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4. Abstrakt

Uvod: V téhotenstvi dochézi k fadé imunologickych, hormonélnich a metabolickych zmén, které
zvySuji riziko rozvoje nékterych onemocnéni. Zékladni cile prace byly: porovnat sérové
koncentrace protilatek proti C1q slozce komplementu (anti-C1q) a mandzy vazajiciho lektinu
(MBL) u téhotnych zen s autoimunitnim onemocnénim §titné zlazy (AITD) a zdravych t€hotnych
zen a porovnat koncentraci jodu ve vzorku moci (jodurie), novorozenecky tyreoideu stimulujici
hormon (TSH) a dalsi tyreoidalni laboratorni parametry u t€hotnych Zen s gestatnim diabetes

mellitus (GDM) a zdravych té¢hotnych Zen.

Pacientky a metody: Do studie ,,anti-C1q*“ bylo zafazeno 96 té¢hotnych zen s AITD a kontrolni
skupiny byly tfi: 80 zdravych téhotnych zen, 72 netéhotnych zen s AITD a 72 zdravych déarct
krve. Do studie ,,MBL* bylo zahrnuto 212 té¢hotnych zen s AITD a 80 zdravych t¢hotnych zen a
do studie ,jodurie” 195 té¢hotnych Zen s GDM a 88 zdravych téhotnych Zen. Koncentrace
anti-C1q a MBL byly méfeny metodou ELISA, jodurie metodou absorpéni spektrofotometrie po

predchozi alkalické demineralizaci a ostatni parametry béznou imunoanalyzou.

Vysledky: Anti-C1q a MBL v séru byly vyssi u téhotnych zen s AITD oproti kontrolam. Anti-
Clq pozitivné korelovaly s koncentracemi TSH a po porodu klesaly u Zen s negativnimi TPOAD.
Sérove koncentrace MBL klesaly po porodu. Median jodurie, signalizujici jodovy deficit, byl
niz$i u Zen s GDM oproti kontrolam. VétSina t¢hotnych diabeticek (78,97 %) a témét polovina
kontrol (43,18 %) méla mirny jodovy deficit. Zeny s GDM mély oproti kontrolam vyssi
prevalenci izolované hypotyroxinemie (12,31 % vs. 3,41 %, P=0,032). Prevalence

novorozeneckého TSH > 5 TU/l u déti zen s GDM byla 5,22 % a také signalizuje jodovy deficit.

Zavér: Ve srovnani se zdravymi t€hotnymi Zenami mély téhotné s AITD vyS$i sérové

koncentrace anti-Clq a MBL a téhotné s GDM mély castéjsi jodovy deficit a izolovanou

hypotyroxinémii.

Kli¢ova slova: §titnd Zlaza, autoimunitni onemocnéni stitné zlazy, téhotenstvi, jodurie, gestacni

diabetes mellitus, imunitni systém



5. Abstract

Background: The immunological, hormonal and metabolic changes occur during pregnancy and
increase the risk of developing some diseases. The aims of this study were: to compare serum
concentrations of antibodies against C1q component of complement (anti-C1q) and mannose-
binding lectin (MBL) in pregnant women with autoimmune thyroid disease (AITD) and healthy
pregnant women and to compare urinary iodine concentration (UIC), neonatal thyroid
stimulating hormone (TSH) and other thyroid laboratory parameters in pregnant women with

gestational diabetes mellitus (GDM) and healthy pregnant women.

Patients and methods: The “anti-C1q” study included 96 pregnant women with AITD and three
control groups: 80 healthy pregnant women, 72 non-pregnant women with AITD and 72 healthy
blood donors. The "MBL" study included 212 pregnant women with AITD and 80 healthy
pregnant women, and the "urinary iodine concentration" study included 195 pregnant women
with GDM and 88 healthy pregnant women. Anti-C1q and MBL concentrations were measured
by ELISA, UIC by absorption spectrophotometry after previous alkaline demineralization, and

other parameters by standard immunoassay.

Results: The anti-Clq and MBL serum concentrations were higher in pregnant women with
AITD compared to controls. The anti-C1q concentrations were positively correlated with TSH
concentrations and decreased after delivery in women with negative TPOAb. The serum
concentrations of MBL decreased after delivery. UIC was lower in women with GDM than in
the control group and corresponded with the iodine deficiency. The majority of pregnant women
with GDM (78.97%) and almost half of controls (43.18%) had a mild iodine deficiency. Women
with GDM had a higher prevalence of isolated hypothyroxinemia compared to controls (12.31%
vs. 3.41%, P = 0.032). Also, the prevalence of neonatal TSH > 5 IU/l was 5.22% in newborns of

women with GDM, it was signalling the iodine deficiency.

Conclusion: The pregnant women with AITD had higher serum concentrations of anti-C1q and
MBL than the healthy pregnant women. Also, the pregnant women with GDM had more often

iodine deficiency and isolated hypothyroxinemia.

Keywords: thyroid gland, autoimmune thyroid disease, pregnancy, urinary iodine concentration,

gestational diabetes mellitus, immune system



6. Uvod

V téhotenstvi dochazi v matefském organismu k celé¢ fadé¢ imunologickych, hormondlnich a
metabolickych zmén. Jednd se sice prevazné o fyziologické d€je zajistujici spravny pribéh
téhotenstvi, avSak nékteré z nich mohou pfispivat k manifestaci nékterych onemocnéni béhem
gravidity.

Produkci fady cytokint, hormonti a imunomodula¢nich molekul placentarnimi trofoblastovymi
bunikami je indukovéana zvySend regulacni funkce T bunék a je navozena tolerance matefského
imunitniho systému vaci plodu (Guerin, L. R. et al., 2009). Mimo jiné mohou pii tomto
fyziologickém ,,imunotolerantnim® stavu prochazet builkky plodu placentarni bariérou do
matefskych tkani a to miize mit vyznam pro piipadny vznik autoimunitniho onemocnéni.

S hormonélnimi a imunitnimi zménami, ke kterym v t¢hotenstvi dochazi, souvisi napiiklad
exacerbace a zména aktivity autoimunitnich zanéti $titné zlazy nebo vznik gesta¢niho diabetu.
Dilezitou zménou v gravidité je totiZ i prohloubeni inzulinové rezistence pisobenim hormonil
feto-placentarni jednotky (lidsky choriogonadotropin, progesteron, estrogen, choriovy
somatomamotropin, kortikoliberin) (Sorenson, R. L. et al., 1993). Tento mechanismus umoziuje
zvyhodnény ptisun glukézy pro plod a pokryti energetickych pozadavk, které jsou potiebné pro
vyvoj plodu a pfipravu organismu matky na porod a laktaci (Butte, N. F., 2000).

Nékteré prace zkoumaly, zda neexistuje spoleny patogeneticky mechanismus tyreoidalni
dysfunkce a autoimunitniho onemocnéni §titné Zlazy a gestacniho diabetes mellitus, avSak

pricinna souvislost prozatim potvrzena nebyla.

6.1 Hypotézy

Stanovila jsem si tfi hypotézy, které jsem se nasledné snazila ovéfit.
1. Protilatky proti Clq slozce komplementu se vyskytuji castéji u gravidnich Zen
s autoimunitnimi tyreopatiemi (AITD) neZ u zdravych téhotnych Zen.
2. Sérové koncentrace mandzy vazajiciho lektinu (MBL) v gravidit¢ jsou ovlivnény
pfitomnosti autoimunitniho tyreoiddlniho onemocnéni.

3. Deficit jodu se vyskytuje €astéji u t¢hotnych diabeticek nez u zdravych t€hotnych zen.



6.2 Cile prace

Cilem prace bylo:

1. porovnavat sérové koncentrace protilatek proti Clq slozce komplementu u gravidnich
zen s autoimunitnimi tyreopatiemi (AITD) a u zdravych t€hotnych Zen;

2. mgéiit sérové koncentrace mandzy vazajiciho lektinu (MBL) a sérové koncentrace
hormonit $titné zlazy a antityreoidalnich protilatek u t€hotnych zen a zjistit, zda spolu
tyto hodnoty koreluji;

3. utehotnych diabeticek a zdravych téhotnych Zen métit koncentraci jodu v moci (jodurii)
a doplnit koncentrace novorozeneckého TSH u jejich déti a zjistit tak, zda se u téhotnych

diabeticek vyskytuje Castéji jodovy deficit nez u zdravych téhotnych Zen.

7. Autoimunitni tyreoidalni onemocnéni

7.1 Prevalence, etiologie a patogeneze tyreoidalni autoimunity

Autoimunitni onemocnéni postihuji Stitnou zlazu mnohem c¢astéji nez jiné organy. Jedna se o
typické organové specifické autoimunitni onemocnéni. Obecné se onemocnéni $titné zlazy
vyskytuji 8-10 krat Castéji u Zen neZ u muzi (Limanova, Z., Jiskra, J., 2010). Hypertyreoza se
vyskytuje nej€astéji v podobé Gravesovy-Basedowovy (GB) choroby. Toto onemocnéni se
béhem zivota objeviazu 3 % Zena 0,5 % muzi s maximem mezi 40. — 60. rokem véku (Pokhrel,
B., Bhusal, K., 2019). Prevalence manifestni hypotyredzy se pohybuje okolo 0,1 —2 %, v pfipadé
subklinické hypotyredzy je to az 4 — 10 % (Canaris, G. J. et al., 2000; Aoki, Y. et al., 2007,
Vanderpump, M. P. et al., 1995). Nejcastéji se pfitom jednd o chronickou lymfocytarni
tyreoiditidu (Hashimotovu tyreoiditidu, HT), kterd je pfitomnd u 5-10 % populace (Bothra, N.
et al., 2017). Vyskyt pouhé pozitivity tyreoidalnich autoprotilatek (TPOAb — protilatky proti
tyreoperoxidaze a/nebo TgAb — protilatky proti tyreoglobulinu) bez tyreoidalni dysfunkce se
pohybuje okolo 8-10 % (Limanova, Z., Jiskra, J., 2010; Antonelli, A. et al., 2015).

Etiologie a patogeneze autoimunitnich tyreopatii (AITD) ziistava stale nejasnd, ale podle dosud
ziskanych epidemiologickych a experimentalnich dat dochazi k interakci mezi genetickou
predispozici a faktory zevniho prostiedi (Huber, A. et al., 2008). Dulezitym patogenetickym
mechanismem je selhani regula¢nich mechanismu, které mohou byt imunologické ¢i hormonalni.
Rovnéz tyto regulacni mechanismy jsou vSak naprogramovany geneticky a mohou byt také

ovlivnény vnéj$imi faktory.
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7.1.1 Genetické faktory

Podil genetické zatéze se u AITD uvadi asi 40-50 %, podle nékterych autort se napt. u GB
choroby podili genetické predispozice az v 80 % (Prummel, M. F. et al., 2004). V souvislosti
s AITD jsou studovany ptfedevSim geny kodujici jednotlivé slozky imunitniho systému.
Naptiklad u ne¢kterych gentt pro HLA-DR a HLA-DQ haplotypy (human leukocyte antigens —
lidské leukocytarni antigeny) byla popsana asociace s AITD, a to zvySujici nebo naopak snizujici
riziko vzniku onemocnéni (Boehm, B. O. et al., 1992; Tamai, H. et al., 1994). Mechanismus,
kterym HLA antigeny ovliviluji rozvoj autoimunity, neni pfesné¢ znam. Jednim z moznych
vysvétleni je abnormalni exprese HLA II. tfidy pod vlivem IFN gama na buiikach, kde se za
fyziologickych okolnosti nevyskytuji, a proti kterym je pak namifena autoimunitni reakce
(Hanafusa, T. et al., 1983). Cely tento proces by mohl byt spustén zevnimi vlivy.

Nékteré studie prokazaly zmény v sérové koncentraci cytokinit u AITD (Al-Humaidi, M. A.,
2000; Phenekos, C. et al., 2004). Expresi nékterych gent kodujicich cytokiny nebo jejich
receptory ziejmé dochézi k nerovnovaze cytokinového prostredi ve $titné zlaze, véetné¢ poméru
Thl, Th2 aregula¢nich (Treg) lymfocytt a jejich cytokind (Al-Humaidi, M. A., 2000; Phenekos,
C.etal., 2004; Celik, I. et al., 1995; Diez, J. J. et al., 2002).

Ve stitné zlaze pacientd s AITD byla detekovana i patologicky zvySend exprese rtiznych
chemokini (napt. IFN-gamma inducible protein 10) (Romagnani, P. et al., 2002).

Ke vzniku autoimunity mohou pfispivat také mutace gend pro apoptdozu a jeji efektorové
mechanismy (kaspazy, Fas, FasL). Apoptéza miiZze byt spoustéem autoimunitni reakce, ale
podili se také na regulaci imunitniho systému (napf. na odstranovani autoreaktivnich T lymfocyt
a NK bunék) (Kapras, J., Kohoutova, M., 1999). V piitomnosti IFN-gamma a TNF-alfa (Thl
cytokiny) dochézi mechanismem Fas/FasL 1 k apoptoze tyreocyti (Wang, S. H. et al., 2002), coz
muze byt mechanismem vzniku atrofie §titné Z1azy u chronické lymfocytarni tyreoiditidy (LT).
Krome¢ toho byly u pacientti s AITD popsany také mutace genii pro kostimula¢ni molekuly. Jedna
se zejména o polymorfismy genu CTLA-4, ktery vaze molekuly CD80 a CD 86 exprimované na
povrchu antigen prezentujicich bun€k a dochazi tak k inhibici Th lymfocytu (Saverino, D. et al.,
2007). DalS§im muze byt i polymorfismus CD40 na povrchu B lymfocytt, jehoZ vazba na CD40
ligand na povrchu aktivovanych Th lymfocytd je nutnd ke klonélni proliferaci B lymfocyth
(Dittmar, M., Kahaly, G. J., 2005).

Do jiné skupiny genil patii gen AIRE, ktery je autoimunitnim reguldtorem a jeho mutace jsou

diilezité z hlediska patogeneze autoimunitniho polyglandularniho syndromu 1. typu a alopecia
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areata. Je ale mozné, Ze nékteré polymorfismy tohoto genu mohou hrat roli v rozvoji organovée

specifickych autoimunitnich chorob véetné AITD (Cihakova, D., 2004).

7.1.2 Zevni faktory

Zevni etiologické faktory jsou fyzikalni a chemické, biologické a stres. Mezi prokazané faktory
patii zevni ozafeni, ozafeni radioaktivnim jodem, koufeni, nadmérny ptisun jodu, stav po porodu
a nckteré 1éky (Prummel, M. F. et al., 2004).Z nich nejdulezitéjsi jsou amiodaron, cytokiny,
rustové faktory, jodové kontrastni latky a check-point inhibitory(anti-CTLA-4, anti-protein
disulfid izomeraza = anti-PDI). S vy$§im rizikem vzniku AITD bylo také spojeno neuzivani
hormonalni substitu¢ni terapie (Prummel, M. F. et al., 2004).

V ptipadé biologickych faktorti se jednd o infekce, kde jsou potencidlnim mechanismem
molekularni mimikry (podobnost povrchovych molekul infekénich agens s antigeny
hostitelskych bun€k) — napt. podobnost povrchovych struktur Yersinia enterocolitica s TSH

receptorem (Corapcioglu, D. et al., 2002).

7.1.3 Regulacni faktory

Mezi regulacni faktory patfi imunologické mechanismy (centralni a periferni imunologicka
tolerance, antiidiotypové a piirozené autoprotilatky) a faktory hormonalni. Ob& tyto slozky
mohou byt rovnéz geneticky naprogramovany. V téhotenstvi navic dochdzi ke zménam

hormonalnim a zménam v imunitnim systému, které mohou rozvoj AITD ovlivnit.

8. Hormonalni, imunitni a metabolické zmény v téhotenstvi

8.1 Hormonalni zmény v t¢hotenstvi

Zejména v pocatku téhotenstvi je dilezité zajistit u Zeny dostatecny ptisun jodu pro syntézu
tyroxinu (T4) matkou, nebot’ k rozvoji vlastni tvorby tyreoidalnich hormont ve §titné Zl1aze plodu
dochazi az ve 14.-16. gesta¢nim tydnu a do té doby je embryo zéavislé na dodavce tyroxinu od
matky (De Escobar, G. M. et al., 2004). V t¢hotenstvi tedy stoupaji naroky na syntézu T4
matefskou Stitnou Zldzou. DalSim divodem je zvySeni cirkulujiciho objemu krve, urychlena
deaktivace T4 na T3 dejodazou 3 a zvySend vazba T4 na vazebné bilkoviny v plazmé, jejichz

koncentrace stoupa vlivem estrogent (Burrow, G. N. et al., 1994).
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Zvysenou syntézu tyreoidalnich hormont v té¢hotenstvi zajistuje lidsky choriogonadotropin

(hCG), ktery ma podobnou strukturu jako TSH (tyreoidalni stimula¢ni hormon). ZvySeny hCG

(vrchol koncentrace okolo 11. gestacniho tydne) mtze suprimovat hodnoty TSH a zptisobovat

mirné zvySeni koncentraci fT4 a fT3 v séru v prvni poloving gravidity (tzv. tranzientni gestacni

hypertyredza). Jedna se o fyziologicky stav, ktery nema negativni vliv na prab¢h na t¢hotenstvi

(Casey, B. M. et al., 2000).

Mnoho studii prokazalo, Ze nedostatek tyreoidalnich hormonii matky zpiisobuje (Potlukova, E.,

2013; Alexander, E. K. et al., 2004; Davis, L. E. et al., 1988; Stagnaro-Green, A. et al., 2005;

Leung, A. S. et al., 1993; Mannisto, T. et al., 2013):

1. komplikace t¢hotenstvi (potraty, piredCasné porody, preeklampsii a gestaéni hypertenzi,
abrupci placenty, nizkou porodni véhu, vyssi incidenci cisaiského fezu);

2. poruchy vyvoje plodu, zejména hor§i psychomotoricky vyvoj, rizny stupeii mentalni
retardace a loziskové neurologické deficity.

Také autoimunitni tyreoidalni onemocnéni bez poruchy funkce mohou byt spojené

s reprodukénimi poruchami a komplikacemi (infertilita, spontanni potraty a predcasné porody)

(Shinohara, D. R. et al., 2018; Prummel, M. F., Wiersinga, W. M., 2004).

8.2 Zmény v imunitnim systému v t¢hotenstvi

V téhotenstvi dochazi k fyziologickym imunologickym zménam, jejichz vysledkem je navozeni
imunotolerance plodu jako semi-allograftu, coz je nezbytné pro spravny prubéh celého
t€hotenstvi. Dllezitou ulohu hraje placenta, nebot’ 40 % deciduélni tkané tvoti buiiky imunitniho
systému a trofoblastické bunky produkuji fadu imunomodulaénich molekul a cytokini
(Somerset, D. A. et al., 2004). Jejich prostfednictvim klesa pocet CD4+ T lymfocytd a stoupa
pocet CD8+ T bungk a aktivita regulacnich T lymfocytl, které maji velky vyznam pro vznik
autoimunitnich chorob (Somerset, D. A. et al., 2004; Aluvihare, V. R. et al., 2004).
K navozeni imunologické tolerance vici plodu vedou pfedevSim tyto mechanismy (Aluvihare,
V. R. et al., 2004; Glinoer, D., 2008; Mold, J. E. et al., 2008):

1) mechanicka bariéra (brani stimulaci imunitniho systému matky antigeny plodu);

2) zména exprese HLA (buiiky trofoblastu exprimuji jen nékteré MHC antigeny);

3) inhibice aktivace komplementu;

4) indukce apoptozy (trofoblast mize indukovat apoptozu aktivovanych imunitnich bunck

prostiednictvim exprese apoptdzu indukujicich ligandi);

13



5) ptesmyk z Thl imunitni odpovédi na Th2 odpovéd (pfesmyk vlivem estrogent a
progesteronu, zvySena koncentrace Th2 cytokint v krvi);
6) vyvoj T regulacnich lymfocytl (zajistuji toleranci imunitniho systému matky vuci
antigentim plodu a naopak).
Piisobeni téchto mechanismi miize byt podkladem pro rozvoj autoimunitniho onemocnéni

v gravidité (Obrdzek 1) (Li, Q. et al., 2019).

