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3. Wykaz stosowanych skrétow i oznaczen

AITD - autoimmunizacyjna choroba tarczycy

Anty- Tg/ TG-AD - przeciwciata skierowane przeciwko tyreoglobulinie
Anty- TPO / TPO-ADb - przeciwciata przeciwko peroksydazie
BMI - body mass index, indeks masy ciata

CAT - katalaza

Cu*/Cu® - jony miedzi

DIT — dijodotyrozyna

GPx - peroksydaza glutationowa

GSH — glutation

HO,™ - rodnik wodorotlenkowy

H,0O; - nadtlenek wodoru

HT - choroba Hashimoto

ICAM-1 - migdzykomorkowa czasteczka adhezyjna 1
IFN — vy - interferon gamma

IL-1 - interleukina 1

IL-6 - interleukina 6

IL-12 - interleukina 12

LOOH - wodoronadtlenek kwasu thuszczowego
MDA - dialdehyd malonowy

MIT — monojodotyrozyna

NADPH - dinukleotyd nikotynoamidoadeninowy

NO — tlenek azotu

NWS - §lina niestymulowana

O, - tlen singletowy

10, —tlen singletowy



O," - anionorodnik ponadtlenkowy

O3 - 0zon

‘OH - rodnik hydroksylowy

ONOQO ' - nadtlenoazotyn, peroksynitryt

OS - stres oksydacyjny

UA - kwas moczowy

USG — ultrasonografia

Px - peroksydaza slinowa

RFT - reaktywne formy tlenu

SCN’ - jon tiocyjankowy

SOD1 - dysmutaza 1, miedziowo-cynkowa
SOD?2 - dysmutaza 2, dysmutaza manganowa
SOD3 - dysmutaza ponadtlenkowa

SS - zespot Sjogrena

SWS - §lina stymulowana

T3 - trijodotyronina

T4 - tetrajodotyronina (tyroksyna)

TAS/TAC - catkowita pojemnos¢ antyoksydacyjna
Tg - tyreoglobulina

TNF - czynnik martwicy nowotworow
TNF-a - czynnik martwicy nowotworow - alfa
TPO - peroksydaza tarczycowa

TSH - hormon tyreotropowy, tyreotropina

TSH-R przeciwciala przeciwko receptorowi TSH



4. Wstep

Autoimmunizacyjne zapalenie tarczycy (AITD), inaczej choroba Hashimoto, jest chorobg
autoimmunologiczng charakteryzujaca si¢ naciekiem zapalnym migzszu gruczotu tarczowego. AITD
jest jedng z najczestszych chordb autoimmunizacyjnych, czestsza wsrod kobiet po 40-50 roku zycia,
cho¢ zdarzajg sie przypadki choroby wérod dzieci i mtodziezy (1, 2). Autoimmunizacyjnemu zapaleniu
tarczycy czesto towarzyszy stan jej niedoczynnosci na skutek zniszczenia lub wildknistego
zwyrodnienia tkanki gruczotowej. Nalezy zaznaczyC, ze czgste sg przypadki pacjentow w stanie
eutyreozy, jak i w stanie nadczynno$ci tarczycy, co oczywiscie zalezy od nasilenia stanu zapalnego
gruczotu tarczowego (3). U chorych z AITD, tak jak w przypadku kazdej z chordb
autoimmunizacyjnych, wystepuja autoprzeciwciata: przeciwko tyreoglobulinie (Anty- Tg) i/lub
przeciwko tyreoperoksydazie (Anty- TPO) (4). Tg jest glikoproteing, ktora jest zwigzana z
przechowywaniem hormonow tarczycy w komorkach pecherzykowych. TPO jest enzymem
transblonowym, wystepuje w postaci dimeru na szczytach komoérek w pecherzykach tarczycy. Jego
gtowna rolg jest udziat w syntezie hormondw tarczycy przez katalizowanie utleniania jodu, jodowanie
reszt tyrozyny i sprzgganie jodotyrozyny (MIT — monojodotyrozyny oraz DIT — dijodotyrozyny) w
trijodotyroning (T3) i tetrajodotyronine (T, — tyroksyne). U niektorych pacjentow stwierdza si¢ takze
obecnos¢ przeciwcial przeciwko receptorowi TSH (TSH-R) (5). Przeciwciata przeciwko T4 i1 T3
wystepuja w 15-35% przypadkoéw (6). Anty- TPO powoduja niszczenie tyreocytow, a takze odgrywaja
istotng role w inicjacji, przebiegu oraz diagnozie AITD. Rozpoznanie AITD opiera si¢ na badaniu
ultrasonograficznym, jak rowniez na serologicznym zaprezentowaniu obecnosci podwyzszonego miana

przeciwcial, gtéwnie anty TG/ anty-TPO.

4.1. Wolne rodniki tlenowe i azotowe, antyoksydanty, stres oksydacyjny

Inny mechanizm patofizjologiczny AITD nawigzuje do reaktywnych form tlenu (RFT) i stresu
oksydacyjnego (OS).

Co to sg wolne rodniki tlenowe/azotowe?

Tlen czasteczkowy jest utleniaczem, wchodzac w reakcje ze zwigzkami organicznymi, utlenia je
odbierajac im elektrony. Sam za$ ulega redukcji. Redukcja tlenu wigze si¢ z przylaczaniem do
czasteczki czterech elektronéw i czterech protonéw. Reakcja ta prowadzi do wytworzenia 2 czgsteczek
wody. Niestety, czasteczka tlenu tylko w 90% ulega redukcji wedlug przedstawionego schematu.
Pozostate 10% tlenu nie zostaje w petni zredukowanych, co prowadzi do powstania molekut znanych
jako RFT. RFT to atomy lub czasteczki zdolne do samodzielnej egzystencji (7, 8). Wigkszos¢ z nich
posiada co najmniej 1 niesparowany elektron na orbicie walencyjnej. Dlatego tez, reaktywne formy
tlenu wystgpuja zarowno w formie wolnorodnikowej, jak i nierodnikowej (9). Formy wolnorodnikowe
RFT sa wysoce reaktywne. Dazac do pozbycia si¢ wolnych elektronéw, wchodzg w reakcje z innymi
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czasteczkami (10, 11). W sytuacji, gdy wolne rodniki uwspolniaja swoje niesparowane elektrony
dochodzi do powstania czasteczki niebedacej wolnym rodnikiem (12).

Do nierodnikowych aktywnych metabolitdw tlenu zaliczamy: tlen singletowy (*O.), ozon (Os),
nadtlenek wodoru (H,0,), chloraminy (10, 11, 13-18).

Do form wolnorodnikowych RFT nalezg: anionorodnik ponadtlenkowy (O7), rodnik
wodorotlenkowy (HO,™) i rodnik hydroksylowy (‘OH). O,  bedac prekursorem pozostalych RFT
zapoczatkowuje kaskade reakcji prowadzacych w sprzyjajacych warunkach do rozwoju OS. Addycja
elektronu do anionorodnika ponadtlenkowego (O;) lub 2 elektronéw do czgsteczki tlenu generuje
tworzenie Hy0,. H,O, nie jest az tak reaktywny jak pozostale wolne rodniki tlenowe, jednak jest
bardziej aktywny od tlenu czasteczkowego. W obojetnym pH, wykazuje ogromne powinowactwo do
grup tiolowych, indolowych, imidazolowych, fenolowych, tioestrowych i metionylowych
aminokwasow, co prowadzi do oksydacyjnych modyfikacji tancuchéw biatkowych i uraty funkcji
biologicznych zmodyfikowanych biatek (19, 20). Co ciekawe, H,0, dyfunduje przez blony
biologiczne, a wigc tatwo przedostaje si¢ do odlegtych miejsc w komorce. Jego szkodliwe dziatanie
ulega spotegowaniu w obecnosci histydyny, jak réwniez jonéw zelaza, miedzi, kobaltu, niklu, manganu
i chromu. W obecno$ci wymienionych metali przejsciowych H,O, wchodzi w tzw. reakcje Fentona
prowadzaca do wytworzenia rodnika hydroksylowego (*OH). Histydyna tworzy kompleksy z metalami
katalizujacymi reakcj¢ Fentona (20). Wspomniany *OH jest jednym z najbardziej reaktywnych
utleniaczy, co pozwala mu na reakcje ze wszystkimi czasteczkami obecnymi w organizmie. Niestety,
jest to jeden z nielicznych wolnych rodnikow tlenowych w stosunku do ktorego organizm ludzki nie
posiada systeméw neutralizujagcych (9). Jezeli w $rodowisku znajdg si¢ jony chloru, H,O, ulega
przeksztalceniu w kwas podchlorawy. Ten ostatni reaguje szczegdlnie tatwo ze zwigzkami
zawierajagcymi wolne grupy aminowe z wytworzeniem pochodnych azotowo-chlorowych typu
monochloramin i dichloramin, bedacych utleniaczami. Kwas podchlorawy utlenia grupy disiarczkowe
biatek 1 glutationu (GSH), centra Zelazowo-siarkowe bialek, jak roéwniez jony zelaza w biatkach
hemowych. Reaguje z resztami nienasyconych kwasoéw thuszczowych fosfolipidow i z cholesterolem,
co wplywa na struktur¢ blon komérkowych. Podobne wiasciwosci wykazuja kwas podbromawy i kwas
podjodawy (21-24). Reakcje RFT ze zwigzkami organicznymi prowadza do wytworzenia rodnika
alkoksylowego, nadtlenkowego oraz rodnika i anionorodnika semichinonowego, jak rowniez zwigzkow
nie bedacych RFT: kwasu chlorowego(I), bromowego (I), jodowego(I) oraz rodnikow ferrylowego
nadferrylowego.

Nie mozna nie wspomnie¢ o tlenku azotu (NO) i nadtlenoazotynie. NO jest wolnym rodnikiem,
ma nieparzystg liczbe elektronéw walencyjnych, co warunkuje jego reaktywno$¢ chemiczng i
biologiczng. NO wchodzi w reakcje z biatkami, glownie posiadajgcymi centra zelazowo-Siarkowe, jony

metali przejsciowych i grupy hemowe. NO moze uwalnia¢ zelazo z ferrytyny, co takze sprzyja reakcji
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Fentona (25). NO jest bardzo nietrwaly, a w obecnosci tlenu jego okres pottrwania wynosi zaledwie
kilka sekund. Reagujac z anionorodnikiem ponadtlenkowym wytwarza nadtelnoazotyn, ktory nie jest
wolnym rodnikiem, ale ma bardzo silne wtasciwosci utleniajace. Nadtlenoazotyn ma szczegolne
powinowactwo do grup disiarczkowych bialek i wielonienasyconych kwasow tluszczowych (26).
Hamuje dziatanie oksydazy cytochromowej i innych enzyméw tancucha oddechowego. Hamuje takze
aktywno$¢ akonitazy, kluczowego enzymu cyklu Krebsa (27).

Nalezy wspomnie¢, ze 90% wymienionych reaktywnych form tlenu powstaje przy wspotudziale
mitochondrialnego tancucha oddechowego (28). Pozostale 10 % generowane jest przez oksydaze
NADPH, oksydaze ksantynowa lub oksydaz¢ L-aminokwasowa w trakcie reakcji zachodzacych w
pozostatych przedziatach komorkowych (29). Inne egzogenne zrodta RFT obejmujg: promieniowanie
jonizujace, ultradzwieki, podwyzszong temperature ciata/otoczenia, leki i produkty ich metabolizmu
(10, 30-32).

Oczywiscie, organizm ludzki nie jest bezbronny w aspekcie zwalczania RFT. Pierwsza linig
obrony jest niedopuszczanie do reakcji pomigdzy RFT a sktadnikami komorek. Kolejng - przerwanie
wolnorodnikowych 1 nierodnikowych reakcji utleniania. Eliminacja oksydacyjnych uszkodzen
sktadnikow komorki jest natomiast koncowym mechanizmem ochrony organizmu (33). Wyrozniamy
antyoksydanty enzymatyczne i nieenzymatyczne. Ze wzgledu na zakres prezentowanych badan tylko
omowi¢ niektore z nich.

W organizmie czlowieka wystepuja 3 rodzaje dysmutaz ponadtlenkowych. W cytoplazmie
aktywny jest enzym zawierajagcym w centrum aktywnym miedZz i cynk (SOD1, dysmutaza 1,
miedziowo-cynkowa), w macierzy mitochondrialnej wystepuje dysmutaza zawierajgca mangan (SOD2,
dysmutaza 2, dysmutaza manganowa), a w przestrzeni pozakomorkowej znajdujemy pozakomorkowsa
dysmutazg ponadtlenkowa (SOD3). Generalnie wszystkie wymieniony formy dysmutaz katalizuja
reakcje dysmutacji anionorodnika ponadtlenkowego i co warte podkreslenia, sa te jedyne enzymy
zdolne neutralizowaé anionorodnik ponadtlenkowy. Powstaty H,O; jest nastgpnie redukowany przy
udziale enzymow z rodziny peroksydaz (34, 35). Redukujac H,O; peroksydaza slinowa (Px) katalizuje
reakcje utlenienia jonu tiocyjankowego, z wytworzeniem kwasu podtiocyjanowego i anionu
podtiocyjanowego oraz jonu tiocyjankowego, produktu utleniania SCN i tiocyjanogenu. Wymienione
produkty reakcji majg wybitne dziatanie bakteriobojcze (36).

Organizm ludzki zawiera ponadto peroksydaze glutationowg (GPX), ktora katalizuje reakcje
pomiedzy glutationem zredukowanym (GSH) a H,0,. Wynikiem tej reakcji jest powstawanie utlenionej
formy glutationu. Ten ostatni zwigzek jest toksyczny dla komorki, gdyz utlenia grupy tiolowe bialek,
prowadzac do ich inaktywacji. Dlatego tez, utleniony glutation jest szybko przeksztalcany w forme
zredukowang przy udziale reduktazy glutationu (37). Kolejng grupg enzymow zaangazowanych w

reakcje dysproporcjonowana HyO, jest rodzina katalaz (CAT). Stezenie H,O, determinuje rodzaj
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aktywnosci CAT. Przy wysokim stezeniu HyO,, przewage zyskuje aktywnos$¢ katalazowa, za§ przy
niskim stezeniu nadtlenku wodoru katalaza zachowuje si¢ jak peroksydaza (inaktywacja H,O, zachodzi
przy udziale wspomnianej GPx) (38-40). GPx wykazuje znacznie wigcksze powinowactwo do H,O; niz
CAT, dlatego ten ostatni enzym jest niezmiernie istotny przy niskich st¢zeniach H,O; (41-44).

Jednym z wazniejszych antyoksydantdw nieenzymatycznych jest wspomniany juz GSH, a
scislej uymujac system glutationu. System ten sktada si¢ z GSH i enzymow wiaczonych w jego
komorkowe przemiany: ligazy y-glutamylocysteinowej, syntetazy glutationu, peroksydazy glutationu,
S-transferazy glutationu i glutararedoksyny. W sktad systemu wchodzi rowniez reduktaza glutationu i
glutation utleniony (45, 46). Gtéwna funkcja GSH jest utrzymanie grup disiarczkowych biatek w stanie
zredukowanym, co jest fundamentalne dla biologicznych wiasciwosci biatek. Ponadto GSH
unieczynnia RFT, regeneruje a- tokoferol i witaming C (45, 46).

Kwas moczowy (UA) powstaje z hipoksanyny przy udziale oksydazy ksantynowej (47). Jego
gtownym dziataniem antyoksydacyjnym jest wychwyt “OH, nadtlenkow lipidowych (LOOH) i '0,. UA
nie unieczynnia O,  (48). UA spowalnia reakcje wolnorodnikowe i stabilizuje zredukowang forme
askorbinianu. W obecnosci witaminy C, UA dziala protekcyjnie na btony komodrkowe zapobiegajac
utlenieniu budujacych je kwasoéw tluszczowych. Efekty antyoksydacyjne UA ulegaja zmniejszeniu w
srodowisku dwuweglanow (34, 49). UA jest unieczynniany przez duze stezenia RFT i ONOO'.
Wysokie stezenia UA, zwlaszcza jezeli w §rodowisku obecne sa jony Cu*/Cu?* sprawiaja, iz kwas
moczowy sprzyja peroksydacji lipidow, czyli przesuwa rownowage redoks w kierunku utleniania (50,
51).

Antyoksydanty wzajemnie si¢ uzupeiniajg i wspotpracujg w procesie neutralizowania RFT.
Calkowita pojemnos¢ antyoksydacyjna (TAS/TAC) to warto$¢ odzwierciedlajgca potencjat
przeciwutleniajacy badanego materialu. Jest to uproszczona analiza ,mocy” wszystkich
antyoksydantow bez wzgledu na ich pochodzenie czy mechanizm dzialania. TAS/TAC nie pozwala
jednak oszacowa¢ mechanizmu dzialania antyoksydacyjnego, ale ulatwia oceni¢ wydolnosci
komorek/tkanek/narzadow w zapobieganiu OS (49, 52).

Zachwianie roéwnowagi pomig¢dzy aktywnoscia/stezeniem systemOw antyoksydacyjnych a
stezeniem RFT i przesuniecie jej w kierunku reakcji utleniania prowadzi do sytuacji zwanej stresem
oksydacyjnym (OS). Niezneutralizowane RFT moga uszkadza¢ wszystkie elementy komorkowe:
biatka, lipidy, weglowodany i material genetyczny, prowadzac do nieodwracalnych zmian w
funkcjonowaniu komorki, a ostatecznie do jej catkowitego uszkodzenia.

Peroksydacja lipidow jest wolnorodnikowym procesem utleniania nienasyconych kwasow
thuszczowych i innych lipidow. Sktada si¢ z 3 etapéw. Inicjacja peroksydacji to nic innego jak
oderwanie atomu wodoru od czgsteczki zwykle wielonienasyconego kwasu tluszczowego lub jego
reszty bedacej fragmentem fosfolipidu. Proces ten inicjowany jest przez ozon, NO, ditlenek azotu i
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siarki (53). Odtaczeniu ulega najczesciej atom wodoru potaczony z weglem pomiedzy wigzaniami
podwojnymi. Inicjacja prowadzi do wytworzenia wolnego rodnika alkilowego z 1 niesparowanym
elektronem. W rodniku alkilowym nastepuje przegrupowanie wigzan podwojnych z wytworzeniem
wigzania sprzgzonego, wigzania nie wystepujacego naturalnie w lipidach. W kolejnej fazie, tzw.
propagacji, rodniki alkilowe wchodza w reakcje¢ z tlenem, ktorej produktem sg rodniki nadtlenkowe. Te
ostatnie odrywajg atomy wodoru od nieuszkodzonych czasteczek wielonienasyconych kwasow
thuszczowych, co prowadzi do powstania nadtlenku kwasu tluszczowego. Ten cykl reakcji moze
zachodzi¢ wiele razy, az do momentu reakcji terminacji. Terminacja jest wynikiem oddzialywania
mi¢dzy wolnymi rodnikami tlenowymi prowadzacego do powstania czgsteczki niebgdacej wolnym
rodnikiem. Produktami terminacji sa dimery kwasow tluszczowych oraz okso- i hydroksy kwasy
thuszczowe. W komorkach proces peroksydacji ma miejsce w btonach komoérkowych, gdzie obecne sa
biatka (54). Wolne rodniki ttuszczowe mogg wigc reagowac z biatkami blonowymi, doprowadzajac do
powstania wolnych rodnikéw biatkowych. Nalezy rowniez wspomnie¢ o tzw. zjawisku reinincjacji
polegajacym na rozktadzie nierodnikowych produktéw peroksydacji z wytworzeniem wolnych
rodnikow. Proces taki inicjowany jest przez jony metali przejSciowych, glownie zelazo i miedz (53).
Ulegajac dalszym przemianom zachodzacym droga np. f-eliminacji, produkty oksydacji rozpadaja si¢ z
wytworzeniem kilkunastowgglowych produktow. Jednym z nich jest dialdehyd malonowy (MDA) czy
4-hydroksynonenal (55).

