in the overall
group has not revealed any differences in the genotypes
distribution between patients with PA and control group
patients (Table 2).

MMP-2 (-1306)C/T gene polymorphism analysis in
males and females with PA has not revealed any statisti-
cal significant differences in the genotype (C/C, C/T and
T/T) distribution (as follows: 45.5%, 49.1%, and 5.5% versus
58.6%, 34.5%, and 6.9%) (Table 3}, When comparing MMP-
2 genotype distribution in healthy females and females
with PA we have revealed significamt differences. MMP-
2 (-1306) C/T genotype was more frequently present in
PA females compared to healthy controls females: 49.1%
versus 33.66%; p = 0041 MMP-2 (-1306)C/C and C/T
genotypes have not revealed any statistically significant
differences when healthy females and females with PA
were compared: MMP-2 (-1306) C/C genotype 52.02% versus
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TanLe 3: Frequency of MMP-2 (-1306 C/T) genotype in the patients with pituitary adenoma (PA) and in the control group by gender.

Frequency (%)
Control group PA group
Giene marker Genotype/allele (%) P pynke (%) P ptdbie
Females Males HWE Females Males HWE
N =205 N=113 N=55 N=2
Genotype
Cic 121 (59.02) 6% (61.06) 0.811 25(455) 17 (58.6) 0.359
o cT 69 (33.66)" 39 (34.50) 0.803 27 (49.1)° 10 (34.5) 0.251
(-1306) TIT 15 (7.32) 5(4.42) 0.488 0,347 3(55) 2{6.9) 0394 1.0
Rs243865 Tastal 205 (100) 113 (100} 55 (100} 29 (1040)
Allele
& (7585 177 (78.32) TTT0) 44 (75.86)
T 99{2415)  49(2168) 33 (30) 14 {24.14)
P = 00412

MMP: matrix metalloproteinase; pvalue: significance level {alfa = 0.05); povalue HWE: significance level {alfa = 0.05) by Hardy Weinbery equilibrium,

TasLe 4: Binomial logistic regression analysis in the patients with pituitary adenoma (PA) and in the control group,

Model Genotype OR(C 95%) P value AIC

T 1 415077
Codominant TiC 0.645 (0.391-1.065) 0.087
CIC 0.884 (0.314-2.490) (L.516

i oo i 1 413540
THC 4TI 0.647 (0.416-1.092) 0.109

R sie CIC+CIT 1 416,063
/T 1.060 (0.386-2.914) 0909

Ol T+ CIC 1 413.231
CrT 0653 (0.400-1.066) 0088

Additive T allele 0.784 (0.535-1.148) 0211 414.568

455%; p = 009 and T/T genotype 15% versus 3%, Binomial logistic regression analysis in noninvasive PA

p=0772 and in the control group was performed (Table 8). In nonin-

Binomial logistic regression analysis in the patients with
PA and in the control group was performed (Table 4). This
analysis revealed that there were no statistically significant
variables in the models of the patients with PA and in the
control group.

Binomial logistic regression analysis in the patients with
PA and in the control group by gender was performed
(Table 4). There were no statistically significant variables in
the models of the pituitary adenoma and control groups.
Binomial logistic regression analysis in the patients with PA
and in the control group by gender was performed as well
(Table 5). There were no statistically significant variables in
the models of males. In females this analysis revealed that the
codominant (p value = 0.043) and overdominant (p value =
0.037) variables were statistically significant,

MMP-2 (-1306) C/C genotype was rarely observed in
noninvasive PA compared to healthy controls: 35.1% versus
59.75%; p = 0.0049, as well C/C genotype being more fre-
quently detected in nonrecurrence PA compared to healthy
controls: 46.5% versus 59.75%; p = 00468 (Tables 6 and 7).
These results could be explained by increased expression of
CIC genotype.

wvasive PA group this analysis revealed that the codominant (p
value = 0,003), dominant (p value = 0.005), overdominant (p
value = 0.003), and additive (p value = 0.028) variables were
statistically significant. Binomial logistic regression analysis
in the patients with nonrecurrence PA and in the control
group was performed as well (Table 8). In nonrecurrence PA
group this analysis revealed that the codominant (p value =
0.039), dominant (p value = 0.042), and overdominant (p
value = 0.049) variables were statistically significant.

4. Discussion

Pituitary tumours are benign but do not uncommonly invade
locally into adjacent tissues such as the cavernous sinus and
dura. Early prediction of which pituitary tumours will recur
and/or exhibit an invasive phenotype remains difficult despite
the introduction of several tissue-based molecular markers
148].

The importance of MMP-2 (-1306) gene polymorphism
in the susceptibility of various tumours has been shown in
numerous studies [47-50]. In addition, MMP-2 has been
shown to be overexpressed in PA [5, 39, 40]. On the
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Tawre 5: Binomial logistic regression analysis in pituitary adenoma (PA) and the control women by gender.
Model Genotype OR(C195%) P value AlC
Males
cC 1 149.476
Codominant T 0.961 (0.401-2.303) 0,929
TT 0.616 (0.110-3.452) 0582
Dminani co 1 47705
TIC+TIT (.53 (0.394-2.072) 0810
Recessive CIC+CIT 1 147484
T 0625 (01153 298) 0.586
Cverdominant TIT + CIC 1 W7762
TG L.O0Y (0.424-2.362) 0.998
Additive — 0870 (0.441-1.717) 0.688 147603
Females
cC 1 271.981
Codominant T 0.528 (0.284-0.981) 0.043
TT 1.033 {0.278-3.837) 0961
Domknant cC 1 269,092
TIC+TIT 0.579 (0.318-1.053) 0.073
i CIC+ CIT 1 272,068
Recessive pioc
T 1368 (0382-4.907) 0.630
Overdominant T« CIC 1 267.927
TIC 0.526 (0.288-0.961} 0.037
Additive — 0.748 (0.471-1187} 0.218 270.822

Tante 6: Frequency of MMP-2 (-1306 C/T) genotype in the patients with pituitary adenoma (PA) and in the control group by PA invasiveness.

Frequency (%)
Gene marker Genotypefallele Control group Noninvasive PA group p Invasive PA group
i (%) HWE (%) HWE n (%) HWE
{n = 318) (n=137) {1 = 47)
Genotype
CIC 1907 (59.75) 137 (35.0) 29(61.7)
MMP-2 arT 108" (33.96) 227" (59.5) 15 (31.4)
{-1308) T 20 (6.29) 0.383 2(54) 0.064 3{6.4) 0.5823
Rs243865 Total 318 (100) 37 (100) 47 (100)
Allele
C 488 (76.72) 48 (64.86) 73 (77.66)
T 148 (23.33) 26 (35.14) 21(22.34)
" P = 0.0049.
"t = 00035,

MMP: matrix metalloproteinase; p valee: significance level (alfa = 0.05); p-value HWE: significance level (alfa = 0.05) by Hardy-Weinberg equilibrium.

basis of these findings, we sought to examine whether the
polymorphism in the MMP2 {-1306) promoter could have
an impact on the risk of PA development. We analyzed
84 PA patients and 318 age- and sex-matched controls for
the -1306 C/T polymorphism in the MMP-2 promoter. Our
results demonstrated that MMP-2 (1306 C/T) gene poly-
morphism has not revealed any differences in the genotype
(C/C, C/T, and T/T) distribution between the PA patients
and the reference group (as follows: 50%, 44%, and 6%

versus 59.75%, 33.96%, and 6.29%), but MMP-2 (-1306) C/'T

genotype was more frequently present in PA females

compared to healthy controls females: 49.1% versus 33.66%:
p=0.041.

To our knowledge, there are no studies which have
explored the relationship between the polymorphisms in
MMP2 1306 C/T and the development of PA. However,
several studies have analyzed MMP-2 expression in PA [5,
39, 40]. Liu et al. [39] have found that the MMP-2 score of
PAs with cavernous sinus invasion (3.9 + 0.5) was signifi-
cantly higher than those without invasion (2.3 + 0.2; p <
0.01). There was no difference in the MMP-2 score between
macroadenomas (3.0 £ 0.3) and microadenomas (2.1 + 0.4;
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Tanie 7: Frequency of MMP-2 {-1306 T} genotype in the patients with pituitary adenoma (PA) and in the control group by PA recurrences.

Frequency (%)
Gene marker Genotypefallcle Control group b Nonrecurrence PA group Recurrence PA group ¢
(%) HWE 1 {%) HWE 1 (%) HWE
{n = 318) {n=71) {n=13)
Genatype
cic 190° (59.75) 33" (46.5) 9 (69.2)
MMP-2 = 108 (33.96) 33(465) 10308)
(-1306) T 20 (6.29) 0,383 5(7m 0.3958 L 05121
Rs243885 Tatal 318 (100) T} 13 {100)
Allele
¢ 488 (76.72) 99 {69.72) 22 (84.62)
T 148 (23.33) 43 (30.28) 4 (15.38)
° p = 00468,

MMP: matrix metalloproteinase; pvalue: significance level (alfa = 0.05); p-value HWE: significance level {alfa = 0.05) by Hardy Weinberg equilibrium,

Tasee 8: Binomial logistic regression analysis in noninvasive and nonrecurrence pituitary adenoma (PA) and in the control group.

Model Genotype OR (C1 95%) p value AIC
Maninvasive
cC 1 234221
Codominant cT 2977 (1.442-6.148) 0.003
T 1462 (0.308-6.944) 0,633
Domi cC 1 233197
minant
TiC + TIT 2,740 (1.346-5.581) 0.005
Recessive CIC+CIT 1 241,285
TT 0851 (0.191-3.797) 0835
e R g e TT .; [ 1 232431
TiC 2852 (1422-5721) 0.003
Additive — 1.782 {1.D65-2.982) 0.028 236,667
MNonrecurrence
CC 1 371421
Codominant CT 1759 (1.028-3.011) 0.039
T 1.439 (0.505-4.102) eI
Daminant {"L z 09564
THC + TIT L709 (LOI9-2.868) 0042
2 CIC+CIT 1 373646
Recessive
T 1.129 (0.409-3.117) 0815
Ovscdalniic TIT + s.;l'l‘.. 1 369,859
1689 {1.003-2.843) 0049
Additive — 1423 (0.953-2.123) 0.084 370.788

p > 0.05), and also no difference between the functioning
adenomas (2.8 + 0.3) and nonfunctioning adenomas (2.8 +
0.3; p > 0.05) [5]. MMP-2 mENA expression was also intense
in invasive pituitary adenomas and was significantly higher
in invasive pituitary adenomas than those without invasion
(68.2 £15.3% 21.8 + 8.2 p < 0.05). Pereda et al. [40] have
observed the activities of MMP-2 and MMP-9 together with
the expression of membrane-type MMP and tissue inhibitor
of metalloproteinase-1 in all types of human pituitary ade-
nomas. They found high levels of MMP activity and low
levels of tissue inhibitor of metalloproteinases, indicating
a high level of extracellular matrix-degrading activity in
FAs,

Numerous studies have demonstrated overexpressed
MMP-2 in various tumours: breast cancer [22-27], lung
cancer [28], colorectal tumours [29], gastric and esophageal
cancers [31-35], and pancreatic carcinoma [30], Some studies
have reported the expression of MMP-2 in human gliomas
[36-38].

Numerous studies have also been carried out to look for
an association between the MMP-2 -1306 C/T polymorphism
and risk of other human tumours, but the results remain
controversial [49-61].

Yu et al. [49] in their research have found that the
allele frequency of MMP2 -1306 C was significantly higher
among cases of lung cancer than among controls (0,91 versus
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0.83). Subjects with the CC genotype had an overall 2-
fold increased risk of developing lung cancer [adjusted OR
2.18; 95% confidence interval (CI), L.70-2.79] compared with
those with the CT or TT genotype. In another study Yu
et al, [55] have reported that the C5,-C 535 haplotype in
the MMP-2 promoter contributes to risk of the occurrence
and metastasis of esophageal squamous cell carcinoma by
increasing the expression of MMP-2. In another study this
group of researches has found that subjects with the CC
genotype had a more than 3-fold increased risk [adjusted
OR. 3.36, 95% confidence interval 2.34-4.97] for developing
gastric cardia adenocarcinoma compared with those with the
variant CT or TT genotype, The increased risk was found
to be more pronounced in smokers and younger subjects,
No significant association was demonstrated between the
MMP2 polymorphism and the risk of metastasis of the cancer
at the time of diagnosis, with the OR being 0.90 (95%
confidence interval 0.36-2.20) for the CC genotype [50]. In
breast cancer research Miao et al. [50] have found that the
variant MMP2 genotype (-1306 CT or TT) was associated
with substantially reduced risk of breast cancer [OR 0,46; 95%
confidence interval (95% CI), 0.34-0.63], compared with the
CC genotype, Grieu et al. [62] have also reported that MMP-
2 TT homaozygous patients had smaller breast tumours (p =
0.006) and contained lower concentrations of the estrogen
receptor (ER; p = 0.002) compared to patients with the
MMP-2 CC or CT genotype. Homozygosity for the MMP-2
1306 T allele was associated with markedly different patient
survival depending upon tumour ER status. For patients
with ER negative tumours, the MMP-2 TT genotype was
associated with poor survival (2/8 patients alive at end of
study, 25%) compared to the CC or CT genotypes (39/70,
84%; p < 0.001). For patients with ER positive tumours,
the MMP-2 TT genotype was associated with a trend for
very good survival (10/10, 100%) compared to the CC or CT
genotypes (1307157, 83%; p = 0.16).

Lin et al. in their study [52] provided evidence that
-1306 C—T polymorphism in the MMP-2 promoter is a
susceptibility factor for the development of oral squamous
cell carcinoma, with the CC genotype being associated with
the increase of risk. O-charoenrat and Khantapura [58]
have reported that subjects with the MMP2 CC genotype
were associated with a significantly increased risk [adjusted
OR 1.97; 95% confidence interval (95% CI), 1.23-3.15] for
dew:]uplng HNSCC compared with those with the variant
genotype (-1306 CT or TT).