Obrazek 1. Potencidlni patogeneticky mechanismus vzniku tyreoidalnich autoimunitnich
onemocnéni

(upraveno podle: Li, Q. et al., 2019)
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APC: antigen prezentujici bunika

IFN: interferon (IFN-y)

IL: interleukin (IL1-B, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12, IL-13, IL-21, IL-22, IL-23, 1L-31,
IL-33, IL-35)

TGF-beta: transformujici ristovy faktor beta

TH: pomocné T lymfocyty (TH1, TH2, TH17, TH22)

TFH: folikularni pomocné T lymfocyty

Treg: regulaéni T lymfocyty

TPOAB: protilatky proti tyreoperoxidaze

TGAB: protilatky proti tyreoglobulinu

TRAB: protilatky proti TSH receptoru

14



8.2.1 Clq slozka komplementu, protilatky anti-Clq

Komplementovy systém je soubor sérovych a membranovych glykoproteint, které slouzi jako
humoralni slozka nespecifické imunity. Hlavnimi fyziologickymi funkcemi komplementového
systému jsou:

1. opsonizace (zvySuje fagocytozu vazbou opsonini C4b a C3b na cizi organismus);

2. fagocytoza;

3. chemotaxe (pfitahuje makrofagy a neutrofily prostiednictvim mediatort zanétu — C5a a

v mensi mife C3a a C4a);
4. lyza bunék (ruptura membrany diky vytvoreni membréanu atakujiciho komplexu — MAC);

5. aglutinace (zpusobuje shlukovani a vazbu patogentl).

Komplement je soubor sérovych a membranovych glykoproteint, které slouzi jako humoralni
slozka nespecifické imunity a mize byt aktivovan n¢kolika zptisoby (Obrazek 2) (Murray, R. K.,
Granner, D. K., 1993; Mathern, D. R., Heeger, P. S., 2015). Slozka C1 stoji na po¢atku klasické
cesty aktivace komplementu. Tvofi ji tfi ¢asti - Clg, Clr a Cls. Slozka Clq se navaze na Fc
fragment imunoglobulinu vazaného na antigen, tim se zméni konformace C1 a slozky Clra Cls
jsou aktivovany na serinové proteazy (Obrdzek 3) (Racaniello, V., 2009). Prostfednictvim
proteolytické aktivity dochazi ke Stépeni dalSich faktori komplementové kaskady (Hoftejsi, V.,
Bartaiikova, J., 2009). Opsonizovany komplex je transportovan do buné¢k stromatu kostni diene,
kde Clq negativné ovliviiuje selekci autoreaktivnich B lymfocytt (Ferencik, M. et al., 2005).
Kromé toho mé Clq imunosupresivni/tolerogenni U¢inky na clearance imunokomplexi a
apoptotickych télisek (Potlukova, E., Kralikova, E., 2008).

Clq prispiva k poskozeni tkan¢, které mize byt samo o sob¢ cilem protilatkové reakce. Navic se
zd4, Ze hraje klicovou roli pfi invazi decidudlni tkané trofoblastem, coZ je klicovy krok pro
normalni vyvoj placenty. Experimentalni studie vyuzivajici Clq-deficientni my$i ukézaly, Ze
nedostatek C1q se vyznacuje poruchou invaze trofoblastu a pribchu t€hotenstvi (Potlukova, E.,
Kralikova, E., 2008). V ptipad¢ deficience C1q tedy nartstd pocCet autoreaktivnich B bunék a
produkce patologickych protilatek.

Autoprotilatky proti Clq (anti-Clq) byly popsany u fady autoimunitnich a infek&nich
onemocnéni (Tabulka 1) (Potlukova, E., 2005; Potlukova, E., Limanova, Z., 2007). Vyskytuji se
také u 2-8 % zdravé populace, jejich prevalence se li§i u riznych onemocnéni a zda se, Ze narlsta
s vékem (Potlukova, E., Kralikova, E., 2008). U pacientl se syst¢émovym lupus erythematosus

slouZzi jako spolehlivy marker proliferace u lupusové nefritidy (Trendelenburg, M. et al., 2006).
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Jejich role u organové specifickych autoimunitnich chorob je méné jasnd, ale jiz dfive bylo
uvedeno, Ze u pacientll s AITD se vyskytuji Castéji a jejich koncentrace koreluje s dysfunkci
Stitné Zlazy (u Hashimotovy tyreoiditidy i u Graves-Basedowovy choroby) (Potlukova, E. et al.,

2008).

Obrazek 2. Cesty aktivace komplementu

(upraveno podle: Mathern, D. R., Heeger, P. S., 2015)
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fD: faktor D
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MBL: manézu vazajici lektin (mannose binding lectin)

MASP: serinova proteaza asociovana s MBL (MBL-associated serine protease)
MAC: membranu atakujici komplex (membrane attack complex)
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Obrazek 3. C1 slozka komplementu
(upraveno podle: Racaniello, V., 2009)

nebo

Ag: antigen
Ab: protilatka
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Tabulka 1. Prevalence anti-C1q u autoimunitnich a infekénich onemocnéni

(upraveno podle: Potlukova, E., 2005; Potlukova, E., Limanova, Z., 2007)

Hypokomplementemicka urtikarialni vaskulitida 100%
SmiSené onemocnéni pojiva 94%
Systémovy lupus erythematosus (SLE) — v zavislosti na ptitomnosti

nefritidy 20-98%
SLE nefritida 83-98%
Feltyho syndrom 76%
Polyarteriitis nodosa 27%
Temporalni arteriitis 0%
Revmatoidni artritida 0-4%
Revmatoidni vaskulitida 32%
Sjogreniv syndrom 13%
Bechtérevova choroba 8%
Systémova skleroza 0-13%
Dna 10%
Hepatitida C 26%
HIV/AIDS 13%
Chronicka lymfocytarni tyreoiditida 21%
Gravesova-Basedowova tyreotoxikdza 30%

8.2.2 Anti-Clq protilatky v t€hotenstvi

Doposud se pozitivitou anti-C1q v t€hotenstvi zabyvalo pouze nékolik studii a prevalence neni
jasné stanovena. V jedné z praci se pozitivni protilatky anti-Clq vyskytovaly u 19 % (6/31)
zdravych té¢hotnych Zen (Trendelenburg, M. et al., 1999). Jejich koncentrace stoupd b&hem
prvniho trimestru gravidity (Bulla, R. et al., 2018). Jina studie ukézala, Ze u Zen po spontdnnim
potratu ¢i extrauterinnim téhotenstvi byly naméfeny signifikantné vyssi hladiny anti-Clq neZ u
zen s intrauterinni graviditou, u kterych byly pozitivni ve 42 % (Daponte, A. et al., 2013). Autofii

nedavno publikované studie zjistili, Ze prevalence i titr protilatek anti-Clq byly signifikantné
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vy$si u zen s anamnézou opakujicich se spontannich potratii nez u zdravych zen (Ohmura, K. et
al., 2019). Vroce 2011 byla publikovana prace, kterd u gravidnich mysi s deficitem Clq
potvrdila vyskyt projevil preeklampsie: hypertenze, albuminurie, endotelidzy a snizenych hladin
placentarniho vaskuldrniho endotelialniho ristového faktoru (VEGF) a zvysSenych hladin
rozpustného receptoru pro VEGF. Ty koreluji se zvysenou tmrtnosti plodu (Singh, J. et al.,
2011). Kromé toho v placentdch mysi s deficitem Clq byl pozorovan snizeny prutok krve a

zvyseny oxidacni stres (Singh, J. et al., 2011).

8.2.3 Mano6zu vazajici lektin (MBL)

Manoézu vazajici lektin (MBL) ¢i protein (MBP) je hlavni slozkou lektinové aktivacni cesty
komplementu a jednou z hlavnich rozpoznavacich molekul vrozeného imunitniho systému.
Jednd se o plazmaticky kollektin (tzn. C-typ lektinu s doménou podobnou kolagenu), ktery
specificky véaze karbohydraty na povrchu fady bakterii a mikrobt a mize je tedy neutralizovat
a/nebo opsonizovat prosttednictvim aktivace lektinové cesty komplementu (Obrdzek 4)
(Kilpatrick, D. C., 2002, Agarwal, S. et al., 2011). Hraje klicovou roli v clearance cirkulujicich
apoptotickych bunéénych materialti (Nauta, A. J. et al., 2004; Ogden, C. A. et al., 2001).

MBL je u clovéka kdédovan jednim genem, MBL2, lokalizovaném na dlouhém raménku
chromozomu 10 (Darton, T. C. et al., 2014). Bodové mutace MBL2 genu zplsobuji deficienci
funkéniho MBL, jejich prevalence je vysoka a jedna se tedy o nejCastéji se vyskytujici
imunodeficit u lidi. V ¢eské populaci ma 36,2 % jedinct variantu MBL2 genu spojenou se
snizenymi hladinami MBL v krvi. (Skalnikova, H. et al., 2004). Snizen4 koncentrace MBL muze
vést v détstvi k recidivujicim respiracnim infektim. Deficit funkéniho MBL mitiZze byt spojen
s vyskytem autoimunitnich chorob, jako je systémovy lupus erythematosus (Kirwan, J. P. et al.,
2002) nebo zanétlivd stfevni onemocnéni (Heitzeneder, S., 2012), ale také s produkci
antifosfolipidovych protilatek (Seelen, M. A. et al., 2005; Font, J. et al., 2007). V reprodukci neni
role MBL zcela jasnd, deficience MBL u matek ¢i jejich potomk byva spojovana
s komplikacemi béhem téhotenstvi a pii porodu, jako jsou opakované potraty, nizky gestacni vek,
nizka porodni véha, zvySené riziko chorioamniitidy a preeklampsie (Van de Geijn, G. E. et al.,
2007; Van de Geijn, G. E. et al., 2008; Christiansen, O. B. et al., 2009; Vianna, P. et al., 2010;
Rossner, P. et al., 2011; Cedzynski, M. et al., 2012; Kilpatrick, D. C. et al., 1995).

Zda se, ze t€hotenstvi ma specificky stimula¢ni efekt na tvorbu MBL. Nékolik studii se zaméfilo
na méfeni koncentraci MBL v t¢hotenstvi a napiiklad Kilpatrick et al. ukézali, Ze koncentrace

MBL stoupaji mirné v prvnim trimestru a peak koncentraci se poté objevuje béhem tietiho
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trimestru (Kilpatrick, D. C., 2000). Podle jiné studie ale stoupa koncentrace MBL jiz v prvnim
trimestru t€hotenstvi na 140 % zakladni hodnoty a je nasledovana prudkym poklesem po porodu
(Van de Geijn, G. E. etal., 2007). V této studii byla také zminéna hypotéza, zda vyssi koncentrace
MBL béhem tehotenstvi nemohou byt jednim z faktor odpovédnych za zlepseni klinickych
projevi nékterych autoimunitnich onemocnéni béhem téhotenstvi, napt. revmatoidni artritidy ¢i
systémového lupusu (Van de Geijn, G. E. et al., 2007). V téhotenstvi jsou koncentrace MBL
ovlivnény piitomnosti tyreoidalniho onemocnéni a u Zen s diagnézou choroby §titné zlazy byly
koncentrace MBL signifikantné nizsi nez u t€hotnych zdravych zen (Potlukova, E. et al., 2013).
Dokonce i u zZen s prokazanou pouze izolovanou pozitivitou protilatek proti tyreoperoxidaze
s pouze malym posunem koncentraci TSH v referencnim rozmezi byly koncentrace MBL
signifikantné niZ8i nez u té¢hotnych eutyredznich zen s negativnimi TPOAb (Potlukova, E. et al.,
2013). Sérové koncentrace MBL koreluji s tyreoidalnimi hormony a prudce stoupaji u
hypertyredzy a naopak klesaji u hypotyredzy, podobné koreluji s funkei §titné zlazy u pacientd

v sepsi (Koenig, K. F. et al., 2012; Potlukova, E. et al., 2010).

Obrazek 4. MBL a lektinova cesta aktivace komplementu

(upraveno podle: Agarwal, S. et al., 2011)
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MBL: manézu véazajici lektin (mannose binding lectin)
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20



8.3 Metabolické zmény v téhotenstvi

Metabolické zmény probihajici béhem téhotenstvi jsou nezbytné pro splnéni energetickych
pozadavkll na vyvoj plodu a pro pfipravu organismu matky na porod a laktaci. Piikladem je
karbohydratovy metabolismus, ktery v gravidité umoziuje zvyhodnény ptisun glukézy k plodu.
V 1. trimestru gravidity dochazi vlivem stoupajicich hladin estrogenti a progesteronu k ukladani
glykogenu, snizuje se produkce glukozy v jatrech a zvysuje se periferni utilizace glukozy. Castéji
se tak mohou vyskytnout hypoglykémie (Bartaskova, D., 2016). V 2. a 3. trimestru se vyviji
fetoplacentarni jednotka, kterd produkuje krom¢ estrogenu a progesteronu také kortizol, lidsky
choriovy gonadotropin, placentarni laktogen, prolaktin a riistovy hormon, tedy hormony, které
indukuji inzulinovou rezistenci (Sorenson, R. L. et al., 1993; Bartaskova, D., 2016). Inzulinova
rezistence nariistd, snizuje se ukladani jaterniho glykogenu a zvySuje se hepatalni produkce
glukozy. V tomto obdobi je tedy naopak patrny sklon k hyperglykémiim. Potfeba inzulinu stoupa
a dosahuje maxima mezi 24.-36. tydnem téhotenstvi, hladiny inzulinu jsou ve tfetim trimestru
témet dvakrat vyssi nez u net¢hotnych Zen (Butte, N. F., 2000; Bartaskova, D., 2016).
Zakladnim patogenetickym mechanismem vzniku metabolickych zmén v pribéhu gravidity je
rostouci inzulinova rezistence (Andelova, K., 2016). Jeji vyvoj v téhotenstvi ma podobny
mechanismus jako v pfipad¢ diabetes mellitus (DM) 2. typu — jedna se o poruchu ptisobeni
inzulinu v dasledku postreceptorovych zmén na urovni transportu glukézy a intracelularniho
metabolismu v insulin-senzitivnich tkanich, pfi normalnim poctu inzulinovych receptorti (Shao,
J. et al., 2000).

Jako vyznamny mediator inzulinové rezistence je také uvadén zanétlivy marker TNF-a, k jehoz
zvySeni dochdzi v gravidité (Kirwan, J. P. et al., 2002). SniZenou citlivost vii¢i inzulinu mliZze
v pozdni fazi té¢hotenstvi potencovat hormonalni stimulace lipolyzy vedouci k hyperlipidémii
(Andelova, K., 2016).

Dilezitym rizikovym faktorem je nadvaha ¢i obezita matky, nebot’ u obéznich t€hotnych Zen

jsou zmény v inzulinové rezistenci vyraznéjsi (Buchanan, T. A., 2001).

8.3.1 Pregestacni a gestacni diabetes mellitus

Gestacni diabetes mellitus (GDM) je definovan jako porucha gluk6ézové tolerance rtizného
stupné, ktera je poprvé diagnostikovana b&hem gravidity (American Diabetes Association,
2011). Pokud je diabetes mellitus diagnostikovan jiz pied graviditou, oznacuje se jako

pregestacni. GDM obvykle po porodu odezniva, ale mliZe se jednat i o prvozachyt pregesta¢niho
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diabetu, hlavné v ptfipadé v¢€asné¢ho zachytu (pfed 20. tydnem gravidity). S nariistajicim vékem
rodicek, stoupajici prevalenci obezity a dalSich rizikovych faktord metabolického syndromu
podet t&hotnych Zen s GDM vyrazné nartsta. Castéji se vyskytuje u Zen star$ich 35 let ve druhém
trimestru téhotenstvi (Lapolla, A. et al., 2004). Odhaduje se, ze prevalence GDM se celosvétove
pohybuje v rozmezi od 6 % do 13 % v zavislosti na rizikovosti a diagnostickych kritériich v dané
populaci (Zhu, Y., Zhang, C., 2016). Diagnosticka kritéria porovnavali v r. 2014 také ¢esti autoti
Anderlova a kol. a zjistili, Ze zdichyt GDM pfi pouziti mezinarodnich kritérii podle IAPDSG
(International Association of Diabetes and Pregnancy Study Groups) byl vysSi ve srovnani se
stavajicimi Ceskymi kritérii (31,89% vs. 22,26%, resp.) (Anderlova, K. et al., 2014).

Gestacni diabetes zvySuje riziko potratu v prvnim trimestru, kongenitalnich malformaci,
intrauterinni rastové retardace, makrosomie a porodniho traumatu, porodu mrtvého ditéte a
pfedcasného porodu, nartsta také mortalita a morbidita plodu a novorozence zejména z diivodu
kongenitalnich malformaci a pred¢asného porodu (Buchanan, T. A., Xiang, A. H., 2005; Xiang,
A. H.etal., 1999; Kalhan, S. C. et al., 1979; Wakwoya, E. B., Fita, F. U., 2018). U novorozenct
se muze po porodu vyskytnout hypoglykemie, hypokalcemie, hyperbilirubinemie, polycytemie
(Tabulka 2) (Buchanan, T. A., Xiang, A. H., 2005; Xiang, A. H. et al., 1999). Béhem Zivota jsou
tyto déti vice ohrozeny obezitou, glukézovou intoleranci a kardiovaskuldrnimi chorobami
(Magon, N., Chauhan, M., 2012). Onemocnéni samoziejmé pfinasi i komplikace pro matku a
témeét u 70 % zen s gestatnim diabetem se béhem ndasledujicich deseti let rozvine diabetes
mellitus 2. typu (Buchanan, T. A., Xiang, A. H., 2005).

Vznik GDM souvisi s rostouci inzulinovou rezistenci, ktera je kompenzovéna vyssi inzulinovou
sekreci z beta bun€k pankreatu (Buchanan, T. A., Xiang, A. H., 2005; Catalano, P. M. et al.,
1992; Kalhan, S. C. et al., 1979). Proto mize mit na rozvoji onemocnéni podil také porucha
nedostatecnd rezerva beta bun¢k (Kalhan, S. C. et al., 1979; Buchanan, T. A., Xiang, A. H.,
2005). U obéznich Zen jsou zmény v inzulinové rezistenci vyrazngjsi, proto se u nich GDM
vyskytuje 1,4 — 20krat Castéji nez u tehotnych Zen s normalni télesnou hmotnosti (Buchanan, T.
A.,2001; Galtier-Dereure, F. et al., 2000). Navic to, ze je GDM vétSinou diagnostikovan ve druhé
poloviné téhotenstvi, souvisi s maximalni produkci placentarnich hormonti a cytokinid

zvySujicich inzulinovou rezistenci v tomto obdobi (Andelova, K., 2016).
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Tabulka 2. MoZné komplikace diabetes mellitus, tyreopatii a deficitu MBL a Clq

v téhotenstvi
(upraveno podle: Buchanan, T. A., Xiang, A. H., 2005; Xiang, A. H. et al., 1999; Kalhan, S. C.
et al., 1979; Van de Geijn, F. E., Dolhain, R. J., 2007; Van de Geijn, F. E. et al., 2008;
Christiansen, O. B. et al., 2009; Vianna, P. et al., 2010; Rossner, P. et al., 2011; Cedzynski, M.
et al., 2012; Killpatrick, D. C. et al., 1995; Koenig, K. F. et al., 2012; Potlukova, E., 2010;
Ohmura, K., 2019; Singh, J. et al., 2011; Wakwoya, E. B., Fita, F. U., 2018)

Komplikace

Diabetes
mellitus

Tyreopatie

Deficit Clq

Deficit MBL

Matka

Gestacni art. hypertenze
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9. Tyreopatie a pregestacni a gestacni diabetes mellitus

Jiz v 90. letech 20. stoleti byly publikovany prace, které poukazovaly na moznou souvislost
tyreoidalni dysfunkce a tyreoidalni autoimunity s GDM. Doposud ale nebyla tato problematika
objasnéna. Komplikace gesta¢niho diabetes mellitus (GDM) a tyreopatii v t¢hotenstvi a pfi
porodu se do zna¢né miry piekryvaji (Tabulka 2). V poslednich letech se zabyvalo n€kolik studii
vztahem mezi onemocnénim S§titné Zlazy a pregestacnim a gestacnim diabetes mellitus. I kdyz
jsou data limitovand, svéd¢i pro moznou souvislost mezi témito chorobami.

Studie se snazi zodpovédeét dve zékladni otazky:

1) zdali jsou pregestacni diabetes mellitus (PGDM) a GDM spojeny s vysSim rizikem rozvoje
tyreopatii v graviditg;

2) zdali tyreopatie v prvnim trimestru gravidity pfinasi riziko rozvoje GDM v dalSich fazich
gravidity.

Dulezitost spociva zejména v moznosti v€asného zachyceni téchto chorob v gravidité a tedy i ve

vCasné 1€cbe a predchazeni komplikacim, které hrozi matce i plodu a novorozenci.