Powyzej przedstawiony schemat peroksydacji to peroksydacja nieenzymatyczna. Enzymatyczna
peroksydacja wielonienasyconych kwasow tluszczowych prowadzi do generowania grupy zwigzkoéw z
rodziny prostoglandyn, tromboksanéw i leukotrienow (56). Lipooksygenazy generuja wodoronadtlenki
lipidowe. Z kolei fosfolipaza A, dostarcza wolnych kwaséw thuszczowych (57). Enzymatyczna forma
peroksydacji inicjowana jest odlgczeniem wodoru bedacego cze$cig grupy metylenowej
wielonienasyconego kwasu tluszczowego. Generowany jest w ten sposob rodnik alkilowy. Nastepnie
rearanzacji ulega przylaczenie elektronu wewnatrz tancucha weglowego wielonienasyconego kwasu
thuszczowego. Powstaje nadtlenek kwasu tluszczowego. Ostatecznie dochodzi do wbudowania tlenu
czasteczkowego 1 wygenerowania rodnika nadtlenkowego. Rodnik nadtlenkowy redukuje si¢ do
anionu, co konczy proces generowania wodorotlenkoéw. To ostatnie zjawisko, tj. wytworzenie anionu,

odrdznia peroksydacje enzymatyczng od nieenzymatycznej (58).

Produkty peroksydacji lipidow sg mniej reaktywne niz RFT dzi¢ki czemu dyfundujg na znaczne
odlegtosci w komorce. Aldehydy reaguja z grupami disiarczkowymi biatek oraz z grupami aminowymi
lipidow, biatek, aminocukroéw i materialu genetycznego. Produkty peroksydacji lipidéw zaburzajg takze
funkcjonowanie bton komoérkowych. Obecnos¢ natadowanych elektrycznie grup nadtlenkowych,

ketonowych, aldehydowych i hydroksylowych pomig¢dzy czasteczkami fosfolipidow redukuje
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hydrofobowos$¢ lipidowego wnetrza bton i dezintegruje budowe¢ dwuwarstwy. Zmiany te zwigkszaja
przepuszczalno$¢ bton dla substancji polarnych, ktére w normalnych warunkach nie przenikaja do
wnetrza komorek. Peroksydacja lipidow depolaryzuje réwniez btony komoérkowe oraz zmienia ich
asymetri¢. Skutkuje to ekspozycja fosfatydyloseryny na zewngtrznej powierzchni btony. Ponadto
wykazano, ze peroksydacja lipidéw hamuje aktywno$¢ enzymdéw btonowych i bialek transportujacych,
jak rowniez rozpreza fosforylacje oksydacyjng w mitochondriach. Zaburzona zostaje budowa
receptorow btonowych, jak rowniez powinowactwo receptorow 1 determinant antygenowych. Skutkiem

tych ostatnich jest uwolnienie enzyméw lizosomalnych i $mieré¢ komorki (7, 10, 59-63)

RFT reagujac z biatkami zmieniajag budowe reszt aminokwasowych i1 grup prostetycznych oraz
prowadza do agregacji i fragmentacji fancuchow biatkowych. Najsilniejszym modyfikatorem reszt
aminokwasowych jest gtdéwnie "OH’, za utlenianie grup disiarczkowych odpowiadajg natomiast H,O, i
O,". RFT moga takze reagowa¢ z jonami metali w metaloproteinach. Kwas podchlorawy i
nadtlenoazotyn moga natomiast utlenia¢ grupy metionylowe i tiolowe biatek (64, 65). Wrazliwe na
uszkodzenia oksydacyjne sa, oprdcz reszt cysteiny i metioniny, reszty lizyny, proliny, histydyny,
tryptofanu, fenyloalaniny, tyrozyny i argininy. Uszkodzenia oksydacyjne skutkuja szybka utrata
biologicznej aktywnosci biatka. Oksydacyjnie zmodyfikowane aminokwasy moga zapoczatkowywac
cykl reakcji, ktorych produktem sa nowe rodniki . Utlenione aminokwasy moga réwniez tworzy¢
wigzania kowalencyjne z DNA (61, 62, 66).

Kwasy nukleinowe s3a najmniej podatne na oksydacyjne uszkodzenia, ich biologicznym
zadaniem jest przechowywanie i duplikacja materialu genetycznego. H,O, i Oz 'nie powoduja
oksydacyjnych modyfikacji zasad azotowych bedacych sktadowa RNA i DNA. Dopiero reakcje ‘OH i
tlenu singletowego z kwasami nukleinowymi uszkadzaja zasady nukleinowe, reszty cukrowe lub
skutkuja zniszczeniem wigzan fosfodiestrowych pomiedzy nukleotydami. Najbardziej podatne na
dziatanie RFT sg reszty tymidyny, ktora ulegajac modyfikacji tworzy wolne rodniki/nadtlenki reszt
tymidynylowych. Zmienione oksydacyjnie zasady azotowe: 8-hydroksyguanina, dipirymidynowe
addukty adeniny i guaniny, glikol tyminy generuja w DNA mutacje punktowe (60, 67). Mutacje te
wpltywaja negatywnie na wzrost, podzial, roéznicowanie i dojrzewanie komorek oraz adhezje
migdzykomodrkowg. Stanowig jeden z mozliwych mechanizméw inicjacji transformacji nowotworowej
(68, 69). DNA zmodyfikowany przez RFT jest silnie immunogenny, co moze prowadzi¢ do chorob z

autoimmunoagresji (70).

4.2. Zrédta RFT w przebiegu AITD
Badania wykazuja, ze zarowno limfocyty CD4, jak 1 CDS8 sg niezbgdne do inicjacji procesow

patologicznych zachodzgcych w przebiegu AITD. Jakkolwiek jedynie CD4 odpowiadajg za jej
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przewlekly przebieg (71). Dane literaturowe wskazuja, ze naciekajace tkanke gruczotowa pobudzone
limfocyty CD4 i CD8, uwalniajac IL-1, TNF, y-IFN moga by¢ przyczyng nadmiernej produkcji
wolnych rodnikow tlenowych. RFT wytwarzane sa rowniez przy udziale oksydazy NADPH
pochodzacej z pobudzonych komérek fagocytarnych. Fizjologicznie, RFT (gtownie H,O,) powstaja w
procesie syntezy hormonéw tarczycy. H,O, Wytwarzany jest podczas utleniania jodu i jego przytaczania
do rdzenia bialkowego, nastepnic sam ulega deaktywacji przy udziale GPx. Niestety, jak wykazujg
badania, AITD wspotistnieje z niedoborem selenu, kluczowego pierwiastka dla funkcjonowania wyzej
wymienionych enzyméw, 1 nadmiarem spozywanego jodu (72, 73). Sytuacja taka skutkuje
generowaniem nadmiernych ilosci H,O, ktore nie ulegaja neutralizacji. Dobrze wiadomo, ze
nadprodukcja H,O; jest destrukcyjna dla komorek tarczycy. Zwigzek ten zapoczatkowuje niszczenie
tyreocytow na drodze apoptozy lub nekrozy (74). Co wiecej RFT (H,O, i O;") stymulujg gen
promotorowy czasteczki ICAM-1 (mi¢dzykomoérkowa czasteczka adhezyjna 1) w tyreocytach (75).
ICAM-1 odgrywa kluczowa role we wczesnych stanach odpowiedzi zapalnej zwigkszajac migracje
komorek jednojadrzastych w kierunku tarczycy (3). Inny mechanizm prowadzacy do nadmiernej
produkcji RFT w niedoczynnej tkance gruczotowej tarczycy zwigzany jest z niedoborem enzymow
antyoksydacyjnych (76). Deficyt antyoksydacyjny z jednej strony moze by¢ powodowany przez
zuzycie enzymoéw w procesie neutralizacji RFT, niedobodr ich kofaktorow (np. selenu w przypadku
GPx) badz by¢ wynikiem oksydacyjnych modyfikacji ich tancuchow biatkowych. Z drugiej strony
moze réwniez wynika¢ z niedoboru T3 (24, 77). W stezeniach fizjologicznych T3 wykazuje dziatanie
anaboliczne, sprzyja wigc biosyntezie bialek, w tym rowniez o charakterze antyoksydacyjnym (78).
AITD jest ponadto zwigzany z istotnym obnizeniem stezenia antyoksydantow nieenzymatycznych,
takich jak o-tokoferol czy koenzym Q (24). Co ciekawe, hormony tarczycy same w sobie moga takze
zachowywac si¢ jak czasteczki utleniajace. Wykazano, iz sg wstanie wywota¢ oksydacyjne uszkodzenie
DNA, prawdopodobnie poprzez swoje grupy fenolowe (79). Wiadomo ponadto, iz TSH bezposrednio
indukuje wydzielanie TNF-a przez komorki szpiku kostnego (80) oraz IL-6 przez adipocyty (81), co w
przypadku podwyzszonego stezenia TSH (czgste w AITD) prowadzi do rozwoju stanu zapalnego (82).
TNF-a jest kluczowa cytoking kontrolujaca wydzielanie NO, a podwyzszone stgzenia TNF-a moga
promowaé ekspresj¢ indukowalnej syntazy NO, prowadzac do zwigkszonego stresu nitrozacyjnego
(82). Dowody naukowe wskazuja na redukcje potencjatu antyoksydacyjnego i nasilony OS w osoczu
pacjentow z AITD. Lassoued i wspolpr. (83) wykazali zwickszone stezeniec MDA w osoczu oraz
zredukowana aktywno$¢ SOD i CAT w porownaniu z grupg kontrolng. Rostami i wspotpr. (84)
zaobserwowali zmniejszenie st¢zenia GSH w osoczu pacjentow z NOWO rozpoznang niedoczynnoscia
tarczycy na tle AITD w porownaniu do grupy kontrolnej. Autorzy sugerujg nawet, ze niedobér GSH
inicjuje OS i rozwdj nietolerancji immunologicznej w przebiegu AITD. Ates i wspotpr. (85)
argumentowali, ze wyzszy poziom OS u pacjentow z progresja jawnej niedoczynno$ci tarczycy U
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pacjentow z AITD moze shuzy¢ jako istotny czynnik w inicjacji i progresji tej choroby. Co ciekawe, w
badaniu przeprowadzonym przez Nande i wspolpr. (86) poziom OS byl wyzszy w grupie z
niedoczynnoscig tarczycy z dodatnim przeciwcialem tarczycowym niz w grupie z niedoczynnos$cig
tarczycy bez przeciwcial tarczycowych. Autorzy doszli do wniosku, Zze obecno$¢ przeciwcial anty- TG,
anty- TPO jest kluczowym czynnikiem wzmozonej produkcji RFT i zwigkszonych stgzen
oksydacyjnych modyfikacji bioczasteczek, podczas gdy st¢zenia hormondw tarczycy majg drugorz¢dne
znaczenie.

Ogodlnoustrojowe stany zapalne, podwyzszony poziom przeciwciat tarczycowych, zaburzone
stezenie hormondw tarczycy i chronicznie podwyzszone poziomy RFT w przebiegu AITD prowadza do
licznych powiktan ogélnoustrojowych. Nieliczne co prawda publikacje naukowe wskazuja takze na
zaburzenie funkcji gruczotow slinowych w przebiegu tej choroby autoimmunologicznej (4, 87, 88), co
biorgc pod uwagg role $liny dla zachowania zdrowia jamy ustnej ma pierwszorz¢dowe znaczenie dla
pacjentdw i lekarzy stomatologéw. Niedobor ilosciowy 1 jakosciowy $liny jest duzym problem dla
pacjenta, tym bardziej, w sytuacji wspotistnienia innych objawoéw choroby podstawowej. Powszechnie
obserwowane objawy zwigzane z dysfunkcja $linianek to: pobruzdowany, zaczerwieniony i bolesny
jezyk, atroficzna, wysuszona blone¢ §luzowa jamy ustnej, i nasilong prochnicg glownie w rejonie
przyszyjkowym zebow (89, 90). Pacjenci zglaszajg problemy z przetykaniem kesow pozywienia,
niemoznoscia spozywania pokarmow o wyrazistym smaku i problemy z fonacja (91). Agha-Hosseini i
wsp. (92) wykazal, ze funkcja wydzielnicza gruczotéw podzuchwowych wsrod kobiet z HT jest
uposledzona, co manifestuje si¢ istotnie zredukowanym tempem wydzielania §liny niestymulowane;.
Po uzyskaniu hormonalnej eutyreozy wyniki badah sialometrycznych ulegaty normalizacji, chociaz
ilos¢ wydzielanej §liny pozostawata istotnie nizsza niz w grupie pacjentow bez choroby
autoimmunizacyjnej tarczycy. Za pomoca obiektywnej i ilosciowej scyntygrafii §linowej stwierdzono
znamiennie obnizong czynno$¢ sekrecyjna gruczotow Slinowych u pacjentow z HT z kserostomia
(subiektywne odczucie suchosci) w poréwnaniu z pacjentami z HT bez kserostomii 1 osobami
zdrowymi z kserostomig lub bez niej (87, 93). Syed i wsp. (94) przekonuja, ze kliniczne podejrzenie
choréb tarczycy powinno by¢ brane pod uwage, gdy wystepuje przewlekte zmniejszenie wydzielania
sliny; dlatego tez sugeruja wykonanie profilu tarczycy (hormony, przeciwciala) jesli wykluczono inne
przyczyny hiposaliwacji. Nieprawidtowosci zarowno w skladzie, jak i iloSci wydzielanej $liny
wpltywaja negatywnie na zdrowie jamy ustnej i kondycje calego organizmu. Dlatego wazne jest
poznanie mechanizméw prowadzacych do dysfunkcji gruczoldw slinowych w przebiegu opisywanej

choroby.
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5. Omowienie prac skladajacych si¢ na rozprawe doktorska

Publikacja 1.

5.1 Enhanced salivary and general oxidative stress in Hashimoto’s thyroiditis women in euthyreosis.
Journal Clinical Medicine, 2020, 9, 2102; doi:10.3390/jcm9072102, IF 4,241, MNiSW 140
Katarzyna Morawska, Mateusz Maciejczyk, L.ukasz Poplawski, Anna Poplawska-Kita, Adam

Kretowski, Anna Zalewska

Przyczyna dysfunkcji gruczotow §linowych w przebiegu AITD nie zostata jeszcze jednak
wyjasniona. Na uwage zastluguje zaobserwowanie dysfunkcji gruczoldéw §linowych u pacjentow w
eutyreozie. Wczesniejsze badania wykazaty zaburzenia bariery antyoksydacyjnej $liny oraz udziat OS
w rozwoju 1 progresji dysfunkcji gruczotow S§linowych w przebiegu innych chordb
autoimmunologicznych: tuszczycy zwyczajnej, twardziny ukladowej, reumatoidalnego zapalenia
stawow, cukrzycy typu 1, stwardnienia rozsianego, zespotu Sjogrena oraz tocznia rumieniowatego
uktadowego (91, 95-97). Ogdlnie rzecz biorgc, w Slinie pacjentdow z chorobami autoimmunologicznymi
obserwuje si¢ obnizony/podwyzszony poziom endogennych, nieenzymatycznych antyoksydantow lub
zwigkszong/ostabiong aktywnos$¢ enzymdw antyoksydacyjnych oraz nasilong oksydacyjna modyfikacje
sktadnikéw komorek gruczotow $linowych.

Celem pracy byta ocena parametrow obrony antyoksydacyjnej oraz mierzalnych skutkow stresu
oksydacyjnego w §linie niestymulowanej i stymulowanej oraz osoczu/erytrocytach pacjentow z AITD
W stanie eutyreozy, jak rowniez porownanie uzyskanych wynikow z osobami zdrowymi (kontrola).

Na badania uzyskano zgod¢ Lokalnej Komisji Bioetycznej w Bialymstoku (R-1-002/386/2016).
Wszyscy uczestnicy badania zostali poinformowani o ich celu oraz wyrazili pisemna zgode.

Grupa badana skfadata si¢ z 45 kobiet z rozpoznanym AITD. Chorobe potwierdzono, gdy
stezenie anty-TG i/lub anty-TPO w surowicy przekraczato norme i wystepowato z niejednorodnos$cia
miazszu gruczohu tarczowego W badaniu USG. W grupie badanej znalazty si¢ jedynie pacjentki z AITD
w stanie eutyreozy [wolna tyroksyna (fT4) i hormon tyreotropowy (TSH) w normie], w tym 24 leczone
Eutyroxem (dawki od 50 do 150 mg; ostatnia tabletka przyjmowana 24 godziny przed badaniem
poziomu hormondéw) i1 21 nieleczonych. Pacjenci zglaszali si¢ na wizyty kontrolne do Kliniki
Endokrynologii, Diabetologii i Choréb Wewnetrznych Uniwersytetu Medycznego w Bialymstoku.
Postanowilismy stworzy¢ tylko jedna grupe, poniewaz wyniki poszczegdlnych testoéw rownowagi
redoks nie réznity si¢ miedzy pacjentami w trakcie terapii hormonalnej a tymi, ktorzy jej nie wymagali.

Grupe referencyjng stanowito 45 kobiet ogélnie zdrowych, dopasowanych do grupy badanej pod
wzgledem wieku i BMI, wybranych sposrod tych, ktore zgtosity si¢ na wizyty kontrolne do Zaktadu
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Stomatologii Zachowawczej UMB. Uczestniczki grupy kontrolnej mialy prawidlowy wynik badania
USG tarczycy, jak rowniez stezenie TPO-Ab, TG-Ab, T4 i TSH we krwi w normie dla 0s6b zdrowych.

Kryteria wigczenia i wytaczenia do badan i doktadna metodyka badawcza zostaty przedstawione
w publikacji 1 bedacej podstawa mojej dysertacji.

Wykazatam, ze wydzielanie $liny niestymulowanej (NWS) byto istotnie nizsze u pacjentow z
AITD w porownaniu ze zdrowymi osobami z grupy kontrolnej, podobnie jak aktywnos$¢ amylazy
Slinowej w NWS i §linie stymulowanej (SWS). Aktywno$¢ CAT i Px byla istotnic wyzsza w NWS i
SWS pacjentow z AITD, natomiast stezenia GSH i UA byly istotnie nizsze w poréwnaniu z osobami
zdrowymi. Calkowity potencjat antyoksydacyjny byl znaczaco nizszy, podczas gdy catkowity status
oksydacyjny i poziom produktow utleniania biatek (koncowe produkty zaawansowanej glikacji,
zaawansowane produkty utleniania biatek) i lipidow (MDA, wodoronadtlenki lipidow) byly znacznie
wyzsze w NWS, SWS i osoczu pacjentow z AITD w poréwnaniu do grupy kontrolnej. Doktadny opis
wynikoéw znajduje si¢ w publikacji 1 bedacej podstawa mojej dysertacji.

Whioski

1. Slinianki przyuszne i podzuchwowe u pacjentek z AITD w stanie eutyreozy cechowaly sie
upos$ledzong zdolnoscig do utrzymania réwnowagi redoks na poziomie obserwowanym w $liniankach
kobiet kontrolnych.

2. Slina pacjentek z AITD w eutyreozie wykazywata zmniejszony potencjat antyoksydacyjny.
Co wiecej, istotny wzrost stezenia zmodyfikowanych oksydacyjnie biomolekut w NWS i SWS sugeruje
niewydolno$¢ bariery antyoksydacyjnej slinianek w zwalczaniu nadmiernej produkcji RFT.

3. OS w NWS i SWS kobiet z AITD wydaje si¢ by¢ Scisle zwigzany z zapaleniem w przebiegu
autoimmunizacji, a nie ze stgzeniem hormonow tarczycy czy TSH.

4. Funkcja wydzielnicza §linianek podzuchwowych u pacjentek z AITD w stanie eutyreozy jest

zmniejszona, co objawia si¢ istotnym zmniejszeniem niestymulowanego wydzielania $liny.

