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SANTRUMPOS

AKTH adrenokortikotropinis hormonas

APL antigeng pateikianti lastele

AUC plotas po kreive

BoF indeksai funkcijy biologijos indeksai

CRB C reaktyvusis baltymas

CXCL chemokinas

DNR deoksiribonukleoriigstis

dd-cfDNR donoro kilmés nelgsteliné DNR

DSA donorui specifiniai antiktinai

aGFG apskaiciuotas glomeruly filtracijos greitis
GSIL galutinés stadijos inksty liga

GS genitalinis santykis

GTS genitotiroidinis santykis

HD hemodializé

iBKTI iSvestiniai bendro kraujo tyrimo rodikliy indeksai
IKP interkvartilinis periodas

IL interleukinas

KMI kiino masés indeksas

KNI kalcineurino inhibitoriai

LIL léting inksty liga

LMI leukocity mobilizacijos indeksas

MFI vidutinis fluorescencinis intensyvumas
mRNR matriciné (informaciné) ribonukleortigstis
miRNR mikroribonukleortigstis

p statistinio reikSmingumo lygmuo

PI pasikliautinasis intervalas

TMI trombocity mobilizacijos indeksas

SN standartinis nuokrypis

SP standartiné paklaida

SS Sansy santykis

TRH tireotroping atpalaiduojantis hormonas
TNF a tumoro nekrozés faktorius alfa

VULSK Vilniaus universiteto ligoniné Santaros klinikos
ZLA zmogaus leukocity antigenai
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1. IVADAS
1.1. Mokslinio darbo aktualumas

Epidemiologinés studijos rodo, kad Iétine inksty liga (LIL) pasaulyje serga
vienas i§ deSimties suaugusiy asmeny, 2019 m. duomenimis, absoliuciais
skaiCiais tai sudaré daugiau nei 850 milijony Zmoniy [1, 2]. Kai LIL pasiekia
galuting stadija, paciento gyvybei palaikyti reikalinga pakaitine inksty
terapija: dializé arba inksto transplantacija. Naujy hemodializuoti per metus
pradéty asmeny skaiCius jvairiose Salyse svyruoja nuo maziau nei 72,5
asmens/1 min. populiacijos iki daugiau nei 161,4 asmens/1 mln. populiacijos
[3]. Pasaulyje atlickama nuo 3,0 iki daugiau nei 27,8 inksto transplantacijy/1
mln. gyventojy per metus [3]. Inksto transplantacija — tai ne tik paciento
gyvenimo kokybe pagerinantis gydymo biidas: tyrimy duomenys rodo, kad
transplantacija ilgina recipienty iSgyvenamuma, sumazina kardiovaskuliniy
ligy rizikg, didina pacienty darbinguma, palyginti su gydymu dializémis [4].
Kad inksto transplantatas nebiity atmestas recipiento imuninés sistemos,
pacientams reikia nuolat vartoti imuning sistema slopinancius vaistus. Vis
délto vidutinis inksto transplantato i§gyvenamumas jvairiose Salyse svyruoja
nuo 8 iki 12 mety, kai inkstas persodinamas i§ mirusio donoro, ir nuo 12 iki
20 mety, kai transplantuojamas gyvo donoro inkstas [5]. Dazniausia
priezastis, dél kurios i$sivysto transplantato galutinés stadijos inksty liga
(GSIL) ir transplantatas prarandamas — tai transplantato atmetimas [6].
Praradus transplantatg, galima atlikti pakartoting inksto transplantacija, taiau
sulig kiekviena nauja transplantacija didéja recipiento imuninis jsijautrinimas,
darosi vis sunkiau parinkti tinkamg donora, padidé¢ja naujo transplantato
atmetimo rizika [7]. Taigi nepaprastai svarbu anksti jtarti ir diagnozuoti
transplantato atmetima, laiku pradéti gydyti ir taip kiek jmanoma pailginti
inksto transplantato, o kartu ir recipiento, i§gyvenamuma.

Siuo metu inksto transplantato atmetimas diagnozuojamas atliekant
transplantato biopsija ir vertinant atitinkamus histologinius kriterijus, taip pat
matuojami donorui specifiniy antikiiny titrai ir vertinami kiti, maZiau
specifiniai rodikliai, tokie kaip kreatinino koncentracija kraujo serume,
proteinurija [8]. Nors $ie diagnostikos metodai placiai taikomi klinikinéje
praktikoje, taciau vis dar triiksta neinvaziniy, ankstyvy ir lengvai atlickamy
biozymeny transplantato atmetimui diagnozuoti.



1.2. Mokslinio darbo tikslas

Sio darbo tikslas yra jvertinti §lapimo Zzymenis (chemoking 9 (CXCL9) ir
chemoking 10 (CXCL10)) bei i$vestinius bendro kraujo tyrimo indeksus kaip
potencialius inksto transplantato atmetimo bioZymenis ir iStirti jy rysj su
inksto transplantato prognoze.

1.3. Literatiiros apzvalga

1.3.1. Inksty transplantacijos istorija

Pirmoji sékminga inksto transplantacija buvo atlikta 1954 m. amerikieiy
chirurgo Josepho Murray vadovaujamos grupés Bostone. Inkstas persodintas
i§ gyvo donoro, identisko dvynio, recipientas po operacijos iSgyveno 8 metus
[9]. Vis délto tolesni bandymai persodinti organus i§ neidentisky donory
patyré daug nesé¢kmiy dél transplantato atmetimo [ 10]. 1964 m. Starzlis aprase
hipertiming atmetimo reakcijg dél ABO kraujo grupiy nesuderinamumo ir
apibréze jy derinimo taisykles. Terasaki 1964 m. aprasé mikrocitotoksiSkumo
tyrimag, kuris buvo kritiSkai svarbus tolesnei transplantacinés imunologijos
raidai ir praktiniam zmogaus leukocity antigeny (ZLA) sistemos derinimui
[11]. Iki 1974 m. inksty transplantacija iSgyveno keturias eras: jokios
imunosupresijos, imunosupresija apSvitinant visg kiing, medikamentiné
imunosupresija azatioprinu ar prednizolonu ir gydymas antilimfocitiniais
antiktinais [12]. Transplantaty i§gyvenamumas kardinaliai pageréjo po 1974
m., kai ] klinikine praktikg atéjo naujesni imunosupresantai: ciklosporinas,
véliau — takrolimas ir kiti [ 13]. Lietuvoje pirmoji inksto transplantacija atlikta
1970 m. i§ kadaverinio donoro, o 1974 m. i§ gyvo donoro [14, 15].

Atsivérus naujoms imunosupresijos galimybéms, pageréjus transplantaty
iSgyvenamumui, pastebéta ir neigiamy imunosupresijos padariniy —
padidéjusi onkologiniy ligy, infekcijy rizika [16, 17]. Taigi toliau ieSkota
biidy, kaip wuztikrinti optimalia imunosupresijg, tobulinti transplantato
atmetimo diagnostikos budai. | kliniking praktika jdiegta histologine
transplantato atmetimo diagnostika, paremta Banfo (Banff) klasifikaciniais
kriterijais [18]. Taip pat i antikiiny sukelto atmetimo diagnostinius kriterijus
itrauktas donorui specifiniy antikiing nustatymas [19]. Identifikuoti ir
potencialiis serologiniai arba §lapimo bioZymenys (donoro kilmés nelasteliné
DNR, chemokinai), farmakodinamiai biozymenys (Torque teno virusas),
prognostiniai biozymenys (iBox balai), tiriami budai sukelti organizmo
tolerancija transplantatui (reguliaciniy T limfocity infuzijos), tobulinama
ksenotransplantacija ir organy inzinerija [20-25]. Taigi Siuolaikiné
transplantologija vystosi keliomis kryptimis: recipiento ir transplantato



suderinamumo ir parinkimo tobulinimas, transplantato ir recipiento
iSgyvenamumo  gerinimas  uZztikrinant  optimalia =~ imunosupresija
(bioZymenimis grjstas vaisty dozavimas, transplantato monitoravimas dél
galimo atmetimo), imuninés tolerancijos tyrimai ir alternatyviy
alotransplantacijai organy $altiniy paieska. Sio tiriamojo darbo nisa ir yra
tyrimas biozymeny, skirty transplantato i§gyvenamumui gerinti neinvaziniu
blidu monitoruojant transplantato veiklg dél galimo atmetimo, kai ankstyva
atmetimo diagnostika padeda laiku uzkirsti kelig transplantato praradimui.

1.3.2. Transplantato atmetimo patogenezé
1.3.2.1. Antigeno atpazinimas ir pateikimas

Inksto transplantato atmetimo patogenezéje labai svarbus vaidmuo tenka T
limfocity aktyvinimui, tai atliekama trimis signalais.

Pirmasis signalas gaunamas, kai T limfocitas atpaZjsta svetimg antigeng.
Tai gali nutikti Siais biidais: tiesioginiu, pusiau tiesioginiu ir netiesioginiu [26,
27]. Tiesioginiu biidu antigenas atpaZjstamas, kai neapdorotus donoro ZLA T
limfocitui savo pavirSiuje pateikia donoro antigena pateikianti Igstelé (APL),
o netiesioginiu — kai apdorotus donoro ZLA fragmentus T limfocitui pateikia
recipiento APL. Pusiau tiesioginio pateikimo metu recipiento APLgauna ir
pateikia neapdorotus donoro kilmés ZLA.

Antrasis signalas T limfocitui aktyvinti — tai kostimuliacija. Kai antigenas
pateikiamas ir atpazjstamas T limfocito receptoriy, prasideda saveika tarp
APL kostimuliaciniy molekuliy ir jy ligandy T limfocity pavirSiuje: CD40
molekulé ant APL pavirSiaus jungiasi su savo ligandu CD40L, esanciu ant T
limfocito, o tai paskatina B7 (CD80/CD86) ir kity kostimuliaciniy molekuliy
ekspresija ant APL [28]. T limfocito molekulé CD28 tada jungasi su savo
ligandais CD80 ir CD86 ant APL. Sios sgveikos skatina tolesne T limfocito
aktyvacija. Vis délto kostimuliacinis biidas paskatina ir aktyvacija slopinanciy
receptoriy gamyba, apsaugodamas nuo nekontroliuojamo T limfocity
aktyvinimo. Jei naivus T limfocitas néra stimuliuojamas, jis zliva apoptozés
budu.

Trecigjj signalg lemia prouzdegiminiai citokinai, kuriems veikiant, T
limfocitai proliferuoja ir diferencijuojasi j efektorinius T limfocitus. Signala
formuoja saveika tarp citokiny ir padidéjusios citokiny receptoriy ekspresijos
T limfocito pavirSiuje [29]. Vienas i§ tokiy receptoriy — tai IL-2 receptoriaus
alfa grandis (CD25). Ja suaktyvinus, toliau aktyvinamas intralasteliniy T
limfocito signaly kelias, j kurj jeina mitogeno aktyvinama proteinkinaze,
kalcineurinas ir PI3 K molekulé. Skatinami transkripcijos veiksniai, kurie
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reguliuoja IL-2, interferono ir kity citokiny gamyba. Sie ir kiti citokinai
skatina T limfocity proliferacijg ir diferenciacijg i efektorinius CD4+ bei
citotoksinius CD8+ T limfocitus.

B limfocitai taip pat svarbiis Siame procese, nes gali moduliuoti T limfocity
aktyvinimg dalyvaudami antigeno pateikime, kostimuliacijoje ir gamindami
prouzdegiminius citokinus [30, 31].

1.3.2.2. Hiperiiming, Gmin¢ ir l1étin¢ atmetimo reakcija

Pagal pazeidimo pobidj transplantato atmetimo reakcija gali bati
skirstoma j hiperiiming, Giming ir 1éting [32].

Hipertiminé atmetimo reakcija dazniausiai jvyksta per kelias minutes ar
valandas po transplantacijos, kai jau esantys antikiinai prie§ transplantato
antigenus aktyvina komplemento sistemg, vyksta neutrofily mobilizacija,
endotelinés lgstelés bei trombocitai sekretuoja lipidus, kurie sukelia
koaguliacija bei iSemija. Pazeidus transplantato kraujagysliy endotelj,
formuojasi mikrotrombai, galiausiai jvyksta persodinto organo trombozé ir
zutis [33].

Uminé transplantato atmetimo reakcija paprastai jvyksta, kai svetima
antigeng atpazinusios antigeng pateikiancios lgstelés sgveikauja su T helperiu,
vyksta tolesné T limfocity proliferacija ir diferenciacija, aktyvintas T helperis
skatina B limfocitus diferencijuotis j plazmines lasteles ir gaminti antiktinus
prie§ transplantato ZLA antigenus, o Igstelinis imuninis atsakas skatina T
limfocity diferenciacija i citotoksinius T limfocitus, NK lasteles, kurie veikia
citotoksiskai ir sukelia transplantato 1asteliy lize [34]. Taip pat produkuojami
citokinai, mobilizuojantys kitas uzdegimines Igsteles j persodinta organa.
Galiausiai sukeliama persodinto organo nekroze.

Létiné transplantato atmetimo reakcija paprastai vyksta prag¢jus daugiau
laiko nuo organo persodinimo. Jos metu proliferuoja lygiyjy raumeny lastelés,
fibroblastai gamina kolagena, taip skatinama transplantato arterioskleroze ir
audinio fibrozé, vedanti prie organo iSemijos ir lgsteliy zaties. Létiné
transplantato atmetimo reakcija skirstoma j léting aktyvia lasteling ir létine
aktyvig antikiiny sukelta transplantato atmetimo reakcija [35]. Pastarajai
budinga transplantato glomerulopatija bei rySkus peritubuliniy kapiliary
bazinés membranos sudvigubgjimas, progresuojanti arterijy intimos fibrozé
[36]. O Ilétiné aktyvi lgsteliné atmetimo reakcija apibidinama kaip
intersticings fibrozes ir kanaléliy atrofijos apimto zievés ploto uzdegimas, taip
pat uzdegiming infiltracija transplantato kanaléliuose.
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1.3.2.3. Lasteliné ir antikiny sukelta atmetimo reakcija

Ilga laikg atmetimo reakcijos pagal imuninio atsako mechanizmg buvo
skirstomos pagal griezta dichotominj pozitrj j Igsteling ir antikiiny sukeltg
atmetimo reakcija.

Lastelinés atmetimo reakcijos metu T helperiai aktyvina citotoksinius T
limfocitus, makrofagus [37]. Citotoksiniai T limfocitai iSskiria perforinus,
granzimus ir kitas citotoksines molekules arba per Fas ligandg veikia svetimo
organo lgsteliy Fas receptorius ir Sitaip jas sunaikina. Transplantuoto inksto
audinyje lastelinés atmetimo reakcijos atveju matomas tubulitas, intersticiumo
infiltracija ir arterijy intimos, medijos ar transmuralinis uzdegimas.

Antikiiny sukelta tminé atmetimo reakcija vyksta dél imuninio atsako
pries donoro ZLA antigenus, gaminamus endotelio lIasteliy [38]. Taip pat i
reakcija gali vykti ir kaip atsakas j ne ZLA antigenus, tokius kaip ABO kraujo
grupés antigenai, angiotenzino II tipo receptorius ir kt. T limfocity aktyvinti
B limfocitai virsta plazminémis lgstelémis, gaminanc¢iomis antikinus, kurie
klasikiniu keliu aktyvina komplemento sistemg. Komplemento komponentai
veikia kaip chemoatraktantai, pavyzdziui, komplemento komponentai C3a ir
C5a skatina neutrofily ir makrofagy migracija | uzdegimo vieta. Be to,
komplemento aktyvinimas sukelia vazospazma per prostaglandino E2
i§siskyrimg 1§ makrofagy, o putliyjy lasteliy atpalaiduojamas histaminas
skatina edemg. C3a ir C5a didina endotelio adhezijos molekuliy, jvairiy
citokiny bei chemokiny iSsiskyrima. Komplemento aktyvinimo kaskados
galutinis produktas C5b-9, vadinamasis membrang atakuojantis kompleksas,
sukelia endotelio lasteliy lize. Be to, antikiinai gali sukelti lasteliy pazeidima
per nuo komplemento nepriklausancius mechanizmus, mobilizuodami NK
lasteles bei makrofagus. Antikiiny sukelto atmetimo atveju transplantuoto
inksto audinyje galima matyti T limfocity, neutrofily bei monocity infiltracija
peritubuliniuose ir glomeruly kapiliaruose. Tubulitas paprastai néra biidingas
ir labiau atspindi kartu esantj lastelinj atmetimo komponentg. Peritubuliniuose
kapiliaruose daznai matoma ir komplemento C4d komponento depozicija. D¢l
antikiiny sukelto endotelio paZeidimo atpalaiduojamas von Vilebrando
faktorius, tai skatina trombocity agregacija ir mikrotromby susidaryma.
Koaguliacinés proteazeés, tokios kaip trombinas, veikia endotelio proteaziy
aktyvinamus receptorius ir sukelia daugybés prouzdegiminiy citokiny
sekrecija [16].

Atmetant transplantatg dalyvaujancios lastelés, jy iSskiriami mediatoriai ir
sukeliama skirtingy inksto audinio elementy pazaida pavaizduota 1 paveiksle.
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1 paveikslas. Transplantato atmetima iSprovokuoja nesutapimas tarp donoro
ir recipiento ZLA arba ne ZLA, kuriuos atpaZjsta recipiento imuninés sistemos
lastelés. Sios sukelia tiesioging inksto lasteliy paZaida arba iSskiria
mediatorius, tokius kaip donorui specifiniai antikiinai (DSA), citokinai. Keli
mechanizmai gali veikti sinergistisSkai, sukeldami transplantato pazeidima, dél
to papildomai atpalaiduojami prouzdegiminiai veiksniai, skatinantys vietinj
uzdegiminj atsakg. Paveikslas parengtas pagal Callemeyn ir bendraautoriy
straipsnj [34].

Pastebéta, kad antikiinai, jungdamiesi su donoro audiniais, skatina paties
donoro endotelines lgsteles ir monocitus i$skirti citokinus, kurie pritraukia ir
aktyvina jvairias imuninés sistemos lgsteles, galinfias sukelti tiesioginj
transplantato pazeidimg ar sekretuoti dar daugiau citokiny [34]. Vienas i§
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tokiy citokiny ir yra CXCL10, iSskiriamas endoteliniy lgsteliy, monocity, ir
skatinantis | uzdegimo vieta judéti CXCR3+ NK lasteles bei CXCR3+ T
limfocitus [39].

Randama vis daugiau jrodymy, jog dalis vieno ar kito tipo reakcijos
imuniniy mechanizmy persidengia arba egzistuoja daugiau atmetimo tipy,
dabar apimamy lgstelinés arba antikiiny sukeltos atmetimo reakcijos termino.
Siag mintj grindzia molekulinio mikroskopo (,,Molecular Microscope
Diagnostic System MMDx“) kiiréjy atradimai, kai buvo nustatyti skirtingi
molekuliniai fenotipai vienodos histologinés atmetimo israiSkos preparatuose
[34, 40-42].

1.3.3. Transplantato atmetimo diagnostika

1.3.3.1. Transplantato atmetimo klinikin¢ iSraiska

atvejais pacientas jokiy simptomy gali nejausti, taciau laboratoriniais tyrimais
nustatomas glomeruly filtracijos grei¢io mazéjimas, kitais atvejais pacientg
gali varginti tempimo ar maudimo jausmas transplantato srityje, mazéti
iSskiriamo $lapimo kiekis, atsirasti tinimy, augti svorisdél susikaupianciy
skysciy, kartais — pasireiksti subfebrilus ar net febrilus karSc¢iavimas [43].
Pacientg gali varginti bendras silpnumas, jégy stoka, jam pablogéja
hipertenzijos kontrol¢, padidéja arterinio kraujo spaudimas. Did¢jant ureminiy
rodikliy koncentracijai kraujo serume, gali pasireiksti apetito stoka,
pykinimas, vémimas.

Transplantato atmetimui taip pat labai biidinga proteinurija, padidéjgs
baltymo ir kreatinino santykis Slapime [44].

Vis délto visi Sie simptomai ir poZymiai yra nespecifiniai, galintys
pasireiksti ir esant transplantato infekcijai, grjztamosioms glomerulopatijoms,
transplantato kraujotakos sutrikimams ir kt., todél diagnozei patvirtinti butini
papildomi tyrimai, kuriy pagrindinis ir informatyviausias — inksto
transplantato biopsija.

1.3.3.2. Histologiné atmetimo diagnostika

1991 m. jvykes pirmasis susitikimas Banfo mieste Kanadoje davé pagrinda
vienai placiausiai pasaulyje naudojamy patologijos klasifikaciniy sistemy —
Banfo transplantato patologijos klasifikacinei sistemai [45]. Si klasifikaciné
sistema véliau nuolat buvo atnaujinama ir papildoma [18]. 2022 m. Banfo
klasifikaciné sistema inksto transplantato histologinius pokycius suskirsto j 6
kategorijas [19, 46]: 1. Normali histologija arba nespecifiniai pokyciai. 2.
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Antiktiny sukeltas atmetimas ir mikrokraujagyslinis uzdegimas ir (ar)
pazeidimas. 3. Paribinis iminis lastelinis atmetimas. 4. Lastelinis atmetimas.
5. Intersticiné fibrozé ir (ar) kanaléliy atrofija; 6. Kiti pakitimai, nesusij¢ su
fiminiu ar 1étiniu atmetimu.

Banfo klasifikaciné sistema balais vertina $iuos histologinius pakitimus:

i — uzdegimas, vertinamas nesurandéjusiuose inksto zievés plotuose balais
nuo 0 iki 3. Tai vienas i§ Giminio lastelinio atmetimo pozZymiy.

t — tubulitas, inksto kanaléliy epitelio uzdegimas, vertinamas balais nuo 0
iki 3.

v — arterijy intimos uzdegimas, vertinamas balais nuo 0 iki 3. Sis
uzdegimas yra buidingas tiek Igsteliniam, tiek antikiiny sukeltam transplantato
atmetimui.

g — glomerulitas. Glomeruly uzdegimas — tai viena i§ mikrovaskulinio
uzdegimo formy, jis buidingas antikliny sukeltam transplantato atmetimui.
Vertinama balais nuo 0 iki 3.

ptc — peritubuliniy kapiliary uZdegimas, taip pat sudarantis mikrovaskulinj
uzdegima, paprastai biidingg antikiny sukeltam transplantato atmetimui — tiek
aktyviam, tiek 1étiniam aktyviam. Vertinamas balais nuo 0 iki 3.

C4d - tai komplemento komponentas, kurio depozicija peritubuliniuose
kapiliaruose iSryskéja imunohistocheminés arba imunofluorescencinés
reakcijos metu. Vertinamas balais nuo 0 iki 3.

ci — intersticiumo fibrozé, vertinama balais nuo 0 iki 3.

ct — kanaléliy atrofija, kuri paprastai biina labai susijusi su intersticiumo
fibroze ir rodo létinius nespecifinius pakitimus transplantate bei koreliuoja su
transplantato prognoze. Vertinama balais nuo 0 iki 3.

cv — vertina labiausiai paveiktos arterijos intimos sustoréjima balais nuo 0
iki 3.

cg — glomeruly bazinés membranos sudvigubéjimas, vertinamas balais 0,
la, 1b, 2, 3.

mm — mezangiumo matrikso i$siplétimas, vertinamas balais nuo 0 iki 3.

ah — arterioliy hialinoz¢é, vertinama balais nuo 0 iki 3.

aah — hialininis arterioliy sustoréjimas, vertinamas balais nuo 0 iki 3.

ti — totalinis uzdegimas, kuris apibiidina bendro zievés uzdegimo masta ir
yra vertinamas balais nuo 0 iki 3.

i-IFTA — uzdegimas intersticinés fibrozés ir kanaléliy atrofijos apimtame
plote. Vertinama balais nuo 0 iki 3. Létinis aktyvus lastelinis atmetimas
jtariamas, kai i-IFTA surenka 2 ir daugiau balo.

t-IFTA — tubulitas intersticinés fibrozés apimtame plote. Vertinama balais
nuo 0 iki 3.
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pvl — poliomos viruso pazeidimg transplantate apibiidinantis rodiklis,
vertinamas balais nuo 0 iki 3.

Inksto transplantate taip pat vertinami kiti galimi pakitimai, tokie kaip
trombiné mikroangiopatija, rekurentinés glomerulopatijos poZymiai,
peritubuliniy kapiliary sudvigubéjimas, iiminé kanaléliy nekrozé ir kiti.

Balais jvertinty Banfo klasifikaciniy kriterijy deriniai pagal klasifikacinés
sistemos sudarytas taisykles leidzia priskirti pokycius transplantate vienai ar
kitai diagnostinei kategorijai.

Vadovaujantis Banfo 2022 diagnostiniais kriterijais, antikiiny sukeltas
atmetimas skirstomas j aktyvy, létinj aktyvy arba létinj antikiiny sukelta
atmetima [19].

Aktyvus antikiiny sukeltas atmetimas turi atitikti visus tris kriterijus:
1. Aktyvus histologinis paZzeidimas — turi biiti bent vienas i$ $iy pokyciy:

— g > 0 ir (ar) ptc > 0, nesant pasikartojanCios ar naujai atsiradusios
glomerulopatijos. Ta¢iau esant iminiam Igsteliniam atmetimui, paribiniams
pokyc¢iams arba infekcijai, vien ptc > 1 nepakanka ir g turéty bati > 1;

-v>0;

— iiminé trombiné mikroangiopatija, nesant Kity jos priezasc¢iy.

2. Bent vienas i8 Siy kriterijy:

— linijinis C4d daZymasis peritubuliniuose kapiliaruose arba Serdinése
tiesiosiose arterijose;

— [g + ptc] > 2 balai nesant grjztamosios arba naujai atsiradusios
glomerulopatijos. Tac¢iau esant timiniam lgsteliniam atmetimui, paribiniams
pokyc¢iams arba infekcijai, vien ptc > 2 nepakanka, kartu g turi bati > 1;

— bioptato transkripty ekspresija, biidinga antikiny sukeltam atmetimui
arba mikrokraujagysliniam pazeidimui.

3. Aptinkami donorui specifiniai antikiinai (prie§ ZLA arba kitus antigenus).

Létinis aktyvus antikiiny sukeltas atmetimas nustatomas, kai histologiniai
pokyd¢iai atitinka visus $iuos 3 kriterijus:

1. Létinio antikiiny sukelto atmetimo histologiniai poZymiai biopsijoje:

— cg > 0, kai néra létines TMA arba létinio rekurentinio ar naujai
atsiradusio glomeruloneftrito;

— zenklus peritubulinio kapiliaro bazinés membranos sudvigub¢jimas
(nustatomas elektronine mikroskopija).
2. Bent vienas i8 Siy kriterijy:

— linijinis C4d daZymasis peritubuliniuose kapiliaruose arba Serdinése
tiesiosiose arterijose;

16



— [g + ptc] > 2 nesant griztamosios arba naujai atsiradusios
glomerulopatijos. Taciau esant iminiam lgsteliniam atmetimui, paribiniams
pokyciams arba infekcijai, vien ptc > 2 nepakanka, g turi biiti > 1;

— bioptato transkripty ekspresija, budinga antikiiny sukeltam atmetimui
arba mikrokraujagysliniam pazeidimui.

3. Aptinkami donorui specifiniai antikiinai (prie§ ZLA arba kitus antigenus).

Létinis antikiny sukeltas atmetimas nustatomas, kai inksto bioptatas
atitinka visus $iuos tris diagnostinius kriterijus:
1. cg > 0 ir (ar) rySkus peritubuliniy kapiliary bazinés membranos
sudvigubéjimas.
2. Néra antrojo kriterijaus, biidingo aktyviam ir létiniam antikiiny sukeltam
atmetimui, pozymiy.
3. Anksciau buves nustatytas aktyvus ar létinis aktyvus antikiiny sukeltas
atmetimas ir (ar) anksCiau nustatyti ar dabar cirkuliuojantys donorui
specifiniai antikiinai.

Atskira kategorija Banfo klasifikacijoje sudaro paribiniai pokyciai, arba
vadinamasis jtartinas Giminis lgstelinis atmetimas. Jis nustatomas, kai t > 0 ir i
=1larbatl iri>2.

Lastelinis atmetimas skirstomas j tmin;j ir létinj aktyvy T limfocity sukeltg
atmetimg. Uminis atmetimas savo ruoztu klasifikuojamas | atskiras klases
pagal savo pasireiskimaiSreikstuma:

IA klasés lastelinis atmetimas: 1> 2 ir t2.

IB klasé: i> 2 ir t3.

ITA klasé: v1, kad ir kokie biity i ir t.

I1IB klasé: v2, kad ir kokie bty i ir t.

IIT klasé: v3, kad ir kokie biity i ir t.

Létinis aktyvus lgstelinis atmetimas skirstomas j IA (kai ti > 2 ir i-IFTA > 2
(nesant kity priezasc¢iy) ir t2), IB (ti> 2 ir ir i-IFTA > 2 (nesant kity priezasciy)
ir t3) ir II (arterijy intimos fibroz¢ su mononukleariniy Igsteliy infiltracija
fibrozés zonoje bei neointimos formavimusi).

Kanados mokslininky grupé, vadovaujama prof. P. Hallorano, sukuré
molekulinio mikroskopo diagnosting sistema (MMDx) — tai sistema, kai
bioptato mikrogardelése tiriama jvairiy transkripty ekspresija, o Sie rezultatai
interpretuojami pasitelkus masininio mokymo algoritmus [47]. Sis metodas ne
tik leidzia tiksliau jvertinti abejotinus ir patologo interpretuojamus kaip
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paribinius, neaiSkius atvejus, bet ir pateiké naujy duomeny apie transplantato
atmetimo tipus, patogeneze¢, pavyzdziui, paaiskéjo, kad antikiiny sukeltas
atmetimas neretai biina C4d neigiamas ir be aptinkamy donorui specifiniy
antiktiny [48].

Taigi inksto transplantato atmetimo diagnostikai biitina inksto biopsija,
tadiau tai yra invazinis tyrimo biidas, galintis turéti komplikacijy, todél Sio
tyrimo skyrimas turi biiti pagristas objektyviu inksto transplantato atmetimo
jtarimu [49]. Kai kuriose Salyse laikomasi ,,protokoliniy“ biopsijy taktikos,
kai per pirmuosius metus po inksto transplantacijos pacientui numatytais
intervalais atliekamos transplantato biopsijos net ir nesant transplantato
funkcijos pakitimy [50]. Siy biopsijy tikslas — nustatyti subklinikinj, tatiau
histologiskai jau aptinkama atmetima. Vis délto tai labai invazinis biidas, todél
ieSkoma alternatyvy, kaip neinvaziniais tyrimo buidais anksti jtarti subklinikinj
transplantato atmetima ir transplantato biopsijas daryti tik esant kitais buidais
pagristam jtarimui dél atmetimo. Vienas i§ tokiy neinvaziniy diagnostikos
budy galéty biiti specifiniai biozymenys $lapime ar kraujyje.

1.3.3.3. Donorui specifiniai antiktinai

Donorui specifiniai antikiinai — tai recipiento serume aptinkami antikiinai,
kurie yra nukreipti prie§ svetimus donoro antigenus. Sie antikiinai gali bati
susiformave dar iki transplantacijos po tam tikry recipientg sensitizuojanciy
jvykiy (néstumo, kraujo perpylimo), tokie antikiinai gali duoti teigiama
kryZzming reakcija su donoro limfocitais, tada tokio donoro inksto
transplantacija negalima, nes gali jvykti hiperiiminé transplantato atmetimo
reakcija. Donorui specifiniai antikiinai (DSA) gali naujai susiformuoti po
transplantacijos, sgveikaujant recipiento imuninei sistemai su donorinio
organo antigenais, kai pacientui skiriama nepakankama imunosupresija. Tokie
de novo DSA nustatomi mikrosfery srauto analizés technologija, o antikiiny
titras matuojamas vidutiniu fluorescenciniu intensyvumu (MFI — angl. mean
fluorescence intensity). Padidéjes DSA titras yra vienas i§ antikiiny sukelto
transplantato atmetimo diagnostiniy kriterijy [19]. Tac¢iau DSA klinikiné
reik§meé priklauso ir nuo paties antikiino savybiy, tokiy kaip IgG subklasé, nuo
kurios priklauso geb¢jimas fiksuoti komplementa ir per susijungima su Fc
receptoriumi mobilizuoti efektorines lasteles. IgG3 subklasés antikiinai
efektyviau jungia Clq komplemento komponents, aktyvina komplemento
kaskada klasikiniu biidu ir pagreitina antikiiny sukeltg transplantato atmetima,
o Ig(G4 subklasés DSA negeba fiksuoti komplemento ir imuninj atsaka skatina
per Fc receptoriy [51]. Vis délto vien DSA padidéjimas yra nepakankamas
kriterijus diagnozuoti antikiiny sukelta atmetima, todé¢l butina koreliacija su
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transplantato histologinio tyrimo duomenimis [52]. Kita vertus, antikiiny
sukeltas atmetimas gali biiti diagnozuojamas ir kai DSA recipiento serume
neaptinkami [53].

1.3.3.4. Nauji transplantato atmetimo bioZymenys

Be minéty jprasty ir ] diagnostinius atmetimo kriterijus jtraukty
transplantato atmetimo zymeny, mokslinéje literatliroje minima ir daugiau ]
kliniking praktikg ateinanciy transplantato atmetimo Zymeny, nustatomy
recipiento serume ar Slapime.

Vienas i tokiy perspektyviy zymeny — tai donoro kilmés nelasteliné DNR.
Donoro kilmés nelgsteliné DNR (dd-cf-DNA — angl. donor derived cell free
DNA) — tai i§ donorinio organo iSsiskyrusi DNR, cirkuliuojanti recipiento
kraujyje ir aptinkama kraujo serume polimerazés grandininés reakcijos (PGR)
metodu [54-56]. dd-cf-DNR koncentracija serume padidéja, esant
transplantato pazeidimui ar atmetimui, dd-cf-DNR leidzia atskirti tuos
pacientus, kuriems yra bitent transplantato atmetimas, be to, §io Zymens
koncentracija mazéja, kai atmetimo gydymas sékmingas [24, 55, 57]. Vis
delto dd-cf-DNR koncentracija gali padidéti ir esant transplantato poliomos
BK viruso infekcijai, todél norint atskirti $ias skirtingai gydomas patologijas,
biitina kartu atlikti ir poliomos BK viruso DNR koncentracijos kraujyje ar
Slapime tyrima [56]. Remiantis dd-cf-DNR tyrimo duomenimis ijtarus
transplantato atmetima, diagnozei patvirtinti vis tiek reikalinga transplantuoto
inksto biopsija. Transplantato atmetimui jtarti atlickamas butent kraujo
serumo dd-cf-DNR tyrimas, tafiau Slapime nustatomas dd-cf-DNR
padidéjimas leidzia identifikuoti tuos pacientus, kuriems jvyksta poliomos BK
viruso infekcijos reaktyvacija ir kuriems yra poliomos BK viruso nefropatija,
o ne vien tik virurija ar viremija [58]. Taip pat yra duomeny, jog dd-cf-DNR
padidéja ir jvairiy transplantato infekcijy metu, nesant atmetimo [59]. Taigi
dd-cf-DNR yra perspektyvus transplantato atmetimo zymuo, tafiau jam
nustatyti reikalinga PGR metodika, paciento kraujo serumo paémimas, taip
pat Zymens padidé¢jimas gali baiti virusinés ar bakterinés transplantato
infekcijos atvejais, kai reikalingas visiSkai prieSingas gydymas nei esant
transplantato atmetimui.

Inksto transplantato atmetimui prognozuoti naudojami ir geny ekspresijos
tyrimai. Vienas i§ tokiy — tai komercinis inksty solidinio organo atsako testas
(angl. Kidney Solid-Organ Response Test — kSORT) [60]. Sis testas buvo
sukurtas identifikuoti recipientus, kuriems yra padidéjusi iminio transplantato
atmetimo rizika. Testas PGR metodu matuoja 17 geny, susijusiy su
transplantato atmetimu, mRNR ekspresijg ir pasizymi 93 % jautrumu ir

19



specifiSkumu. Vis délto Sis tyrimas neleidzia atskirti Igstelinio atmetimo nuo
antik@iny sukelto atmetimo.