9.1 Pregestacni a pfedchozi gestacni diabetes mellitus a riziko tyreopatii v gravidité

Shahbazian et al. ve své praci zjistili, Ze prevalence tyreoidalni dysfunkce v gravidité byla vyssi
ve skupiné Zen s pregestacnim diabetes mellitus (10/39, tj. 25,6 %) oproti kontrolni skupiné
zdravych Zen (3/35, tj. 8,6 %) (Shahbazian, H. et al., 2013). Jina prace ukazala vyssi prevalenci
tyreopatii v gravidit¢ u Zen s GDM v pfedchozi gravidité oproti kontrolam (abnormalni
tyreoidalni stimulacni hormon - TSH: 23,7 % vs. 9,7 %, P<0,05; pozitivni protilatky proti
tyreoidalni peroxidaze - TPOAD a/nebo proti tyreoglobulinu - TgAb: 31,6 % vs. 9,7 %, P<0,001;
abnormalni TSH a pozitivni protilatky: 18,4 % vs. 3,2 %, P <0,05) (Vitacolonna, E. et al., 2012).
Olivieri et al. pozorovali, Ze prevalence pozitivnich tyreoidalnich protilatek byla v gravidité
téméf 2x vyssi u zen s diabetes mellitus v rodinné anamnéze neZz u Zen s autoimunitnimi
tyreopatiemi v rodinné anamnéze (20 % vs. 9 %), 1 kdyZ rozdil nebyl signifikantni (Olivieri, A.
et al., 2000). Nejvyssi prevalence pozitivnich tyreoidalnich protilatek se vyskytovala ve skupiné
zen, které mély v rodinné anamnéze DM 1 autoimunitni tyreopatie (35 % vs. 13 % u kontrolni
skupiny, P <0,01) (Olivieri, A. et al., 2000).

Z téchto dat lze soudit, ze GDM v ptedchozi gravidité a pregestacni diabetes mellitus (PGDM)
mohou byt spojeny se zvySenym rizikem tyreopatii v t€hotenstvi. V ptipadé PGDM to neni az

tak prekvapivé, protoZze vétsinou se v piipadé PGDM jednd o diabetes mellitus 1. typu, kde je
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souvislost s AITD dobie prokdzana. Méné¢ jasna je souvislost mezi GDM v ptedchozi gravidité

arozvojem tyreopatie v t€hotenstvi. Dostupnych dat je malo a patofyziologické mechanismy jsou

pouze na urovni hypotéz (Obrazek 5) (Dora, J. M. et al., 2010).

Obrazek 5. Model potencidalniho mechanismu spojeni hypotyreézy s gestaénim diabetes

mellitus.

(upraveno podle: Dora, J. M. et al., 2010)
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9.2 Tyreopatie a riziko rozvoje gestacniho diabetes mellitus

Studie, které¢ zkoumaly prevalenci GDM u t¢hotnych Zen s tyreopatiemi, piinesly rozporuplné
vysledky. Byly limitovany naptiklad tim, ze nékteré z nich hodnotily tyreoidalni parametry v 1.
trimestru a jiné ve 2. trimestru gravidity, pfi¢emz je zndmo, ze normy pro TSH a volny tyroxin
(FT4) v krvi se lisi v jednotlivych trimestrech a jsou také odlisné v riiznych laboratotich. Svétova
doporuceni uvadi, ze trimestr specifické referencni intervaly by mély byt stanoveny v kazdém
diagnostickém centru (Springer, D., Zima, T., 2018). Springer et al. stanovili v roce 2014
referencni intervaly pro TSH a FT4 v prvnim trimestru té¢hotenstvi a cut-off pozitivni koncentraci
TPOAD protilatek v séru u 216 t€¢hotnych zen v 9. — 13. tydnu téhotenstvi soucasné na sedmi
odlisnych imunoanalyzatorech, které reprezentuji celosvétové nejuzivangjsi systémy, piehled
vysledkt je uveden v Tabulce 3 (Springer, D. et al., 2014).

Obrazek 6 zobrazuje prevalenci GDM u tehotnych zen se zjevnou tyreoidalni dysfunkci a
tranzientni gesta¢ni hypertyre6zou v prvnim trimestru a u kontrolni skupiny. V prvni studii Stohl
et al. byla prevalence signifikantn¢ vyssi u hypotyredzy oproti hypertyreéze a v druhé uvadi
Oguz et al. vyssi prevalenci u tranzientni gestac¢ni hypertyredzy oproti kontrolni skupiné (Oguz,
A. et al., 2013; Stohl, H. E. et al., 2013). Vysledky jsou rozporuplné, kromé¢ jiného i proto, ze
v kontrolni skupiné byla prevalence GDM relativné nizkd (4 %), i kdyz je uvadéna prevalence
GDM v rozmezi 7-10 % v ramci celosvétové populace bez ohledu na faktory jako je v€k nebo
etnicita (Oguz, A. et al., 2013; Ferrara, A., 2007).

Ve studii Tudela et al. riziko GDM mirné stoupalo s hodnotou TSH v prvnim trimestru (Obrdzek
7) (Tudela, C. M. et al., 2012). Podobné n¢kolik dalSich studii ukazalo, ze riziko GDM miize byt
vyznamné vy$$i u Zen s hypotyre6zou v prvnim trimestru gravidity, ackoliv byly publikovany i
studie, které to nepotvrdily (Obrdzek §). Leung et al. ve své praci dokonce ukézali, Ze zvySeny
TSH v pupecnikové krvi byl u GDM lepsSim prediktorem novorozeneckych komplikaci nez
glykémie a/nebo glykovany hemoglobin (Leung, W. C. et al., 2004).

U Zen s GDM byla také pozorovana vyss$i prevalence hypotyroxinemie (bez ohledu na
koncentraci TSH) (Oguz, A. et al., 2015). Jednou z pfi¢in izolované hypotyroxinemie u
téhotnych diabeti¢ek by mohl byt jodovy deficit. Ve studii FaSTER (First and Second Trimester
Evaluation of Risk) z roku 2016 byla zjiSténa hypotyroxinemie v druhém trimestru jako rizikovy
faktor GDM (odds ratio 1,89, 95% CI 1.26-2.84) i po adjustaci na dalsi rizikové faktory, na rozdil
od elevace TSH a hypotyroxinemie v druhém trimestru (Haddow, J. E. et al., 2016). Nizky FT4
u zen s GDM byl ale také jako zavisld proménna asociovan s vy$$i hmotnosti a vyS§im vékem

t€hotnych Zen, coZ naznacuje, Ze by nemuselo jit o kauzalni souvislost, nybrz o vedlejsi jev, kdy
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obezita a vys$i veék jsou spojeny jak s nizkym FT4, tak s GDM. Kromé toho neni vySetfeni FT4
standardizované pro bézné imunoanalyzy a jak bylo uvedeno, vysledky tak mohou byt zkresleny.
V gravidité tedy vySetieni FT4 neni pfili§ spolehlivé a vyzaduje, aby kazda pouzitd metoda méla
vlastni specifické normy pro dany trimestr. Vice informaci mohou pfinést studie, které budou
stanovovat FT4 metodou kapalinové chromatografie s hmotnostni spektrofotometrii (LC/MS-
MS).

Na rozdil od tyreoidalni dysfunkce nebyly pozitivni tyreoidalni protilatky v prvnim trimestru ani
vjedné ze sedmi velkych studii zpracovanych béhem poslednich osmi let signifikantnim
rizikovym faktorem GDM (Cleary-Goldman, J. et al., 2008; Mannisto, T. et al., 2013; Mannisto,
T. et al., 2010; Karakosta, P. et al., 2012; Nelson, D. B. et al., 2014; Ong G. S. et al., 2014;
Kumru, P. et al., 2015).

Tabulka 3. Referencni intervaly pro TSH, FT4 a cut-off pro TPOAD stanovené soucasné
na sedmi rozdilnych celosvétové nejuzivanéjsSich analytickych systémech

(upraveno podle: Springer, D. et al., 2014)

Analyticky systém FT4 (pmol/1) TSH (mU/1) TPOAD (kIU/)

Vyrobce Median R.eferencm Median Rgferencm Median | Cut-off
interval interval

Architect

12000SR. Abbott 1441 | 11,76 —17,7 1,37 022 — 327 9 11,2

UniCel DxI 800 1043 | 813—132 | 133 020 — 323 0.7 7.6

Beckman Coulter

Immulite 2500 12,95 | 10,44 —16,39 | 1,16 0,17 — 2.83 5 16,7

Siemens

Advia Centaur 1459 | 11,83 1837 | 139 022— 334 7 54

Siemens

Modular E170 14,66 | 11,49 —18,62 | 1.56 025 — 3,81 33 20,1

Roche

ALA 2000 Tosoh 115 4 | 997 1725 | 1,09 0.18— 2,78 5.7 7

Bioscience

RIA/IRMA

Immunotech 1518 | 12,31 —18.,67 | 153 025— 391 0.26 14

Beckman Coulter

FT4: volny tyroxin
TSH: tyreoideu stimulujici hormon
TPOAD: protilatky proti tyreoperoxidaze

27



Obrazek 6. Prevalence gestacniho diabetes mellitus u tyreoidalni dysfunkce

(upraveno podle: Stohl, H. E. et al., 2013; Oguz, A. et al., 2013)
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Obrazek 7. Riziko gesta¢niho diabetes mellitus (GDM) v zavislosti na tyreoidalni funkci

(upraveno podle: Tudela, C. M. et al., 2012)

7 107  P=0,002
6 1 8
5 kS
. 6
Predikce GDM#%)
Prevalence GDM |(%)
31 4 T
21 |
2
1 -
(1 - . . . 0 .
0.001 0.01 0.1 1 10
Subklinicka Normalni Subklinicka
TSH v séru (mIU/I) hypertyre6za  tyreoidalni hypotyreoza

funkce

GDM: gestaéni diabetes mellitus
TSH: tyreoideu stimulujici hormon
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Obrazek 8. Relativni riziko rozvoje gestacniho diabetes mellitus u hypotyreézy v prvnim
trimestru v riznych studiich.

Cleary-Goldman et al. 2008
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Nelson et al. 2014

Ong et al. 2014 NS
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! pouze u manifestni hypotyre6zy (pokud byla elevace TSH spojena s poklesem FT4)
2 riziko u subklinické hypotyreozy v piedchozi gravidité

NS: nesignifikantni

TSH: tyreoideu stimulujici hormon

FT4: volny tyroxin

9.2.1 Potencidlni patofyziologické mechanismy

Tyreopatie a diabetes mellitus jsou dvé nejbéznéjsi endokrinologicka onemocnéni a zda se, Ze
mohou byt propojena. Znama je souvislost mezi diabetes mellitus 1. typu a autoimunitni
tyreoiditidou, kde hraje roli geneticka predispozice a mutace fady gent (napt. CTLA4, IFIHI,
CD25, PTPN22, TSH receptor a jiné¢), ale kromé toho byl také dobfe popsan piimy efekt
tyreoidalnich hormoni na metabolismus gluko6zy a lipida (Duntas, L. H. et al., 2011; Pearce, S.
H., Merriman, T. R., 2009).
U pacientll s diabetes mellitus 1. typu dosahuje prevalence autoimunitni tyreoiditidy a/nebo
pozitivity tyreoidalnich protilatek az 48 %, v ostatni béZné populaci je to 3-10 % (Duntas, L. H.
etal., 2011).
Naopak spojeni mezi DM 2. typu (vétSina piipadit GDM) a tyreopatiemi je mnohem mén¢ jasné.
Pokud bychom povazovali asociaci elevace TSH v prvnim trimestru (a nizkého FT4 v druhém
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trimestru) s vyssi incidenci GDM za kauzélni, zajima naés, o jaky patofyziologicky mechanismus
se jednd. Jednou z hypotéz je, ze hypotyredza zvySuje inzulinovou rezistenci. Tu ovSem
zpusobuje 1 hypertyredza (Obrdzek 9) a korelace mezi nizkym TSH a rozvojem GDM prokéazana
nebyla (Duntas, L. H. et al., 2011). Navic v ptipadé¢, ze by vlivem hypotyre6zy dochazelo k
rozvoji inzulinorezistence, méla by 1é¢ba levotyroxinem brénit rozvoji GDM, coz doposud
nebylo prospektivné studovano. V jediné retrospektivni studii pietrvavalo riziko GDM, i kdyz
byla hypotyredza lécena (Mannisto, T. et al., 2010), coz svédc¢i spise proti kauzalni souvislosti.
Spole¢nym jmenovatelem by mohl byt i polymorfismus Thr92Ala dejodazy D2, popsany u DM
2. typu v préaci Yalakanti et. al, ale ani tato hypotéza nebyla zatim potvrzena (Yalakanti, D.,
Dolia, P. B., 2016). Obezita jako vyznamny rizikovy faktor GDM miZe sama o sobé
prostiednictvim adipokini zpisobit na Grovni hypotalamu a hypofyzy mirnou elevaci TSH a
nejde pii tom o hypotyreodzu (Obrdzek 10) (Bandurska-Stankiewicz, E., 2013; Pujanek, M. et al.,
2013).
Dieta s vys$im obsahem kalorii zvySuje aktivitu perifernich dejoddz a vede tak k poklesu FT4,
coz muze vysvétlovat asociaci nizkého FT4 s vy$si hmotnosti v gravidit¢ (Haddow, J. E. et al.,
2016). Na druhou stranu souvislost miize byt i opacna a dietni opatieni u GDM mohou zpiisobit
nedostatecny pfisun jodu potravou, prohloubit jodovy deficit, rozvoj hypotyroxinémie. Téhotné
zeny jsou k deficitu jodu zvlasté citlivé z nasledujicich divodu:

e narlstajici pozadavky na syntézu tyroxinu (T4) v zijmu zachovani normalniho

metabolismu matky,
e transportu T4 a jodidu od matky k plodu,
e predpokladané vétsi ztraty jodidu ledvinami v disledku vzestupu glomerulérni filtrace (o
40-50%) (Stilwell, G. et al., 2008),
e akcelerované metabolické inaktivace T4 a T3 dejodazou 3, ktera je zvySené exprimovana

v placenté (Horacek, J., 2011).
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Obrazek 9. Mechanismus vzniku inzulinorezistence u hypotyreozy a hypertyredzy.

(upraveno podle: Duntas L.H. et al., 2011)
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Obrazek 10. Patofyziologicky mechanismus zvySeni hladin TSH u obezity a zpétna vazba
mezi leptinem a osou hypothalamus-hypofyza-stitna zlaza

(upraveno podle: Pujanek, M. et al., 2013)
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10. Vlastni vysledky vyzkumné prace

10.1 VySetreni sérovych koncentraci protilatek proti Clq sloZce komplementu u téhotnych

Zen s autoimunitnimi tyreopatiemi.

Vysledky této prace jsou soucasti nasledujict publikace:

Vitkova H, Jiskra J, Springer D, Limanova Z, Telicka Z, Bartakova J, Trendelenburg M,
Potlukova E. Anti-Clq autoantibodies are linked to autoimmune thyroid disorders in pregnant
women. Clin Exp Immunol. 2016 Oct; 186(Surkova):10-7. doi: 10.1111/cei.12813. Epub 2016
Aug 12. PMID: 27198614; PMCID: PMC5011361.

10.1.1 Cile prace

Porovnat sérové koncentrace protilatek proti Clq slozce komplementu u gravidnich Zen
s autoimunitnimi tyreopatiemi (AITD) a u zdravych te¢hotnych Zen a také u Zen negravidnich
s AITD a u zdravych darct krve.

Zjistit, jak se koncentrace anti-C1q protilatek méni po porodu a zda by mohly slouzit jako

marker identifikace Zen s tyreoidéalni dysfunkci po porodu.

10.1.2 Soubor pacientil a pouzité metody

Bé&hem vSeobecného screeningu autoimunitnich tyreoidalnich onemocnéni v gravidité (v 9.
— 11. gestacnim tydnu) byly stanovovany protilatky proti tyreoperoxidaze (TPOAD),
koncentrace tyreoideu stimulujiciho hormonu (TSH), volného tyroxinu (FT4) a protilatek
proti C+q slozce komplementu (anti-C1q). Screening byl povazovan za pozitivni, pokud
jakakoliv z hodnot tyreoidalnich parametra (TPOAb, TSH, FT4) byla patologicka Po odbéru
byla vSechna séra zmraZena na teplotu -220°C. Nasledné byly zeny pozvany k dalSimu
odbéru po porodu (follow-up). Podafilo se tak ziskat 96 parovych vzorkil séra (jeden z
c¢asné¢ho téhotenstvi z obdobi screeningu a jeden z obdobi po porodu), ze kterych byly
laboratorné¢ stanoveny stejné parametry (TPOADb, TSH, FT4, anti-C1q).

Nasledné byly vytvoteny dvé skupiny. Zeny s pozitivnimi TPOAb bez ohledu na jejich
tyreoidalni funkci byly oznaceny jako skupina ,,screening+/TPOAb+”. Do druhé skupiny
,screening+/TPOADb-“ byly zahrnuty Zeny s negativnimi TPOADb, ale s tyreoidalni
dysfunkci (patologické hodnoty TSH a/nebo FT4). Prostfednictvim dotazniku byla u téchto

dvou skupin doplnéna anamnestickd data tykajici se osobni a rodinné anamnézy, zejména
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pak vyskytu tyreoidalnich onemocnéni, diabetes mellitus a poruch imunitniho systému
(autoimunitnich onemocnéni, asthmatu, atopického ekzému, alergii). Dale byl dotaznik
zaméien na gynekologickou anamnézu, prabéh soucasného téhotenstvi a medikaci uzivanou
v téhotenstvi.

Kontrolni skupiny byly celkem tfi. Prvni skupina zahrnovala 80 téhotnych Zen s negativnim
vysledkem ve screeningu AITD v 9. — 10. gesta¢nim tydnu (skupina ,,pregnant screening -
“). U téchto zen byl ziskan vzorek séra pouze z obdobi téhotenstvi, follow-up jiz proveden
nebyl. Druhou skupinu tvofilo 72 negravidnich Zen s AITD (skupina ,,non-pregnant AITD”)
a tentokrat byl vzorek séra odebran i po porodu a ¢asovy odstup od prvniho odbéru se
pohyboval v rozmezi 4 — 62 mésici, s medidnem 17 mésict. U 44 pacientek v této skupiné
byla diagnostikovdna Hashimotova tyreoiditida a u 28 zen Graves-Basedowova choroba.
Byla u nich potvrzena tyreoidalni dysfunkce a byly lé€eny bud levotyroxinem ¢i
tyreostatiky na zaklad¢ jejich diagnédzy. I kdyz 6 z téchto Zzen s AITD mélo negativni
TPOADb, sonograficky nalez byl typicky pro Hashimotovu tyreoiditidu (4 ptipady) nebo
mély pozitivni protilatky proti tyreoglobulinu (1 pfipad) nebo proti TSH receptorim (1
ptipad).

Jako zdravi darci byli vybrani (anonymn¢) dospéli obou pohlavi bez klinickych ptiznaka ¢i
anamnézy AITD. Celkem jich bylo 72 a byly od nich ziskdny pouze hodnoty koncentraci
anti-Clq.

Tyreoidalni parametry (TPOAb, TSH, FT4) byly stanovovany chemiluminiscenéni
metodou. K méfeni TSH byla pouzita sendvicova analyzy a pfimou chemiluminiscenci a
TPOAb a FT4 byly stanoveny kompetitivni imunoanalyzou. Referen¢ni rozmezi pro
koncentrace TSH v prvnim trimestru bylo 0,06 — 3,67 mlIU/1 (23), pro FT4 to bylo 9,8 —
23,1 pmol/l a horni limit pro TPOAb v prvnim trimestru byl 143 kU/I (Springer, D. et
al., 2009). To znamena, ze screening byl povazovan za pozitivni v piipad¢, Ze
koncentrace TSH byla niz§i nez 0,06 mlU/l nebo vys$$i nez 3,67 mlIU/l a/nebo
koncentrace TPOADb vys$s§i nez 143 kU/l. U negravidnich Zen bylo referen¢ni rozmezi
koncentraci TSH 0,5 — 4,9 mIU/l a TPOAD pozitivita byla definovana jako koncentrace
TPOAD vyssi nez 60 kU/I. Pokud bylo provedeno automatické fedéni vzorki, horni
limit pro pozitivitu TPOADb byl poté 10 000 kU/I.