Xu et al. [60] have found that the frequency of MMP-
2 CC genotype was significantly higher in colorectal cancer
patients when compared with controls (OR, 1.959; 95% CI,
1.055-3.637). Srivastava et al. [61] have found that patients
with MMP2 (-1306) CT genotype as well as T allele were at
higher risk of prostate cancer (p = 0.018; OR = L68 and
P = 0.015; OR = 1.52). This effect was even more evident in the
case of the T allele carrier (CT + TT) (p = 0.011; OR = 1.71).
Shao etal. [63] have reported that the risk of nasopharyngeal
carcinoma was significantly increased in young (<60 years)
subjects with the -1306 CC genotype (OR = 1,52, 95% CI =
1.01-2.29). Wieczorek et al. [56) have found that the combined
genotype MMP2 -1306 C/T {rs243865) allele T with MMP9

1562 C/T (rs3918242) allele T increased bladder cancer risk
(OR 2,00,95% C1 110-3.62; p = 0.022),

On the basis of these findings, we hypothesized that the
-1306 CT polymorphism in MMP-2 might also have impact
on individual susceptibility to PA,

Some authors have not found an assoctation of MMP-2
(-1306 C/T) polymorphism with tumours. Rollin et al. [53]
have found no difference in -1306 C/T MMP-2, -735C/T
MMP-2, and -1562C/T MMP-9 genotypes between cases
of non-small cell lung cancer and controls. Eftekhary et
al. [54] have found no statistically significant differences
in genotype and allele frequencies of MMP-2 (1306 C/T)
between patients with esophageal squamous cell carcinoma
and controls (p > 0.05). A significant association of the
MMP-2 (-1306 C/T) polymorphism with GBM (p = 0.475)
was not found by Kumar et al. [59] suggesting that MMP-2
(-1306 C/T) polymorphism is not associated with increased
GBM susceptibility. Kawal et al. [57] have not found a
significant association of MMP-2 (<1306 C/T) polymorphism
with oligodendroglioma (p = 0.54).

Ta the best of our knowledge, this is the first study to
examine the relationship between the MMP-2 (<1306 C/T)
polymorphism and PA risk. Our study showed a significantly
greater prevalence of the C/T genotype in females than their
contrel counterparts. Further studies with a larger number of
patients, however, are necessary in order to better understand
the real value of such a normative database in developing of
PA.

Our study suggests that the effects of polymorphisms of
MMPs on PA risk deserve further investigation.
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Purpase. To determine if the MMP-9 genotype has an influence on development of pitultary adenoma (PA). Methodology. The study
enrolled i = 86 patients with PA and n = 526 healthy controls (reference group). The genotyping of MMP-9 was carried out using
the real-time polymerase chain reaction method, Results, Our data demonstrated that the MMP-9 (-1562) C/C genotype was more
frequent in PA group than in healthy controls (81.4% versus 64.6%, p = 0.002); C/C genotype was more frequently present in PA
fernales compared to healthy control females, 81.5% versus 64.6%, p = 0.018, as well. MMP-9 (-1562) C/C genotype was frequently
observed for all subgroups: noninvasive and invasive, nonrecurrence, and inactive PA compared to healthy controls: 81.8% versus
64.6%, p = 0.021; 81.0% versus 64.6%, p = 0.041; 81.8% versus 64.6%, p = 0.005; 100.0% versus 64.6%, p < 0.001, respectively.
MMP-9 (-1562) C/C genotype was more frequent in inactive PA compared to active PA: 100.0% versus 7L4%; p < 0,001, Conclusion,
MMP-9 (~1562) C/C genotype plays a role in nonrecurrence, inactive, and invasive as well as in nonivasive PA d.c'\.'elnpm:m.

1. Introduction

Maost of the pituitary tumours are pituitary adenomas (PAs):
benign, slow-growing neoplasms that arise from cells of the
pituitary gland. Pituitary adenomas have the high incidence,
following the gliomas and meningiomas. In recent years, the
frequency of PA has been increasing, particularly in younger
age groups [1, 2]. PA accounts for 15 to 20% of primary brain
tumours. PA may grow large and extend into the surrounding
structures resulting in neurological complications including
visual impairment [3]. In addition, pituitary adenomas may
be distinguished anatomically as intrapituitary, intrasellar,
diffuse, and invasive [4]. Invasive adenomas which account
for approximately 35% of all pituitary neoplasms may invade
the dura mater, cranial bone, or sphenoid sinus [5]. PA isa
disease of multifactorial etiology, the occurrence of which is

influenced by genetic factors, hormonal stimulation, gruw[h
factors, and so forth. Recently, great attention in the PA
pathogenesis has been drawn to the search for new epigenetic
and genetic factors [6]. To invade, tumour cells must undergo
several changes in molecular pathways in accordance with
invasion-associated cellular activities, namely, cell-cell adhe-
sion, cell-matrix adhesion and ectopic survival, migration,
and proteolysis [7]. Invasive factors invelve the heparinase,
serine proteinases, cathepsins, and matrix metalloproteinases
(MMPs) [8]. MMPs are capable of degrading most of the
components of the extracellular matrix which may play
an important role in the extracellular matrix remodeling
during angiogenesis. A particular interest has been focused
on MMP-9 due to its ability to degrade components of the
basement membrane components, such as type IV collagen.
There are 24 different genes defined that code the expression
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of proteases of MMP family [9], The expression in transcrip-
tion level depends on gene promoter mutations and various
transcription factors. A transition of C to T at the 1562-bp
position upstream of the transcription initiation site (-1562
C/T)of MMP-9(NCBI SNP identification number rs3918242)
has shown having an effect on promoter activity. Transition
of C nuclectide to T nucleotide causes more difficulties
for nucleic protein complex binding to DNA strain in the
presence of T allele. It was determined that once C allele
mutates to T allele, a promoter activity increases L5 times [10].

Few studies have analyzed MMP-9 expression in PA
[11-13] and in other tumours such as prostate and gastric
cancer [14-16]. MMP-9 expression was reported to be sig-
nificantly higher in invasive pituitary adenomas [17-20].
Also, some studies have been carried out to look for the
possible association between the MMP-9 (<1562 CfT) gene
polymorphism and prostate [14], breast [21], gastric [22-24],
colorectal [25, 26], and lung cancer [27]. However, results of
the published studies are controversial. To our knowledge,
there have been no studies that investigated the association
between the MMP-9 (-1562 CfT) gene polymorphism and
PA development. Therefore, the aim of this study was to
determine the association between the MMP-9 (-1562 CIT)
gene polymorphism and the development of PA.

2, Materials and Methods

Permission (number P2-9/2003) to undertake the study was
obtained from the Kaunas Regional Biomedical Research
Ethics Committee. The study was conducted in the Depart-
ments of Ophthalmology and Neurosurgery, the Hospital of
Lithuanian University of Health Sciences Kaunas Clinics.

The study comprised 86 subjects with a diagnosis of
pituitary adenoma and 526 healthy subjects in the control
group.

The control group was designed by taking into consid-
eration the distribution of age and gender in the pituitary
adenoma group. Therefore, the medians of the patients’ age
of the control group and the pituitary group did not differ
statistically significantly (p = 0.05).

Demographic data of the study subjects are presented in
Table 1.

The inclusion criteria of the PA group were as follows:
(1) determined and confirmed PA via MRI; (2) a patient’s
general good condition: (3) a patient’s consent to take part
in the study; (4) age = I8 years, (5) no other brain or other
localization tumours.

2.1, Invasiveness Evaluation. The analysis of all pituitary
adenomas was based on MR imaging findings. The suprasel-
lar extension and sphenoid sinus invasion by PAs were
classified according to the Wilson-Hardy classification (the
Hardy classification, modified by Wilson) [28]. The degree
of suprasellar and parasellar extension was graded as stages
A-E. The degree of sellar floor erosion was graded as grades
I-1V. Grade I1I, localized sellar destruction, and grade IV,
diffuse destruction, were considered as invasive PA. The
Knosp classification system was used to quantify invasion of
the cavernous sinus, in which only grades 3 and 4 define true

Disease Markers

Tapwe 1: Demographic characteristics of patients with pituitary
adenoma (PA) and the control group subjects.

Characteristics Patients  Controls P
Sample size 6 526
Age (year) (min/max, median)  19/87/52.5 25187151 (LEE
Gender
Females, i (%) 54 (62.8) 316 (60.1) 0.633
Males, n (%) 32(37.2) 210 {39.9)
[nvasiveness
Tnvasive, mn (%) 42 (48.8)
Moninvasive, n {%) 44 (51.2)
Recurrence
Recurrence, m (%) M(233)
Monrecurrence, n (%) &6 {76.7)
Activity
Active, n (%) 56 (65.1)
Inactive, i (%) 30 (34.9)

invasion of the tumour into the cavernous sinus. In grade 0,
there is no cavernous sinus involvement; in grades 1 and 2,
the tumour pushes into the medial wall of the cavernous sinus
but does not go beyond a hypothetical line extending between
the centres of the two segments of the internal carotid artery
(grade 1} or it goes beyond such a line, but without passing a
line tangent to the lateral margins of the artery itself (grade 2);
in grade 3, the tumour extends laterally to the internal carotid
artery within the cavernous sinus; in grade 4, there is total
encasement of the intracavernous carotid artery [29], Thus
gmdl: 11 and IV tumours were considered to be invasive.

2.2, Activeness and Recurrence Evaluation. ‘The analysis of all
pituitary adenomas was based on hi_-ilnpathnlugical ﬁndings
of PA and hormone levels in the blood serum before surgery.
All 100 subjects were categorized into two groups, active or
inactive PA, Active PA group was not distributed to smaller
groups by increase of specific hormone because dominant
tumours were prolactinomas and others would not fill the
optimal space in our study. Since some of the 100 subjects
had already had surgery in recent years, we categorized them
by recurrence of pituitary adenoma into two groups, with PA
and without recurrence.

2.3, Control Group Fermation. The age- and gender-matched
control group comprised 526 subjects randomly selected
from the following projects:

(1) The international Health, Alcohol and Psychosocial
Factors in Eastern Europe (HAPPIE) project invaly-
ing the Kaunas population aged 45-74 years run by
the Laboratory of Population Research, Institute of
Cardiology, LUHS,

(2) The international Countrywide Tntcgratcd Woncom-
municable Disease Intervention (CINDI} project
involving the Lithuanian population aged 25-65 years
run by the Laboratory of Preventive Medicine, Insti-
tute for Biomedical Research, LUHS.
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Tapre 2: Frequency of MMP-9 (-1562 C/T) genotype in the patients with pituitary adenoma (PA) and in the control group.
Frequency (%)
Gene . R Control group PA group
marker Genotype/allele (%) HWE (%) H\P;\’E pvalue
{n = 526) (n = 86)
Genotype
c.xc. mm.s:ﬂ 0469 ?0{#].4]“ p— ST
T 169(32.1) 12(14.0) P =0.003
MMP-9 T 17 (3.2) 4(4.7)
{-1362) “Total 526 (100) 36 (100)
Rs3918242
Allele
c 849 (80.70) 152 (88.37)
T 203 {19.30) 20 (11.63)
MMEF, matrix metalloproteinase; p value, significance level (alpha = 0.05); p vabue HWE, significance level (alpha = 0.05) by Hardy-Weinberg equilibrium
p=0.002
P < 0001,

(3) The Kaunas Healthy Ageing Study involving the
Kaunas population older than 65 years run by the
Clinic of Geriatrics and the Laboratory of Molecular
Cardiology, Institute of Cardiology, LUHS.

2.4, DNA Extraction and Genotyping, The DNA extraction
and analysis of the gene polymorphism of MMP-9 were
carried out at the Laboratory of Molecular Cardiology at
the Institute of Cardiology of the LUHS for control group
and at the Laboratory of Ophthalmology at the Institute of
Neuroscience of the LUHS for the PA patient group. DNA
was extracted from 200yl venous blood (white blood cells)
using a DINA purification kit based on the magnetic beads
method (MaglET Genomic DNA Kit, Thermo Scientific) or
the silica-based membrane technology utilizing a genomic
DNA extraction kit (GenelET Genomic DNA Purification
Kit, Thermo Scientific), an:nrding to the manufacturer’s
recommendations.

The genotyping of MMP-9 (-1562 C/T) was carried
out using the real-time polymerase chain reaction (PCR)
method. For the genotyping of MMP-9 (<1562 C/T)
(Rs3918242), the following were used: 2x TagMan® Universal
Master Mix, nuclease-free water, and the following primers
and fluorescently labeled allele specific probes: forward prim-
er 5-CAGATCACTTGAGTCAGAA-3, reverse primer
5-GGTGTAGTATCACTCTGTCA-3, probe “C" allele 5'
FAM-TGGCGCACGCCTATAATACCA-MGB 3, and
probe “T" allele 5 VIC-TGGCGCATGCCTATAATA-
CCAGC-MGB 3" (Applied Biosystems, Warrington, UK).
PCR conditions included predenaturation at 95°C for 10
minutes followed by 40 cycles of 95°C for 30 seconds, 58°C
for 30 seconds, and 72°C for 30 seconds. Genotyping was
performed using the HT 7900 real-time PCR quantification
system (Applied Biosystems, USA).

To ensure an internal control, 20 samples were sequenced
at the Sequencing Center of the Institute of Biotechnology.

2.5. RNA Extraction and MMP-% mRNA Expression Anal-
ysis. Twenty-eight PA samples were surgically resected in

the Department of Neurosurgery, Hospital of Lithuanian
University of Health Sciences Kaunas Clinics (Lithuania),
and were confirmed histologically. PA tissue samples were
snap-frozen in liquid nitrogen prior to RNA extraction.
‘Total RNA was purified using TRIzol Reagent (Ambion, Life
Technologies), <DNA synthesis was performed using total
RNA (2ug) and random hexamer primers (ThermoFisher
Scientific) with the RevertAid H Minus M-MulV Reverse
Transcriptase (ThermoFisher Scientific) in a final volume
of 40yl according to the manufacturer’s recommenda-
tions, For inhibition of mRNA degradation Ribolock RNase
inhibitor { ThermoFisher Scientific) was used. MMP-9 mRNA
expression was analyzed using quantitative real-time RT-
PCR TagMan probe assay (assay number Hs00234579.ml} in
3 replicates on 7500 Fast Real-Time PCR detection system
{Applied Biosystems). One endogenous control (GAPDH
TagMan probe assay number Hsl 2758991 gl) was used.
MMP-9 expression levels in PA were determined by the com-
parative Ct method (27**%), The expression of MMP-3 was
normalized to GAPDH and calibrated using reference sample
{“FirstChoice Human Brain Reference RNA" (Ambion)).