Inksto transplantato atmetimg gali padéti jtarti ir pakitusi jvairiy Slapimo
mRNR molekuliy ekspresija. Vienos i§ tokiy — tai perforino ir granzimo B
mRNR: @iminj transplantato atmetima nuo normos perforino mRNR leidzia
atskirti 83 % jautrumu ir specifiSkumu, o granzimo B mRNR — 79 % jautrumu
ir 77 % specifiskumu [61]. Vis délto Siy Zymeny ekspresija gali pakisti ne vien
esant atmetimui, bet ir kity patologijy metu.

Kita diagnostinj potencialg turinti mRNR molekulé — tai $lapimo FOXP3
mRNR, atspindinti reguliaciniy T limfocity veikla [62]. Pastebéta, kad
FOXP3 mRNR koncentracija sumazéja, kai atmetimo metu padidéja serumo
kreatinino koncentracija [63]. Be to, tiems pacientams, kuriy FOXP3
koncentracija buvo didesné, sékmingai suvaldytas transplantato atmetimas.

Inksto transplantato iSgyvenamumui klinikiniuose tyrimuose prognozuoti
yra sukurta vadinamoji iBox skai¢iuoklé, kuri apima jvairius komponentus:
apskai¢iuota GFG, Slapimo baltymo ir kreatinino santykj, DSA vidutinj
fluorescencinj intensyvuma (MFI), inksto transplantato biopsijos histologinio
tyrimo Banfo balus [23]. Si skai¢iuoklé naudojama vertinti naujy
imunosupresanty efektyvuma lyginant su standartine terapija 624 mén.
laikotarpiu po transplantacijos.

1.3.4. Chemokiny apzvalga

Chemokinai — tai Iasteliy gaminami signalg perduodantys baltymai,
dalyvaujantys svarbiuose imuninio atsako procesuose, tokiuose kaip
chemotaksis, lasteliy adhezija ir kt. [64, 65]. Graiky kalbos Zodis kinos
iSvertus reiSkia judéjimg. Chemokinai sudaro mazy, apie 8—14 kDa dydZio,
strukturiskai panasy molekuliy grupg ir jvairiy leukocity migracijg reguliuoja
saveikaudami su transmembraniniais su G baltymu susijusiais

receptoriais.

1.3.4.1. Chemokiny klasifikacija ir strukttra

Nors ilga laikag chemokinai buvo vadinami pagal tai, kokias funkcijas
atlieka, 2000 m. buvo jvesta sisteminé chemokiny nomenklattira, apimanti
poseimio pavadinimg (CC, CXC, CX3C, XC), toliau pridedant raide L,
reiSkiancig ,,ligandas, ir numerj, kuris priklauso nuo to, kada pirmiausia buvo
izoliuotas genas [66].

Chemokiny struktiiros pozymis yra keturios cisteino liekanos, kurios
sudaro disulfidines jungtis, nepaprastai svarbias i$laikant trimat¢ chemokiny
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formg (2 paveikslas). Cisteino iSsidéstymas skirtinguose poseimiuose
nevienodas: CC chemokiny (B chemokiny) poseimyje pirmosios dvi cisteino
liekanos yra greta, CXC chemokiny poseimyje (o chemokiny) pirmosios dvi
cisteino lickanos yra atskirtos viena aminortig§timi, CX3C chemokiny
poseimyje tarp pirmyjy dviejy cisteino liekany yra jsiterpusios trys
aminoriigstys, o XC chemokiny poseimis turi tik dvi cisteino liekanas: vieng
N- gale ir kitg toliau [67].

Chemokinai paprastai blina monomery pavidalo, ta¢iau gali formuoti
oligomerus — pirmiausia dimerus, taCiau kartais ir tetramerus ar stambesnes
struktiiras. Dimerizacijos pobudis yra skirtingas atskiruose chemokiny
poseimiuose: CXC chemokinai formuoja globulinius dimerus, pratesdami
savo B sluoksnius j SesSiagrandes struktiiras, o CC chemokinai labiau formuoja
pailgus dimerus, sgveikaudami per N- galo sritj [68].

Chemokinai turi ir bendry struktiiriniy elementy, tokiy kaip lanksty N galo
regiong ir po jo einanCig N kilpa, taip pat Serdinj domeng, sudarytg i
trigrandziy antiparaleliniy B sluoksniy ir C galo a spiralés. Chemokinams
budingas i$sidéstymas primena ,,graikisko rakto® formg butent del sgveikos
tarp cisteino liekany [69].

C chemokinai

CC chemokinai

©

W\
/11

CXC chemokinai CX3C chemokinai

Peptidiné grandiné Disulfidinis

mucing panasus
tiltelis ! P

domenas
2 paveikslas. Chemokiny poseimiy struktira. Schemiskai pavaizduojamas
cisteino (oranziniai skrituliai) liekany skaiCius kiekvieno poSeimio
chemokinuose. Geltonuose skrituliuose taip pat pavaizduotos nespecifinés
aminortigstys tarp N galo cisteiny. Paveikslas adaptuotas pagal A. Lekan ir L.
Weiner straipsnj [70].
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1.3.4.2. Chemokiny biologiné reikSmé

Pagal savo biologinj veikimg chemokinai gali biiti skirstomi j dvi stambias
kategorijas: homeostatiniai ir uZdegiminiai chemokinai. Homeostatiniai
chemokinai paprastai yra ekspresuojami konkreCiuose audiniuose ar
organuose ir atlieka specifines funkcijas, tokias kaip lasteliy migracija. O $tai
uzdegiminius chemokinus jvairios lastelés (makrofagai, fibroblastai, T
limfocitai) ima gausiai gaminti esant uzdegimui ar kitam imuniniam stimului.

Pastaruoju metu labai susidométa chemokinais CXCL9 ir CXCL10 kaip
potencialiais transplantato atmetimo Zymenimis. Sie Zymenys tirti kraujo
serume, Slapime, taip pat analizuota jy RNR, geny ekspresija [71, 72]. Vis
délto iy chemokiny nustatymas bitent Slapime labiausiai atspindi inksto
transplantato buklg, nes Slapimas yra tiesioginis $io organo produktas.

Tiek CXCL9, tieck CXCL10 veikia jungdamiesi su chemokiny
receptoriumi CXCR3, tiksliau, su jo izoforma CXCR3-A [73] (3 paveikslas).
CXCR3 ekspresuojamas ant aktyvinty T limfocity, NK Iasteliy ir kai kuriy
epiteliniy lasteliy [ 74, 75]. Kalbant apie T limfocitus, CXCR3 ekspresuojamas
bitent ant Thl lasteliy, todél skatina selektyvia Thl migracija i uzdegimo
vietg [62]. CXCR3 sgveika su CXCL9, CXCLI10 ir kitais chemokinais labai
svarbi reguliuojant autoimuninj atsaka, prie§vézinj imunitetg ir imuninj atsaka
1 persodintg organg [76].
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geny ekspresija
3 paveikslas. CXCR3 struktiira ir intralgsteliniai signalo perdavimo keliai.
CXCR3 yra 7 transmembraniniy domeny receptorius, kuris sgveikauja su
chemokinais CXCL9, CXCL10, CXCLI11 per ekstralgstelinj domena, taip
aktyvindamas intralgstelinj signalo perdavima per G baltymus. Parengta pagal
Zare-Bidaki ir bendraautoriy straipsnj [77]. DRYLAVHA - pirmoji
intralgsteliné kilpa; PI-3K — fosfoinozitido-3 kinaz¢; PYK2 — prolino tirozino
kinazé¢ 2; PLC — fosfolipazé C; JNK — c-Jun-N galo kinaze; IP3 —
trifosfoinozitolis; IP3 — trifosfoinozitolis; DAG — diacilglicerolis; PKC —
proteinkinazé C; ERK1/2 — ekstralastelinio signalo reguliuojama kinazé¢; PKB
— proteinkinazé B.
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1.3.4.3. CXCL9 ir CXCLI10 klinikiné reikSmé

Chemokinas 9 (CXCL9), kitaip vadinamas monokinu, indukuotu gama
interferono, veikia per CXCR3 receptoriy ir skatina NK lasteliy,
mononukleary, specifiskai aktyvinty T limfocity, B limfocity migracija [74,
75]. Transplantacijos atveju CXCL9 yra vienas svarbiausiy T limfocity
migracijos mediatoriy [78]. Gyviny modeliuose pastebéta, kad CXCL9
skatina T limfocitus gaminti citokinus ir skatina T helperiy 1 (Thl)
proliferacijg per transkripcijos faktoriy T-bet ir RORyT indukcija, taip pat 1
tipo citokiny (IL-2, TNF bei gama interferono) produkcija.

Chemokinas 10 (CXCL10) taip pat veikia per CXCR3 receptoriy,
aktyvindamas NK lasteliy, mononukleary, T ir B limfocity migracija. Sis
citokinas gaminamas strominése lagstelése tokiy limfoidiniy organy kaip
bluznis, uzkritis, limfmazgiai, taigi atlieka labai svarby vaidmen;j T limfocity
diferenciacijai ir efektorinéms funkcijoms. Gyviiny modeliy tyrimai rodo, kad
tieck CXCL9, tiek CXCL10 koncentracija greitai padidéja esant transplantuoto
organo reperfuzijai ir ankstyvam atmetimui [79—81]. Taip pat pastebéta, kad
CXCL10 koncentracija padidéja esant jvairios etiologijos inksto transplantato
kanaléliy ir intersticiumo uzdegimui [82]. Yra duomeny, jog CXCLI10 yra
susijes su klinikiniu bei subklinikiniu Igsteliniu atmetimu, be to, nuo 2015 m.
publikuota darby, rodan¢iy CXCL10 ryS$j ne vien su lasteliniu, bet ir su
antikiny sukeltu atmetimu [64, 83—85].

Literattroje publikuota darby, tirianc¢iy CXCL10 koncentracijos donoro
serume jtakg uzdelstai transplantato veiklai po persodinimo [86]. R.
Maslauskienés ir bendraautoriy duomenimis, nustatyta didesné CXCL10
koncentracija i$pléstiniy kriterijy donory serume, tatiau CXCL10 nebuvo
susijes su uzdelsta transplantato veikla ir transplantato funkcija po trejy mety
[87].

Atliekant klinikinius inksto transplantato recipienty tyrimus pastebéta, kad
tieck CXCL9, tiek CXCL10 koncentracija §lapime padidéja, esant 1asteliniam
arba antikiiny sukeltam inksto transplantato atmetimui [84, 85, 88]. Taikant
transplantato atmetimo gydyma, §iy chemokiny koncentracija $lapime ima
mazeti [71, 89]. Taip pat pastebeta, jog padidéjusi CXCL10 koncentracija
Slapime rodo padidéjusia inksto transplantato atmetimo rizika ateityje, taciau
duomenys apie padidéjusios CXCL10 koncentracijos kraujo serume ir
transplantato rizikos rysj yra nevienareikSmiai, nes CXCL10 koncentracijos
padidéjima kraujyje gali lemti daugiau klinikiniy veiksniy [90, 91]. Yra
zinoma, kad tiek CXCL9, tiek CXCL10 néra specifiniai atmetimo Zymenys,
nes jy koncentracija §lapime ir serume gali padidéti esant poliomos BK viruso,
Slapimo taky infekcijai, o infekuotiesiems CMV padidéja Siy chemokiny

24



koncentracija serume, tacCiau ne Slapime [64, 89, 92-94]. Publikacijy apie
chemokiny CXCL9 ir CXCL10 reik§mg¢ inksty transplantacijoje pagrindinés
iSvados pateikiamos 1 lenteléje.

1 lentelé. Publikacijos, nagrinéjusios chemokiny CXCL9 ir CXCL10 reikSme¢
inksty transplantacijoje, ir jy pragrindinés i§vados.

Autorius Metai | Tyrimo iSvados

Lazzeri E. ir kt. 2005 | Serumo CXCLI10 koncentracija > 150 pg/ml pries

[90] transplantacija rodo padidéjusiag ankstyvo sunkaus
iminio transplantato atmetimo rizikg

Schaub S. ir kt. 2009 | Slapimo CXCL9 ir CXCL10 koncentracija

[83] koreliuoja su subklinikiniu transplantato kanaléliy
pazeidimu

Rotondi M. ir kt. 2010 | Serumo CXCL9 koncentracija prie§ transplantacija

[95] buvo susijusi su Uminio atmetimo rizika po
transplantacijos

Heidt S. ir kt. [91] 2011 | CXCL9 ir CXCL10 koncentracija serume neturi
iiminio atmetimo prognostinés reikSmés pacientams,
kuriems buvo skirta indukciné imunosupresija

Jackson J. A. ir kt. 2011 | CXCL9 ir CXCLI10 koncentracija Slapime buvo

[92] padidéjusi esant Uminiam inksto transplantato
atmetimui arba poliomos BK viruso infekcijai

Hricik D. E. ir kt. 2013 | Esant Uminiam transplantato paZeidimui, maza

[96] CXCL9 koncentracija Slapime leidzia atmesti
infekcines bei imunologines pazeidimo priezastis

Hirt-Minkowski P. 2015 | Slapimo CXCL10 koncentracija po 6 mén. nuo

ir kt. [97] transplantacijos buvo susijusi su ilgalaikiu
transplantato iSgyvenamumu

Blydt-Hansen T. D. | 2015 | Slapimo  CXCL10/kre  yra  susijgs  su

ir kt. [88] mikrokraujagysliniu uzdegimu ir yra jautrus ir
specifiskas subklinikinio ir klinikinio Iastelinio
inksto transplantato atmetimo Zymuo vaiky
populiacijoje

Rabant M. ir kt. 2015 | Slapimo CXCLI10 koncentracija buvo susijusi su

[85] transplantato  tubulointersticiniu  ir  smulkiyjy
kraujagysliy uzdegimu

Rabant M. ir kt. 2016 | Maza CXCL10  koncentracija  ankstyvuoju

[89] potransplantaciniu laikotarpiu susijusi su maza
subklinikinio ir klinikinio transplantato atmetimo
tikimybe

Raza A. ir kt. [98] 2017 | CXCL10 koncentracija Slapime padidéja esant

inksto transplantato atmetimui
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Autorius Metai | Tyrimo iSvados

Millan O. ir kt. [71] | 2017 | Slapimo CXCL10 koncentracija padidéjo pries ir per
Uminj transplantato atmetimag

Faddoul G. ir kt. 2018 | CXCL9 koncentracija $lapime prie§ transplantacija

[99] ir ankstyvuoju potransplantaciniu laikotarpiu buvo
susijusi su transplantato ieitimi po dvejy mety

Ho J. ir kt. [64] 2018 | CXCL10 koncentracija Slapime atspindi
subklinikinj  kanaléliy ir intersticiumo bei
peritubuliniy kapiliary uzdegimg, taciau nerodo
kraujagyslinio uzdegimo

Ciftci H. S. ir kt. 2019 | Slapimo CXCL9 ir CXCL10 koncentracija leidzia

[100] prognozuoti  lastelinj  atmetima  ankstyvuoju
potransplantaciniu laikotarpiu

Miihlbacher J. ir kt. | 2020 | Slapimo CXCL9 kartu su DSA leidzia diagnozuoti

[72] subklinikinj antikiny sukelta inksto transplantato
atmetimg vélyvuoju potransplantaciniu laikotarpiu

Weseslindtner L. ir | 2020 | CXCL10 koncentracija buvo susijusi su poliomos

kt. [101] BK viruso nefropatijos iSreikStumu

Yan L. ir kt. [102] 2021 | Serumo CXCL9 koncentracija 30-3 diena po
transplantacijos buvo susijusi su infekcija per 1
metus po transplantacijos

Blydt-Hansen T. D. | 2021 | Padidéjes CXCL10/kre koreliavo su mazesniu GFG

ir kt. [88] po 1 mety nuo transplantacijos ir leido numatyti
Uminj transplantato atmetimag 4 savaités prieS jj
patvirtinancig biopsija

Arnau A. ir kt. 2021 | DSA buvo susij¢ su padidéjusia CXCLI10

[103] koncentracija Slapime. CXCL10 yra potencialus
antikiiny sukelto ir Iastelinio atmetimo Zymuo inksty
transplantacijoje

San Segundo D. ir 2022 | Slapimo CXCLI10 koncentracija buvo susijusi su

kt. [104] ZLA DQ lokuso eplety nesuderinamumu

Mayer K. A. ir kt. 2022 | Poliomos BK viruso nefropatijai biidinga padidéjusi

[56] CXCL9 ir CXCL10 koncentracija S$lapime, Sis
padidéjimas biina panasus ir atmetimo atveju

Moledina D. G. ir 2023 | CXCL9 koncentracija Slapime padidéja esant

kt. [105] Gminiam intersticiniam nefritui

Duijl T. T. ir kt. 2023 | ISeminis — reperfuzinis pazeidimas buvo susijes su

[106] padidéjusia  Slapimo  CXCL9  koncentracija
pacientams po inksto transplantacijos

Haller J. ir kt. [107] | 2023 | Slapimo CXCL10 koncentracija labai padidéja esant

poliomos BK virurijai ir dar labiau — viremijai. Maza
CXCL10 koncentracija leidZia atmesti poliomos BK
viremija
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Autorius Metai | Tyrimo iSvados

Hirt-Minkowski P. 2023 | Studija neparodé, kad Slapimo CXCL10 stebésena

ir kt. [108] turéty jtakos vieneriy mety transplantato
iSgyvenamumui

Van Loon E. ir kt. 2024 | Slapimo chemokinai CXCL9 ir CXCL10 kartu su

[109] klinikiniais duomenimis leidzia diagnozuoti iminj

inksto transplantato atmetima ir gali sumazinti
atlickamy biopsijy skaiciy

Maslauskiene R. ir 2024 | Serumo CXCL10 koncentracija nesiskyré uzdelstos

kt. [87] ir normalios transplantato veiklos grupése
Barrett-Chan E. ir 2024 | Slapimo CXCL10/kre rodo inksto transplantato
kt. [110] uzdegimg vaiky populiacijoje, tyrimo duomeny

pagrindu rekomenduojama atlikti du CXCL10 testus
priimant sprendimg dél indikacijy transplantato

biopsijai

1.3.5. Poliomos BK viruso nefropatija

Poliomos BK viruso nefropatija yra dar viena inksto transplantato
patologija, kurios atveju padidéja chemokiny CXCL9 ir CXCL10 koncentracija
Slapime [56]. Poliomos BK virusas — tai DNR virusas, priklausantis
Polyomaviridae $eimai [111]. Zmoniy populiacijoje is virusas labai paplites:
apie 90 % vaiky iki 4 m. yra persirge Sio viruso sukeliama infekcija [112].
Paprastai ji pasireiskia virSutiniy kvépavimo taky uzdegimo pozymiais, o
pasibaigus aktyvios infekcijos laikotarpiui, virusas persistuoja inksty ir
uroepitelio lastelése visg gyvenima, todél, esant imunosupresinei biklei, gali
reaktyvuotis, sukeldamas virurija, viremija ir galiausiai transplantuoto inksto
nepakankamumg [113]. Kadangi klinikinis BK viruso nefropatijos
pasireiSkimas néra labai specifiSkas, apimantis hematurijg ir transplantato
funkcijos blogéjimg, BK viruso infekcija diagnozuojama PGR metodika,
nustatant viruso kopijy kiekj kraujo serume ar Slapime, o BK viruso nefropatija
patvirtinama inksto biopsijos metodu, kai specifiniu SV40 dazymu nudazius
preparata, gaunama teigiama imunohistocheminé reakcija [114]. Taigi esant
chemokiny CXCL9 ir CXCL10 koncentracijos padidéjimui Slapime, prasminga
atlikti ir poliomos BK viruso PGR, kad buty jvertinta, ar chemokiny
koncentracijos padidéjimas néra dél poliomos BK viruso infekcijos.

1.3.6. ISvestiniai bendro kraujo tyrimo rodikliy indeksai

ISvestiniai bendro kraujo tyrimo rodikliy indeksai Siame darbe apskaiciuoti
remiantis formulémis, naudojamomis taikant endobiogenikos metoda [115—
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119]. Si metoda XX amziaus pabaigoje sukiiré pranciizy gydytojas Kristianas
Durafuras (Christian Duraffourd) [120]. Jo mokinys Zanas-Klodas Laprazas
(Jean-Claude Lapraz) patentavo indeksy sistema, kuria pagal jvairiy kraujo
tyrimy rodiklius vertinama zmogaus endokrininés sistemos veikla (patento nr.

US2016/0132655A1).

Endobiogenika remiasi principu, kad organizmas turi savo jgimtus
reguliavimo mechanizmus, kurie siekia iSlaikyti pusiausvyrg ir optimaly
funkcionavima. Sios reguliavimo sistemos apima endokrining sistema
(hormoninis reguliavimas), nervy sistemg (neuromediatoriy reguliavimas) ir
imuning sistema (imuninio atsako reguliavimas).

Taikant endobiogenikos metoda, paciento buklei vertinti naudojami ne tik
apklausa, fizinis paciento iStyrimas, bet ir funkcijy biologijos indeksai — tai
pagal bendro kraujo ir kai kuriy biocheminio kraujo tyrimy rodiklius
apskaiciuoti indeksai, interpretuojami funkcijy biologijos kontekste [116]. Vis
délto metodo autoriai rekomenduoja indeksus interpretuoti atsizvelgiant j
bendrg paciento sveikatos buklés kontekstg ir vertinant ne kiekvieng indeksa
pavieniui, o atsizvelgiant j kity indeksy pokycius bei fizinio iStyrimo
duomenis.

Lietuvoje endobiogenika yra priskiriama pirminés asmens sveikatos
prieziliros natiiraliosios ir liaudies medicinos srities biologinio poveikio
paslaugy grupei, ja praktikuojantys asmenys turi turéti endobiogenikos
specialisto licencija [121]. Nors endobiogenikos metodas yra taikomas
praktikoje, ta¢iau moksliniy straipsniy, pagrindzianéiy $io metodo teiginius,
yra labai nedaug. Taip pat triikksta duomeny apie pacienty populiacijas, kuriy
duomenimis remiantis buvo kuriamas §is metodas.

Kadangi endobiogenikos metodo naudojami indeksai yra lengvai
apskaiCiuojami i$ rutiniSkai atlieckamy kraujo tyrimy rodikliy, dé¢l indeksy
paprastumo ir prieinamumo kasdienéje praktikoje bei teorinio rySio su
biologinémis organizmo funkcijomis nor¢jome jvertinti, ar jy duomenys
galéty turéti vertés diagnozuojant inksto transplantato atmetimg ar vertinant
prognoze. Be to, indeksai jau yra naudojami endobiogenikos specialisto
praktikoje labai jvairioms pacienty grupéms, todél noréjome apzvelgti, kokios
yra indeksy reikSmiy tendencijos butent pacientams, kuriems atlikta
transplantacija ir kuriy organizma, taip pat indeksy reikSmes neabejotinai
veikia daug papildomy veiksniy, tokiy kaip imunosupresanty vartojimas,
sumazéjes glomeruly filtracijos greitis ir kiti, o duomeny apie indeksy
pokycius tokiomis salygomis i§ viso néra.
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2. MOKSLINIO DARBO NAUJUMAS

Sis mokslinis darbas nagrinéja chemokiny CXCL9 ir CXCLI10 reikime
inksto transplantato atmetimo diagnostikai ir prognozei. Nors jau publikuota
nemazai darby §ia tema, taciau placiau buvo nagrinétas Slapimo chemokinas
CXCL10 kaip potencialus Zymuo transplantato atmetimui diagnozuoti, o apie
CXCL9 literatiiroje duomeny yra maziau. Siame darbe tai paciai pacienty
kohortai tirti abu Zymenys, tieck CXCL9, tieck CXCL10, todél darbas papildo
esamus duomenis palyginamosiomis abiejy chemokiny charakteristikomis.
Be to, pateikiama papildomy jzvalgy apie Siy Zymeny jtaka transplantato
iSgyvenamumui.

Visiskai nauja ir iki Siol kity autoriy nenagrinéta tema, gvildenama
viename i§ $io darbo uzdaviniy, — iSvestiniy bendro kraujo rodikliy indeksy
rySys su chemokinais CXCL9 bei CXCL10 ir transplantato atmetimu. Misy
duomenimis, kol kas yra publikuota tik keletas straipsniy apie tokiy indeksy
ry$j su jvairiomis patologijomis [117, 119], ta¢iau dar niekada Sie indeksai
nebuvo nagrinéti pacientams po inksto persodinimo, taip pat néra jokiy
duomeny apie indeksy ry§j su Slapimo chemokinais CXCL9 ir CXCL10.
Kadangi pacienty vartojama imunosupresija gali turéti didele jtakg indeksy
reikSméms, darbas pateikia vertingy duomeny, keicianciy Siy indeksy
interpretavimg biitent imunosupresuoty pacienty populiacijoje.
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3. MOKSLINIO DARBO UZDAVINIAI

Suformuluoti Sie mokslinio darbo uzdaviniai:

I — Ivertinti §lapimo biozymeny CXCL9 ir CXCL10 savybes diagnozuojant
histologiSkai patvirtintg inksto transplantato atmetima.

II — Isnagrinéti CXCL9 ir CXCL10 rysj su atskirais histologiniais pakitimais
pagal Banfo klasifikacing sistemg.

I — Jvertinti chemokiny CXCL9 ir CXCL10 ry§j su kitomis inksto
transplantato patologijomis (poliomos BK viruso infekcija, rekurentiniu
glomerulonefritu).

IV — Jvertinti CXCL9 ir CXCL10 jtaka inksto transplantato prognozei.

V — I8$nagrinéti i§vestiniy bendro kraujo rodikliy indeksy rysj su chemokinais
CXCL9 bei CXCL10 ir transplantato atmetimu bei prognoze.
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4. METODIKA
Tyrimo etika

Tyrimas buvo atliktas vadovaujantis Helsinkio deklaracija. Siam
moksliniam darbui atlikti buvo suteiktas Vilniaus regioninio bioetikos
komiteto leidimas Nr. 158200-17-901-409. Visi j tyrimg jtraukti pacientai
savanori$kai sutiko dalyvauti biomedicininiame tyrime ir pasira$é informuoto
asmens sutikimo forma.

Tiriamieji

] biomedicininj tyrimg buvo jtraukta 117 pacienty, kuriems VULSK
Nefrologijos centre buvo atlickama transplantuoto inksto biopsija.

Pacienty jtraukimo Kriterijai:
- amzius > 18 m.

- atlickama protokoliné arba indikaciné transplantuoto inksto biopsija.

Pacienty nejtraukimo Kriterijai:

- anurija;

- iki transplantato biopsijos nepaimtas Slapimo méginys;

- neinformatyvus histologinis transplantuoto inksto tyrimas (bioptatu
paimtas tik Serdinis inksto audinys, bioptate néra glomeruly).

I tyrima jtrauktiems ir informuoto asmens sutikimo formg pasiraSiusiems
pacientams prie§ transplantato biopsija buvo duodamas indas vienkartiniam
vidurinés $lapimo porcijos méginiui surinkti. Surinkto §lapimo méginys buvo
perpilamas i mazesnius 3—-10 ml mégintuvelius be priedy, mégintuvéliai
centrifuguojami, uz8aldomi ir saugomi —20 °C temperatiiroje.

Inksto transplantato biopsija

Inksto transplantato biopsija buvo atlickama vietiSkai nuskausminus, per
odg jduriant 18-o0 dydzio adata, kurios eiga stebima ultragarsu. Biopsijos metu
buvo paimami vienas arba du inksty audinio stulpeliai ir fiksuojami formalino
tirpalu. Méginiai nedelsiant buvo siunc¢iamj j Valstybinj patologijos centrs,
kur toliau ruoSiami, atliekama Sviesiné mikroskopija, imunohistocheminis
tyrimas ir, jei reikia, elektroniné mikroskopija. Inksto biopsijos buvo
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vertinamos patologo pagal tuo metu galiojancius naujausius Banfo
klasifikacinius kriterijus.

25 (21 %) inksto transplantato biopsijos buvo protokolinés, likusios
biopsijos — indikacinés. Inksto transplantato biopsijos indikacijos buvo tokios:
dél neaiSkios priezasties blogéjanti transplantato veikla, jtariamas inksto
transplantato atmetimas, nefrozinis sindromas. Protokolinés biopsijos buvo
atlickamos pacientams po 3, 6 arba 12 mén. nuo transplantacijos, esant
stabiliai transplantato veiklai.

Chemokiny nustatymas

Slapimo chemokiny CXCL9 ir CXCL10 koncentracijos matavimai i3
sukaupty Saldyty méginiy atlikti retrospektyviai VU Gyvybés moksly centre
ELISA metodika. Naudoti komerciniai chemokiny nustatymo rinkiniai
,»~Human MIG (CXCL9) Mini ABTS ELISA Development Kit* (Peprotech,
Catalog #900-M87) ir —Human IP-10 (CXCL10) Mini ABTS ELISA
Development Kit* (Peprotech, Catalog #900-M39). Visos tyrimo procediiros
atliktos pagal gamintojo rekomendacijas, naudojant ELISA reagentus,
esancius rinkinyje ,,ABTS ELISA Buffer Kit“ (Peprotech, Catalog #900-
KO00).

CXCL9 koncentracijos matavimui ELISA plokstelés Sulinéliai kambario
temperatiiroje pernakt buvo padengti 1 pg/mL triusio antikiinais pries
zmogaus MIG (CXCL9), o CXCL10 koncentracijai matuoti Sulinéliai
padengti 0,5 pg/mL triu$io antiklinais prie§ Zzmogaus IP-10 (CXCL10)
antigeng, tada perplauti ir uzblokuoti. Kiekvienas §lapimo meéginys (po 100
uL kiekviename Sulinélyje) ir ELISA rinkinio standartas buvo testuojami tris
kartus inkubuojant 2 val. kambario temperatiiroje. Nuplovus pridéta
biotinilinty triusio antriniy polikloniniy antikiiny prie§ Zzmogaus CXCL9 (1
ug/mL) arba prie§ zmogaus CXCLI10 (0,25 pg/mL) ir inkubuota 2 val.
kambario temperatiiroje. Tada plokstelés nuplautos ir kambario temperatiiroje
inkubuotos su avidino ir krieny peroksidazés konjugatu 30 min. Nuplovus
signalas gautas panaudojus ABTS substrata, inkubuojat 25 min. CXCL9
aptikti ir 20 min. CXCL10 aptikti. Optinis tankis (OD) buvo nuskaitytas esant
405 nm, o bangos ilgio korekcija nustatyta ties 650 nm, naudojant ,,Multiskan
GO*“ spektrofotometra (,,Thermo Scientific). CXCL9 ir CXCL10
koncentracijos apskaiciuotos i§ standartiniy kreiviy, naudojant 4 parametry
logistinio modelio kreive, esancig ,,OriginPro 8 (,,OriginLab“) programoje.
Abiejy chemokiny aptikimo ribos buvo 16—1000 pg/ml. Tie Slapimo méginiai,
kuriy optinis tankis virSijo 1000 pg/ml standarto optinj tankj, buvo
praskiedziami ir tiriami pakartotinai.
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Kad chemokiny koncentracijy neiskreipty skirtingas Slapimo
koncentruotumas, CXCL9 ir CXCL10 koncentracijos toliau pateikiamos
susiejus su to Slapimo méginio kreatinino koncentracija (chemokino konc.
ng/kreatinino konc. mmol) ir Zymimos CXCL9/kre bei CXCL10/kre.

Imunosupresinis gydymas

Pacientai, atlickant biopsijg, vartojo palaikomgjag imunosupresija,
standartiSkai susidedancig i§ kalcineurino inhibitoriy (takrolimo arba
ciklosporino), antimetabolity (mofetilio mikofenolato arba azatioprino) ir
kortikosteroidy (metilprednizolono). 7,7 % recipienty vartojo tik du
imunosupresantus, tarp kuriy nebuvo kortikosteroidy. 7,7 % recipienty vietoj
kalcineurino inhibitoriy vartojo mTOR inhibitoriy sirolima.

Indukciné imunosupresija buvo skirta prie$ transplantacija atsizvelgiant |
imunologinés rizikos grupe: kai kuriems jprastinés imunologinés rizikos ir
visiems vidutinés imunologinés rizikos grupés pacientams buvo skiriamas
baziliksimabas, o didelés imunologinés rizikos grupés recipientams —
antitimocitinis globulinas.

Klinikiniai duomenys

Pacienty demografiniai ir klinikiniai duomenys buvo renkami
retrospektyviai i$ elektroninés VULSK pacienty ligos istorijos (Eli) duomeny
bazés. Klinikiniai ir demografiniai duomenys apémé pacienty amziy, lytj,
transplantacijos data, ankstesniy transplantacijy skai¢iy, bendro kraujo,
biocheminiy kraujo tyrimy, histologinio tyrimo rezultatus, vartojamag
imunosupresija, persirgtas infekcines ligas, dializiy pradzig ar mirties data.
Klinikiniai duomenys buvo suvedami j ,MS Excel“ (,,Office 16,
»Microsoft”) programa ir perkeliami | SPSS (SPSS 29.0, Inc, Chicago, IL,
USA) statisting programa.

Statistiné analizé

Kiekybiniai kintamieji buvo tikrinami dél normaliojo pasiskirstymo
lyginant medianas ir vidurkius, vertinant asimetrijos ir eksceso koeficientus
bei vizualiai perzidirint histogramas. Jei kintamieji buvo pasiskirste pagal
normalyjj désnj, tada pateikéme vidurkj ir standartinj nuokrypj (SD), o jei
kintamyjy skirstinys neatitiko normaliojo skirstinio, pateikéme mediang ir
interkvartilinj periodg [IKP]. Kai kurie nepasiskirst¢ pagal normalyjj skirstinj
kintamieji tolesnei analizei naudoti pritaikius logaritming transformacija.
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Kokybiniai kintamieji pateikti dazniais. Duomenys buvo vertinti dél
i§skirciy, pastebint ekstremaligsias vertes (< 0,005 ir > 0,995 kvintiles).

Lyginant dvi grupes tarpusavyje, taikytas Studento t testas (normalaus
skirstinio atveju) ir Mano ir Vitnio (Mann—Whitney) U testas (esant
nenormaliam pasiskirstymui). Lyginant daugiau nei dvi nepriklausomas
grupes, pasitelktas ANOVA arba Kruskalo ir Voliso (Kruskal-Wallis) testas
priklausomai nuo skirstinio. Lyginant proporcijas tarp dviejy ar daugiau
grupiy, skaiciuotas chi kvadratas.

Koreliacijos tarp kintamyjy vertintos skaiciuojant Pirsono (Pearson)
(normaliajam skirstiniui) arba Spirmeno (Spearman) (nenormaliajam
skirstiniui) koreliacijos koeficientus.

Susijusiems histologiniams parametrams identifikuoti atlikta hierarchiné
klasteriné analizé.

Zymeny jtakai inksto transplantato atmetimo diagnozei jvertinti pasitelkta
logistine regresija.

Biozymeny gebéjimas atskirti transplantato atmetima nuo kitos patologijos
ar normos vertintas braizant ROC kreives ir skaiCiuojant plota po kreive
(AUC). Pagal ROC kreive apskaiciuotas Jundeno indeksas, nustatant
slenkstines bioZymens vertes ir nustatant jautruma bei specifiSkuma.

Transplantaty iSgyvenamumo analizei taikyta Kaplano ir Mejerio
(Kaplan—Meier) metodika ir Kokso (Cox) regresiné analizé. Grupiy
iSgyvenamumui palyginti naudotas log rank testas, jvairiy veiksniy (recipiento
lyties, amziaus, kreatinino koncentracijos, KMI, histologinio tyrimo
atsakymo, chemokiny koncentracijos, iSvestiniy indeksy) rySys su
transplantato funkcijos praradimo rizika vertintas pasitelkus Kokso regresijos
metoda.

P reikSmé < 0,05 laikyta statistiSkai reikSminga. Statistiniai skai¢iavimai
atlikti SPSS programa 29.0 (SPSS, Inc, Chicago, IL, USA).