Protilatky anti-Clq byly meéfeny v séru za pouziti ELISA (enzyme-linked
immunosorbent assay). Cut-off koncentrace byla stanovena vyrobcem (15 U/ml),
specifické hodnoty pro t€hotné Zeny nebyly urceny.

Ke statistickym analyzdm byl vyuZit program GraphPad Prism version 5 (Graphpad
34



Software, San Diego, CA, USA). Aplikovany byly jak nonparametrické testy (Kruskal-
Wallistv test, Mann-Whitneytiv test, Spearmaniv potadovy korela¢ni test, Wilcoxontiv test),
tak 1 Fishertiv exaktni test a kontingencni tabulky. Za signifikantni byla povazovana hodnota

P <0,05.

10.1.3 Vysledky

Ze skupiny 96 zen s pozitivnim screeningem tyreoiddlniho onemocnéni mélo 79 Zen
pozitivni protilatky TPOAD (skupina ,,screening+/TPOAb+"). Z téchto 79 zen byla u osmi
z nich diagnostikovana subklinickd hypotyredzu, 4 zeny mély manifestni hypotyredzu, pet
zen mélo subklinickou hypertyredzu, jedna Zena manifestni hypertyre6zu a ostatni byly
eutyreozni.

Zbyvajicich 17 zen z 96 pozitivné screenovanych mélo TPOAD protilatky negativni
(skupina ,,screening+/TPOADb-*) a u 17 z nich byla zjisténa subklinicka hypotyreoza, u
¢ty Zen subklinickd hypertyredza a u tii manifestni hypertyredza. VSechny Zeny se
subklinickou ¢i manifestni hypotyre6zou byly béhem téhotenstvi 1éceny levotyroxinem.
Mezi Zenami se subklinickou ¢i manifestni hypertyre6zou byla u Sesti z nich
diagnostikovana Graves-Basedowova choroba a byly léCeny tyreostatiky. U ostatnich zen

s hypertyre6zou se jednalo o tranzientni gestacni hypertyredzu a 1é€eny tedy nebyly.

10.1.3.1 Vyskyt anti-Clgq protilatek

Obé¢ podskupiny t€hotnych Zen pozitivnich ve screeningu tyreoidalnich onemocnéni, tj. skupina
,,screening+/TPOAb+” a ,,screening+/TPOAb-*, mély signifikantné vyssi koncentrace anti-Clq
ve srovnani s t¢hotnymi Zenami, které byly ve screeningu negativni (12,7 versus 6,5 mU/I; P <
0,0001 a 8,8 versus 6,5 mU/I; P=0,008), a s negravidnimi zenami s AITD (12,8 versus 6,7 mU/I;
P <0,001 a 8,75 versus 6,7 mU/l; P <0,05).

Kromeé toho vSechny téhotné zeny bez ohledu na tyreoidalni funkci nebo TPOAD pozitivitu mély
signifikantné vyssi koncentrace anti-C1q neZ zdravi darci krve. Také u negravidnich zen s AITD
byly koncentrace anti-Clq vyS$§i ve srovnani s darci krve. Mezi skupinami
,screening+/TPOAb+” a ,,screening+/TPOAb-“ se nevyskytly signifikantni rozdily v
koncentracich anti-C1q protilatek.

Nejen sérové koncentrace anti-Clq, ale také prevalence anti-Clq pozitivity (definovédna jako
koncentrace anti-C1q > 15 U/ml) byla signifikantné vys$i u skupiny ,,screening +/TPOAb+" nez
u t€hotnych zen ,,screening-*“: 29 ze 79 zen (36,7 %) versus 14 z 80 Zen (17,5 %); P = 0,008.
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Oproti tomu mezi skupinami ,,screening+/TPOAb-* a téhotnymi ,,screening-“ nebyl

rozdil v prevalenci anti-C1q pozitivity signifikantni.

10.1.3.2 Zmeny koncentraci anti-Clq po porodu

Sérové koncentrace anti-Clq klesaly signifikantné po porodu u vSech téhotnych Zen s
pozitivnim screeningem (tj. ,,screeningt/TPOAb+” a ,,screening+/TPOAb-*), median
koncentraci béhem téhotenstvi byl 12,6 U/ml a po porodu 9,4 U/ml (P = 0,026). Koncentrace
TPOAb se neménily. Nicméné pii analyze podskupin se wukézalo, Ze u Zen
,screening+/TPOAb+” nebyl pokles koncentraci anti-C1q signifikantni (12,8 versus 12,2
U/ml; P = 0,19) a koncentrace anti-Clq klesaly po porodu signifikantné pouze u zen
,screening+/TPOAb-* (8,8 U/ml versus 5,9 U/ml, P = 0,002).

Pokles sérovych koncentraci anti-C1q byl take pozorovan u negravidnich Zen s AITD, pfitom

koncentrace TPOAD neklesaly.

10.1.3.3 Anti-Clq a tyreoidalni parametry

Ve skupiné t€hotnych zen s pozitivnim screeningem tyreoidalniho onemocnéni byly naméteny
vy$si koncentrace TSH u Zen s anti-C1q pozitivitou nez u anti-C1q negativnich. Rozdily v FT4
nebyly signikantni. S vyuzitim regresni analyzy nebylo detekovano Zadné signifikantni spojeni
mezi anti-Clq pozitivitou v téhotenstvi a koncentraci TSH po porodu. V podskupiné 84
téhotnych Zen s vysoce pozitivnimi TPOADb (> 200 kU/1) bylo pozorovano, Ze u téch s anti-Clq
pozitivitou (tj. > 20 U/ml, N = 21) byly koncentrace TSH po porodu vyssi nez u anti-Clq
negativnich zen (3,32 versus 2,02 mU/IL; P = 0,035).

Ve skupiné ,,screening+/TPOAb+” také korelovaly koncentrace TSH pozitivné s koncentracemi
anti-Clq (r = 0,026; P = 0,045; N = 79), ve skupiné ,,screening+/TPOAb-“ nikoliv. Mezi

koncentracemi anti-C1q a TPOAD nebyla nalezena korelace.

10.1.3.4 Anti-Clgq pozitivita a anamnestickd data

V analyze anti-C1q pozitivnich a anti-C1q negativnich Zen nebyl detekovan signifikantni
rozdil v prevalenci onemocnéni §titné zlazy nebo jinych imunitnich onemocnéni (véetné
autoimunitnich onemocnéni a alergii), ve zpusobu otéhotnéni (pfirozené otéhotnéni versus
metody asistované reprodukce), porodu (pfirozeny porod versus cisaifsky fez) a nebyl patrny
ani rozdil v porodni vadze. Ani pii hodnoceni prevalence relapsu Graves-Basedovowy

choroby a poporodni tyreoiditidy u Zen anti-C1q pozitivnich a anti-C1q negativnich nebyl
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nalezen rozdil.

10.1.4 Diskuze

V této praci bylo zjisténo, ze koncentrace anti-C1q stoupaly podstatné béhem te¢hotenstvi ve srovnani
s zenami negravidnimi. Navic byly koncentrace anti-C1q signifikantn€ vyssi u t€hotnych zen s AITD
nez u kontrolnich skupin a byly spojeny s pozitivitou TPOAb a vyssi koncentraci TSH. Po porodu
klesaly koncentrace anti-C1q u Zen s tyreoidalni dysfunkci a s negativnimi TPOADb protilatkami, ale
neklesaly u zen TPOAb-pozitivnich. Pokles koncentrace anti-C1q byl zaznamenan také u 1écenych
netéhotnych Zen s AITD. To naznacuje, ze koncentrace anti-C1q odrazeji aktivitu autoimunitniho
onemocnéni.

Doposud sledovalo vyskyt anti-C1q protilatek v t¢hotenstvi pouze nékolik studii. Stoyanova et al.
zjistili, Ze koncentrace anti-C1q byly vyssi u 6 ze 31 (19 %) zdravych t¢hotnych Zen (Stoyanova, V. et
al., 2011). V jiné studii byly anti-Clq pozitivni 4 z 19 (19 %) t€hotnych Zen se systémovym lupus
erythematosus (Mosca, M. et al., 2007). A Daponte et al. uvedli ve své praci, ze u Zen s nezdafenym
koncentrace nez u 33 Zen s intrauterinni graviditou a téméf polovina Zen s intrauterinni graviditou méla
pozitivni anti-C1q protilatky (14 ze 33, tj. 42%) (Daponte, A. et al., 2013).

V této praci byla zjiSténa pozitivita anti-C1q u 36,7 % t¢hotnych Zen s pozitivnimi TPOAD a oproti
tomu u pouhych 17,5 % téhotnych Zen z kontrolni skupiny (bez AITD). Ale stale byla prevalence
pozitivity anti-C1q vyssi u t¢hotnych Zen bez AITD (8 %) a u negravidnich Zen s AITD (21 %) nez
u darct krve.

Téhotenstvi ma ziejmé samo o sobé velky vliv na koncentrace anti-C1q protilatek, at’ uz Zeny maji
AITD ¢i nikoliv. Zjisténi, Ze koncentrace anti-C1q klesly signifikantné po porodu pouze u pozitivné
screenovanych zen, které mély negativni TPOADb, miiZze odrazet dva mechanismy vedouci k produkci
anti-C1q protilatek v té¢hotenstvi. Prvnim by mohlo byt t€hotenstvi samotné a druhym mechanismy
spojené s autoimunitnim onemocnénim Stitné Zlazy.

Zda se, Ze vzestup anti-C1q protilatek v t¢hotenstvi odrazi zmény ve vrozeném 1 ziskaném imunitnim
systému. Téhotenstvi je obdobi, kdy se vyviji immunotolerance a dochazi k mnoha zménam
v imunitnich pochodech, které mohou potlacovat ¢i spoustét rizné typy AITD (Weetman, A. P.,2010).
Meéni se tim  zptlisob rozvoje systémového autoimunitniho onemocnéni (Perricone, C. et al., 2012).
Zvazovali jsme tedy, zda by t¢hotenstvi mohlo byt spoustééem nartistu koncentraci anti-C1q, ktery
muze mit na jedné stran¢ dokonce protektivni vliv na pritbéh tehotenstvi, jak naznacuje Daponte, ale

na druhou stranu miize mit efekt patogenni (rozvoj AITD) (Daponte, A. et al., 2013). Bylo jiz
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publikovano, Ze existuje spojeni mezi anti-C1q a tyreoidalni autoimunitou a dysfunkci, ale prozatim
toto nebylo zkouméano v gravidité. Nyni se ukazalo, Ze koncentrace anti-C1q v te¢hotenstvi korelovaly
pozitivné s koncentracemi TSH a anti-C1q pozitivni t¢hotné zeny meély signifikatné vyssi sérové
koncentrace TSH nez anti-C1q negativni zeny. Zapojeni komplementu a anti-C1q v patogenezi AITD
je tedy v téhotenstvi nejspise podobné jako u zen negravidnich.

Riizné efekty anti-C1q v téhotenstvi (protektivni versus ,,pro-autoimunitni’’) by mohly byt spojeny s
existenci dvou riznych typt anti-C1q protilatek. Za prvé jsou to protilatky zaméfené na globularni
hlavy C1q (anti-gC1q) a za druhé protilatky vazané ke kolagenu podobné ¢asti C1q molekuly [anti-
Clq (CLR)]. Zatimco anti-Clq (CLR) byly dobie popsany u pacientti se SLE, ptisobeni
anti-gC1q je méné dobie prozkoumano (Wisnieski, J. J., Jones, S. M., 1992). Stoyanova et
al. popsali, Ze se anti-gC1q zvySuji u zdravych téhotnych zen (Stoyanova, V. et al., 2011).
Komeréné dostupné imunoeseje detekujici anti-Clq, vetné té, co byla pouzita v této praci,
pouzivaji intaktni C1q molekuly a tudiz nemohou rozliSovat mezi anti-gClq a anti-Clq
(CLR).

Pokles koncentraci anti-C1q byl pozorovan po porodu pouze u TPOADb negativnich Zen,
zatimco u zen s pozitivitou TPOAb ziistaly koncentrace anti-Clq zvySené. Spekulovali
jsme, zda anti-gClq protilatky s vice protektivnimi charakteristikami stoupaji docasné
béhem téhotenstvi u Zen bez dalSiho autoimunitniho onemocnéni, zatimco u zen s
tyreoidalni autoimunitni chorobou dochazi k vzestupu anti-Clq (CLR) protilatek. K
potvrzeni této hypotézy jsou ale zapotiebi dalsi studie, které by rozliSovaly anti-gC1q a anti-
Clq (CLR) protilatky.

U téhotnych zen s AITD by mohla byt anti-C1q pozitivita pomijivy jev souvisejici s aktivitou
autoimunitniho onemocnéni, po¢inajici béhem téhotenstvi a postupné mizejici. Tento pohled
je v souladu s hypotézou, Ze tvorba autoprotilatek proti C1q predchazi klinické manifestaci
autoimunitniho onemocnéni a miiZze tedy interferovat s funkci C1q jako jednoho z ,,Cisticich”
mechanismii imunitniho systému (Kravitz, M. S., Shoenfeld, Y., 2006).

Chtéla jsem také vysvétlit potencialni vyuziti anti-C1q jako markeru poporodni tyreoiditidy,
k tomu doposud slouzily protilaitky TPOAb. ZvySené koncentrace TPOADb protilatek
aktivujicich komplement byly nalezeny u Zen s poporodni tyreoiditidou (Parkes, A. B. et al.,
1996; Okosieme, O. E. et al., 2002). Nicméné, piiblizné pouze polovina TPOADb pozitivnich
zen rozvinula poporodni tyreoiditidu a mechanimy, které by mohly byt zapojeny, jsou
nejasné.

V na$i praci se ukazalo, ze zvySené koncentrace anti-Clq byly spojeny se zvySenou

38



koncentraci TSH v téhotenstvi, ale nebylo nalezeno spojeni koncentracemi anti-Clq v
téhotenstvi a koncentracemi TSH po porodu. Pozorovan byl pouze trend vyssich koncentraci
TSH po porodu u zen, které mély vysoce pozitivni TPOAD 1 anti-C1q. Nemohl byt ale ovéren
v regresni analyze kvili pfilis malému poctu subjektii a riznym faktorim jako byla napiiklad
terapie levotyroxinem. I kdyz jsou tedy nejspisSe anti-C1q blizce spojeny s AITD, nemohou
byt uzivany jako marker poporodni tyreoiditidy.

Prace méla ovSem 1 své limity, jako nedostatecny pocet subjektli a krevnich vzorkia po
porodu. Dale chybély hodnoty pro follow-up u Zen, které byly negativné screenovany v
téhotenstvi. Kromée toho nebyla ziskdna klinické data od zdravych darct krve a negravidni Zeny
s AITD byly starsi a byla u nich ¢astéji diagnostikovana Graves-Basedowova choroba nez u zen
téhotnych s AITD.

V této praci se ukazalo, Ze mezi té¢hotenstvim a koncentracemi anti-C1q existuje silny vztah, jak
u zen s AITD, tak i bez tohoto onemocnéni. I kdyz u zen s AITD je vyjadien vice a to potvrzuje
i pokles koncentraci anti-C1q po porodu u zen TPOAb-negativnich, zatimco u zen TPOAb-
pozitivnich ziistdvaji koncentrace anti-C1q zvysSené. Vysledky prace by mohly vnést novy pohled
na komplexni zmény probihajici v imunitnim systému béhem tcéhotenstvi a mohly by

predstavovat ¢ast patogenetického mechanismu vzniku AITD.
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Introduction

Summary

Anti-C1q antibodies (anti-C1q) have been implicated in the pathogenesis of
autoimmune diseases, including autoimmune thyroid disorders (AITD).
The aim of this study was to evaluate the association between anti-Clq and
thyroid function in pregnancy-associated AITD. In 96 pregnant women
screened positive for AITD (thyroid dysfunction and/or antibodies against
thyroperoxidase — TPOAb), anti-Clq were measured during the 9-11th
gestational week and after delivery (median 16 months after delivery), and
compared to the corresponding serum levels of thyroid hormones. As
controls, 80 healthy pregnant women, 72 non-pregnant AITD patients and
72 blood donors were included. In the non-pregnant AITD group, two
serum samples > 6 months apart were analysed. Compared to blood
donors, anti-Clq levels were substantially higher in all pregnant women
analysed. In pregnancy, anti-Clq levels were higher in the TPOAb-positive
women than in controls (37 versus 17:5%, P < 0-0001). Anti-Clg-positive
pregnant women screened positive for AITD had higher thyroid-stimulating
hormone (TSH) levels than anti-Clq-negative women (241 versus 1-94 mU/
I, P = 0:01), and TSH correlated positively with anti-Clq (r = 0-226,
P = 0:045) in the TPOAb-positive women. After delivery, serum levels of
anti-Clq decreased in the positively screened TPOAb-negative women (8-8
versus 5:9 U/, P = 0:002), but not in the TPOAb-positive ones, and they no
longer correlated with TSH. Anti-Clq antibody levels increase during
pregnancy in general and even more in the context of AITD, where they
correlate with thyroid stimulating hormone levels.

Keywords: anti-Clq antibodies, autoimmune thyroid disease, complement,

postpartum thyroiditis, pregnancy

of the TPOAb-positive women will develop postpartum
thyroiditis are lacking.

During pregnancy, complex changes in the immune sys-
tem occur, enabling immunotolerance of the foetus as a
semi-allograft [1,2] and leading to changes in the course
of pre-existing autoimmune diseases or the development
of new diseases after delivery [3]. Autoimmune thyroid
disorders (AITD) in pregnancy are common, with
approximately 10% of pregnant women being positive
for antibodies against thyroperoxidase (TPOAb) in
iodine-sufficient areas [4,5]. AITD may lead to serious
adverse pregnancy outcomes [6], including a high risk
for the development of postpartum thyroiditis in
TPOAb-positive women and chronic hypothyroidism
after delivery [7]. Until now, markers to identify which

The pathogenic mechanisms leading to AITD are
believed to be based on a combination of genetic suscepti-
bility and environmental factors leading to changes in
adaptive as well as innate immunity, including an aberrant
interaction between thyrocytes, antigen-presenting cells
and abnormal T cells [8]. Innate immune responses are
associated with thyroid dysfunction, tissue destruction and
probable development and perpetuation of AITD [9]. In
this context, the complement system has also been linked
to the development AITD, including postpartum thyroidi-
tis [10,11].

Among the various complement components, Clq, a
recognition molecule of the classical pathway, is

10 © 2016 British Society for Immunology, Clinical and Experimental Immunology, 186: 10-17
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particularly interesting with regard to autoimmunity
because of its immunosuppressive/tolerogenic effects in the
context of the clearance of immune complexes and apopto-
tic bodies as well as in the participation in negative selec-
tion of autoreactive B lymphocytes in the bone marrow
[12-14]. At the same time, Clq is a complement factor that
contributes to tissue damage and that itself can be the tar-
get of an antibody response [15,16]. Moreover, C1q seems
to play a pivotal role in promoting trophoblast invasion of
deciduas, a crucial step in normal placental development.
Experimental studies using Clq-deficient mice have shown
that the lack of Clq is characterized by poor trophoblast
invasion and pregnancy failure [17].

Autoantibodies against Clg (anti-Clg) have been
described in a number of autoimmune and infectious dis-
eases [18]. Their prevalence in the general population
ranges from 2 to 8% and seems to increase with age [19].
In patients with systemic lupus erythematosus they serve as
a reliable marker of proliferative lupus nephritis [20]. How-
ever, their role in organ-specific autoimmune diseases is
less clear. Previously, we have shown that patients with
autoimmune thyroid diseases (AITD) are more frequently
positive for anti-Clq, and that anti-Clq levels correlate
with thyroid dysfunction both in Hashimoto’s thyroiditis
(HT) and Graves’ disease (GD) [21]. Although it seems
that alterations in Clq and/or anti-Clq levels during preg-
nancy might be associated with adverse pregnancy outcome
(spontaneous abortions and extrauterine gravidity) [22],
the prevalence and clinical value of anti-Clq in pregnancy-
associated AITD remain unknown.

Therefore, the aims of our study were to (i) evaluate the
prevalence of anti-Clq in pregnant women screened posi-
tively for AITD and to compare them to the negatively
screened women, as well as to non-pregnant patients with
AITD and normal blood donors, and (ii) to assess whether
anti-Clq could be used as an additive predictive marker for
the identification of women with thyroid dysfunction after
delivery.

Patients and methods

Patients

The study was designed as a retrospective cohort study. It
was performed in co-operation between the Third Depart-
ment of Medicine and the Institute of Clinical Biochemis-
try and Laboratory Medicine of the General University
Hospital in Prague.