2.6, Statistical Analysis, Statistical analysis was performed
using the SPSS/W 20.0 software (Statistical Package for the
Social Sciences for Windows, Inc., Chicago, lllinois, USA).
‘The data are presented as absolute numbers with percentages
in brackets and as medians with min. and max. values. The
frequencies of genotypes (in percentage) are presented in
“Table 2.

Hardy-Weinberg analysis was performed to compare the
observed and expected frequencies of MMP-9 using the x:
test in all groups. The distributions of MMP-9 SNPs in the
PA and contral groups were compared using the y” test or
the Fisher exact test. Binomial logistic regression analysis
was performed to estimate the impact of genotypes on PA
development. Odds ratios and 95% confidence intervals are
presented. The selection of the best genetic model was based
on the Akaike Information Criterion (AIC); therefore, the
best genetic models were those with the lowest AIC values.
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TanLe 3: Frequency of MMP-8 {1562 C/T) genotype in the patients with pituitary adenoma {PA) and in the control group by gender.
Frequency (%)
- Control grou PA grou
& group group
mlc b Genotype/allele I P (%) P P
Females Males HWE valie Females Males HWE value
N =316 N =210 N=54 N=32
Genotype
cic 204 (64.6)' 136 (64.8) 0,991 0.868 44(815)  26(812) 0836 100
T 10 (32.3)° 67131.9)" 0,928 8(14.8)° 4(12.5) 1.00
-l}ﬁ"'sfgf T 10(3.2) 7(33) 0.915 2(3.7) 2(6.2) 0626
=i
ReINE242 Total 316 (1007 200 (100) 54 (100) 32 (100)
Allele
G 510 (80.7) 339 (80.71) 96 (85.89) 56 (87.5)
T 122 {19.3) 81 (19.29) 12 (1111} B{12.5)
II-‘.'MF‘. matrixz metalloproteinase; pvalue, significance level (alpha = 0U5); p value HWE, significance level (alpha = 0,05} by Hardy-Weinberg equilibrinm.
P =004
p=ooL
*p = 0.023.
TanLe 4: Binomial logistic regression analysis in the patients with pitnitary adenoma (PA) and in the control group.
Model Genotype OR (CI 95%) p value AlC
crc I
Coedominant T 0.345 (0.182-0.654) 0.01 489.539
TIT 1143 (0.373-3.5) 0.815
Dominant G ! 490616
CfT+TJT 0418 (0.236-0.740) 0,003
Recessive GG+ GT ! 50.423
TrT LA61 {0.479-4.449) 0.505
Overdominant Gic T ] 478,593
o 0.343 (0.181-0.648) 0.001
Additive — 0.551 (0.337-0.901) 0.018 494.457

Kruskal-Wallis test was used to reveal the difference across
medians of MMP-9 mRNA expression in all hormone groups.
Differences were considered statistically significant when p <
0.05.

3. Results

The genotyping of MMP-9 (-1562) CIT was performed in
patients with PA and in the control group subjects (Table 2).
The distribution of the analyzed MMP genotypes and allele
frequencies in the control group but not in PA group matched
the Hardy-Weinberg equilibrium. MMP-9 (-1562) C/T gene
polymorphism analysis in the overall group revealed differ-
ences in the genotype distribution between patients with PA
and control group patients (p = 0.003). The genotype C/C
was more frequent in PA group than in healthy controls
(BL.4% versus 64.6%, p = 0.002) and the genotype C/T was
less frequent in PA group compared to healthy control group
(14.0% versus 32.1%, p < 0.001) (Table 2).

MMP-9 (-1562) C/T gene polymorphism analysis
between females and males with PA did not reveal any
statistically significant differences in the genotypes (C/C,

C/T, and T/T) distribution (as follows: 81L.5%, 14.8%, and
3.7% versus 81.2%, 12.5%, and 6.2%) (Table 3}. A comparison
of MMP-9 genotype distribution in healthy females and
females with PA revealed significant differences, MMP-9
(=1562) C/C genotype was more frequently present in PA
females compared to healthy control females: 8L5% versus
64.6%; p = 0.018; and C/T was less frequent in PA females
compared to healthy females: 14.8% versus 32.3%; p = 0.01.
MMP-9 (-1562) T/T genotype did not show any statistically
significant differences when healthy females and females with
PA were compared. When analyzing genotypes distribution
in men, only MMP-9 (-1562) C/T genotype distribution
showed statistically significant difference among men with
PA and healthy men: 12.5% versus 31.9%; p = 0.023.
Binomial logistic regression analysis in the patients with
PA and in the control group was performed (Table 4).
‘This analysis revealed that there were statistically significant
variables in the codominant (p = 0.01), dominant (p =
0.003), overdominant (p = 0.001), and additive (p = 0.018)
maodels of the patients with PA and in the control group.
Binomial logistic regression analysis in the patients with
PA and in the control group by gender was also performed
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Tanre 5: Binomial logistic regression analysis in pituitary adenoma (PA) and the control by gender.

Model Genotype OR (CI 95%) pvalue AlC

Males
cic 1

Codominant CIT 0,312 (0.105-0.931) 0.037 189,034
TT 1495 (0.294-7601) 0.628

Dominant GG ! 189,340

CfT +T/T 0.424 (0.167-1.077) 0.071

Recessive GO s 190.485
TIT 1933 (0.384-9.745) 0.424

Overdominant CIC+TfT ! 187253
T 0.305 (0.103-0.904) 0.032

Additive i 0.603 (0.278-1.310) 0.201 191.239

Females
cic 1

Codominant o 0.364 (0.165-0.801) 0.012 306,013
TIT 0.927 (0.196-4.381) 0.924

Dominant Cic 1 305.045

C/T + T/T 0.414 (0.201-0.854) 0.017

Recessive AL ! 311512
T 1177 (0.251-5.525) 0.836

Overdominant BiC+T(T 1 304.022
T 0,365 (0.166-0,802) 0.012

Additive = 0.520 (0.275-0,983) 0.044 306,912

TaBLE & Frl:qu:nq'nfMM P-9 (1562 CfT) genotypesin Ihepalienlsm’lhpituilaryad.enmna{?ﬁ}andinthe mmrdgmpby?ﬁim'asiwnem

Frequency (%)
- L A
{:;:l':::r Genotype/allele Lm:r:{ilgémup P Nmi:ﬁl::e " P I""‘"““:‘ia group P
{n = 526) HWE 1 (%) HWE (= 42) HWE
(n=44)
Genotype
cic 340 (64.6) 0469 36 (81.5)' 0507 34 (81.0)° 0,001
o 169 (32.1)" §{18.2) 4495’
MMP-9 T 17 (3.2) 0 {0) 4(9.5)
et Total 526 (100) 44.(100) 42(100)
Allele
C B49 (80.70) 80 (90,91} 72(85.71)
T 203 (19.30) 8 (9.09) 12 (14.29)
IMM%;;L::‘; [ : pvalue, signifi level {alpha = 0.05); p value HWE, significance level (alpha = 0.05) by Hardy-Weinberg equilibrium.
{: = n:n-u.
*p=0.001

(Table 5). There were statistically significant variables in
the codominant (p = 0.037) and overdominant (p =
0.032) models of males. In females this analysis revealed
that the codominant {p = 0.012), dominamt (p = 0.017),
averdominant (p = 0.012), and additive (p = 0.044) variables
were statistically significant.

MMP-9 (-1562) C/C genotype was frequently observed
in poninvasive, nonrecurrence, and inactive PA subgroups
compared to healthy controls: BLE% versus 64.6%; p = 0,021;

BLO% versus 64.6%; p = 0.041; BLE% versus 64.6%; p =
0.005; 100.0% versus 64.6%; p < 0.001, respectively. On the
other hand, there were no differences between noninvasive
and invasive and nonrecurrence and recurrence PA sub-
groups except when compared with inactive and active PA.
‘There was statistically significant difference between patients
with inactive PA and active PA. MMP-9 (-1562) C/C genotype
was more frequent in inactive PA compared to active PA:
100.0% versus 71.4%; p < 0.001 (Tables 6, 7, and 8).
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TanLe 7: Frequency of MMP-9 (-1562 C/T) genotype in the patients with pituitary adenoma (PA) and in the control group by PA recurrences.

Frequency (%)
Gene Genotype/allele Control group Nunmcu;:ncc PA Recurrence PA group
e g HWE (%) HWE i HWE
(m = 526) {1 = 66) (n=20)
Genotype
[l 340 [64,6)' 0.46% 54 IE!..B]I 0103 16 (B0.0) 0.on7
T 169 (321" 10 (15.2)° 2(10.0)'
MMPS T 17 (3.2) 2(3.0)
(=062} Total 526 0 2{10
Rs3918242 ot (100) 66 (100) 2(10.0)
Allele 20 (1040
c 549 (8070} 118 (89.39) 34 (85.0)
T 203 (19.30) 14 (10.61) & (15.00
MMP, matrix metalloproteinase; pvalue, significance level {alpha = 0.05); p value HWE, significance level (alpha = 0,05) by Hardy-Weinberg equilibrium.
L = 0.005,
*p = 0004,
p=npaz

TapLe 8 Frequency of MMP-9 (-1562 C/T) genotype in the patients with pituitary adenoma (PA) and in the control group by PA activity.

Frequency (%)
Giene ~ : i
Genotypefallele Control group Inactive PA group Active PA group
marker iR HWE (%) HWE 1N HWE
(n = 526} (n = 30) (n = 56)
Genotype
i 340 (64.6)" 0.469 30 (100} 0,007 40 (71.4)° 0.044
Wy 169 (32.1)° o (o 12 (21.4)°
MMF-2 T 17 (3.2) o (0) 4(71)
=I63) Total 526 (100) 30 (100) 56 (100)
Rs3913242 i
Allele
c 849 (BO.70) 60 (100} 92 (82.14)
T 203 (19.30) 0 (0} 20 (17.86)
IMMF‘. matrix metalloproteinase; p value, significance level (alpha = 0.03); p value HWE, significance level {alpha = 0.05) by Hardy-Weinberg equilibrium.
o 0.00.
2P < 000
*p < 0,001,
ip <0007,

Further analysis revealed that MMP-9 (<1562) C/T geno-
type was less frequent in invasive, nonrecurrence, recurrence,
and inactive PA subgroups compared to healthy controls:
9.5% versus 3L1%; p = 0.001; 15.2% versus 32.1%; p = 0.004;
10.0% versus 32.1%; p = 0.047; 0% versus 32.1%; p < 0.001,
respectively (Tables 6, 7, and 8).

The analysis of PA subgroups showed only one statisti-
cally significant difference between inactive and active PA.
MMP-9 {-1562) C/T genotype was more frequent in active
PA subgroup compared to inactive one: 21.4% versus 09%;
P = 0.007 (Table 8).

Binomial logistic regression analysis in noninvasive PA
and in the contral group was performed (Table 9). In non-
invasive PA group this analysis revealed that the codominant
(p = 0.045), dominant (p = 0.025), overdominant, and
additive (p = 0.028) variables were statistically significant.

Binomial logistic regression analysis in the patients with
invasive PA and in the control group was performed as well
(Table 9, shown in Supplementary Data available online at
https:/fdol.org/10.1155/2017/5839528). In invasive PA group
this analysis showed that the codominant (p = 0.007),
dominant (p = 0.036), and overdominant (p = 0.005)
variables were statistically significant.

Binomial logistic regression analysis in inactive PA and in
the control group was performed as well asin active PA and in
the control group (Table 10, shown in Supplementary Data).

‘There was no statistical significance of variables in analysis of

MMP-9 (-1562) in both groups by activity of PA.

Binomial logistic regression analysis performed in nonre-
currence PA and in the control group showed that the codom-
inant {p = 0.006), dominant (p = 0,007}, overdominant {p =
0.006), and additive (p = 0.016) variables were statistically
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significant (Table 11, shown in Supplementary Data). There
was no statistical significance of variables in analysis of MMP-
9 (~1562) in PA with recurrence.

MMP-9 mENA expression analysis in pituitary adenomas
was performed. Therefore, the results of MMP-2 mRNA
expression did not reveal any statistically significant differ-
ences between three genotypes of MMP-9 (C/T) polymor-
phism (C/C, C/T, and T/T). Lower expression was noticed
in patients with MMP-9 C/C genotype (36.4% (8/22]), but
differences between groups were not statistically significant
(p = 0.9) (Figure 1).

MMP-9 expression in different groups of genotypes (CC,
CT, and TT) of MMP-9 gene in patients with PA: the
horizontal bars represent the mean values; the spots represent
the amount of samples,

4. Discussion

The impact of MMP-9 (-1562) CT gene palymorphism on
the development of various tumours was analyzed in few
studies [14, 21-27]. In addition, MMP-9 expression has been
shown to be significantly higher in invasive PAs compared to
noninvasive ones [17-20], In our previous study we analyzed
84 PA patients and 318 age- and sex-matched controls for
the 1306 C/T polymorphism in the MMP-2 promoter. Our
results demonstrated that MMP-2 (-1306) C/T genotype was
maore frequently present in PA females compared to healthy
control females: 33.66% versus 49.1%; p = 0.041 [30].

On the basis of these findings, we sought to examine
whether the polymorphism in the MMP-9 {-1562) promoter
could have an impact on the risk of PA development.