ISvestiniai bendro kraujo tyrimo rodikliy indeksai

ISvestinius bendro kraujo tyrimo indeksus skai¢iavome remdamiesi
endobiogenikos metodo naudojamais funkcijy biologijos (angl. Biology of
Functions — BoF) indeksais ir jy formulémis [115-119]. Indeksai buvo
apskaiciuoti tiriamiems pacientams pagal 1-7 dienos iki inksto biopsijos imto
bendraklinikinio kraujo tyrimo rezultatus.

Darbe indeksai vadinami endobiogenikos metodo naudojamais $iy indeksy
pavadinimais, ta¢iau moksliniy jrodymuy, siejanciy indekso pavadinima su jj
reiSkiancia biologine funkcija ar hormoniniu aktyvumu, yra labai negausu. Vis
délto aiskumo délei darbe palikome originalius indeksy pavadinimus.
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Dalis indeksy yra apskaic¢iuojami kaip dviejy bendro kraujo rodikliy
santykis:

genito-tiroidinio santykio (GTS) indeksas: neutrofilai (%) dalinami i$
limfocity (%);

TRH reaktyvacijos indeksas: monocitai (%) dalinami i§ limfocity (%);

adaptacijos indeksas: eozinofilai (%) dalinami i§ monocity (%).

Kiti indeksai skai¢iuojami jvedant papildomus koeficientus:

genitalinio santykio (GS) indeksas: eritrocitai
(tokstan¢iai/mm?)/(leukocitai (vnt./mm?®) x 10e3);

leukocity mobilizacijos indeksas (LMI): (trombocitai (vnt./mm?) x
neutrofilai x hemoglobinas (g/dl))/(30 000 x leukocitai (vnt./ mm?));

trombocity mobilizacijos indeksas (TMI): trombocitai (vnt./mm?)/(60 x

eritrocitai (tikstan¢iai/mm?)).

Dar kiti indeksai skai¢iuojami formuléje naudojant kity indeksy reikSmes:

katabolizmo ir anabolizmo indeksas: GTS indeksas / (GS indeksas X
Starterio indeksas);

antinks¢iy zievés indeksas: GTS indeksas / (GS indeksas)?

kortizolio indeksas: katabolizmo-anabolizmo indeksas / adaptacijos
indeksas;

koreguotas genitalinio santykio (GS) indeksas: GS indeksas x Starterio
indeksas;

Starterio indeksas: LMI/PMIL.
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5. REZULTATAI

5.1. Tiriamyjy charakteristika

Tiriamyjy imtj sudaré 117 inksto transplantato recipienty: 74 (63,2 %)

vyrai ir 43 (36,8 %) moterys. Visi pacientai buvo kaukazieCiy rasés, jy
amziaus vidurkis 43 + 13 mety. Transplantato biopsija atlikta vidutiniskai po
20 [IKP 6-96] ménesiy nuo inksto transplantacijos. Dauguma pacienty (n =
90 (76,9 %)) buvo po pirmosios inksto transplantacijos, taciau 22 (18,8 %)
pacientai buvo po antrosios, o 5 (4,3 %) pacientai — po treciosios inksto

transplantacijos.

Vidutinis suminis laikas, kurj pacientas vartojo imunosupresantus, buvo

4,3 [IKP 1,0-11,0] mety (i $j laikotarpj jskaiCiuotas ir imunosupresanty

vartojimas iki transplantacijos dél autoimuninés natyviniy inksty ligos).
Pacienty charakteristika pateikta 2 lentel¢je.

2 lentelé. Pacienty charakteristika (n = 117).

Vyrai, n (%) 74 (63,2)
Lytis Moterys, n % 43 (36,8)
Amzius Vidutinis amzius, m. 43 +13
aGFG biopsijos metu ml/min./1,73 m? 39+18

Laikas nuo transplantacijos iki
biopsijos

Mediana, mén. [IKP]

20,0 [6,0-96,0]

Pirma transplantacija: n (%) 90 (76,9)
Reglplenu} skglcms pagal vienam Antra transplantacija: n (%) 22 (18,8)
recipientui atlikty transplantacijy
kiekij Tredia transplantacija: n (%) 54,3)
Imunosupresijos trukmé Mediana, m. [IKP] 4,311,0-11,0]
Hemoglobino konc. biopsijos metu | g/l 1158+ 19,8
KMI kg/m? 24,7+4.8
Slapalo konc. serume mmol/l 20,4 +12,6

Transplantato biopsijos tipas

Protokoliné biopsija, n (%)

25 (21,4 %)

Indikaciné biopsija, n (%)

92 (78,6 %)

Transplantato biopsijos rezultatai
(% nuo visy biopsijy)

Normali histologija, %

222

Antikiiny sukeltas atmetimas, % | 21,4
Lastelinis atmetimas, % 7,7
Misrus atmetimas, % 8,5
Poliomos BK viruso

nefropatija, % 4,3
Kiti pakitimai, % 35,9
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Takrolimas, % 66,7
Ciklosporinas, % 25,6
Mofetilio mikofenolatas, % 93,2
Metilprednizolonas, % 923
Azatioprinas, % 2,6
Imunosupresija Sirolimus, % 7,7
Takrolimas, ng/ml 6,6 +3,8
Ciklosporinas, ng/ml (prie$
.. geriant vaisto doze) 84,7+£27,2
Imunosupresanto koncentracija
serume Sirolimas, ng/ml 0,8 +0,7

5.2.Chemokiny CXCL9 ir CXCL10 ry8ys su klinikiniais duomenimis

Chemokiny CXCL9/kre ir CXCL10/kre koncentracijas koreliavome su
pacienty klinikiniais ir demografiniais duomenimis. 3 lenteléje pateikiama
chemokiny koreliacija su pagrindiniais duomenimis.

3 lentelée. CXCL9/kre ir CXCL10/kre koreliacija su recipienty pagrindiniais

Recipiento duomenys CXCL9/kre CXCL10/kre
r P r p

Amzius 0,079 0,398 0,057 0,545
Lytis -0,107 0,253 —0,164 0,078
KMI —-0,020 0,833 0,007 0,946
Kreatinino konc. serume -0,513 < 0,001 0,306 < 0,001
Leukocity sk. kraujyje —-0,226 0,017 -0,210 0,027
Hemoglobino konc. -0,388 < 0,001 -0,202 0,033
Monocity proc. -0,188 0,048 -0,092 0,339
Eozinofily proc. 0,101 0,290 0,243 0,010
Trombocity sk. -0,133 0,163 -0,170 0,075
Proteinurija 0,595 <0,01 0,408 <0,01

r — koreliacijos koeficientas; p verté — reikSmingumo lygmuo.

CXCL9/kre ir CXCL10/kre reik§mingai koreliavo su proteinurijos dydziu,
kreatinino koncentracija kraujo serume, hemoglobino koncentracija ir
leukocity skai¢iumi kraujyje. Labai silpna Kkoreliacija nustatyta tarp
CXCL9/kre ir monocity procento kraujyje, o silpna koreliacija tarp
CXCL10/kre ir eozinofily procento kraujyje.
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5.2.1. I uzdavinys: Slapimo biozymeny CXCL9 ir CXCL10 savybiy
vertinimas diagnozuojant histologiskai patvirtintg inksto transplantato
atmetima

CXCLY9/kre ir CXCL10/kre skirtingy atmetimo bei kity histologiniy
diagnoziy grupése

Pacientai buvo suskirstyti | grupes pagal histologinio tyrimo radinius:
atmetimo grupé (Cia jtraukti tiek Igsteliy sukelto, tiek humoralinio ar misraus
atmetimo atvejai, i$ viso n = 44), normalios histologijos grupé (n = 26) ir kity
histologiniy pokyc€iy (nesusijusiy su atmetimu) grupé (n = 47). Kadangi
CXCLY9/kre ir CXCL10/kre koncentracijos nebuvo pasiskirsciusios pagal
normalyjj skirstinj, kiekvienoje histologinéje grupéje skai¢iuotos medianos
bei interkvartiliniai periodai (Zr. 4 lentelg).

4 lentele. Chemokiny CXCL9/kre ir CXCL10/kre koncentracijy medianos
jvairiose transplantuoto inksto histologinése grupése.

Chemokinas Norma Atmetimas Kita histologija | p
(n=126) (n=44) (n=47)
CXCLY9/kre 0,00 5,55 1,83 p <0,05
ng/mmol [IKP] [0,00-0,89] [1,04-15,88] [0,00-9,54]
CXCL10/kre 0,18 1,89 0,64 p <0,05
ng/mmol [IKP] [0,00-0,37] [0,57-5,89] [0,22—1,47]

CXCL9/kre ir CXCL10/kre koncentracija buvo statistiSkai reikSmingai
didesné atmetimo grupéje, lyginant tiek su normalios histologijos, tiek su kity
histologiniy pokyciy grupe (p < 0,05) (4 paveikslas).

p<0,01

p<0,01
P<0.01 P<0.05 p<0,01 —‘7 p<0,05
o |

S

Normali I

4 paveikslas. CXCL9/kre ir CXCL10/kre koncentracijos normalios
histologijos, transplantato atmetimo ir kitos histologijos pacienty grupése.

= " .

Normali Listologija  Tr i Kitap

£10 CXCLY/kre ng/mm
TLog1d CXCL10/kee ng/muol

Lo;

Toliau, pasitelke ROC analizg, vertinome chemokiny gebéjimg atskirti
transplantato atmetima nuo normalios histologijos (5 paveikslas). CXCL9/kre
ploto po kreive ROC verté buvo 0,86 (95 % PI 0,77-0,94, p < 0,001). I
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kreivés pagal Youden indeksg nustatyta geriausio jautrumo (70,5 %) ir
specifiskumo (92,3 %) slenkstiné reikSmé 2,45 ng/mmol. Toliau vertinome
CXCL9/kre gebéjima atskirti atmetima nuo visy kity histologiniy grupiy (tiek
normalios histologijos, tiek kity histologiniy pakitimy atvejy): gauta ploto po
kreive ROC verté 0,73 (95 % PI 0,63-0,82, p < 0,001), o pagal Youden
indeksa parinkta geriausio jautrumo (76,9 %) ir specifiskumo (73,1 %)
CXCLY/kre koncentracijos slenkstiné reiksmé buvo 0,11 ng/mmol (5 lentelé).

Taip pat analizavome CXCL10/kre gebéjimg atskirti atmetimg nuo
normalios histologijos ir atmetimg nuo visy kity histologiniy grupiy (6
paveikslas). Pirmuoju atveju nustatyta ploto po kreive ROC verté buvo 0,83
(95 % PI 0,73-0,93, p < 0,001) — kiek mazesné, palyginti su CXCL9/kre.
Geriausio jautrumo (75,6 %) ir specifiSkumo (88,5 %) slenkstiné reikSmé
buvo 0,65 ng/mmol. Vertinant CXCL10/kre gebéjimg atskirti atmetimg nuo
kity histologiniy grupiy, gauta ploto po kreive ROC verté 0,73 (95 % P10,63—
0,84, p < 0,001) — tokia pati, kaip ir CXCL9/kre atveju. Geriausio jautrumo
(71,4 %) ir specifiskumo (846 %) CXCL10/kre koncentracijos slenkstiné
reik§meé buvo 0,42 ng/mmol.

5 lentelé. Chemokiny CXCL9 ir CXCL10 diskriminacinés savybés, atskiriant
pacientus, kuriems yra histologiskai patvirtintas transplantato atmetimas, nuo
ty pacienty, kuriy transplantato histologija normali, ir visy pacienty, kuriems
néra atmetimo (pacientai, kuriy patologija transplantate normali arba kita, ne
atmetimo).

| CXCLY/kre | CXCL10/kre
Atmetimas vs norma
AUC (PD) 0,86 (0,77-0,94) 0,83 (0,73-0,93)
Kritiné verté, ng/mmol 2,45 0,65
Jautrumas, % 70,5 75,6
Specifiskumas, % 92,3 88,5
Teigiama predikciné reikSme | 85,0 % 71,7 %
Neigiama predikciné reik§meé | 66,7 % 64,7 %
Atmetimas vs néra atmetimo
AUC (PD) 0,73 (0,63-0,82) 0,73 (0,63-0,84)
Kritiné verté, ng/mmol 0,11 0,42
Jautrumas, % 76,9 71,4
Specifiskumas, % 73,1 84,6
Teigiama predikciné reikSmé | 48,1 48,6
Neigiama predikciné reik§me | 82,5 78,7
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Jautrumas
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_—l— — CXCL 10/kre ngimmol

CXCL9/kre ROC verté 0,86 (95% P10,77-0,94, p<0,001),
XCL10/kre ROC verté 0,83 (95% P10,73-0,93, p<0,001)

02 0.4 0.6 [iX:] 1.0

1 - SpecifiSkumas

5 paveikslas. Chemokiny CXCL9/kre ir CXCL10/kre ROC kreivé atskiriant
atmetimo histologinius atvejus nuo normos.

Jautrumas

CXCL 9lkre ngimmol

— CXCL 10/kre ngimmol
08 |

T

04|

02|

CXCL9/kre ROC verté 0,73 {95% CI 0,63.0,82, p<[|,[|[|1),J
CXCL10/kre ROC verté 0,73 (95% P1 0,630,84, p<0,001

00
0,0 02 04 0,6 08 10

1 - SpecifiSkumas

6 paveikslas. Chemokiny CXCL9/kre ir CXCL10/kre ROC kreivé atskiriant
transplantato atmetimg nuo bet kokiy kity histologiniy radiniy (normos,
griztamosios nefropatijos, glomerulosklerozés ir kt.).

Atlikus binaring logisting regresija su logaritminémis CXCL9/kre reik§Smémis,
nustatyta, jog CXCL9/kre 64,9 % tikslumu priskiria pacientg grupei, kur yra
atmetimas arba kur jo néra, SS 4,22 (95 % PI12,03-8,77), p < 0,001.

Atlikus binarine logisting regresija su logaritminémis CXCL10/kre

reikSmémis, nustatyta, jog CXCL10/kre 61,7 % tikslumu priskiria pacientg

40



grupei, kur yra atmetimas arba kur jo néra, SS 7,74 (95 % PI 3,02-19,86), p <
0,001.

CXCL9/kre bei CXCL10/kre ir skirtingi transplantato atmetimo tipai
Toliau pagal Banfo klasifikacinius kriterijus atmetimo grupés pacientai
suskirstyti | antikiingy sukelto, lastelinio ir miSraus atmetimo grupes.

Chemokiny medianos skirtingy atmetimo tipy grupése pateiktos 6 lenteléje.

6 lentelé. Chemokiny CXCL9/kre bei CXCL10/kre koncentracijy medianos
normos ir jvairiy transplantato atmetimo tipy grupése.

Chemokinas Norma Antikiiny sukeltas Lastelinis Misrus
(n=26), atmetimas atmetimas atmetimas
mediana [IKP] (n = 25), (n=9), (n=10),
mediana [IKP] mediana mediana
[IKP] [IKP]
CXCL9/kre, 0,00 5,52 7,76 4,26
ng/mmol [0,00-0,89] [2,65-13,03] [0,38-26,36] [0,84-25,20]
CXCL10/kre, 0,17 1,95 1,26 1,78
ng/mmol [0,00-0,37] [0,82-6,85] [0,00-8,21] [0,58—4,49]

Chemokino CXCL9/kre koncentracijos buvo reikSmingai didesnés
antikiing sukelto ir miSraus atmetimo grupése, palyginti su normalios
histologijos grupe, taciau lastelinio atmetimo ir normalios histologijos grupése
statistiSkai reikSmingo skirtumo negauta (7 paveikslas). Taip pat Sio
chemokino koncentracija reikSmingai nesiskyré visy trijy tipy atmetimo
grupes lyginant tarpusavyje.

p<0,05
12000
p>0,05
100,00 p<0.05 .
80,00 p=0.05
*p>0,05 p>0,05 o

80,00

CXCL 9/kre ng/mmol

40,00
o

| N — = ﬁ

0. 1. 2 3.

Histologija: 0 - be pakitimy 1 - antikiiny sukeltas atmetimas, 2 - lastelinis
atmetimas, 3- misrus atmetimas

7 paveikslas. CXCL9/kre koncentracijos skirtingy transplantato atmetimy
grupése ir palyginimas su normalios histologijos grupe.
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CXCL10/kre koncentracijos buvo statistiSkai reikSmingai didesnés
lyginant kiekvieng atmetimo grupe su normalios histologijos grupe. Pacias
atmetimo grupes lyginant tarpusavyje, CXCL10/kre koncentracijos
reikSmingai nesiskyré (8 paveikslas).

60,00 p<0!05 *
S S0 p<0.05
& p<0,05
) 40,00
c
g ¥ p>0,05
S o
é 20,00 p>0.05 p=0.05
Q
10,00
A E B =
0. 1. 2. 3.

Histologija: 0 - be pakitimy 1 - antiktiny sukeltas atmetimas, 2 - Iastelinis
atmetimas, 3- misrus atmetimas
8 paveikslas. CXCL10/kre koncentracijos skirtingy transplantato atmetimy
grupése ir palyginimas su normalios histologijos grupe.

Toliau nagrinétos chemokiny savybés atskiriant antiktiny sukeltg atmetima
nuo normalios histologijos, todél i tolesnés analizés pasalinti lasteliy sukelto
ir miSraus atmetimo atvejai. Siekiant atskirti antikiny sukeltg atmetima nuo
normalios histologijos, apskaic¢iuota CXCL9/kre ploto po kreive ROC verté
buvo 0,89 (95 % P10,79-0,98, p < 0,001), CXCL10/kre ROC verté 0,86 (95
% P10,75-0,97, p <0,001) (9 paveikslas).
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1 - SpecifiSkumas

9 paveikslas. CXCL9/kre ir CXCL10/kre ROC kreivés atskiriant normalios
histologijos ir antikiiny sukelto atmetimo histologines grupes.

Taip pat apskaiCiuotas chemokiny gebéjimas atskirti antikiiny sukelta
atmetimg nuo kity, su atmetimu nesusijusiy histologiniy radiniy. Gauta
CXCL9/kre ROC ploto po kreive reik§mé 0,73 (95 % P10,62-0,84, p <0,001),
o CXCL10/kre ROC reiksmé 0,75 (95 % PI 0,63-0,87, p < 0,001) (10
paveikslas).

ROC kreive

e CXCL 9/kre ngimmol

— — CXCL 10/kre ng/mmol

Jautrumas

00
0,0 02 0.4 06 0,8 1.0

1 - SpecifiSkumas

10 paveikslas. CXCL9/kre ir CXCL10/kre ROC kreivés atskiriant antikiiny
sukelta atmetimg nuo normos ir kity histologiniy pakitimy (i§ analizés
pasalinti miSraus ir 1gsteinio atmetimo atvejai).
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Lastelinio atmetimo grupg¢ sudaré 9 tiriamieji. Toliau lyginome Siuos
atvejus su normalios histologijos grupe. CXCL9/kre ploto po kreive ROC
reik§mé buvo 0,81 (95 % PI 0,62-0,99, p < 0,01), o CXCL10/kre ploto po
kreive ROC reik§mé buvo mazesné — 0,70 (95 % PI 0,45-0,96, p > 0,05) ir
nepasizymeéjo patikimomis prognostinémis savybémis (11 paveikslas).

ROC kreivé
1.0
CXCL10/kre
ng/mmol
08 ——CXCLY/kre
ng/mmol
g 06
£
3
=
s
- 04
0,2
00
0.0 02 0,4 06 08 10

1-SpecifiSkumas

11 paveikslas. CXCL9/kre ir CXCL10/kre diskriminantinés savybés atskiriant
lgstelinio atmetimo grup¢ nuo normalios histologijos grupés.

Ivertintas ir chemokiny gebéjimas atskirti lastelinio atmetimo atvejus nuo
visy kity su atmetimu nesusijusiy histologiniy radiniy. CXCL9/kre ir
CXCL10/kre ROC ploto po kreive reiksmés buvo atitinkamai 0,67 (95 % PI
0,47-0,86, p > 0,05) ir 0,61 (95 % PI 0,35-0,86, p > 0,05), taigi nustatytos
nepakankamos diskriminantinés chemokiny savybés. Kadangi literatiiroje
nurodoma, kad poliomos BK viruso nefropatija gali pasireiksti panaSiais
histologiniais pakitimais kaip ir lastelinis atmetimas, i§ tolesnés analizés
pasalinome poliomos BK nefropatijos atvejus [114, 122]. Vis délto tai
reikSmingai nepagerino ROC ploto po kreive reikSmiy: CXCL9/kre ir
CXCL10/kre ploto po kreive reikSmés atitinkamai buvo 0,68 (95 % PI 0,48—
0,88, p > 0,05) ir 0,63 (95 % P1 0,37-0,87, p > 0,05).
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Mazos chemoking CXCL9/kre ir CXCL10/kre Kkoncentracijos
pacienty grupé

Tiriamieji atvejai suskirstyti j dvi grupes: mazos CXCL9/kre
koncentracijos (kai CXCL9/kre < 0,11 ng/mmol, t. y. ribiné koncentracija,
kuri pagal ROC kreivés analiz¢ pasiZymi geriausiu jautrumu ir specifiSkumu
atskiriant atmetimg nuo visy kity patologijy) ir padidéjusios CXCL9/kre
koncentracijos (CXCL9/kre > 0,11 ng/mmol). I§ 40 tiriamyjy, kuriems
nustatyta maza CXCL9/kre koncentracija, 82,5 % atmetimo nebuvo, taciau
17,5 % atvejy atmetimas histologiskai buvo rastas: 3 atvejais — antikiiny
sukeltas atmetimas, 2 atvejais — lgstelinis atmetimas, 2 atvejais — miSraus tipo
atmetimas.

Panasiu principu tiriamieji suskirstyti j dvi grupes pagal CXCL10/kre
koncentracija: kai CXCL10/kre koncentracija < 0,42 ng/mmol, tiriamieji
priskirti mazos CXCL10/kre koncentracijos grupei, o kai > 0,42 ng/ml —
padidéjusios CXCL10/kre koncentracijos grupei. IS 47 pacienty, kuriems
nustatyta maza CXCL10/kre koncentracija, 21,3 % atvejy histologiskai
diagnozuotas atmetimas: 5 atvejai antikliny sukelto atmetimo, 3 atvejai
lastelinio ir 2 atvejai miSraus atmetimo.

Toliau analizuoti pacientai, kuriems abiejy chemokiny koncentracija buvo
maza. I§ 34 tokiy pacienty 3 atvejais histologiskai nustatytas antikiiny sukeltas
atmetimas, 2 atvejais — lastelinis, o 1 atveju — miSrus atmetimas. [vertinus $iy
atmetimg patyrusiy pacienty iseitis, né vienas i§ jy per stebéjimo laikotarpj
nebuvo pradétas dializuoti.

Chemokiny CXCL9 ir CXCL10 padidéjimo atmetimo metu rySys su
laikotarpiu po transplantacijos

Iskéléme hipoteze, kad galbiit chemokiny koncentracijos atmetimo metu
priklauso nuo laiko po transplantacijos, manydami, jog kuo anks¢iau
prasideda transplantato atmetimas, tuo imuniné reakcija gali buti audringesné
[123]. IS visos pacienty grupés atrinkti tik tie pacientai, kuriems histologiskai
patvirtintas transplantato atmetimas. Apskaiciuotas Spirmeno koreliacijos
koeficientas tarp CXCL9/kre, CXCL10/kre ir laiko (mén.) nuo
transplantacijos iki biopsijos. Gauta nereikSminga neigiama koreliacija tarp
CXCLY/kre ir laiko (r =-0,220, p > 0,05), taip pat CXCL10/kre ir laiko (r=—
0,271, p>0,05).

Pacientai suskirstyti | dvi grupes: pirmajai priskirti tie, kuriems biopsija
atlikta per pirmuosius metus po transplantacijos (tokiy buvo 16), o antrajai —
visi, kuriems biopsija atlikta véliau nei per pirmuosius metus po
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transplantacijos (tokiy buvo 28). Pirmojoje grupé¢je CXCL9/kre mediana buvo
7,25 [IKP 1,22-34,93], CXCL10/kre mediana 4,63 [IKP 0,18-12,19], o
antrojoje gurpéje CXCL9/kre mediana 4,99 [IKP 1,04-12,38], CXCL10/kre
1,73 [IKP 0,67-3,14]. Nors matoma tendencija, jog ivykus atmetimui po
daugiau nei 12 mén. nuo transplantacijos chemokiny padidéjimas yra
mazesnis nei atmetimo metu pirmaisiais potransplantaciniais metais, taciau $is
skirtumas buvo nereikSmingas (p > 0,05).

5.2.2. Il uzdavinys: CXCL9 ir CXCL10 rysio su atskirais histologiniais
pakitimais pagal Banfo klasifikacing sistema analizé

Transplantato  biopsijos patologo buvo jvertintos pagal Banfo
klasifikacinius kriterijus, kiekvienam histologiniam pokyciui skirta baly.
Siekiant pirmiausia bendrai apzvelgti esamus rysius tarp histologiniy pakitimy
ir chemokiny CXCL9/kre bei CXCL10/kre, apskai¢iuoti Spirmeno
koreliacijos koeficientai ir nubraizytos dendrogramos. Analizei naudotos
logaritminés chemokiny reikSmés, j skaiciavimus jtraukti Sie histologiniai
pakitimai: glomerulitas (g), transplantato glomerulopatija (cg), mezangiumo
matrikso iSsiplétimas (mm), tubulitas (t), peritubuliniy kapiliary uzdegimas
(ptc), intersticiumo uzdegimas (i), intersticiné fibrozé (ci), kanaléliy atrofija
(ct), intimos arteriitas (v), kraujagysliy fibrozinis intimos sustoréjimas (cv),
arterioliy hialinozé (ah) (7 lentelé).
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IS lentelés matyti, kad tiek su CXCL9/kre, tiek su CXCL10/kre reikSmingai
koreliavo balai tokiy histologinio vertinimo kriterijy kaip glomerulitas (g),
peritubuliniy kapiliary uZzdegimas (ptc), intersticiumo uzdegimas (i). Kiti
kriterijai, tokie kaip transplantato glomerulopatija (cg), tubulitas (t) ir arterijy
uzdegimas (v), koreliavo tik su CXCL10/kre, bet ne su CXCL9/kre reikSmémis.
Hierarchiné klasteriné analizé parodé abiejy chemokiny asociacinj rysj su
tubulitu, intersticiumo uzdegimu ir arterijos uzdegimu (12 paveikslas).

Atstumas
0 5 0 15 0 % 0 5 ] 15 0 5
1 L

d 7 L L L L L d ' J :
a 8 J a 9
v 9 Logl0 CXCL10/kre J

Logl0 CXL9%kre 1 __| v 10 —

12 paveikslas. Dendrogramos, rodancios sgsajas tarp chemokiny ir Banfo
klasifikaciniy kriterijy.

[ B

AN I
IETE I Y LY
1 o

0 2 1
Intersticinmo uZdegimas (i) Tubulitas (t)

mCXCL10/kre ng/mmol
B CXCL9Kre ng/mmol

i r ; .
8 am
: - )
pi 4 ! - . 3 i i =
[ i 3

Peritubulinis kapiliaritas (ptc) Intimos arteriitas (v)

13 paveikslas: CXCL/kre koncentracija skirtingose histologiniy pakitimy
grupése. Abiejy chemokiny koncentracija buvo reikSmingai didesné esant
iSreikStam i, t ir ptc, taciau reikSmingai nesiskyré esant intimos arteriitui (v).
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Suskirs¢ius tiriamuosius j grupes pagal kiekvieno i§ Banfo kriterijy balus,
nustatyta, kad CXCL9/kre ir CXCL10/kre koncentracijos buvo reikSmingai
didesnés tiems pacientams, kuriy biopsijose rastas labiau iSreikstas
intersticiumo uzdegimas ir peritubulinis kapiliaritas (13 paveikslas).
Skirstydami pacientus j grupes pagal tubulito balus, priskirtus vertinant
histologin] tyrimg, vienai grupei (ty, kuriems tubulitas nenustatytas) priskyréme
t0 jvertintus pacientus, o tuos pacientus, kuriy histologiniame tyrime tubulitas
vertintas kaip tl, t2 ar t3, priskyréme antrajai grupei (ty, kuriems tubulitas
nustatytas), nes dél mazo atvejy skaiciaus t2 ir t3 grupése negaléjome jy vertinti
atskirai. Pacientams, kuriems tubulitas nustatytas, abiejy chemokiny
koncentracijos buvo didesnés: CXCL9/kre mediana buvo 2,94 ng/mmol [IKP
0,00-11,85 ng/mmol], palyginti su mediana 1,45 ng/mmol [IKP 0,00-6,00
ng/mmol] pacienty, kuriems tubulitas nenustatytas, grupéje, p < 0,01.

Vidutiné CXCL10/kre koncentracija taip pat buvo didesné tubulito grupéje
(1,26 ng/mmol [IKP 0,17-3,93 ng/mmol]), palyginti su grupe ty, kuriems
tubulitas nenustatytas (0,51 ng/mmol [IKP 0,17-1,82 ng/mmol]), p < 0,05.

Taip pat nustatyta didesné kiekvieno i§ abiejy chemokiny koncentracija
pacientams, kuriems nustatytas glomerulitas, arterijy uzdegimas, o vien
CXCL9/kre koncentracija buvo didesné pacientams, kuriems rasta iSreiksta
intersticiné fibrozeé, nors visi Sie radiniai statistiSkai nereikSmingi.

Atlikus  vienaveiksne tiesing regresing analize¢ su chemokiny
koncentracijomis ir Banfo kriterijy balais, gauta, jog intersticiumo uzdegimas
(1), peritubulinis kapiliaritas (ptc) bei kraujagysliy intimos uzdegimas (v) buvo
reikSmingai susije su logaritminémis CXCL9/kre reikSmémis (8 lentele).
Banfo kriterijy jtaka CXCL9/kre koncentracijai buvo toliau nagrinéjama
pasitelkus daugiaveiksne linijing regresija: sukurtame modelyje Banfo
kriterijai i, t ir didziausig jtaka turintis kriterijus v i§liko reikSmingi (9 lentele).

8 lentelé. Banfo histologiniy klasifikaciniy inksto transplantato kriterijy,
lemianc¢iy CXCL9/kre koncentracijg Slapime, vienaveiksné linijiné regresija.

Banfo kriterijus Regresijos koeficientas = SP p verté
g 0273+0,117 0,145
cg 0,022 = 0,109 0,844
mm 0,27 £ 0,097 0,779
t 20,121 £ 0,105 0,254
ptc 0,183 + 0,088 0,040*
i 0,478 £ 0,153 0,002%*
ci 0,089 + 0,128 0,486
ct 0,027 0,148 0,854
v 0,648 = 0,234 0,007*
cv 20,041 + 0,082 0,614
ah 20,047 + 0,072 0,510

* Pazymétos p vertés, kuriy reikSmingumo lygmuo < 0,05.
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9 lentelé. Banfo histologiniy klasifikaciniy inksto transplantato kriterijy,
lemian¢iy CXCL9/kre koncentracijg Slapime, daugiaveiksné linijiné regresija.

Banfo kriterijus Regresijos koeficientas = SP p verté
ptc 0,234+ 0,079 0,004*
i 0,362+ 0,114 0,002*
v 0,688 + 0,227 0,003*

Modelio determinacijos koeficientas R? = 0,231. Konstanta 0,300, p < 0,001,

Toliau nagrin¢jant Banfo klasifikaciniy histologiniy kriterijy jtaka
CXCL10/kre koncentracijai $lapime, vienalypé tiesiné regresija parodé, kad
reikSmingi buvo i, v ir g kriterijai (10 lentel¢). Jie jtraukti | daugialypés
tiesinés regresijos modelj ir jame iSliko reikSmingi (11 lentelé).

10 lentel¢. Banfo histologiniy klasifikaciniy inksto transplantato kriterijy,
lemian¢iy CXCL10/kre koncentracija Slapime, vienaveiksné linijiné regresija.

Banfo kriterijus Regresijos koeficientas = SP p verté
g 0,234+ 0,108 0,053
cg 0,087 £ 0,101 0,391
mm 0,016 = 0,090 0,860
t 0,036 = 0,097 0,713
ptc 0,159 + 0,081 0,040%*
i 0,422 £ 0,141 0,004*
ci -0,110£0,118 0,355
ct 0,110 £ 0,137 0,421
v 0,662 £ 0,216 0,003*
cv 0,004 £ 0,075 0,960
ah —-0,043 £ 0,062 0,520

* Pazymeétos p vertés, kuriy reikSmingumo lygmuo < 0,05.

11 lentelé. Banfo histologiniy klasifikaciniy inksto transplantato kriterijy,

lemian¢iy CXCL10/kre koncentracija Slapime,

daugiaveiksné linijiné

regresija.
Banfo kriterijus Regresijos koeficientas = SP p verté
g 0,318 = 0,094 0,001*
i 0,427 £ 0,104 <0,001*
v 0,318 £ 0,094 0,001*

Modelio determinacijos koeficientas R? = 0,269. Konstanta —0,182, p < 0,01.
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5.2.3. I uzdavinys: Chemokiny CXCL9 ir CXCL10 rysio su kitomis inksto
transplantato patologijomis vertinimas

Chemokinai ir poliomos BK viruso nefropatija

Is 117 tiriamyjy 5 (4,3 %) pacientams buvo histologiskai nustatyta
poliomos BK viruso nefropatija. CXCL9/kre ir CXCL10/kre medianos
atitinkamai buvo 9,91 [IKP 3,58-24,49] ng/mmol ir 4,94 [IKP 1,10-18,88]
ng/mmol. Sios koncentracijos buvo reik§mingai didesnés, palyginti su
koncentracijomis normalios histologijos grupése (p < 0,05), taciau
reikSmingai nesiskyré nuo atmetimo grupés chemokiny koncentracijy
mediany (14-15 paveikslai).

120,00
100,00
80,00
60,00

p>0,05

40,00 o

i —

Atmetimas Poliomos BK viruso nefropatija

CXCL 9/kre ng/mmol

14 paveikslas. CXCL9/kre koncentracijy medianos reikSmingai nesiskyré
atmetimo ir poliomos BK viruso nefropatijos grupése.
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15 paveikslas. CXCL10/kre koncentracijy medianos reik§mingai nesiskyré
atmetimo ir poliomos BK viruso nefropatijos grupése.
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Chemokinai kitose histologinése grupése

Chemokiny koncentracijos S§lapime analizuotos pacientams, kuriems
histologiskai nustatytos kitos nei atmetimas diagnozés: 17 pacienty nustatyta
difuziné glomerulosklerozé, 3 pacientams — trombiné mikroangiopatija be
atmetimo, 3 pacientams rasta IgA nefropatija, 3 — intersticinis nefritas, 8 aptikta
kalcineurino inhibitoriy toksiSkumo pozymiy, 1 pacientui — AA amiloidozé.
Abiejy  chemokiny  koncentracijos  buvo  padidéjusios  trombinés
mikroangiopatijos, amiloidozés atveju, kiek maZiau — inersticinio nefrito atveju,
taciau esant difuzinei glomerulosklerozei, IgA nefropatijai ir kalcineurino
inhibitoriy toksiskumui, chemokiny koncentracijos buvo mazos (16 paveikslas).
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16 paveikslas. Chemokiny koncentracijos §lapime pacientams, kuriems
histologiskai nustatyta kita nei atmetimas transplantato patologija. IgA —
imunoglobulinas A, KNI — kalcineurino inhibitoriai.
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5.2.4. IV uzdavinys: Chemokiny CXCL9 ir CXCL10 rysys su inksto
transplantato prognoze

Chemokinai ir transplantato iSgyvenamumas

Toliau nagrinétas chemokiny rySys su transplantato iSgyvenamumu (laiku
nuo biopsijos iki nuolatinés dializés pradéjimo). Atlikta daugialypé Kokso
regresiné analizé. Buvo didesné rizika, kad pacientams, kuriems nustatyta
padidéjusi (> 0,11 ng/mmol) CXCL9/kre koncentracija, i$sivystys galutinés
stadijos inksto transplantato nepakankamumas (SS 5,16,95 % PI1 1,85-14,42, p
< 0,01), nepriklausantis nuo paciento amziaus, lyties, serumo kreatinino
koncentracijos biopsijos paémimo metu ir histologiskai nustatytos atmetimo
diagnozés. IS visy pacienty, kuriems rasta padidéjusi CXCL9/kre koncentracija,
40,3 % per stebéjimo laikotarpj prireiké pradéti dialize, palyginti su 12,5 %
pacienty, kuriems CXC9/kre buvo maza (p < 0,05) (17 paveikslas). Bendra
abiejy grupiy stebéjimo laikotarpio mediana 15,0 mén. [IKP 6,0-58,0], mazos
CXCL9/kre stebéjimo laikotarpio mediana 49,5 mén. [IKP 15,5-67,0],
padidéjusios CXCL9/kre koncentracijos pacienty steb¢jimo mediana 11,0 mén.
[IKP 3,0-23,5].