The study was part of an experimental universal screen-
ing programme for AITD performed in 200608 [4,5] in
5520 consecutive pregnant women in the 9-11th gesta-
tional weeks who were examined at the Clinic of Obstetrics
and Gynaecology of the General University Hospital in
Prague. The screening consisted of the measurement of
serum autoantibodies against thyroperoxidase (TPOAb),

Anti-C1q antibodies in pregnancy

thyroid stimulating hormone (TSH), and free thyroxine
(FT4). Women with a pathological result in any of these
parameters were considered to be positive in screening. At
the time of the screening, a serum sample was frozen at
—20°C:

Via letters, we invited 822 women screened positively for
AITD for a follow-up blood test after delivery. Of the 212
women who joined the study (answer rate 25-8%), we were
able to obtain 96 pairs of serum samples from early preg-
nancy (stored frozen samples) and after delivery (follow-
up; fresh blood sample was drawn and stored in a freezer
up to analysis). In all samples, we assessed serum levels of
TSH, FT4, TPOAb and anti-Clq (in the samples from
pregnancy, we used the already measured values and added
only the measurement of anti-Clq). The positively
screened pregnant women who were TPOAb-positive
regardless of their thyroid function will be further
described as the ‘screening”/TPOAb™ group. Those who
were screened positively due to thyroid dysfunction but
negative for TPOAD will be described further as the ‘screen-
ing"/TPOAb ™ group.

Moreover, we asked the women to complete a history-
orientated questionnaire. It consisted of questions targeted
at the personal and family history of thyroid disease, diabe-
tes and immune-mediated disorders (autoimmune dis-
eases, asthma, atopic eczema, allergy), gynaecological
history and the course of the current pregnancy, including
questions on the medication during pregnancy.

As controls, we used two groups of women, plus a group
of normal blood donors. The first group consisted of 80
pregnant women screened negative for AITD in the 9-10th
gestational weeks (group ‘pregnant screening ). In these
women, only serum samples from the time of pregnancy
were available, as the women were not invited for follow-
up. The second control group consisted of 72 non-
pregnant women with AITD (group ‘non-pregnant AITD’),
in whom we gained a second serum sample (median time
between samples: 17 months, range = 4-62). Forty-four
patients had HT and 28 had GD. All these women with
AITD had thyroid dysfunction at diagnosis and were
treated by either levothyroxine or anti-thyroid drugs
according to their diagnosis. Six of the women with AITD
were negative for TPOAb. However, they either had a find-
ing on thyroid ultrasound being typical for HT (four
cases), were positive for antibodies against thyroglobulin
(one case) or were positive for antibodies against TSH-
receptor (one case).

Normal blood donors comprised 72 apparently healthy
anonymous adults of both sexes without clinical evidence
or history of AITD. In these individuals, only anti-Clq val-
ues were available.

The study was approved by the Ethical Committee of the
General University Hospital. All included women were
adult and signed a written informed consent form.

© 2016 British Society for Immunology, Clinical and Experimental Immunology, 186: 10-17 1
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Laboratory assessment

Upon inclusion into the study, serum samples were ana-
lysed directly for the thyroid parameters and part of the
serum was aliquotted and frozen at —70°C until further
use. TPOAb, TSH and FT4 were assayed by the ADVIA
Centaur Analyser (Siemens Healthcare Diagnostics Inc.,
Tarrytown, NY, USA) with chemiluminometric detection.
TSH was determined by sandwich immunoanalysis with
direct chemiluminometric technology; for anti-TPO and
FT4, competitive immunoanalysis was used.

The reference interval for TSH in the first trimester of
pregnancy was set at 0-06—3-67 mIU/l [23]. The upper limit
for TPOAb in the first trimester of pregnancy was set at
143 kU/ [23] and the reference interval for FT4 was 9-8—
231 pmol/l. A positive screening result was thus defined as
TSH below 0-06 or above 3-67 mU/l and/or TPOAb above
143 kU/L In the non-pregnant patients, the reference range
for TSH was 0-54-9 mU/l and TPOAb-positivity was
defined as values above 60 kU/l. When automatic dilution
of the samples was performed the upper limit of detection
of TPOAb was at 10000 kU/L. Beginning in 2010, a new
ADVIA Centaur anti-TPO method also led to applicability
of the producer cut-off for adults in pregnancy, in contrast
to our previously reported cut-off at 143 kU/1 [24].

Anti-Clq were measured in serum using a commercially
available enzyme-linked immunosorbent assay kit
(Biihlmann Laboratories, Schonenbuch, Switzerland), as
described previously [25]. The technical cut-off for a posi-
tive test result as determined by the manufacturer (15 U/
ml) was obtained by testing samples from 220 normal
blood donors. However, there was no specific cut-off
described for pregnant women.

Statistics

Statistical analyses were conducted using GraphPad Prism
version 5 (Graphpad Software, San Diego, CA, USA).
Unless stated otherwise, all values described in the text and
figures are expressed as median and range. Non-parametric

Table 1. Basic characteristics of women at study indusion

tests (Kruskal-Wallis test, one-tailed Mann-Whitney U-
test and Spearman’s rank correlation test, Wilcoxon's
signed-rank test), as well as Fisher’s exact test for contin-
gency tables were applied, with differences considered sig-
nificant for P < 0-05.

Results

Of the 96 women screened positively for thyroid disorders
with paired values of thyroid parameters in pregnancy and
after delivery, 79 were TPOAb-positive (screening”
TPOAb™ group). Eight of the 79 women had subclinical
hypothyroidism, four overt hypothyroidism, five subclini-
cal hyperthyroidism, one manifest hyperthyroidism, and
the rest were euthyroid. The remaining 17 of the 96 women
screened positive for AITD were the TPOADb-negative
(screening " /TPOAb™ group). Of these 17 women, 10 had
subclinical hypothyroidism, four had subclinical hyperthyr-
oidism and three manifest hyperthyroidism. All women
with subclinical or manifest hypothyroidism were treated
with levothyroxine during pregnancy. Among the women
with subclinical or manifest hyperthyroidism, six were
diagnosed as having GD and were treated with anti-thyroid
drugs. The remaining hyperthyroid women were diagnosed
as having transient gestational hyperthyroidism and were
only observed.

The second sample after delivery was taken at a median
interval of 17 months (range = 3-78) after delivery.

The basic characteristics of the women included and
their follow-up values are shown in Table 1.

Occurrence of anti-Clq antibodies

Both subgroups of the pregnant women screened positively
for thyroid disorders, ie. the screening'/TPOAb' and
screening " /TPOAL™ groups, had significantly higher anti-
Clq levels than the pregnant screening negative control
group (127 versus 6-5 mU/l; P < 0-0001 and 8-8 versus 6-5
mU/L, P = 0-008, respectively).

Pregnant women positive

Pregnant women negative Non-pregnant women

in sereening in screening with ATTD P-value
n 96 80 72
Age (years) 32 (21-41) 32 (20-41) 53 (24-86) < 00001
TSH (mlU/) 2-205 (0-002-88-31) 1-425 (0-184-3-16) 2322 (0-0-87-60) 00005
FT4 (pmol/l) 13-7 (8-0-44.5) 15-0 (12-31-19-5) 16-0 (3-9-146-0) 00003
TPOAD (kU/) 834 (9-9-10000) 34 (9-0-68-0) 720 (15-0-10000) < 00001
Anti-Clq (kUfml) 12-6 (1-9-351-0) 65 (3-66-90-6) 6-7 (0-1-192-0) < 00001
Prevalence of anti-Clq positivity (%) 344 17:5 20-8 0-022

Values are expressed as range and median, unless stated otherwise. The prevalence of anti-Clq positivity in the blood doners was 8%. The

donors were anonymous and thyroid parameters were not tested. The statistical comparison was performed using the Kruskal-Wallis and 77 tests.

The subgroup analysis according to antibodies against thyroperoxidase (TPOAb)-positivity in pregnancy is stated in the text.
AITD = autoimmune thyroid disorders (AITD); FT4 = free thyroxine; anti-Clq = anti-Clq antibodies; TSH = thyroid stimulating hormone.
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Fig. 1. Comparison of serum anti-Clq levels in all groups analysed. (a) Comparison of pregnant women screened positively for thyroid disorders

with negatively screened pregnant women, non-pregnant autoimmune thyroid disorder (AITD) patients and blood donors. The differences
between the groups as analysed by the Kruskal-Wallis test were highly significant (P = 0-0001). When analysed separately using the Mann-

Whitney U-test, the only two groups without statistically significant difference were the pregnant controls and non-pregnant AITD women.

(b) Comparison of anti-Clq levels in pregnant women screened positively for thyroid disorders according to antibodies against thyroperoxidase

(TPOADb) status. Horizontal lines represent the medians.

Moreover, both screening”/TPOAb” and screening”/
TPOAb™ groups had significantly higher anti-Clq levels
than the control group of non-pregnant AITD women
(12-8 versus 6:7 mU/l, P < 0-001 and 8-75 versus 6:7 mU/l,
P < 0-05, respectively).

Furthermore, pregnant women irrespective of the thy-
roid function and TPOAb-status (i.e. both the screening”
as well as the screening groups) had significantly higher
anti-Clq levels than the blood donors (Fig. 1a). Similarly,
the non-pregnant AITD group also had higher anti-Clq
levels than the blood donors (Fig.1a). There were no signif-
icant differences in anti-C1q levels between the screening "/
TPOAb " and screening ' /TPOAD™ groups (Fig. 1b).

Not only the serum levels of anti-Clq, but also the preva-
lence of anti-Clq-positivity (defined as > 15 mU/l), was sig-
nificantly higher in the screening’/TPOAb™ than in the
pregnant screening” women: 29 of 79 (36-7%) versus 14 of 80
(17:5%), P = 0-008. In contrast, the difference in prevalence
of anti-Clq positivity between the screening' /TPOAb™ group
and the pregnant screening” group was not significant.

Changes in anti-Clq antibodies at follow-up

Serum anti-Clq levels decreased significantly after delivery
in all positively screened pregnant women (i.e. screening '/
TPOAb™ and screening” /TPOAb™ groups together) with
median values of 12-6 U/ml during pregnancy versus 9-4 U/
ml after delivery, P = 0-026) (Fig. 2a), while levels of
TPOAD did not change. However, in the subgroup analysis,

the drop in anti-Clg levels in the screening”/TPOAL™
group was not significant (12-8 versus 12-2 U/ml, P = 0-19,
Fig. 2b). Only the screening'/TPOAb™ subgroup showed a
significant decrease in anti-Clq levels after delivery (8-8
versus 5-9 U/ml, P = 0-002, Fig. 2¢).

Interestingly, we also observed a decrease in serum anti-
Clq levels over time in the control non-pregnant AITD
women (Fig. 2d), without an accompanying decrease in
TPOAb.

Interaction of anti-Clq with thyroid parameters

Among the pregnant women screened positive for thyroid
disorders, the anti-Clq-positive ones had higher TSH levels
than the anti-Clq-negative ones (Fig. 3), while the differ-
ences in FT4 were not significant (not shown). In contrast,
using regression analysis, we could not detect any signifi-
cant association of anti-Clq positivity in pregnancy with
postpartum TSH. We noted, however, that in the subgroup
of 84 pregnant women who were highly positive for TPOAb
(> 200 kU/1), those wha were also clearly positive for anti-
Clq (ie. > 20 U/ml, n = 21) had higher postpartum TSH
than those with anti-Clq levels below this threshold (3-32
versus 2:02 mU/l, P = 0-035).

Furthermore, in the screening’ /TPOAb" group, the
TSH levels correlated positively with anti-Clq levels
(r= 0226, P = 0-045, n = 79), but not in the screening+/
TPOAb™ group. There was no correlation between anti-Clq
and TPOAD levels.

© 2016 British Society for Immunology, Clinical and Experimental Immunology, 186: 10-17 13
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Anti-Clq positivity and data from patient history Clg-negative women in terms of prevalence of thyroid dis-
Historical data were obtained from an internet-based gpilers betone prognangy:qrother munz-gediated djso-

encrypted questionnaire, which was completed by 168 ders, including autoimmune diseases and allergies.

women screened positively for AITD in pregnancy.
In an explorative analysis, no significant differences
could be detected between the anti-Clg-positive and anti-

Similarly, there were no differences in terms of mode of
conception (natural versis methods of assisted reproduc-
tion), the outcome of the delivery including the mode of
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Fig. 3. Thymid-stimulating hormone (TSH) levels in all pregnant women screened positively for thyroid disorders (group pregnant screening )
according to anti-C1q positivity. The horizontal lines represent median values, the dotted line represents the upper cut-off for TSH in the first

trimester of pregnancy.
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delivery (caesarean section versus natural) and birth weight
between the anti-Clg-positive and anti-Clg-negative
women. The self-reported prevalence of GD relapse or
postpartum thyroiditis was similar in both groups.

Discussion

To our knowledge, our study is the first to focus on the
prevalence of anti-Clq antibodies in pregnancy and the
first study to show a link between thyroid disorders and
anti-Clq in pregnancy. We can show that anti-Clq levels
are increased substantially during pregnancy when com-
pared to a non-pregnant state. Moreover, anti-Clq levels
are significantly higher in pregnant women with AITD
when compared to controls, and they are associated with
positivity for TPOAb and higher TSH levels. Furthermore,
we can show that anti-C1q levels decrease after delivery in
women with thyroid dysfunction without concomitant
TPOAb positivity, but not in the TPOAb-positive women.
Interestingly, we could also observe a similar drop in anti-
Clq levels in a group of treated non-pregnant women with
AITD, suggesting that anti-Clq levels follow the activity of
the autoimmune disease.

Until now; only few studies addressed the occurrence of
anti-Clq in pregnancy. Stoyanova ef al. found increased
anti-Clq antibody levels in six of 31 (19%) healthy preg-
nant women [26]. Mosca et al. found four of 19 (19%)
pregnant women with systemic lupus erythematosus (SLE)
to be anti-Clq positive [27]. Lastly, in the study by
Daponte et al, women with failed pregnancies (30 extrau-
terine and 30 abortions) had significantly lower anti-Clq
levels than 33 women with intrauterine pregnancies [22],
and women with intrauterine pregnancies were positive for
anti-Clq in almost half the cases [14 of 33 (42%)].

In our study we could show that 36:7% of pregnant
TPOAb-positive women were also positive for anti-Clg, in
contrast to only 17-5% of pregnant controls without AITD.
However, anti-Clq positivity in AITD-negative pregnant
women were still significantly higher than in the group of
blood donors (8%), and similar to the 21% anti-Clq posi-
tivity in non-pregnant women with AITD [21]. Thus, it
seems that pregnancy per se has a strong effect on anti-Clq
levels both in women with and without AITD. The observa-
tion that anti-Clq levels only decreased significantly after
delivery in the positively screened women who were nega-
tive for TPOAb might reflect two different mechanisms
leading to anti-Clq production during pregnancy, i.c. on
one hand, pregnancy per se and on the other hand, mecha-
nisms related to thyroid autoimmunity.

The observed increase in anti-Clq in pregnancy seems
to reflect the profound changes in both the innate and
adaptive immune systems. Pregnancy is a period of evolv-
ing immunotolerance leading to changes in many immune
mechanisms which influence (suppress or trigger) different
types of AITD [28], and the course of systemic auto-

Anti-C1q antibodies in pregnancy

immune diseases is also altered [3]. We therefore speculate
that pregnancy might be a trigger for increased anti-Clq
production, which may, on one hand, even be protective
on the course of pregnancy as suggested by the data of
Daponte [22], but on the other hand may be pathogenic
with regard to the development of AITD.

The link of anti-Clq to thyroid autoimmunity and dys-
function has been shown in a previous study [21]. In the
study presented here, we now confirm these findings in the
context of pregnancy. Anti-Clq levels in pregnancy corre-
late positively with TSH, and anti-Clq-positive pregnant
women had significantly higher TSH levels than anti-Clq
negative women. Therefore, it seems that the involvement
of complement and anti-Clq in the pathogenesis of
pregnancy-associated AITD is similar to non-pregnant
AITD.

The possibly diverging effects of anti-Clq in pregnancy
(protecting versus proautoimmune) might be linked to the
formation of two different types of anti-Clq antibodies:
antibodies targeting the globular heads of Clq (anti-gClq)
versus those binding to the collagen-like parts of the Clq
molecule [anti-Clq (CLR)|. Whereas anti-Clq (CLR) has
been well described in patients with active SLE [29], the
actions of anti-gClq are less well understood. Stoyanova
et al. described anti-gClq to be increased in healthy preg-
nant women [26]. Commercially available anti-C1q assays,
including the one used in our study, use intact Clg-
molecules and therefore cannot discriminate between anti-
gClq and anti-Clq (CLR). We observed a decrease of
anti-Clq after delivery only in the TPOAb-negative
women, whereas anti-Clq levels remained elevated in
TPOAb-positive women. Therefore, we speculate that anti-
gClq antibodies with more protective characteristics
increase temporarily during pregnancy in women without
additional autoimmunity, whereas women with thyroid
autoimmunity develop an additional increase in anti-Clq
(CLR) antibodies, as observed in systemic autoimmunity,
which are associated with the deterioration of the thyroid
function. However, further studies distinguishing between
anti-gClq and anti-Clq (CLR) will be needed to address
this hypothesis.

With regard to pregnancy-associated AITD, we think
that anti-Clq positivity is a passing phenomenon express-
ing the activity of the autoimmune disease, starting in
pregnancy and fading during the years of the autoimmune
process. This view would be in line with the hypothesis
that the formation of autoantibodies against C1q precedes
the clinical manifestation of autoimmunity, and their bind-
ing might interfere with the function of C1q as one of the
waste clearance mechanisms [30].

Lastly, we also wanted to explore the potential usefulness
of anti-Clq as a marker of postpartum thyroiditis. Until
now, only TPOAD serve as a predictor of postpartum thy-
roiditis (PPT), apart from thyroid ultrasound [7].
Complement-activating TPOAb were found to be increased
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in women with PPT [31,32]. However, only approximately
half the TPOAb-positive women developed PPT after deliv-
ery, and the mechanisms that might be involved remain
unclear. In our study, increased levels of anti-Clq were
associated with increased TSH in pregnancy. However, we
could not define any consistent relationship between anti-
Clq levels in pregnancy and TSH after delivery. We could
only observe a trend towards increased postpartum TSH
levels in women who were highly positive for both TPOAb
and anti-Clq. However, due most probably to too-small
numbers and confounders such as treatment with levothyr-
oxine, this trend could not be verified in a regression analy-
sis. Thus, although anti-Clq seem to be linked closely to
AITD, they might not be useful as a marker for increased
risk of postpartum thyroiditis.

There are several limitations to our study. In order to
analyse more effectively the effect of anti-C1q positivity on
postpartum thyroid function, we would have needed a
larger cohort and more frequent postpartum blood sam-
ples. Moreover, we lack follow-up in women who were
screened negative during pregnancy. In addition, we have
no clinical data on the group of apparently healthy blood
donors, and finally the non-pregnant patients with AITD
were older and had GD more frequently than the women
with pregnancy-associated AITD.

In conclusion, pregnancy per se has a strong effect on
anti-Clq levels both in women with and without AITD.
However, in women with AITD this effect is even more
pronounced. Anti-Clq levels correlate positively with TSH
during pregnancy and decrease significantly after delivery
in the TPOAb-negative women, whereas they remain
increased in the TPOAb-positive women. These observa-
tions might reflect the complex changes in the interplay of
the innate and adaptive immune system occurring during
pregnancy, and might represent a part of the pathogenic
mosaic leading to AITD.
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10.2 VySetreni koncentrace manozy vazajiciho lektinu (MBL) u téhotnych Zen

Vysledky této prace jsou soucasti nasledujici publikace:

Potlukova E, Freiberger T, Limanova Z, Jiskra J, Telicka Z, Bartakova J, Springer D, Vitkova
H, Trendelenburg M. Association between low levels of Mannan-binding lectin and markers of
autoimmune thyroid disease in pregnancy. PLoS One. 2013 Dec 10;8(12):e81755. doi:
10.1371/journal.pone.0081755. PMID: 24339961, PMCID: PMC3858249.

10.2.1 Cile prace

Zjistit, zda spolu souvisi sérové koncentrace mandzu vazajiciho lektinu (MBL) a sérové
koncentrace hormonti §titné zlazy u téhotnych Zen a zda vyssi sérové koncentrace mandzy
vazajicitho lektinu (MBL) souvisi se vznikem autoimunitniho tyreoidadlniho onemocnéni

v gravidité.