Our data demonstrated that the MMP-9 (-1562) C/C
genotype, which causes lower gene expréssion, was more
frequent in PA group than in healthy controls (81.4% versus
64.6%, p = 0.002); C/C genotype was more frequently
present in PA females compared to healthy control females:
81.5% versus 64.6%; p = 0.018, as well. It is very interesting

that MMP-9 (-1562) C/C genotype was frequently observed
for all subgroups: noninvasive and invasive, nonrecurrence,
and inactive PA compared to healthy controls: 81.8% versus
64.6%; p = 0,021; 8L0% versus 64.6%; p = 0.04]1; BLE%
versus 64.6%; p = 0005 100.0% versus 64.6%; p <
0.001, respectively. MMP-9 (-1562) C/C genotype was more
frequent in inactive PA compared to active PA: 100.0% versus
71.4%; p < 0,001, Therefore, we may hypothesize that MMP-
9 gene polymorphism plays a role in noninvasive/invasive,
nonrecurrence, and inactive PA development,

To our knowledge, no studies have been carried out
analyzing the impact of MMP-9 (<1562} C/T gene polymor-
phism on the development of PA. Previous studies on the
marphogenesis of PA have drawn attention to the role of
MMP-9 expression but not to the MMP-9 CfT gene polymor-
phism in the development of PA, especially considering PA
invasiveness,

Kawamoto et al. have observed the incidence of tumour
cells secreting MMP-9 to be significantly higher in invasive
pituitary adenomas than in noninvasive ones [17]. Gong et
al. [20] have analyzed 73 pituitary tumour specimens and
have found MMP-9 mRNA expression to be significantly
increased in the majority of invasive pituitary adenomas, Liu
et al. have found MMP-9 score of invasive case (4.1 + 0.4)
to be significantly higher than those (26 + 0.2; p < 0.01)
without invasion [18]. Hussaini et al. have demonstrated
an increase in the expression level and activity of MMP-
9 in invasive nonfunctioning PAs and HP75 cell line [19].
Turner et al. also have reported MMP-9 expression to be
higher in invasive macroprolactinomas (p = 0.003) when
compared with noninvasive macroprolactinomas or normal
anterior pituitary gland [31]. Signiﬁcan[]}' highcr MMP-9
expression was detected in invasive prolactinomas (p =
0.004) by Giiltekin et al. [32]. Some authors have not found
an association of MMP-9 expression and tumour invasiveness
|33]. Few studies have also been carried out to look for an
association between the MMP-2 -1562 C/T polymorphism
and the risk of other human tumours, Schveigert et al. in their
research have found MMP-9 1562 polymorphism CC variant
to be associated with prostate cancer tumour differentiation
grade [14]. Zheng et al. have reported CT and TT genotypes of
the MMP-9 gene (C-1562T) as high-risk genotypes for solid
breast tumour invasion and metastasis progression [15]. In
another study Matsumura et al. have found that the presence
of T allele at MMP-9 1562 site was signiﬁcuntly associated
with tumour progression and invasive phenotype of gastric
cancer among [apanese population [23]. In another study
Kubben et al. did not find any significant association between
MMP-9 1562 C/T polymorphism and gastric cancer risk
among Caucasian population [24], Jafari et al. in their study
concluded that T allele may be the risk factor for lung cancer
progression [27]. Xing et al. have reported that the MMP-
9-1562C>T polymorphism affects lymph node metastasis of
colorectal cancer [26]. On the basis of these findings, we
hypothesized that the <1562 C/T polymorphism in MMP-9
might also have impact on individual susceptibility to PA.

It is the first study to examine MMP-9 (-1562 C/T)
polymorphism in patients with PA. Numerous genetic studies
have been carried out to assess an association between
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the MMP-9 expression and PA clinical features, but results
remain controversial [17-20, 31, 32]. Additionally, we ana-
lyzed MMP-9 expression using mRNA determination in
resected PA of 28 patients and explored the correlation
between MMP-9 gene mRNA expression and different geno-
types of MMP-9 (-1562 C/T) polymorphism. In our study
we found that MMP-9 (-1562) C/C genotype was more
frequently observed in PA group than in healthy controls with
a tendency for lower mRNA activity in most of PA samples
with CC genotype. Unfortunately, these findings did not show
any statistical significance (p = 0.9}, Zhang and colleagues
determined that once C allele mutates to T allele a promoter
activity increases [10], and in such way CC genotype may
cause lower promoter activity resulting in lower MMP-9
expression. These findings correlate with our study results
which show higher frequency of CC genotype in inactive,
noninvasive, and nonrecurrence PA groups suggesting that
CC genotype could be associated with decreased MMP-9
expression, as well. However, there are more MMP-9 gene
polymorphisms which may interact and influence MMP-9
EXPIEssion, so further research with the bigger sample size is
needed to analyze other MMP-9 gene polymorphisms as risk
factors for PA development.

To the best of our knowledge, this is the first study that
examined the relationship between the MMP-9 (-1562) C/T
gene polymorphism and development of PA. For the first
time, we have found that MMP-9 (-1562) C/C genotype was
frequently observed for all subgroups: noninvasive and inva-
sive, nonrecurrence, and inactive PA compared to healthy
controls. Therefore, MMP-9 (~1562) C/T gene polymorphism
might play an important role in the development on PA
but further research is required to be repeated in the bigger
sample size.
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Association of FGFR2 rs2981582, SIRT 1 rs12778366,STAT3
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Abstract. The aim of the present study was to determine the
association between sirtwin | (3/RT), fibroblast growth factor
receptor 2 (FGFR2)and signal transducer and activator of tran-
scription 3 (STATS) polymorphisms, and pituitary adenoma
(PA) development, invasiveness, hormonal activity and recur-
rence. The present study included 143 patients with a diagnosis
of PA. The reference group involved 808 healthy subjects.
The genotyping of SIRT! rsl2778366, FGFR2 rs2981552
and STATI rs744166 was performed using the quantitative
polymerase chain reaction method. The SIRTI rs12778366
polymorphism analysis in the overall group revealed differ-
ences in the genotype distribution between patients with PA
and control group subjects. The rsl 2778366 TIC genoty pe was
observed to be different in non-invasive, non-recurrent and
nactive PA subgroups compared with the control group, while
the C/C genotype was observed 1o be different in invasive,
recurrent and active PA subgroups compared with the control
group, STAT3 rs744166 polymorphism analysis
group revealed differences in the genoty pe distribution between
patients with PA and the control groups. The rs744166 G/IG
genotype was observed to be different in invasive, non-recur-
rent and active PA subgroups compared with the control group,
while the re7d4166 AIA genotype was observed 1o be different
in the active PA subgroup compared with the control group,
and was also different in terms of invasiveness and recurrence
in PA subgroups. The present study demonstrated that SIRTI
rsf 2778366 is associated with pituitary adenoma development
while STAT3 rs744166 is associated with PA invasiveness,
hormonal activity and recurrence.
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Introduction

Pituitary adenomas (PAs), located in a bone cavity termed the
sella turcica, are one of the most common types of intracranial
neoplasms, with reported estimated prevalence rates ranging
between 14.4 and 22.5% in pooled autopsy and radiological
series, respectively (1), Although the majority of PAs are benign,
itis not uncommon for them to grow large and extend locally inw
the surrounding structures, invading the sphenoid bone inferi-
orly, the cavernous sinus laterally (2-7.8) and/or compressing
the optic chiasm, if the direction of expansion is suprasellar,
thus resulting in neurological complications, including head-
ache and visual impairment (9-17). Certain types of PA are
extremely invasive and may cause extensive destruction of the
skull base (18). Investigation of tumour invasiveness is required,
as this affects the management and prognosis of PA (19). The
aim of the present study was to dentify possible genes involved
in PA tumourigenesis, which may serve as potential diagnostic
and prognostic molecular markers. The present study selected
3 genes, sirtuin 1 (SIRTT), fibroblast growth factor receptor 2
(FGFR2) and signal transducer and activator of transcription 3
(STAT3), which are associated with different types of cancer,
but are connected in pathogenic processes (20-23),

SIRTI is a nicotinamide adenine dinucleotide-dependent
histone deacetylase (HDAC) (24), which serves an impor-
tant role in maintaining the balance between cell death and
survival through targeting the Ku70-B-cell lymphoma-like
protein 4 pathway (25), p53 (26,27) and forkhead box O3 (28),
among others. A significant increase in the level of S/IRTT in
hepatocellular carcinoma (29), breast cancer (30), prostate
cancer (31), ovarian cancer (32), gastric cancer (33), colon
cancer (34), glioblastoma (35) and lymphoma (36) was previ-
ously suggesied to be associated with the development and
invasion of these tumours. Furthermore, the rs/2778366 poly-
morphism of the SIRTT gene was found 1o be associated with
breast cancer (37).

FGFR2 is a member of the FGFR family of tyrosine Kinase
receptors and participates in the process of tumourigenesis by
inducing mitogenic and survival signals, and promoting inva-
siveness and angiogenesis (38). If cancer cells overexpress an
FGFR with altered ligand-binding specificity, FGFs, secreted
from neighbouring cells, stimulate the cancer cells, creating
a paracrine loop (38). FGFR2 was previously revealed 1o be
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overexpressed in bladder (39) and lung cancer (40). Additionally,
the importance of the FGFR2 re2981552 gene polymorphism
was investigated in breast (41-50) and prostate cancer (51).

STATH is activated in tumour cells and numerous immune
cells of the wmour microenvironment, and is associated with
tumour cell proliferation, invasion and angiogenesis (52-54).
The effect of STATF was previously studied in the tumour
development of colorectal adenocarcinoma (35), hepatocel-
lular carcinoma (56), multiple myeloma (57), glioblastoma (58),
prostate cancer (59), and head and neck cancer (60). The STAT?
rsT44166 polymorphism was also evaluated in gastric (61 62),
colon (63) and lung cancer (64).

These findings support the hypothesised role of SIRTY,
FGEFR2 and STAT? as tumour promoters. However, an asso-
ciation between SIRTI, FGFR2 and STAT3 polymorphisms,
and PA development, invasiveness, PA activity and recurrence
has not yet been reported. The aim of the present study was to
determine these associations,

Materials and methods

Parients and selection. Permission to undertake the
present study was obtained from the Biomedical Research
Ethics Committee of Lithuanian Health Sciences
University (Kaunas, Lithuania). The study was conducted
in the Departments of Ophthalmology and Neurosurgery,
Lithuanian Health Sciences University Hospital (Kaunas,
Lithuania).

The participants comprised of 143 patients with a diagnosis
of PA. The reference group involved 808 healthy subjects. The
reference group was created by taking into consideration the
distribution of age and gender in the PA group. Therefore, the
median patient age of the control group and the PA group did
not differ significantly (P<0.05). Demographic data of the
study subjects are presented in Table 1.

The inclusion criteria were as follows: Determined and
confirmed PA via magnetic resonance imaging (MRI) general
good condition of the patient; consent of the patient to take
part in the study; age 218 years; and no other brain tumours or
tumaours with other localizations,

All PAs were analysed based on MRI findings. The
pre-operative MRI investigations were performed with 1.5T
MRI scanners (Siemens MAGNETOM Avanto: Siemens
AG, Munich, Germany; 1.5 T Philips ACHIEVA: Philips
Healthcare, DA Best, The Netherlands) using a head coil and
a standard pituitary scanning protocol, obtaining T1-weighted
(TIW) sagittal and coronal and T2W/turbo spin echo
coronal pre-contrast images, and TIW coronal and sagitial
gadolinium-enhanced ME images with the intravenous
agent gadodiamide (Omniscan; GE Healthcare Life Sciences,
Chalfont, UK). The retrospective analysis of MRI data was
conducted by an experienced radiologist, The suprasellar
extension and sphenoid sinus invasion by PAs were classified
according to Wilson-Hardy classification (Hardy classifica-
tion, modified by Wilson) (19). The degree of suprasellar and
parasellar extension was graded as stages A-E. The degree of
sellar floor erosion was graded between 1 and IV, Grade 111,
localized sellar destruction, and grade 1V, diffuse destruction,
were considered to be invasive PAs, The Knosp classification
system (4) was used to quantify invasion of the cavernous sinus,

Table 1. Demographic characteristics of patients with PA and
reference group subjects.

Min/max/median
Group n Aage, years Females, n (%)
PA 143 19/87/52.5 BE (65.67)
Control BOB 20090/58 S10(63.12)
P-value = 0.793 0882

“P-value for comparison of the median age between the PA and control
groups. PA, pituitary sdenomas min, minimum; max, maximum.

in which only grades 3 and 4 define true invasion of the tumour
into the cavernous sinus: Grade 0, no cavernous sinus involve-
ment; grades | and 2, the tumour pushes into the medial wall
of the cavernous sinus, but does not go beyond a hypothetical
line extending between the centres of the two segmenis of the
internal carotid artery (grade 1) or it goes bevond such a line,
but without passing a line tangential to the lateral margins of
the artery itself {grade 21, grade 3, the tumour extends laterally
o the internal carctid artery within the cavernous sinus; and
grade 4, total encasement of the intracavernous carotid artery.

DNA exiraction and genotvping. The DNA extraction and
analysis of the gene polymorphisms of SIRTI rs]2778366,
FGFR2 rs2981582 and STATZ rs744166 were performed at the
Laboratory of Ophthalmology at the Institute of Nesroscience
of the Lithuanian University of Health Sciences (Kaunas,
Lithuania). DNA was extracted from 200 pl venous blood
{white blood cells) using a DNA purification kit based on the
magnetic beads method (Magl ET Genomic DNA kit: Thermo
Fisher Scientific, Inc., Waltham, MA, USA) according 1o
manufacturer's instructions,

The genotyping of SIRTI rsi2778366, FGFR2 rs2981582
and STATI rs744166 was performed using the guantitative
polymerase chain reaction (gPCR) method with a Rotor-Gene
Q Real-Time PCR Quantification system (Qiagen, Inc.,
Valencia, CA, USA). All 3 single-nucleotide polymor-
phisms were determined using TagMan®™ Genotyping assays
{Applied Biosystems: Thermo Fisher Scientific, Inc.),
C_1340370_10 (rs12778366), C_2917302_10 (rs2981582) and
C_3140282_10 (rs744166), according to the manufacturer’s
protocols,

The Allelic Discrimination program {(Applied Biosystems;
Thermo Fisher Scientific, Inc.) was used during the gPCR. The
assiy was then continued following the manufacturer proto-
cols. The Allelic Discrimination program was completed,
and the genoty ping results were received. The program deter-
mined the individual genotypes according o the fluorescence
intensity rate from different detectors: Molecular marker
labeled with VIC fluorescent dye was chosen for the X axis
and a molecular marker labeled with FAM fluorescent dye was
selected for the Y axis. These dy-labeled probes were included
in the TagMan® Genotyping assays.