17



Publikacja 2.

5.2 Cytokine/Chemokine/Growth Factor Profiles Contribute to Understanding the Pathogenesis of
the Salivary Gland Dysfunction in Euthyroid Hashimoto’s Thyroiditis Patients
Mediators and Inflammation 2021, https://doi.org/10.1155/2021/3192409, IF 4,711, MNiSW 100
Katarzyna Morawska, Mateusz Maciejczyk, Sara Zieba, L.ukasz Poptawski, Anna Kita-
Poplawska, Adam Kretowski, Anna Zalewska

Podobienstwo na podtozu genetycznym i immunopatologicznym pomigdzy zespotem Sjogrena
(SS) i AITD (98-100) sugeruje, ze zaburzenia sekrecyjnej (wydzielniczej) funkcji $linianek przez
analogi¢ do SS, moga mie¢ podtoze immunologiczne i by¢ nastgpstwem zaburzen wydzielania cytokin,
chemokin 1 czynnikéw wzrostowych. Tym bardziej, ze dochodzi do zmniejszenia rozmiaréw i wzrostu
nacieku zapalnego w gruczotach §linowych myszy (bez genu kodujgcego sulfotransferaze
tyrosulproteinowa) z niedoczynnoS$cig tarczycy na tle autoimmunologicznego zapalenia (101).

Na badania uzyskano zgod¢ Komisji Bioetycznej w Bialymstoku (R-1-002/386/2016). Kazdy z
pacjentow 1 uczestnikow grupy kontrolnej zostal poinformowany o celach i metodologii obecnego
eksperymentu 1 wyrazit pisemng zgode¢ na udzial w badaniach.

Grupe badang stanowito 25 pacjentek z rozpoznang chorobg Hashimoto. Rozpoznanie choroby
oparte bylo na pozytywnym wyniku badania USG i1 stwierdzeniu we krwi stezenia przeciwciat TPO-
Ab, TG-Ab powyzej normy laboratoryjnej. Wyodregbnione pacjentki byty to kobiety z AITD w stanie
eutyrozy, co wazne nigdy nie leczone za pomocg syntetycznych i naturalnych hormonéw tarczycy, nie
stosowano u nich zadnych innych terapii. Pacjentki zglaszaly si¢ na okresowe badania kontrolne do
Kliniki Endokrynologii, Diabetologii i Chorob Wewng¢trznych Uniwersytetu Medycznego w
Biatymstoku. Grupe kontrolng stanowito 25 ogolnie zdrowych kobiet dopasowanych pod wzgledem
wieku oraz BMI, ktore zglaszaly si¢ na stomatologiczne wizyty kontrolne do Zaktadu Stomatologii
Zachowawczej. Uczestniczki grupy kontrolnej miaty prawidtowy wynik badania USG tarczycy, jak
rowniez stezenie TPO-Ab, TG-Ab, fT4 i TSH we krwi w normie dla os6b zdrowych.

Kryteria wlaczenia i wylaczenia do badan i doktadna metodyka badawcza zostaly przedstawione
w publikacji 2 bedacej podstawa mojej dysertacji.

U ponad potowy badanych pacjentek odnotowalam wydzielanie NWS ponizej 0.2 mL/min
wskazujace na ostabiong funkcj¢ wydzielnicza §linianek. Dodatkowo dowiodtam, ze kliniczne objawy
niewydolnosci gruczotow §linowych poglebiaja si¢ z czasem trwania choroby, niemniej jednak
zachodzace w nich zmiany zapalne sg niezalezne od zmian zapalnych towarzyszacych AITD.
Uzyskane wyniki wskazuja na wystepowanie zaburzen w profilu cytokin, chemokin i czynnikow

wzrostowych w NWS oraz osoczu pacjentek z AITD w eutyrozie, a stezenia IL-6 i IL-1 oraz INF-y,
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https://doi.org/10.1155/2021/3192409

TNF-0, IL-12 moga by¢ potencjalnymi biomarkerami dysfunkcji gruczotéw slinowych w przebiegu
AITD. Doktadny opis wynikow znajduje si¢ w publikacji 2 bedacej podstawa mojej dysertacji.

Whioski:

1. Redukcja wydzielania NWS przez pacjentki AITD w stanie eutyrozy w porownaniu do kontroli
jest wyrazem oslabionej funkcji gruczotow S$linowych. Co wigcej obserwowane u 60%
badanych pacjentek z AITD wydzielanie NWS ponizej 0,2 mL/min jest klinicznym dowodem
dysfunkcji sekrecyjnej gruczotéw slinowych.

2. Nasilenie dysfunkcji wydzielniczej gruczotow S$linowych jest $ciSle zwigzane ze st¢zeniem
przeciwciat.

3. Kliniczne objawy niewydolnos$ci gruczoldw slinowych poglebiaja si¢ z czasem trwania
choroby.

4. Ocena stgzen badanych cytokin w §linie i 0soczu pacjentek z HT w stanie eutyrozy nie
wskazuje na dominacj¢ zadnej z odndég odpowiedzi immunologiczne;.

5. IL-6 1 IL-1 oraz INF-y, TNF-q, a takze IL-12 moga by¢ potencjalnymi biomarkerami dysfunkcji
gruczotdéw Slinowych w przebiegu AITD.

6. Zmiany zapalne i zwigzana z nimi dysfunkcja gruczotow S$linowych nie jest zwigzana ze
ogoblnoustrojowym Stanem zapalnym.

7. Slinowa IL-12 (p40) moze by¢ pomocna w ocenie progresji autoimmunologicznego zapalenia

tarczycy.
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6. Streszczenie

Przyczyna zaburzonej funkcji gruczotow slinowych w przebiegu AITD nie zostata wyjasniona.
Na uwage zastuguje wystepowanie dysfunkcji gruczotéw S$linowych u pacjentéw w eutyreozie.
Wczesniejsze badania wykazaty zaburzenia bariery antyoksydacyjnej sliny oraz udziat OS w rozwoju i
progresji dysfunkcji gruczotéw Slinowych w przebiegu innych choréb autoimmunologicznych:
luszczycy zwyczajnej, twardziny uktadowej, reumatoidalnego zapalenia stawoéw, cukrzycy typu 1,
stwardnienia rozsianego, SS, tocznia rumieniowatego ukladowego. Podobienstwo na podilozu
genetycznym i immunopatologicznym pomie¢dzy SS i AT (98-100) sugeruje natomiast, ze zaburzenia
sekrecyjnej (wydzielniczej) funkcji $linianek przez analogi¢ do SS, moga mie¢ podloze
immunologiczne 1 by¢ nastgpstwem zaburzen wydzielania cytokin, chemokin i czynnikow
wzrostowych. Tym bardziej, ze dochodzi do zmniejszenia rozmiar6w i wzrostu nacieku zapalnego w
gruczotach S$linowych myszy (bez genu kodujacego sulfotransferaze tyrosulproteinowa) =z

niedoczynnoscig tarczycy na tle autoimmunologicznego zapalenia (101).

Na badania uzyskano zgode Komisji Bioetycznej w Biatymstoku (R-1-002/386/2016). Kazdy z
pacjentow i uczestnikdw grupy kontrolnej zostat poinformowany o celach i metodologii obecnego

eksperymentu 1 wyrazit pisemng zgode na udzial w badaniach.

Celem publikacji 1 byta ocena parametréw obrony antyoksydacyjnej oraz mierzalnych skutkow
stresu oksydacyjnego w niestymulowanej i stymulowanej $linie 1 osoczu/erytrocytach pacjentow z AT

w stanie eutyreozy oraz porownanie uzyskanych wynikow z wynikami grupy kontrolnej.

Grupa badana skladata si¢ z 45 kobiet z rozpoznaniem AT. Chorobe potwierdzono, gdy st¢zenie
anty-TG i/lub anty-TPO w surowicy przekraczato norme i wystepowato z niejednorodnoscig migzszu w
badaniu USG tarczycy. W grupie badanej znalazly si¢ jedynie pacjentki z AT w stanie eutyreozy
[wolna tyroksyna (fT4) i hormon tyreotropowy (TSH) w normie], w tym 24 leczonych Eutyroxem
(dawki od 50 do 150 mg; ostatnia tabletka przyjmowana 24 godziny przed badaniem poziomu
hormonoéw) 1 21 nieleczonych. Pacjenci zgtaszali si¢ na wizyty kontrolne do Kliniki Endokrynologii,
Diabetologii i Choréb Wewnetrznych Uniwersytetu Medycznego w Bialymstoku. Postanowilismy
stworzy¢ tylko jedng grupe, poniewaz wyniki poszczegolnych testow rownowagi redoks nie roznity si¢

migdzy pacjentami w trakcie terapii hormonalnej a tymi, ktoérzy jej nie wymagali.

Grupe referencyjng stanowito 45 ogodlnie zdrowych kobiet, dopasowanych do grupy badanej pod
wzgledem wieku 1 BMI, wybranych sposrod tych, ktore zgtosily si¢ na wizyty kontrolne do Zaktadu
Stomatologii Zachowawczej UMB. Uczestniczki grupy kontrolnej miaty prawidlowy wynik badania

USG tarczycy, jak rowniez stezenie TPO-Ab, TG-Ab, fT4 i TSH we krwi w normie dla 0s6b zdrowych.
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Kryteria wlaczenia i wylaczenia do badan i dokladna metodyka badawcza zostaly przedstawione w

publikacji 1 bedacej podstawa niniejszej dysertacji.

Wydzielanie $liny niestymulowanej (NWS) bylo istotnie nizsze u pacjentow z AT w
porownaniu ze zdrowymi osobami z grupy kontrolnej, podobnie jak aktywnos$¢ amylazy $linowej w
NWS i $linie stymulowanej (SNS). Aktywno$¢ CAT i Px byla istotnie wyzsza w NWS i SWS
pacjentow z AT, natomiast stgzenia GSH 1 UA byly istotnie nizsze w porownaniu z osobami zdrowymi.
Calkowity potencjat antyoksydacyjny byt znaczaco nizszy, podczas gdy catkowity status oksydacyjny i
poziom produktow utleniania bialek (zaawansowane produkty koncowe glikacji, zaawansowane
produkty utleniania biatek) i lipidow (MDA, wodoronadtlenki lipidéw) byly znacznie wyzsze w NWS,
SWS i osoczu pacjentdéw z AT w poréwnaniu do grupy kontrolnej. Doktadny opis wynikéw znajduje

si¢ w publikacji 1 bedacej podstawa obecnej dysertacji.
Whioski

1. Slinianki przyuszne i podzuchwowe u pacjentek z AT w stanie eutyreozy cechowaly sie
uposledzong zdolnos$cig do utrzymania rownowagi redoks na poziomie obserwowanym w §liniankach

kobiet kontrolnych.

2. Slina pacjentek z AT w eutyreozie wykazywala zmniejszony potencjat antyoksydacyjny. Co
wigcej, istotny wzrost stezenia zmodyfikowanych oksydacyjnie biomolekut w NWS i SWS sugeruje

niewydolnos¢ bariery antyoksydacyjnej $linianek w zwalczaniu nadmiernej produkcji RFT.

3. OS w NWS 1 SWS kobiet z AT wydaje si¢ by¢ SciSle zwigzane z zapaleniem zwigzanym z

autoimmunizacja, a nie ze stezeniem hormondw tarczycy czy TSH.

4. Funkcja wydzielnicza §linianek podzuchwowych u pacjentek z AT w stanie eutyreozy jest

zmniejszona, co objawia si¢ istotnym zmniejszeniem niestymulowanego wydzielania §liny.

Celem publikacji 2 byta ocena stopnia wystepowania zaburzen funkcjonowania gruczotow
slinowych oraz wystepowania subiektywnych i obiektywnych objawow dysfunkcji gruczotow
slinowych u pacjentek z AITD w stanie samoistnej eutyrozy, nigdy nie poddanych leczeniu
hormonalnemu. Slinowe poziomy wybranych cytokin, chemokin czy czynnikéw wzrostowych w
przebiegu AITD jak dotad nie byly oznaczane, co wydaje si¢ niezbedne dla wyjasnienia udziatu
mechanizméw immunologicznych w rozwoju dysfunkcji gruczotéw §linowych w przebiegu tej
choroby. Wyniki badan zawarte w publikacji 2 maja ponadto oceni¢, czy uzyskane stezenia wybranych
cytokin, chemokin i czynnikoéw wzrostowych w $linie moga mie¢ zwigzek z tempem wydzielania §liny

niestymulowanej i objawami kserostomii.
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Grupe badang stanowito 25 pacjentek z rozpoznang chorobg Hashimoto. Rozpoznanie choroby
oparte bylo na pozytywnym wyniku badania USG i stwierdzeniu we krwi stezenia przeciwciat TPO-
Ab, TG-Ab powyzej normy laboratoryjnej. Wyodrebnione pacjentki byty to kobiety z AT w stanie
eutyrozy, co wazne nigdy nie leczone za pomocg syntetycznych i naturalnych hormonéw tarczycy, nie
stosowano u nich zadnych innych terapii. Pacjentki zgtaszaty si¢ na okresowe badania kontrolne do
Kliniki Endokrynologii, Diabetologii i Choréb Wewnetrznych Uniwersytetu Medycznego w
Biatymstoku. Grupe¢ kontrolng stanowito 25 ogolnie zdrowych kobiet dopasowanych pod wzgledem
wieku oraz BMI, ktore zglaszaty si¢ na stomatologiczne wizyty kontrolne do Zaktadu Stomatologii
Zachowawczej. Uczestniczki grupy kontrolnej miaty prawidlowy wynik badania USG tarczycy, jak
rowniez stezenie TPO-Ab, TG-Ab, fT4 i TSH we krwi w normie dla os6b zdrowych. Kryteria
wlaczenia i wylaczenia do badan 1 doktadna metodyka badawcza zostaly przedstawione w publikacji 2

bedacej podstawa obecnej dysertacji.

U ponad polowy badanych pacjentek odnotowatam wydzielanie UWS ponizej 0,2 mL/min
wskazujace na ostabiong funkcje wydzielniczg $linianek. Dodatkowo dowiodlam, ze kliniczne objawy
niewydolnosci gruczotow Slinowych poglebiaja sie z czasem trwania choroby, niemniej jednak
zachodzace w nich zmiany zapalne sg niezalezne od zmian zapalnych towarzyszacych AT. Uzyskane
wyniki wskazuja na wystgpowanie zaburzen w profilu cytokin, chemokin i czynnikow wzrostowych w
UWS and osoczu pacjentek z AT w eutyrozie, a stezenia IL-6 i IL-1 oraz INF-y, TNF-a, IL-12 moga
by¢ potencjalnymi biomarkerami dysfunkcji gruczotéw §linowych w przebiegu AT. Dokladny opis

wynikow znajduje si¢ w publikacji 2 bedacej podstawa mojej dysertacji.

Whioski:

1. Redukcja wydzielania NWS przez pacjentki AT w stanie eutyrozy w porownaniu do kontroli
jest wyrazem ostabionej funkcji gruczotow slinowych. Co wigcej obserwowane u 60%
badanych pacjentek z AT, UWS ponizej 0,2 mL/min, jest klinicznym dowodem dysfunkcji
sekrecyjnej gruczotow slinowych.

2. Nasilenie dysfunkcji wydzielniczej gruczotéw slinowych jest $cisle ze stgzeniem przeciwciat.

3. Kliniczne objawy niewydolnosci gruczotow §linowych poglebiajg si¢ z czasem trwania
choroby.

4. Ocena stezen badanych cytokin w §linie 1 osoczu pacjentek z HT w stanie eutyrozy nie
wskazuje na dominacj¢ zadnej z odnég odpowiedzi immunologiczne;.

5. IL-61 IL-1 oraz INF-y, TNF-q, a takze IL-12 moga by¢ potencjalnymi biomarkerami dysfunkcji
gruczotoéw sSlinowych w przebiegu AT.

6. Zmiany zapalne 1 zwigzana z nimi dysfunkcja gruczotow slinowych nie jest zwigzana ze

ogolnoustrojowym stanem zapalnym.
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7. Slinowa IL-12 (p40) moze byé pomocna w ocenie progresji autoimmunologicznego zapalenia

tarczycy.
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7. Summary

The cause of the dysfunction of the salivary glands in the course of AITD has not been
elucidated. The presence of salivary gland dysfunction in euthyroid patients is noteworthy. Former
research have shown disorders in the antioxidant barrier of saliva and the contribution of OS in the
development and progression of salivary gland dysfunction in the course of other autoimmune diseases:
psoriasis vulgaris, systemic sclerosis, rheumatoid arthritis, type 1 diabetes, multiple sclerosis, Sjogren's
syndrome, and systemic lupus erythematosus. The genetic and immunopathological similarity between
Sjogren's syndrome (SS) and AITD (98-100) suggests that disorders of the secretory function of the
salivary glands, by analogy with SS, may be immunologically related and result from disturbances in
the secretion of cytokines, chemokines and growth factors. A fortiori there is a reduction in the size and
increases the inflammatory infiltration in the salivary glands of mice (without the gene encoding
tyrosulprotein sulfotransferase) with hypothyroidism due to autoimmune inflammation (101).

The research was approved by the Bioethics Committee in Biatystok (R-1-002/386/2016). Each
of the patients and control group participants was informed about the objectives and methodology of
the present experiment and gave their written consent to participate in the study.

The aim of publication 1 was to evaluate the parameters of antioxidant defense and the
measurable effects of oxidative stress in unstimulated and stimulated saliva and plasma / erythrocytes
of patients with euthyroid AITD, and to compare the obtained results with the results of the control
group.

The study group consisted of 45 women diagnosed with AITD. The disease was confirmed
when serum levels of anti-TG and / or anti-TPO were above the norm in the plasma and occurred with
parenchymal heterogeneity on ultrasound of the thyroid gland. The study group included patients only
with euthyroid AITD [free thyroxine (fT4) and normal thyroid stimulating hormone (TSH)], including
24 patients treated with Eutyrox (doses from 50 to 150 mg; the last tablet taken 24 hours before the
hormone level test) ) and 21 untreated. Patients reported for follow-up appointments to the Department
of Endocrinology, Diabetology and Internal Medicine, Medical University of Bialystok. We decided to
create only one group due to the fact that the results of the individual redox balance tests did not differ
between patients undergoing hormone therapy and those who did not require it.

The reference group consisted of 45 generally healthy women, matched to the study group in
terms of age and BMI, selected from those who reported for follow-up visits to the Department of
Conservative Dentistry of the Medical University of Bialystok. The participants of the control group
had normal thyroid ultrasound examination results, as well as blood levels of TPO-Ab, TG-Ab, fT4 and
TSH were normal for healthy people. The inclusion and exclusion criteria for research and the exact

research methodology are presented in publication 1, which is the basis for this dissertation.
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The secretion of unstimulated saliva (NWS) was significantly lower in patients with AITD
compared to healthy controls, as was the activity of salivary amylase in NWS and stimulated saliva
(SNS). The activity of CAT and Px was significantly higher in the NWS and SWS of patients with
AITD, while the concentrations of GSH and UA were significantly lower compared to healthy subjects.
Total antioxidant potential was significantly lower, while the total oxidative status and levels of protein
oxidation products (advanced glycation end products, advanced protein oxidation products) and lipids
(MDA, lipid hydroperoxides) were significantly higher in NWS, SWS and plasma of AITD patients
compared to to the control group. A detailed description of the results can be found in publication 1,
which is the basis of the present dissertation.

Conclusions

1. The parotid and submandibular glands in patients with euthyroid AITD showed an impaired
ability to maintain the redox balance at the level observed in the salivary glands of control women.

2. The saliva of patients with AITD in euthyroidism showed a reduced antioxidant potential.
Moreover, a significant increase in the concentration of oxidatively modified biomolecules in NWS and
SWS suggests the failure of the antioxidant barrier of the salivary glands in combating the excessive
production of ROS.