10.2.2 Soubor pacientil a pouzité metody

Do studie bylo pozvano 822 Zen, u nichz byl pozitivni screening tyreoiddlnich onemocnéni
v gravidité¢ (9. - 12. gestacni tyden). Screening sestdval z meéfeni koncentraci tyreoideu
stimulujiciho hormonu (TSH) a protilatek proti tyreoperoxiddze (TPOAD). U Zen s hodnotou
TSH a/nebo TPOAb mimo referencni rozmezi specifické pro graviditu (viz. niZe) byl screening
povazovan za pozitivni a u téchto Zen byl analyzovan také volny tyroxin (FT4).

Kromé screeningu tyreoidalnich onemocnéni podstupovaly té€hotné Zeny screening
chromozomalnich aberaci. Ve stejném séru byl tedy méfen 1 plazmaticky protein A spojeny
s tehotenstvim (PAPP A) a volna podjednotka beta lidského choriového gonadotropinu (FbhCG).
Navic byl v séru stanovovan mandzu vazajici lektin (MBL) a analyzovan MBL-2 genotyp. Po
porodu (median 17 mésicti od porodu) byla u Zen métena koncentrace TSH, FT4, TPOAb, MBL
a ur¢ovan MBL-2 genotyp. Prostfednictvim dotazniku byla u téchto Zen doplnéna osobni a
rodinnd anamnéza se zaméfenim na vyskyt onemocnéni S§titné Zzlazy, diabetes mellitus,
systémového autoimunitniho onemocnéni (diabetes mellitus 1. typu, psoridza, vitiligo,
pernicidézni anémie, Crohnova choroba, ulcer6zni kolitida, coeliakie, revmatoidni artritida, SLE,
sklerodermie a vaskulitida), asthmatu, atopického ekzému, alergie. Dale pak gynekologicka
anamnéza zahrnujici zpasob otéhotnéni, pribéh soucasného tehotenstvi, zplisob porodu,

ptedchozi potraty a komplikace pii porodu a zdravotni stav novorozence.
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Vzorky séra 80 t€hotnych zen negativnich ve screeningu (tj. TPOAD negativni a normalni TSH)
byly pouzity jako kontrolni. U téchto Zen jiz nebylo doplnéno méteni po porodu.

Vzorky séra byly uschovany a zmrazeny na -220°C.

Genomicka DNA byla izolovana ze vzorkt celé krve (EDTA), stanoveni koncentrace MBL
probihalo metodou ELISA (enzyme-linked immunosorbent assay; MBL Oligomer ELISA Kit,
BioPorto). Ta vyuziva vrstvu mannanu a reakci s protilatkou proti MBL. Jako spodni limit pro
detekci MBL v séru byla stanovena koncentrace 5 ng/ml a horni limit byl 5000 ng/ml. Sérové
koncentrace MBL pod 100 ng/ml byly klasifikovany jako ,,nizké, hodnoty. mezi 100 a 1000
ng/ml jako ,,stfedni* a vice nez 1000 ng/ml jako ,,normalni/vysoké“ (Gadjeva, M. et al., 2004).
Koncentrace protilatek TPOAb byly méfeny chemiluminiscenci. Horni limit detekce TPOADb byl
10 000 kU/1. Podobné byly méteny koncentrace TSH, a to sendvi€ovou imunoanalyzou s ptimou
chemiluminiscencni technologii. Pro stanoveni koncentrace FT4 byla vyuzita kompetitivni
imunoanalyza s pfimou chemiluminisce¢ni technologii. Referen¢ni rozmezi pro TSH a TPOAb
se lisily mezi téhotnymi a negravidnimi Zenami. Vychazelo se z prace od Springer et al. a
v prvnim trimestru bylo tedy referen¢ni rozmezi koncentraci TSH 0,06 az 3,67 mIU/I a horni
limit pro TPOAb 143 kU/1 (Springer, D. et al., 2009). U Zen, které nebyly t€hotné, byly pouzity
nasledujici referen¢ni meze: TSH 0,37 — 4,0 mIU/I; TPOAb < 60 kU/l a FT4 9,8 — 23,1 pmol/I.
Genotypy MBL2 byly urovany prostfednictvim multiplexni polymerazové fetézové reakce
(multiplex PCR). RozliSovani haplotypli bylo zaloZeno na silném spojeni mezi variantou
promotoru a prvni exonovou alelou a existenci ¢astych haplotypi HYA, LYA, HYD, LYB,LYC
a LXA. Byly urCeny vSechny haplotypy LYD a predpokladem bylo, Ze genotypy HYA/HYA,
HYA/LYA, HYA/LXA, LYA/LYA a LYA/LXA jsou spojené s ,,normalnimi/vysokymi®
koncentracemi MBL v séru, zatimco genotypy HYA/HYD, HYA/LYC, HYA/LYB, LYA/HYD,
HYA/LYD, LYA/LYB, LYA/LYC, LYA/LYD a LXA/LXA by mohly byt spojeny se
,sttednimi® koncentracemi a genotypy HYD/HYD, HYD/LYB, HYD/LYC, HYD/LYD,
LYB/LYB, LYB/LYC, LYB/LYD, LYC/LYD, LYD/LYD, LXA/HYD, LXA/LYC, LXA/LYB
a LXA/LYD s ,,nizkymi* sérovymi koncentracemi MBL.

Statistickd analyza byla zpracovana v programu GraphPad Prism 4 (GraphPad Software, San
Diego, CA). Byly pouZity nonparametrické testy (Mann-Whitneyiv test, Wilcoxonlv test,
Kruskal-Wallistiv test, Spearmantiv potfadovy korelacni test). Za signifikantni byla povazovéana
hodnota P < 0,05. Pro srovnani MBL2 genotypu mezi skupinami byly pouzity kontingecni

tabulky a Fishertiv exaktni test.
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10.2.3 Vysledky

Sérové koncentrace MBL po porodu byly zméfeny u 212 zen a MBL2 genotyp zjistén u 206 Zen.
Koncentrace MBL z doby téhotenstvi byly ziskany ze 103 zmraZenych vzorkl od Zen pozitivnich
ve screeningu na tyreoidalni onemocnéni. Z téchto 103 Zen mélo 86 zen pozitvni TPOAb (u 12
z nich bylo TSH zvysené, u Sesti snizené a 68 bylo eutyredznich). Ze zbyvajicich 17 Zen s
negativnimi protilatkami TPOAb mélo deset z nich zvySené TSH a sedm Zen ho mélo snizené.

Ke kontrole byla pouzita séra 80 t¢hotnych Zen, u nichz byl screening tyreoidalniho onemocnéni

v gravidité negativni. Sérové koncentrace MBL u nich byly ziskany pouze z obdobi t¢hotenstvi.

10.2.3.1 MBL koncentrace v tehotenstvi a po porodu

Zeny s koncentracemi TPOADb a/nebo TSH mimo referenéni mez v prvnim trimestru t&hotenstvi
mély signifikantné nizsi sérovou koncentraci MBL (medidn 3 275 ng/ml) nez kontrolni skupina
(5 000 ng/ml; P < 0,05). Zeny s hypotyreézou a stejné tak s TPOAb pozitivitou mély
signifikantné niz8§i koncentrace MBL neZ kontrolni skupina. Distribuce MBL2 genotypu se
nelisila mezi podskupinami a neliSila se ani od v§eobecné populace (Surkova).

Pti rozdéleni na skupiny s ,,nizkymi”, ,,sttednimi” a ,,vysokymi” koncentracemi MBL patfilo
nejvice Zen do skupiny se ,,stfednimi” koncentracemi.

Byla zji$téna slabé pozitivni korelace mezi sérovymi koncentracemi MBL a FbhCG u t€hotnych
zen v kontrolni skupiné (r = 0,232, P = 0,038).

Koncentrace MBL v séru vyrazné klesly po porodu a pokles nebyl spojen s zddnou signifikantni

zménou sérovych koncentraci TSH nebo FT4.

10.2.3.2 MBL a anamnesticka data

Zeny se subnormalnimi hladinami MBL (poporodni MBL koncentrace < 1000 ng/ml a/nebo
MBL?2 genotypy spojené s ,,nizkou” a ,,stfedni” koncentraci MBL) nemély Zadné porodni
komplikace (pfedcasny porod, spontanni abort, cisatsky fez, preeklampsie), ani porodni véha se
neliSila od Zen s dostatecnymi koncentracemi MBL (MBL po porodu > 100 ng/ml a/nebo zeny
s MBL?2 genotypy spojenymi s normalnim/vysokym MBL koncentraci).

U Zen s deficitem MBL nebyla zaznamenana vyssi incidence tézkych infekci vedoucich k
hospitalizaci pied a/nebo béhem téhotenstvi oproti Zendm s dostatecnymi koncentracemi MBL.
Nebylo zjisténo ani spojeni mezi koncentracemi MBL v séru a MBL2 genotypy na jedné strané

a prevalence positivity TPOAb nebo anamnézy autoimunitnich onemocnéni na stran¢ druhé.
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Zeny s MBL deficitem (podle sérovych koncentraci MBL po porodu a/nebo podle MBL&
genotypll) nemély v anamnéze zaznamenan prakticky viibec vyskyt atopického ekzému nebo
asthmatu. Na rozdil od toho, u zen se ,,sttednimi” koncentracemi MBLv séru se vyskytovaly

atopie/asthma ve vice nez 20 % ptipadi.

10.2.4 Diskuze

Podobné jako ve studii od van de Geijn se v nasi praci zjistilo, ze sérové koncentrace MBL jsou
vyrazné zvysené v prvnim trimestru gravidity ve srovnani s koncentracemi po porodu (Van de
Geijn, F. E. et al., 2007). Zeny pozitivni ve screeningu tyreoidlniho onemocnéni mély
signifikatné niz$i sérové koncentrace MBL v prvnim trimestru t€hotenstvi nez Zeny s negativnim
vysledkem screeningu. Na rozdil od nalezl u populace netéhotnych zen ve sttednim véku byl v
této praci ukazan vliv tyreoidalniho onemocnéni na koncentrace MBL, kdy dokonce izolovana
pozitivita TPOAb u eutyre6znich Zen spojena s nepatrnym posunem TSH (ale v ramci
referen¢niho rozmezi) vedla k signifikantnimu poklesu sérovych koncentraci MBL ve srovnéani
s TPOAb negativnimi eutyre6znimi t¢hotnymi Zenami (Potlukova, E. et al., 2010). Tento efekt
byl nezavisly na distribuci MBL2 genotypu. Nicmén¢, korelace mezi tyreoidalnimi hormony a
koncentracemi MBL v téhotenstvi potvrzena nebyla. Je tedy mozné, ze sérové koncentrace MBL
v téhotenstvi jsou ovlivnény komplexnimi hormondlnimi zménami. Jednim vysvétlenim by
mohla byt nalezena pozitivni korelace mezi sérovymi koncentracemi MBL a beta podjednotkou
lidského choriového gonadotropinu (hCG) u Zen bez onemocnéni $titné zlazy. Beta podjednotka
hCG je specifickd pro hCG a odraZi jeho celkové hladiny. Alfa podjednotka hCG je velmi
podobna alfa podjednotce TSH a hCG mé podobny efekt jako TSH v té€hotenstvi vedouci k
tranzitorni gestacni hypertyredze (Fiddes, J. C., Goodman, H. M., 1981; Glinoer, D. et al., 1990).
Produkce MBL je stimulovéana ristovym hormonem, ale i tyreoidalnimi hormony (Sorensen, C.
M. et al., 2006; Hansen, T. K. et al., 2001; Potlukova, E. et al., 2010). Bylo tedy zvazovano, Ze
hladina lidského placentarniho laktogenu, ktery ma ristovému hormonu podobnou aktivitu
(growth-hormone like), by mohla byt také ovlivnéna sérovymi koncentracemi MBL v
téhotenstvi.

V nas$i praci nebyl prokazan negativni dopad MBL deficit na priibéh porodu, ani anamnézu
abortl. Nicméné¢, do studie byly pozvany Zeny az po porodu a anamnéza abortd byla hodnocena
pouze na zéklad€ dat z dotaznikli. Vysledky mohly byt také ovlivnény onemocnénim §titné Zlazy,

Green, A. etal., 2011). K dispozici nebyla také data o dalSich faktorech potencialné ovliviiujicich
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koncentrace MBL, jako je protrombotickd mutace, virova infekce a jiné autoimunitni
onemocnénti.

Z4dna ena s MBL deficitem (sérova koncentrace MBL < 100 ng/ml a MBL2 genotypy
asociované s ,,nizkou” hladinou MBL) nem¢éla v anamnéze atopicky ekzém ¢i asthma, oproti
tomu ve skupiné Zen se ,,stfednimi” koncentracemi MBL byla prevalence 20 %. Tento nalez je
v souladu se studiemi, které¢ uvedly vysSsi sérové koncentrace MBL u déti i dospélych s
asthmatem a/nebo alergickou rymou ve srovnani se zdravymi kontrolami (Thorarinsdottir, H. K.
et al., 2005; Uguz, A. et al., 2005; Kaur, S. et al., 2005; Kaur, S. et al., 2006). Zvysené
koncentrace MBL v séru také korelovaly s eosinofilii v periferni krvi u téchto pacienti (Uguz,
A. et al., 2005; Kaur, S. et al., 2005). Staley et al. nasli dokonce pozitivni korelaci mezi
koncentracemi MBL v séru a zavazZnosti astmatickych symptomi u malych déti (Staley, K. G.
et al., 2007). Dalo by se zvaZovat, ze vysoké sérové koncentrace MBL by mohly pfispivat ke
zvysen¢ aktivit¢ komplementu cestou lektinové cesty a komplementem aktivované produkty C3a
a C5a by mohly vést k zanétlivym nasledkiim (Kaur, S. et al., 2006). Krom¢ toho je deficit MBL
spojen se zvySenym vyskytem infekci v détstvi, které mohou hrat protektivni roli v rozvoji
atopie/asthmatu v dospélosti (Cedzynski, M. et al., 2012; Cedzynski, M. et al., 2004). Nicmén¢,
vysledky jsou rozporuplné a nékteré studie neuvadeji zadné nebo dokonce opacné spojeni mezi
koncentracemi MBL a atopii a/nebo asthmatem (Wang, X. et al., 2007; Aittoniemi, J. et al.,
2005; Nagy, A. et al., 2003; Carrera, M. C. et al., 2010).

Nase prace ukazala, Ze sérové koncentrace MBL v prvnim trimestru t¢hotenstvi jsou ovlivnény
autoimunitnim tyreoidalnim onemocnénim, a to 1 jeho subklinickou formou. Zda se, Ze se jedna
o komplexni hormonalni zmény, které zpiisobuji vzestup koncentraci MBL v séru v prvnim

trimestru.
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Abstract

Functional deficiency of mannan-binding lectin (MBL) has been associated with adverse pregnancy outcome. Adverse
events during pregnancy have also been described in women with autoimmune thyroid diseases (AITD), and thyroid
hormones have been shown to influence serum levels of MBL. Therefore, the aim of this study was to analyse the impact of
MBL-deficiency on the outcome of pregnancy in relation to the presence of AITD. Almost one year after delivery, we
assessed serum MBL levels and MBL2-genotypes in 212 women positively screened for AITD in pregnancy. In 103 of these
women, we could also measure MBL levels in frozen serum samples from the 9-12'" gestational week, obtaining 96 pairs of
MBL values (pregnancy vs. follow-up). As controls, 80 sera of pregnant women screened negatively for AITD were used.
MBL2-genotyping was performed using multiplex PCR. Women with thyroid dysfunction and/or thyroid peroxidase
antibodies (TPOAb) had lower MBL levels during pregnancy than controls, (3275 vs. 5000 ng/ml, p<<0.05). The lowest levels
were found in women with elevated thyroid-stimulating hormone (TSH) levels in the absence of TPOAb (2207 ng/ml;
p<0.01 as compared to controls). MBL2 genotype distribution did not differ between subgroups. At a median follow-up
period of 17 months (range: 3-78 months) after delivery, median MBL level had decreased further to 1923 ng/ml (p<<0.0001)
without significant changes in TSH. In an explorative survey, functional MBL-deficiency was neither linked to a history of
spontaneous abortion, nor other obstetric complications, severe infections throughout life/pregnancy or antibiotics use in
pregnancy. In conclusion, hypothyroidism during pregnancy is associated with decreased MBL levels, and the levels
decreased further after delivery.
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Introduction functional MBL deficiency scems to be protective in ischemia-
) . ‘ L . reperfusion injury [3].
Functional deficiency of mannan-binding lectin (MBL) has been
associated with adverse pregnancy outcome. Mannan-binding
lectin (MBL) is a central component of the lectin pathway of

The role of MBL in human reproduction remains unclear, and
results of previous studies are controversial. MBL deficiency of
mothers or their offspring has been linked to adverse pregnancy

complement, which contributes to the defense against microbial outcomes, such as low gestational age, low birth weight, recurrent

organisms. The high prevalence of point mutations in the A/BL2
gene, the gene encoding for MBL, makes functional MBL
deficiency the most common immunodeficiency in humans. In
the Cizech population, 36.2% of individuals have variant MBL2?
genotypes associated with decreased blood levels of MBL [1]. In
childhood, decreased MBL levels may lead to recurrent respiratory
tract infections [3]. In adults, however, MBL deficiency scems to
be clinically relevant only in immunocompromized or severely ill
patients [2]. Independently, functional MBL deficiency has been

miscarriages, increased risk of chorioamnionitis and preeclampsia
[4-10]. Functional MBL deficiency has also been found to be
associated with the production of antiphospholipid antibodies
[11,12] and to predispose to thrombotic events [13], thus
increasing the risk of late pregnancy loss [6]. Moreover, MBL
takes part in the clearance of circulating apoptotic cell material
[14,15], and it has been proposed that women with low MBL
levels may be at risk for excessive inflammatory responses,
including the production of antoantibodies due to an altered

associated with the occurrence of a number of non-mfections clearance of apoptotic cell material [46].

disorders, especially antoimmune discases such as systemic lupus
erythematosus (SLE) or inflammatory bowel discasc. Furthermore,
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Pregnancy seems to have a specific stimulatory effect on the
MBL pathway. Previously, several stdies have focused on the
analysis of serum MBL levels in pregnancy. Kilpatrick et al. found
that MBL levels increase only modestly in the first trimester, and
that the peak MBL concentrations occur during the third trimester
[16]. According to van de Geijn, MBL increases already in the first
trimester of pregnancy up to 140% of the baseline level with a
sharp decrease after delivery [17]. It was hypothesised that the rise
in MBL contributes to normal placentation and ongoing
pregnancy, and that it might reflect a shift from adaptive to
innate immunity in a state of reduced T-cell function and thus
increased susceptibility to infections during pregnancy. They also
suggested that higher levels of MBL during pregnancy could be
one of the factors responsible for the pregnancy-induced
amelioration of certain antoimmune diseases, e.g. rheumatoid
arthritis or systemic lupus erythematosus (SLE).

As we have previously shown, serum MBL levels are also linked
to thyroid hormones in patients with autoimmune thyroid discases
(AITD) [18] and they correlate with thyroid function in patients
with sepsis [19]. AITD are common i pregnancy with about
5.6% of pregnant women suffering from hypothyroidism and 10%
being positive for antibodies against thyroperoxidase (TPOAb).
Women with AITD encounter adverse pregnancy outcomes
similar to those of MBL-deficient women [20]. Thercfore, an
analysis of MBL levels in pregnancy with regard to the thyroid
funetion scemed to be warranted.

The primary aim for the current smdy was to assess the
relationship between MBL and markers of AITD (TPOAb and
increased TSH levels) during and after pregnancy. The secondary
explorative aims included evaluation of a pessible link between
MBL and selected clinical data including occurrence of mfections
and antoimmunity i pregnancy and the history of obstetric
complications.

Patients and Methods

The study was designed as a retrospective follow-up cohort
study and was performed in 2009-2010 in the outpatient section
the Third Department of Medicine of the General University
Hospital and the First Faculty of Medicine, Charles University in
Praguc.

All 822 women that screen positive for thyroid disorders during
an experimental universal screening program of a total of 5523
consecutive women in the first rimester of pregnancy (9th—12th
gestational weeks) performed in Prague and surroundings between
2006 and 2009 were included [21,22]. Ninety-nine percent of the
women were of Caucasian origin, The screening consisted of
measurements  of  thyroid-simulating  hormone (TSH)  and
TPOAb. In women with pathological values of cither TSH or
TPOAD, free thyroxine (FT4) was also analyzed. The definition of
positivity in screening was based on the reference intervals for
TSH and TPOAb in the first trimester pregnancy (see below), i.e.
all women with these parameters outside of normal range were
regarded as positive for thyroid disorder. Morcover, all pregnant
women in the Czech Republic undergo screening for chromo-
somal aberrations by measurement of Pregnancy-associated
plasma protein A (PAPP-A) and Free Beta Human Chorionic
Gonadotropin (FbhCG). These parameters were assessed in the
same serum sample as thyroid parameters, The laboratory
assessment was performed in a single centre (The Institte for
Clinical Biochemistry and Laboratory Medicine, General Univer-
sity Hospital in Prague).