Sraristical analysis, Statistical analysis was performed
using SPSS 2000 software (1BM SPSS, Armonk, NY, USA).
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Table 11. Frequency of single nucleotide polymorphisms in patients with PA and the control group.

Giene marker Control group, n (%) P-value HWE PA group, n (%) Pevalue HWE i P-value
SIRTY rsi 2778366
Genotype
T 647 (80.1) <0.01 H6(81.1) <0001 91.139 <0001
TiIC 141 (17.5p 0.0y
CiC 20250 27 (1899
Total 808 ( 100,00 143 (100)
Allele
T 1,435 (R8.8) 232(81.1)
C IB1(11.2) 54(189)
FGFR2 rs2981582
Genotype
GG 336.(41.6) <0001 56(39.2) <001 3502 0.174
GIA 429 (53.1) B4 (38.7)
AlA 43(5.3) 320
Total BOS (100.0) 143 (100400
Allele
G 1,100 (68.1) 196 {68.53)
A S15(31.9) 90 (31.47)
STAT3 rs744166
Gienotype
GG 154 (19.1F <0001 13{9.0) 0.354 8825 0012
GIA 363 (44.9) 68 (47.6)
AJA 291 (3610 62 (43.4)
Total B08 ( 10000 143 (100.0)
Allele
G 671 (41.5) 94 (32.9)
A 945 (58.5) 192 (67.1)

SIRTY rsd 277830 TIC genotype was significantly less frequent (P<0.001 ) in the PA group compared with the control group. "SIRT! rel 277836
CiC genotype was significantly more frequent (P<0.001) in the PA group compared with the control group, “STATI rs744166 GiG genotype
was significantly less frequent {P=0.003) in the PA group compared with the control group. PA, pituitary adenoma; SIRTY, sinuin 1, FGFR2,
fibroblast growth factor receptor 2: STATS, signal transducer and sctivator of tanseription 3; HWE, Hardy-Weinberg equilibrium.

The data are presented as absolute numbers with percent-
ages in brackets, and as median with minimum/maximum
values. The frequencies of genotypes are presented as
percentages,

Hardy-Weinberg analysis was performed to compare the
observed and expected frequencies of rsl2778366, rs2981582
and rs744166 using the ¢ test in all groups, The distribution
of rsI2778366, rs2981582 and rs744166 single-nucleotide
polymorphisms (SNPs) in the PA and control groups was
compared using the ¥* test or Fisher's exact test. Binomial
logistic regression analysis was performed o estimate the
impact of genotypes on PA development. Odds ratios (ORs) and
959 confidence imtervals (Cls) are presented. Only statistically
significam variables are presented in the ables. The selection
of the most suitable genetic model was based on the Akaike
Information Criterion (AIC), whereby the best genetic models
were those with the lowest AIC values (65). P<0.05 was consid-
ered 1o indicate a statistically significam difference.

Results

Genotype distribution in the PA patients and the control
group, The genotyping of SIRT! rsf2778366, FGFR2
rs2 981582 and STATS rs7ddl66 was performed in the PA
group and the control group subjects (Table 11).

The distribution of analysed SIRTI genotypes and allele
frequencies in the control and PA groups did not match the
Hardy-Weinberg equilibrium. The SIRT! rsi2778366 poly-
morphism analysis in the overall group revealed differences in
the genotype distribution between patients with PA and control
group subjects (P<0.001), The genotype T/C was significantly
less frequent in the PA group compared with the healthy controls
(0 ws. 17.5%:; P<0.001) and the genotype C/C was significantly
more frequent in the PA group compared with the healthy
control group (18.9 vs, 2.5%, respectively; P<0.001) (Table 11).

The distribution of analysed FGFR2 genotypes and allele
frequencies in the control and PA groups did not match the
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Table 111, Frequency of single nucleotide polymorphisms in patients with PA and control group according 1o gender.

Control group, n (%) PA group, n (%)
P-value P-value
Gene marker Females Males HWE P-value Females Males HWE P-value
SIRT! rs 12778366
Genotype
T 407 (79.8) 2400 (80.5) 0811 0501 T1(80.7) 45 (81 .8) 0.866 (1560
TIC 89(17.5) 52(1740 1000 0 (0.0 0 (D" 100
ciC 14 (2.7 6 (20 0518 I7(193F 10182 (1,866
Total SH0C1000) 298 (100.0) SR(100.0) 55 (100.0)
Allele
T 903 (38 .5) 532(89.3) 142 (80.7) W (R1.8)
C HT(IL5) 64 (10.7) 34(19.3) 20(18.2)
FGEFR2 rs2981582
Genotype
GG 218 (42.M) 118 (39.6) 0.675 0.38] 300443 17 (30.9) 0.197 0.117
GIA 265(520) 164 (5500 0398 48(545)  36(653) 0224
AlA 27(5.3) 16(5.4) 1.0 1{L.1} 2(3.6) 0.559
Total S100100) 208 (100) 88 (100) 55 (100)
Allele
G T01(68.7) A (ET.1) 126 (71.6) T0(63.6)
A 319313 196 (32.9) S0(28.4) 40 (36.4)
STATI rs744 166
Genotype
GiG 104 (20 4) 50 (16.8) 0378 0207 T80y 6{10.9) 0.815 0.563
GIA 229 (44.9) 134 (45.00 0.986 43(489) 25 (45.5) 0.733
AIA 177.347)  114(38.3) 0312 38(432) 24(438) 1.00
Total S100100) 208 (100) S8 (10m) S5(100)
Allele
G 437(4284)  234(39.3) 57(324)  37(336)
A 583(57.2) 362 (60.7) 119 (67 .6) 73 (66.4)

SSIRTT rsd 2778306 T/C genotype is significantly less frequent (P<0001) im PA females compared with control females. "SIRTY rsl 2778366
TIC genotype is significantly less frequent (P<0001) in PA males compared with control males, “SIRTY rs /2778366 CIC genoiype is signifi-
cantly more frequent (P<0.001) in PA females compared with control females, “SIRT rs 2778366 C/C genotype is significantly more frequent
(P<0.001) in PA males compared with control males, *STATS re?44/66 G/G genotype is significantly less frequent (P=0.004) in PA females
compared with comtrol Temales, PA, pituitary adenoma; SIRTT, sirtuin 13 FGFR2. fibroblast growth factor receplor 20 STATA, signal imnsducer

and activator of transeription 3; HWE. Hardy-Weinberg equilibrium.

Hardy-Weinberg equilibrium. Statistical analysis did not reveal
significant genotype (G/G, G/A and A/A) distribution differ-
ences between the control and PA groups: 41.6 vs, 39.2%, 53.1
vs. 58.7%, and 5.3 vs. 2.1%, respectively (P=0.174) (Table 11).

The distribution of the analysed STATS rs744166 genoty pes
and allele frequencies did not match the Hardy-Weinberg equi-
librium in the controd group, but it did in the group of patients
with PA. STAT3 rs744166 polymorphism analysis in the
overall group revealed differences in the genotype distribution
berween the patients with PA and the control group (P=0.012).
The genotype G/G was less frequent in the PA group compared
with the healthy controls (9.0 vs. 19.0%, respectively; P=0.003)
{Table 1),

Genatype distriburion in the PA pafients and the consrol group
by gender. All 3 SNPs were analysed in the PA and control
groups according to gender {Table 1) SIRTT rel2778366
polymorphism analysis did not revealed any statistically
significant differences between females and males with PA in
genotype (T7T, T/C and C/C) distribution (80.7. 0 and 19.3%
vs. BLE, 0 and 18.2%, respectively: Table I11). Comparing
SIRT! ref2778366 genotype distribution in healthy females
and females with PA, significant differences were revealed.
The TIC genotype was less frequently present in females
with PA compared with the healthy control females (0
vs, 17.5%, respectively: P<0.001) and C/C was more frequemt
in PA females compared with healthy females (19.3 vs. 2.7%,
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Table 1'V. Binomial logistic regression analysis in patients with pituitary adenoma and the control group.

Gene Model Gienotype OR (95% CI) P-value AlC
SIRTI rsi 2778366 Co-dominant TIT 1.0 T20.516
TiC 0(0.000) 0.995
crc 7530 (4.087-13.873) <0001
Recessive TT+TIC 1000 TEO.895
CiC 9171 (4982-16.881) <0001
Additive - 1.584 (1.187-2.115) 0,002 TE0.214
STATS rs744166 Co-dominant AlA 1000 801.223
GIG 0.879 (0.603-1.282) 0504
GIG 0,396 (0.211-0.743) 0004
Recessive AIA+GIA 1.000 799.670
GG 0.425 (0.234-0.771) 0005
Additive - 0.702 (0.541-0.911) 0008 801881

OR., odds ratio; Cl, confidence interval; AIC, Akaike Information Criterion, SIRTY, sinuin 12 STATS, signal irmnsducer and activator of trmn-

scription 3.

Table V. Binomial logistic regression analysis in patients with pituitary adenoma and control subjects according to gender.

Gene Gender Model Genotype OR (95% CI) P-value AlC
SIRTT rsi 2778366 Male Co-dominant TT 1.000 275.783
TiC 0000 (0000} 0.997
CiC B.589 (3.076-25.683) <0.001
Recessive TM+TiIC 1000y 290082
CiC 10.815 (2.748-31 .205) <0001
Female Co-dominant T 1.0 450,358
TiC 0,000 (0.000) 0,996
cic 6.961 (3.285-14.750) <0001
Recessive TIT+TiC 1.0y 474428
cic BAB3 (4.008-17.955) <0.001
Additive 1580 (1.100-2.271) 0013 497979
STATZ rs744166 Female Co-deminant AA 1.000 496,249
G/A D875 (0.342-1411) 0583
GIG 0.314 (0.135-0.727) 0.007
Recessive ASASGIA 1.000 494549
GiIG 0337 (0.151-0.752) 0.008
Additive 0654 (0.469-0912) 0m2 497077

OR.. edds ratio: ClL, confidence interval: AIC, Akaike Information Criterion: SIRT!, sivuin 13 STATS3, signal tansducer and activator of tran-

seription 3.

respectively: P<0.001). The TVT genotype did not exhibit any
significant differences when healthy females and females with
PA were compared., When analysing genoty pe distribution in
males. TIC genotype distribution showed statistically signifi-
cant difference between males with PA and healthy males (0
vs, 174%, respectively: P<0.001) and the C/C genotype was
more frequent in males with PA compared with the control
group (18.2 vs, 2.0%, respectively, P<0.001) (Table 111).

FGFR2 rs2981582 polymorphism analysis by gender was
performed, but it did not reveal any genotype distribution
differences between females and males.

STATS ry744166 polymorphism analysis did not reveal any
significant differences between females and males with PA in
the genotype (G/G, G/A and AJA) distribution (8.0, 48.9 and
43.2% vs, 109, 45.5 and 43.6%, respectively; Table 1) either.
When comparing STATS genotype distribution between healthy
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Table V1. Frequency of SMPs in patients with PA and in control group according to PA invasiveness.

Control P-value Non invasive P-value Invasive PA P-value
Gene marker group, n (%) HWE PA group, n (%) HWE group, n (%) HWE
SIRT! rs] 2778366
Genotype
TT 64T (80.1) <0.001 47 (81.0) <0001 69 (81.2) <0.001
TiC 141 (17.5** 00y 000"
Cic 202554 11 (190 16 (18.8)
Total 208 (100.0) 58 (100.0) B5 (100.0)
Allele
T 1435 (88.8) 94 (81.00 138 (81.2)
[ 85 181 (11.2} 22¢19.00 32(18.8)
FGFR2 rs2981582
Genotype
GG 336 (41 .6) <0.001 16 (27.6y" <0001 40 (47,1} 0043
GiA 429 (53.1) 42 (724> 42 (49.4)"
AlA 43(5.3) O (0.0 3{3.5)
Total B0 (100.0) S8 (100.0) 5 (100.0)
Allele
G 1101 (68.1) 74 (63.8) 122 (71 .8)
A 5150319 42(36.2) 48 (28.2)
STATS rs744166
Genotype
GG 154 (19.1y <0.001 9(155y 0313 4470 0031
GiA 363 (44.9) 23(39.7) 45(529)
AlA 291 (36.0) 26 (44.8) 36(42.4)
Total 08 (100.0) S8 (100.0) E5 (10007
Allele
G a7l (41.5) 41(35.3) 53(31.2)
A 945 (58.5) 75 (64.7) 117 (68.8)

SIRTT rsf 2778366 TIC genotype is significantly less frequent (P=0.021) in non-invasive PA compired with the control group. *SIRTS
rsf 2778366 TIC genotype is significantly less frequent {P<(L001 ) in invasive PA compared with the control group. “SIRTT rs[ 2778366 CIC
genatype is significamly more frequent (P=0U041) in non-invasive PA compared with the control group. “SIRTT raf 2778366 CIC genotype is
significantly bess frequent (P<0.001) in invasive PA compared with the control group. “FGFR2 rs2981 582 GIG genotype is significantly less
frequent (P=0L038) in non-invasive PA compared with the control group. TFGFR2 rs2081582 GiG genatype is significantly more frequent
{ P=0.024} in invasive PA compared with the non-invasive PA group. "FGFR2 rs2087 582 G/A genotype is significantly more freguent { P=00004)
in non-invasive PA compared with the control group. "FGFR2 re2981 582 GIA genotype is significamily less frequent (P=0.009) in invasive PA
compared with the non-invasive PA group. ‘STAT3 744166 G/G genotype is significantly less freguent (P<0.001) in invasive PA compared
with the control group. ‘STATS rs 744166 G/G genotype is significantly less frequent (P=0L038) in invasive PA compared with the non-invasive
PA group. PA, pituitary adenoma; SIRTY, siriuin 1, FGFR2, fibroblast growih factor receplor 23 STATZ, signal transducer and activator of
transcription 3: HWE. Hardy-Weinberg equilibrium,

fermales and females with PA, there were significant differences.
The STAT? rs744166 GIG genotype was less frequently present
in PA females compared with healthy conirol females (8.0 vs,
20.4%, respectively; P=0.004). The STATI reddi66 GIA and
AlA genotype distribution did not exhibit any significant
differences when healthy females and females with PA were
compared. STATI rs744166 analysis between male groups did
o reveal any statistically significam differences (Table 111,

Binomial logistic regression analysis af the patients with PA and
the cantrol group, Binomial logistic regression analysis of the

patients with PA and the control group was performed (Table 1V).
SIRTI ral2778366 analysis revealed that there were significant
variables in the co-dominant (OR=7.530; 95% C1: 4087-13.87%
P<0001), recessive (OR=X171; 95% CI: 4982-16.881: P<0.001)
and additive (OR=1.584: 95 % Cl: LI87-2.115: P=0.002) models
of the patients with PA and the control group (Table 1V).