3. OS in NWS and SWS in women with AITD appears to be closely related to autoimmunity-
related inflammation rather than thyroid hormone or TSH levels.

4. The secretory function of the submandibular glands is reduced in patients with euthyroid
AITD, which is manifested by a significant reduction in unstimulated saliva secretion.

The aim of publication 2 was to assess the degree of disturbances in the functioning of the
salivary glands and the occurrence of subjective and objective symptoms of salivary gland dysfunction
in patients with AITD in the state of spontaneous euthyrosis, never undergoing hormonal treatment.
Salivary levels of selected cytokines, chemokines or growth factors in the course of AITD have not
been determined so far, which seems necessary to explain the role of immunological mechanisms in the
development of salivary gland dysfunction in the course of this disease. The results of the research
included in publication 2 are also intended to assess whether the obtained concentrations of selected
cytokines, chemokines and growth factors in saliva may be related to the rate of unstimulated saliva
secretion and the symptoms of xerostomia.

The study group consisted of 25 female patients diagnosed with Hashimoto's disease. The
diagnosis of the disease was based on a positive ultrasound examination and the presence of TPO-Ab
and TG-Ab antibodies in the blood above the laboratory norm. The selected patients were women with

euthyroid AITD, which, importantly, had never been treated with synthetic and natural thyroid
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hormones, and had not received any other therapies. The patients reported periodic check-ups at the
Department of Endocrinology, Diabetology and Internal Medicine, Medical University of Bialystok.
The control group consisted of 25 generally healthy women matched in terms of age and BMI, who
reported for dental follow-up visits to the Department of Conservative Dentistry. The participants of the
control group had normal thyroid ultrasound examination results, as well as blood levels of TPO-ADb,
TG-Ab, fT4 and TSH were normal for healthy people. The inclusion and exclusion criteria for research
and the exact research methodology are presented in publication 2, which is the basis for the present
dissertation.

In more than half of the examined patients, |1 noted UWS secretion below 0.2 mL / min,
indicating a weakened secretory function of the salivary glands. Additionally, | proved that the clinical
symptoms of salivary gland insufficiency deepen with the duration of the disease, however, the
inflammatory changes occurring in them are independent of the inflammatory changes accompanying
AITD. The obtained results indicate the occurrence of disturbances in the profile of cytokines,
chemokines and growth factors in UWS and plasma of patients with AITD in euthyrosis, and the
concentrations of IL-6 and IL-1 as well as INF-y, TNF-a, IL-12 may be potential biomarkers of
dysfunction. salivary glands in the course of AITD. A detailed description of the results can be found in
publication 2, which is the basis of my dissertation.

Conclusions:

1. The reduction of NWS secretion by euthyroid AITD patients compared to control is an
expression of impaired function of the salivary glands. Moreover, observed in 60% of the studied
patients with AITD, UWS below 0.2 mL / min, is a clinical evidence of secretory dysfunction of the
salivary glands.

2. The severity of the secretory dysfunction of the salivary glands is closely related to the
concentration of antibodies.

3. Clinical symptoms of salivary gland insufficiency deepen with the duration of the disease.

4. The evaluation of the concentrations of the tested cytokines in the saliva and plasma of
euthyroid HT patients does not indicate the dominance of any of the branches of the immune response.

5. IL-6 and IL-1 as well as INF-y, TNF-a, and also IL-12 may be potential biomarkers of
salivary gland dysfunction in the course of AITD.

6. Inflammatory changes and the related dysfunction of the salivary glands is not related to
systemic inflammation.

7. Salivary IL-12 (p40) may be helpful in assessing the progression of autoimmune thyroiditis.
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Abstract: Hashimoto’s thyroiditis (HT) is one of the most common autoimmune diseases. Although HT is inextricably
linked to oxidative stress, there have been no studies assessing salivary redox homeostasis or salivary gland function in
patients with HT. This study is the first to compare antioxidant defense and oxidative stress biomarkers in non-stimulated
(NWS) and stimulated (SWS) whole saliva and plasma/erythrocytes of HT patients compared to the controls. The study
included 45 women with HT in the euthyreosis period as well as an age- and gender-matched control group. We showed
that NWS secretion was significantly lower in HT patients compared to healthy controls, similar to salivary amylase
activity in NWS and SWS. Catalase and peroxidase activities were considerably higher in NWS and SWS of HT patients,
while the concentrations of reduced glutathione and uric acid were significantly lower in comparison with healthy subjects.
Total antioxidant potential was notably lower, while total oxidant status and the level of oxidation products of proteins
(advanced glycation end products, advanced oxidation protein products) and lipids (malondialdehyde, lipid
hydroperoxides) were significantly higher in NWS, SWS and plasma of HT patients. In conclusion, in both salivary glands
of women with HT in euthyreosis the ability to maintain redox homeostasis was hindered. In HT patients we observed
oxidative damage to salivary proteins and lipids; thus, some biomarkers of oxidative stress may present a potential
diagnostic value.

Keywords: Hashimoto’s disease; oxidative stress; saliva

1. Introduction

Hashimoto’s disease (HT) is one of the most widespread autoimmune thyroid diseases (AITD) [1,2]. HT is known as
chronic lymphocytic thyroiditis. It is an autoimmune-mediated disease characterized by dense infiltrations of the thyroid
gland by plasma cells, macrophages and, particularly, lymphocytes. The T and B lymphocytes are stimulated against
thyroglobulin and thyroid peroxidase, and induce a number of biochemical processes that lead to progressive destruction of
thyrocytes, fibrosis, reduction of the thyroid gland size and its hypofunction [3]. Growing evidence indicates that HT is
linked to lowered cellular antioxidant potential and enhanced oxidative stress (OS) [1,3-5].

OS is a situation in which balance between reactive oxygen species (ROS) and the body’s ability to neutralize them is
shifted in favor of oxidants [6]. This leads to a temporary or chronic elevation of ROS concentration as well as disturbed cell
metabolism and degradation of cell components [6].

Evidence showed enhanced OS in plasma of HT patients. Lassoued et al. [7] demonstrated increased plasma
malondialdehyde (MDA) concentration as well as the activities of superoxide dismutase (SOD) and catalase (CAT)
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compared to the controls. Rostami et al. [1] observed decreased GSH concentration in the plasma of newly diagnosed
hypothyroid HT patients. This study proved that the interrelationship between GSH level and anti-TPO antibodies confirms
that GSH depletion indicates processes leading to OS initiation and development of immunological intolerance in the course
of HT. Ates et al. [3] argued that higher OS level in patients progressing to overt hypothyroidism may be evidence of redox
balance shift towards oxidative reactions and thus serve as a significant factor in the initiation and progression of this
disease. Interestingly, in the study performed by Nanda et al. [8], OS level was higher in thyroid antibody-positive
hypothyroid group than in the thyroid antibody-negative hypothyroid group. The authors concluded that the presence of
autoimmune antibodies is a key factor for enhanced ROS production and increased concentrations of oxidative biomolecular
modifications, while thyroid hormone levels are of secondary importance.

Systemic inflammation, elevated levels of thyroid antibodies, disturbed concentrations of thyroid hormones and
chronically raised ROS levels in the course of HT lead to numerous systemic complications, including cardiological
diseases, insulin resistance, mood disorders and salivary gland diseases [1,3,9].

Agha-Hosseini et al. [9] demonstrated significantly reduced unstimulated saliva flow rate and xerostomia among HT
women in euthyreosis vs. healthy controls. The cause of salivary gland dysfunction in the course of HT has not been
explained yet. It is noteworthy that we observed salivary gland dysfunction in patients in euthyreosis, i.e. normal thyroid
function. Abnormalities in both the composition and amount of the secreted saliva negatively affect oral health and the
condition of the entire body. Saliva plays a key role in maintaining balance of the oral cavity environment. It is responsible
for tissue integrity, initial digestion and food processing, taste recognition, moisturization, dilution, buffering, tooth
remineralization and functions related to protective and antibacterial activities and speech. Saliva participates in maintaining
redox balance of the oral cavity as well as further parts of the digestive tract. Therefore, it is important to understand the
mechanisms leading to salivary gland dysfunction in the course of the described disease. Our previous studies showed the
contribution of OS in the development and progression of salivary gland dysfunction in the course of humerous systemic
diseases, including autoimmune diseases [10-19]. In the light of the above, it appears necessary to assess the role of OS in
the development of salivary gland dysfunction in the course of HT.

Saliva is not only gingiva fluid and the secretion of large salivary glands. It also contains all the elements present in the
blood that penetrate spaces between cells by way of intra- and paracellular transport. Therefore, saliva is considered a
potential source of biomarkers, starting with DNA, RNA, proteins, lipids and bacteria. This material is collected painlessly,
safely and with a low risk of infection; moreover, it more and more often replaces blood and urine in the diagnosis of
general diseases. Serum oxidative stress biomarkers are proposed to be used in diagnosing patients with HT. However, there
are still no studies to evaluate salivary redox markers and their usefulness in the diagnosis of HT patients.

The aim of this study was to evaluate antioxidative defense parameters and measurable oxidative stress effects in
unstimulated and stimulated saliva and plasma/erythrocytes of patients with HT in euthyreosis and to compare the obtained
results with those in the control group. The goal of our experiment was also to search for salivary biomarkers that could
enable the diagnosis of Hashimoto’s disease already at its euthyreosis stage.

2. Materials and methods

2.1. Patients

The study was approved by the Local Ethics Committee, permission number: R-1-002/386/2016. Each patient was
informed about the purpose and detailed procedure of the study and consented in writing to join the research project.

The study group consisted of 45 women diagnosed with HT. The disease was confirmed when anti-TG and/or anti-
TPO level in serum was above the normal range and occurred with the presence of parenchymal heterogeneity on thyroid
ultrasonography (USG). Our experiment included patients with HT in euthyreosis [free thyroxine (fT4) and thyroid
stimulating hormones (TSH) within normal ranges], 24 treated with Eutyrox (doses from 50 to 150 mg; the last tablet taken
24 hours before the hormone level test) and 21 untreated, who enrolled in the control studies in the Department of
Endocrinology, Diabetology and Internal Medicine of the Medical University of Bialystok.

The reference group consisted of 45 generally healthy women, matched to the study group in terms of age and BMI,
selected from those who reported for dental check-ups to the Department of Restorative Dentistry, MUB. All the subjects in
the control group had normal serum TSH, fT4, anti-TG and anti-TPO levels as well as thyroid imaging (homogenous
parenchyma without nodules) on USG.

Blood collection for the determination of hormones, antibodies and other clinical and oxidative stress parameters as
well as ultrasound examination took place a day before saliva collection and dental examination, and included 70 patients
and 70 control subjects. Based on the results of thyroid hormone and TSH assays, the patients and the control group were
qualified for further examinations (over 60 patients and 59 control group participants were positively qualified for the
experiment).
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10 mL of venous blood samples were collected in ethylenediaminetetraacetic acid (EDTA) tubes. The blood was then
centrifuged 1500 x g at 4°C for 10 minutes. The acquired plasma was placed in Eppendorf tubes. The obtained erythrocyte
mass was centrifuged three times in cold saline (0.9% NacCl) and then underwent osmotic lysis by adding a cold phosphate
buffer (1:9, 50 mM, pH 7.4). In order to prevent sample oxidation and proteolysis, 10 uL. 0.5 M BHT (butylated
hydroxytoluene, BHT, Sigma-Aldrich, Germany) in acetonitrile was added per 1 mL of plasma and erythrocytes, and stored
at -80°C in until assayed, but not longer than 6 months.

Clinical details of patients and control subjects are presented in Table 1.

Table 1. Clinical characteristics of the patients and control group.

Control, n=45 HT, n=45
M (min-max) M (min-max) P
Age (years) 35 (29-43) 35 (29-43) NS
BMI (kg/m°) 19.25 (18.3-24.52) 23.15 (18.19-25.89) NS
TSH (uU/mL) 1,99 (0.35-2.85) 2.85 (0.35-4.94) NS
Free T4 (ng/mL) 1.2 (0.91-1.4) 1.1 (0.7-1.42) NS
Free T3 (pg/mL) 2.56 (1.9-3.45) 2.4 (1.7-3.65) NS
Anty TPO (1U/mL) 0.35(0- 2.1) 321.2 (108.25-652.1) <0.0001
Anty TG (1IU/mL) 0.32 (0- 2.1) 153.8 (99.9-333.1) <0.0001
PTH (pg/mL) 39.45 (10-62.2) 35.02 (15.51-63.56) NS
Glucose (mg/dL) 86.37 (76.96-95.49) 84.11 (73.90-98.65) NS
Leptin (ng/dL) 9.712 (0.76-17.72) 10.66 (0.82-17.03) NS

Abbreviation: HT- Hashimoto thyroiditis, C- control, BMI- body mass index, TSH- thyrotropic hormone, anty
TPO- thyroid peroxidase antibody, antyTG- thyroid peroxidase antibody, PTH- parathyroid hormone.

Patients with HT did not suffer from any associated diseases, including other autoimmune diseases (type 1 diabetes,
rheumatoid arthritis, scleroderma, psoriasis, lupus, Sjogren’s syndrome, etc.) or depression. Participants from both the study
and control group were qualified for further examinations only if they did not have periodontitis, gingivitis or active foci of
odontogenic infections. Participants had 18.5 < BMI < 25. The subjects had not taken any drugs that could affect saliva
secretion (mainly antidepressants or drugs for hypertension) or its redox status (vitamins, antioxidants) within 3 months
prior to saliva collection, nor were they on any reducing diet. Patients and the controls who smoked tobacco or consumed
any amount of alcohol or other stimulants were not included in the study.

The women in both groups were asked to complete a questionnaire containing a list of symptoms associated with
xerostomia and xerophthalmia listed in the American-European classification criteria for Sjogren’s syndrome [18,20].

Tear secretion was assessed by the Schirmer | test from both eyes for over 5 minutes with no anesthesia used [21].

2.2. Saliva collection

The studied material was non-stimulated (NWS) and stimulated (SWS) whole saliva collected via the spitting method.
Participants were advised to refrain from consuming meals and drinks other than clean water, performing oral hygiene
procedures for 2 hours and taking any medications for 8 hours before saliva collection. Saliva was collected between 8 a.m.
and 10 a.m. to minimize the effect of daily changes on its secretion. The material was taken in a separate room so that
patients did not feel uncomfortable or nervous. Participants had their saliva collected in a sitting position, with the head
slightly inclined downwards, with minimized face and lip movements, upon a 5-minute adaptation period. After that time,
every patient rinsed their mouth three times with water at room temperature. The saliva collected during the first minute was
discarded. Subsequent batches of saliva (the patient actively spat out the saliva accumulated in the bottom of the oral cavity)
were collected into plastic centrifuge tubes placed in ice containers. The time of NWS collection was 15 minutes [18,19].
SWS was collected after a 5-minute break, for 5 minutes. Its stimulation was triggered by dripping 100 pl 2% citric acid
under the tongue every 20 seconds [12]. To avoid sample oxidation, 0.5 M BHT was added to the saliva (Sigma-Aldrich,
Saint Louis, MO, USA; 10 pl/ml saliva) [33]. The volume of each sample was measured with a pipette calibrated to 0.1 ml.
Saliva secretion was calculated by dividing the volume of the obtained saliva by the number of minutes of its collection.
Then saliva was centrifuged (20 minutes, 4°C, 10000 x g). Further tests were performed using the preserved supernatant
fluid which was frozen at -80°C until assayed. Frozen samples were stored for no longer than 6 months.

Dental examination was performed on the day of and immediately after saliva collection using a mirror, an explorer
and a periodontal probe according to WHO, in artificial light, by one calibrated dentist (K. M.). The study included dental
evaluation, caries severity index (DMFT) as well as Approximal Plaque Index (API), periodontal probing depth (PPD) and
gingival index (Gl). DMFT is an index that evaluates the condition of teeth, which consists in counting teeth with caries,
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removed due to caries or filled because of caries. Gl is the assessment of the gingiva for possible inflammation. API is an
index used to assess plaque located in interdental spaces. Finally, PPD is an index of the depth of probed gingival pockets.

After the dental examination, 15 patients and 5 control subjects were eliminated from the experiment due to the
coexisting periodontal/gingival inflammation, and 9 additional participants were excluded from the control group as they did
not match the other subjects in terms of BMI.

In 20 participants the study was conducted by another experienced dentist (A. Z.) and the results were compared with
those obtained by the head doctor (K. M.). The interrater reliability for DMFT was r = 0.92, for GI r = 0.94, for APl r =
0.98 and for PPD r = 100.

The salivary amylase activity (EC 3.2.1.1) was assessed spectrophotometrically using an alkaline solution of 3,5-
dinitrosalicylic acid (DNS). The absorbance of samples was measured at 540 nm accompanying the increased concentration
of reducing sugars released during the hydrolysis of starch catalyzed by salivary amylase. Salivary amylase activity was
determined in duplicate samples and expressed in pmol/mg protein [22].

Salivary interleukin 1B (IL-1P) concentration was determined by ELISA using a commercially available kit from
EIAab Science Inc. Wuhan (Wuhan, China) in accordance with the manufacturer’s instructions provided in the package.

2.3. Redox assay

All analyses were performed in duplicate samples. Absorbance and fluorescence were measured with Infinite M200
PRO Multimode Tecan microplate reader. The results were standardized to 1 mg of total protein. The content of protein was
evaluated by the bicinchoninic method (BCA) using a ready-made reagent kit (Thermo Scientific Pierce BCA Protein Assay
Kit, Rockford, IL, USA) and a bovine serum albumin standard (BSA).

2.4. Enzymatic antioxidants

Enzymatic antioxidant barrier was evaluated in saliva and erythrocyte samples by measuring the activity of superoxide
dismutase (SOD), catalase (CAT), salivary peroxidase (Px) and glutathione peroxidase (GPx).

Spectrophotometric evaluation of SOD activity (SOD, E.C. 1.15.1.1) was performed according to Misra and Fridovich
[23] based on the adrenaline to adrenochrome oxidation rate. Absorbance measurements were taken at 480 nm wavelength.

Colorimetric measurement of CAT activity (CAT, E.C. 1.11.1.6) was based on the hydrogen peroxide degradation rate
[24]. The unit of CAT activity (1 U) was determined as the amount of the enzyme decomposing 1 mmol H,0, per minute.
The measurements were performed at 240 nm wavelength.

The activity of Px (Px, E.C. 1.11.1.7) was determined colorimetrically according to the method by Mansson-
Rahemtulla et al. [25] based on the reduction of 5,5’-dithiobis-(2-nitrobenzoic acid) (DTNB) to thionitrobenzoic acid at 412
nm wavelength.

The activity of GPx (GPx, E.C. 1.11.1.9) was measured spectrophotometrically using the Paglia and Valentine method
[26] based on the reduction of organic peroxides in the presence of NADPH at 340 nm.

2.5. Non-enzymatic antioxidants

The non-enzymatic antioxidant barrier was assessed by measuring reduced glutathione (GSH) and uric acid (UA)
concentrations in NWS, SWS and plasma.

GSH concentration was determined colorimetrically based on the reaction with DTNB. Absorbance of the samples was
measured at 412 nm wavelength [27].

UA concentration was determined spectrophotometrically at 490 nm using the ability of 2,4,6-Tris(2-pyridyl)-s-triazine
to form a blue complex with iron ions in the presence of UA. We used a commercial set of reagents (QuantiChrom™ Uric
Acid Assay Kit DIUA-250; BioAssay Systems, Hayward, CA, USA).

TAC level in plasma was determined spectrophotometrically at 660 nm wavelength using 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid) (ATBS). The intensity of the color resulting from the reaction of ABTS radical
cation was proportional to the content of antioxidants in the tested samples [28].

2.6. Total oxidant status (TOS) and oxidative stress index (OSI)

TOS and OSI levels were determined in NWS, SWS and plasma.