Didesné tikimybé, kad reikés pradéti dializg, buvo ir pacientams, kuriy
CXCL10/kre koncentracija buvo padidéjusi (= 0,42 ng/mmol) — Sansy santykis
3,25, 95 %PI 1,27-8,36, p = 0,01. 12,8 % pacienty, kuriems CXCL10/kre
koncentracija buvo maza, pradéta dializé, o padid¢jusios CXCL10/kre
koncentracijos pacienty grupéje tokiy buvo 42,9 % (p < 0,05) (18 paveikslas).

Transplantato iSgyvenamumas
CXCL9/kre konc.

10 iy
T Slapime
+H <0.11 ng/mmal
J'_']_ —11>=0,11 ng/mmal
08 —4’.;. <011 ng/mmaol-cenziruota
LH-0~J_ —t—>=011 ng/mmol-cenzdruota

06 +

02

Nedializuojamy pacienty procentas
+

00

00 20,00 40,00 50,00 0,00

Laikas, mén.

17 paveikslas. Transplantuoto inksto iSgyvenamumas, esant padidéjusiai ir
normaliai chemokino CXCL9/kre koncentracijai §lapime.
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Transplantato iSgyvenamumas
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I§gyvenamumas, mén.

18 paveikslas. Transplantuoto inksto iSgyvenamumas, esant padidéjusiai ir
normaliai chemokino CXCL10/kre koncentracijai $lapime.

Transplantato iSeitys buvo vertintos préjus 1 m. nuo transplantato
biopsijos. Toje pacienty grupéje, kurioje CXCL9/kre koncentracija buvo <
0,11 ng/mmol, po 1 m. funkcionuojanciy transplantaty buvo 97 %, o
padidéjusios CXCL9/kre koncentracijos grupéje tokiy transplantaty buvo tik
66,7 % (p < 0,01). Taip pat palygintos iseitys pagal CXCL10/kre
koncentracija. Mazos (< 0,42 ng/mmol) CXCL10/kre koncentracijos pacienty
grup¢je préjus 1 m. nuo biopsijos transplantatas funkcionavo 92,7 %
recipienty, o padidéjusios CXCL10/kre koncentracijos grupéje tokiy buvo tik
69,2 % (p <0,01).

Chemokinai ir recipienty iSgyvenamumas

Toliau analizuota chemokiny reikSmé recipiento iSgyvenamumui. IS ty
pacienty, kuriy CXCL9/kre koncentracija buvo < 0,11 ng/mmol, nebuvo né
vieno mirties atvejo per visa stebé¢jimo laikotarpj, o i§ pacienty, kuriy
CXCL9/kre koncentracija buvo padidéjusi (tokiy buvo 77), iSgyveno 69 (89,6
%) pacientai, p < 0,05. ISgyvenamumo kreivé pateikta 19 paveiksle
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Recipienty iSgyvenamumas
1ol CXCL9/kre konc.
<0,11 ng/mmol
—1==0,11 ng/mmol
08 <0,11 ng/mmol-
cenztruota
>=0,11 ng/mmol-

cenzdruota
06

04

I§gyvenamumas, proc.

02

00

00 20,00 40,00 60,00 80,00

Trukmé, mén.

19 paveikslas. Recipienty i§gyvenamumas mazos ir padidéjusios CXCL9/kre
grupese.

I8 47 recipienty, kuriy CXCL10/kre koncentracija buvo < 0,42 ng/mmol,
iSgyveno 45 (95,8 %) pacientai, o i§ 70 recipienty, kuriy CXCL10/kre buvo
didesné, isgyveno 91,4 % pacienty. Vidutiné iSgyvenamumo trukmé mazos ir
didelés CXCL10/kre grupése buvo atitinkamai 74,6 ir 66,8 mén., taiau
reik§mingai nesiskyré (p > 0,05). ISgyvenamumo kreivé pateikta 20 paveiksle.
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e ..L‘. — <0,42 ngimmal

—I"1>=0,42 ngimmol
T <0,42 ngimmol-
08 cenzlruota
>=0,42 ngimmol-
cenzdruota

0§

04

I§gyvenamumas, proc.

02

00

00 20,00 40,00 60,00 80,00

Trukmé, mén.

20 paveikslas. Recipienty iSgyvenamumas mazos ir didelés CXCL10/kre
koncentracijos pacienty grupése.
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5.1.5. V uzdavinys. ISvestiniy bendro kraujo tyrimo indeksy rySys su
chemokinais CXCL9 bei CXCL10 ir transplantato atmetimu bei prognoze

Siame darbe naudojome tik tuos endobiogenikos metodo indeksus, kuriuos
galima apskaiciuoti pagal bendro kraujo tyrimo rodiklius, tod¢l toliau juos
vadinsime iSvestiniais bendro kraujo tyrimo rodikliy indeksais (iBKTI). 12
lenteléje pateiktos indeksy formulés, normos reikSmés bendrojoje
populiacijoje ir gautos indeksy medianos tiriamojoje populiacijoje.

12 lentelé. iBKTI indeksai, jy normos reikSmeés ir mediana bei IKP tirtoje

populiacijoje.

Indekso pavadinimas Formulé Normos Indekso mediana
reikSmeés [IKP] tiriamojoje
populiacijoje
Katabolizmo ir GTS indeksas / (GS
anabolizmo indeksas indeksas x Starterio 1,80-3,0 4,99 [2,92-8,00]
indeksas)
Adaptacijos indeksas Eos / Mon 0,25-0,50 | 0,11 [0,07-0,21]
Antinksciy zievés GTS indeksas / (GS
. . 2,70-3,30 | 7,61 [4,01-16,37
indeksas indeksas)? [ I
Kortizolio indeksas Katabolizmo-
anabolizmo indeksas / | 3,0-7,0 37,42 [16,42-111,53]
adaptacijos indeksas
Genitalinio santykio (GS) moterims:
indek 0,70-0,85
indeksas Ery / (Leu x 10e3) s , 0,63 [0,45-0,76]
vyrams:
0,80-0,95
Koreguotas genitalinio moterims:
santykio (GS) indeksas GS in(i.ek.sas X 0,70-0,85 058 [0,30-0,86]
Starterio indeksas vyrams:
0,85-1,05
Leukocity mobilizacijos (P1t x Neu x
. 0,85-1,15 | 0,76 [0,60-0,92
indeksas (LMI) HgB)/(30000xLeu) [ ]
Trombocity mobilizacijos
. P1t/(60 x E 0,85-1,15 | 0,85 [0,66-1,11
indeksas (TMI) (60 x Ery) [ ]
Starterio indeksas LMI/TMI 0,85-1,15 | 0,90 [0,67-1,18]
Genitotiroidinio santykio .
. Neu / Limf 1,50-2,50 | 3,07 [2,19-4,21
(GTS) indeksas eustm 712,19 ]
TRH reaktyvacijos Mon / Limf 0,05-0,25 | 0,44 [0,29-0,59]
indeksas

Eos —ecozinofilai (%); Limf—limfocitai (%); Mon—monocitai (%); Neu—neutrofilai (%);
Plt—trombocitai (vnt/mm>pvz., 185 000); Ery—eritrocitai (tukstan¢iai/mm3—pvz., 4400);
Leu—Ileukocitai (vat/mm*—pvz., 6100); HgB — hemoglobinas (g/dl). IKP — interkvartinilis
periodas.
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Pirmiausia jvertinome, kokios iBKTI reikSmés (,,padidéjusios®,
»sumazejusios™ ar atitinkancios bendros populiacijos normos ribas) vyravo
visoje tiriamojoje populiacijoje (13 lentelé).

13 lentelé. iBKTI reik§més visoje tiriamojoje populiacijoje.

% pacienty, kuriy % pacienty, kuriy % pacientu, kuriu

Indeksas indekso reikSmé indekso reikSmé indekso reikSmé
sumazéjusi normali padidéjusi

Adaptacijos 76,9 12,0 11,1
LMI 59,8 32,5 7,7

T™I 47,9 34,2 17,9
Starterio 42,7 30,8 26,5
GTS santykio 10,3 30,8 59,0
GS 76,1 16,2 7,7

Koreguoto GS 70,1 17,1 12,8
Antinkséiy zievés 12,0 12,8 75,2
Kortizolio 2,6 14,5 82,9
TRH reaktyvacijos 1,7 15,4 82,9

Kadangi tiriamaja 117 inksto recipienty grupe sudaré gana heterogeniski
pacientai, tiek turintys transplantato veiklos sutrikimy, gretutiniy ligy, tiek
salyginai sveiki, kuriy transplantato funkcija normali, pacientai, atskirai
nagrin¢jome salyginai sveiky recipienty grupg, kurig sudaré pacientai,
kuriems transplantato histologinis tyrimas nerodé jokios patologijos. Vis délto
net ir Sioje grupéje tik maziau nei 40 % recipienty LMI, PMI, GTS indekso
reikSmés atitiko normg (14 lentelé). Kortizolio, antinks¢iy zievés indeksai
daugiau nei 80 % pacienty buvo padidéje. Adaptacijos indeksas daugiau nei
95 % pacienty buvo sumazgjgs, né vienam pacientui jis neatitiko normos.
Padidéjes TRH reaktyvacijos indeksas nustatytas > 92 % pacienty. GS ir
koreguoto GS indeksy reikSmés didesniajai daliai pacienty buvo
sumazéjusios.
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14 lentelé. iBKTI reikSmés apskaiCiuotos tik tiems pacientams, kuriy
transplantato histologinis tyrimas buvo be patologijos. Lenteléje pateikiamas
procentas pacienty, kuriy indekso verté buvo mazesné arba didesné nei pagal
bendraja populiacijg nustatyta norma arba jai lygi.

% pacienty, kuriy % pacienty, kuriy % pacienty, kuriy

Indeksas indekso reikSmé  indekso reik§mé  indekso reik§mé
sumazéjusi normali padidéjusi

Adaptacijos 96,2 0 3,8

LMI 65,4 30,8 3,8

TMI 50,0 38,5 11,5
Starterio 38,5 26,9 34,6
Katablizmo ir anabolizmo 11,5 19,2 69,2
GTS 15,4 34,6 50,0
GS 84,6 7,7 7,7

Koreguoto GS 73,1 15,4 11,5
Antinkséiy zievés 11,5 3,8 84,6
Kortizolio 3,8 7,7 88,5
TRH reaktyvacijos 0 7,7 92,3

LMI — leukocity mobilizacijos indeksas; TMI — trombocity mobilizacijos indeksas.
Indeksy rySys su chemokinais

Pirmiausia atlikta koreliacijy analizé siekiant jvertinti ry§j tarp iBKTI ir
chemokiny. ApskaiCiuotas Spirmeno koreliacijos koeficientas, rezultatai
pateikti 15 lenteléje. Nustatyta tiesioginé silpna koreliacija tarp adaptacijos
indekso, genitotiroidinio indekso ir CXCL9/kre bei CXCL10/kre.

15 lentelé. CXCL9/kre bei CXCL10/kre koreliacijos su iBKTI reikSmémis.
Statistiskai reikSmingos koreliacijos pazymétos *, kai p < 0,05, ir **, kai p <0,01.

Indeksas CXCL9/kre CXCL10/kre
Katabolizmo ir anabolizmo indeksas | 0,175 0,097
Adaptacijos indeksas 0,202%* 0,318**
Antinksciy zZievés indeksas 0,083 0,061
Kortizolio indeksas -0,053 -0,150
GS indeksas 0,059 0,113
Koreguotas GS indeksas 0,020 0,097
LMI 0,08 0,079
™I 0,061 —0,068
Starterio indeksas -0,020 0,077
GTS indeksas 0,316** 0,231*
TRH reaktyvacijos indeksas 0,183 0,171
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Toliau apskaic¢iuotos CXCL/kre medianos padidéjusio, normalaus ir
sumazéjusio adaptacijos indekso ir genitotiroidinio santykio indekso grupése
(16 lentelé, 21-22 paveikslai).

16 lentelé. Indeksy reikSmiy medianos esant normaliai arba padidéjusiai
chemokiny koncentracijai Slapime. Adaptacijos indekso reik§més buvo
padidéjusios esant didesnei CXCL9/kre ir CXCL10/kre koncentracijai.

Chemokinas | Chemokino | Adaptacijos P Genitotiroidinio | P
reik§mé indeksas reikSmé | santykio indeksas | reik§mé
mediana [IKP] mediana [IKP]
CXCL9/kre | Normalus 0,1 [0,06-0,16] 0,008 2,69 [1,89-3,73] | 0,134
Padidéjes 0,14 [0,08-0,29] 3,19 [2,25-4,55]
CXCL10/kre | Normalus 0,09 [0,05-0,14] | 0,003 2,76 [2,02-3,68] | 0,538
Padidéjes 0,16 [0,09-0,31] 3,19 [2,23-5,34]
— 2,00 *
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CXCL9/kre koncentracija

21 paveikslas. Adaptacijos indekso reikSmés esant padidéjusiai ir normaliai
CXCLY/kre koncentracijai. Eos — eozinofilai; Mon — monocitai.
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22 paveikslas. Adaptacijos indekso reikSmés esant padidéjusiai ir normaliai
CXCL10/kre koncentracijai. Eos — eozinofilai; Mon — monocitai.

Indeksai ir transplantuoto inksto atmetimas

Pacientai buvo suskirstyti j dvi grupes pagal transplantato histologinio
tyrimo atsakyma: transplantato atmetimo grupé (n = 41) ir pacienty be
atmetimo grupé (n = 70). Palygintos Siy dviejy grupiy pacienty iBKTI
reikSmés, statistiniai skaiiavimai atlikti naudojant Mano ir Vitnio testa.
Atmetimo grupéje nustatytos reiSmingai didesnés adaptacijos indekso
reik§més ir reikSmingai mazesnis kortizolio ir antinks¢iy zievés indeksy
santykis, nors patys kortizolio ir antinksCiy Zievés indeksai reikSmingai
nesiskyré (17 lentelé). Analogiski rezultatai buvo gauti lyginant atmetimo
grupe su normalios (be kity galimy transplantato patologijy) histologijos

grupe.

17 lentelé. iBKTI reikSmés pacientams, kuriems nustatytas transplantato
atmetimas ir kuriems atmetimo néra.

Atmetimo grupé  Grupé be atmetimo,

Rodiklis (mediana [IKP]) (mediana [IKP]) p reikSmé
Amzius, m. 46,0 [36,0-58,0] 46,0 [31,0-55,5] 0,585
KMI, kg/m2 24,6 [21,6-29,0] 23,3 [20,7-27.9] 0,117

Imunosupresijos 6,0 [1,0-11,0] 3,0 [0,75-11,0] 0,330

stazas, m.

Kreatinino konc.
(umol/l) biopsijos ~ 216,0 [150,3-371,5]  165,5 [119,5-318,5] 0,055
metu
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Atmetimo grupé  Grupé be atmetimo,

Rodiklis (mediana [IKP]) (mediana [IKP])

p reikSmeé

Kreatinino konc.
(umol/l) pragjus 3 187,0 [137,0-388,0] 137,0[105,0-219,5] 0,031*
mén. nuo biopsijos

Takrolimo konc.,

4,9 [4,0-10,3] 5,8 [4,3-7,2] 0,797
ng/ml
Leukocity konc.,
10e9/1 6,4 [5,1-8,7] 6,8 [5,6-8,4] 0,634
Neutrofily proc. 65,8 [60,0-72,4] 66,0 [58,7-71,3] 0,545
Limfocity proc. 21,6 [17,7-27,5] 21,2 [16,2-28,4] 0,876
Monocity proc. 8,2 [7,0-10,8] 9,5[8,0-11,4] 0,046*
Mofetlhg m}kofenolato 1.5 [1.0-2.0] 2.0 [1,4-2,0] 0.166
0z¢, g
iBKTI
Adaptacijos 0,1510,09-0,43] 0,10[0,05-0,18] 0,009**
0,80
LMI [0.61-0.96] 0,71 [0,58-0,90] 0,172
TMI 0,79 0,87 [0,66-1,12] 0,621
[0,64—1,09] ’ ’ ’ ’
Starterio 0,98 0,87 [0,64-1,15] 0,236
[0,70-1,27] ’ ’ ’ ’
Katabolizmo ir 4,5
anabolizmo [2,91-8.29] 3,02[3,01-8,01] 0,779
GTS 2,98 [2,23-4,06] 0,62 [0,44-0,72] 0,908
Kortizolio 29,54 [10,21-87,94] 47,39 [18,50-126,40] 0,157
GS 0,67 [0,45-0,80] 0,62 [0,44-0,72] 0,460
Antinksciy Zievés 6,67 [3,27-17,61] 8,21 [4,30-16,65] 0,467
Koreguoto GS 0,69 [0,31-0,97] 0,53 [0,30-0,82] 0,258
Kortizolio ir
antinks¢iy Zievés 3,77 [1,86-6,66] 5,71 [3,41-9,40] 0,013*
santykio
TRH reaktyvacijos 0,41 [0,28-0,56] 0,47 [0,30-0,65] 0,259

Kortizolio ir antinks¢iy Zievés indekso santykis

Kortizolio indeksg rekomenduojama interpretuoti atsizvelgiant j antinksc¢iy
zievés indeksg: paprastai skai¢iuojamas $iy indeksy santykis, kurio reik§mé
turéty biuti apie 3 [124]. Tiriamiesiems buvo apskaiciuotas §iy indeksy
santykis — pasirodé, kad tik 22 (18,8 %) pacienty jis buvo apytiksliai lygus 3
(nuo 2,5 iki 3,4). Toliau nagringjant tik Siuos 22 pacientus nustatyta, kad 9,1
% 18 jy histologinis transplantato tyrimas buvo be pakitimy, 31,8 % nustatytas
transplantato atmetimas, o 59,1 % pacienty buvo nustatyta kity nei atmetimas
pakitimy inksto biopsijoje.
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Lyginant pacientus, kuriy kortizolio ir antinks¢iy zievés indekso santykis
buvo padidéjes, su tais, kuriy santykis sumazgéjes, pastebéta, kad didesnio
santykio grupgje transplantato atmetimo atvejy buvo maziau, palyginti su
sumazgejusio santykio pacientais, atitinkamai 31,9 % ir 60,9 % (p < 0,05).

Vis délto kortizolio ir antinks¢iy zievés indeksy santykio plotas po kreive
diferencijuojant transplantato atmetima buvo tik 0,356 (PI 0,246-0,467).

Kadangi vartojama imunosupresija, ypac kortikosteroidai, gali turéti jtakos
indeksy reikSméms, palyginome pacienty, kuriems yra didelis ir kuriems
mazas kortizolio ir antinksCiy zievés indeksy santykis, grupes: padidéjusio
santykio grupéje 90 % pacienty vartojo metilprednizolong, dozés mediana
buvo 6 mg, o sumazgjusio santykio grupéje 91 % pacienty vartojo
metilprednizolona, dozés mediana buvo didesné — 8 mg.

Adaptacijos indeksas ir transplantato atmetimas

Daugiau nei dviem tre¢daliams inksto transplantato recipienty buvo
nustatytos sumazgjusios adaptacijos indekso reik§meés, lyginant su pagal
bendraja populiacijg priimtomis normomis. Adaptacijos indekso plotas po
kreive diferencijuojant atmetima nuo kitos histologijos buvo 0,649 (95 % PI
0,540-0,759) (zr. 23 paveiksla).

Visgi jdomu tai, kad pacientams, kuriy histologiniame transplantato tyrime
nustatytas atmetimas, Sio indekso reik§més buvo kur kas didesnés nei
pacientams be atmetimo, nors vertinant pagal bendrosios populiacijos normas,
reikSmes atitiko sumazéjusias arba normalias vertes.

10 ROC kreivé

A

Jautrumas

lAUC 0,649 (95%PI 0,540-0,759]

00 02 0.4 06 08 10

1-Specifiskumas

23 paveikslas. Adaptacijos indekso (Eos/Mon) gebéjimas atskirti pacientus,
kuriems yra histologiskai patvirtintas transplantato atmetimas, nuo visy kity
bioptuoty transplantato recipienty.
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IS 14 pacienty, kuriy adaptacijos indekso reikSmé atitiko bendros
populiacijos normos ribas, 78,6 % histologiniame tyrime nustatytas
transplantato atmetimas, likusiems 21,4 % rasta kita, su atmetimu nesusijusi
transplantato patologija.

IS ty pacienty (n = 13), kuriy adaptacijos indekso reik§més buvo
padidéjusios vertinant pagal bendrosios populiacijos normos vertes, 7,7 %
atvejy histologinis transplantato tyrimas buvo be patologijos, 30,8 %
histologiskai nustatytas transplantato atmetimas, o 61,5 % rasta kita, su
atmetimu nesusijusi transplantato patologija.

iBKTI ir transplantato iSgyvenamumas

Tiriamieji buvo suskirstyti j dvi grupes pagal vieneriy mety transplantato
iSgyvenamuma: pirmgja grup¢ sudaré pacientai, kuriy transplantatas nustojo
funkcionuoti per pirmuosius metus nuo transplantato biopsijos, tokiy pacienty
buvo 18. Antraja grupe sudaré pacientai, kuriy transplantatas i§gyveno > 1 m.

parametrai. Rezultatai pateikti 18 Ilenteléje. Pastebéta, jog mazesnio
transplantato i§gyvenamumo grupéje buvo mazesnés GS, starterio bei
koreguoto GS indekso reikSmes, taciau nei vieno indekso medianos tarp

grupiy reikSmingai nesiskyré (24 paveikslas).

18 lentelé. Per 1 metus nuo biopsijos prarasto transplantato grupés ir
veikiancio transplantato grupés klinikiné charakeristika.
Klinikiniai Prarasto transplantato | Veikiancio P
duomenys grupé (mediana [IKP]) | transplantato grupé reik§mé
(mediana [IKP])
Paciento amzius 31,50 [28,00-56,50] 43,50 [31,2-53,75] 0,222
KMI 21,92 [20,62-26,00] 24,62 [20,82-28,69] 0,431
GFG biopsijos metu 24,00 [15,00-36,00] 41,00 [26,00-56,50] 0,109
Kreatinino konc. 430,00 [294,50-472,50] | 155,00 [121,00-231,00] | <0,001*
biopsijos metu
Kreatinino konc. 235,73 [148,00-314,00] | 216,18 [110,75-247,50] | 0,042*
serume po 1 mén.
Kreatinino konc. 323,50 [221,25-386,25] | 128,00 [108,00-175,00] | 0,043*
serume po 3 mén.
Kreatinino konc. 385,50 [313,5-506,5] 153,00 [108,50-218,00] | 0,023*
serume po 6 meén.
Laikas nuo 48,50 [11,50-107,5] 16,00 [8,00-73,50] 0,161
transplantacijos iki
inksto biopsijos
(mén.)
CRB 1,03 [0,29-8,25] 1,70 [0,90-3,77] 0,932
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Klinikiniai Prarasto transplantato | Veikiancio P

duomenys grupé (mediana [IKP]) | transplantato grupé reik§mé
(mediana [IKP])

Takrolimo konc., 5,00 [3,68-7,68] 5,90 [4,00-7,70] 0,780

ng/ml

Mofetilio 1,5 [1,0-2,0] 2,0 [1,4-2,0] 0,166

mikofenolato doz¢, g

Kortikosteroidy doze, | 8,00 [4,00-9,00] 4,00 [4,00-8,00] 0,119

mg

iBKTI

Adaptacijos 0,11 [0,04-0,28] 0,12 [0,07-0,20] 0,838

Katabolizmo ir 6,98 [3,08-19,96] 4,80 [2,57-6,78] 0,735

anabolizmo

GTS 3,94 [2,32-7,56] 2,91 [2,08-3,62] 0,378

Kortizolio 58,24 [9,87-155,48] 39,25 [14,51-95.,47] 0,776

GS 0,44 [0,39-0,69] 0,64 [0,45-0,80] 0,067

Antinkséiy Zievés 12,44 [4,50-41,89] 7,48 [3,17-15,33] 0,378

TRH reaktyvacijos 0,44 [0,19-0,72] 0.42[0,30-0,52] 0,838

LMI 0,59 [0,50-0,88] 0,80 [0,62—0,97] 0,197

T™I 0,90 [0,76-1,11] 0,75 [0,63-1,04] 0,154

Starterio 0,73 [0,49-1,03] 1,03 [0,76-1,27] 0,067

Koreguoto GS 0,31 [0,16-0,72] 0,69 [0,35-0,96] 0,067

CRB - C — reaktyvusis baltymas.
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Toliau vertinome indeksy reikSme¢ visam transplantato iSgyvenamumui.
Atlikta daugialypé Kokso regresiné analiz¢, | model;j jtraukus visus nagrinétus
indeksus. Ilgesnis transplantato i§gyvenamumas buvo ty pacienty, kuriy TRH
reaktyvacijos indeksas (monocity ir limfocity santykis) buvo didesnis (SS
0,250, 95 % PI 0,116-0,539, p < 0,001) ir Starterio indeksas didesnis (§S
0,458, 95 % P10,215-0,973, p <0,042). Vis délto j modelj jdéjus chemokinus
CXCL9/kre ir CXCLI10/kre, tik TRH reaktyvacijos indeksas isliko
reik§mingas transplantato i§gyvenamumui (SS 0,213, 95 % PI10,101-0,449, p
<0,001).
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6. REZULTATU APTARIMAS

I. Slapimo biozymeny CXCL9 ir CXCL10 savybés diagnozuojant
histologiskai patvirtintg inksto transplantato atmetimg

Sio darbo rezultatai rodo, jog abu chemokinai, tieck CXCL9, tiek CXCL10,
pasizymi geromis diskriminacinémis savybémis atskiriant transplantato
atmetima nuo normalios histologijos ir, kiek mazesniu tikslumu, atmetima nuo
bet kokios kitos transplantato patologijos. Sio  darbo  rezultatai atitinka
literattiroje publikuotus duomenis. Loon ir bendraautoriy paskelbtame tyrime
nurodytos $§lapimo chemokino logCXLC9/kre ploto po kreive ROC AUC
reik§més diagnozuojant iminj inksto transplantato atmetimg buvo 0,72 [109].
Misy duomenimis, CXCL9/kre ROC reik§mé buvo panasi — 0,73.

Vertindami CXCL10/kre gebéjima atskirti antiktiny sukeltg atmetimg nuo
kity su atmetimu nesusijusiy histologiniy grupiy, nustatéme ROC ploto po
kreive reikSme 0,75. Bent du nepriklausomi autoriai gavo gana artimg
CXCL10/kre ROC reiksme — 0,76 [125, 126]. Kity autoriy duomenimis,
CXCL10/kre ROC reik§mé buvo 0,70 arba 0,74 [98, 109].

Misy duomenimis, tik chemokinas CXCL9/kre pasiZzyméjo
pakankamomis diskriminacinémis savybémis atskiriant Igstelinio atmetimo
atvejus nuo normalios histologijos, ta¢iau ne nuo visy kity su atmetimu
nesusijusiy histologiniy grupiy. CXCL10/kre ploto po kreive reikSmés tiek
atskiriant Igstelinj atmetimg nuo normos, tiek nuo visy kity histologiniy grupiy
buvo nepakankamos. Vis délto Ho su bendraautoriais nurod¢, jog CXCL10
ROC reiksmé buvo 0,81 (95 % PI 0,74-0,88) atskiriant lastelinj atmetima, |
Sig studijg buvo jtrauktas 71 vidutinio ir ryskaus Igstelinio atmetimo atvejis.
Tikétina, kad tokie skirtumai gal¢jo biiti gauti dél to, kad misy tiriamoje
pacienty grupéje buvo tik 9 lastelinio atmetimo atvejai.

Vis délto nei CXCL9/kre, nei CXCL10/kre Zymenys neleidzia nustatyti
transplantato atmetimo tipo (antikiiny sukelto atmetimo nuo lgstelinio).
Paprastai transplantato atmetimo gydymas kiekvieno i$ §iy tipy atveju skiriasi:
antikiny sukeltas atmetimas gydomas plazmaferezémis, intraveniniu
imunoglobulinu, rituksimabu, o Igstelinis atmetimas gydomas steroidiniy
hormony infuzija arba antitimocitiniu imunoglobulinu [43, 127, 128]. Taigi
vien chemokiny Zymeny nepakanka tiksliai atmetimo diagnostikai, todél pries
inicijuojant gydymga vis tiek reikia atlikti inksto transplantato biopsija.

Siame darbe nustatyta CXCL10/kre slenkstiné reik§mé atskiriant atmetima
nuo kity histologiniy radiniy buvo 0,42 ng/mmol. Literatiiroje pateikiamos
gana jvairios slenkstinés vertés. Minkowski ir bendraautoriy atliktoje studijoje
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nurodyta optimali subklinikinj atmetimg rodanti slenkstiné CXCL10/kre
reik§meé buvo 1,535 ng/mmol, o kliniskai iSreikstg atmetimg rodanti slenkstiné
CXCL10/kre reik8mé buvo 2,586 ng/mmol [82]. Vis délto Siame tyrime
transplantato atmetimas vertintas ne pagal galuting histologinio tyrimo iSvada,
o pagal tris histologinius pokycCius pagal Banfo klasifikacing sistemg —
intersticiumo uzdegima (i), tubulita (t) ir kraujagysliy intimos uzdegimg (v),
o subklinikinis ir kliniskai iSreikStas transplantato atmetimas interpretuotas
atitinkamai kaip atmetimas protokolinése bei indikacinése transplantato
biopsijose. Kiti autoriai pateiké CXCLI10/kre slenksting reikSme 0,43
ng/mmol atskiriant atmetima nuo visy kity histologiniy grupiy — §is rezultatas
labai artimas misy gautiems duomenims [71, 98].

Sio tyrimo metu nustatyta CXCL9/kre gera neigiama predikciné reikimé
(82,5 %) ir nedidelé teigiama prognostiné reik§mé (48,1 %). CTOT-01
konsorciumo atliktame tyrime gautos didesnés CXCL9 predikcinés reikSmeés
diagnozuojant iiminj transplantato atmetima: teigiama reikSmé buvo 67 %, o
neigiama 96 % [96].

Miihlbacher su bendraautoriais pateikia duomeny, jog CXCL9, taiau ne
CXCL10 turi vertés diagnozuojant subklinikinj vélyvajj antikiiny sukelta
transplantato atmetima, esant padidéjusiam DSA titrui [72]. Miusy darbe tik
nedidelei daliai pacienty buvo tirti donorui specifiniai antiktinai, todél jy rysio
su chemokiny koncentracija tirti neturéjome galimybés.

Masy atlikto darbo pagrindu lyginant CXCL9 ir CXCL10 bioZymeny
savybes diagnozuojant inksto transplantato atmetimg, galima teigti, kad
CXCL9/kre geriau identifikuoja atmetimg (tiek bendrai, tiek lastelinj ir
antikiiny sukelta) nuo normalios histologijos, taciau vienodai gerai kaip ir
CXCL10/kre atskiria atmetima nuo visy kity histologiniy grupiy.

II. Chemokiny CXCL9 ir CXCLI10 rySys su atskirais histologiniais
pakitimais pagal Banfo klasifikacing sistema.

Sio tyrimo rezultatai rodo, kad CXCL9/kre ir CXCL10/kre koncentracijos
buvo didesnés, esant labiau iSreikStam intersticiumo uzdegimui (i),
peritubuliniam kapiliaritui (ptc) bei kraujagysliy intimos uzdegimui (v).
Glomerulitas buvo reik§mingai susijes tik su CXCL10/kre reikimémis. Siuos
chemokiny ir histologiniy pakitimy rySius patvirtina ir kiti publikuoti
straipsniai, be to, Arnau su bendraautoriais jrodé, jog CXCL10/kre buvo
susijes ne tik su g bei ptc balais, bet ir su létine glomerulopatija (cg) [85, 98,
125]. Vis délto kai kurie autoriai rado CXCL10/kre sasajy su peritubuliniu
kapiliaritu, bet ne glomerulitu ar izoliuotu kraujagysliy intimos pazeidimu (v)
[126].
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Tai, kad Siame darbe tik CXCL10/kre buvo reikSmingai susijes su
glomerulitu, rodyty $io chemokino dalyvavimg antikiiny sukelto atmetimo
patogenezéje, nes glomerulitas yra vienas i$ §io tipo atmetimo pozymiy [18].
O stai CXCL9/kre publikacijose pirmiausia buvo siejamas su lasteliniu
atmetimu ir tubulitu, taCiau Siame darbe buvo palyginti nedidelis tubulito
atvejy skaicius, todél $is histologinis pozymis analizuotas nesilaikant Banfo
klasifikaciniy kriterijy gradavimo (10, t1, t2, t3), o sujungiant atvejus j dvi
grupes (t0 ir t1-3) [83]. Galbit dél mazos imties nebuvo gauta reikSmingo
ry$io tarp CXCL koncentracijos ir tubulito.

Taigi Sio darbo duomenys rodo chemokiny rysj su Giminio transplantato
atmetimo histologine iSraiSka (tiek lastelinio (v, 1), tiek antikiiny sukelto (g,
ptc)), taciau neradome aiSkiy sasajy tarp létinio transplantato pazeidimo
pozymiy ir chemokiny koncentracijos. Vis délto, panaSiai kaip Arnau ir
bendraautoriy publikuotame darbe, pastebéjome teigiama koreliacijg tarp
CXCL10/kre ir fibrozinio kraujagysliy intimos sustor¢jimo (cv) [103]. Yra
duomeny, kad CXCL10 dalyvauja inksty audinio fibrozés patogenezéje, nes
peléms, kuriy CXCL10 gamyba buvo uzblokuota, sukélus inksty pazeidima,
fibrozé buvo Svelnesné nei kontroliniy peliy [129].

II. Chemokiny CXCL9 ir CXCL10 rySys su kitomis inksto transplantato
patologijomis (poliomos BK viruso infekcija, rekurentiniu glomerulonefritu)

Chemokiny koncentracija buvo padidéjusi histologiskai patvirtintos
poliomos BK viruso nefropatijos atvejais ir reikSmingai nesiskyré nuo
transplantato atmetimo grupés. Tai atitinka ir literatiroje pateikiamus
duomenis [56, 84, 101]. Yra zinoma, kad CXCL10 koncentracija kraujyje ir
Slapime didéjo laipsniskai, esant skirtingo intensyvumo poliomos BK viruso
sukeltam pazeidimui, pradedant nuo asimptominés viremijos ir baigiant
poliomos BK viruso nefropatija bei transplantato funkcijos sutrikimu [101].

Idomu, kad abiejy chemokiny koncentracija buvo padidéjusi trombinés
mikroangiopatijos ir amiloidozés atveju, kiek maziau — inersticinio nefrito
atveju, taCiau esant difuzinei glomerulosklerozei, IgA nefropatijai ir
kalcineurino infibitoriy toksiSkumui, chemokiny koncentracija buvo maza.

Sio darbo tiriamyjy grupéje transplantato amiloidozé nustatyta tik vienam
pacientui, tai buvo AA tipo amiloidozé. Kadangi AA amiloidoz¢ yra su 1étiniu
uzsitesusiu uzdegimu susijusi liga, o chemokinai CXCL9 ir CXCL10 yra
prouzdegiminiai citokinai, todél tikétina, kad $iy chemokiny koncentracija
gali didéti sergant Sia liga [131].