FGFR2Z rs2981382 analysis did not reveal any significant
variables.

STATZ rs744166 analysis revealed that there were
significant variables in the co-dominant (OR=0.396; 95%
Cl: 0.211-0.743; P=0.004). recessive (OR=0.425; 95% CI:
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Table VIL. Frequency of single nucleotide polymorphisms in patients with PA and in the control group according to PA recurrences.

Control P-value Mon-recurrent P-value Recurrent PA P-value
Gene marker group, n (%) HWE PA group, n (%) HWE group, n (%) HWE
SIRTI rsi 2778366
Genotype
T 647 (80.1) <0001 91(81.3) <0001 25 (30.6) <0001
TIC 141 (1750 00009 0 (00"
cic 2002584 21(188F 6 (19.4)
Total RO (100) 112 (100.0) 31 (1000
Allele
T 1435 (B8 .8) 182 (81.3) 50 (30.6)
C 181(11.2) 42(18.8) 12(19.4)
FGFR2 rs2081582
Genotype
GiG 336(41.6) <0001 44 (39.3) <1001 12 (38.7) 0.067
GiA 429(53.1) 66 (58.9) I8 (38.1)
AlA 43(5.3) 2(1.8) 1(3.2)
Total BOB ( 100.0) 112 (100.0) RINSLLIT]
Allele
G 1,100 (65.1) 154 (68.8) 42 (67.7)
A 515(31.9) TO(31.3) 20(32.3)
STATS rs744 166
Genotype
GiG 154 (19.1y <0001 763 0083 6194) 0.305
GiA 363 (44.9) S (30.0) 12 (38.7)
AA 201 (36.0) 49(43.8) 13(419)
Total BO8 (100.0) 112 {100.0) 31 (10000
Allele
G 671 (41.5) T0(31.3) 24 (38.7)
A 945 (58.5) 154 (68 8) I8 61.3)

SSIRTY rsd 2778366 TVC genotype is significantly less frequent {(P<0.001) in non-recurrem PA compared with the control group. "SiRT/
el 2778366 TIC genotype is significamly less frequent (*P=00005) in recurrent PA compared with the control group. “SIRTT rsl 27783066 CIC
genotype is significantly more frequent {P<00 ) in noa-recurrent PA compared with the control group. ACIRTT rad 2778366 CIC genolype is
significantly meore frequent (P=00047) in recurrent PA compared with the control group, “STATS rs7440166 GIG genotype is significantly less
frequent (P<0.001) in non-recurremt PA compared with the comtrod group, "FGFR2 w2981 5582 G/G genotype is statistically more frequent
(P=0.034) in recurrent PA compared with non-recurrent PA. PA, pituitary adenoma; SIRTT, sirtuin |, FGFR2, fibroblast growih factor receptor 2;
STAT3, signal transducer and activator of transcription 3; HWE, Hardy-Weinberg equilibrium.

0.234-0.771; P=0.005) and additive (OR=0.702; 95% CI:
0.541-0911; P=0.008) models of the patients with PA and the
control group { Table 1Y),

Binomial logistic regression analysis in the patients with
PA and the contrel group according to gender was performed
(Table V). In the SIRT! rsl2778366 analysis there were
statistically significant variables in the co-dominant {P<0.001)
and recessive (P<0.001) models of males. The co-dominant
(P<0.001), recessive (P<0.001) and additive (P=0.013) vari-
ables were also significant in females.

Binomial logistic regression analysis of FGFR2 re2081582in
the patients with PA and in the control group according to gender
was performed, but no significant variables were observed.

However, binomial logistic regression analysis of STATS
re744166 in the patients with PA and in the control group

according to gender showed statistically significant variables
only in the co-dominant (P=0.007), recessive (P=0.008) and
additive ( P=0.012) models of females { Table V).

Geneivpe distribuiion in the control growp and the PA patienis
by different PA subgroups. Analysis of SIRTI rsl277836,
FGFR2 rs2981582 and STAT3 rs744166 polymorphisms was
performed by different PA subgroups (Tables VI-VIII).

The SIRTT rsl2778366 TIC genotype was less frequently
observed in non-invasive, non-recurrent and inactive PA
subgroups compared with healthy controls (0 vs. 17.5%,
P=0.021; 0 vs. 17.5%, P<0.001; 0 vs. 17.5%, P<0.00I, respec-
tively). However, no differences were observed between
non-invasive and invasive, non-recurrent and recurrent, and
inactive and active PA subgroups (Tables VI-VIII).
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Table V1II. Frequency of single nucleotide polymorphisms in patients with PA and in the control group according to PA activity.

Control P-value Inactive P-value Active PA P-value
Ciene marker group, n (%) HWE PA group, n (%) HWE group, n (%) HWE
SIRTT rs12778366
Genotype
T 647 (80.1) =0.00] 48(76.2) 0.007 68 (85.0) 0044
TIC 141 (175> 000y 0 (0o
cic 20 (254 15238y 12 (15.0¥
Total BOS (100.0) 63 (100.0) RO (100.0)
Allele
T 1 435 (BE.B) 96 (76.2) 136 (85.0)
c 181 (11.2) 30(23.8) 24 (150
FGFR2 rs2981582
Genotype
GIG 336 (41.6) <1001 25(39.T) <1001 31(38.8) 0003
GiA 429 (53.1) 38 (60.3) 46 (57.5)
AlA 43(5.3) 0(0.0) 3(3.8)
Total BO8 (100.00 63 (100.0) 80 1000y
Allele
G 1100 (68.1) B8 (69.8) 108 {67.5)
A S15(31.9) 38(30.2) 52(32.5)
STAT3 rs744 166
Genotype
GG 154 (19.1¥ <101 61(9.5) 0.193 7 (8.8 0915
Gia 363 (44.9) H (54 34 (42.5)
AlA 291 (36.0) 23 (36.5) 39 (48.8)
Total 808 (100.0) 63 (100.0) 8O (10000
Allele
G 671 (41.5) 46 (36.5) 48 (30.0)
A 945 (58.5) 80 (63.5) 112 (70.0)

*SIRTT rsi 2778366 TIC genotype is significantly less frequent (P<0001) in inactive PA compared with the control group.
YSIRT! rs 12778366 TIC genotype is significantly less frequent (P<0.001) in active PA compared with the control group. “SIRTS
rsd 2778366 C/IC genotype is significantly less frequent (P<0.001) in active PA compared with the control group. “SIRTY
ral 2778366 CIC genotype is significantly more frequent (P<D001) in inactive PA compared with the control group. “FGFR2
rs2981582 GIG genotype is significantly less frequent (P=0.022) in active PA compared with the control group. 'FGFR2
rad 981582 ACA genotype is significantly more frequemt (P=000249) in active PA compared with the control group. PA. pituitary
adenoma: SIRTY, sirtuin |, FGFR2. fibroblast growth factor receptor 2: STATS, signal transducer and activator of transcription 3;

HWE, Hardy-Weinberg equilibrium.

Additional analysis revealed that the C/C genotype was
more frequent in invasive, recurrent and active PA subgroups
compared with the healthy controls (18.8 vs. 2.5%, P=0.041;
19.4 vs. 2.5%. P=0047; 150 vs. 2.5%, P<0.00], respectively;
Tables VI, VIIL and VII).

The FGFR2 rs2981382 G/G genotype was less frequently
observed in the non-invasive PA subgroup compared with
the healthy controls (27.6 vs. 41.6%, respectively: P=0.038),
but the G/A genotype was more frequently observed in the
non-invasive PA subgroup compared with the control group
(72.4 vs. 53.1%, respectively; P=0.004) and the invasive PA
subgroup (72.4 vs. 494% respectively; P=0.009) (Table V1)

Statistical analysis was performed to evaluate the FGFR2
r32981352 association with PA activity and recurrence
(Tables VI and VI This analysis did not reveal any associa-
tion between SNP and active or non-active PA, and PA without
recurrence or with recurrence.

The STATI re7d4166 GG genotype was less frequently
observed in invasive, non-recurrent and active PA subgroups
compared with healthy controls (4.7 vs. 19.0%, P<0.001; 6.2
v, 19.0%, P<0.001: 8.8 vs. 1919, P=0.022, respectively).

The STATI rsf44166 AIA genotype was more frequent
in the active PA subgroup compared with the control
group (48.8 vs. 36.0%, respectively; P=0.029). There were
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Table IX. Binomial logistic regression analysis in non-invasive and invasive PA, and the control group.
Gene PA subgroup Muodel Genotype OR (95% Cl) Pevalue AlC
SIRTI rs1 2778366 MNon-invasive Co-dominant T 1.000 300145
TC Cr.O00 (0000 0,996
cic TAT1(3426-16.734) <0001
Recessive TT+THC 1000 406002
CiC 9.221 (4.175-20.367) <0001
Additive . 1.649 (1.065-2.554) 0025 425.148
Invasive Co-dominant TIT 1000 509 448
TIC 0,000 {0.000) 0.996
cic 7.501 (3.715-15.14T) <0001
Recessive TIT+TIC 1000 533418
ciC 9.136 (4.528-18.434) <0001
Additive - 1616 (1,120-2.330) 0010 459515
FGFR2 rs298]582 Non-invasive Co-dominant GG 1000 419,170
GIA 2056(1.136-3.721) 0017
AlA (1O (0000 ) 0998
Dominant GIG 1000 425028
GIA+AIA 1.869 (1.033.-3380) 01039
Cwer-dominant GIG+A/A 1006 420961
GIA 2319(1.283-4.193) 0005
STAT3 rs744166 Invasive Co-dominant AfA 1.000 553313
GIA 1.002 (0.630-1 595) 0993
GIG D.210(0.073-0.601) 0004
Recessive AIA+GIA 1000 551.313
GG 0.210(0.076-0.581) 0,003
Additive - 0651 (0.467-0.908) 0011 558.771

PA. pituitary adenoma: SIRT! ., sintuin 1, FGFR2, fibroblast growih factor receptor 2; 5TATS., signal transducer and activator of transcription 3;
OR. adds mtio: Cl, confidence interval; AIC, Akaike Information Criterion,

differences between non-invasive and invasive, non-recurrent
and recurrent PA subgroups as well, with the exception of
comparing inactive and active PA. The STATS rs744166 GG
genotype was more frequent in non-invasive PA compared
with invasive PA (15.5 vs. 4.7%, respectively; P=0.038)
and in recurrent PA group comparing to non-recurrent PA
(194 vs. 6.2%, respectively: P=0.036) (Tables VI-VIII}.

Binomial logistic regression analysis of the confrol group
and the PA patienis by different PA subgroups. Binomial
logistic regression analysis in the non-invasive PA, invasive
PA and control groups was performed (Table 1X). Analysing
the SIRT! polymorphism in non-invasive PA group and
control group this analysis showed that the co-dominant
(P<0.001), recessive { P<0.001) and additive {P=0.025) vari-
ables were significant. Binomial logistic regression analysis
in the patients with invasive PA and the control group
revealed significance of the same co-dominant (P<0.001),
recessive (P<0.001) and additive (P=0.010) variables
{Table 1X).

Binomial logistic regression analysis of FGFR2
rE298 1552 in the non-invasive PA and control groups showed
that the co-dominant (P=0.017), dominant {P=0.039) and

over-dominant (P=0.005) variables were significant. but this
analysis in the patients with invasive PA and the control group
did not reveal any significance of these models.

Binomial logistic regression analysis of STATS refdd 166
was also performed (Table 1X). The analysis showed that the
co-dominant (P=0.004). recessive {P=0.003) and additive
(P=0,011) variables were statistically significant only in the
invasive PA and control groups (Table IX),

Binomial logistic regression analysis in the inactive PA and
control groups, and in the active PA and control groups, was
performed for all 3 SNPs (Table X).

Inactive PA group analysis of SIRTT rsf2775366 showed
that the co-dominant {P<0.001), recessive (P<0.001} and
additive (P<0.001) variables were significant. The analysis of
the active PA group revealed significance in the co-dominant
(Pec0.001) and recessive (P<0.001) models {Table X).

Binomial logistic regression analysis of FGFR2 rs2981582
was performed in the inactive PA, active PA and control
groups, but this analysis did not reveal significance in these
models.