TOS level was assayed bichromatically (560/800 nm) based on the oxidation of Fe®* to Fe** in the sample. TOS level
was calculated from the standard curve for H,O, [29].

OSI was calculated based on the formula OSI = (TOS/TAC) x 100 [30].

2.7. Oxidative damage to proteins and lipids
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Oxidative damage to proteins and lipids was assessed by measuring the concentration of advanced glycation end
products (AGE) of proteins, advanced oxidation protein products (AOPP), lipid hydroperoxides (LOOH) and
malondialdehyde (MDA) in saliva and plasma samples.

AGE content was assessed by measuring AGE-specific fluorescence at 350/440 nm wavelength, as described by
Kalousova et al. [31].

The colorimetric measurement of AOPP content was determined fluorimetrically as described by Kalousova et al. [31]
based on the oxidative capacity of iodine ions at 340 nm wavelength.

To measure AGE and AOPP concentrations, NWS, SWS and plasma samples were diluted with phosphate-buffered
saline (PBS, pH 7.2) at a ratio of 1:5 (v/v).

The concentration of LOOH was evaluated spectrophotometrically from the reaction of iron ions (3+) with xylenol

orange (XO). The absorbance of Fe-XO complex was measured at 560 nm wavelength [32].
MDA concentration was assessed colorimetrically based on the reaction with thiobarbituric acid (TBA) at 535 nm
wavelength. 1,1,3,3-Tetraethoxypropane was used as a standard [33].

2.8. Statistical analysis

Statistical analysis was performed using GraphPad Prism 8.3.0 for MacOS (GraphPad Software, Inc. La Jolla, USA).
The distribution of the obtained results was assessed using the Shapiro-Wilk test. Due to the lack of normal distribution, the
Mann-Whitney U test was used for quantitative comparisons. Chi-square test with Yates’s modification was used to analyze
the differences in the prevalence of qualitative variables. Correlations of the results were assessed using the Spearman rank
correlation coefficient. The diagnostic value of redox biomarkers and the optimum cut-off values were determined based on
the analysis of receiver operating characteristics (ROC). The statistical significance level was set at p < 0.05.

The number of subjects was determined based on our previous experiment, assuming that the power of the test would
be equal to 0.9 (ClinCalc sample size calculator).

3. Results

3.1. Clinical data

Saliva secretion in the group of HT patients was 32% lower than in the control group (p = 0.02). None of the patients
had the rate of unstimulated saliva secretion below 0.1 mL/min. Moreover, stimulated saliva secretion did not differ between
the groups. The concentration of total protein in unstimulated and stimulated saliva of HT patients was significantly higher
than in the control group (T46%, p = 0.00002 and 116%, p = 0.0003, respectively). Salivary amylase activity was
considerably lower in NWS (150%, p = 0.00001) and SWS (1114%, p = 0.00001) of HT patients compared to the controls
(Table 2).

Table 2. Salivary gland function and dental indices of the patients and the control group.

Control HT p

Median  Minimum Maximum Median Minimum Maximum

0.51 0.27 0.96 0.32 0.07 0.77 0.02
NWS mL/min
1.01 0.9 2 0.9 0.2 2 ns
SWS mL/min
704.2 556.5 924.5 1293 979.4 1707 <0.0001
TP NWS (mg/mL)
1545 371.3 1672 1834 266.6 3861
TP SWS (mg/mL) <0.0001
Salivary amylase NWS
0.22 0.18 0.28 0.11 0.09 0.15 <0.0001
(umol/mg protein)
Salivary amylase SWS 0.3 0.19 0.38 0.14 0.1 0.16 <0.0001
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(umol/mg protein)

Salivary IL-1B NWS (pg/mg protein) 0.91 0.27 2 2 0.4 3 <0.0001

Salivary IL-1 SWS (pg/mg) 5.1 2.7 6.8 7.8 4 12 <0.0001

Schirmer- | test (mm/5 min)
Left eye 21 10 28 19 12 23 ns
Right eye 25 11 30 20 9 30

Subjective dryness n (%)

Xerostomia
1(2.22) 26(57.7) 0.003
xerophtalmia
3(6.67) 3(6.67) ns
15 25 16 3 28
DMFT 0 ns
41.85 0 100 54.5 8.3 100
API ns
1 0 2 1 0 2
Gl ns
1.898 1.14 2.55 1.99 1.33 3.64
PPD (mm) ns

NWS — unstimulated saliva, SWS — stimulated saliva, TP -total protein, DMFT-decay, missing, filling teeth, API- Approximal
Plaque Index, Gl-gingival index, PPD — periodontal pocket depth, ns- non statistically important.

IL-1B concentration in NWS and SWS of patients with HT was significantly higher compared to the controls (1119%,
p =0.00001 and, 152%, p = 0.00002, respectively).

Oral dryness was more prevalent in HT women than in healthy controls (p = 0.003). The prevalence of eye dryness was
similar in both examined groups.

The median value of Schirmer | test for the left and right eye did not differ between the groups.

The analysis of dental data showed no differences in DMFT, API, GI and PPD between the study and control group
(Table 2).

3.2. Antioxidant defense parameters

3.2.1. NWS

SOD activity as well as the levels of GSH, UA and TAC (Figure 2) in NWS of HT patients were significantly lower
than those in NWS of control patients (110%, p = 0.03; 128%, p = 0.00003; 138%, p = 0.00003; 134%, p = 0.00005,
respectively). CAT and Px activities in NWS of HT patients were notably higher compared to these parameters found in
NWS of the control group (166%, p = 0.00002; 166%, p = 0.00003, respectively) (Figure 1).
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Figure 1. Enzymatic and nonenzymatic antioxidants in NWS, SWS, and blood plasma/erythrocytes of the patients and control
group. Data are shown as median (minimum-maximum). CAT—catalase; GPx—glutathione peroxidase; GSH—reduced
glutathione; NWS—non-stimulated whole saliva; Px—salivary peroxidase; SOD—superoxide dismutase-1; SWS—stimulated
whole saliva; UA—uric acid. * p < 0.05, ** p < 0.01, and **** p < 0.0001.

3.2.2. SWS

GSH, UA and TAC (Figure 2) concentrations in NWS of HT patients were significantly lower than in NWS of healthy
controls (157%, p = 0.000003; 158%, p = 0.00001; {53%, p = 0.00001, respectively). CAT and Px activities in NWS of HT
patients were considerably higher than in NWS of the control group (T147%, p = 0.00002; 1166%, p = 0.00003,
respectively) (Figure 1).

3.2.3. Erythrocytes, plasma

SOD and GPx activities in blood erythrocytes as well as GSH and TAC plasma concentrations (Figure 2) in HT
patients were significantly lower than the discussed parameters in the erythrocytes and plasma of the control group (150%, p
=0.009; 145%, p=0.00001; {13%, p = 0.001; 182%, p = 0.00001, respectively) (Figure 1).

3.2.4. TOS and OSI

We observed significantly increased values of TOS and OSI in NWS (181%, p = 0.00001; 1191%, p = 0.000001,
respectively), SWS (1201%, p = 0.00001; 1588%, p = 0.000001, respectively) and plasma (176%, p = 0.00001; 1158%, p =
0.000001, respectively) of HT patients compared to the control group (Figure 2).
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Figure 2. Redox status in NWS, SWS, and plasma of the patients and control group. Data are shown as median
(minimum-maximum). OSl—oxidative stress index; NWS—non-stimulated whole saliva; SWS—stimulated whole saliva;
TAC—total antioxidant capacity; TOS— total oxidant status. **** p < 0.0001.

3.2.5. Products of oxidative modifications

nmol H;0, Equiv/img protein nmol H,0, Equivimg protein

nmol H,0, Equivimg protein

@

(=3

=]
J

600

1500+

TOS NWS

Hhh

TOS SWS

1000+

11

TOS plasma

— T T
> o
&€ &
o .(‘,\‘°
&
XF

TOSITAC ratio

TOSITAC ratio

TOSITAC ratio

OSINWS
800~

ey

@
=3
T

£

=]

=1
1

n
=3
<

io

[
%,

%,
%

OSI SWS
1500

1000 amex

500

OSl plasma
30

P

204

—

oL—F
AN
€§0 qﬁsp
o
(9 &’0
A

The concentrations of all the evaluated products of oxidative modifications: AGE, AOPP, LOOH and MDA were
considerably higher in NWS (180%, p = 0.00001; 1232%, p = 0.00002; 191%, p = 0.00001; 7194%, p = 0.00001,
respectively), SWS (197%, p = 0.00001; T476%, p = 0.00001; 146%, p = 0.00001; 196%, p = 0.00001, respectively) and
plasma (13%, p = 0.0007; 131%, p = 0.0003; 177%, p = 0.00001; 142%, p = 0.00001, respectively) of HT patients
compared to the values of these parameters obtained in the control group (Figure 3).
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Figure 3. Oxidative damage in NWS, SWS, and plasma of the patients and control group. Data are shown as median
(minimum-maximum). AGE—advanced glycation end products; AOPP—advanced oxidation protein products; LOOH—Iipid
hydroperoxides; MDA—malondialdehyde; NWS—non-stimulated whole saliva; SWS—stimulated whole saliva. *** p <

0.001, and **** p < 0.0001.

3.2.6. ROC analysis

The assessment of diagnostic usefulness of the analyzed redox biomarkers is presented in Table 3. Many of the
assessed parameters clearly differentiated HT patients in euthyreosis from healthy controls. Particularly noteworthy are the
assays of CAT, TOS, OSI, LOOH, MDA in NWS as well as GSH, UA, TAC, TOS, OSI in SWS and TAC, OSI and LOOH
in plasma of HT patients (Table 3)

Table 3. Receiver operating characteristic (ROC) analysis of oxidative stress biomarkers in NWS, SWS as well as
plasma/erythrocytes of the patients and control group.
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n)

AGE—advanced glycation end products; AOPP—advanced oxidation protein products; AUC—area under the curve; CAT—
catalase; GPx—glutathione peroxidase; GSH—reduced glutathione; LOOH—Iipid hydroperoxides; MDA—malondialdehyde;
NWS—non-stimulated whole saliva; OSI—oxidative stress index; Px—salivary peroxidase; ROS—reactive oxygen species;
SOD—superoxide dismutase; SWS—stimulated whole saliva; TAC—total antioxidant capacity; TOS—total oxidant status;
UA—uric acid.

3.2.7. Correlations

In the study group we demonstrated a negative correlation between the plasma concentrations of anti-TPO antibodies
and GSH (r = - 0.854, p < 0.0001). We also observed a negative correlation between TAC in NWS (r = - 0.704, p < 0.0001)
and SWS (r = - 0.759, p < 0.0001) and serum concentration of anti-TPO.

We also found a positive correlation between MDA in NWS and thyroglobulin antibodies (r = 0.851, p < 0.0001) as
well as between LOOH in SWS and anti-TG (r = 0.839, p < 0.0001).

We showed a negative correlation between SOD activity in SWS and plasma glucose concentration (r = -0.851, p <
0.0001) in HT group.

In the study group we found a negative correlation between GSH and AOPP concentrations in SWS (r = -0.730, p <
0.0001). Moreover, IL-1B correlated positively with LOOH concentration (r = 0.886, p < 0.0001). and negatively with GSH
level in SWS (r = -0.849, p < 0.0001).

The minute flow of unstimulated saliva correlated negatively with IL-1B concentration in NWS (r =-0.891, p <
0.0001). We also observed a negative correlation between salivary a-amylase activity and TOS in NWS (r =-0.8, p <
0.0001).

4. Discussion

In the presented experiment we employed a wide range of biochemical assays to search for a link between OS
expressed as antioxidant activity/concentration and oxidative damage products and salivary gland function in patients with
HT in euthyreosis. We also sought salivary biomarkers enabling the diagnosis of patients with HT at an early stage of this
autoimmune disease. To the best of our knowledge, this study is the first to assess the function of salivary glands and their
redox balance in patients with HT in euthyreosis.

Patients were qualified to the study group based on their results of TSH, T4 and T3 levels as well as the presence of
antibodies and USG images. The study group included HT patients in euthyreosis, both treated hormonally and not requiring
such treatment. It is noteworthy that patients undergoing a hormone therapy never revealed a state of overt hypothyroidism
or hyperthyroidism, and the decision to start treatment was made by a doctor. We decided to create only one group, because
the results of particular redox balance assays did not differ between patients in the course of a hormone therapy and those
not requiring it.

OS is the result of an imbalance between ROS production and neutralization, which leads to oxidative damage to
tissues. In the case of autoimmune thyroiditis, OS is considered to be the result of a deficiency of thyroid hormones as well
as autoimmunity and the associated inflammation. During the synthesis of thyroid hormones, iodine is oxidized by
nicotinamide adenine dinucleotide phosphate oxidase (NOX). Hydrogen peroxide (H,0,) formed in this reaction is used for
the production of thyroid hormones [34]. Excess of H,0,, e.g. due to excessive iodine substitution or deficiency of
glutathione peroxidase (GPx, an enzyme involved in the neutralization of hydrogen peroxide and protecting thyroid tissue
from oxidative damage), leads to apoptosis and necrosis of thyrocytes. Interestingly, in the presented study we demonstrated
a 45% decrease of GPx activity in blood erythrocytes of HT patients, which, in our opinion, largely contributes to the
observed increase in the generation of oxygen free radicals (176% TOS in serum). In the situation of increased
concentration of ROS, particularly H,0,, increased immunogenicity of thyroid specific antigens (thyroglobulin and thyroid
peroxidase) and intensified intercellular adhesion molecule-1 (ICAM-1) expression are observed, which results in increased
generation of antibodies and autoimmune response as well as raises inflammation [35]. The latter, in turn, directly increases
H,0; in thyroid epithelial cells and activates NOX in T and B lymphocytes, which further boosts ROS production [5].

The existence and extent of OS can be assessed based on the behavior of numerous biomarkers, including the
measurement of the concentration/activity of antioxidants as well as the evaluation of the concentrations of oxidative
modification products [36]. The parameters helpful in the assessment of OS are also total antioxidant capacity (TAC), total
oxidative status (TOS) and oxidative stress index (OSI) [13]. It has been evidenced that TAC expresses the efficiency of
both enzymatic and non-enzymatic antioxidant defense mechanisms, whereas TOS is the sum of all oxidants present in the
sample. OSI illustrates the relationship between antioxidant mechanisms and oxidative molecules [37].
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Our results showed a decrease in antioxidant potential (82% 1 TAC) and increased production of free radicals as well as
all products of oxidative modifications in the serum of patients with HT in euthyreosis compared to the controls, which
confirms a shift in the redox balance towards oxidation and the existence of general OS. Decreased concentration of GSH
deserves special attention as the reduction of GSH concentration is considered a causative factor in the development of
autoimmune diseases by inhibition of IL-1 and T-cell receptor-mediated transduction signaling [1]. Increased concentration
of GSH has been evidenced to be the result of GSH use through oxidation, conjugation or extrusion from the cell, and
indicates highly raised OS [38]. Interestingly, we demonstrated a negative correlation between anti-TPO antibody and GSH
concentrations, which is consistent with the results of Rostami et al. [1]. According to these authors, their findings prove that
the presence of antibodies is a causative factor for excessive ROS production and that GSH is capable of inhibiting
complement-mediated damage in HT. They also presume that GSH deficiency may indicate the occurrence of processes
leading to oxidative stress activation and the development of immune intolerance.

Interestingly, changes in the salivary redox balance seem to reflect those observed in the blood, but it should be noted
that the changes in saliva are more intense. Moreover, the performed analyses did not reveal any correlation between the
redox balance parameters in blood and saliva. The lack of correlation proves that oxidative stress in the salivary glands is
independent of general oxidative stress in the course of HT.

The large salivary glands together produce about 90% of the total saliva volume. The largest of them — the parotid
gland — produces saliva mainly in response to the applied stimulation, hence any changes in stimulated saliva composition
and amount are considered to reflect the function of the parotid gland. At rest, 2/3 of the total saliva amount is produced by
the submandibular glands. Therefore, any variations in the composition and amount of NWS reflect the functioning of the
latter glands [19,39].

The oral cavity is exposed to numerous oxidizing agents capable of generating large amounts of ROS. Evidence
showed that salivary and, to some extent, plasma antioxidants constitute an important part of the antioxidant barrier in both
oral cavity and the entire body. Px together with CAT neutralizes H,0, formed in a dismutation reaction catalyzed by SOD.
GSH is the most important low molecular weight salivary antioxidant responsible for maintaining thiol groups of salivary
proteins at a reduced level. 40% of total salivary antioxidant barrier is provided by bloodborne UA [6].

Our study demonstrated a reduction in the antioxidant potential of both salivary glands, confirmed by a 34% decrease
in TAC in NWS and a 53% decrease in TAC in SWS, which manifests the inefficiency of antioxidant systems of these
glands to eradicate ROS. Although we observed significantly increased CAT and Px activities in NWS and SWS, which
may — to some extent — prove an adaptive mechanism of the salivary glands in response to excessive ROS production and be
of great importance to oral health. The aim of salivary Px and plasma-borne CAT is to maintain salivary H,O, concentration
at 8 to 14 pM [40]. At higher concentrations, H,O, is highly toxic to oral fibroblasts [41] and epithelial cells [42] isolated
from oral mucosal and gingival tissue.

In the euthyreosis status in the course of HT, the causes of reduced antioxidant response should be seen as a result of
depletion of the resources in the process of ROS neutralization or of the oxidative modification of polypeptide chains rather
than as a result of decreased synthesis caused by reduced production of thyroid hormones. The impaired antioxidant defense
may also be caused by non-enzymatic glycation of these enzymes, which explains the negative correlation between SOD
activity in SWS and plasma glucose concentration in HT group [43], despite the fact that diabetes as well as insulin
resistance were excluded in HT patients. Moreover, the negative correlation between TAC in NWS and SWS and the serum
concentration of anti-TPO as well as between GSH and IL-1B concentrations in SWS confirm that the exhaustion of
antioxidant sources in salivary glands is related to an elevated oxidative stress level due to autoimmunity-related
inflammation and that increased concentration of autoimmune antibodies is a key factor for the enhancement of ROS
production.

The results of our study revealed a greater percentage increase in the concentration of TOS and OSI in SWS (1201%
and 1588%, respectively) compared to NWS (181% and 1T191%, respectively) in HT female patients. A greater reduction of
GSH concentration in SWS (157%) vs. NWS (123%) in HT women as well as a negative correlation between AOPP and
GSH levels in SWS may be helpful in understanding the intensification of oxidative modifications to proteins in the parotid
vs. submandibular salivary glands. It has been evidenced that the main role of GSH is maintaining thiol groups of proteins at
a reduced level, i.e. protecting proteins against oxidation. We also found a positive correlation between MDA in NWS and
anti-TG, LOOH in SWS as well as between anti-TG and LOOH in SWS and IL-1f concentration in SWS, which proves that
oxidative damage to the lipids contained in salivary glands is boosted with an increase in autoimmunity-related
inflammation in the course of HT.