Trombinés mikroangiopatijos atveju CXCL10 koncentracija buvo gerokai
daugiau padidéjusi nei CXCL9. Trombiné mikroangiopatija pasireiskia
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smulkiyjy kraujagysliy tromboze ir organy pazeidimu, kai aktyvinama
komplemento sistema [132]. Zinoma, kad CXCL10 dalyvauja trombinés
mikroangiopatijos patogenezéje, nes skatina uzdegima ir imuniniy lasteliy
migracija | pazeistas smulkigsias kraujagysles [133]. CXCL10 aktyvina T
limfocitus ir makrofagus, taip skatindamas uzdegimin] atsakg bei endotelio
pazeidimg. CXCL10 dalyvavimg trombinés mikroangiopatijos patogenezéje
pagrindzia ir tai, jog pacientams, sergantiems trombine mikroangiopatija,
nustatoma padidéjusi CXCL10 koncentracija [134]. O duomeny apie CXCL9
koncentracijos pokycius sergant trombine mikroangiopatija pateikiama mazai.

IgA nefropatijos patogenez¢ aiSkinama defektyvaus IgA1 ir antiktiny pries
ji susiformavimu bei atsidéjimu inkstuose, kur jie sukelia imuninj atsakg ir
tolesnj inksty audinio pazeidimg [135]. Misy tirtoje populiacijoje
griztamosios IgA nefropatijos transplantate atvejais CXCL9 ir CXCI10
koncentracija Slapime nebuvo padidéjusi. V. L. Kung ir bendraautoriy
publikuotame darbe buvo atlickama IgA vaskulitu serganciy pacienty odos
biopsijy bei IgA nefropatija ir su infekcija susijusiu glomerulonefritu
serganCiyjy inksto biopsijy transkripty tyrimas. Paaiskéjo, kad padidéjusi
CXCL9 transkripcija buvo buidinga tik su infekcija susijusio glomerulonefrito
bioptatuose [136]. Taigi Sie duomenys nepriestarauja misy darbo rezultatams.

IV. Chemokiny CXCL9 ir CXCL10 rySys su inksto transplantato prognoze

Sio tyrimo rezultatai rodo, kad padidéjusi CXCL9/kre ir CXCL10/kre
koncentracija ne tik koreliuoja su histologinio tyrimo rezultatu tuo metu, bet
ir prognozuoja transplantato iSeitis nepriklausomai nuo histologinio tyrimo
rezultaty. Misy duomenimis, padidéjusi CXCL9/kre ir CXCL10/kre
koncentracija didina galutinés stadijos transplantato nepakankamumo rizikg
atitinkamai 5,16 ir 3,25 karto.

Chemokiny sasajos su transplantato prognoze taip pat buvo vertintos ir kity
autoriy. Nustatyta, kad i$ ty pacienty, kuriems rasta maza (< 0,70 ng/mmol)
CXCL10 koncentracija, per 5 metus 95 % nepatyré nepalankiy iseiciy
(atmetimo, GFG sumaz¢jimo > 20 % ar transplantato praradimo), o i$
pacienty, kuriy CXCL10 koncentracija buvo padidéjusi, per 5 m. nepalankiy
i8ei¢iy nepatyreé tik 78 % [97]. Kity autoriy duomenys rodo, kad CXCL10/kre
koncentracija po 3 mén. nuo transplantacijos leido prognozuoti Giminj
transplantato atmetimg, kad ir kokie biity tuo metu atliktos protokolinés
transplantato biopsijos rezultatai, o autoriy nustatyta CXCL10/kre ribiné
reikSmé buvo 2,79 ng/mmol [89]. Taip pat viena publikacija parod¢, jog
didesné CXCL10 koncentracija 1 mén. po transplantacijos buvo susijusi su
blogesne transplantato veikla po 6 mén. nuo transplantacijos [130].
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Apie CXCL9/kre ir transplantato iSeitis publikacijy yra maziau. CTOT
studija, vertinusi CXCL9 reikSme inksto transplantato atmetimo diagnostikai,
parodé, kad maza CXCL9 koncentracija 6 mén. po inksto transplantacijos rodé
gerg transplantato prognoze (be atmetimo ar GFG mazéjimo rizikos) 6-24
mén. po transplantacijos, jy nustatyta neigiama prognostiné reikSmé buvo
92,5-99,3 % [96]. Misy duomenys rodo, kad CXCL9 prognostiné verté
nenusileidZia pla¢iau publikacijose nagrinétam chemokinui CXCL10.

Idomu, kad Siame darbe mazesné CXCL9/kre koncentracija buvo susijusi
su geresniu recipiento iSgyvenamumu: esant mazesnei nei 0,11 ng/mmol
koncentracijai, nebuvo uzfiksuota né vieno paciento mirties stebéjimo
laikotarpiu. Aptikta geresnio recipiento iSgyvenamumo tendencija ir
mazesnés CXCL10/kre koncentracijos recipienty grupgje, taciau reikSmingo
skirtumo nuo padidéjusios CXCL10/kre koncentracijos grupés vis délto
negauta.

V. I§vestiniy bendro kraujo rodikliy indeksy rySys su chemokinais CXCL9
bei CXCL10 ir transplantato atmetimu bei prognoze.

Misy ziniomis, literatiiroje dar néra publikuota duomeny apie funkcijy
biologijos indeksy naudojimg imunosupresuotiems ligoniams tirti. Kadangi
pacientai po inksto transplantacijos nuolat vartoja palaikomaja
imunosupresija, | kuriag daZniausiai jeina ir kortikosteroidai, smarkiai
veikiantys pagumburio—hipofizés—antinksciy asj ir turintys Siems hormonams
budinga poveikj audiniams, tai gali turéti jtakos ir funkcijy biologijos indeksy
reikSméms. Tikétina, jog funkcijy biologijos indeksy normos reik§més buvo
nustatytos tiriant populiacija, kurioje pacienty po inksto transplantacijos
galgjo ir nebiti, todél néra labai aisku, kaip vertinti indekso nuokrypj nuo
nustatyto normos reikSmiy intervalo — ar indekso reikSmé rodo inksto
recipiento sveikatos biiklés normos varianta, ar patologija.

CXCL9/kre ir CXCL10/kre reikSmés tiesiogiai koreliavo su adaptacijos ir
genitotiroidinio santykio indekso reikSmémis, taciau tik adaptacijos indekso
vertés reikSmingai skyrési normalios bei padidéjusios CXCL9/kre ir
CXCL10/kre koncentracijos grupése. Taip pat tik adaptacijos indeksas
reik§mingai padéjo atskirti histologiskai nustatyta transplantato atmetima nuo
normos ar kitos patologijos, nors ploto po kreive reikSmé nusileido chemokiny
ploto po kreive reikSméms, o 95 % PI vos vir§ijo slenksting reikSme. [domu,
kad daugumos pacienty, kuriems buvo atlikta transplantacija, adaptacijos
indekso reikSmés buvo mazesnés nei bendros populiacijos norma, o
»hormalios* ir padidéjusios adaptacijos indekso reikSmés buvo susijusios su
transplantato atmetimu ir kita, su atmetimu nesusijusia, transplantato
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patologija. Taip pat net ,,per mazos®, taCiau ar¢iau normos riby esancios
adaptacijos indekso reik§més buvo susijusios su transplantato atmetimu. Taigi
galima daryti prielaidg, kad pacienty, kuriems atlikta transplantacija,
vartojan¢iy palaikomajg imunosupresijg, adaptacijos indekso vertinimas ir
normos turéty biti kitokie nei bendros populiacijos.

Kadangi adaptacijos indeksas apskaiciuojamas dalinant eozinofilus i$
monocity  (vertinamy  procentine iSraiSka), deréty pasigilinti |
imunosupresanty ir atmetimo sasajas su Siomis kraujo Igstelémis. Yra zinoma,
kad imunosupresantai, tokie kaip kortikosteroidai, mazina eozinofily kiekj
kraujyje [137]. Taip pat yra duomeny, jog neretai pries prasidedant limfocity
sukeltam transplantato atmetimui gali biiti nustatoma eozinofilija, o
s¢kmingas tokio atmetimo gydymas kortikosteroidais sumazina eozinofily
kiekj kraujyje [138, 139]. Kiti imunosupresantai taip pat turi jtakos Sioms
kraujo lasteléms: kalcineuriny inhibitorius takrolimas mazina eozinofily kiekj
kraujyje skatindamas jy apoptoze [140], taciau monocity funkcijai didelés
klinikinés reikSmés neturi, tik veikia makrofagy poliarizacijg [141]. Vis délto
yra nustatyta, kad absoliutus monocity skaicius po transplantacijos sumaz¢ja,
taciau gali i8likti kai kuriy monocity subtipy gebéjimas produkuoti citokinus,
tarp jy ir gama interferong, o §is rusenantis uzdegimo Saltinis gali lemti
lastelinio atmetimo iSsivystyma [142]. Taigi apibendrinant galima teigti, kad
veikiant imunosupresantams, mazéja eozinofily kiekis kraujyje, todél
gaunamos mazesnés adaptacijos indekso reik§més. Jei imunosupresanty
poveikis eozinofilams mazéja, tai gali rodyti ir mazesnj S$iy vaisty
imunosupresinj efekta bei didéjancéig transplantato atmetimo rizikg. Tad
transplantato recipienty populiacijai negalima taikyti jprasty Sio indekso
normy interpretuojant adaptacijos indekso reikSmes. Reikia atlikti didesnés
apimties ir detalesn¢ analiz¢ norint nustatyti pacientams, kuriems atlikta
transplantacija, optimalias adaptacijos indekso reikSmes, lemiancias
maziausig transplantato atmetimo ir infekciniy komplikacijy rizika.

Tikétina, kad daugiausia informacijos apie pacientui, kuriam atlikta
transplantacija, optimalias adaptacijos indekso reik§mes galima gauti
vertinant to paties paciento adaptacijos indekso dinamikg ir jg sugretinant su
potransplantacine paciento sveikimo eiga: kokios indekso reik§més biina esant
stabiliai transplantato funkcijai, o kokios — vystantis atmetimui ar prasidedant
infekcinei ligai.

Endobiogenikos metodas adaptacijos indeksa, skai¢iuojamg dalinant
eozinofily porcentinj skaiciy i§ monocity procentinio skaiciaus, aiSkina kaip
AKTH aktyvumo santykinj palyginima su FSH aktyvumu, teigdamas, kad
eozinofily kiekis kraujyje atspindi AKTH aktyvuma, o monocity skaicius
atspindi FSH veikima, taciau tiesioginiy to jrodymy nepateikiama.

72



Yra zinoma, kad AKTH sukelia eozinofily kiekio sumazéjimg kraujyje
pirmiausia skatindamas gliukokortikoidy sekrecijg antinksCiuose [143].
Padidéjes gliukokortikoidy kiekis kraujyje mazina eozinofily iSgyvenamumag
ir slopina migracija, taip sumazinamas cirkuliuojanciy eozinofily kiekis [144].
Tiriant KuSingo sindromu sergancius pacientus, pastebéta, kad dideli
kortizolio kiekiai organizme yra susij¢ su eozinofily koncentracijos
sumaz¢jimu [145]. Padidéjusi gliukokortikoidy koncentracija ne tik mazina
eozinofily kiekj kraujyje, bet ir grjZztamojo ry$io mechanizmu slopina AKTH
sekrecijg. Taigi literatiiroje eozinofily kiekio sumazéjimas labiau siejamas su
padidéjusiu gliukokortikoidy aktyvumu nei su tiesioginiu AKTH veikimu.

Tiesioginiy jrodymy, siejanciy FSH aktyvumag su monocity koncentracija
kraujyje, nepakanka, taciau yra duomeny, jog padidéjusi FSH koncentracija
pomenopauzinio amziaus moterims yra susijusi su padidéjusiu monocity
kiekiu kraujyje, taip pat didesne plazmos prouzdegiminiy citokiny, tokiy kaip
TNF-a ir IL-6, koncentracija, o Sie savo ruoZtu siejami su monocity
aktyvinimu ir proliferacija [146]. FSH receptoriy randama ne tik kiausidziy
lastelése, bet ir monocituose, taciau gerokai maziau [147]. Tai leidzia
monocitams reaguoti ] FSH poveikj, bet signalo perdavimo mechanizmai
skiriasi nuo esanciy lytiniuose organuose, nes monocitai negamina cAMP
veikiant FSH, o cAMP yra dazniausias atsako j FSH kelias kiausidése [147].

Jei §iuo pozitriu vertintume misy turimus rezultatus, pacienty, kuriems
atlikta transplantacija, AKTH aktyvumas buty kur kas mazesnis (arba
kortikosteroidy (labiausiai tikétina — egzogeniniy, medikamentiniy)
aktyvumas biity didesnis), palyginti su FSH aktyvumu, o jei §is santykis ima
keistis AKTH aktyvumo (kortikosteroidinio poveikio susilpnéjimo) naudai,
kyla transplantato atmetimo rizika. Tyrimai rodo, kad kortikotropiné asis, taigi
ir AKTH sekrecija, biina slopinama pacientams po transplantacijos,
vartojantiems kortikosteroidus, taip pat Siems pacientams yra didesné
antinks¢iy nepakankamumo rizika [148]. Taigi Sie duomenys teoriskai atitikty
ir miisy gautus rezultatus, taciau norint patvirtinti arba paneigti §j ry$j, reikia
nuodugnesniy tyrimy.

Vienos studijos duomenimis, moterims recipientéms po transplantacijos
buvo nustatyta didesné FSH koncentracija, palyginti su sveikomis moterimis,
kurioms neatlikta transplantacija [149]. Vis délto kiti tyrimai rodo, kad sveiky
motery ir pacienciy po transplantacijos FSH koncentracija buvo panasi [150].
Tyrimai vyry populiacijoje, lyginantys serganciuosius létine inksty liga ir
pacientus po inksto transplantacijos, nustaté, kad FSH koncentracijos
reikSmingai nesiskyré [151]. Kity studijy duomenimis, dializuojamy vyry
FSH koncentracija buvo padidéjusi, o po transplantacijos, taip pat ir taikant
gydyma eritropoetinu, FSH koncentracija mazgjo ir buvo susijusi su
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pageréjusia spermatogeneze [152]. Taigi bendra tendencija yra ta, kad esant
inksty nepakankamumui, FSH koncentracija padidéja, o po transplantacijos ji
ima mazéti ir grjzta j sveikiems asmenims budingg lygj. Kadangi AKTH yra
smarkiai slopinamas vartojamy kortikosteroidy, tikétina, kad pacientams,
kuriems atlikta transplantacija, FSH santykinis aktyvumas ir poveikis
audiniams gali buti didesnis, palyginti su AKTH.

Misy gautais duomenimis, didesnis monocity ir limfocity santykis buvo
susijes su geresniu transplantato i§gyvenamumu. Vis délto reikéty atsizvelgti
1 tai, kad daugiau nei 90 % tiriamy pacienty §is santykis buvo padidéjes, taigi
lyginamos grupés buvo gana netolygios ir reikéty detalesniy tyrimy Siam
rySiui patvirtinti. Vis délto literatiiroje pateikiama duomeny, jog per mazas
limfocity skaiCius gali biiti susijes su blogesnémis transplantato iSeitimis
[153]. Taip pat kai kuriy monocity subtipy padidéjimas siejamas su blogesne
inksto transplantato funkcija [154]. Padidéjes monocity ir limfocity santykis
siegjamas su stipresniu uzdegimu ir didesne kardiovaskuliniy mirciy rizika
sergantiesiems létine inksty liga [155, 156]. Tac¢iau duomeny apie monocity ir
limfocity santykio rysj su transplantato prognoze rasti nepavyko.
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7. KLINIKINIS TAIKYMAS

Sio darbo rezultatai patvirtina, kad biozymenys CXCL9 ir CXCL10 leidzia
atskirti tuos inksto transplantato recipientus, kuriems yra transplantato
atmetimas, nuo ty, kuriy transplantato histologija yra normali arba jiems yra
kity su atmetimu nesusijusiy pakitimy. Kadangi chemokiny nustatymas
Slapime yra neinvazinis, palyginti nesudétingai atlieckamas tyrimas, jis galéty
biti pladiai taikomas recipientams po inksto transplantacijos stebéti:
reguliariai atliekant $lapimo chemokiny tyrima, jei chemokiny koncentracija
Slapime, tyrimo duomenimis, nepadidéjusi, tokiems pacientams galima
nedaryti protokoliniy inksto biopsijy ir taip iSvengti papildomy islaidy
sveikatos priezitrai bei diskomforto ir intervencijos sukeliamos rizikos
pacientui. Kita vertus, jei recipiento transplantato funkcija stabili, o §lapime
aptinkama padidéjusi chemokiny koncentracija, galima jtarti subklinikinj
inksto transplantato atmetima, todél tokiam pacientui buity indikuotina atlikti
transplantato biopsijg ir, patvirtinus atmetima, anksti skirti atmetimo gydyma,
taip uzkertant kelig transplantato funkcijos pablogé¢jimui ir transplantato
praradimui.

Vis delto chemokiny CXCL9 ir CXCL10 koncentracija Slapime gali
padidéti esant transplantuoto inksto poliomos BK viruso nefropatijai, ir Sis
padidéjimas nesiskiria nuo to, kuris biina transplantato atmetimo atveju, todél
diferencinei diagnostikai reikéty atlikti poliomos BK viruso DNR tyrimag
Slapime arba kraujyje.

Kadangi CXCL9 ir CXCL10 yra ankstyvi transplantato paZeidimo
zymenys, ankstyvesni nei transplantato funkcijai vertinti jprastai naudojamas
kreatininas, jie galéty biti naudojami sprendziant dél imunosupresijos
dozavimo ir skyrimo, pavyzdziui, esant normaliai chemokiny koncentracijai
Slapime, imunosupresijg biity galima sumazinti, o pradéjus didéti Siy Zymeny
koncentracijai — laiku padidinti imunosupresanty dozes [130]. Vis délto
tokioms prielaidoms pagristi reikia daugiau duomeny.

Dar vienas chemokiny tyrimo pranasumas atsirasty, jei chemokiny testa
pacientas galéty atlikti namuose, savistabai, panasiai kaip naudojami greitieji
(angl. point of care) testai kitoms bukléms (infekcijoms, néStumui)
diagnozuoti. Link tokio testo kiirimo jau einama, 2022 m. publikuotas
vokie¢iy mokslininky grupés straipsnis apie antikiino-aptamero hibridinj
Soninés tékmés testa CXCL9 nustatyti, Sio testo jautrumas ir specifiSkumas
sieké 71 % [157]. Toks testas leisty pacientams sekti transplantato biikle
namuose: jei testas chemokino padidéjimo nerodyty, pacientas galéty praleisti
vizita pas gydytoja nefrologa, o tai suteikty daugiau komforto toli nuo
transplantacijos centro gyvenantiems pacientams, sutaupyty laiko ir 13y tiek
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sveikatos priezitiros jstaigai, tiek pacientui. Kita vertus, jei greitasis
chemokiny testas aptikty padidéjusig Zymens koncentracijg, pacientas galéty
laiku ir tikslingai nuvykti pas nefrologg ir biity laiku koreguotas gydymas, taip
iSsaugant transplantato funkcijg kuo ilgiau.

Taigi chemokinyCXCL9 ir CXCL10 tyrimo duomenys neabejotinai
taikymas galéty prisidéti gerinant inksto transplantaty iSgyvenamumag ir
recipienty gyvenimo kokybe.

Taikant endobiogenikos metoda naudojami iBKT iki $iol nebuvo nagrinéti
pacienty, kuriems atlikta transplantacija ir kurie nuolat vartoja imunosupresinj
gydyma, populiacijoje, todél nebuvo pakankamai duomeny, kaip interpretuoti
indeksy vertes, kai pacientas naudoja kortikotroping asj veikiancius
medikamentus. Sis tyrimas parodé, kad tokiy pacienty populiacijai negalima
tiesiogiai pritaikyti pagal bendraja populiacijg sudaryty indeksy normos
reikSmiy intervaly, nes zZemiau bendrosios populiacijos normos esancios,
taciau artéjancios prie normos adaptacijos indekso reik§més gali rodyti
transplantato atmetimg. Kadangi tai pirmasis ir palyginti heterogeniska
pacienty, kuriems atlikta transplantacija, grup¢ jtraukes tyrimas, reikalingi
platesnés apimties tokiy pacienty tyrimai, leidZiantys nustatyti Sios
populiacijos normalias ir patologija rodancias eozinofily ir monocity santykio
reikSmes.

Siame darbe nagrinéti indeksai apskai¢iuojami jvertinant bendro kraujo
tyrimo rodiklius, o tai daug papildomy 1éSy nereikalaujantis ir lengvai
atlickamas tyrimas, kuris galéty suteikti papildomos informacijos gydytojui
pries apsisprendziant skirti iSsamesnius tyrimus dél galimos infekcijos ar
transplantato atmetimo, taip pat vertinant ligos eigg ar dozuojant
imunosupresantus, taciau dar reikéty papildomy platesnés apimties tyrimy.
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8. ISVADOS

CXCL9/kre ir CXCL10/kre koncentracija Slapime padidéja inksto
transplantato atmetimo atveju ir yra reikSmingai didesné nei
normalios histologijos arba su atmetimu nesusijusios transplantato
patologijos atveju.

CXCLY9/kre ir CXCL10/kre koncentracija yra didesn¢, esant labiau
iSreik§tam intersticiumo uzdegimui (i), peritubuliniam kapiliaritui
(ptc) ir kraujagysliy intimos uzdegimui (v). Glomerulitas yra
reikSmingai susije¢s tik su CXCL10/kre reikSmémis.

CXCLY9/kre ir CXCL10/kre koncentracija Slapime yra reikSmingai
padidéjusi esant poliomos BK viruso nefropatijai, palyginti su
normalios histologijos atvejais, taCiau nesiskiria nuo padidéjimo
transplantato atmetimo metu.

Padidéjusi CXCL9/kre ir CXCL10/kre koncentracija Slapime yra
susijusi su blogesniu inksto transplantato ir recipiento iSgyvenamumu.

Didesnis eozinofily ir monocity santykis yra reik§mingai susij¢s su

CXCL9/kre ir CXCL10/kre koncentracijos Slapime padidéjimu ir
inksto transplantato atmetimu.
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Introduction

Epidemiological studies show that CKD affects one in ten adults
worldwide [1]. According to the data of 2019, in absolute numbers, the
number of CKD patients worldwide amounted to more than 850 million
people [2]. When ESRD is reached, renal replacement therapy such as dialysis
or kidney transplantation is required. Between 3.0 and 27.8 kidney transplants
per 1 million population are performed worldwide every year [3].

In order to prevent the kidney transplant from being rejected by the
recipient’s immune system, patients need to take immunosuppressive agents
regularly. However, the average survival of a kidney transplant in different
countries varies between 8 and 12 years when a kidney is transplanted from a
deceased donor, and between 12 and 20 years when a kidney is transplanted
from a living donor [5].

The most common cause of kidney transplant loss is allograft rejection;
therefore, timely diagnosis and management of this entity is crucial so that to
prolong the kidney transplant survival.

The diagnosis of renal transplant rejection is evolving towards non-
invasive diagnostic methods to suspect or rule out renal transplant rejection in
an early manner, to avoid unnecessary graft biopsy, or to help monitor the
level of immunosuppression so that to adjust the administration of
immunosuppressive drugs accordingly. Extensive work has already been done
in the search for potential biomarkers of kidney transplant rejection in blood,
urine, and kidney biopsy material, as well as by analyzing proteins, RNA and
gene expression [47,54].

Among the potential biomarkers, chemokines are a feasible option. They
can be detected in both blood and urine. Chemokines are chemotactic
cytokines involved in various biological processes, such as angiogenesis,
hematopoesis, migration of leukocytes and other cells. The most promising
chemokine biomarkers in kidney transplantation are chemokine 9 (CXCL9)
and chemokine 10 (CXCL10).

CXCL9 (monokine induced by IFN-y) and CXCL10 (IFN-y-inducible
protein 10, IP-10) act through their shared receptor CXCR3 and have a
potential to attract NK cells, mononuclear cells, specifically activated T cells,
and B cells [158]. CXCL9 is a critical mediator of primed T cell trafficking in
transplant models. In animal models, CXCL9 has also been shown to stimulate
cytokine production by recruited T cells and promote Thl cell proliferation
through the induction of the transcription factors T-bet and RORyT and the
production of type-1 cytokines (IL-2, TNF, and IFN-y) [74,75,78].
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CXCL10 is constitutively expressed in stromal cells of lymphoid organs
(spleen, thymus, and lymph nodes), thereby suggesting a potential role in T-
cell development and effector functions [134]. CXCL10 is a biomarker for
tubulointerstitial kidney allograft inflammation irrespective of the etiology,
and it also tends to increase in antibody-mediated rejection with higher ‘g’,
‘ptc’ Banff scores [82]. In animal transplant models, both CXCL9 and
CXCL10 levels rapidly rise following reperfusion and during early rejection
of the liver, kidney, and heart [79-81].

AIM OF THE STUDY

The aim of this study was to evaluate chemokines CXCL9 and CXCL10
as potential biomarkers of kidney transplant rejection and to investigate their
relation to BoF indices.

OBJECTIVES OF THE STUDY

I.  To evaluate the properties of urinary biomarkers CXCL9 and
CXCL10 for the diagnosis of biopsy-proven kidney transplant
rejection.

II.  To examine the association of CXCL9 and CXCL10 with individual
histological lesions according to the Banff classification system.

II.  To evaluate the association of chemokines CXCL9 and CXCL10 to
other kidney transplant pathologies (polyoma BK virus infection,
recurrent glomerulonephritis).

IV.  To evaluate the influence of CXCL9 and CXCL10 on the prognosis
of kidney transplant.

V. To examine the relationship of derived indices with chemokines
CXCL9 and CXCL10 and graft rejection.

NOVELTY OF THE STUDY

This study examines the properties of chemokines CXCL9/kre and
CXCL10/kre to diagnose kidney transplant rejection. Although a number of
researches on this topic have already been published, and even though the
urinary chemokine CXCL10 has been studied in more detail as a potential
marker for the diagnosis of transplant rejection, while yet, there is less data on
CXCL9 in the literature. In this work, both CXCL9 and CXCL10 markers
were studied in the same cohort of patients. As a result,, so the work adds to
the existing data by comparing the characteristics of both chemokines. What
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is more, additional insights into the association of these markers to graft
survival are provided.

A completely new and unexplored topic is investigated in one of the tasks
of this work, specifically, - the connection of BoF indices (further named as
derived indices of complete glood count indicators, further abbreviated as —
diCBCi) with chemokines CXCL9 and CXCL10 and transplant rejection.
According to our dataTo the best of the knowledge of the author of this thesis,
so far, only a few articles have been published on the relationship of BoF
indices with various pathologies, but these indices have never been examined
in patients after kidney transplantation, nor are there any data available in
academia on the association of BoF indices with urinary chemokines CXCL9
and CXCL10. Since the immunosuppression used by patients can have a
significant influence on the values of the indices, the work provides valuable
data which are bound tothat change the interpretation of these indices
specifically in the population of immunosuppressed patients.

METHODOLOGY OF THE STUDY

Research ethics

The study was conducted in accordance with the Declaration of Helsinki.
To carry out this scientific work, Vilnius Regional Bioethics Committee
provided an ethics vote No. 158200-17-901-409. All patients included in the
study voluntarily agreed to participate in the biomedical study and signed the
informed consent form.

Research subjects

117 patients who underwent kidney allograft biopsy at the VULSK
Nephrology Center were included in the biomedical study.

Patient inclusion criteria:

- age >18 years;
- a protocol or indicative biopsy of the transplanted kidney was performed.

Patient exclusion criteria:

- anuria;

- a urine sample not taken before the graft biopsy;

- non-informative histological sample of the transplanted kidney (no
glomeruli in the sample, only medulla tissue taken).
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The study participants who signed the informed consent form were given
a container to collect a single mid-stream urine sample before the graft biopsy.
After collection, the urine sample was aliquoted into smaller 3—10 ml tubes
without additives, and the tubes were centrifuged, frozen and stored at -20°C.

Chemokine detection

Urinary CXCL9 and CXCL10 measurements were performed
retrospectively on midstream urine samples (collected before kidney biopsy
and stored at -20 °C without any additives) with the Human MIG (CXCL9)
Mini ABTS ELISA Development Kit (Peprotech, Catalog #900-M87) and the
Human IP-10 (CXCL10) Mini ABTS ELISA Development Kit (Peprotech,
Catalog #900-M39), respectively. All the procedures were carried out as
recommended by the manufacturer while using the ELISA reagents provided
within the ABTS ELISA Buffer Kit (Peprotech, Catalog #900-K00). Briefly,
for the CXCL9 measurement, the ELISA plate wells were coated overnight at
room temperature with 1 ug/mL Rabbit Anti-Human MIG (CXCL9) antibody,
whereas, for the CXCL10 measurement, the wells were coated overnight at
room temperature with 0.5 pg/mL Rabbit Anti-Human IP-10 (CXCL10)
antibody, washed, and then blocked. Each urine sample (100 pL per well) and
ELISA kit standards were tested in triplicate incubating for 2 h at room
temperature. After washing, biotinylated Rabbit Anti-Human MIG (CXCL9)
or IP-10 (CXCL10) secondary polyclonal antibody was added at 1 pg/mL or
0.25 pg/mL, respectively, and incubated for 2 h at room temperature. The
plates were then washed, and incubated with avidin-horseradish peroxidase
conjugate for 30 min at room temperature. After washing, the signal was
developed with ABTS substrate by incubating for 25 min for CXCL9
detection, and for 20 min for CXCL10 detection. The optical density (OD)
was read at 405 nm with a wavelength correction set at 650 nm by using a
Multiskan GO spectrophotometer (Thermo Scientific). The CXCL9 and
CXCL10 concentrations were calculated from standard curves by using the 4-
parameter logistic model curve fit in the OriginPro 8 (OriginLab) software.
The detection ranges were 16—1000 pg/mL for both CXCL9 and CXCL10.
Urine samples with measured ODs exceeding the OD of the 1000 pg/mL
standards were diluted and retested. To correct for different urine dilutions,
the excretion of urine proteins was normalized to urine creatinine (i.e., ng
protein/mmol creatinine).
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Clinical data collection

The demographic and clinical data of the patients were collected,
retrospectively, from the electronic medical history of VUHSK patients in the
Eli database. The clinical and demographic data included the patients’ age,
gender, date of transplantation, the number of previous transplants, complete
blood and biochemical blood tests, histological examination results,
immunosuppression used, acquired infectious diseases, the start of dialysis, or
the date of death. The clinical data were entered in MS Excel (Office 16,
Microsoft) program and transferred to the SPSS (SPSS 29.0, Inc, Chicago, IL,
USA) statistical program. A summary of the patients’ clinical and
demographic data is provided in Table 1.

Table 1. Clinical and demographic data of study participants

Cender Male, 1 (%) 74 (63.2)
Female, n % 43 (36.8)
Age Average age, years 43+13
eGFR at biopsy * mL/min/1.73 m? 39+18
Biopsy time after transplantation Median months [IQR] 20.0 [6-96]
First transplant: 1 (%) of patients90 (76.9)
. Sec.ond transplant: n (%) of 22 (18.8)
Number of transplantations patients
Thi.rd transplant: n (%) of 5 (43)
patients
Total life years on Median [IQR] 4.3[1.0-11.0]
immunosuppression
Hemoglobin at biopsy g/L 115.8 +19.8
BMI kg/m? 247 +4.8
Serum urea at biopsy mmol/L 204 +12.6
Normal histology, % 22.2
ABMR, % 214
Biopsy result (% of cases) g/[(ijigglre/;ection, % ZZ
BK virus nephropathy, % 4.4
Other abnormalities, % 35.9
Tacrolimus, % 66.7
Cyclosporine, % 25.6
fmmunosuppression Mycophenolate, % 93.2
Methylprednisolone, % 92.3
Azathioprine, % 2.6
Sirolimus, % 7.7
Tacrolimus, ng/mL 6.57 +3.78
Serum levels of . Cyclosporine, ng/mL (before 8474 49715
immunosuppressive agent dose)
Sirolimus, ng/mL 0.83+0.65
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Derived indices of complete blood cound indicators

The derived indices of complete blood count indicators were calculated
according to the formula used by the method of endobiogeny [115-119]. This
method was created by the French doctor Christian Duraffourd in the 20™
century [120]. His student Jean-Claude Lapraz patented an index system
which evaluated the human endocrine system activity through the indicators
of serum biochemistry and complete  blood count (patent numer

US2016/0132655A1).

Endobiogeny is based on a principle that the organism has its congenital
regulating mechanisms which aim to sustain the balance and optimal
functioning. The regulating systems include the endocrine system (hormone
regulation), the nervous system (regulation through neurotransmitters), and
the immune system (immune responce regulation).

In Lithuania, endobiogeny is classified as a group of biological effects
services in the field of natural and folk medicine in the primary health care of
a person, and its practitioners must have a license issued as an endobiogenic
specialist [121].

When applying the endobiogenic method, not only an anamnesis, a
physical examination of the patient, but also indices of functional biology are
used to assess the patient’s condition — these are indices calculated based on
the indicators of general blood and some biochemical blood tests to be
interpreted in the context of functional biology [116].

In this work, we used diCBCi calculated from the complete blood count
test taken from patients on days 1-7 before the graft biopsy. The indices were
named as they are called in the endobiogenic method; their names and
formulas are presented in the results section.

Statistical analysis

Quantitative variables were checked for normality by comparing medians
and means, assessing coefficients of asymmetry and skewness, and visually
reviewing histograms. If the variables followed a normal distribution, then we
reported the mean and the standard deviation (SD), whereas, if the variables
did not follow a normal distribution, we reported the median and the
interquartile range [IQR]. For some variables which did not follow a normal
distribution, a logarithmic transformation was applied for further analysis.

Qualitative variables are presented in frequencies. The data were assessed
for outliers, by noting extreme values (<0.005 and >0.995 quintiles).
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The Student t test (for normal distribution) and the Mann-Whitney U test
(for non-normal distribution) were used to compare the two groups. When
comparing more than two independent groups, the ANOVA or the Kruskal-
Wallis test was used, depending on the distribution. When comparing
proportions between two or more groups, chi-square was calculated.

Correlations between variables were assessed by calculating Pearson’s
correlation coefficients (for a normal distribution) or Spearman’s correlation
coefficients (for a non-normal distribution).

Hierarchical cluster analysis was performed to identify the associated
histological parameters.

Logistic regression was used to assess the impact of markers on the
diagnosis of kidney graft rejection.

The ability of biomarkers to distinguish graft rejection from any other
pathology or normal histology was assessed by plotting ROC curves and
calculating the area under the curve (AUC). The ROC curve was used to
calculate the Younden index, to determine the threshold values of the
biomarker, and to determine sensitivity and specificity.

The Kaplan-Meier methodology and Cox regression analysis were used to
analyze graft survival. The log rank test was used to compare the survival of
the groups, and the relationship of various factors (recipient gender, age,
creatinine concentration, BMI, histological lesion data, chemokine
concentration, derived indices) with the risk of loss of the graft function was
evaluated by using the Cox regression method.

A P-value of <0.05 was considered statistically significant. Statistical
calculations were performed with SPSS 29.0 (SPSS, Inc, Chicago, IL, USA).

RESULTS OF THE STUDY

I — Investigation of the properties of urinary biomarkers CXCL9 and
CXCL10 for the diagnosis of biopsy-proven kidney transplant rejection

The patients were divided into three groups according to the kidney
transplant histology: the rejection group, the normal histology group, and the
patients with non-rejection histology lesions group. Urinary CXCL9/cre and
CXCL10/cre levels were compared between all the above mentioned groups.

The median of CXCL9/cre levels in the rejection group (5.55 [IQR 1.04—
15.88] ng/mmol) was significantly higher than in the normal histology group
(0.00 [IQR 0.00-0.89] ng/mmol) and the other histology group (1.83 [IQR
0.00-9.54] ng/mmol), p <0.05 (Fig. 1).
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Fig. 1. Urinary CXCLY9/cre levels in patients with normal transplant histology,
allograft rejection and non-rejection allograft lesions.