STATZ rs?44166 analysis in the inactive PA group
showed that there were no significant variables. Analysing
the active PA group, the presenmt study revealed significance
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Table X. Binomial logistic regression analysis in inactive and active PA, and control groups,

Gene PA subgroup Maodel Genotype OR (95% C1) P-value AlC
SIRT! rs1 2778366 Inactive Co-dominant T 1.000 402 5490
Tc 0000 (0 0000 0.996
CiC 10109 (4 868-20.996) <0001
Recessive TIT+TIC 1.000 419306
Cic 12.312 (5.933-25.552) <0.001
Additive - 2045 (1.388-3.015) <0001 444 842
Active Co-dominant T 1.000 497635
TiC 0.000 (0.000) 0.996
cic 5.709 (2.675-12.183) <001
Recessive TM+TIC 1.000 521.245
cic 6953 (3.260-14.828) <000
STATS ra744 166 Active Co-dominant AlA 1000 535474
GiA 0,669 (0.430-1.135) 0,148
GG 0339 (0.148-0776) 0010
Dominant AlA 1.000 536765
GIA+GIG 0592 (D.373-0.939) 0026
Recessive AMA+GIA 1.000 535.576
GG 0407 (0.184-0.902) 0027
Additive - 0622 (04420887 0T 533914

PA, piteiary adenoma; SIRTY, sinuin 13 STATS, signal transducer and activator of transeription 3; OR, odds ratio: Cl, confidence imerval; AIC,
Akaike Information Criterion.

Table X1. Binomial logistic regression analysis in non-recurrent and recurrent PA and contral groups.

Gene PA subgroup Model Genotype OR (95% CI) Povalue AlC
SIRTI rsl 2778366 Non-recurrent Co-dominant T 10000 Gl4042
TiIC 0.000 (0.000) 0995
IC TA65 (3.896-14.307) <1001
Recessive TT+TI/C 1.000 645812
i Q092 (4.748-17411) <001
Additive - 1592 (1.153-2.199) 0005 678.223
Recurrent Co-dominant T 1.000 247.718
TiIC 0000 {C.000) 0,996
CrC T.764 (2.868-21.019) <10
Recessive TT+TIC 10K 255407
CiC 9,456 (3.495-25 586) <0001
STATS rs744166 Non-recurrent Co-dominant AlA 1 00 6731.559
GiA 0.916(0.606-1.385) 0678
G/G 0.2700(0.119-0.610) 0002
Recessive AJA+GIA 1000 671.731
GIG 0.283(0,129-0.621) 0.002
Additive 0.653 (0.487-0.876) 0.005 677047

PA, pituitary adenoma: SIRT], sinuin 1 STAT3, signal wransducer and activator of transcription 3; OR, odds ratio; C1, confidence imerval;
Akaike Information Criterion.

in the co-dominant (P=0.0103, dominant { P=0026), recessive

(P=0.027) and additive (P=0.007) models (Table X).

Additional binomial logistic regression analysis of SNPs

was performed in non-recurrence, recurrence and control
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groups, The analysis in the non-recurrent PA and control
groups showed that the co-dominant (P<0.001), recessive
(P<0.001) and additive (P=0.005) variables were statistically
significant (Table X1). In the analysis of PA with recurrence,
the co-dominant (P<0.001) and recessive (P<0.001) variables
were also significant.

FGFR2 rs2951582 polymorphism analysis did not show
any statistical significance.

Binomial logistic regression analysis of STAT? rs744166
in the non-recurrent and recurrent PA groups, and the control
group was performed. This revealed that in the non-recurrent
PA and control groups, the co-dominant {P=0.002), recessive
(P=0.002) and additive (P=010035) variables were significant
{Table X1). In the analysis of PA with recurrence there were no
statistically significant variables.

Discussion

The impact of SIRTI, FGFR2 and STAT? gene polymorphisms
on the development of various tumours has been analysed in
numerous studies (38,42-52,60.63-65), but no studies have
investigated the associations with PA development, invasive-
ness, activity and recurrence.

A study conducted by Rizk er al (37) investigated SIRT!
gene single nucleotide polymorphism rsl2778366 in patients
with breast cancer, revealing that the SIRTI ral2778366
T'T genotypes were more frequent, exhibited higher SIRT]
levels than the C/C and C/T genotypes, and were associated
with histological grade and lymph node status. The T allele
frequency was higher in patients with breast cancer compared
with that in normal subjects,

The preseni study was the first to assess the association
between SIRTT rel2778366 and PA. It was found that the
TIC genotype was less frequent in the PA group compared with
the healthy controls (0 vs. 17.5%, respectively; P<0.001) and that
the CiC genotype was more frequent in the PA group compared
with the healthy control group (189 vs. 2.5%, P<0.001).

Numerous studies have investigated the FGFR2
rs2981382 polymorphism in breast cancer patients, and
have provided controversial data on the impact of this poly-
morphism on tumour development. Chen ef af (43) revealed
that the G/A and A/A genotypes of FGFR2 rs2981582 were
associated with lower mammographic density and a reduced
risk of breast cancer, and Butt er of (42) revealed a statisti-
cally significant association between the FGFR2 rs2081552
AlA genotype and breast cancer risk, Shan er af (66) also
revealed that patients with the A/A genotype of FGFR2
52981582 exhibited an increased risk of breast cancer, while
Ledwor er al (47) revealed that the rs2987582 SNP showed
significant association with the familial and sporadic types
of breast cancer. On the basis of these findings, the present
study aimed to examine whether the polymorphism in the
FGER2 promoter may affect the risk of PA development,
activity. recurrence or invasiveness. Mo differences in
genotype (G/G, G/A and AJA) distribution were observed
between the control and PA groups (41.6 vs. 39.2%, 53.1
vs, 58.7%, and 5.3 vs. 2.1%, respectively: P=0.174). No
significant differences were observed between genotype
distribution according to gender, PA activity, invasiveness
Or recurrence.

Several studies have analysed the STATS rs744166 poly-
morphism in association with various types of tumour, but none
have investigated the association between STATS rs744166 and
PA. Rocha er al (61) reported that the rs744166 polymorphic
G allele was associated with gastric cancer, and a significantly
decreased risk of non-small cell lung cancer was observed for
carriers of STATF rs744166 in a study by Jiang ef al (64). The
present study demonstrated the differences in the distribution
of the STAT rs7d4166 polymorphism between patients with
PA and control group subjects (P=0012). The GiG genotype
was less frequent in the PA group compared with the healthy
controls (9.1 vs. 19.1%, respectively; P=0003). Analysis in
different PA subgroups showed that the STAT? re7d4i66 G/IG
genotype was more frequent in non-invasive PA compared
with invasive PA (15.5 vs. 4.7%; P=0038) and in recurrent PA
compared with the non-recurrent PA (194 vs, 6.2%, respec-
tively; P=0.036),

Overall, the present study demonstrated that the SNPs SIRT/
raf 2778366 and STATF require replication in future larger
studies, particulardy with increased sample sizes to confirm the
association of SIRT1 and STAT3 in patients with PA.
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SUMMARY

Introduction

Pituitary adenoma (PA) is an intracranial tumor arising from the
anterior pituitary with the reported prevalence rate of 16.7%. The pituitary
gland is located in a dural bag attached to the inferior aspect of the
diaphragm of the sella and surrounded by venous spaces that correspond
laterally to the cavernous sinuses. PAs can easily expand laterally, because
the medial wall of the cavernous sinus is a lateral part of the thin dural bag,
S0 6-10% of PAs can involve the cavernous sinus. The optic chiasm is
directly above the pituitary gland and, when the tumor grows beyond the
sella, it frequently causes visual disturbances such as a decrease of visual
acuity, visual field defects, and impaired color vision and contrast
sensitivity due to chiasmal compression. PA can be the cause of retinal
nerve fiber layer (RNFL) thinning which reflects axonal degeneration
caused by compression of the anterior visual pathways and can be
objectively evaluated by optical coherence tomography (OCT) by
quantifying the thickness of the RNFL.

It is important to evaluate the tumor’s invasiveness because it can
influence the management and prognosis of PA. PA is a disease of
multifactorial etiology, the occurrence of which is influenced by various
genetic factors, hormonal stimulation, growth factors, etc. Recently, a great
attention in the PA pathogenesis has been drawn to the search for new
epigenetic and genetic factors. Several studies have analyzed the MMP-2
rs24386, MMP-9 rs3918242, STAT3 rs744166, SIRT1 rs12778366, FGFR2
rs2981582 polymorphisms in association with various types of tumors, but
no studies have investigated the associations with PA development,
invasiveness and recurrence. This is the only study that analyzed the IL-17A
impact on the PA invasiveness in Lithuania. Numerous studies have shown
that Ki-67 labeling index (LI) is associated with tumor invasiveness, but
results remain controversial.

The aim of the present study was to identify possible genes involved in
PA tumorigenesis, which may serve as potential diagnostic and prognostic
molecular markers.

Aim and objectives of the study

Aim of the study

To determine pituitary adenoma molecular markers and associations
with visual functions.
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Objectives of the study

1. To evaluate associations between results of ophthalmological
evaluation and pituitary adenoma clinical and morphological
characteristics.

2. To determine if the Ki-67 LI reflects invasiveness of pituitary
adenoma, and to evaluate IL-17A concentration in blood serum of
pituitary adenoma patients.

3. To determine the association between MMP-2 rs243865 and MMP-
9 1s3918242 gene polymorphisms, and pituitary adenoma
invasiveness and recurrence.

4. To determine the association between FGFR2 rs2981582, SIRT1
rs12778366, STAT3 rs744166 gene polymorphisms and pituitary
adenoma development.

Methods

Permission to undertake the present study (Number P2-9/2003) was
obtained from the Biomedical Research Ethics Committee of Lithuanian
Health Sciences University (Kaunas, Lithuania). The study was conducted
in the Departments of Ophthalmology, Endocrinology and Neurosurgery,
Lithuanian Health Sciences University Hospital (Kaunas, Lithuania).

Ophthalmological evaluation

Non-corrected and the best-corrected visual acuity (VA) (measured in
decimals from 0.1 to 1.0) was evaluated using Landolt rings (C optotypes)
by Snellen test types at a 5 meter distance from the chart. Intraocular
pressure measurement, biomicroscopy and fundoscopy were performed in
order to assess corneal and lenticular transparency, and to evaluate the eye
fundus. The subjects’ pupils were dilated with 1% of tropicamide. Standard
automated perimetry was conducted using a visual field analyzer
(Humphrey Field Analyser, Model 7451, Carl Zeiss Meditec Inc. Dublin,
CA, USA). The visual field test routinely assesses only the central 24-30°,
however, we performed Full Field Screening (135 points, 87 degrees
temporally). In this test, the patient needs to fixate on a central point with
each eye separately, while a light of variable intensity is flashed in the
peripheral field of vision. The patient has to acknowledge the flash of light
by pressing a button. VF testing was considered unreliable if the fixation
losses, false negative or false positive errors exceeded 20%.

RNFL thickness was analyzed with spectral domain OCT (RS 3000
Advance Nidec Co., Japan) after pupil dilation. Fundus surface images were
captured with the confocal laser scanning using a near-infrared light source
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with a wavelength of 785 nm. Cross-sectional images of the retina were
captured with the optical interferometer using an infrared light source with a
wavelength of 880 nm. OCT image capture mode was a disk circle mode:
the patient’s fundus was scanned circularly around the optic disk in the
order “Temporal”, “Superior”, “Nasal”’, and “Inferior” to obtain OCT
image. Peripapillary RNFL average thickness and each quadrant thickness
were calculated.

Contrast sensitivity was measured by employing a Ginsburg Box,
VSCR-CST-6500 with a FACT chart at photopic (in the daytime, 85 cd/m®)
and mesopic (in the nighttime, 3 cd/m?) luminance with and without glare at
5 standard spatial frequencies: 1.5, 3, 6, 12, and 18 cycles per degree.

The F-M 100 hue test requires the arrangement of colored caps of
similar lightness and saturation between the two fixed caps (one at the
beginning of the tray and one at the end) in order to form a consistent
transition of tones between the fixed caps. The test consists of 85 colored
caps, numbered on the back and arranged in four trays. The result is
estimated by the total number of differences between the number of the
color sample chosen by a subject and the number of the color sample
actually belonging to the position. In each group the average number of
errors is assessed. The color contrast sensitivity is considered to be very
high (when the number of mistakes is up to 20), normal (up to 100), or
impaired (more than 100).

In the maximum color contrast sensitivity test (MCCS) the subject’s
task was to correctly determine the direction of a bar in the circle and
indicate it by pressing a corresponding button. If the direction was unclear, a
blank button was pressed. Each time the button was pressed, a blank screen
appeared, and then, after one second, a circle with a randomly chosen bar
direction was presented. If the direction of the bar in the circle was chosen
incorrectly, its color was automatically highlighted. After the correct choice
of the direction of the bar, the intensity of its color was automatically
dulled; due to the change in intensity of the bar, the brightness of the circle’s
background appeared to change. The first correct answer after a series of
incorrect answers or the first incorrect answer after a series of correct
answers was accepted as the subject’s maximum sensitivity to the target
color of the bar. When this maximum sensitivity was determined, the color
of the bar was changed, and the test was started again. The bar was
presented in a total of six colors: red, green, blue, teal violet, and yellow.
Once a subject’s sensitivity to all these colors had been assessed, all
findings were recorded in a database, and the results of the test were
presented in a result window. The luminance of the grey background of the
monitor was 350 cd/m?. The surrounding area luminance was 400 cd/m®.
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Brain imaging

All pituitary adenomas were analyzed based on MR imaging findings.
The preoperative MRI investigations were performed with 1,5 T MRI
scanners (Siemens MAGNETOM Avanto, 1,5 T Philips ACHIEVA) using a
head coil and a standard pituitary scanning protocol, obtaining T1W sagittal
and coronal and T2W/TSE coronal pre-contrast images, and T1W coronal
and sagittal Gadolinium-enhanced MR images with the intravenous agent
gadodiamide (Omniscan, GE Healthcare). The retrospective analysis of
MRI data was conducted by an experienced radiologist. The coronal
T2W/TSE sequence was chosen as a standard for the best optic chiasm
resolution. The optic chiasm thickness values were obtained by measuring
the vertical diameter on the right side, left side and the middle part. The
deformations or signal changes of the optic chiasm were evaluated and
documented. The distance between the superior margin of the tumor and the
inferior surface of the optic chiasm was measured as well.