At follow-up after delivery we performed a blood test including
measurement of TSH, FT4, TPOAb, serum MBL and an analysis

PLOS ONE | www.plosone.org
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of MBL-2 genotypes. Morcover, the women were asked to fill in a
detailed questionnaire. It consisted of 55 questions targeted at the
following arcas: education, personal and family history of thyroid
discase, diabetes, systemic autoimmune disorders (diabetes type 1,
psoriasis, vitiligo, pernicious anemia, Crohns disease, ulcerative
colitis, celiac discase, rheumatoid arthris, SLE, scleroderma, and
vasculitis were specified); asthma, atopic eczema, allergies (includ-
ing specific types of allergy); gynecological history including mode
of conception of the current pregnancy; course of the current
pregnancy including questions on the occurrence of and hospital-
ization for infectious diseases and number of prescribed antibiotics
during pregnancy; mode of delivery, previous abortions and
abstetric complications; and the health of the offspring. Women
without access to internet had a possibility to fill a printed form of
the questionnaire. Whenever possible (women treated i our
department), we also extracted data from the hospital computer
database. However, we were not able to validate the adequacy of
answers by checking all hospital databases n individual cases, as
many women were not followed at our hospital during pregnancy.
Serum samples of 80 pregnant women who tested negative in
the screening program (TPOAb negative, normal TSH) were used
as controls for serum MBL measurements. These women were not
invited for a follow-up and did not fill in the questionnaire.

Ethics statement
The stucly was approved by the local ethical committee (General
University Hospital, Prague, CZ).All participating women gave

written informed consent to the study.

Biological material

At follow-up after delivery, serum samples were obtained after
an overnight fast, and frozen at —20°C until further use.
Moreover, we also used frozen serum samples from the time of
pregnancy (taken at the same time as serum for screening for
thyroid disorders in the first trimester of pregnancy). These
samples had been frozen at —70°C until further use. Genomic
DNA was isolated from whole blood (EDTA} samples that were
drawn at the time of follow-up.

Serological analysis and reference intervals

MBL was measured using a commercially available Mannan-
binding enzyme-linked immunesorbent assay (MBL Oligomer
ELISA Kit, BioPorto). This assay uses a mannan coat and
development with an anti-MBL antibody, thus measuring MBL as
lectin in a functional manner. The lower limit of detection of the
test was at 5 ng/ml MBL in serum, the upper cut-off was at
5000 ng/ml. In the statistical analysis, we regarded values
>35000 ng/ml as equal to 5000 ng/ml.

Serum MBL levels below 100 ng/ml were classified as “low™,
between 100 and 1000 ng/ml as “intermediate”, and over
1000 ng/ml as “normal/high” [23]. All serum MBL measure-
ments were performed in duplicates.

TPOAb were measured using chemiluminiscence on the

ADVIA® Centaur™ Analyzer (Siemens). The upper limit of

detection of TPOAb was at 10,000 kU/L Similarly, TSH and FT4
were assayed by ADVIA® Centawr™ Analyzer (Siemens) with
chemiluminometry. TSH was determined by sandwich immunoa-
nalysis with direct chemiluminometric technology; for FI4,
competitive immunoanalysis with direct chemiluminometric tech-
nology was used.

The reference intervals for TSH and TPOAb differed between
pregnant and non-pregnant women. As determined by Springer et
al,, the reference interval for TSH in the first trimester of
pregnancy was 0.06 to 3.67 mIU/l and for TPOAb <143 kU/I
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12" gestational wks.
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Table 1. Serum levels of MBL and thyroid parameters in pregnant women screened for autoimmune thyroid disorders in the 9-

Positive in screening

Negative in screening

Total TPOAb neg.

TPOAb pos. Total

2339"(1.2:5000) (n=17)
4.08"10.00-11.53) (n=54)
14,11'(9.62-44.46) (n=49)
3855 (9.9-126) (n=54)

MBL (ng/ml)  3275"(1.2 -5000) (n=103)
TSH (mU/l)  268™°(00-883) (n=212)
FT4 [pmol/l)  13.66(80-44.6) (n=190)
TPOAb(KU/)  808"(9.9-15000) (n=212)

34257(2.5-5000) (n=86)
241(0.0 -88.3) (n=158)
13.49'(8.0-38.64) (n=141)
14157(184-15000) (n =158)

5000 (44 - 5000} (n= 80)
143 (0.18-3.16) (n=80)
14.98 (1231-1952) (n=80)
34 (968) (n=80)

doi:10.1371/journal.pone.0081755.t001

[22]. The reference intervals for non-pregnant population (women
at follow-up) were the following: TSH 0.37-4,0 mIU/I; TPOAb
<60 kU/I and FT4: 9.8 to 23.1 pmol/L

Genetical analyses

MBL? genotypes were determined using multiplex PCR as
described previously [1]. The assignment of the haplotypes was
based on the strong linkage disequilibrium between the promoter
variants and the first exon alleles, and the existence of the frequent
haplotypes HYA, LYA, HYD, LYB, LYC, and LXA We
confirmed all LYD haplotypes by a separate long-chain PCR
reaction with sequence-specific primers. We  considered  the
following genotypes to be associated with normal/high levels of

serum MBL: HYA/HYA, HYA/LYA, HYA/LXA, LYA/LYA

p<0.035

5000~ sp——" Ao
2000

3000

MBL (ng'ml)

1000+

0-
Screened positive Screened negative

Figure 1. MBL levels in pregnant women with and without
autoimmune thyroid disorders. Overall, 103 women tested
positively in a screening for AITD performed between the 9™ and
12 gestational weeks (grouped together in the left column). They
were found to be positive for TPOAb in 86 cases (of these, 12 had TSH
elevation, 6 had TSH suppression; the rest was euthyroid). Of the 17
TPOAb-negative ones, 10 had TSH elevation and 7 had TSH
suppression. Eighty women were negative for both parameters (right
column), Horizontal bars represent median values of serum MBL.
doi:10.1371/journal.pone.0081755.g001
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All 212 women included provided a blood sample for MBL analysis after delivery. In 103women, MBL could also be measured in a sample frozen at screening in
pregnancy, which summed up to 96 pairs (pregnancy vs. follow-up). Statistical significances of comparison between values in positively vs. negatively screened women
are marked by “(p<0.05), "(p<0.01), " (p<<0.001) (Mann Whitney test). Positivity in screening: TSH<0.06 or >3.67 miU/l and/or TPOAb =143 kU/L. TSH: thyroid
stimulating hormone; FT4: free thyroxine; TPOAb: antibodies against thyroperoxidase.

Kruskal-Wallis: p=0.027

p=0.022
Pp=0.009
p=0.000
5000+ - -
2
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=
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TSH + + - + -
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Figure 2. Serum MBL levels in pregnant women according to
positivity for TPOAb and the presence of hypothyroidism. The
box plots show median, interquartil range and total ranges.
doi:10.1371/journal pone.0081755.g002
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Table 2. Serum MBL levels in pregnant women screened for AITD.

MBL serum levels

Positive in screening total 5/103 (4.9%)

Low Intermediate High
Euthyroid TPOAb neg. (=controls) 3/80 (3.8%) 12/80 (15%) 65/80 (81.3%)
Euthyroid TPOAb pos. 1/68 (0.1%) 17/68 (25%) 50/68 (73.5%)
All TPOAb pos. 2/86 (2.3%) 21/86 (24.4%) 63/86 (73.3%)

22/103 (21.4%) 76/103 (73.8%)

doi:10.1371/journal.pone.0081755.t002

and LYA/LXA; while genotypes HYA/HYD, HYA/LYC, HYA/
LYB, LYA/HYD, HYA/LYD, LYA/LYB, LYA/LYC, LYA/
LYD, and LXA/LXA were considered to have intermediate
serum MBL levels. Finally, HYD/HYD, HYD/LYB, HYD/LYC,
HYD/LYD, LYB/LYB, LYB/LYC, LYB/LYD, LYC/LYD,
LYD/LYD, LXA/HYD, LXA/LYC, LXA/LYB, and LXA/
LYD genotype holders were considered to have low MBL levels.

Statistics

Statistical analysis was conducted using GraphPad Prism 4
(GraphPad Software, San Dicgo, CA). All values are expressed as
median and range, unless otherwise stated. Nonparametric tests
(two-tailed Mann Whitney U test, two-tailed Wilcoxon signed rank
test, two-tailed Kruskal-Wallis test and Spearman rank correlation
test) were applied throughout with differences being considered
significant for p<<0.05. For the comparison of the MBLZ genotypes
between the groups, Chi square test and two-tailed Fisher tests
were used where appropriate.

Results

From the 822 women invited after delivery, 239 (29.1%) joned
the study. The median interval between delivery and follow-up

p<0.0001

50004

MBL ng'ml
=
2

=
s

2
g

0-

Pregnancy

Follow-up

Figure 3. Comparison of serum MBL levels in the first trimester
of pregnancy and after delivery in 96 women positive screened
for TPOAb and/or thyroid dysfunction in pregnancy. Median
interval between delivery and follow-up was 17 months, range 3-78.
Wilcoxon signed rank test.

doi:10.1371/journal.pone.0081755.g003
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Low serum MBL levels: <100 ng/ml; intermediate: 100-1000 ng/ml and high: =>1000 ng/ml.

reached 17 months (range 3-78). Of these 239 women, we
obtained serum MBL levels i 212 and MBL2 genotypes in 206
women that were considered as the study population. A
questionnaire regarding the family, personal and gynecological
history was filled by 192 women, In this group of women, we were
able to measure additional MBL serum levels in 103 frozen serum
samples from the time of pregnancy, which summed up to 96 pairs
of samples (MBL levels in pregnancy vs. follow-up).

Of the 103 women positively screened for thyroid disorders in
whom we could measure MBL levels after delivery and during
carly pregnancy, 86 were positive for TPOAb (12 had TSH
clevation, 6 had TSH suppression; 68 were euthyroid). Of the 17
TPOAb-negative ones, 10 had TSH elevation and 7 had TSH
suppression. As controls for the MBL measurement in pregnancy,
sera of 80 pregnant women whe screened negatively for thyroid
disorders were used.

Baseline laboratory characteristics of the women included are
shown in Table 1 (values obtained during pregnancy).

MBL levels in pregnancy and at follow-up

Women, who had abnormal values of the thyroid parameters
TPOAb and/or TSH i the first trimester of pregnancy, had
significantly lower serum MBL levels (median: 3275 ng/ml), than
a control group consisting of women without thyroid disease in
pregnancy (5000 ng/ml; p<0.05), as shown in Fig. 1 and Table L.

The subgroup analyses showed that there were differences i
serum MBL levels in pregnant women screencd positively for
thyroid disorders according to the presence of hypothyroidism and
TPOAb-positivity (Fig. 2). The hypothyroid as well as the
TPOAb-positive pregnant women had significantly lower serum
MBL levels than the controls. MBL? genotype distribution did not
differ between subgroups and did not differ from from the general
population, as assessed by Skalnikova et al.[1].

Although differences in serum MBL levels between  the
subgroups of women with thyroid disorders were significant when
the absolute values were compared; differences between screening
positive versus negative patients that were grouped into low,
intermediate and high MBLIevels were not significant but there
was a trend for more patients in the intermediate range group
(Table 2). Independently, we found a weak positive correlation
between serum MBL levels and FbhCG levels in the pregnant
control women (r = 0.232, p = 0.038).

Serum MBL levels markedly decreased after delivery, in
comparison to levels measared in the first trimester of pregnancy
(Fig. 3). This decrease in MBL was not linked to any significant
change in serum levels of TSH or FT4.
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Table 3. Clinical characteristics of the study group.

Complement MBL in Pregnancy

Characteristics

Proportion n=192

Mean age at pregnancy (years) (median, range)
University education

Family history :

Thyroid disease

Autoimmune diseases (apart from AITD)

Asthma

Personal history:

AITD (+ TPOAb levels in pregnancy)

Autoimmune diseases (apart from AITD)

Asthma

Atopic eczema

Atopic eczema/Asthma

Allergy

Severe infections requiring hospitalisation

Current preghancy:

Conception with assistant reproduction techniques
Conception after = than one and < than two years
Conception after more than two years

Current delivery by caesarean section

Premature delivery (<38™ gestational week)

Min. one hospitalisation in pregnancy (except delivery)
Adverse pregnancy outcome (late spont. abortion, medical abortion due to genetic causes, neonatal death at delivery)
Mean birthweight (g) (median, range)

Infectious complications in the current pregnancy:
Min. one treatment with antibiotics

Min. one hospitalisation for infectious disease
Previous gynaecological history:

Total number of pregnancies (mean) (n)

Number of previous spont. abortions (mean) (n)

31 (21-41)
42.2%

44.0%
11.1%
49%

744%
89%
4.1%
74%
10.7%
357%
24.2%

126%

46%

10%

35.2%

17.1%

18.2%

16%

3270 (600-4630)

19.2%
6.0%

2(1-5)
027 (0-3)

doi:10.1371/journal.pone 0081755.t003

AITD: autoimmune thyroid disorders. TPOAb: antibodies against thyroperoxidase. The data were obtained from questionnaires filled by the participating women.

PLOS ONE | www.plosone.org

Table 4. Prevalence of atopy, asthma and allergy with regard to MBL status.

Assessment of MBL status Low MBL Intermediate High p - value
Atopic eczema Serum MBL levels 0/18 7/43 (16.2%) 7107 (6.5%) 0.059%

MBL2 genotype /26 8/47 (17.0%) 5/90 (5.6%) 0.0165
Atopic eczema Serum MBL levels (VA 9/43 (20.9%) 9/107 (8.4%) 00242
and/or

MBL2 genotype 0/26 11/47 (23.4%) 7/90 (7.7%) 0.0320
Asthma Serum MBL levels 018 2/43 (4.6%) 5/107 (4.7%) n/s

MBL2 genctype 0/26 4/47 (8.5%) 3/90 (3.3%) nis
Allergy Serum MBL levels 3/18 (16.6%) 16/43 (37.29) 40/107 (37.3%) nfs

MBL2 genotype 5/26 (19.2%) 18/46 (39.1%) 35/91 (38.4%) nfs
Statistical analysis was performed using the Chi-square test. Serum MBL levels are regarded as low if they are <100 ng/ml; intermediate: 100-1000 ng/ml; high:
=1000 ng/ml. MBL2 genotypes represent the allelic variations associated with low, intermediate or high MBL levels.
doi:10.1371/journal.pone.0081755.t004
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MBL and pregnancy outcome

On the basis of the questionnaires, in an explorative analysis we
tried to establish associations between MBL levels and the personal
and family history of diseases (Table 3).

We did not ohserve any link between MBL levels or MBL?
genotypes, on the one hand, and the outcome of pregnancy, on the
other, Women with subnormal MBL levels {post-delivery MBL
levels <1000 ng/ml, and/or MBL? genotypes associated with low
and intermediate MBL levels) did not have more obstetric
complications {premature delivery, spontancous abortion, caesar-
ean section, preeclampsia) than MBL sufficient women (women
with MBL after delivery = 1000 ng/ml and/or women with MBL?
genotypes associated with normal/high MBL levels); similarly, the
birth weight of the infants did not significantly differ between the
subgroups,

MBL and history of immune-mediated diseases

In the same explorative analysis MBL-deficient women did not
have a higher incidence of severe infections leading to hospital-
ization before and/or during pregnancy than MBL-sufficient
women. Similarly, there were no significant associations between
serum MBL levels or MBL? genotypes, on the one hand, and
prevalence of TPOAb-positivity or personal history of other
autoimmune diseases, on the other,

MBL- deficient women (according to both serum MBL levels
after delivery and according to the MBL? genotypes) had virtually
no history of atopic eczema and asthma. On the contrary, women
with intermediate levels of MBL had atopy/asthma in more than
20% of cases (Table 4).

Discussion

We present an analysis of the relationship between serum MBL
levels/ MBL2 genotypes and a number of clinical characteristics in
a well-described cohort of pregnant women screened positive for
thyroid disorders in the first trimester of pregnancy.

In accordance with van de Gein [17], we have found that MBL
is strongly increased in the first trimester of pregnancy, as
compared to follow-up more than one year after delivery.
However, we are the first to show that serum MBL levels in
pregnancy are influenced by the presence of thyroid disease.
Women screened positive for thyroid disorders had significantly
lower MBL levels in the first trimester of pregnancy than women
screened normal. In contrast to our previous findings in non-
pregnant middle-aged population [18], the influence of thyroid
disease on MBL levels in pregnancy was present in its most subtle
form: even the isolated TPOAb-positivity in euthyroid pregnant
women associated with only a minor TSH shift within the
reference range led to a significant decrease in serum MBL levels,
as compared to TPOAb-negative, euthyroid pregnant women.
This effect was independent on the MBL2 genotype distribution.
However, the previously reported corrclations between thyroid
hormones and MBL levels were lost in pregnancy. It thus appears
that serum MBL levels in pregnancy are influenced by a more
complex hormonal background. One example could he our
finding of a positive correlation between serum MBL and the beta
subunit of human chorionic gonadotropin (HCG) i women
without thyroid discase. The beta subunit of HCG is specific for
HCG and reflects the total HCG levels. The alpha subunit of
HCG s nearly identical to the alpha subunit of TSH[24], and
HCG is known to have a TSH-like effect in pregnancy leading to
transitory gestational hyperthyroidism [25]. Moreover, it is known
that MBL production is stimulated by the growth hormone
[26,27]. Thus, we speculate that human placental lactogen, which

PLOS ONE | www.plosone.org
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has a growth-hormone-like activity, could also mfluence serum
MBL levels in pregnancy.

In our explorative study, we cannot confirm the previously
reported negative impact of MBL deficiency on the course and
outcome of pregnancy. Similarly, we could not wnmask a link
between MBL deficiency and the history of spontancous abortions,
However, our study was not specifically designed to assess this
issue, as women who actually gave birth were invited to participate
and we could evaluate their history of spontaneous abortions based
on data from questionnaires only. Moreover, our study was
underpowered for this evaluation and the results also might have
heen influenced by the presence of thyroid discase, which per se
carries an higher risk for gynecological and obstetric complications
[20]. Finally, we did net examine other potential confounding
factors, such as prothrombotic mutations, viral infections, and the
presence of other antoimmune diseases.

However, when exploring the impact of MBL deficiency on
further anamnestic data, we noted that none of the MBL-deficient
women (as assessed both by serum MBL <100 ng/ml and MBL2
genotypes associated with low MBL) had a history of atopic
cezema or asthma compared to a 20% prevalence in the group
with intermediate MBL levels. This observation is in concordance
with studies reporting higher MBL levels in both children and
adult patients with asthma and/or allergic rhinitis compared to
healthy controls [28-31], The increased MBL levels and activity
also correlated with peripheral blood eosinophilia in these patients
[29.30]. Interestingly, Staley et al. found even a positive
correlation between MBL levels and the severity of asthmatic
symptoms in young children [32]. One can speculate that high
MBL levels may contribute to increased complement activation
via the lectin pathway, and the complement-activated products
(:3a and C5a may lead to inflammatory sequelae [31]. In addition,
MBL deficiency is associated with an increased number of
infections in childhood [9,33]; which in tum might play a
protective role against development of atopy/asthma in adult-
hood. However, the results are conflicting and some swudics
reported no or even an opposite association of MBL levels with
atopy and/or asthma [34-37). Further research is needed to better
clucidate the role of MBL in allergic disease development.

In conclusion, our study is the first to show that seram MBL
levels in the first trimester of pregnancy are influenced by
autoimmune thyroid disease, even i its subclinical form. In
addition, we confirmed in a relatively large number of women that
serum MBL levels are markedly increased in the first trimester of
pregnancy and decline after delivery. This increase in MBL
production during pregnancy seems to be influenced by a complex
hormonal background, including human chorionic gonadotropin,
Finally, we observed in an explorative analysis that MBL-deficient
women might have a lower prevalence of atopy/asthma than
MBL-sufficient women warranting further studies. In contrast, our
data do not support finctional MBL-deficiency being associated
with obstetric complications, nor with a history of infections hefore
or during pregnancy.
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10.3 VySetreni stavu zasobeni jodem a tyreoidalni funkce u téhotnych Zen s gesta¢nim

diabetes mellitus

Vysledky této prdace budou soucasti publikace, ktera je pripravovana k tisku:
Vitkova H, Anderlova K, Kratky J, Bilek R, Springer D, Radimerska V., Votava F., Brutvan T,
Potlukova E, Palecek J, Jiskra J. lodine supply and thyroid status of women with gestational

diabetes mellitus and their impact on birth outcomes.