The diagnostic performance of CXCL9/cre in discriminating transplant
rejection from normal histology was estimated by the receiver operating
characteristic (ROC) curve analysis. The ROC Area under the curve (AUC)
value was 0.857 (95% CI 0.771-0.943, p <0.001). The cut-off value of
CXCL9/cre that showed the best sensitivity (70.5%) and specificity (92.3%)
was 2.45 ng/mmol. We further tested the CXCL9/cre diagnostic performance
while discriminating rejection from all other histological groups (including
the normal histology and other histology abnormalities such as recurrent
glomerulonephritis, glomerulosclerosis, etc.). The ROC AUC value was 0.728
(95% CI 0.632—-0.824, p <0.001), the cut-off value of 0.11 ng/mmol resulted
in the best sensitivity (76.9%), and specificity (73.1%) (Fig. 2). The negative
predictive value was 82.5%, while the positive predictive value was 48.1%.
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Fig. 2. The ability of CXCL9/cre and CXCL10/cre to discriminate kidney
transplant rejection from all other allograft lesions and normal histology.

The median of CXCL10/cre levels in the rejection group (1.89 [IQR 0.57—
5.89] ng/mmol) was significantly higher than in the normal histology group
(0.18 [IQR 0.00-0.37] ng/mmol) and the other histology group (0.64 [IQR
0.22-1.47] ng/mmol), p <0.05 (Fig. 3).
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Fig. 3. Urinary chemokine CXCL10/cre levels in patients with normal
histology, allograft rejection and non-rejection histology lesions.

ROC AUC value for CXCL10/cre discriminating transplant rejection from

normal histology was 0.827 (95% CI10.729-0.925, p <0.001) (Fig. 2). The cut-
off value of CXCL10/cre that showed the best sensitivity (75.6%) and

105



specificity (88.5%) was 0.65 ng/mmol. The ability of CXCL10/cre to
discriminate transplant rejection from all other histological groups had an
ROC AUC value of 0.73 (95% CI 0.63-0.84, p <0.001), the cut-off value 0.42
ng/mmol with best sensitivity (71.4%) and specificity (84.6%). The negative
predictive value was 78.7%, while the positive predictive value was 48.6%.

CXCL/cre ability to discriminate ABMR and TCMR

Patients with allograft rejection were divided into antibody-mediated
(ABMR), T cell-mediated (TCMR) and mixed rejection groups according to
the Banff classification criteria. The medians of chemokine levels in different
rejection type groups are presented in Table 2.

Table 2. Urinary CXCL9/cre and CXCL10/cre levels in different types of
kidney transplant rejection.

Chemokine Normal histology | ABMR TCMR (n=9), | Mixed rejection
(n=26), (n=25), median [IQR] | (n=10),
median [IQR] median [IQR] median [IQR]
CXCLY/cre, 0.00 5.52 7.76 4.26
ng/mmol [0.00-0.89] [2.65-13.03] [0.38-26.36] [0.84-25.20]
CXCL10/cre, 0.17 1.95 1.26 1.78
ng/mmol [0.00-0.37] [0.82-6.85] [0.00-8.21] [0.58-4.49]

The levels of CXCL9/cre were significantly higher in the ABMR and mixed
rejection groups compared to normal histology, however, the CXCL9/cre levels
did not differ between the TCMR and the normal histology groups (Figure 4).
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Fig. 4. CXCL9/cre levels in different types of kidney transplant rejection and
normal histology.
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The CXCL10/cre levels were compared between different types of
rejection, and the obtained results revealed significantly higher levels of this
chemokine in each type of rejection compared to the normal histology;
however, they did not differ between each type of rejection (Fig. 5).
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Fig. 5. Urinary CXCL10/cre levels in different types of allograft rejection.

The TCMR and mixed rejection cases were excluded from further analysis,
leaving only cases with pure ABMR, normal histology, and other histology
lesions (without rejection). CXCL9/cre ability to discriminate ABMR
demonstrated an ROC AUC value of 0.73 (95% CI 0.62-0.84, p <0.001). The
CXCL10/cre ROC AUC value was higher, specifically, 0.75 (95% CI 0.63-0.87,
p<0.001).

We further tested chemokine’s ability to detect TCMR; therefore, we excluded
cases with ABMR and mixed rejection from further analysis. There were 9 cases
of TCMR and 73 cases of normal or other histology. The ROC analysis of
CXCLY/cre and CXCL10/cre showed AUC values of 0.67 (95% CI 0.47-0.86, P
>0.05) and 0.61 (95% CI 0.35-0.86, P >0.05), respectively, thus revealing a poor
ability to identify pure TCMR from normal or other histology lesions. We
removed all polyoma BK cases (n=5) from further analysis, however, this did not
improve the CXCL9/cre and CXCL10/cre values significantly (CXCL9/cre ROC
AUC was 0.68, and CXCL10/cre ROC AUC was 0.63, but p >0.05).

II — Association of CXCL9 and CXCL10 with histological lesions
according to the Banff classification system

Firstly, Spearman correlation analysis with chemokine levels and

quantitatively evaluated histology lesions (according to the Banff
classification system) was performed.
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Table 3 shows that both CXCL9/cre and CXCL10/cre significantly
correlated with the scores of glomerulitis (g), inflammation of peritubular
capillaries (ptc), and inflammation of the interstitium (i). Other lesions such
as transplant glomerulopathy (cg), tubulitis (t) and arterial inflammation (v)
correlated significantly with CXCL10/cre but not with CXCL9/cre values.
Hierarchial cluster analysis showed association of both chemokines with
tubulitis, interstitial inflammation, and arterial inflammation (Fig. 6).
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Fig. 6. Association between chemokines and Banff histology lesions, as
revealed by hierarchial cluster analysis.

When the subjects were grouped according to the scores of each of the
Banff criteria, the CXCL9/kre and CXCL10/kre levels were significantly
higher in patients with more pronounced interstitial inflammation and
peritubular capillaritis in biopsies (Fig. 7). Both chemokine concentrations
were higher in patients with tubulitis: the median CXCL9/cre was 2.94
ng/mmol [IQR 0.00-11.85 ng/mmol] compared to a median of 1.45 ng/mmol
[IQR 0.00-6.00 ng/mmol] in patients without tubulitis, p <0.01. The mean
concentration of CXCL10/cre was also higher in the tubulitis group (1.26
ng/mmol [0.17-3.93 ng/mmol]) compared to the non-tubulitis group (0.51
ng/mmol [0.17-1.82 ng/mmol]), p <0.05.

A higher concentration of either of both chemokines was also found in
patients with glomerulitis, arterial inflammation, but only CXCL9/cre
concentration was higher in patients with pronounced interstitial fibrosis,
although all these findings were not statistically significant.
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Fig. 7. Boxplots showing increased urinary CXCL9/cre and CXCL10/cre
levels in higher scores of Banff histology lesions.

After performing univariate linear regression analysis with chemokine
concentrations and obtaining the Banff criteria scores, it was found that
interstitial inflammation (i), peritubular capillaritis (ptc) and vascular intimal

inflammation (v) were significantly related to logarithmic CXCL9/cre values

(see Table 4).

Table 4. Univariate linear regression analysis with chemokine CXCL9/cre

concentrations and BanfT criteria scores.

Banlff criteria Regression coefficient + SE p value
g 0.273 £0.117 0.145
cg 0.022 £0.109 0.844
mm -0.27 £ 0.097 0.779
t -0.121 £0.105 0.254
ptc 0.183 £ 0.088 0.040%*
i 0.478 £ 0.153 0.002*
ci 0.089 =0.128 0.486
ct 0.027 £0.148 0.854
v 0.648 £ 0.234 0.007*
cv -0.041 +0.082 0.614
ah -0.047 £ 0.072 0.510

* - p value <0.05.
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The influence of the Banff criteria on CXCL9/cre concentration was
further examined by using multivariate linear regression: in the created model,
the Banff criteria i, ¢, as well as the most influential criterion v remained
significant (see Table 5).

Table 5. Banff criteria ptc, i and v remained significant in multivariate linear
regression analysis model.

Banff criterion Regression coefficient + SE p value
ptc 0.234+0.079 0.004*
i 0.362+0.114 0.002*
v 0.688 £ 0.227 0.003*

Determination coefficient R? = 0.231. Constant 0.300, p <0.001.

When further examining the influence of the Banff classification
histological criteria on the urinary CXCL10/cre concentration, univariate
linear regression revealed that criteria i, v, and g were significant (see Table
6). They were included in a multiple linear regression model, where they
retained their significance (see Table 7).

Table 6. Univariate linear regression analysis with chemokine CXCL10/cre
concentrations and Banff criteria scores.

Banff criterion Regression coefficient + SE p value
g 0.234+0.108 0.053
cg 0.087 +0.101 0.391
mm 0.016 = 0.090 0.860
t 0.036 = 0.097 0.713
ptc 0.159 +0.081 0.040*
i 0.422 +0.141 0.004*
ci -0.110+0.118 0.355
ct 0.110 £ 0.137 0.421
v 0.662 £ 0.216 0.003*
cv 0.004 £ 0.075 0.960
ah -0.043 £ 0.062 0.520

* - p value <0.05.
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Table 7. Significance of Banff criteria g, i, and v as confirmed by multivariate
linear regression analysis, in determining CXCL10/cre levels.

Banff criterion Regression coefficient + SE p value
g 0.318 £ 0.094 0.001*
i 0.427 +£0.104 <0.001*
v 0.318 £ 0.094 0.001*

Determination coefficient R? = 0.269. Constant -0.182, p <0.001.

IIT — Association of chemokines CXCL9 and CXCL10 to other kidney
transplant pathologies (polyoma BK virus infection, recurrent
glomerulonephritis)

Of the 117 subjects, 5 (4.3%) patients had biopsy-proven polyoma BK
virus nephropathy. The medians for CXCL9/cre and CXCL10/cre levels in
these patients were 9.91 [IQR 3.58-24.49] ng/mmol and 4.94 [IQR 1.10—
18.88] ng/mmol, respectively. These concentrations were significantly higher
compared to the concentrations in the normal histology group (p <0.05), but
were not significantly different from the median chemokine concentrations in
the rejection group.

Chemokine levels were analyzed in patients with histological diagnoses
other than rejection: diffuse glomerulosclerosis was found in 17 patients,
thrombotic microangiopathy without rejection in 3 patients, IgA nephropathy
was established in 3 patients, interstitial nephritis was observed in 3 patients,
signs of calcineurin inhibitor toxicity were found in 8 patients, and AA
amyloidosis was detected in 1 patient. Levels of both chemokines were
elevated in thrombotic microangiopathy, amyloidosis, and, to a lesser extent,
in interstitial nephritis, but chemokine levels were low in diffuse
glomerulosclerosis, IgA nephropathy, and calcineurin inhibitor toxicity (see
Figures 8-9).
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Fig. 8. CXCLY/cre levels in patients with non-rejection kidney allograft
pathology.
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Fig. 9. CXCL10/cre levels in patients with non-rejection kidney allograft
pathology.

IV — Chemokines CXCL9 and CXCL10 and kidney transplant survival

The association between chemokines and graft survival (i.e., the time from
kidney biopsy to the initiation of permanent dialysis) was examined. Multiple
Cox regression analysis was performed. Patients with elevated (>0.11
ng/mmol) CXCLY9/cre were at an increased risk of developing end-stage renal
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graft failure (HR 5.16, 95% CI 1.85-14.42, p <0.01), independent of the
patient’s age, sex, serum creatinine conc. during biopsy and histologically
determined rejection diagnoses. Of all patients with elevated CXCL9/cre,
40.3% required initiation of dialysis during the follow-up period, compared to
12.5% of patients with low CXC9/cre (p <0.05) (see Fig. 10). The overall
median follow-up period for both groups was 15.0 months [CI 6.0-58.0].

Graft Survival

10 CXCL9Icre levels
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—1==0.11 ng/mmaol
1 <0.11 ng/mmaol-censored
08 . —+—>=0.11 ng/mmal-censorad
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Cum Survival

00

00 20,00 40,00 60,00 80,00

Time, months

Fig. 10. Allograft survival in patients with low and high levels of CXCL9/cre.

Patients with increased CXCL10/cre levels (>0.42 ng/mmol) were also
more likely to start dialysis; the odds ratio was 3.25, 95% CI 1.27-8.36,
p=0.01. Only 12.8% of patients with low CXCL10/cre levels started dialysis
compared to 42.9% of patients with elevated CXCL10/cre levels (p <0.05)
(see Fig. 11).
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Fig. 11. Kidney transplant survival in patients with low and increased levels
of urinary CXCL10/cre.

Chemokines and recipient survival

The influence of chemokines on recipient survival was further analyzed.
Among patients with CXCL9/kre levels <0.11 ng/mmol, there were no deaths
during the entire follow-up period, whereas, among patients with elevated
CXCLY/kre levels (77), only 69 (89.6%) patients survived, p <0.05. The
survival curve is shown in Figure 12.
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Fig. 12. Recipient survival Kaplan-Meier curve comparing patients with
normal and increased levels of urinary CXCL9/cre.
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Of 47 recipients with CXCL10/cre <0.42 ng/mmol, 45 (95.8%) patients
survived compared to 91.4% of recipients with an increased CXCL10/cre
value. The median survival in the low and high CXCL10/cre groups was 74.6
and 66.8 months, respectively, but it did not differ significantly (p >0.05). The
survival curve is shown in Figure 13.
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Fig. 13. Recipient survival Kaplan-Meier curve comparing patients with
normal and increased levels of urinary CXCL10/cre.

V — Relationship of diCBCi with chemokines CXCL9 and CXCL10
and graft rejection

We calculated diCBCi according to the formulas used in the practice of
endobiogenic medicine [89]. In the present work, we used only those diCBCi
values which could be derived from the complete blood count parameters. The
complete blood count test was performed 1-7 days before the kidney
transplant biopsy and urine sample collection for chemokine detection.
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Table 7. diCBCi median values in a cohort of 117 kidney transplant recipients
and the percentage of patients with normal, lower-than-normal, or higher-
than-normal index values. diCBCi index formulas are presented in the Table.

% of patients

% of Patients % of Patients

with a

Index Formula Normal Limits Median with a LOW NORMAL with a HIGH
Index Value Index Value
Index Value
Adaptation Eos/Mon 0.25-0.50 0.11 [0.07-0.21] 76.9 12.0 11.1
(PLT x Neu x
LMI HgB)/(30,000x 0.85-1.15 0.76 [0.60-0.92] 59.8 32.5 7.7
WBCs)
PLT/(60 x
PMI RBCs) 0.85-1.15 0.85[0.66-1.11] 47.9 342 17.9
Starter LMI/PMI 0.85-1.15 0.90 [0.67-1.18] 42.7 30.8 26.5
GT
Cata-Ana ratio/(Genital 'y o 5 499 [2.92-8.00] 68 239 69.2
ratio x Starter
index)
GT ratio Neu/Lymph  1.50-2.50 3.07 [2.19-4.21] 10.3 30.8 59.0
Genital ratio RBCs/WBCs  0.80-0.95 0.63 [0.45-0.76] 76.1 16.2 7.7
. . Genital ratio
Adjusted Genital . 4 Starter 0.85-1.05 0.58 [0.30-0.86] 70.1 17.1 12.8
ratio .
index
GT
Adrenal Gland ratio/(Genital 2.70-3.30 7.61 [4.01-16.37] 12.0 12.8 75.2
ratio)?
Cata-ana
Cortisol index/Adaptat 3-7 37.42 [16.42-111.53] 2.6 14.5 82.9
ion index
Cortisol/Adrenal
Gland Ratio 3 19.7 18.8 61.5
TRH reactivation Mon/Lymph 0.05-0.25 0.44 [0.29-0.59] 1.7 15.4 82.9

Eos — eosinophils (in %), Lymph — lymphocytes (in %), Mon — monocytes (in %),
Neu — neutrophils (in %), PLT — platelets (in units/mm?, i.e., 185,000), RBCs — red
blood cells (in thousands/mm?, i.e., 4400), and WBCs — white blood cells (in
units/mm?, i.e., 6100).

The median of each diCBCi was calculated in the whole patient cohort, as
presented in Table 7. Only a minority of individuals (12-34%) had diCBCi
values assumed as normal, according to the general population data. More
than 50% of the patients had low adaptation, LMI, genital, and adjusted genital
ratio indices, while other indices associated with catabolism or activation of
the corticotropic axis (Cata-Ana, GT ratio, adrenal gland, and cortisol indices)
were high in >50% of the patients. In the subgroup of the patients with normal
kidney transplant histology (no rejection or other abnormalities), these
tendencies were even more prominent: a higher percentage of patients had low
adaptation, LMI, PMI, genital, and adjusted genital ratio indices, as well as a
high corticotropic axis index (see Table 8).
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Table 8. Patients with normal transplant histology: percentage of patients
with low, normal, and high values of each diCBCi.

% of Patients with a LOW % of Patients with a % of Patients with a HIGH

Index

Index Value NORMAL Index Value Index Value

Adaptation 96.2 0 3.8

LMI 65.4 30.8 3.8

PMI 50.0 38.5 11.5
Starter 38.5 26.9 34.6
Cata-Ana 115 19.2 69.2
GT ratio 154 34.6 50.0
Genital ratio 84.6 7.7 7.7

Adjusted Genital ratio 73.1 15.4 11.5
Adrenal Gland 115 3.8 84.6
Cortisol 3.8 7.7 88.5
TRH reactivation 0 7.7 92.3

diCBCi and urinary chemokines CXCL9 and CXCL10

First, a correlation analysis was performed to assess the relationship
between diCBCi and chemokines. The Spearman correlation coefficient was
calculated; its results are presented in Table 9. A direct significant correlation
was found between the adaptation index, the geniro-thyroid index, and
CXCLY9/cre and CXCL10/cre.

Table 9. Correlations of CXCL9/cre and CXCL10/cre with diCBCi.
Statistically significant correlations are marked with * when p <0.05 and **

when p <0.01.
Index CXCL9/cre CXCL10/cre
Cata-Ana 0.175 0.097
Adaptation 0.202* 0.318**
Adrenal Gland 0.083 0.061
Cortisol -0.053 -0.150
Genital ratio 0.059 0.113
Adjusted Genital 0.020 0.097
LMI 0.08 0.079
PMI 0.061 -0.068
Starter -0.020 0.077
GT ratio 0.316** 0.231*
TRH reactivation 0.183 0.171

The medians of CXCL/cre in the groups of an increased, normal and
decreased adaptation index and the genital-thyroid ratio index were
calculated. Only the adaptation index values were significantly increased in
patients with higher levels of urinary CXCL9/cre and CXCL10/cre (see Table
10).
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Table 10. Median index values in patients with normal or elevated urinary
chemokine levels.

Chemokine | Chemokine | Adaptation index | P GT ratio index | P
levels median [IQR] value | median [IQR] | value
CXCL9/cre | Normal 0.1 0.008 | 2.69 0.134
[0.06—0.16] [1.89-3.73]
Increased 0,14 3.19
[0.08-0.29] [2.25-4.55]
CXCL10/cre | Normal 0.09 0.003 | 2.76 0.538
[0.05-0.14] [2.02-3.68]
Increased 0.16 3.19
[0.09-0.31] [2.23-5.34]

diCBCi and kidney transplant rejection

The patients were divided into two groups according to the histological
diagnosis: patients without rejection on histology (non-rejectors: » = 70) and
patients with transplant rejection (rejectors: n = 41). The index values were
compared between the two groups by using the Mann-Whitney test (see Table
11). The adaptation index was significantly higher in patients with biopsy-
proven transplant rejection, while the ratio of cortisol to the adrenal gland
index was significantly higher in the non-rejector group. The latter group
included cases with normal histology and other-than-rejection histology
abnormalities  (e.g., recurrent  glomerulonephritis and  global
glomerulosclerosis). The same significant results were observed when the
indices were compared between the pure normal histology (n = 26) and
rejection groups.
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Table 11. Median [IQR] diCBCi values in patients with biopsy-proven transplant rejection and patients with no rejection (normal
histology or other histological abnormalities such as global glomerulosclerosis or recurrent glomerulonephritis).

Parameter Rejectors n-rejectors, p value
(median [IQR]) (median [IQR])
Age, years 46.0 [36.0-58.0] 46.0 [31.0-55.5] 0.585
BM], kg/m? 24.6 [21.6-29.0] 23.3[20.7-27.9] 0.117
Overall years on immunosuppression. 6.0 [1.0-11.0] 3.0 [0.75-11.0] 0.330
Creatinine conc. (umol/l) at biopsy 216.0[150.3-371.5] 165.5[119.5-318.5] 0.055
Creatinine conc., (umol/l), 3 months after biopsy 187.0 [137.0-388.0] 137.0 [105.0-219.5] 0.031*
Tacrolimus conc., ng/ml 4.914.0-10.3] 5.8 [4.3-7.2] 0.797
Leukocytes, 10e9/1 6.4 [5.1-8.7] 6.8 [5.6-8.4] 0.634
Neutrophils, % 65.8 [60.0-72.4] 66.0 [58.7-71.3] 0.545
Lymphocytes, % 21.6[17.7-27.5] 21.2[16.2-28.4] 0.876
Monocytes, % 8.2 [7.0-10.8] 9.5[8.0-11.4] 0.046*
MMF dose, g 1.5[1.0-2.0] 2.0 [1.4-2.0] 0.166
diCBCi
Adaptation 0.1510.09-0.43] 0.10[0.05-0.18] 0.009 **
LMI 0.80[0.61-0.96] 0.71 [0.58-0.90] 0.172
PMI 0.79 [0.64-1.09] 0.87[0.66—1.12] 0.621
Starter 0.98 [0.70-1.27] 0.87 [0.64-1.15] 0.236
Catabolism- anabolism 4.5[2.91-8.29] 5.02[3.01-8.01] 0.779
GT ratio 2.98 [2.23-4.06] 0.62 [0.44-0.72] 0.908
Cortisol 29.54 [10.21-87.94] 47.39 [18.50-126.40] 0.157
Genital ratio 0.67 [0.45-0.80] 0.62[0.44-0.72] 0.460
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Cortisol and Adrenal Gland Index ratio

The cortisol index should be interpreted together with the adrenal gland
index; normally, this ratio should be ~3. In our cohort, only 22 (18.8%)
patients had a normal cortisol/adrenal gland index ratio. In this group of the
normal ratio patients, only 9.1% had a normal renal histology, whereas 31.8%
experienced transplant rejection, and 59.1% had other abnormalities on kidney
biopsy. Furthermore, 13.6% of the patients lost their transplant during the 12
months after graft biopsy, 50% of the patients had a functioning graft 1 year
after the biopsy, and 36.4% of the patients had less than 12 months of the
follow-up.

The patient group with an increased cortisol/adrenal gland index ratio had
significantly fewer transplant rejection cases (31.9%) compared to the patients
with a low cortisol/adrenal gland index ratio (60.9%; p < 0.05); however, the
cortisol/adrenal gland index AUC for discriminating the patients with
transplant rejection was only 0.356 (CI 0.246-0.467).

A total of 91% of the patients with a low cortisol/adrenal gland index ratio
received methylprednisolone (median dose: 8 mg), while 92% of the patients
with a high cortisol/adrenal gland index ratio received methylprednisolone
(median dose: 6 mg). The median times (months) after the transplantation in
groups with low, normal, and high ratios were 36.00, 81.00, and 12.00,
respectively, but significantly differed only between the groups with normal
and high ratios (p < 0.05).

Adaptation index and allograft rejection

Our data analysis revealed that more than two-thirds of the kidney
transplant recipients had a decreased adaptation index, while patients with
biopsy-proven transplant rejection had significantly higher adaptation index
values. The ROC analysis of the adaptation index showed an AUC value of
0.649 (95%CI 0.540-0.759) for detecting biopsy-proven kidney transplant
rejection (see Figure 14).

122



10 ROC Curve for the Diagnosis of Graft rejection

08

06

Adaptation Index (Eos/Mon)

sensimviny

IAUC 0.649 (95%CI D.54(P0.?59j

04

02

u'%.ﬂ 02 0.4 06 08 10
1 - Specificity

Fig. 14. Adaptation index ROC curve for discriminating patients with and
without kidney transplant rejection.

diCBCi and kidney transplant survival

The patients were divided into two groups: one group included patients
with graft loss within one year after the biopsy (n = 18), while the second
group included patients without graft loss within one year after the biopsy.

Non-parametric statistical tests (specifically, the Mann-Whitney U test)
were performed to compare different characteristics between the graft loss
group and the patients with a working graft (see Table 12). Only the serum
creatinine levels were significantly higher in the graft loss group; however,
there was a tendency towards a lower genital ratio, starter, and adjusted genital
ratio in the graft loss group, although these differences were not significant.
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Table 12. Characteristics and diCBCi in patients with and without graft loss

during the follow-up of 12 months after kidney biopsy.

Graft Loss

No Graft Loss

Characteristics (Median [IORI) (Median [IOR]) p-Value
Patient age 31.50 [28.00-56.50] 43.50 [31.2-53.75] 0222
BMI 21.92 [20.62-26.00] 24.62 [20.82-28.69] 0431
Creatinine at biopsy, pmol/l 430.00 [294.50-472.50] 155.00 [121.00-231.00] <0.001 *
Creatinine at 1 month after biopsy, ;- 5 1146 00 5314.00] 216.18 [110.75-247.50] 0.042
umol/l

Creatinine 3 months after blopsy, 53 50 1251 55 356.25] 128.00 [108.00-175.00] 0043
pumol/l y

E::i;;?me 6 months afterbiopsy, 3¢5 55 (313 5506.5] 153.00 [108.50-218.00] 0.023 *
Biopsy time after transplantation 48.50 [11.50-107.5] 16.00 [8.00-73.50] 0.161
C-reactive protein 1.03 [0.29-8.25] 1.70 [0.90-3.77] 0.932
Tacrolimus level, ng/ml 5.00 [3.68-7.68] 5.90 [4.00-7.70] 0.780
Mycophenolate dose, g 1.5[1.0-2.0] 2.0 [1.4-2.0] 0.166
Steroid dose, mg 8.00 [4.00-9.00] 4.00 [4.00-8.00] 0119
BoF Indices:

Adaptation 0.11 [0.04-0.28] 0.12 [0.07-0.20] 0.838
Cata-Ana 6.98 [3.08-19.96] 4.80 [2.576.78] 0.735
GT ratio 3.94 [2.32-7.56] 2.91 [2.08-3.62] 0378
Cortisol 58.24 [9.87-155.48] 39.25 [14.51-95.47] 0.776
Genital ratio 0.4 [0.39-0.69] 0.64 [0.45-0.80] 0.067
Adrenal gland 12.44 [4.50-41.89] 7.48 [3.17-15.33] 0378
TRH reactivation 044 [0.19-0.72] 0.42 [0.30-0.52] 0.838
LMI 0.59 [0.50-0.88] 0.80 [0.62-0.97] 0197
PMI 0.90 [0.76-1.11] 0.75 [0.63-1.04] 0.154
Starter 0.73 [0.49-1.03] 1.03 [0.76-1.27] 0.067
Adjusted genital ratio 0.310.16-0.72] 0.69 [0.35-0.96] 0.067

DISCUSSION

I.  Properties of urinary biomarkers CXCL9 and CXCL10 for the diagnosis
of biopsy-proven kidney transplant rejection

The results of this work have shown that both chemokines, CXCL9 and
CXCL10, have good discriminatory properties in distinguishing graft
rejection from the normal histology and, to a lesser extent, rejection from any
other graft pathology. The results of this work are in agreement with the data
already published in the literature. In a study published by Loon and co-
authors, the area under the ROC AUC value for urinary chemokine
logCXLCY/cre in the diagnosis of acute renal transplant rejection was 0.72
[109]. In our data, the ROC value for CXCL9/cre was similar, notably, 0.73.

For the ability of CXCL10/cre to differentiate antibody-mediated rejection
from other non-rejection-related histological groups, we have found a ROC
area under the curve value of 0.75. At least two independent authors obtained
a relatively close ROC value of 0.76 for CXCL10/cre [125,126]. Meanwhile,
other authors obtained the ROC values for CXCL10/cre equaling to 0.70 or
0.74 198,109].
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According to our data, only chemokine CXCLY9/cre showed sufficient
discriminative properties in distinguishing cellular rejection from the normal
histology, but not from all other non-rejection histological groups. AUC
values for CXCL10/cre were insufficient to differentiate cellular rejection
from normal and from all other histological groups. However, Ho et al.
reported that the ROC value of CXCL10 was 0.81 (95% CI 0.74-0.88) in
distinguishing between cellular rejection, and 71 cases of moderate and severe
cellular rejection were included in this study. It is likely that such differences
could have been obtained due to the fact that there were only 9 cases of cellular
rejection in our study group of patients.

However, neither the CXCL9/cre markers nor the CXCL10/cre markers
allow the diagnosis of the type of graft rejection (ABMR versus TCMR). In
general, the treatment of graft rejection is different for each of these types:
antibody-mediated rejection is treated with plasmapheresis, intravenous
immunoglobulin, rituximab, whereas cellular rejection is treated with steroid
hormone infusion or antithymocyte immunoglobulin [43,27,128]. Thus,
chemokine markers alone are not sufficient for an accurate diagnosis of
rejection, and therefore a biopsy of the kidney graft is required before the
initiation of treatment.

In this work, the threshold value for CXCL10/cre to distinguish rejection
from other histological findings was set at 0.42 ng/mmol. The threshold values
are fairly varied in the literature. The optimal CXCL10/cre threshold for
subclinical rejection was 1.535 ng/mmol, whereas the CXCL10/cre threshold
for clinically significant rejection was 2.586 ng/mmol in the study by
Minkowski et al. [82]. However, in this study, graft rejection was evaluated
according to only three histological lesions of the Banff classification system
— inflammation of the interstitium (i), tubulitis (t) and inflammation of the
vascular intima (v), and subclinical and clinically expressed graft rejection
was interpreted as rejection in protocol and indication graft biopsies,
respectively. Other authors reported a cut-off value of 0.43 ng/mmol for
CXCL10/cre to distinguish rejection from all other histological groups, and
this result is very close to our data [71,98].

In this study, CXCL9/cre had a good negative predictive value (82.5%)
and a small positive prognostic value (48.1%). In the CTOT-01 consortium
study, higher predictive values of CXCL9 in the diagnosis of acute graft
rejection were obtained: the positive value was 67%, whereas the negative
value was 96% [96].

Miihlbacher and co-authors reported that CXCL9, but not CXCL10, has
value in the diagnosis of subclinical late antibody-mediated graft rejection in
the presence of elevated DSA titers [72].
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Based on our work comparing the properties of CXCL9 and CXCL10
biomarkers in the diagnosis of kidney transplant rejection, it can be stated that
CXCL9/cre better identifies rejection (both overall, cellular and antibody-
mediated) from normal histology, but equally well as CXCL10/cre
differentiates rejection from all other histological groups

II. Association of CXCL9 and CXCL10 with individual histological lesions
according to the Banff classification system

The results of this study showed that CXCL9/cre and CXCL10/cre levels
were higher in the cases of more pronounced interstitial inflammation (i),
peritubular capillaritis (ptc), and vascular intima inflammation (V).
Glomerulitis was significantly associated only with the CXCL10/cre values.
This relationship between chemokines and histological lesions was confirmed
by other published articles, moreover, Arnau and co-authors proved that
CXCL10/cre is associated not only with the g and ptc scores, but also with
chronic glomerulopathy (cg) [85,98,125]. However, some authors found
associations of CXCL10/cre with peritubular capillaritis, but not with
glomerulitis or isolated vascular intimal damage (v) [126].

The fact that only CXCL10/cre was significantly associated with
glomerulitis in this work would indicate the involvement of this chemokine in
the pathogenesis of ABMR, as glomerulitis is one of the hallmarks of this type
of rejection [18]. Meanwhile, CXCL9/cre was primarily associated with
cellular rejection and tubulitis in publications, but, in this work, there was a
relatively small number of tubulitis cases, and therefore this histological lesion
was analyzed without following the grading of the Banff classification criteria
(t0, t1, t2, t3), but, instead, by combining the cases into two groups (t0 and t1-
3) [83]. Perhaps due to the small sample size, no significant association
between CXCL levels and tubulitis was obtained.

Thus, the data of this work show the association of chemokines with the
histological expression of acute graft rejection (both TCMR (v, i) and ABMR
(g, ptc)), but we did not find clear associations between signs of chronic graft
injury and the chemokine levels. However, similarly to the work published by
Arnau and co-authors, we observed a positive correlation between
CXCL10/cre and fibrotic vascular intimal thickening (cv) [103]. There is
some evidence that CXCL10 is involved in the pathogenesis of renal tissue
fibrosis, as mice with blocked CXCL10 production showed milder fibrosis
than the control mice after renal injury [129].
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III. Evaluation of the association of chemokines CXCL9 and CXCL10 to
other kidney transplant pathologies (polyoma BK virus infection,
recurrent glomerulonephritis)

Chemokine concentrations were elevated in cases of histologically
confirmed polyoma BK virus nephropathy, and they were not significantly
different from the graft rejection group. This corresponds to the data presented
in the literature [56, 84, 101].

Interestingly, the concentrations of both chemokines were increased in cases
of thrombotic microangiopathy and amyloidosis, to a lesser extent in
interstitial nephritis, but, in diffuse glomerulosclerosis, I[gA nephropathy and
calcineurin inhibitor toxicity, chemokine levels were low.

In this study group, only one patient had biopsy proven transplant

amyloidosis, which was type AA amyloidosis. Since AA amyloidosis is a
disease associated with chronic protracted inflammation, and the chemokines
CXCL9 and CXCL10 are proinflammatory cytokines, it is likely that the
levels of these chemokines may increase in this disease [131].
In thrombotic microangiopathy, CXCL10 was significantly more elevated
than CXCL9. Thrombotic microangiopathy is manifested by thrombosis of
small blood vessels and organ damage when the complement system is
activated [132]. CXCL10 is known to be involved in the pathogenesis of
thrombotic microangiopathy by promoting inflammation and migration of
immune cells into damaged small vessels [133]. CXCL10 activates T
lymphocytes and macrophages, thereby promoting an inflammatory response
and endothelial damage. The involvement of CXCL10 in the pathogenesis of
thrombotic microangiopathy is supported by the fact that patients with
thrombotic microangiopathy have an increased concentration of CXCL10
[134]. Meanwhile, data on CXCL9 levels in thrombotic microangiopathy are
scarce.

IV. Influence of CXCL9 and CXCL10 on the prognosis of kidney
transplant

The results of this study show that an increased concentration of
CXCL9/cre and CXCL10/cre not only correlates with the result of the
histological examination at that time, but also predicts the outcome of the graft
regardless of the results of the histology results. According to our data,
increased levels of CXCL9/cre and CXCL10/cre also increase the risk of end-
stage graft failure by 5.16 and 3.25 times, respectively.
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The associations of chemokines with the graft prognosis have also been
evaluated by other authors. Among patients with low (<0.70 ng/mmol)
CXCL10 levels, 95% were free of adverse outcomes (rejection, GFR decline
>20%, or graft loss) at 5 years, while, among patients with high CXCL10
levels, only 78% did not experience adverse outcomes [97]. Data from other
authors show that CXCL10/cre levels at 3 months after transplantation
allowed the prediction of acute graft rejection independently of the results of
the protocol biopsy performed at that time, whereas the cut-off value of
CXCL10/cre determined by the authors was 2.79 ng/mmol [89]. Another
publication showed that higher CXCL10 levels at 1 month after the
transplantation was associated with a worse graft function at 6 months after
the transplantation [130].

Publications on CXCL9/cre and the graft outcome are scarce. The CTOT
study, which evaluated the value of CXCL9 in the diagnosis of renal transplant
rejection, showed that low CXCL9 levels at 6 months after kidney
transplantation showed a good graft prognosis (no risk of rejection or GFR
decline) within 624 months after transplantation, and their negative
prognostic value was 92.5-99.3% [96]. Our data showed that the prognostic
value of CXCL9 was not inferior to the more widely analyzed chemokine
CXCL10.

Interestingly, CXCL9/cre levels were associated with the recipient
survival, and, at levels below 0.11 ng/mmol, none of the recipients
experienced a fatal outcome. A trend towards a better recipient survival rate
and lower CXCL10/cre levels was observed in the recipient group, but no
significant difference from the group with increased CXCL10/cre
concentrations was found.