The suprasellar extension and sphenoid sinus invasions by PA were
classified according to Hardy classification, modified by Wilson. The
degree of suprasellar and parasellar extension was graded as stages A-E.
The degree of sellar floor erosion was graded as grades I-1V. Grades I-II
mean that sellar floor is intact and are considered as non-invasive PA; grade
IIT shows localized sellar perforation, and grade IV shows diffuse
destruction of sellar floor, which are the signs of invasive PA. Knosp
classification system was used to quantify the invasion of the cavernous
sinus: grade 0, no involvement of cavernous sinus, represents the normal
condition; grades 1 and 2, the tumor pushes into the medial wall of the
cavernous sinus but does not go beyond a hypothetical line extending
between the centers of the two segments of the internal carotid artery
(grade 1); or it goes beyond such a line but without passing a line tangent to
the lateral margins of the artery itself (grade 2); grade 3, the tumor extends
laterally to the internal carotid artery within the cavernous sinus; grade 4,
total encasement of the intracavernous carotid artery. Thus, grade 3 and 4
pituitary tumors were considered to be invasive.

DNA extraction and genotyping

The DNA extraction and analysis of the gene polymorphism of MMP-9
were carried out at the Laboratory of Molecular Cardiology at the Institute
of Cardiology of the LUHS for control group and at the Laboratory of
Ophthalmology at the Institute of Neuroscience of the LUHS for the PA
patient group. DNA was extracted from 200 pL venous blood (white blood
cells) using a DNA purification kit based on the magnetic beads method
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(MagJET Genomic DNA Kit, Thermo Scientific) or the silica-based mem-
brane technology utilizing a genomic DNA extraction kit (GeneJET Geno-
mic DNA Purification Kit, Thermo Scientific), according to the manufac-
turer’s recommendations.

The genotyping of MMP-2 (-1306 C/T) (rs243865), MMP-9 (-1562
CIT), SIRT1 (rs12778366), FGFR2 (rs2981582) and STAT3 (rs744166) was
carried out using the real-time polymerase chain reaction (PCR) method.
TagMan® SNP Genotyping Assays (Applied Biosystem,USA) for MMP-2
(-1306 C/T) (rs243865), SIRT1 (rs12778366), FGFR2 (rs2981582) and
STAT3 (rs744166), as well as primers and fluorescently labeled allele
specific probes for MMP-9 (-1562 C/T) (rs3918242) (Applied Biosystems,
USA) were used to determine the genotypes. The genotyping of MMP-2
(-1306 C/T) and MMP-9 (-1562 C/T) was performed using the 7900HT real-
time PCR quantification system (Applied Biosystems, USA), and the
genotyping of SIRT1 (rs12778366), FGFR2 (rs2981582) and STAT3
(rs744166) was performed using a Rotor-Gene Q Real-Time PCR Quanti-
fication system (Qiagen, Inc., Valencia, CA, USA).

The real-time PCR reaction mixtures were prepared according the
manufacturer’s protocols and the Allelic Discrimination program (Applied
Biosystems; Thermo Fisher Scientific, Inc.) was used during the qPCR. The
program determined the individual genotypes according to the fluorescence
intensity rate from different detectors: molecular marker labeled with VIC
fluorescent dye was chosen for the X axis and a molecular marker labeled
with FAM fluorescent dye was selected for the Y axis.

IL-17A

IL-17A analysis was performed in the Department of Laboratory
Medicine, Lithuanian Health Sciences University Hospital (Kaunas, Lithua-
nia). The serum IL-17A level was measured by enzyme-linked immuno-
sorbent assay (ELISA) according to the manufacturer’s instructions
(,,ThermoFisher Scientific Human IL17A ELISA Kit®).

Ki-67 labeling index

The Ki-67 labeling index (LI) was obtained by performing an immuno-
histochemical analysis with the monoclonal antibody (clone SP6; Spring
Bioscience Corporation). The Ki-67 LI was defined as the percentage of
positive staining tumor cells.
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Statistical analysis

Statistical analysis was performed using the SPSS / W 23.0 software
(Statistical Package for the Social Sciences for Windows, Inc., Chicago,
Illinois, USA). Normality of the distribution was tested with Shapiro-Wilk
and Kolmogorov-Smirnov statistics. Kruskal-Wallis and Mann-Whitney U
test was conducted to compare non parametric values. The data are
presented as absolute numbers with percentages in brackets and as median
with min and max values. Hardy-Weinberg analysis was performed to
compare the observed and expected frequencies of MMP-9 using the ¥ test
in all groups. The distribution of genotypes of MMP-9, MMP-2, SIRT1,
FGFR2 and STAT3 SNPs in the PA and control groups was compared using
the y° test or the Fisher exact test. Binomial logistic regression analysis was
performed to estimate the impact of genotypes on PA development. Odds
ratios and 95% confidence intervals are presented. The selection of the best
genetic model was based on the Akaike Information Criterion (AIC);
therefore, the best genetic models were those with the lowest AIC values.
Differences were considered statistically significant when p < 0.05.

Results

PA characteristics

Seventy seven patients diagnosed with pituitary adenoma by MRI were
examined. Forty-six patients (59.7%) were diagnosed with invasive PA and
31 patients (40.3%) with noninvasive PA. Recurrant PA was found in 12
patients (15.6%). Suprasellar extension of PA was diagnosed in 55 patients
(71.4%). Paraintracranial extension was diagnosed only in 10 patients
(13.0%). Paracavernous extension was diagnosed in 56 persons (73.7%),
true cavernous sinus invasion (grades 3—4 by Knosp classification) was
found in 26 PA patients (33.8%). Sphenoid extension (grade III-1V) was
diagnosed in 40 PA patients (51.9%).

Optic chiasm evaluation

The optic chiasm and its contact with the pituitary adenoma were
evaluated in 73 MR images of PA patients. Four images could not be
evaluated because of the bad MRI quality. The median of the height of the
right side of chiasm was found to be 2.0 mm (min 0.1; max 3.7), the left
side 2.0 mm (min 0; max 4.0), and the middle part median 1.7 mm (min 0.1;
max 3.7). The median of the distance between the optic chiasm and the
pituitary adenoma was 0 mm (min 0; max 7.6).
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Visual acuity and visual field changes

Median of VA in PA patients was found to be 0.95 (min 0; max 1.0).
VA in the group with suprasellar PA extension (mean rank 71.40) and
without it (mean rank 92.76) differed statistically significantly (p = 0.004).
A weak positive correlation was found between the height of the optic
chiasm right side, middle part, left side and visual acuity (r = 0.349; 0.276;
0.307), (p < 0.001).

Normal visual field was found in 82 eyes (53.2%), 13 eyes (18.4%)
presented with partial temporal hemianopy, 51 (33.1%) eyes with complete
hemianopy and six eyes (3.9%) with concentric visual field narrowing. Two
eyes could not be examined because of blindness.

Contrast sensitivity and color vision disturbances

Functional acuity contrast sensitivity test results showed a significant
decrease in the nighttime and daytime conditions with and without glare in
low, medium and high spatial frequencies (cycles per degree) in patients
with PA.

In the control group the average number of errors of the F-M 100 test
was 87.39 + 24.106, while in the group of patients with PA it was 201.95 +
06.071 (p < 0.001). The F-M 100 test showed better results in patients with
non-recurrent PA compared to the patients who had the recurrence of PA
(the errors score of 63.62 (mean rank) vs. 84.72 (mean rank), respectively;
p=0.03), and in patients with noninvasive PA compared to invasive PA (the
errors score of 54.88 (mean rank) vs. 72.76 (mean rank), respectively;
p=0.041).

The average error score of MCCS test was 1.33 = 0.649 in the control
group, and 3.806 + 3.425 in the group with PA (p < 0.001). There was no
significant difference between the group with recurrent PA and the group
with non-recurrent PA (63.03 vs. 66.33 (mean rank), respectively; p = 0.72),
and between the group with noninvasive PA and the group of invasive PA
(60.87 vs. 65.41 (mean rank), respectively; p=0.49). There was a significant
increase in the error scores of MCCS test for PA patients with suprasellar
extension compared with PA patients without suprasellar extension (73.95
vs. 39.29 (mean rank), respectively; p<0.001).

Retinal nerve fiber layer thickness changes

RNFL thickness around the optic nerve disk measured preoperatively
was reduced significantly in all four quadrants in PA patients compared with
the control group (p < 0.001). The temporal RNFL thickness showed the
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strongest positive correlation with the distance between optic chiasm and
PA (r = 0.401, p <0.001). The chiasmal right side, middle part, and left side
heights correlated significantly with the RNFL thickness in all quadrants
(p < 0.05). RNFL thickness in PA patients with suprasellar extension was
reduced significantly only in the temporal quadrant compared with the
patients without suprasellar extension (p=0.001).

Ki-67 labeling index

Immunohistochemistry for Ki-67 revealed a L1 1% in 49.3% of patients
with PA, Ki-67 LI 1% in 24.6% and Ki-67 LI > 1% in 26.1% of patients.
Analysis showed statistical significance in relation to tumor invasiveness
(p = 0.039).

The concentration of IL-17 A in blood serum

Median serum IL-17A level in the PA patients was 42.12 (min 1.95;
max 76.80) and 8.19 (min 0.39; max 74.57) in the control group (p < 0.001),
but the analysis did not show any statistical significance comparing different
types of PA (p > 0.05).

MMP-2 gene polymorphism

MMP-2 (-1306 C/T) gene polymorphism analysis in the overall group
has not revealed any genotype distribution differences between patients with
PA and control group patients (p > 0.05). MMP-2 (-1306 C/T) C/T genotype
was more frequently present in PA females compared to healthy females
(49.1% vs. 33.66%; p = 0.041). Subjects with the MMP-2 (-1306 C/T) C/T
genotype had 3-fold increased risk of noninvasive pituitary adenoma
compared with those with the C/C genotype, and 2.8-fold increased risk
compared with those with C/C + T/T genotypes. Subjects with the C/T +
T/T genotypes had 2.7-fold increased risk of noninvasive pituitary adenoma
compared with those with the C/C genotype.

MMP-9 gene polymorphism

The MMP-9 (-1562 C/T) C/C genotype was more frequent in PA group
than in healthy controls (81.4% vs. 64.6%, p = 0.002); C/C genotype was
more frequently present in PA females compared to healthy control females
(81.5% vs. 64.6%, p = 0.018) as well. MMP-9 (-1562 C/T) C/C genotype
was frequently observed for all subgroups: noninvasive, invasive and
nonrecurrence PA compared to healthy controls (81.8% vs. 64.6%, p =
0.021; 81.0% vs. 64.6%, p = 0.041; 81.8% vs. 64.6%, p = 0.005; respecti-

156



vely). Subjects with the MMP-9 (-1562 C/T) T/T genotype had 3.2-fold
increased risk of invasive pituitary adenoma compared to those with the
C/C + C/T genotypes.

FGFR2 rs2981582, SIRT1 rs12778366, STAT3 rs744166 gene poly-
morphisms

FGFR2 rs2981582 G/G genotype was less frequently observed in non-
invasive PA subgroup compared to healthy controls (27.6% vs. 41.6%, p =
0.038), but the G/A genotype was more frequently observed in the non-
invasive PA subgroup compared with the control group (72.4 vs. 53.1%,
respectively; p = 0.004) and the invasive PA subgroup (72.4 vs. 49.4%
respectively; p = 0.009).

We found that SIRT1 rs12778366 genotype T/C was less frequent in PA
group than in healthy controls (0% vs. 17.5%, p < 0.001), and the genotype
C/C was more frequent in PA group comparing to healthy controls group
(18.9% vs. 2.5%, p < 0.001). Subjects with the SIRT1 C/C genotype had a
more than 7-fold increased risk of PA compared with those with T/T
genotype, and 9-fold increased risk of PA compared with the variant T/T +
T/C genotypes.

Analysis demonstrated the differences in distribution of genotypes of
STAT3 rs744166 polymorphism between patients with PA and control group
subjects (p = 0.012). The genotype G/G was less frequent in PA group than in
healthy controls (9.1% vs. 19.1%, p = 0.003). Analysis in different PA
subgroups showed that STAT3 rs744166 G/G genotype was more frequent in
non-invasive PA comparing to invasive PA (15.5% vs. 4.7%; p = 0.038), and
in recurrent PA comparing to not recurrent PA (19.4% vs. 6.2%; p = 0.036).

The combined genotype SIRT1 T/T + FGFR2 G/G + STAT3 G/G had
3.5-fold increased risk of PA, while the combined genotype SIRT1 T/T +
STAT3 G/G had 2.7-fold increased risk of PA.

Conclusions

1. The ophthalmological evaluation showed the following:

e There was observed a significant decrease of functional acuity
contrast sensitivity in patients with PA.

e The F-M 100 test results were worse for patients with recurrent
PA and for patients with invasive PA. There was a significant
increase in the error scores of MCCS test for PA patients with
suprasellar extension.

e RNFL thickness around the optic nerve disk measured
preoperatively was reduced significantly in all four quadrants
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in PA patients. RNFL thickness in PA patients with suprasellar
extension was reduced significantly only in the temporal
quadrant compared with the patients without suprasellar
extension.

Analysis revealed statistically significantly higher Ki-67 labeling
index in invasive compared to noninvasive pituitary adenomas.
Median serum IL-17A level in the PA patients was higher than in
the control group.

Subjects with the MMP-2 (-1306 C/T) C/T genotype had 3-fold
increased risk of noninvasive pituitary adenoma compared with
those with the C/C genotype, and 2.8-fold increased risk compared
with those with C/C + T/T genotypes. Subjects with the C/T + T/T
genotypes had 2.7-fold increased risk of noninvasive pituitary
adenoma compared with those with the C/C genotype.

Subjects with the MMP-9 (-1562 C/T) T/T genotype had 3.2-fold
increased risk of invasive pituitary adenoma compared to those
with the C/C + C/T genotypes.

Subjects with the SIRT1 C/C genotype had a more than 7-fold
increased risk of pituitary adenoma compared with those with T/T
genotype, and 9-fold increased risk of pituitary adenoma compared
with the variant T/T + T/C genotypes. The combined genotype
SIRT1 T/T + FGFR2 G/G + STAT3 G/G had 3.5-fold increased risk
risk of pituitary adenoma, while the combined genotype SIRT1
T/T + STAT3 G/G had 2.7-fold increased risk of pituitary adenoma.
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