The main physiological difference between the parotid and submandibular saliva is the fact that the former type of
saliva is secreted mainly during eating, whereas the latter type is produced continuously and is responsible for maintaining
the integrity of oral structures [44]. Maintaining the appropriate rate of both types of secretion is therefore equally important
for the functioning of the body. Despite a higher intensity of OS and a more pronounced decrease in antioxidant defense in

38



the parotid glands, the rate of stimulated saliva secretion did not differ significantly between the groups. However, our study
demonstrated that HT patients lose the unstimulated salivary gland function. The median values of NWS and SWS secretion
were within the standard limits assumed for proper saliva secretion. It is noteworthy that in 15 patients NWS secretion was
lower than 0.2 mL/min (but higher than 0.1 mL/min) and 5 HT group patients secreted stimulated saliva at a level lower
than 0.7 mL/min, which proves the developed salivary gland failure in these patients, referred to as hyposalivation, and
explains the significant intensification of subjective symptoms of reduced saliva secretion reported when completing the
survey on dry mouth. The performed analyses excluded Sjogren’s syndrome, but, to be 100% certain, a biopsy of the
salivary glands would be advisable. However, we were not granted permission for its performance from the Bioethics
Committee. Evidence showed that proinflammatory cytokines, including the evaluated IL-1B, induce the activity of
metalloproteinases, which leads to changes in the basement membrane of the salivary glands and the structure of receptors
for neurotransmitters associated with saliva secretion [45]. A higher increase in IL-1p concentration in NWS (7119%) vs.
SWS (152%) as well as the observed relationship between NWS and IL-1p concentration may confirm the destruction of
acinar cell-basement membrane interaction by excessive production of MMPs followed by decreased number of secretory
units (acini and ducts) [46,47]. It has also been demonstrated that the presence of IL-p in the inflamed environment may
inhibit the release of acetylcholine from the residual nerves, resulting in reduced saliva secretion [48-50]. The described
phenomenon of extracellular matrix remodeling has been demonstrated as a cause of reduced saliva secretion in Sjogren’s
syndrome patients [51] and reduced activity of muscarinic neurotransmitters/receptors in the submandibular glands of
diabetic patients [50].

Changes in salivary amylase activity are considered a determinant of sympathetic nervous system (SNS) activity. The
stimulation of B-adrenergic receptor activity results in increased production/secretion and activity of salivary a-amylase and
other salivary proteins [52]. In our study, we observed decreased salivary a-amylase activity with a simultaneous increase in
protein concentration in both SWS and NWS, which could suggest a higher activity of this branch of autonomic nervous
system, and not decreased functioning of SNS, even despite decreased salivary a-amylase activity. The negative correlation
between salivary a-amylase activity and TOS in NWS may suggest that lowered activity of salivary a-amylase results from
the use of this enzyme in the elimination of excessive amounts of ROS (1 TOS) or, more likely, from the oxidative
modification of its polypeptide chain, leading to a loss of / significant reduction in enzymatic activity.

Salivary redox biomarkers are more and more often used in the biomedical diagnosis of systemic diseases. Their
clinical usefulness has been demonstrated in patients with hypertension, chronic kidney disease, psoriasis, obesity, dementia,
and periodontitis [10,12,15,16,22,48,49,53,54]. The collection of saliva as a diagnostic material is cheap, non-invasive and
painless, and saliva can be taken at home without the involvement of medical personnel. In this study we were the first to
evaluate the diagnostic utility of salivary redox biomarkers in HT. ROC analysis showed that numerous of the evaluated
parameters significantly differentiate Hashimoto patients from the healthy controls matched by age and gender. Special
attention should be paid to salivary MDA which, with sensitivity = 94% and specificity = 96%, distinguishes the study
group from the control (AUC = 0.99). Furthermore, this parameter correlates positively with the serum level of anti-TG. UA
evaluated in SWS is also of a very high diagnostic value as, with sensitivity = 98% and specificity = 100%, it enables to
distinguish the studied groups (AUC = 1.0). However, despite the promising results of ROC analysis, further studies are
necessary to assess the clinical usefulness of redox biomarkers in more patients.

5. Conclusions

Both salivary glands of HT female patients in euthyreosis had impaired ability to maintain the redox status at the level
observed in the salivary glands of the control women.

The saliva of patients with HT in euthyreosis demonstrated a reduced antioxidant potential. Moreover, a significant
increase in oxidatively modified molecules in NWS and SWS suggests the failure of the salivary gland antioxidant barrier to
combat excess ROS production.

OS in NWS and SWS of HT women appears to be closely connected with autoimmunity-related inflammation, and not
with the level of thyroid hormones or TSH.

The secretory function of the submandibular glands of HT female patients in euthyreosis is lost, which is manifested as
a significant reduction of unstimulated saliva secretion.

Salivary UA and MDA may be potential HT biomarkers. However, further research is required on a larger population
of patients.
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Hashimoto’s thyroiditis (HT) is one of the most common autoimmune diseases. It is suggested that, in addition to thyroid gland dysfunction, HT is
responsible for impaired secretion from the salivary glands. The aim of this study was to evaluate the extent of symptoms of salivary gland
dysfunction. We also assessed the relationship between the levels of selected cytokines, chemokines, and growth factors in unstimulated whole
saliva (UWS) and the rate of UWS secretion and symptoms of xerostomia in HT patients. The study group consisted of 25 female patients
diagnosed with Hashimoto’s disease in its spontaneous euthyroid state who had never received hormonal treatment. In more than half of the
examined patients, we observed the level of UWS secretion below 0.2 mL/min, indicating impaired secretory function of the salivary glands.
Moreover, we demonstrated that the clinical symptoms of salivary gland dysfunction worsen with disease duration. Nevertheless, the inflammatory
changes occurring in these glands are independent of general inflammation in the course of HT. Our results clearly indicate an abnormal profile of
cytokines, chemokines, and growth factors in the UWS of HT euthyroid women as well as the fact that concentrations of 1L-6 and IL-1 as well as
INF-y, TNF-a, and IL-12 may be potential biomarkers for salivary gland dysfunction in the course of HT. Furthermore, salivary IL-12 (p40) may
be helpful in assessing the progression of autoimmunity-related inflammation in the course of HT. In conclusion, secretory dysfunction of the
salivary glands is closely related to autoimmunity-related inflammation in the course of HT, which leads to objective and subjective symptoms of
dry mouth.

1. Introduction

Hashimoto’s disease (HT) is classified as T cell mediated and
concerns the thyroid gland. It is considered as one of the most
frequent autoimmune diseases [1]. It affects approximately 2%
of the population and is 5 to 10 times more common in women
than men [2]. HT is characterized by the presence of

thyroid autoantibodies, such as thyroid peroxidase antibodies
(TPO-Ab) and thyroglobulin antibodies (TG-Ab), which leads
to the destruction of THE thyroid tissue. Untreated HT may
result in the development of papillary thyroid cancer and thy-
roid carcinoma [3]. HT is also one of the factors leading to the
development of hypertension, cardiovascular diseases, dyslip-
idemia, obesity, insulin resistance, and depression [4—6].
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Moreover, salivary gland involvement in patients with HT has
been described in numerous studies. Considering the role of
saliva in maintaining oral health, this observation is of utmost
importance for both patients and dentists [3, 7, 8]. The
quantitative and qualitative deficiency of saliva is a serious
problem for the patient, even more so when accompanied by
other symptoms of the underlying disease. Commonly
observed symptoms associated with salivary gland dysfunc-
tion include a fissured, reddened, and sore tongue, atrophic and
dry oral mucosa, and increased caries incidence, mainly in the
cervical region of the teeth [9, 10]. Patients report difficulty
swallowing food bites and eating foods with distinct flavors as
well as problems with phonation [11]. The results by Agha-
Hosseini et al. [4] as well as our own research [3] dem-
onstrated that the secretory function of the submandibular
glands in HT women is impaired. This submandibular gland
disturbance of function manifested significantly reduced rate of
unstimulated saliva secretion (UWS). By means of objective
and quantitative salivary gland scintigraphy, the secretory
function of the salivary glands was found to be significantly
worsened in HT patients with xerostomia (subjective sensa-
tion of dryness) compared to HT patients without xerostomia
and healthy subjects with or without xerostomia [7, 12]. Syed
et al. [13] argue that clinical suspicion of thyroid disease
should be considered in case of a chronic reduction in salivary
secretion. Therefore, these authors suggest performing a
thyroid function test (hormones, antibodies) if other causes of
hyposalivation have been excluded. Our own study also
confirmed that both the parotid and submandibular glands of
women with euthyroid HT have an impaired ability to maintain
redox balance, resulting in increased oxidative mod-ification of
salivary proteins, lipids, and genetic material [3]. We
associated salivary gland antioxidant dysfunction with
autoimmunity-related inflammation, not with levels of thy-roid
hormones and TSH. Oxidative stress was not the reason for
reduced salivary secretion in the course of euthyroid HT

[3]. The similarity in genetic and immunopathological back-
ground between Sjogren’s syndrome (SS) and HT [14-16]
suggests that, by analogy with SS, the secretory function of the
salivary glands in HT may have an immunological basis. It
could be a consequence of impaired secretion of cytokines,
chemokines, and growth factors. A decrease in the salivary
gland size and increase in the inflammatory infiltrate in the
salivary glands were observed in hypothyroid HT tyrosylpro-
tein sulfotransferase knockout mice [17]. Our previous papers
showed that salivary gland immunological imbalance leads to
secretory dysfunction of these glands not only in the course of
SS but also other autoimmune diseases, such as psoriasis [18],
rheumatoid arthritis [11], and systemic sclerosis [19].

Salivary levels of selected cytokines, chemokines, or growth
factors in the course of HT have not yet been determined. In the
light of the aforementioned facts, such determination seems
necessary in order to understand the involvement of immuno-
logical mechanisms in the development of salivary gland dys-
function in this disease. One of the aims of the presented
publication was to assess the degree of salivary gland dysfunc-tion
and the occurrence of subjective and objective symptoms of
salivary gland dysfunction in spontaneously euthyroid HT patients
never subjected to hormonal treatment.

Mediators of Inflammation

The study described below was further designed to assess
whether or not the obtained salivary concentrations of selected
cytokines, chemokines, and growth factors may be connected
with the rate of UWS and symptoms of xerostomia. Further-
more, given that salivary biomarkers are used in the diagnosis
of numerous systemic diseases, the secondary objective of this
study was to determine whether salivary levels of cytokines,
chemokines, and growth factors may present any diagnostic
value when comparing the saliva of euthyroid HT female
patients to that of women in the control group.

2. Materials and Methods

The study was approved by the Bioethics Committee of the
Medical University of Bialystok (permission number: R-1-
002/386/2016). Each patient and control group participant
had been informed about the aims and methodology of the
presented experiment and gave written consent to
participate in the study.

The study group consisted of 25 female patients diagnosed
with Hashimoto’s thyroiditis. The diagnosis of the disease was
based on a positive result of an ultrasound examination (con-
firming the presence of parenchymal heterogeneity) and find-
ing blood levels of TPO-Ab and TG-Ab antibodies above the
laboratory norm. The selected patients were women with
euthyroid HT (free thyroxine, fT4 and thyroid stimulating
hormones, TSH within the laboratory norm levels) who,
importantly, had never been treated with synthetic or natural
thyroid hormones or had any other treatments applied. Patients
were referred for periodic check-ups to the Depart-ment of
Endocrinology, Diabetology, and Internal Medicine at the
Medical University of Bialystok. The control group con-sisted
of 25 generally healthy women, matched to the study group in
terms of age and BMI, who attended dental check-ups at the
Department of Restorative Dentistry at the Medical University
of Bialystok. The participants from the control group had
normal results of thyroid ultrasound as well as blood levels of
TPO-Ab, TG-Ab, fT4, and TSH in normal range for healthy
individuals.

Eligibility for the study was preceded by the collection of
whole blood from an ulnar vein (for hormone and antibody as
well as biochemical determinations), ultrasound examina-tion,
and dental examination. Participants of the study had 10 mL
samples of venous blood collected into -ethylenedi-
aminetetraacetic acid (EDTA) tubes. Blood for biochemical

determinations was centrifuged (1500 x g, 4 C, 10 minutes),

and the obtained plasma was stored at -84 C for no longer than
4 months, until assayed. A total of 82 female HT patients and
82 control patients were studied. 10 patients had hypothy-roid
HT, 25 had euthyroid HT treated with hormones, and 15 had
BMI > 25. Therefore, 34 patients with HT in the state not
requiring hormonal treatment and 34 control subjects of
corresponding age and BMI were qualified for the study.
Serum/plasma TSH, free T4 and T3, TPO-Ab, TG-Ab,
SSA/Ro-Ab, SSB/La-Ab, glucose, insulin, HOMA-IR, vita-
min 25 (OH)D3, TG, and CRP were quantified by using an
Abbott analyzer (Abbott Diagnostics, Wiesbaden, Germany).
On the same day, a dental examination was performed,
including the measurements of DMFT (Decay, Missing,

44



Mediators of Inflammation

Filled Teeth) index, APl (Approximal Plaque Index) index of
oral hygiene, pocket probing depth (PPD), and gingival sulcus
bleeding index (SBI) (Table 1). The examination was
performed by one dentist (K. M.) who had obtained a suitable
training beforehand, and an interrater examination was
conducted in 15 randomly selected study participants with
another dentist (A. Z.). The interrater reliability for DMFT
was r = 0:97, for SBI r = 0:93, for API r = 0:96, and for
PPD r = 95.

Based on the dental measurements, 9 HT patients were
excluded from the study group due to the presence of peri-
odontal disease and 8 from the control group because of
poor oral hygiene and presence of multiple dental deposits.
HT patients had no other diseases, including autoim-mune
diseases, and—as noted above—their BMI was within the
range indicating normal body weight (18.5-25). Both the
patients and control group members were individuals with
healthy periodontium and had no candidiasis and inflammation
in the oral mucosa. HT patients and control subjects did not
take medications on a permanent basis, including those
affecting saliva secretion. The examination was performed in
the second phase of the menstrual cycle, precisely between the
18th and 25th day. During 6 months preceding the research,
they had not been on a weight-loss diet and had not
significantly changed their lifestyle (in terms of diet, physical
activity, and place of work or residence). The subjects were
nonsmokers, consumed alcohol only occasion-ally (a glass of
wine or a pint of beer at the weekend), and were not addicted
to other stimulants. The clinical character-istics of patients and
participants from the control group are presented in Table 2.

2.1. Collection of UWS. Saliva was collected one day after
blood collection and dental examination, i.e., only from
par-ticipants qualified for the study. UWS was collected
between 7 a.m. and 9 a.m. The subjects had the collection
performed on an empty stomach (last meal at least 10 hours
before) and did not perform any oral hygiene procedures on
this day other than rinsing the mouth with water. Saliva
collec-tion took place in a separate surgery. Upon arrival,
each participant rested for 5 minutes and rinsed the mouth 5
times with water at room temperature. In a sitting position,
the participant spat out saliva accumulated at the bottom of
the mouth into a centrifuge tube placed in a container with
ice. The saliva collection time was 15 minutes. Prior to
centrifu-gation, the volume of obtained saliva was
measured (with a calibrated pipette). This measurement
allowed the rate of saliva secretion to be determined, by
dividing the volume of collected saliva by the time taken to

obtain it. The saliva was centrifuged for 20 minutes at 4 C,
10000 x g. Next, the supernatant was collected and frozen

at -84 C for no longer than 4 months, until assayed.

To assess the prevalence of xerostomia, participants were
asked to complete a questionnaire regarding the presence of
dry mouth symptoms listed in the American-European clas-
sification criteria for Sjogren’s syndrome [11, 20], and the
Clinical Oral Dryness Score (CODS) was measured (K. M.)
according to Osailan et al. [10] (Table 1). An interrater exam-
ination with another dentist (A. Z.) was conducted in 15 ran-

domly selected study participants. The interrater reliability
for CODS was r = 0:96.

2.2. Biochemical Methods. Salivary and plasma cytokines,
chemokines, and growth factors were analyzed using the Bio-
Plex® Multiplex System according to the manufacturer’s
instructions. Bio-Plex Pro Human Cytokine Assay (Bio-Rad
Laboratories, Inc., Hercules, CA, USA) is a multiplex assay
based on magnetic beads whose performance can be com-
pared to a typical ELISA. Captured antibodies directed against
a specific biomarker are covalently bound to mag-netic beads.
The coupled beads then react with the sample containing the
selected biomarker. A series of rinses is per-formed in order to
remove the unbound protein, and then a biotinylated detection
antibody is added to create a sand-wich complex. The final
complex is formed by adding streptavidin-phycoerythrin (SA-
PE) conjugate. Data from the reactions are acquired using a
dedicated plate reader (Bio-Plex 200) and high-speed digital
signal processor.

The concentration of total nitric oxide (NO) in saliva and
plasma was determined indirectly using sulfanilamide and
NEDA-2HCI (N- (1-naphthyl) ethylenediamine dihy-
drochloride). In this assay, stable degradation products of
NO3 were measured. Absorbance was analyzed at 490 nm
[21, 22]. Total protein concentration was determined colori-
metrically (Thermo Scientific Pierce BCA Protein Assay
Kit, Rockford, IL, USA) using bovine serum albumin
(BSA) as a standard.

2.3. Statistical Analysis. GraphPad Prism 8.3.0 for MacOS
(GraphPad Software, Inc. La Jolla, USA) was used for statis-
tical analysis. The normality of the distribution was assessed
using the Shapiro—Wilk test. For comparison of the quantita-
tive variables, Mann—Whitney U test was used. The statistical
significance level was established at p < 0:05. The relationship
between the assessed parameters was evaluated using the
Spearman rank correlation coefficient. In order to determine
the diagnostic utility of salivary/plasma cytokines, receiver
operating characteristic (ROC) curves were drawn, and the
area under the curve (AUC) was calculated. Multivariate
analysis of the simultaneous impacts of many independent
variables on one quantitative dependent variable was made by
the means of linear regression. HT duration, TPO-Ab, TPO-
AB, UWS flow, and CODS were included as indepen-dent
variables. The number of subjects in the groups was
determined based on our previous experiment, assuming that
the power of the test was 0.9 and a = 0:05. The ClinCalc
online calculator was used, and the minimum number of
participants per group was 21.

3. Results

3.1. Stomatological Findings. The secretion of UWS by
female patients with Hashimoto’s disease was significantly
(66%) lower than in the control group (p = 0:009).
Moreover, 15 women from the study group had UWS level
below 0.2 mL/min, which means that hyposalivation, i.e.,
secretory dys-function of the salivary glands, could be
confirmed in 60% of the study participants (Table 1).
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Table 1: Stomatological characteristics of patients and control group participants (UWS: unstimulated saliva; TP: total protein; CODS:
Clinical Oral Dryness Score; DMFT: Decayed, Missing, Filled Teeth; API: approximal plaque index; SBI: sulcus bleeding index, PPD:

periodontal pocket depth; NS: statistically insignificant).

Control, n = 25 HT, n =25 p
UWS mL/min 0.67 (0.46-0.89) 0.27 (0.1-0.61) <0.0001
No. of women (%) with hyposalivation (UWS < 0:2 mL/min) 0(0) 15 (60) <0.00001
TP NWS (mg/mL) 895 (658.23-1250.1) 1400 (1002.1-1600.56) <0.0001
CODS (1-10) 0 6 (1-10) <0.0001
No. of women with CODS = 5 0 13 <0.0001
No. of women with CODS =21 <4 0 8 <0.001
Subjective oral dryness, n (%) 0(0) 20 (80) <0.0001
DMFT 18 (15-25) 16 (14-25) NS
API 24.56 (0-30) 21.54 (0-32) NS
SBI 0.45 (0-1) 0.33 (0-1) NS
PPD (mm) 2.0 (0.5-2.5) 2.0 (0.5-2.5) NS

Table 2: Clinical characteristics of the participants of the study (HT: Hashimoto patients; BMI: body mass index; TSH: thyroid-stimulating
hormone; TPO-Ab: thyroid peroxidase antibody; TG-Ab: thyroid peroxidase antibody; SSA/Ro-Ab: anti-Sjogren’s syndrome type A
antibody; SSB/La-Ab: anti-Sjogren’s syndrome type B antibody; HOMA-IR: homeostatic model assessment index; TG: triglyceride; NO:
nitric oxide; UWS: unstimulated whole saliva; ND: not detectable; NS: statistically insignificant).