V. Relationship of diCBCi with chemokines CXCL9 and CXCL10 and graft
rejection

CXCL9/cre and CXCL10/cre values were directly correlated to the
adaptation and genitothyroid ratio index values, but only the adaptation index
values were significantly different between the normal and the increased
CXCL9/cre and CXCL10/cre concentration groups. Also, only the adaptation
index significantly differentiated histologically determined graft rejection
from the normal or any other pathology, although the area under the curve
value was inferior to the chemokine area under the curve values. Interestingly,
the majority of transplant patients had adaptation index values lower than the
general population normal values, while ‘normal’ and elevated adaptation
index values were associated with graft rejection and other non-rejection-
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related graft pathology. Also, even ‘too low’ but closer to normal adaptation
index values were associated with graft rejection. Thus, it can be assumed that
the assessment and norms of the adaptation index in transplant patients using
maintenance immunosuppression should be different from the general
population.

Since the adaptation index is calculated by dividing eosinophils by
monocytes (assessed as a percentage), it is rational to analyze more deeply
the relationship between immunosuppressants, rejection, and these blood
cells. Immunosuppressants such as corticosteroids are known to decrease the
number of blood eosinophils [137]. There are also data that eosinophilia can
often be detected before the onset of lymphocyte-mediated graft rejection, and
successful treatment of such rejection with corticosteroids reduces the amount
of eosinophils in the blood [138, 139]. Other immunosuppressants also affect
these blood cells: the calcineurin inhibitor tacrolimus reduces the amount of
eosinophils in the blood by promoting their apoptosis [140], but has no
significant clinical impact on the monocyte function; it only affects
macrophage polarization [141].

However, it has been established that the absolute number of monocytes
decreases after the transplantation, but the ability of some monocyte subtypes
to produce cytokines, including interferon-gamma, may persist, and this
smoldering source of inflammation may lead to the development of cellular
rejection [142]. Thus, in summary, it can be stated that, under the influence of
immunosuppressants, the amount of eosinophils in the blood decreases, which
results in lower values of the adaptation index. If the effect of
immunosuppressants decreases on eosinophils, this may indicate a lower
immunosuppressive effect of immunosuppressants and an increasing risk of
transplant rejection. Therefore, the normal limits of this index cannot be
applied to the population of transplant recipients when interpreting the values
of the adaptation index. A larger and more detailed analysis is needed to
determine the optimal values of the adaptation index for transplanted patients.
These values determine the lowest risk of transplant rejection and infectious
complications.

It is likely that the most information about the optimal values of the
adaptation index for a transplanted patient can be obtained by evaluating the
dynamics of the adaptation index of the same patient and comparing it with
the patient’s post-transplantation course: what index values are present in the
case of the stable graft function, and what values are present during the
development of rejection or the onset of an infectious disease.
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CONCLUSIONS

e Urinary levels of CXCL9/cre and CXCL10/cre were significantly
higher in patients with biopsy-proven kidney transplant rejection and
allowed to differentiate such patients from the patients with normal
allograft histology. Urinary chemokines could not differentiate the
type of rejection: TCMR or ABMR.

e CXCL9/cre and CXCL10/cre levels were higher with more
pronounced interstitial inflammation (i), peritubular capillaritis (ptc)
and vascular intima inflammation (v). Glomerulitis was significantly
associated only with CXCL10/cre values.

e Urinary concentrations of CXCL9/cre and CXCL10/cre were
significantly increased in polyoma BK virus nephropathy compared
to cases of normal histology, but they did not differ from the increase
in graft rejection.

e Elevated urinary levels of CXCL9/cre and CXCL10/cre were
associated with worse kidney graft and recipient survival.

e Adaptation index (eosinophil to monocyte ratio) was significantly
associated with increased urinary levels of CXCL9/cre and
CXCL10/cre and kidney graft rejection.

RECOMMENDATIONS

The results of this work confirm that the biomarkers CXCL9 and CXCL10
allow to distinguish those kidney transplant recipients with graft rejection
from those with normal graft histology or other lesions unrelated to rejection.
As urinary chemokine detection is a non-invasive, relatively simple test, it
could be widely applied in the follow-up of kidney transplant recipients for
routine urine chemokine testing: if no elevated urine chemokine levels are
measured, such patients can avoid protocol biopsies, thus reducing the health
care costs and decreasing the risks and discomfort of intervention to the
patient. On the other hand, if the recipient’s graft function is stable and an
increased concentration of chemokines is detected in the urine, subclinical
rejection of the kidney graft can be suspected, and thus a graft biopsy would
be indicated for such a patient and, if rejection is confirmed, an early rejection
therapy should be administered, thus preventing the deterioration of the graft
function and the graft loss.

However, the concentration of CXCL9 and CXCL10 in urine can be
increased in polyoma BK virus nephropathy of a transplanted kidney, and this
increase does not differ from that in the case of transplant rejection; so,
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differential diagnosis should be carried out for polyoma BK virus by BK virus
DNA testing in urine or blood.

As CXCL9 and CXCL10 are early markers of graft injury, earlier than
creatinine, which is routinely used to assess the graft function, they could be
used to guide the dosing and administration of immunosuppression, for
example, immunosuppression could be reduced in the presence of normal
urinary chemokine concentrations, and, when these markers begin to increase,
it allows to increase the doses of immunosuppressants. However, more data
are needed to support such assumptions in a timely manner.

Another advantage of chemokine testing would be if the patient could
perform the chemokine test at home, for the purpose of self-examination,
similar to the point of care tests that are used to diagnose other conditions
(infections, pregnancy). The development of such a test is already underway,
and, in 2022, a group of German scientists published an article about an
antibody-aptamer hybrid lateral flow test for CXCL9 detection; the sensitivity
and specificity of this test reached 71% [101]. Such a test would allow patients
to monitor the state of the transplant at home: if the test did not show an
increase in chemokine, the patient could skip a visit to the nephrologist, which
would provide more comfort for patients living far from the transplant center,
ultimately saving time and money for both the health care facility and the
patient. On the other hand, if the rapid chemokine test detects an increased
concentration of the marker, the patient could go to the nephrologist in a
timely and targeted manner and adjust the treatment in time, thus preserving
the function of the graft as long as possible.

Thus, chemokines CXCL9 and CXCL10 would undoubtedly provide
added value in the care of patients after kidney transplantation: their
application could contribute to improving the survival of kidney transplants
and the quality of life of the recipients.

The BoF indexes used in endobiogenic medicine have not been studied so
far in the population of transplant patients who are constantly using
immunosuppressive therapy. As a result, there were not enough data how to
interpret the values of the indexes when a patient uses medications that affect
the corticotropic axis. This study showed that it is not correct to apply the
intervals of the normal values of the indexes based on the general population
to the population of such patients, because values of the adaptation index
below the normal but closer to normal values of the general population may
indicate graft rejection. Since the present research is the first study of
endobiogenic BoF indices in kidney transplant recipients, and as it involved a
relatively heterogeneous group of transplanted patients, larger studies of
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kidney transplant recipients are needed to determine the normal and
pathologic index values in this population.

Since the indices examined in this work are calculated from the indicators
of a general blood test, it is a test that does not require a lot of additional funds
and is easily performed, while providing additional information to the doctor
before deciding to order more detailed tests for a possible infection or
transplant rejection, as well as when assessing the course of the disease or
dosing immunosuppressants.
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Background: Rejection is the main cause of kidney allograft failure, and kidney biopsy is the criterion standard method to
diagnose it. However, non-invasive techniques to detect kidney transplant rejection are necessary. This study
aimed to evaluate urinary chemokines CXCL9 and CXCL10 as potential biomarkers of kidney transplant rejec-
tion and to analyze chemokine association with allograft prognosis.

Material/Methods: We collected 117 urine samples from kidney transplant recipients undergoing allograft biopsy. CXCL9 and
CXCL10 levels were measured by ELISA and the ratio to urine creatinine was calculated. Histology and other
clinical data were collected from medical records.

Results: The diagnostic performance of urinary CXCL9/cre in discriminating rejection from all other histological groups
showed an ROC AUC value of 0.728 (95% Cl 0.632-0.824, p<0.001), and a cut-off value 0.11 ng/mmol had the
best sensitivity (76.9%) and specificity (73.1%). The ability of CXCL10/cre to discriminate transplant rejec-
tion from all other histological groups had ROC AUC value 0.73 (95% Cl 0.63-0.84, P<0.001), the cut-off val-
ue 0.42 ng/mmol with best sensitivity (71.4%) and specificity (84.6%). CXCL9 and CXCL10 levels were also in-
creased in patients with polyoma BK virus, recurrent AA amyloidosis, and thrombotic microangiopathy. Patients
with higher CXCL9/cre (>0.11 ng/mmol) and CXCL10/cre (>0.42 ng/mmol) levels were at increased risk of trans-
plant progression to ESRD (HR 3.25, 95% CI=1.27-8.36, P=0.01), irrespective of serum creatinine at the time of

biopsy.

Conclusions: Urinary CXCL9/cre and CXCL10/cre were able to distinguished between patients with transplant rejection and
those without rejection. High levels of urinary CXCL9/cre and CXCL10/cre were associated with worse allograft
survival.
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ORIGINAL PAPER

Introduction

The diagnosis of renal transplant rejection is evolving to-
wards non-invasive diagnostic methods to early suspect or
rule out renal transplant rejection, avoid unnecessary graft bi-
opsy, or help monitor the level of immunosuppression to ad-
just the administration of immunosuppressive drugs accord-
ingly. Much progress has already been made in the search for
potential biomarkers of kidney transplant rejection in blood,
urine, and kidney biopsy material, analyzing proteins, RNA,
and gene expression.

Among the potential biomarkers are chemokines, which can
be detected in both blood and urine. Chemokines are chemo-
tactic cytokines involved in various biological processes, such
as angiogenesis, hematopoiesis, and migration of leukocytes
and other cells. The most promising chemokine biomarkers
in kidney transplantation are chemokine 9 (CXCL9) and che-
mokine 10 (CXCL10).

CXCL9 (monokine induced by IFN-y) and CXCL10 (IFN-y-inducible
protein 10, IP-10) act through their shared receptor CXCR3 [1,2]
and can attract NK cells, mononuclear cells, specifically acti-
vated T cells, and B cells [3,4]. CXCL9 is a critical mediator of
primed T cell trafficking in transplant models. In animal mod-
els, CXCL9 has also been shown to stimulate cytokine pro-
duction by recruited T cells and promote Th1 cell proliferation
through induction of the transcription factors T-bet and RORYT
and production of type-1 cytokines (IL-2, TNF, and IFN-y) [5].

CXCL10 is constitutively expressed in stromal cells of lymphoid
organs (spleen, thymus, and lymph nodes), suggesting a poten-
tial role in T cell development and effector functions. CXCL10 is
a biomarker for tubulointerstitial kidney allograft inflammation
of any etiology [6], but CXCL10 is also increased in antibody-
mediated rejection with higher “g”, and “ptc” Banff scores [7].
In animal transplant models, CXCL9 and CXCL10 levels rapid-
ly rise following reperfusion and during early rejection of the
liver, kidney, and heart [8-10].

In kidney transplant recipients with T cell-mediated rejection
(TCMR) and antibody-mediated rejection (ABMR), the urinary
chemokines CXCL9 and CXCL10 are increased compared with
patients without rejection [11-13]. Treatment of allograft re-
jection reduces the level of urinary CXCL10 [14,15]. Subclinical
allograft rejection correlates with CXCL10 but not CXCL9 lev-
els [16]. It is also known that elevated urinary CXCL10 can
predict kidney transplant rejection, but the ability of serum
CXCL10 to assess the risk of allograft rejection remains con-
troversial due to clinical confounding factors [17,18]. Notably,
urine and serum CXCL10 are not specific for rejection because
they can increase in patients with polyoma BK virus infec-
tion and urinary tract infection, while serum but not urinary
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CXCL10 increases in patients with cytomegalovirus infection
[12,15,16,19,20].

We aimed to evaluate urinary CXCL9 and CXCL10 as potential

biomarkers of kidney transplant rejection and to analyze their
association with graft prognosis.

Material and Methods

Study Description and Collection of Samples

A total of 117 kidney transplant recipients undergoing surveil-
lance or clinically-indicated kidney biopsy at Vilnius University
Hospital Santaros Klinikos were included in the study in
2019-2022. Midstream urine samples were obtained before
the biopsy and stored at -20°C to measure chemokines and
creatinine, which were done regularly after collecting a group
of samples. Patient clinical data were collected from a prospec-
tively-completed electronic patient medical data system. The
main patient characteristics are presented in Table 1.

Kidney biopsy cores were obtained using an 18-gauge nee-
dle under ultrasound guidance. Biopsies were evaluated in a
single center by an experienced pathologist and reported us-
ing the Banff scheme, applying the most up-to-date criteria
at the time of reporting [21,22]. For further analysis, biopsies
were divided into 4 distinct groups: normal histology, rejec-
tion (ABMR), TCMR, mixed rejection), polyoma BK nephropa-
thy, and other histology (global glomerulosclerosis, recurrent
glomerulonephritis, thrombotic microangiopathy without re-
jection, calcineurin toxicity induced lesions, amyloidosis, in-
terstitial nephritis).

Kidney transplant recipients received standard induction im-
munosuppressive therapy: basiliximab for moderate immu-
nological risk and thymoglobulin for high immunological risk
recipients. Maintenance immunosuppressive therapy most-
ly consisted of tacrolimus or cyclosporine (the latter used by
earlier-transplanted patients), mofetil mycophenolate, and
methylprednisolone.

Patients with biopsy-proven rejection were treated according to
the histological phenotype and severity. Briefly, TCMR episodes
were treated with steroids and severe clinical TCMR patients re-
ceived thymoglobulin infusions. ABMR was mostly treated with
plasmapheresis and intravenous immunoglobulinstrituximab.
The study complies with all regulations, and informed con-
sent was obtained from the participants. The experiments
were conducted according to established ethics guidelines
and the Declaration of Helsinki. This study was approved by
the Bioethics Committee of the Vilnius Region (approval No.
158200-17-901-409).
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Table 1. Patient (n=117) characteristics.

Patient characteristics Value
Gender Male, % 63.2
Female, % 36.8
Age Average age, years 43+13
eGFR at biopsy ml/min/1.73 m? 39+18
Biopsy time after transplantation Median months [IQR] 20.0 [6-96]
Transplant number First transplant (% of patients) 76.1
Second transplant (% of patients) 18.8
Third transplant (% of patients) 43
Total life years on immunosuppression Median [IQR] 4.3[1.0-11.0]
Hemoglobin at biopsy g/l 115.8+19.8
BMI kg/m? 24.7+4.8
Serum urea at biopsy mmol/I 20.4+12.6
Biopsy result (% of cases) Normal histology, % 222
ABMR, % 214
TCMR, % 7.7
Mixed rejection, % 8.8
BK virus nephropathy, % 4.4
Other abnormalities, % 35.9
Immunosuppression Tacrolimus, % 66.7
Cyclosporine, % 25.6
Mofetil mycophenolate, % 93.2
Methylprednisolone, % 92.3
Azathioprine, % 2.6
Sirolimus, % 7.7
Immunosuppressant levels Tacrolimus ng/ml 6.57+3.78
Cyclosporine ng/ml 84.74+27.15
Sirolimus, ng/ml 0.83+0.65

Chemokine Detection

Urinary CXCL9 and CXCL10 measurements were performed
retrospectively on midstream urine samples (collected be-
fore kidney biopsy and stored at -20°C without any additives)
with “Human MIG (CXCL9) Mini ABTS ELISA Development Kit”
(Peprotech, Catalog #900-M87) and “Human IP-10 (CXCL10)
Mini ABTS ELISA Development Kit” (Peprotech, Catalog
#900-M39), respectively. All procedures were carried out as
recommended by the manufacturer using ELISA reagents pro-
vided in the “ABTS ELISA Buffer Kit” (Peprotech, Catalog #900-
K00). Briefly, for CXCL9 measurement, ELISA plate wells were
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coated overnight at room temperature with 1 pg/mL Rabbit
Anti-Human MIG (CXCL9) antibody, and for the CXCL10 mea-
surement, wells were coated overnight at room temperature
with 0.5 pg/mL Rabbit Anti-Human IP-10 (CXCL10) antibody,
washed, and then blocked. Each urine sample (100 pL per well)
and ELISA kit standards were tested in triplicate by incubat-
ing for 2 h at room temperature. After washing, biotinylated
Rabbit Anti-Human MIG (CXCL9) or IP-10 (CXCL10) secondary
polyclonal antibody was added at 1 pg/mL or 0.25 pg/mL, re-
spectively, and incubated for 2 h at room temperature. Plates
were then washed, and incubated with avidin-horseradish
peroxidase conjugate for 30 min at room temperature. After
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washing, the signal was developed with ABTS substrate by
incubating for 25 min for CXCL9 detection and for 20 min for
CXCL10 detection. Optical density (OD) was read at 405 nm
with wavelength correction set at 650 nm using a “Multiskan
GO” spectrophotometer (Thermo Scientific). CXCL9 and CXCL10
concentrations were calculated from standard curves us-
ing the 4-parameter logistic model curve fit in “OriginPro 8”
(OriginLab) software. Detection ranges were 16-1000 pg/mL
for both CXCL9 and CXCL10. Urine samples with measured ODs
exceeding the OD of the 1000 pg/mL standards were diluted
and retested. To correct for different urine dilutions, the ex-
cretion of urine proteins was normalized to urine creatinine
(ie, ng protein/mmol creatinine).

Statistical Analysis

Continuous variables were presented as meanststandard de-
viation, or median (interquartile range) according to the type
of data. The normality of quantitative data was tested by
the Kolmogorov-Smirnov test. We used the t test and Mann-
Whitney U test to compare continuous variables with normal
and skewed distributions, respectively. The Spearman’s rank
correlation coefficient and unsupervised hierarchical clustering
analysis with logarithmic values of CXCL9 concentration normal-
ized to creatinine concentrations (CXCL9/cre) and CXCL10/cre
were used to explore the relationship between urinary CXCL9/
cre, CXCL10/cre and Banff scores.

The ability of urinary CXCL10/cre and CXCL9/cre to detect trans-
plant rejection was analyzed by constructing receiver operat-
ing characteristic (ROC) curves. The Youden index was esti-
mated from the ROC curve to calculate the optimal threshold
value. These cut-off values were used to calculate the sensi-
tivity and specificity of urinary CXCL10/cre for diagnosis of the
rejection. A multivariate Cox proportional regression analysis
was performed to analyze the association of CXCL/cre levels
with graft survival. A P value less than 0.05 was considered
statistically significant. Statistical analyses were performed
with SPSS 29.0 (SPSS, Inc, Chicago, IL, USA).

Results

CXCL9/cre and CXCL10/cre Levels Are Increased in Patients
with Rejection

The median of CXCL9/cre levels in the rejection group (5.55
[IQR 1.04-15.88] ng/mmol) was significantly higher than in
the normal histology group (0.00 [IQR 0.00-0.89] ng/mmol)
and the other histology group (1.83 [IQR 0.00-9.54] ng/mmol),
P<0.05 (Figure 1).
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The diagnostic performance of CXCL9/cre in discriminat-
ing transplant rejection from normal histology was estimat-
ed by receiver operating characteristic (ROC) curve analysis.
The ROC area under the curve (AUC) value was 0.857 (95%
C10.771-0.943, P<0.001). The cut-off value of CXCL9/cre that
showed the best sensitivity (70.5%) and specificity (92.3%)
was 2.45 ng/mmol. We further tested CXCL9/cre diagnostic
performance in discriminating rejection from all other histo-
logical groups (including normal histology and other histology
abnormalities like recurrent glomerulonephritis, and glomerulo-
sclerosis). The ROC AUC value was 0.728 (95% Cl 0.632-0.824,
P<0.001), the cut-off value of 0.11 ng/mmol resulted in the
best sensitivity (76.9%), and specificity (73.1%) (Figure 2). The
negative predictive value was 82.5%, while the positive pre-
dictive value was 48.1%.

The median of CXCL10/cre levels in the rejection group (1.89
[IQR 0.57-5.89] ng/mmol) was significantly higher than in the
normal histology group (0.18 [IQR 0.00-0.37] ng/mmol) and the
other histology group (0.64 [IQR 0.22-1.47] ng/mmol), P<0.05.
The ROC AUC value for CXCL10/cre in discriminating transplant
rejection from normal histology was 0.827 (95% CI 0.729-0.925,
P<0.001). The cut-off value of CXC10/cre with the best sensi-
tivity (75.6%) and specificity (88.5%) was 0.65 ng/mmol. The
ability of CXCL10/cre to discriminate transplant rejection from
all other histological groups had an ROC AUC value 0.73 (95%
Cl 0.63-0.84, P<0.001). The cut-off value with the best sensi-
tivity (71.4%) and specificity (84.6%) was 0.42 ng/mmol. The
negative predictive value was 78.7%, while the positive pre-
dictive value was 48.6%.

CXCL/cre Ability to Discriminate between ABMR and TCMR

TCMR and mixed rejection cases were excluded from further
analysis, leaving only cases with pure ABMR, normal histolo-
gy, and other histology lesions (without rejection). CXCL9/cre
ability to discriminate ABMR demonstrated an ROC AUC val-
ue of 0.73 (95% Cl 0.62-0.84, p<0.001). The CXCL10/cre ROC
AUC value was higher, at 0.75 (95% Cl 0.63-0.87, P<0.001).

To further test the chemokine’s ability to detect TCMR, we
excluded cases with ABMR and mixed rejection from further
analysis. There were 9 cases of TCMR and 73 cases of normal
or other histology. ROC analysis of CXCL9/cre and CXCL10/cre
showed AUC values of 0.67 (95% Cl 0.47-0.86, P>0.05) and
0.61 (95% Cl 0.35-0.86, P>0.05), respectively, revealing a poor
ability to identify pure TCMR from normal or other histology
lesions. We removed all polyoma BK cases (n=5) from further
analysis, but this did not improve CXCL9/cre and CXCL10/cre
values significantly (CXCL9/cre ROC AUC 0.68 and CXCL10/cre
ROC AUC 0.63, but P>0.05).
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Figure 1. The logarythmic values of CXCL9/cre (A) and CXCL10/cre (B) levels in normal histology, rejection and other histology
(eg, global glomerulosclerosis, recurrent glomerulonephritis, amyloidosis) cases. Both chemokines are significantly increased
in rejection groups compared to other groups. The figure was created with SPSS 29.0 (SPSS, Inc, Chicago, IL, USA).
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CXCL/cre in Polyoma BK Nephropathy Cases

From 117 kidney transplant recipients, 5 (4.3%) had biopsy-prov-
en BK nephropathy. The median CXCL9/cre and CXCL10/cre levels
were 9.91 [IQR 3.58-24.49] ng/mmol and 4.94 [IQR 1.10-18.88]
ng/mmol, respectively. Levels of both chemokines were signifi-
cantly higher in BK nephropathy compared to normal histology
(P<0.05) but did not differ significantly from the rejection group.

Cases with Low CXCL/cre and Biopsy-Proven Transplant
Rejection

A total of 7 patients with biopsy-proven kidney transplant re-
jection had CXCL9/cre levels <0.11 ng/mmol (subsequently
referred to as “low CXCL9/cre”), while 10 patients with biop-
sy-proven kidney transplant rejection had CXCL10/cre levels
lower than 0.42 ng/mmol (subsequently referred to as “low
CXCL10/cre”) — CXCL “false-negative” cases. However, none
of those patients reached an ESRD of 11.5 during the median

This work is licensed under Creative Common Attribution-
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follow-up period [IQR 1.75-47.7], while in cases with increased
CXCL9/cre and increased CXCL10/cre levels, 41.2% and 36.8%
of patients reached ESKD, respectively.

In 40 cases with CXCL9/cre <0.11 ng/mmol (the cut-off value
suggested by ROC), 82.5% did not have rejection on histolo-
gy, but there were 3 cases of ABMR, 2 cases of T cell-mediated
rejection, and 2 cases of mixed rejection, and those diagnoses
may have been missed without a kidney biopsy.

In 47 cases with CXCL10/cre <0.42 ng/mmol (the cut-off value
with best sensitivity and specificity), 78.7% of cases did not
have rejection, but 5 cases of ABMR, 3 cases of TCMR, and 2 cas-
es of mixed rejection may have been missed without a biopsy.

Using a combination of CXCL9/cre and CXCL10/cre with higher
than cut-off values as an indication for kidney biopsy, 3 cas-
es of ABMR, 2 cases of TCMR, and only 1 case of mixed rejec-
tion would have been missed without a biopsy.
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Table 2. Spearman correlation between CXCL/cre levels and Banff scores.

g cg mm t ptc i ci ct v (3% ah

CXCL9/cre rho 0.24 0.17 -0.07 0.08 0.39 0.31 0.13 0.08 0.19 0.02 -0.01
p 0.01 0.08 0.45 0.42 <0.001 <0.001 0.19 0.42 0.05 0.84 0.94

CXCL10/cre rho 0.32 0.18 0.02 0.24 0.41 0.36 0.05 0.06 0.22 -0.02 -0.01
p <0.001 0.048 0.82 0.01 <0.001 <0.001 0.58 0.53 0.02 0.84 0.89

CXCL/cre Levels Correlation to Banff Scores

The logarithm of urinary CXCL9/cre and CXCL10/cre levels
were correlated to all Banff scores (Table 2). Glomerulitis (g),
peritubular capillaritis (ptc), and inflammation (i) lesions were
significantly correlated with CXCL9/cre and CXL10/cre levels,
whereas chronic glomerulopathy (cg), tubulitis (t), and vascular
lesions (v) had a significant correlation only with CXCL10/cre
level. Unsupervised hierarchical cluster analysis (Figure 3) re-
vealed that CXCL9/cre and CXCL10/cre were highly associat-
ed with Banff scores t, i, and v.

CXCL9/cre and CXCL10/cre levels were significantly higher in
cases with higher scores of i and ptc (Figure 4). Tubulitis score
t0 was defined as tubulitis-negative, while t1, t2, and t3 scores
were defined as tubulitis-positive. CXCL9/cre and CXCL10/cre
levels were higher in tubulitis-positive patients — the median
CXCL9/cre level was 1.45 ng/mmol [IQR 0.00-6.00 ng/mmol]
in t0 compared to 2.94 ng/mmol [IQR 0.00-11.85 ng/mmol]
in the t1-3 group (P<0.01). The median CXCL10/cre level was
0.51 ng/mmol [IQR 0.17-1.82 ng/mmol] in t0 compared to 1.26
ng/mmol [IQR 0.17-3.93 ng/mmol] in the t1-3 group (P<0.05.
There was a tendency towards higher levels of CXCL9/cre and
CXCL10/cre in higher scores of g and v as well as higher CXCL9/
cre in increased interstitial fibrosis (ci) cases, although the dif-
ference was not statistically significant.

CXCL in Other Histology Groups

Urinary CXCL9/cre and CXCL10/cre were measured in patients
with other histological diagnoses — diffuse glomerulosclerosis
(n=17), thrombotic microangiopathy without rejection (n=3),
recurrent IgA nephropathy (n=3), interstitial nephritis (n=3),
calcineurin inhibitor (CNI) toxicity induced lesions (n=8), and
AA amyloidosis (n=1). CXCL9/cre and CXCL10/cre were in-
creased in cases with thrombotic microangiopathy and cases
with amyloidosis, and, to a lesser extent, in cases with inter-
stitial nephritis, while in glomerulosclerosis, CXCL levels re-
mained low in patients with recurrent IgA nephropathy and
CNI toxicity (Figure 5).
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CXCL/cre Levels and Time After Transplantation

To determine if CXCL/cre levels differ depending on the time
to rejection after transplantation, patients with biopsy-proven
transplant rejection were divided into 2 groups: patients with
biopsy taken <12 months (n=29) and >12 months (n=13) af-
ter transplantation. CXCL9/cre and CXCL10/cre levels did not
differ significantly between these groups.

CXCL/cre and Transplant Survival

The association of CXCL9/cre and CXCL10/cre with transplant
survival was investigated using multivariate Cox proportion-
al hazards regression. Patients with higher CXCL9/cre (>0.11
ng/mmol) were significantly associated with transplant pro-
gression to ESRD (HR 5.16, 95%Cl 1.85-14.42, P<0.01), irrespec-
tive of other covariates like patient age, sex, serum creatinine
levels, and histological diagnosis of rejection. We found that
12.5% of patients with low CXCL9/cre started dialysis com-
pared to 40.3% of patients with high CXCL9/cre (P<0.05) dur-
ing the median follow-up of 49.5 months [IQR 15.5-67.0] in
the low CXCL9/cre group and 11.0 months [IQR 3.0-23.5] in
the high CXCL9/cre group.

Patients with higher CXCL10/cre (>0.42 ng/mmol) were sig-
nificantly associated with transplant progression to ESRD (HR
3.25, 95%Cl 1.27-8.36, P=0.01), irrespective of the above-men-
tioned covariates. Dialysis was started by 12.8% of patients
with low CXCL10/cre compared to 42.9% of patients with high
CXCL10/cre (P<0.05). Kaplan-Meier curves of graft survival are
presented in Figure 6.

Discussion

Despite significant achievements in immunosuppressive ther-
apies and kidney transplant recipient care, allograft rejection
remains the main cause of kidney graft failure [23]. Early di-
agnosis and therapy can improve transplant prognosis [24],
and development of accurate non-invasive diagnostic tools is
essential for better allograft care.
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This study demonstrated that urinary CXCL9/cre and CXCL10/
cre can distinguish between kidney transplant recipients with
and without biopsy-proved graft rejection, which is consistent
with previously published data [12,16,25,26].

There were slight differences in optimal chemokine cut-off
values detected in our study compared to other reports. We
used a CXCL10 cut-off value of 0.42 ng/mmol, while another
study suggested the optimal cut-off of 1.535 ng/mmol for bi-
opsy decision in subclinical pathologies and 2.586 ng/mmol

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

for clinical pathologies, reducing surveillance and indication
biopsy rate by 61% and 64%, respectively [6]. However, that
study analyzed separate histology lesions (inflammation, tu-
bulitis, vascular lesions), while our study evaluated CXCL di-
agnostic properties based on final histology entities accord-
ing to the Banff classification system. Other authors found
CXCL10 sensitivity 72% and specificity 71-73% in discrimi-
nating rejectors and non-rejectors with the optimal CXCL10/
cre cut-off 0.43 ng/mmol [14,27]. These results are very simi-
lar to our study findings.
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Figure 4. Boxplots representing increasing CXCL9/cre and CXCL10/cre levels in the higher Banff scores of inflammation (A), tubulitis
(B), peritubular capillaritis (C) and intimal arteritis (D). The figure was created with SPSS 29.0 (SPSS, Inc, Chicago, IL, USA).
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Figure 5. The means of Log10CXCL9/cre (A) and Log10CXCL10.cre (B) levels in cases with other histology abnormalities, no rejection.
The figure was created with SPSS 29.0 (SPSS, Inc, Chicago, IL, USA).

There were some discrepancies between our study results and
other publications about the association of CXCL with differ-
ent Banff scores. Our data showed that both chemokines were
highly associated with Banff scores t and i. This agrees with
other studies [11,28] and can be explained by the fact that
chemokines reflect inflammatory damage of the tubular com-
partment, irrespective of etiology [29]. Arnau et al found ptc,
g, and cg scores to be associated with CXCL10/cre, while Ho et
al found that CXCL10 was elevated with patients with higher
ptc but not g scores [16]. Our Spearman correlation analysis
showed both chemokines were associated with ptc and i, rep-
resenting acute inflammatory lesions within a graft. CXCL10/
cre was also associated with v lesion, while Ho et al showed
that CXCL10 was increased in microvascular compartment in-
jury but not in cases of isolated vascular lesions [16]. We found
no association between chemokines and chronic graft lesions
such as cv, but CXCL10/cre was significantly correlated with
cg, which is consistent with the findings of Arnau et al [7].
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Treatment of allograft rejection is different in cases with TCMR
and ABMR; therefore, it is necessary to discriminate those
types of rejection [30]. However, current data show that che-
mokines are unable to discriminate between these 2 types
of rejection but distinguish well both types of rejection from
normal histology patients. Ho et al found CXCL10 had an AUC
of 0.81 (95% Cl, 0.74-0.88) for detecting TCMR [31], and Ciftci
et al showed that early posttransplant increase of CXCL9 and
CXCL10 predicts TCMR and the time of rejection [26]. However,
our data showed a poor ability of CXCL9/cre and CXCL10/cre
to detect TCMR, possibly due to the small sample size in the
TCMR group (we had only 9 cases of TCMR, while Ho et al an-
alyzed 71 cases of mild to severe TCMR).

Another study showed that urinary CXCL10 had good dis-
crimination ability for AbMR (AUC-ROC 0.760, P=0.001) [7].
Our data showed quite similar results — the CXCL10/cre AUC-
ROC was 0.75.
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Figure 6. Kidney graft survival (time from kidney biopsy to initiation of dialysis) of patients with low and high levels of CXCL9/cre (A)
and CXCL10/cre (B). The figure was created with SPSS 29.0 (SPSS, Inc, Chicago, IL, USA).
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The CTOT-01 consortium determined urinary CXCL9 protein
positive predictive value for acute rejection as 67%, where-
as the negative predictive value was 92%, and found that
low 6-month urinary CXCL9 protein identified patients with-
out subclinical allograft injury and who were most likely to
maintain stable kidney function [25]. Our data showed low-
er CXCL9/cre positive and negative predictive values — 48.1%
and 82.5%, respectively.

With the use of urinary CXCL9 and CXCL10 biomarkers, both
types of rejection are well distinguished from patients without
rejection; therefore, these cytokines can be utilized to mon-
itor kidney transplant recipients in a non-invasive manner.
Minkowski demonstrated that in asymptomatic kidney trans-
plant recipients, a urinary CXCL10-guided strategy would have
reduced surveillance biopsies at 3 and 6 months by 61% [6].
In patients with graft dysfunction, the CXCL10-guided strate-
gy would have reduced the number of indication biopsies by
64%. However, kidney biopsy should always be considered
when allograft dysfunction with a high probability of rejec-
tion is present.

However, CXCL9 and CXCL10 are insufficient as the sole means
of diagnosing kidney transplant rejection as they lack specific-
ity and their levels can be higher in cases of viral or bacterial
infections. Levels of CXCL9 and CXCL10 in urine were found to
be substantially higher in patients with BKPyVAN compared
to control subjects, including those with ABMR [32]. Our data
confirmed that BK nephropathy cases had higher CXCL9/cre
and CXCL10/cre levels compared to normal histology cases,
but did not differ from CXCL levels in rejection cases.

To the best of our knowledge, little data is available about
urinary CXCL9 and CXCL10 levels in transplant recipients with
various recurrent native kidney diseases. Although our group
of patients with recurrent kidney disease was very small, we
found that both chemokines were much higher in patients
with AA amyloidosis and thrombotic microangiopathy, which
was mainly atypical hemolytic-uremic syndrome. Both diseas-
es are associated with increased inflammatory response and
cytokine production [33,34]. In patients with marked nephro-
sclerotic lesions, recurrent IgA nephropathy, and CNI toxicity,
CXCL9 and CXCL10 levels remained low, demonstrating a dif-
ferent mechanism of kidney injury. These findings are inter-
esting and more research should be done in the area of recur-
rent glomerulonephritis and chemokines.

An important advantage of CXCL9 and CXCL10 is that they can
show rejection earlier than other currently used biomarkers.
Observational studies demonstrate that CXCL10 rises prior to
serum creatinine and decreases after treatment of rejection
[12,35,36]. Moreover, chemokines can predict graft prognosis
and stratify patients into a high and low risk of rejection. Our
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study evaluated dialysis-free graft survival and revealed better
graft survival in patients with lower CXCL9/cre and CXCL10/
cre levels irrespective of serum creatinine at the time of biop-
sy. Interestingly, low CXCL/cre levels predicted better graft sur-
vival irrespective of the presence of acute rejection in kidney
biopsy. Patients with low CXCL or CXCL10 levels and biopsy-
proven kidney transplant rejection had a better prognosis than
patients with rejection and high levels of chemokines — none
of the “rejectors” with low levels of chemokines reached end-
stage renal disease during the follow-up period. It has been
reported that low 6-month CXCL10 (<0.70 ng/mmol) is asso-
ciated with a 95% endpoint-free (no rejection, no GFR reduc-
tion >20%, no graft loss) 5-year survival compared to 78% with
high 6-month CXCL10 [37]. Rabant et al showed that CXCL10/
cre at 3 months after transplantation predicted acute rejec-
tion independent of concomitant protocol biopsy results, but
they used a CXCL10/cre cut-off value of 2.79 ng/mmol [15].