Control, n = 25 M (min-max) HT, n = 25 M (min-max) p
Age (years) 34.3 (27.2-42) 34.5(27.8-41.5) NS
BMI (kg/mz) 20.5 (19.35-23.96) 21.7 (19.2-24.61) NS
TSH (uU/mL) 1.23(0.48-2.3) 1.56 (0.7-2.99) NS
Free T4 (ng/mL) 1.36 (1.1-1.39) 1.26 (0.76-1.62) NS
Free T3 (pg/mL) 2.26 (1.75-3.96) 2.86 (2.63-4.51) NS
TPO-Ab (1U/mL) 0.5 (0.36-2.51) 625.6 (132.4-768) <0.0001
TG-Ab (IU/mL) 0.4 (0.23-1.91) 318.3 (145.8-437) <0.0001
SSA/Ro-Ab ND ND
SSB/La-Ab ND ND
Glucose (mg/dL) 79.56 (72.35-85.01) 83.01 (73.56-88.05) NS
Insulin (mU/mL) 4.25 (3-11.2) 3.89 (3-10.9) NS
HOMA-IR 0.89 (0.53-2.41) 0.8 (0.51-2.39) NS
Witamin 25-OH D3 (ng/mL) 47 (32-51.1) 42.98 (30-50) NS
TG (mg/dL) 52 (39-79.56) 49 (36-85.21) NS
CRP mg/L 0.4 (0.2-0.8) 0.63 (0.23-0.92) NS
HT duration (years) 0 5.8 (3.8-8.3) <0.0001
Thyroid gland’s nodules ND ND
NO UWS (umol/mg protein) 0.15 (0.01-0.08) 0.26 (0.02—-0.56) 0.0011
NO plasma (umol/mg protein) 0.09 (0.014- 0.19) 0.08 (0.016-0.24) 0.9082

Protein concentration in UWS of HT patients was signif-
icantly (56%) higher than in the control group (p = 0:008)
(Table 1).

CODS demonstrated a significantly higher intensity of
objective dry mouth symptoms in HT patients compared to
the control group (p = 0:001). Subjective sensation of dry
mouth was reported only in the group of patients with
Hashi-moto’s disease and affected 80% of the subjects (p =
0:001) (Table 1).

The analysis of the results obtained during the dental
examination revealed no significant differences in the
DMFT, API, SBI, and PPD indices (Table 1, Table S7).

3.2. Saliva

3.2.1. Cytokines. Significantly elevated levels of cytokines
associated with Thl lymphocyte activation (IL-3, IFN-y)
were found in UWS of HT patients compared to the control
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group (135%, p = 0:0074, 185% p < 0:0001, respectively). The
study group achieved considerably higher levels of interleu-kins
connected with Th2 lymphocyte activation (IL-5, IL-6) compared
to healthy controls (140%, p = 0:015, 154%, p = 0:0187,
respectively). Similarly, significantly increased levels of TNF-a
(which is a cytokine associated with Th17 lympho-cyte
stimulation) were observed in UWS of HT patients com-pared to
the control group (193%, p = 0:0003). In addition, significantly
higher levels of IL-12 (p40), HGF, IL-1a, IL-1B3, and IL-1RA
were found in UWS of study group patients compared to the
control group (157%, p < 0:0001, 138%, p

=0:0012, 138%, p = 0:0223, 154%, p = 0:0223, 134%, p =
0:0071, respectively). Of all cytokines tested, only salivary
IL-8 and IL-10 levels reached significantly lower values in
UWS of HT patients compared to healthy controls (|21%,
p = 0:0429, |69%, p = 0:0049, respectively).
Concentrations of the other cytokines measured in UWS:
IL-2, IL-2RA, IL-4, IL-7, IL-9, IL-12 (p70), IL-13, IL-15,
IL-16, IL-17, IL-18, IFN-a2, MIF, and TNF-B did not
differ significantly between the two groups (Table 3).

The levels of IL-18, IFN-a2, MIF, and TNF-8 were not
significantly different between both groups (Table 3).

3.2.2. Chemokines. Concentrations of both CCL27/CTACK
and CXCL1/Gro-a were significantly higher in UWS of HT
patients compared to the controls (119%, p = 0:0195, 174%,
p = 0:0005, respectively). Salivary levels of CCL2/MCP-1,
CCL3/MIP-1a, CCL4/MIP-18, B-NGF, CCL5/RANTES,
SCF, SCGF-B, CCL7/MCP-3, CCL11/Eotaxin, CXCL9/MIG,
CXCL10/IP-10, LIF, and CXCL12/SDF-1a reached similar
values in both study groups (Table 4).

3.2.3. Growth Factors. Concentrations of G-CSF and M-CSF
in plasma of HT patients were significantly higher compared to
the controls (129%, p < 0:0001, 130%, p = 0:0223, respec-
tively). The levels of the other growth factors assayed:
FGF, GM-CSF, PDGF-BB, VEGF, and TRIAL reached
similar values in both study groups (Table 5).

3.3. Plasma

3.3.1. Cytokines. Plasma concentrations of cytokines respon-
sible for Thl lymphocyte activation (IL-3, IFN-y, TNF-8) in
HT patients were significantly elevated compared to healthy
controls (136%, p < 0:0001, 143%, p = 0:0001, 146%, p =
0:0028, respectively). Plasma levels of IL-5, IL-6, and 1L-13
(responsible for activating Th2 lymphocytes) in the study
group were considerably higher compared to the control group
(136%, p < 0:0001, 151%, p = 0:003, 126%, p = 0:0161

, respectively). Significantly higher plasma levels of TNF-a
(which participated in the activation of Th17 lymphocytes)
were observed in HT patients compared to the controls (179%,
p = 0:0001). Furthermore, plasma levels of IL-18, IL-1RA,
IL-2RA, IL-12 (p40), IL-12 (p70), and HGF in study

group patients were significantly higher compared to the
control group (139%, p = 0:017, 143%, p = 0:02, 19%, p =
0:0389, 128%, p = 0:0211, 149%, p = 0:0102, 128%, p <
0:0001, respectively). Only IL-8, IL-10, and IL-17 concentra-
tions were significantly lower in plasma of study group patients

compared to the controls (160%, p < 0:0001, |31%,

p = 0:0004, |18%, p = 0:0466, respectively). The
cytokine levels of IL-1qa, IL-2, IL-4, IL-7, IL-9 IL-16, IL-
18, IFN- a2, and MFI reached similar values in the plasma
of both HT and control subjects (Table 3).

3.3.2. Chemokines. Both CCL2/MCP-1 and SCF levels were
significantly higher in the plasma of HT patients compared to
the control group (175%, p = 0:0189, 174%, p < 0:0001,
respectively). Similarly, plasma CCL27/CTACK and LIF
concentrations in the study group were significantly increased
compared to healthy controls (1101%, p < 0:0001, 142%, p =
0:0066, respectively). Plasma levels of the chemokines
CCL3/MIP-1a, CCL4/MIP-18, [B-NGF, CCL5/RANTES,
SCGF-B, CCL7/MCP-3, CCL11/Eotaxin, CCL27/CTACK,
CXCL1/Gro-a, CXCL9/MIG, and CXCL10/IP-10 did not dif-
fer significantly between the two groups (Table 4).

3.3.3. Growth Factors. Concentrations of G-CSF and M-CSF
in plasma of HT patients were significantly higher compared to
the controls (129%, p < 0:0001, 130%, p = 0:0223, respec-
tively). The levels of the other growth factors: FGF, GM-
CSF, PDGF-BB, VEGF, and TRIAL reached similar values
in both study groups (Table 5).

3.4. NO. Concentration of NO in the UWS of HT women was
significantly higher compared to the control (p = 0:001),
whereas in plasma, it did not differ between groups (Table 2).

3.5. ROC Analysis. We used ROC analysis to examine the
diagnostic utility of the assessed cytokines, chemokines,
and growth factors. The data of ROC analysis are presented
in the supplementary materials (Table S1-S6). Many
biomarkers differentiate Hashimoto’s patients from healthy
controls with high sensitivity and specificity. However,
salivary IFN-y, IL-12 (p40), and TNF-a and plasma
CTACK, SCF, G-CSF, HGF, IL-8, TNF-a, and IL-3
deserve special attention. Indeed, IFN-y assessed in UWS
with 84% sensitivity and 84% specifi city distinguishes
study group from healthy controls (AUC = 0:9104).

3.6. Multifactorial Regression Analysis. The results of
multi-factorial regression analysis of salivary inflammatory
bio-markers are presented in Table S12. Interestingly, IL-6
and IL-1pBlevels significantly depend on HT duration, UWS
flow, and CODS, while IFN-y on disease duration and
UWS flow. Salivary TNF-a statistically depends on TG-Ab
and UWS flow rate, while the I1L-12 level only on salivary
flow (Table S12).

3.7. Correlations. In the group of HT patients, a negative
correlation was observed between TPO-Ab levels and the
rate of UWS secretion, as well as a negative correlation
between salivary concentration of IL-6 and the rate of UWS
secretion. Similarly, in this group, the level of salivary IL-
1a negatively correlated with the rate of UWS secretion.

Moreover, in the study group, we found a negative corre-lation
between the CODS and the rate of UWS secretion and a
positive correlation between the CODS and the disease
duration. In patients with euthyroid HT, there was a positive
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Table 3: Effect of Hashimoto’s disease on cytokine levels in saliva and plasma. IL: 1a, 18, 1RA, 2, 2RA, 3,4, 5,6,7,8,9, 10, 12 (p40), 12 (p70), 13, 15, 16, 17, 18-interleukin: 1a, 18, 1RA, 2, 2RA,
3,4,5,6,7,8,9, 10, 12 (p40), 12 (p70), 13, 15, 16, 17, 18; IFN-y: interferon-y; IFN-a2: interferon-a2; TNF-a, B: tumor necrosis factor a, 8; HGF: hepatocyte growth factor; MIF: macrophage
migration inhibitory facto;, ND: no detectable.

Saliva Plasma
Control group Study group Control group Study group

Mean + SD Median (min-max) Mean £ SD Median (min-max) pvalue Mean+SD Median (min-max) Mean + SD Median (min-max) p value
IL-3 35:11+11:41 38.88 (7-56) 47:33+17:3 45 (13-80) 0.0074 26:72+4:009 27.47(19.79-35.24) 36:28 +9:588 36.01 (19.1-58.72)  <0.0001
IFN-y 25:12+ 8:914 23.57(12.23-54.5)  46:5+15:09 43.54(19.11-81.46) <0.0001 164:4 +50:86  169.5(43.5-236) 235:9+69:13 233.2(123-427.9)  0.0001
IL-5 6:065 £ 1:85 6.05 (0.6-9.4) 8:49 £ 3:975 8.6(1.2-15.65) 0.015 106:4 +75:49 94.43(7.968-320.2) 160:3 +67:12 158.5(41.24-301.3)  0.003
IL-6 72:01+ 27:06  73.59 (19-136) 110:8 +69:45 103 (17-297) 0.0187 3:065+0:6913 3.147(1.568-4.517) 5:051 +2:172 5.202(0.7955-9.66)  0.0002
TN-a 8:173+ 5:213 6.975(0.625-21.68) 15:79 +8:211 15.15(1.28-37.39) 0.0003 12:5+5:202 12.63(6.019-27.13) 22:32 +8:808 21.27(6.815-38.84) <0.0001
IL-12 (p40) 12:45 +4:186 12 (6.614-21.75) 19:5+5:242  19.5(8.004-29.9) <0.0001 13:61+3:629 13.81(8.131-21.28) 17:41+6:56 17.59(6.718-33.75) 0.0211
HGF 3:908 £0:9919 3.842(1.599-6.273) 5:412 +1:614 5.373(3.063-8.694) 0.0012  60:7 £6:446 60.69(43.81-74.71) 77:82+9:324 75.83(66.35-103.7) <0.0001
IL-1a 760:6+ 360:9 766.1(189.2-1375) 1054 +441:2  1148(408.2-2182) 0.0223 328 + 2275 271 (15-970) 458:5+346  417.5(39.38-1619)  0.0741
IL-18 99:04+ 65:47 74.05(22.53-245.4) 153:2 +86:18 153.3(28.93-343.5) 0.0223 17:54+9:707 17.28(1.302-33.61) 24:46+8:32 24.38(8.663-48.13)  0.017
IL-1RA 5170+ 1847 5071 (917-7936) 6951 +2239 6707 (3196-10575) 0.0071 13:49+7:875 12.01(0.7689-31.98) 19:32 +8:643 17.87(4.071-40.51)  0.02
IL-8 1564 £913:3  1479(87.75-3855) 1230 +1167 882 (21-5426) 0.0429 24:43+8:201 25.36(6.595-38.56) 9:871+7:801 7.724(-5.24-27.19) <0.0001
IL-10 28:49+ 10:39  26.5 (10.22-47) 19:69 +9:166 19(2.235-40.22) 0.0049 34:42+£9:252 35.14(13.04-49.94) 23:61+11:.09 21.76(4.953-47.42) 0.0004
IL-2 27:58+ 10:46 30 (4-46) 30:23 +12:54  29(9.218-58) 0.6685 116:7 +£48:75 129.7(18.51-189.3) 140:9+64:07 144.7(25.42-298.6) 0.1213
IL-2RA 39:98 £ 20:56 37.13(3.823-86.66) 40:09 +20:86  39(2.598-87) 0.9578 28:35+3:504 27.91(22.57-34.75) 30:79+5:045 32.49(19.24-37.89) 0.0389
IL-4 16:22 + 7:095 15 (2-33.5) 19:85 + 7:338 18 (9-36) 0.0625 23:97 £4:79  24.39(15.87-31.69) 26:25+11:21 26.8 (1.017-47.67)  0.3067
IL-7 17:91+ 4:275 18(9.391-25) 17:8 + 8:887 16.5 (4.807-42) 0455  5:099 +2:223 4.495(1.972-10.08) 7:364 +4:663 6.964 (0.6749-17.65) 0.1035
IL-9 45:98+ 17:78 47(16.48-82) 53:85 £21:96  55(12.07-99) 0.1806 49:19+20:28 48.04(21.43-91.61) 55:94 +25:79 58.96(8.061-92.59) 0.2799
IL-12 (p70) 22:59 + 8:404 22.79(3.101-36.6) 25:25 +7:734 24 (9.988-36.5) 0.2907 16:17 £6:58  16.96(3.493-30.17) 24:02+11:11 20.41(2.664-44.17) 0.0102
IL-13 1:013 + 0:4813 1.027 (0.3138-1.833) 1:287 +0:7352 1.137(0.1965-2.41) 0.2022  9:829 + 4:507 9(3.549-21.14)  12:41+3:768 12 (5.41-22) 0.0161
IL-15 10:72 +5:484  10.2 (0.473-23) 12:35 +9:511  9.6(2.85-35.3) 0.7619 ND ND ND ND ND
IL-16 981:3 +515:6 941.6(80.27-2125)  1095+594:9 1012(235.8-2163) 0.5253 161:6+ 127:1 129(11.15-587)  175:3+165:5 141.5(5.34-780)  >0.9999
IL-17 ND ND ND ND ND 33:74 + 11:03 29.5(21.41-58) 2758 +12:11  26.6(8.334-56.7)  0.0466
IL-18 369:3 +379:1 331.5(10.73-1999) 399:7 +403:2 280 (4.705-1829) 0.9847 20:7+9:127 22.17(3.895-33.62) 23:2+14:99 21.47(2.131-57.12) 0.6581
IFN-a2 4:61 + 0:9551 4.539(2.918-7.328) 5:053 + 1:844 5.054(1.601-10.47) 0.3859  22:81+6:25 22.29(9.482-34.99) 22:71+7:463 21.31(2.789-39.93) 0.8777
MIF 759:7 +323:3 661 (258.2-1424) 750:5 +538:;5 601 (119.5-2221) 0.4185 196:5+78:99 208 (44.66-340.8) 206:2 +79:61 184.4(81.59-359.2) 0.8929
TNF-8 5:702 +1:994 5986 (0.7912-9.791) 7:135 +2:727 7.033(1.758-11.87) 0.0925 6:692 +2:137 6.997 (1.33-10.08)  9:793+4:96 10.01(-2.785-17.23) 0.0028
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Table 4: Effect of Hashimoto’s disease on chemokine levels: CCL27/CTACK: chemokine ligand 3/monocyte chemoattractant protein-1; CCL3/MIP-1-a: chemokine ligands 3/macrophage
inflammatory proteinl-alpha; CCL4/MIP-1 B: chemokine ligands 4/macrophage inflammatory proteinl 3; 8 -NGF: B-nerve growth factor; CCL5/RANTES: chemokine ligand 5/regulated

on activation, normal T cell expressed and secreted; SCF: stem cell factor; SCGF-g: stem cell growth factor-f; CCL7/MCP-3: chemokine ligand 7/monocyte-chemotactic protein 3;
CCL11/eotaxin: chemokine ligand 11/eatoksin; CCL27/CTACK: chemokine ligand 27/cutaneous T cell-attracting chemokine; CXCL1/GRO-a: chemokine (C-X-C motif) ligand 1/growth-
regulated oncogene-alpha; CXCL9/MIG: chemokine (C-X-C motif) ligand 9/monokine induced by gamma interferon; CXCL10/IP-10: chemokine (C-X-C motif) ligand 10/interferon
gamma-induced protein 10; LIF: leukemia inhibitory factor; CXCL12/SDF-1 a: chemokine (C-X-C motif) ligand 12/stromal cell-derived factor 1; ND: no detectable.

Saliva
Study group

Plasma

Control group Study group

Control group

UoITeWIWIE[U] JO SI0JRIP3IA

Mean £ SD Median (min-max) Mean + SD Median (min-max) pvalue Mean + SD Median (min-max) Mean £+ SD Median (min-max)  p value
CCL27/CTACK 17:80+ 5:689 18.08(8.970-33.69) 21:23+ 6:034 20.27 (11.53-36.62) 0.0195  70:22+15:1 72.93(39.18-111.6) 141:2+71:73 128.3 (60-375.5)  <0.0001
CXCL1/Gro-a 8545+ 3904 8235 (1768 -15622) 14898 + 6761 15456 (3393-30180) 0.0005 17772 + 7093 18731 (3763-33741) 19882+ 7155 21785 (4134-29760) 0.2092
CCL2/MCP-1 703+£360:5  707.8(198-1490) 727:7+618:5 677(24.52-2896) 0.7583  4:51 +2:51 4.557 (0.2395-9.026) 7:9151+4:844 5.865(1.748-19.22) 0.0189
CCL3/MIP-1a 33:89+ 22:89 28(5.895-118.5) 44:79+67:19 28(7.238-354) 0.7914 123:6 +71:94 120.1(11.45-268.1) 141:2+92:17 141.4(5.762-375.2) 0.5768
CCL4/MIP-18  63:07+26:34  54.5(27.5-138) 61:73+31:01 63 (2.401-129.5) 0.8362 124+79:66 117 (16.15-276.7) 136:5:+87:9 140.4(16.26-332.6) 0.6721
B-NGF 62:03+23:58 66 (8.513-116.3) 70:33+36:36 61 (8.457-143.3) 0.4973  84:27 +48:49 82.24(6.667-179.1) 103:6+52:8 99.81(33.11-275.2) 0.263
CCL5/RANTES  2:94 +1:038 2.927(0.394-4.531) 3:48+ 1:46 3.201(1.084-6.698) 0.2218 1550 + 620:2 1470(519.6-2704) 1978 +915:4  1740(465.3-4047)  0.0916
SCF 77:67+39:69  72(5.96-150)  89:36+79:58  76(6.221-314) 0.7914 32:98 +9:754 33.06(17.22-50.29) 57:39%19:22 55.61(27.62-89.57) <0.0001
SCGF-B 63:07+ 26:34  545(27.5-138) 61:73+31:01 63(2.401-129.5) 0.8362 539:4 +316:7 560.9 (43.81-1213) 660:2 +270:4 658.4 (150.4-1260)  0.2467
CCL7/MCP-3 18:04+ 5:184 18(9.874-30) 20:1£5:504  19.5(10.93-30.9) 0.1931  639:5+136:9 619.5(275.5-879.5) 697:3+195:3 731.6(206.5-952.3) 0.1077
CCL11/Eotaxin  20:05+ 6:526 19.99(8.792-37.74) 21:89+ 9:195 18.03 (9.54-43.23) 0.8475 72:15 +22:91 68.86(15.32-120.1) 82:09+32:24 75.98(39.9-159.7)  0.441
CXCL9/MIG 608:7+ 655:1 333.5(17.5-3001) 1090+ 1552 542.5(74.97-7798) 0.3254 101:1 +92:73 68.06(4.366-413.3) 133:7+72:15 144 (18.91-307.8)  0.0568
CXCL10/1P-10 6686+ 3147 6608 (1730-12452) 9053+ 5665 7868(833.7-23044) 0.1954 566:8 +346:5 542 (12.02-1490) 742:9+648:9 574.(12.51-2896) 0.444
LIF 20:42+10:76  19(2.161-455) 25:68+ 13:15 23 (8.214-53.5) 0.2329 24:86 +9:771 24.31(9.054-42.78) 35:38 +16:87 35.87 (2.65-71.33)  0.0066
CXCL12/SDF-1a 53:34 +18:2 55 (17.55-91.5) 56:4 £22:92 53.48 (13.95-101) 0.6756 ND ND ND ND ND
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Table 5: Effect of Hashimoto’s disease on growth factor levels: FGF: fibroblast growth factor; G-CSF: granulocyte colony-stimulating factor; GM-CSF: granulocyte-macrophage colony-

stimulating factor; M-CSF: macrophage colony-stimulating factor; PDGF-BB: platelet-derived growth factor—BB; VEGF: vascular endothelial growth factor.