Our study has some limitations. First, we had donor-specif-
ic antibody data only for a limited number of patients; there-
fore, all kidney transplant ABMR diagnoses were based only
on allograft biopsy histology lesions. To calculate the accura-
cy of CXCL9 and CXCL10 levels as biomarkers of transplant re-
jection, we regarded kidney biopsy as the criterion standard,
but some of the Banff scores (eg, pct) have inter-pathologist
agreement of 0.52. ptc [38]. Therefore, it would be rational to
employ digital image analysis for a more objective and repro-
ducible quantitative evaluation of Banff scores [39]. The sec-
ond limitation is the relatively small sample size in different
types of graft rejection and BK nephropathy, limiting the abili-
ty to detect significant differences in CXCL level profile in par-
ticular types of rejection.

Despite the above-mentioned limitations, this study provides
valuable insights into the potential of both chemokines, CXCL9
and CXCL10, to detect kidney transplant rejection, confirm-
ing the results of previous studies and providing additional
information about CXCL9 and CXCL10 levels in patients with
non-rejection histology lesions. Our study also adds substan-
tial information about the relationship of CXCL/cre levels with
overall graft survival, showing CXCL9/cre and CXCL10/cre are
independent predictors of graft loss.

Conclusions

This study confirmed previous findings that urinary CXCL9/cre
and CXCL10/cre levels distinguish patients with transplant re-
jection from those without it. Low levels of urinary CXCL9/cre
and CXCL10/cre were associated with better allograft progno-
sis. Our data supplement findings about CXCL9 and CXCL10 in
relation to Banff scores—both chemokines were significant-
ly increased in higher scores of inflammation, tubulitis, and
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Abstract: Background and Objectives: Endobiogeny is a global systems approach to human biology
based on the concept that the endocrine system manages the metabolism. Biology of function
(BoF) indices are diagnostic tools in endobiogenic medicine that reflect the action of the endocrine
system on the cells and the metabolic activity of an organism. Kidney transplant recipients are a
very specific patient population due to their constant use of immunosuppressive agents such as
steroids and anamnesis of chronic kidney disease. The aim of this study was to assess the tendencies
of endobiogenic BoF indices in a kidney transplant recipient population and to determine the
relationship between BoF index values and histology-proven kidney transplant rejection. Materials
and Methods: A total of 117 kidney transplant recipients undergoing surveillance or indication allograft
biopsy were included in this study. Endobiogenic BoF indices were calculated from complete blood
count tests taken before the kidney biopsy. Histology samples were evaluated by an experienced
pathologist according to the Banff classification system. Clinical and follow-up data were collected
from an electronic patient medical record system. Results: Overall, <35% of the patients had BoF
index values assumed to be normal, according to the general population data. Additionally, >50%
of the patients had lower-than-normal adaptation, leucocyte mobilization, genital, and adjusted
genital ratio indices, while the Cata-Ana, genito-thyroid ratio, adrenal gland, and cortisol indices
were increased in >50% of the transplant recipients. The adaptation index was significantly higher in
patients with biopsy-proven transplant rejection and demonstrated an AUC value of 0.649 (95%CI
0.540-0.759) for discriminating rejectors from patients without transplant rejection. Conclusions: Most
of the kidney transplant recipients had abnormal BoF index values, reflecting increased corticotropic
effects on their cells. The adaptation index distinguished patients with biopsy-proven transplant
rejection from those without it.

Keywords: kidney transplant; transplant rejection; endobiogeny; biology of function index

1. Introduction

Kidney transplantation is one of the most effective methods of renal replacement
therapy in patients with end-stage renal disease (ESRD) [1,2]. After receiving a kidney
transplant, patients have to take combined immunosuppressive therapy to avoid allograft
rejection and maintain the function of the transplanted kidney [3-5]. There are some risks
associated with constant immunosuppression, such as various bacterial, fungal, or viral
infections, opportunistic infections, cancer, and metabolic complications. Therefore, an
optimal balance between over- and under-immunosuppression must be maintained [6-10].

In the context of kidney transplantation, there are several diagnostic methods and
biomarkers to predict and diagnose kidney transplant rejection or to monitor transplant
function [11]. Kidney transplant rejection can be suspected when non-specific biomarkers
such as serum creatinine or proteinuria levels increase, and rejection is diagnosed through
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kidney biopsy when characteristic histological abnormalities are present according to the
Banff classification criteria [12,13]. Donor-specific antibodies are a biomarker of antibody-
mediated transplant rejection. Moreover, there are more biomarkers, such as donor-derived
cell-free DNA and the urinary chemokines CXCL9 and CXCL10, but none of them are
highly specific to rejection as they may be increased in cases of viral infections, other sources
of inflammation, and so on [14-18]. There are some biomarkers that can be used to eval-
uate the level of immunosuppression, including the concentrations of serum calcineurin
inhibitors, pharmacogenetic biomarkers, or torque teno virus levels, providing guidance
for immunosuppression [19,20]. However, there are still challenges associated with main-
taining an optimal level of immunosuppression in individual patients, prolonging graft
survival as long as possible, and avoiding the complications of over-immunosuppression
throughout the patient’s life.

Endobiogeny is a global systems approach to human biology and is based on the
concept that the endocrine system manages the metabolism, resulting in biomarkers that
reflect the functional achievement of specific aspects of the metabolism [21]. In endobiogeny,
biology of function (BoF) indices are used to assess and monitor the functional balance of
various systems within the body [22]. Direct indices are calculated from basic blood test
results (e.g., the complete blood count with its differential) and various serum tests (e.g.,
those for electrolytes or lactate dehydrogenase), while indirect indices are calculated using
patented software (Pub. No. US 2016/0132655 A1) by indexing various biomarkers and
direct indices against each other [23]. BoF indices reflect the activity of different endocrine
axes (corticotropic, gonadotropic, thyreotropic, and somatotropic), and can be used as tools
to understand the nature of the disease and implement a holistic approach for individual
patients.

Kidney transplant recipients are a very specific population of patients due to their
prolonged use of immunosuppressive agents, history of long-lasting chronic kidney disease
and, in most cases, a history of dialysis therapy before kidney transplantation [24]. All of
these factors undoubtedly affect the patient’s endocrine system and immune response [25-27].

In the existing literature, certain BoF indices have been analyzed in patients with
myocardial infarction, COVID-19 infection, or heart failure [28-30]; however, we could not
find any data about BoF indices in a kidney transplant recipient population. Therefore, the
aim of this study was to calculate some of the BoF indices in kidney transplant recipients,
enabling the analysis of the relationship between the BoF indices and biopsy-proven
transplant rejection.

2. Materials and Methods
2.1. Study Description and Patient Population

A total of 117 randomly selected kidney transplant recipients admitted to the nephrol-
ogy unit at Vilnius University Hospital Santaros Klinikos in 2017-2023 for a transplant
biopsy were included in this study. The patient clinical data were collected retrospectively
from an electronic patient medical data system. The laboratory test data included the com-
plete blood count, biochemistry, immunosuppressive agent serum concentrations before
kidney biopsy, and the serum creatinine level data both before biopsy and at follow-up (1, 3,
and 6 months after transplantation and the last known follow-up). Kidney biopsies were
evaluated at one center by an experienced pathologist and reported using the Banff scheme,
applying the most up-to-date criteria at the time of reporting [12]. For further analysis,
the biopsies were divided into three distinct groups: normal histology, rejection (antibody-
mediated rejection (ABMR), T-cell-mediated rejection (TCMR), or mixed rejection), and
other histology (global glomerulosclerosis, recurrent glomerulonephritis, thrombotic mi-
croangiopathy without rejection, calcineurin inhibitor toxicity-induced lesions, amyloidosis,
interstitial nephritis, or BK virus nephritis).

The kidney transplant recipients received standard induction immunosuppressive
therapy: basiliximab for moderate immunological risk and thymoglobulin for recipients
with high immunological risk. Maintenance immunosuppressive therapy mostly consisted
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of tacrolimus or cyclosporine (the latter was used by earlier transplant patients), mycophe-
nolate mofetil, and methylprednisolone. Patients with biopsy-proven rejection were treated
according to the histological phenotype and severity. Briefly, TCMR episodes were treated
with steroids, and severe clinical TCMR patients received thymoglobulin infusions. ABMR
was mostly treated with plasmapheresis and intravenous immunoglobulins +/ — rituximab.
This study complied with all regulations, and informed consent was obtained from the
participants. The experiments were conducted according to established ethical guidelines.

2.2. Statistical Analysis

Continuous variables are presented as mean + standard deviation or median [in-
terquartile range], according to the type of data. The normality of the quantitative data
was tested using the Kolmogorov-Smirnov test. The Student’s t-test and the Wilcoxon
Signed Rank test were applied to compare continuous variables with normal and skewed
distributions, respectively. The Spearman’s rank correlation analysis was performed, and
an unsupervised hierarchical clustering analysis was conducted to identify patient groups
with similar BoF indices to explore their relationship with allograft outcomes. The ability
of BoF indices to discriminate transplant rejection was analyzed using receiver operating
characteristic (ROC) curves. A p-value less than 0.05 was considered statistically significant.
Statistical analyses were performed with SPSS 29.0 (SPSS, Inc., Chicago, IL, USA).

2.3. BoF Indices

The BoF indices were calculated using formulas in the field of endobiogenic
medicine [31]. A list of the indices that we calculated for kidney transplant recipients
and a short explanation of these indices, according to the theory of endobiogeny, is pro-
vided as follows:

The Catabolism/Anabolism (Cata-Ana) index expresses the relative catabolic activity
in relation to that of anabolic activity within the scheme of the global metabolism of the
organism [31]. It is calculated from the ratios of neutrophils, lymphocytes, red blood cells
(RBCs), and white blood cells (WBCs).

The adaptation index is the ratio of eosinophils to monocytes, which reflects the
relative activity of adrenocorticotropic hormone (ACTH) on cortisol in relation to follicle-
stimulating hormone (FSH) activity on estrogen during the adaptation response. Eosinophils
vary similarly to ACTH and are inhibited by cortisol through sequestration in the spleen
and lungs [32]. Monocytes vary similarly to FSH simulation and are inhibited by estro-
gens [33,34].

The cortisol index reflects the activity of cortisol. It does not directly indicate the
concentration of cortisol in the blood but, instead, reflects the activity and effect of cortisol
on cells. The formula for this index is based on the observation that cortisol increases
erythrocytes, leukocytes, neutrophils, and monocytes, while diminishing lymphocytes,
eosinophils, and the eosinophil /monocyte ratio [35-38]. The cortisol index formula in-
cludes the percentage of neutrophils, lymphocytes, eosinophils, and monocytes, as well as
the absolute numbers of red blood cells and white blood cells (in thousands).

The adrenal gland index is an indirect index, calculated from the genito-thyroid ratio
and genital ratio, which expresses the level of activity of the adrenal cortex [39].

The genital ratio index reflects the activity of androgens over estrogens and is calcu-
lated as the ratio of RBCs/(WBCs x 1000), according to the hypothesis that RBCs are a
biomarker of the functional role of androgens in the metabolism and WBCs are a biomarker
of the effects of estrogens on tissues [22].

The leukocyte mobilization index (LMI) evaluates the role of alpha-sympathetic activ-
ity in immediate adaptation [39]. A high LMI indicates that the alpha-sympathetic nervous
system deliberates leukocytes more from splanchnic circulation than hepatic circulation. If
the index is low, leukocytes are solicited more from perihepatic circulation than splanchnic
circulation, indicating a tendency toward the de novo production of leukocytes from the
bone marrow rather than liberation from the splanchnic reserve. The lower the index,
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the more dysfunctional the response to aggression. Its formula includes WBCs, platelets,
hemoglobin, and neutrophils.

The platelet mobilization index (PMI) formula includes platelets and red blood cells.
The PMI expresses the adaptative liberating capacity of platelets sequestered in splanchnic
versus splenic reservoirs. An elevated PMI indicates acute stress when the effects of
adrenaline are augmented, favoring splanchnic demargination. A low PMI reflects a
relative insufficiency of adrenaline activity in adaptation [39].

The starter index is calculated as the ratio of LMI to PMI and expresses the relative
predominance of glucose mobilization to start the adaptation response of glucagon relative
to adrenaline. This index evaluates the autonomic vs. endocrine and splanchnic vs. splenic
pathways involved in starting the adaptation response. A high starter index indicates
that glucagon for glucose mobilization from the liver is more effective than the effect of
adrenaline [31].

The adjusted genital ratio index is an indirect index calculated as the ratio of the
genital ratio index to the starter index [39]. It evaluates the general global predominance of
androgens in relationship to that of estrogens on tissue in acute adaptation.

The genito-thyroid (GT) ratio index is the ratio of neutrophils (%) to lymphocytes (%),
which expresses the relative activity of the gonads in relationship to that of the thyroid [39].
A high GT ratio indicates a greater likelihood of the thyrotropic axis soliciting inflammation
to aid in catabolism; therefore, it is an indicator of systemic inflammation and increased
risk of morbidity. A low GT ratio indicates a weak adaptive response of the thyroid.

The thyroid-releasing hormone (TRH) reactivation index is calculated as the ratio of
monocytes (%) to lymphocytes (%). A high TRH reactivation index indicates the degree of
disadaptation of the organism and reflects the level of reactivation of the thyrotropic axis
by the alpha-sympathetic system [39].

3. Results
3.1. Patient Characteristics and BoF Index Values

This study included 117 randomly selected kidney transplant recipients. Kidney
biopsy and blood tests for BoF index calculation were performed at a median of 20 months
after kidney transplantation, with 4.3 life years on immunosuppression overall (including
immunosuppression used for previous transplants or autoimmune native kidney disease).
Furthermore, 23.1% of patients had a second or third kidney transplant, and 37.9% of cases
presented histological signs of allograft rejection. The main characteristics of our study
population are provided in Table 1.

Table 1. Patient characteristics (1 = 117).

Gender Male, 1 (%) 74 (63.2)
Female, nn % 43 (36.8)

Age Average age, years 43+13

eGFR at biopsy * mL/min/1.73 m? 39+18

Biopsy time after transplantation Median months [IQR] 20.0 [6-96]
First transplant: 1 (%) of patients 90 (76.9)

Number of transplantations Second transplant: 1 (%) of patients 22 (18.8)
Third transplant: 1 (%) of patients 5(4.3)

Total life years on Median [IQR] 43[1.0-11.0]

immunosuppression
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Table 1. Cont.
Hemoglobin at biopsy g/L 115.8 +19.8
BMI kg/m? 247 + 48
Serum urea at biopsy mmol/L 204+ 12.6
Normal histology, % 222
ABMR, % 21.4
Biopsy result (% of cases) TCMR, % 77
Mixed rejection, % 8.8
BK virus nephropathy, % 4.4
Other abnormalities, % 359
Tacrolimus, % 66.7
Cyclosporine, % 25.6
Immunosuppression Mycophenolate, % 932
Methylprednisolone, % 92.3
Azathioprine, % 2.6
Sirolimus, % 77
Tacrolimus, ng/mL 6.57 £3.78
isiﬁrl?nl(f:j;p(r)issive agent Cyclosporine, ng/mL (before dose) 84.74 + 27.15
Sirolimus, ng/mL 0.83 + 0.65

BMI—body mass index, ABMR—antibody-mediated rejection, and TCMR—T-cell-mediated rejection. * eGFR was
estimated using the CKD EPI 2021 formula.

The median of each BoF index was calculated in the whole patient cohort, as presented
in Table 2. Only a small group of individuals (12-34%) had BoF index values assumed as
normal, according to the general population data. More than 50% of the patients had low
adaptation, LMI, genital, and adjusted genital ratio indices, while other indices associated
with catabolism or activation of the corticotropic axis (Cata-Ana, GT ratio, adrenal gland,
and cortisol indices) were high in >50% of patients. In the subgroup of patients with normal
kidney transplant histology (no rejection or other abnormalities), these tendencies were
even more prominent: a higher percentage of patients had low adaptation, LMI, PMI,
genital, and adjusted genital ratio indices, as well as high corticotropic axis index (see
Table 3).

Table 2. BoF index median values in a cohort of 117 kidney transplant recipients and the percentage
of patients with normal, lower-than-normal, or higher-than-normal index values. BoF index formulas
are presented in the table.

% of Patients

% of Patients % of Patients

Index Formula Normal Limits ~ Median witha LOW with a with a HIGH
NORMAL
Index Value Index Value
Index Value
Adaptation Eos/Mon 0.25-0.50 0.11[0.07-0.21]  76.9 12.0 11.1
(PLT x Neu x
LMI HgB)/(30,000 x  0.85-1.15 0.76 [0.60-0.92]  59.8 325 7.7
WBCs)
PLT/(60 x
PMI RBCs) 0.85-1.15 0.85[0.66-1.11]  47.9 34.2 179
Starter LMI/PMI 0.85-1.15 0.90[0.67-1.18]  42.7 30.8 26.5
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Table 2. Cont.

% of Patients

% of Patients with a % of Patients
Index Formula Normal Limits ~ Median witha LOW with a HIGH
NORMAL
Index Value Index Value
Index Value
GT
Cata-Ana ratio/(Genital =y o 5 499[292-800] 6.8 239 692
ratio x Starter
index)
GT ratio Neu/Lymph 1.50-2.50 3.07[2.19-4.21] 103 30.8 59.0
Genital ratio RBCs/WBCs 0.80-0.95 0.63[0.45-0.76]  76.1 16.2 7.7
. Genital ratio
Adjusted index x Starter  0.85-1.05 0.58[0.30-0.86]  70.1 17.1 12.8
Genital ratio .
index
GT 7.61
Adrenal Gland  ratio/(Genital 2.70-3.30 . 12.0 12.8 75.2
V) [4.01-16.37]
ratio)
Cata-ana in- 3742
Cortisol Fiex/Adaptatlon 3-7 [16.42-111.53] 2.6 145 829
index
Cortisol/Adrenal
Gland Ratio 3 19.7 18.8 61.5
TRH
R Mon/Lymph 0.05-0.25 0.44[0.29-0.59] 1.7 154 829
reactivation
Eos—eosinophils (in %), Lymph—lymphocytes (in %), Mon—monocytes (in %), Neu—neutrophils (in %), PLT—
platelets (in units/mm?, i.e., 185,000), RBCs—red blood cells (in thousands/mm?, i.e., 4400), and WBCs—white
blood cells (in units/mm?, i.e., 6100).
Table 3. Patients with normal transplant histology: percentage of patients with low, normal, and high
values of each BoF index.
Index % of Patients with a LOW % of Patients with a % of Patients with a HIGH
€ Index Value NORMAL Index Value Index Value
Adaptation 96.2 0 3.8
LMI 65.4 30.8 3.8
PMI 50.0 38.5 11.5
Starter 38.5 26.9 34.6
Cata-Ana 11.5 19.2 69.2
GT ratio 154 34.6 50.0
Genital ratio 84.6 7.7 7.7
Adjusted Genital ratio 73.1 15.4 11.5
Adrenal Gland 11.5 3.8 84.6
Cortisol 3.8 7.7 88.5
TRH reactivation 0 7.7 92.3

3.2. BoF Indices in Patients with and without Transplant Rejection

The patients were divided into two groups according to the histological diagnosis:
patients without rejection on histology (non-rejectors: n = 70) and patients with transplant
rejection (rejectors: n = 41). The index values were compared between two groups using
the Mann-Whitney test (Table 4). The adaptation index was significantly higher in patients
with biopsy-proven transplant rejection, while the ratio of cortisol to the adrenal gland
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index was significantly higher in the non-rejector group. The latter group included cases
with normal histology and other-than-rejection histology abnormalities (e.g., recurrent
glomerulonephritis and global glomerulosclerosis). The same significant results were
observed when the indices were compared between the pure normal histology (1 = 26) and
rejection groups.

Table 4. Median [IQR] BoF index values in patients with biopsy-proven transplant rejection and
patients with no rejection (normal histology or other histological abnormalities such as global glomeru-
losclerosis or recurrent glomerulonephritis).

Index Rejectors (Median Non-ﬁRejectors p-Value
[IQRI]) (Median [IQR])
Adaptation 0.15 [0.09-0.43] 0.10 [0.05-0.18] 0.009 **
LMI 0.80 [0.61-0.96] 0.71 [0.58-0.90] 0.172
PMI 0.79 [0.64-1.09] 0.87 [0.66-1.12] 0.621
Starter 0.98 [0.70-1.27] 0.87 [0.64-1.15] 0236
Cata-Ana 451[2.91-8.29] 5.02 [3.01-8.01] 0.779
GT ratio 2.98 [2.23-4.06] 0.62 [0.44-0.72] 0.908
Cortisol 29.54 [10.21-87.94] 47.39 [18.50-126.40] 0.157
Genital ratio 0.67 [0.45-0.80] 0.62 [0.44-0.72] 0.460
Adrenal gland 6.67 [3.27-17.61] 8.21 [4.30-16.65] 0.467
Adjusted Genital ratio 0.69[0.31-0.97] 0.53[0.30-0.82] 0.258
Cortisol/ Adrenal gland ratio 3.77 [1.86-6.66] 5.71[3.41-9.40] 0.013*
TRH reactivation 0.41[0.28-0.56] 0.47 [0.30-0.65] 0.259

**. Significance at the 0.01 level. *. Significance at the 0.05 level.

3.3. Cortisol and Arenal Gland Index Ratio

Cortisol should be interpreted together with the adrenal gland index; normally, this
ratio should be ~3. In our cohort, only 22 (18.8%) patients had a normal cortisol/adrenal
gland index ratio. In this group of normal ratio patients, only 9.1% had normal renal
histology, 31.8% had transplant rejection, and 59.1% had other abnormalities on kidney
biopsy. Furthermore, 13.6% of patients lost their transplant during the 12 months after graft
biopsy, 50% of patients had a functioning graft 1 year after biopsy, and 36.4% of patients
had less than 12 months of follow-up.

The patient group with an increased cortisol/adrenal gland index ratio had signifi-
cantly fewer transplant rejection cases (31.9%) compared to the patients with a low corti-
sol/adrenal gland index ratio (60.9%; p < 0.05); however, the cortisol/adrenal gland index
AUC for discriminating patients with transplant rejection was only 0.356 (CI 0.246-0.467).
Looking at infectious complications, the group with the higher ratio had a higher average
number of cytomegalovirus infection episodes per patient in the last 6 months before
biopsy (0.29) compared to the group with the lower ratio (0.09), although this result was
not significant (p > 0.05).

A total of 91% of patients with a low cortisol/adrenal gland index ratio received
methylprednisolone (median dose: 8 mg), while 92% of patients with a high cortisol /adrenal
gland index ratio received methylprednisolone (median dose: 6 mg). The median times
(months) after transplantation in groups with low, normal, and high ratios were 36.00, 81.00,
and 12.00, respectively, but significantly differed only between groups with normal and
high ratios (p < 0.05).
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3.4. Adaptation Index

Our data analysis revealed that more than two-thirds of the kidney transplant re-
cipients had a decreased adaptation index, while patients with biopsy-proven transplant
rejection had significantly higher adaptation index values. The ROC analysis of the adapta-
tion index showed an AUC value of 0.649 (95%CI 0.540-0.759) for detecting biopsy-proven
kidney transplant rejection (see Figure 1).
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Figure 1. Adaptation index ROC curve for detecting biopsy-proven kidney transplant rejection. The
AUC was 0.649 (95%CI 0.540-0.759).

3.5. BoF Index Correlation with Clinical Parameters

Spearman correlation analysis revealed a significant negative correlation between the
adaptation index and the tacrolimus level. The LMI and PMI correlated negatively with
patient body mass index (BMI). A positive correlation was found between patient BMI and
the GT ratio index. There were positive correlations between starter, genital, and adjusted
genital ratio indices and graft survival. The serum creatinine concentration at the time of the
biopsy correlated positively with the adrenal gland, TRH reactivation, Cata-Ana, and PMI
indices and correlated negatively with the genital, adjusted genital ratio, and starter indices.
The mycophenolate (MMF) dose correlated negatively with the PMI and positively with the
starter index (Table 5). No significant correlations were observed between the considered
indices and the steroid dose or cyclosporine concentration. Patients with tacrolimus levels
below 5 ng/mL had a significantly higher median value of the adaptation index compared
to patients with higher levels of tacrolimus (0.17 [0.11-0.39] vs. 0.10 [0.05-0.15]; p = 0.002);
however, the other indices did not differ significantly between these groups.

165



Medicina 2024, 60, 1016 90f15
Table 5. Spearman correlation analysis of BoF indices and patient clinical data.
Graft Survival Serum Creatinine Tacrolimus Level
Index BMI (Months Until Level at the Time (ng/mL) MMF Dose
Dialysis) of the Biopsy
Adaptation —0.062 0.196 0.148 —0.270 * —0.049
LMI —0.194 % 0.265 —0.062 0.026 0.624
PMI —0.337 ** —0.245 0.218 * —0.063 —0.199 *
Starter 0.156 0.401* —0.241* 0.153 0.221*
Cata-Ana 0.152 —0.254 0.323 ** —0.072 —0.057
GT ratio 0.204 * —0.283 0.327 —0.007 —-0.013
Genital ratio 0.018 0.377 * —0.218 * 0.122 0.129
Ad’“i‘;femtal 0.092 0387+ ~0235* 0138 0174
Adrenal Gland 0.108 —0.276 0.276 ** —0.082 —0.060
Cortisol 0.142 —0.074 0.056 0.169 0.066
Cortisol/ Adrenal
Gland Ratio —0.046 —0.041 —0.144 0.301 0.135
TRH reactivation 0.140 —0.085 0.250 ** —0.006 —0.090

** Correlation is significant at the 0.01 level. * Correlation is significant at the 0.05 level.

3.6. BoF Indices and One-Year Graft Survival

The patients were divided into two groups: one group included patients with graft
loss during the year after the biopsy (n = 18), while the second group included patients
without graft loss during the year after the biopsy. It is worth noting that two patients were
excluded, who died within 1-2 months after the biopsy due to cryptococcosis or pancreatic
abscesses and had an infection at the time of the biopsy.

Non-parametric statistical tests (Mann-Whitney U test) were performed to compare
different characteristics between the graft loss group and patients with a working graft
(see Table 6). Only serum creatinine levels were significantly higher in the graft loss group;
however, there was a tendency toward lower genital ratio, starter, and adjusted genital
ratio in the graft loss group, although these differences were not significant (Figure 2).

Table 6. Characteristics and BoF indices in patients with and without graft loss during the follow-up
12 months after kidney biopsy.

Characteristics Graft'Loss No G.raft Loss p-Value
(Median [IQR]) (Median [IQR])

Patient age 31.50 [28.00-56.50] 43.50 [31.2-53.75] 0222
BMI 21.92 [20.62-26.00] 24.62 [20.82-28.69] 0431
Creatinine at biopsy, umol/L 430.00 [294.50-472.50] 155.00 [121.00-231.00] <0.001 *
Creatinine at 1 month after biopsy, umol/L 235.73 [148.00-314.00] 216.18 [110.75-247.50] 0.042 *
Creatinine 3 months after biopsy, umol/L 323.50 [221.25-386.25] 128.00 [108.00-175.00] 0.043 *
Creatinine 6 months after biopsy, pmol/L 385.50 [313.5-506.5] 153.00 [108.50-218.00] 0.023 *
Biopsy time after transplantation 48.50 [11.50-107.5] 16.00 [8.00-73.50] 0.161
C-reactive protein 1.03[0.29-8.25] 1.70 [0.90-3.77] 0.932
Tacrolimus level, ng/mL 5.00 [3.68-7.68] 5.90 [4.00-7.70] 0.780
Mycophenolate dose, g 1.5 [1.0-2.0] 2.0 [1.4-2.0] 0.166
Steroid dose, mg 8.00 [4.00-9.00] 4.00 [4.00-8.00] 0.119
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Table 6. Cont.

Srerion e
BoF Indices:

Adaptation 0.11 [0.04-0.28] 0.12 [0.07-0.20] 0.838
Cata-Ana 6.98 [3.08-19.96] 4.80 [2.57-6.78] 0.735
GT ratio 3.94 [2.32-7.56] 2.91 [2.08-3.62] 0.378
Cortisol 58.24 [9.87-155.48] 39.25 [14.51-95.47] 0.776
Genital ratio 0.44 [0.39-0.69] 0.64 [0.45-0.80] 0.067
Adrenal gland 12.44 [4.50-41.89] 7.48 [3.17-15.33] 0.378
TRH reactivation 0.44 [0.19-0.72] 0.42 [0.30-0.52] 0.838
LMI 0.59 [0.50-0.88] 0.80 [0.62-0.97] 0.197
PMI 0.90 [0.76-1.11] 0.75 [0.63-1.04] 0.154
Starter 0.73 [0.49-1.03] 1.03 [0.76-1.27] 0.067
Adjusted genital ratio 0.31 [0.16-0.72] 0.69 [0.35-0.96] 0.067

* Significance at the 0.05 level.
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Figure 2. Starter (a), adjusted genital (b), and genital ratio (c) indices in patients with and without
graft loss during follow-up 12 months after kidney biopsy. Mild outliers are marked with a circle (°),
and extreme outliers are marked with an asterisk (¥).
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4. Discussion

To the best of our knowledge, this is the first publication focused on endobiogenic
indices in a kidney transplant recipient cohort. Although endobiogenic medicine uses many
more indices and includes a holistic approach to the patient, including inspection, thorough
anamnesis of the patient, and evaluation of the whole combination of indices (instead of
drawing conclusions from one abnormal index), our aim was to reflect the tendencies of
such indices in kidney transplant recipients receiving maintenance immunosuppressive
therapy [21]. All indices in this paper were calculated from the complete blood count test,
with differentials taken 0-7 days before kidney allograft biopsy, which was performed for
various clinical indications.

The cortisol and adrenal gland indices represent the activity of the corticotropic axis.
The cortisol index normally expresses the role of cortisol during adaptation; however, pa-
tients after kidney transplantation who regularly take steroids for immunosuppression are
likely to have an increased cortisol index and an increased cortisol/adrenal gland ratio. In
our cohort, 91% of patients with a low cortisol index were taking steroids, while more than
60% of patients with a low index ratio had biopsy-proven transplant rejection at the time of
measurement. This finding suggests that some recipients with low values of this ratio index
may show a state of under-immunosuppression. In contrast, there was a tendency toward
higher numbers of CMV infections and a lower rate of transplant rejection in patients with
a high cortisol/adrenal gland ratio, indicating a state of over-immunosuppression, despite
receiving a lower dose of steroids compared to the group with a low cortisol /adrenal gland
index ratio. Therefore, this index ratio might be helpful in identifying individual patients
presenting over- or under-immunosuppression for the guidance of immunosuppressive
agent dosing; however, more data are needed for validation.

Our data analysis showed that more than two-thirds of kidney transplant recipi-
ents had a lower-than-normal adaptation index, which is not surprising as this index is
calculated as the ratio of eosinophils to monocytes and, in transplanted patients, oral
immunosuppressive therapy with corticosteroids may lower eosinophil levels [40]. Our
results revealed that patients experiencing allograft rejection had significantly higher adap-
tation index values, indicating lower glucocorticoid activity. Moreover, there are published
data indicating that eosinophilia often precedes T-cell-mediated transplant rejection, as
well as the successful use of corticosteroids for managing this type of rejection through the
suppression of eosinophils [41,42].

More than half of the patients had decreased adaptation, LMI, genital, and adjusted
genital ratio indices. According to the theory of endobiogeny, these data indicate that
kidney transplant recipients tend to have low ACTH activity due to the inhibition caused
by high cortisol activity associated with steroid use. A low LMI suggests a dysfunctional
response to aggression and a tendency to solicit white blood cells from the perihepatic
circulation more than from the splanchnic circulation. It is calculated as the ratio of platelets,
neutrophils, and hemoglobin to white blood cells, and in our cohort of kidney transplant
recipient patients, this ratio was decreased in more than half of the patients. Moreover, the
indices associated with catabolism and activation of the corticotropic axis were increased,
indicating an effect of steroid catabolic activity.

Higher tacrolimus levels were associated with lower patient adaptation. This can be
explained by the ability of tacrolimus to reduce eosinophil levels by promoting eosinophil
apoptosis [43]; however, tacrolimus does not strongly affect monocyte function to a clini-
cally relevant degree and only changes macrophage polarization [44].

Patients with a higher BMI had lower PMI and LMI values, which can be explained
by the higher platelet count in patients with an increased BMI, as mentioned in several
papers [45-47], and a positive significant correlation between BMI and platelet count
was observed in our data. Notably, platelets are present in the denominator of both
index formulas. Higher BMI was associated with a higher GT index, which is the ratio
of neutrophils to lymphocytes, and data on neutrophilia and lymphocytopenia in obese
patients have been previously reported [48-50]. According to the theory of endobiogeny,
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an elevated GT ratio indicates efficient thyroid activity and the likelihood of the thyrotropic
axis to solicit inflammation to aid in catabolism [31].

A tendency of longer graft survival was observed in patients with higher starter,
genital, and adjusted genital ratios. The genital ratio increases with higher red blood cells
and reflects the dominant activity of androgens over estrogens, according to the theory of
endobiogeny. However, longer graft survival is closely associated with better functioning
of the graft, and on the other hand, anemia is a sign of kidney failure [51]. Therefore, higher
red blood cells and a higher genital ratio are linked to better functioning of the graft and,
thus, longer graft survival.

The negative correlation between the MMF dose and PMI can be explained by the
effect of MMF on bone marrow function; in particular, it suppresses the production of red
blood cells more than platelets [52,53]. The PMI is in the denominator of the starter index
formula; so, the latter index is positively correlated with the MMF dose. In endobiogenic
medicine, an increased starter index is interpreted as increased glucose mobilization from
liver glucagon in response to stress and the need for adaptation [22].

One of the limitations is that the study patients formed a very heterogenic group of
kidney transplant recipients with a very different duration of overall immunosuppression,
with the time after transplantation ranging from 0 to 28 years. In other words, the patients
may not have been matched regarding variables that can affect clinical outcomes, including
graft loss and duration of graft survival. Moreover, the allograft histology was very
heterogenous, including normal histology as well as transplant rejection (both antibody-
mediated and T-cell-mediated), recurrent glomerulopathy, polyoma virus infection, global
glomerulosclerosis, and so on. It would be rational to analyze BoF indices in larger groups
of patients with each histological diagnosis. Moreover, we did not have data about patient
comorbidities such as diabetes, thyroid diseases, and medications used for their therapy,
which could affect the BoF index results.

Despite these limitations, we provide the first overview of endobiogenic indices in
a very specific patient population and connect the interpretation of these indices from
traditional and endobiogenic medicine points of view. By increasingly applying an individ-
ualized approach to patients in clinical practice, the principles of endobiogenic medicine
could complement traditional medicine, especially when making decisions about the pa-
tient’s treatment, while assessing the risk of complications. BoF indices provide additional
knowledge about the patient’s endocrine system activity, metabolism, and other ongo-
ing processes; however, so far, these indices have been studied and applied mainly in
the general population. Chronic kidney disease and chronic immunosuppression signif-
icantly alter physiological processes; so, the interpretation of BoF indices applied to the
general population may not be appropriate for patients after kidney transplantation. As
such, more scientific evidence is needed to apply the principles of endobiogenic medicine
to this patient population. This article provides data about BoF values in patients with
normal graft histology, as well as the correlation between indices and graft rejection and
over-immunosuppressive conditions.

5. Conclusions

Most of the kidney transplant recipients had abnormal BoF index values, reflecting
increased corticotropic effects on their cells. This was even more prominent in the subgroup
of patients with normal transplant histology. Therefore, BoF indices should be interpreted
with caution in kidney transplant recipient populations due to the corticotropic effects
of maintenance immunosuppressive therapy. Among all the calculated indices, only the
adaptation index discriminated patients with biopsy-proven transplant rejection from those
without it. As such, this index may be used in addition to other biomarkers when kidney
transplant rejection is suspected.
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