Control group

Mean = SD  Median (min-max)

Saliva
Study group

Mean £ SD  Median (min-max)  p value

Control group
Mean £ SD

Median (min-max)

Plasma
Study group

Mean + SD

Median (min-max)

p value

G-CSF
VEGF
TRIAL
FGF
GM-CSF
M-CSF
PDGF-BB

493:9+72:24
1443 + 850:1
519:3 £ 307:7
5:371 £ 1:205
24:12 £ 6:793
228:5+ 1375
480:9 + 165:9

497 (363.1-649.2)

1221 (53.24-3643)
441.3 (16.85-1154)
5.412 (3.418-8.347)
22.65 (11.77-37.98)
206 (13.03-582.5)

490 (103.6-740)

574:1+ 115:8 587.8(344.1-894.8) 0.0066
2631+ 1480  2433(634.8-6122) 0.0025
1009+ 1011 727.1(24.71-4653) 0.0472

5:737+1:197  5.54(3.717-8.09) 0.3571
25:6 £10:25 25.17 (5.405 —50.55) 0.5637

309:7+268:6 ~ 238(18.8-1301) 0.2182
534 +262:3 548.2 (111-1060) 0.5096

603:7 £91:3
191:1 £ 64:73
80:32 £ 30:77
34:45+7:104
98:28 £ 15:9
65:97 + 30:89
1041 £ 337:1

590.2(454.4-764.7)
179.4 (91.19-331)
78.42(26.96-143 5)
33.35(19.34-46.92)
100.2 (70.8-140.6)
69.24(4.661-135.7)
1092(351.6-1689)

7771+ 164
271:3 £ 158:2
101:6 + 47:97
33:85+9:314
102:9 + 26:21
85:52 + 3476
976:5 + 552

726.8 (455.9-1162)
252.3 (24.03-608.9)
101.7 (12.02-191.1)
31.99 (17.48-54.19)
103.9 (48.13-146.8)
98.87 (5.619-131.4)
1095 (39.4-2135)

<0.0001
0.0842
0.0878
0.6443
0.4762
0.0223
0.6305
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Table 6: Statistically significant correlations in the study group
(TG-Ab: thyroid peroxidase antibody; UWS: unstimulated saliva;
IL-1a: interleukin 1a; IL-6: interleukin 6; IL-12: interleukin 12;
INF-y: interferon y; CODS: Clinical Oral Dryness Score, NO:
nitric oxide; IL-12 (p40): interleukin 12 (p40); TG-A: thyroid
peroxidase antibody).

Pairs of variables r p
TPO-Ab and UWS flow -0.865 <0.0001
IL-6 and UWS flow -0.951 <0.0001
IL-1a and UWS flow -0.864 <0.0001
CODS and UWS flow -0.885 <0.0001
CODS and duration of Hashimoto’s disease 0.751  <0.0001
IFN-y and CODS 0.488 0.013
IL-12 and NO 0.723  <0.0001
INF-y and NO 0.442 0.027
IL-12 (p40) UWS and plasma TG-A 0.557 0.004

correlation between salivary INF-y concentration and the
CODsS.

We demonstrated that in UWS of HT patients, IL-12 levels
were positively correlated with NO concentration. Sim-
ilarly, a positive correlation was observed between INF- y
concentration and an increase in NO level in UWS.

In the study group, we observed a positive correlation
between 1L-12 (p40) concentration in UWS and plasma
TG-Ab concentration (Table 6).

3.8. Immunoassay Method Validation. Representative assay
working ranges, assay sensitivity, and precision are
presented in Table S13.

4. Discussion

Hashimoto’s disease (Hashimoto’s thyroiditis, HT) is a chronic
autoimmune disease with complex and heterogeneous course,
primarily leading to the destruction and dysfunction of the
thyroid gland. However, according to available studies on the
subject, it also negatively affects the function of the salivary
glands, which is manifested by reduced saliva properties as
well as rate of its secretion. The reason for the disturbed func-
tion of the salivary glands in the course of HT has not yet been
determined. Considering the role of saliva in maintaining the
health of structures present in the oral cavity as well as general
well-being, explaining these pathomechanisms is of the utmost
importance for both patients and doctors.

In our experiment, we narrowed down the study group to
female patients who had never been treated for HT and whom
did not need to include hormonal supplementation in the
course of the disease. Detection of HT in most instances was
accidental, e.g., during breast ultrasound or so-called periodic
examinations. In such cases, it would seem that patients only
require observation and prophylactic visits to an
endocrinologist. However, problems of HT patients with
subjective sensation of dryness in the oral cavity that appeared
during dental visits, most frequently manifested by the need to
drink water during the night and problems with swallowing dry
food, indicated a more serious problem.

These observations encouraged us to perform the present
study. One of the objectives of this publication was to
assess the severity of salivary gland dysfunction and the
presence of subjective and objective symptoms of salivary
gland impairment in spontaneously euthyroid HT patients
who had never undergone hormonal treatment. Considering
the involvement of immunological disturbances in the
develop-ment of salivary gland disorder in the course of
numerous autoimmune diseases, the study is also aimed at
assessing whether the severity of salivary gland dysfunction
was corre-lated with the concentration of selected salivary
cytokines, chemokines, and growth factors. We attempted
to determine whether these salivary parameters could be
helpful in deter-mining the progression of HT disease.

Since SS may be one of the causes of salivary gland dys-
function in the course of autoimmune diseases, we performed a
number of diagnostic tests (Schirmer’s test—data not shown,
antibody determination—Table 2, questionnaire on dryness in
the eyeball—data not shown—and in the oral cavity), except the
labial salivary gland biopsy for which we did not obtain the
consent of the Bioethics Committee. The exclusion of SS as
well as other general diseases and coexisting oral inflammation
led us to the conclusion that all of the observed abnormalities
are due to HT.

We confirmed that the median of UWS secretion of HT
patients was significantly lower compared to the control group.
More importantly, 60% of them had the rate of UWS secretion
below 0.2 mL/min, which is clinical evidence of sali-

vary gland secretory insufficiency. The values of UWS < 0:2

mL/min are commonly a cutoff for assessing salivary gland

dysfunction [9, 11, 23]. We demonstrated a negative correla-
tion between TPO-Ab levels and UWS flow in the group of HT
patients. This result suggests increased salivary gland secretory
dysfunction with the progression of this autoim-mune thyroid
disease, similarly to other autoimmune diseases. In the case of
SS, it was observed that increased autoimmunity, expressed by
increased levels of in SSA/Lo and SSB/Ra anti-bodies, led to
lower sensitivity or density of muscarinic recep-tors
responsible for saliva secretion [24]. In the course of SS and
another autoimmune thyroid disease—Graves’ disease,
elevated concentration of antimuscarinic antibodies was con-
firmed parallel to the progression of the disease [25, 26]. These
antibodies directly inhibit the carbachol-evoked increase of
intracellular calcium ions, which suggests a possible direct role
of these antibodies in reducing saliva secretion [27]. Women
with low UWS flow rate (below 0.2 mL/min) demonstrated the
highest CODS (=5, data not shown). The CODS is a semi-
quantitative clinical dry mouth score that enables the assess-
ment of the severity and progression of oral dryness. All the
female patients with a secretion rate lower than 0.2 mL/min
also responded positively to all 3 questions concerning subjec-
tive symptoms of dry mouth; only 5 patients with a secretion
rate of more than 0.2 mL/min responded positively to just one
of the questions regarding their subjective perception of

dry mouth. However, CODS values within the range of 1-4 in
HT patients with UWS flow > 0:2 mL/min suggest that oral
dryness symptoms may also result from changes in the coating
properties of saliva, e.g., from salivary content of glycopro-
teins, particularly mucins, as evidenced by a positive
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correlation between salivary INF-y concentration and the
CODS in the group of HT patients. It was proven that high
expression of INF-y strongly correlates with reduced mucin
production in acinar cells of SS patients [28]. It should
undoubtedly be remembered that HT patients with UWS
within the normal range and with a positive CODS test had
experienced over a 50% reduction in their personal baseline
UWS flow. Indeed, it is known that =50% reduction from
personal baseline UWS flow can result in the perception of dry
mouth [10]. Furthermore, we demonstrated a negative
correlation between the CODS and the rate of UWS secretion
in the entire group of HT patients. A negative correlation was
also observed between the CODS and the disease duration,
which is not surprising since objective symptoms of dry mouth
result from its poor hydration or lack of cleaning effect
provided by normal flow of saliva. The duration of HT in the
subgroup of patients with hyposalvation was significantly
longer than in the group of patients with HT with normal saliva
flow (Table S8). The severity of dry mouth increases with
time, as confirmed by the results of Zalewska et al. [23].
Participants from the control group reported no subjective
symptoms of reduced saliva secretion, with zero values of
objective dryness symptom scores (CODS = 0), which was
also confirmed by the results of Osailan et al. [9].

We did not obtain similar relationships (as we described
above) in the subgroup of patients with hyposalvation/normo-
salivation; although given the small size of this subgroup,
these relationship deficiencies should be confirmed in a larger
num-ber of patients. As the ClinCalc online calculator test
showed, the minimum size of the group should be 21 women.
Although it is commonly believed that HT is Thl medi-ated
[29], the obtained results do not indicate a dominance of
either branch of the immune response. Indeed, both in
plasma and UWS, a significant increase was observed in the
concentrations of interleukins connected with the activation
of Thl lymphocytes (IFN-y 188% in saliva and 143% in
plasma; IL-2RA 19% and TNF- 146% in plasma), Th2
(IL-5 and IL-6 140% and 154%, respectively, in saliva and
151% and 165%, respectively, in plasma; I1L-13 126% in
plasma), or Thl7 (IL-6 and TNF-a 154% and 193%,
respec-tively, in saliva and 165% and 179%, respectively,
in plasma) with reduced secretion of Th2 cytokines (IL-10
169% in saliva and |[17% in plasma) [30]. We further
observed increased salivary and plasma concentrations of
IL-1a, IL-1B, IL-1RA, IL-3, IL-12 (p40), and plasma IL-12
(p70). Many of the tested cytokines did not differ between
the study and control groups, both in saliva and plasma.
Taking into account the subgroups of HT patients, we
observed signifi-cantly higher levels of IFN-y, IL-6, IL-12
(p40), IL1a, IL-1RA, IL-4, IL-7, and lower IL-10
concentration in the UWS of HT patients with
hyposalivation compared to normal sal-ivation HT patients
(Table S9). However, we would like to emphasize that
these results should be interpreted very carefully due to the
insufficient number of cases in the subgroups.

We noted a significant increase in the concentration only of
some salivary chemokines (CCL27/CTACK, CXCL1/Gro-a)
and found no correlation between the concentrations of the
assayed chemokines and interleukins. When analyzing the con-
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centration of chemokines in the subgroups of HT patients, we did
not find significant differences (Table S10). As leukocyte
migration is the dominant biological process regulated by
chemokines, the obtained results are highly likely to demonstrate
enhanced migration of white blood cells from blood vessels into
the salivary gland parenchyma [31]. It was shown that
enlargement of the thyroid gland in the course of HT is
accompanied by significantly increased blood flow, vascularization
of this gland, and vascular permeability due to boosted expression
of VEGF [32]. VEGF is a recognized angiogenic factor and
enhancer of vascular permeability [33]. It is not known whether
similar morphological changes occur in the salivary glands as in
the thyroid gland. The significant increase of salivary VEGF levels
may prove increased permeability of salivary gland blood vessels.
Interesting but not surprising overall, higher VEGF concentrations
were noted in the UWS of patients with hyposalivation compared
to patients with HT and without objective salivary gland
dysfunction (Table S11). As mentioned above, we observed
increased salivary concentrations of IL-1a, IL-183, IL-1RA, and
IL-12, which can be derived from inflammatory cells infiltrating
the salivary glands. It is well known that these cytokines are
released by incoming stimulated monocytes, activated
macrophages, and vascular endothelial cells. Previous studies
demonstrated that elevated level of salivary IL-6 also correlates
significantly with the degree of lymphocytic infiltration in the
labial salivary glands of SS patients [34, 35], implicating the role
of this cytokine in SS progression [35]. In the presented
experiment, we did not perform labial gland biopsy. Spearman
rank correlation coefficient showed the positive correlations
between salivary IL-6 and UWS flow, IL-1a, and UWS flow as
well as INF-y and the CODS. Multifactorial regression analysis of
salivary inflammatory biomarkers revealed that IL-6 and IL-1f3
level significantly depend on HT duration, UWS flow, and CODS,
while IFN-y on disease duration and UWS flow. Salivary TNF-a
statistically depends on TG-Ab and UWS flow rate, while the IL-
12 level only on salivary flow. Hypothesizing, these results
suggest that increased levels of IL-6, IL-1a, and INF-y in UWS
may be related to the level of salivary gland degeneration, leading
to reduced saliva secretion. It has been evidenced that IL-6 and IL-
1 as well as INF-y, TNF-a, and IL-12 play an important role in the
destruction of salivary gland tissue [36—38]. INF-y not only
enhances remodeling of the extracellular space of salivary glands
through upregulation the production of metalloproteinases [39]
but, similar to TNF-a and IL-12, activates intrinsic apoptosis
pathways [37, 38, 40], and IL-6 and IL-1 boost apoptotic damage
by exposing cytosolic autoantigen present in HT [41]. IL-6 also
significantly intensifies the local inflammatory process by inducing
T cell proliferation and B-lymphocyte differentiation and
decreasing the number of Treg cells [42, 43]. Moreover, it has
been proven that increased secretion and concentration of IL-1,
TNF-a, or INF-y in the inflamed salivary gland microenvironment
may inhibit acetylcholine release, resulting in an attenuated acinar
cell response and reduced saliva secretion [44]. Furthermore, it is
well established that NO controls the secretion of saliva. NO has
been demonstrated to exert a stimulatory effect on salivation in
normal male rats [45], whereas excess NO is detrimental to
numerous cells,
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including acinar cells and cells of ducts within the salivary
glands, causing apoptosis of these cells and acute impairment
of salivary gland function [37]. In the presented study, we
observed that increased salivary IL-12 and INF-y levels
correlated positively with elevated salivary NO concentration,
indicating that IL-12 and INF-y may participate in the
inhibition of saliva secretion by the NO-mediated pathway.
The obtained results were not reported in previous studies, and
their interpretation is a far-reaching assumption; therefore,
further studies are necessary to assess the utility of IL-6 and
IL-1 as well as INF-y, TNF-a, and IL-12 as biomarkers for
salivary gland dysfunction in the course of HT.

The limitation of the current publication is the small
number of women with HT; however, as the ClinCalc
online calculator shows, the number of 25 is sufficient for
the analysis. However, these are selected patients: without a
his-tory of hormone therapy, with a healthy periodontium,
no other inflammatory diseases of the oral cavity, and no
other diseases, including autoimmune diseases. The
composition of saliva depends on the local condition in the
oral cavity and the general health of the patient. Therefore,
in order to assess the function of the salivary glands due to
HT, patients should be very critically selected, which could
results in a small group size.

In the current publication, we evaluated the utility of the
assayed parameters for the diagnosis of HT. ROC analysis
showed that some of the studied parameters can be helpful in
differential diagnosis of female patients with HT in an
untreated euthyroid state from healthy women matched by age
and BMI (Table S1, S2, S3). Special attention should be

paid to salivary INF-y and IL-12 (p40) levels that distinguish
the study group from the controls (AUC = 0:91, p < 0:0001,
AUC = 0:86, p < 0:0001, respectively). Moreover, salivary
IL-12 (p40) concentration correlated positively with plasma
TG-Ab, which may suggest that changes in salivary IL-12
(p40) concentrations reflect the progression of Hashimoto’s
disease. Changes in the levels of the studied parameters do not
reflect the changes observed in plasma. Moreover, we observed
no correlation between the concentrations of the examined
parameters in UWS and plasma. The lack of such correlations
proves that inflammatory changes and the related salivary
gland dysfunction are independent of general inflammation in
the course of HT. Similarly, ROC analysis revealed that
plasma proteins, different from those present in UWS, could
be helpful in the diagnosis of HT (CTACK:

AUC = 0:9, p < 0:0001, IL-3: AUC =0:82, p < 0:0001, G-
CSF: AUC = 0:87, p < 0:0001, HGF: AUC = 0:97, p < 0:0001,
IL-8: AUC =0:89, p <0:0001, TNF-a: AUC =0:84, p<
0:0001). However, despite the promising results of ROC
analysis and given the low number of female HT patients
participating in the experiment, this analysis should be
tested on a wider population of euthyroid HT patients.

5. Conclusions

(1) The reduction of UWS secretion in female patients
with euthyroid HT compared to the controls is a man-
ifestation of impaired function of the salivary glands.
Moreover, UWS flow values below 0.2 mL/min,
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observed in 60% of the HT patients participating in the
experiment, are clinical evidence of secretory dysfunction
of the salivary glands

(2) The severity of salivary gland secretory dysfunction
is closely associated with autoimmunity-related
inflam-mation in the course of HT

(3) Clinical symptoms of salivary gland dysfunction
worsen with disease duration

(4) We demonstrated impaired profiles of cytokines,
chemokines, and growth factors in the UWS and
plasma of euthyroid HT women

(5) The evaluation of the levels of assayed cytokines in
the saliva and plasma of patients with untreated
euthyroid HT does not indicate the dominance of
any of the branches of the immune response

(6) IL-6 and IL-1 as well as INF-y, TNF-a, and IL-12
may be potential biomarkers for salivary gland dys-
function in the course of HT

(7) Inflammatory changes and the associated dysfunc-
tion of the salivary glands are independent of
general inflammation in the course of HT

(8) Salivary IL-12 (p40) may be helpful in assessing the
progression of autoimmunity-related inflammation
in the course of HT
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Komisja Bioetyczna Uniwersytetu Medycznego W Biatymstoku, po
zapoznaniu sie z projektem badania zgodnie z zasadami GCP/ Guidelines for
Good Clinical Practice /- wyraza zg od ¢ naprowadzenie tematu
badawczego: ,,Ocena zaleznosci pomigdzy stresem oksydacyjnym w $linie i
surowicy oraz zaburzeniami wydzielania sliny a nasileniem procesow
autoimmunizacyjnych u pacjentow z chorobg Hashimoto. Ocena przydatnosci
badania skladu i objetosci $liny w, prognostyce i diagnostyce choroby
Hashimoto” przez lek. Katarzyng Morawska wraz z zespotem badawczym z
UMB. ‘
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