10.3.1 Cile prace

1) Posoudit stav zasobeni jodem u Zen s GDM a zdravych téhotnych Zen métenim koncentrace
jodu v moci (jodurie);

2) Posoudit, zda u téchto zen jodurie souvisi s laboratornimi parametry tyreoidalni funkce;

3) Posoudit, zda se li§i neonatalni TSH v novorozeneckém screeningu u déti Zen s GDM a kontrol

a zda souvisi s jodurii a funk¢énimi tyreoidalnimi parametry matky.

10.3.2 Soubor pacientek a pouZzité metody

Pacientky a kontroly
V letech 2016 az 2017 byly od 227 ndhodn¢ vybranych téhotnych Zen s GDM a 98 t€¢hotnych Zen
bez GDM jako kontrolni skupiny ziskdny vzorky séra v 15. — 39. tydnu gravidity. Pro potieby
této studie byl gestacni diabetes definovan jako pozitivni a kontroly jako negativni vysledek
oGTT v druhém trimestru gravidity. Ze vzorkt séra byl stanoven tyreoidalni stimula¢ni hormon
(TSH), volny tyroxin (FT4), protilatky proti tyreoperoxiddze (TPOAb) a protilatky proti
tyreoglobulinu (TgAb) a ve vzorku ranni mo¢i byla zmétena koncentrace jodu (jodurie).
Vsechny zeny vyplnily dotaznik zaméfeny na osobni anamnézu tyreopatii, autoimunitnich a
jinych onemocnéni, medikaci a uzivani ptipravkl s jodem béhem téhotenstvi.
Z analyzy bylo vylouceno 42 Zen lé¢enych levotyroxinem, takZze dale bylo analyzovéno 195 Zen
s GDM a 88 kontrol.
Zeny s GDM byly déle sledovany a byly zaznamenany tdaje o porodu a novorozenci a
ptipadnych komplikacich béhem t¢hotenstvi a pii porodu.
Po porodu byly u déti zen zatazenych do studie zaznamenany koncentrace neonatalniho TSH,
meéteného 72 hodin po porodu u vSech novorozencli v rdmci screeningu kongenitalni
hypotyredzy.

60



Laboratorni metody

Tyreoidalni parametry (TSH, FT4, TPOAb, TgAb) byly méfeny chemiluminiscenéni
imunoanalyzou na analyzatoru ADVIA Centaur Analyser (Siemens Healthcare Diagnostics
Inc., Tarrytown, NY, USA). Referencni interval pro TSH v druhém trimestru gravidity byl
na zékladé¢ predchozich studii uréen v pasmu 0,5 — 4,0 U/l (Springer, D. et al., 2014;
Alexander, E. K. et al., 2017).

Z divodu zmény analytické metody pro FT4 v prabéhu studie byl pro zeny s GDM
referencni interval 11,5 — 22,7 pmol/l a u kontrolni skupiny zdravych t€hotnych zen 10,0 —
22,7 pmol/l.

U protilatek TPOADb a TgAb byly za pozitivni povaZovany koncentrace vyssi nez 60 kU/I,
jak udava vyrobce.

Neonatalni TSH bylo stanoveno imunofluorescen¢ni metodou ze suché kapky krve odebrané
na screeningovou kartu. Pro jodovy deficit svéd¢i prevalence zvySeného neonatalniho TSH
>5 TU/L vétsi nez 3 % (Hnikova, O., 2003; Rysava, L., 2012).

Koncentrace jodu v mo¢i (jodurie) byla méfena metodou absorpéni spektrofotometrie po
alkaliza¢ni mineralizaci. U t€hotnych zZen odpovida optimalnimu jodovému zasobeni jodurie

v pasmu 150 — 249 ug/l (World Health Organization, 2013).

Statistické metody

Ke statistickému zpracovani byl pouzit program GraphPad Prism version 8 (Graphpad
Software, San Diego, CA, USA) a SigmaStat statistic software (Jandel Corporation, San
Jose, California, USA). K porovnani pacientek a kontrol byly pouzity t-test, Mann-
Whitneytiv test, Wilcoxonliv test, Kruskal-Wallisiiv test, Chi-kvadrat test a Fishertv
presnytest. K hodnoceny vyznamnosti korelaci byl pouzit Spearmantiv poradovy korela¢ni
koeficient. K hodnoceni vlivu jodurie na funk¢ni tyreoidalni parametry, vlivu jodurie a
funk¢nich tyreoidalnich parametri na HbAlc matky, komplikace porodu a parametry
novorozence a vlivu, jodurie, funk¢nich tyreoidalnich parametrti a HbAlc na komplikace
porodu a parametry novorozence byl vytvofen mnohocetny linearni a logisticky regresni

model. Za signifikantni byla povazovana hodnota P <0,05.

10.3.3 Vysledky

Zékladni parametry a charakteristika skupin jsou uvedeny v Tabulce 4.
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Tabulka 4. Jodurie a tyreoidalni laboratorni parametry u Zen s gestaénim diabetes mellitus

a kontrol

Gestaéni DM Kontroly P
Pocet 195 88
Vek 33 (28-37) 33 (30-36) 0,796
jz;ec;ieymuzv"v“j fci doplitky s 39 (20,00 %) 36 (40,91 %) <0,001
Jodurie 89,50 (68,30-111,80) 150’3151(19%-;”35‘ <0,001
Jodurie ! u Zen, které 89,10 (68,35-112,00) | 145,45 (82:95-194,65) £0.001
neuzivaly dopliky s jodem N=156 N=52 ’
Jodurie 150-249 (optimalni) 9 (4,62 %) 33 (37,5 %) <0,001
Jodurie' <150 ug/L* 173 (88,72 %) 44 (50,0 %) <0,001
Jodurie' 50-149 ug/L 154 (78,97 %) 38 (43,18 %) <0,001
Jodurie' 20-49 ug/L 19 (9,74 %) 6 (9,89 %) 0,861
Jodurie' <20 ug/L 0 0 :
Jodurie' 250-499 ug/L 13 (6,67 %) 9 (10,23 %) 0,075
Jodurie' >500 ug/L 0 2 (2.23%) -
TSH' 1,94 (1,41-2,66) 2,19 (1,57-2,69) 0,124
FT4! 13,03+1,75 12,60+1,65 0,102
FT3! 4,1 (3,90-4,40) 4,1 (3,9-4,37) 0,786
TPOAb ! 44,0 (36,00-52,18) 33,0 (28,00-43,50) <0,001
Pozitivni TPOAb ? 23 (11,80 %) 8 (9,09 %) 0,639
TgAb! 15,10 (15,00-22,40) 18,60 (15,00-27,98) 0,435
Pozitivni TgAb’ 13 (6,67 %) 3 (3,41 %) 0,433
Hypotyroxinemie *
(<I11,5 pmol/L u zen s GDM 24 (12,31 %) 33,41 %) 0,032
a <10,0 u kontrolni skupiny)
TSH >4.0 1U/L? 14 (7,18 %) 5 (5,68 %) 0,834
Neonatalni TSH >5 1U/L 6 S;lel ;A)) N£3 9 0,329

"'uveden median (horni kvartil — dolni kvartil)

2uvedeno &islo (%)
P: mira vyznamnosti
DM: diabetes mellitus;

TSH: tyreoideu stimulujici hormon (IU/L);

FT4: volny tyroxin (pmol/L);
FT3: volny trijodtyronin;

TPOADb: protilatky proti tyreoperoxidaze (IU/L);
TgAb: protilatky proti tyreoglobulinu (IU/L)
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10.3.3.1 Jodurie

Mediany jodurie byly signifikantné nizsi u Zen s GDM oproti kontrolam (89,50 ug/l vs. 150,05
ug/l (P <0,001). V pasmu optimalniho zasobeni jodem v gravidité (tj. jodurie 150 — 249 ug/l)
bylo pouze 9 Zen s GDM (4.62 %) a 33 kontrol (37,5 %) (P < 0,001). Jod-deficitnich bylo v
druhém trimestru gravidity 173/195 (88,72 %) zen s GDM a 44/88 (50,00 %) kontrol (P <0,001).
Stredné tézky jodovy deficit byl zjistén u necelych 10 % téhotnych Zen v obou skupinach a tézky
jodovy deficit se nastésti mezi vySetienymi zenami nevyskytl viibec. Naopak lehce nadmérna
saturace jodem (jodurie 250-499 ug/L) byla prokézdna u 13 Zen s GDM (6,67 %) a u 9 Zen
v kontrolni skupiné (10,23 %) (P = 0,075) a excesivné zvySena (jodurie > 500 ug/L) byla zjisténa
pouze u dvou kontrol (2,23 %) (Tabulka 4).

10.3.3.2 Sérové tyreoidalni laboratorni parametry

Sérové koncentrace TSH ani prevalence elevace TSH >4 IU/L se neliSily u Zen s GDM a kontrol
(Tabulka 4). Prevalence hypotyroxinemie u byla u Zen s GDM signifikantné vyssi nez u kontrol
(12,31 % vs. 3,41 %, P = 0,032) (Tabulka 4), soucasna elevace TSH byla prokézéna u 2 zen
s GDM a u zadné Zeny z kontrolni skupiny. Sérové koncentrace FT3 ani prevalence pozitivnich
TPOAD a TgAb se u zen s GDM a kontrol signifikantné neliSily. Sérové koncentrace TSH a FT4
se u vysetfenych Zen vyznamné neliSily v zavislosti na jodurii (Tabulka 5) (pro tuto analyzu byly

ob¢ skupiny Zen hodnoceny dohromady).

Tabulka 5. Koncentrace TSH a FT4 u téhotnych Zen (GDM i zdravé kontroly) v zavislosti

na jodurii

Pocet TSH FT4

Jodurie <50 ug/L 27 1,90 13,07

Jodurie 50-149 ug/L 69 2,31 12,65

Jodurie 150-249 ug/L 44 2,20 12,36

Jodurie 250-499 ug/L 24 2,41 13,06

Jodurie >500 ug/L 4 3,43 14,75

P (ANOVA) - 0,142 0,141

TSH: tyreoideu stimulujici hormon (IU/L);
FT4: volny tyroxin (pmol/L)
P: mira vyznamnosti
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10.3.3.3 Vliv potravinovych doplikit na jodurii

V celém souboru mély téhotné zeny, které uzivaly potravinové doplilky s joédem (N=75),
signifikantné vyssi median jodurie oproti zendm, které je neuzivaly (N=208) (115,2 vs. 94,85
ug/l, P=0,026). Tento rozdil byl patrny pouze v kontrolni skupinég, zatimco u t€hotnych diabeticek
nemélo uzivani dopliikd s jodem na mediany jodurie zadny vliv (,,uzivatelky* doplnkt s jodem

m¢ély stejny median jodurie jako ,,neuzivatelky) (Tabulka 6).

Tabulka 6. Mediany jodurie v zavislosti na uzivani potravinovych dopliiki s jodem

»UZivatelky* dopliki »NeuZzivatelky*“ dopliki P
s jodem (N=75) s jodem (N=208)
89,9 89,1
GDM (N=195) 0,802
(69,55-110,15)" (68,35-112,0)!
183,95 145,45
Kontroly (N=88) 0,071
(124,65-215,95)! (82,95-194,65)!
115,2 94,85
Cely soubor 0,026
(80,743-193,83)! (71,6-124,05)"

"uveden median (horni kvartil — dolni kvartil)
P: mira vyznamnosti
GDM: gestacni diabetes mellitus

10.3.3.4 Neonatalni TSH

Hodnoty neonatidlniho TSH byly k dispozici od 115 déti matek s GDM a 39 déti matek
v kontrolni skupiné.

U 6 déti zen s GDM byl neonatalni TSH >5 IU/L, coz odpovida prevalenci 5,22 % a signalizuje
jodovy deficit. U déti Zen z kontrolni skupiny (N=39) se neonatalni TSH >5IU/L nevyskytl ani
jednou, skupina vSak byla k pfili§ mal4 na to, aby se rozdil oproti skupiné GDM dal statisticky
zhodnotit.

V mnohocetném linearnim a logistickém regresnim modelu nebyl prokdzan zadny vyznamny
prediktivni vliv jodurie, funkénich tyreoiddlnich parametrti ani dalSich faktori na hodnotu

neonatalniho TSH (Tabulky 7 a 8).
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10.3.3.5 Vztah jodurie a sérovych tyreoidalnich parametrii k HbA I c, tehotenskym a porodnickym
komplikacim a parametriim novorozence

Prevalence porodnich komplikaci (akutni hypoxie plodu, patologicky kardiotokogram, dystokie,
makrosomie plodu, polyhydramnion, zkalena plodové voda, placenta praevia, nepostupujici
porod, PPROM, nutnost epiziotomie) byla signifikantné¢ niz$i u té¢hotnych diabeti¢ek, které
uzivaly potravinové dopliky s jodem oproti tém, které je uzivaly [3/39 (7.69 %) vs. 46/156 (28.85
%), P <0,001]. U uzivani dopliki s jodem bylo spojeno s niz§im rizikem porodnich komplikaci
1 v mnohocetném logistickém regresnim modelu (vysledek na hranici statistické vyznamnosti)
(Tabulka 8). Kromé& toho byly v mnohocetném logistickém regresnim modelu u téhotnych
diabeti¢ek koncentrace FT4 <11,5 pmol/l asociovany s ptred¢asnym porodem (Tabulka 8).
V souladu s tim byl pozorovéan nesignifikantni trend vys$siho prevalence pired¢asného porodu u
téhotnych diabeticek s hypotyroxinemii (<11.5 pmol/L) ve srovnéni s témi, které mély tyroxin
nesnizeny [4/24 (16.67 %) vs. 16/171 (9.36 %), P = 0.456].

V mnohocetném linedrnim regresnim modelu (Tabulka 5) byla u zen s GDM nalezena pozitivni
asociace FT4 s HbAlc (P=0,007), FT3 s porodni hmotnosti (P=0,026) i porodni délkou (P =
0,017) a HbAlc s porodni hmotnosti (P = 0,02) (Obrazek 13).
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Tabulka 7. Linearni regresni analyza u Zen s gestaénim diabetes mellitus (N=195, 42 Zen

lé¢enych levotyroxinem bylo vylouceno)

Zavislé proménné
HbAlc | Neonatalni | Apgar skore u | Porodni | Porodni | Obvod Obvod
FT4 u , .
matky u matky | TSH novorozence vaha délka hlavy trupu
(N=79) | (N=115) | (N=159) (N=159) | (N=159) | (N=159) | (N=159)
Vek matky NS NS NS NS NS NS NS NS
ZZZ;Mt 25.063
NS NS NS NS (6.91) NS NS NS
(ve 2. _
. P=0.02
trimestru)
Jodurie
NS NS NS NS NS NS NS NS
matky
=
=
)g TSH
e “ NS NS NS NS NS NS NS NS
5. | matky
\2
= -1.491
S
3 Z g ;’ky” ; 0.517) NS NS NS NS NS NS
4 P=0.007
FT3 u 1.525 602.263 4.165
thy (0.673) NS NS NS (243.25) | (1.546) NS NS
ma P=0.030 P=0.026 | P=0.017
TPOAbu NS NS NS NS NS NS NS NS
matky
HbAlcu 58.072
matky - - NS NS (22.22) NS NS NS
(N=79) P=0.02

Vysledky jsou vyjadreny jako koeficient (standardni chyba).

P: mira vyznamnosti

N: pocet

TSH: tyreoidalni stimula¢ni hormon
FT4: volny thyroxin

FT3: volny trijodtyronin
TPOADb: protilatky proti tyreoperoxidaze
HbAIlc: glykovany hemoglobin
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Tabulka 8. Logisticka regresni analyza u Zen s gestaénim diabetes mellitus (N=237)

Zavislé proménné
Novorozeneckeé Predcasny Noli];ilni Hypotrofie Hypertrofie Porodni
TSH >5.0 IU/L porod ‘3 iha plodu plodu komplikace
Lécba LT4 NS NS NS NS NS NS
-0,242
Uzivani doplitkit s (0.058-
Jodem NS NS NS NS NS 1.011)
P=0.052
UIC <150 ug/L NS NS NS NS NS NS
TSH >3.67 IU/L NS NS NS NS NS NS
@ 12.498
= (1.126-
% FT4 <11.5 pmol/L NS 138.761) NS NS NS NS
5 P=0.040)
=
‘€ | Pozitivita TPOAb NS NS NS NS NS NS
5
g HbAI thy
cuma
~ 48 mmol/mol NS NS NS NS NS NS
Multipara NS NS NS NS NS NS
Potrat v anamnéze NS NS NS NS NS NS
IVF NS NS NS NS NS NS

Vysledky jsou vyjadfeny jako odds ratio (mira relativniho rizika s intervalem spolehlivosti 95%).

LT4: levotyroxin

UIC: urinary iodine concentration; jodurie
TSH: tyreoideu stimulujici hormon
TPOAD: protilatky proti tyreoperoxidaze
HBAIc: glykovany hemoglobin

IVF: in vitro fertilizace

P: mira vyznamnosti
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Obrazek 13. Pozitivni asociace FT4 s HbAlc u Zen s GDM (N=237) v linearnim regresnim

modelu
25—
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. .
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FT4: volny tyroxin
HbAlc: glykovany hemoglobin

10.3.4 Diskuze

Stanovenim jodurie a novorozeneckého TSH jsme se snazili zmapovat stav zasobeni jodem u
téhotnych Zen v Ceské republice a zjistit, zda miize souviset s gestaénim diabetes mellitus.
Jodovy deficit se miize manifestovat pfedevsim v t€hotenstvi a béhem kojeni a zpiisobit nevratné
zmény Vv psychomotorickém a neurologickém vyvoji plodu a novorozence. V roce 1952
doporucila WHO jodizovat stl v jod-deficientnich oblastech a pocet zemi s jodovym deficitem
tak poklesl ze 113 na 20 v letech 1993 az 2017 (Gizak, M., 2016; lodine Global Network, 2017).
N¢ekolik studii ale prokazalo, ze zasobeni jodem u téhotnych a kojicich zen zlstava stale
neadekvatni 1 v zemich, kde bézna populace dosahla jodové dostate¢nosti. Naptiklad v roce 1998
Hollowell et al. publikovali, ze se v USA vyskytuje mirny az stfedné tézky deficit jodu u 6,7 %
t€hotnych Zen, i kdyZ ve vSeobecné populaci bylo zésobeni jodem adekvatni (Hollowell, J. G. et
al., 1998). Studie NHANES (National Health and Nutrition Examination Survey) z let 2005 —
2010 ukéazala, ze t€hotné zeny ve tietim trimestru mely adekvatni median jodurie, zatimco jodurie
u téhotnych Zen v prvnim nebo druhém trimestru byla v pasmu jodového deficitu (Caldwell, K.

L. et al., 2013). Dv¢ tretiny evropskych zemi zahrnutych do studie od Zimmermanna et al.

68



uvadeély nedostateény piijem jodu béhem téhotenstvi (Zimmermann, M. B. et al., 2015). Wong
et. al. toto potvrdili ve své srovnavaci studii z Ciny, ve které piiblizné polovina téhotnych Zen
vykazovala neadekvatni piijem jodu (Wong, E. M. et al., 2011). Ceska republika ma dlouhou
historii feSeni jodové problematiky a ploSna jodizace soli byla zavedena jiz od 50. let 20. stoleti.
V roce 2017 byla zpracovana data z populaéni studie, kterd na zdklad¢ hodnot jodurie ukazuji,
7e se t&hotné Zeny v Ceské republice nachazi v pasmu dostate¢ného zasobeni (Iodine Global
Network, 2017). V nasi praci se vSak ukazalo, Ze mirnym jodovym deficitem trpi vétSina
téhotnych diabeti¢ek (78,97 %) a téméF polovina Zen z kontrolni skupiny (43,18 %). Zeny
s GDM mély oproti zdravym té¢hotnym Zenam signifikantné niz$i mediany jodurie i pfi vyfazeni
zen, které uzivaly dopliky s jodem.
Caste¢nou limitaci jodurie jako parametru jodového deficitu v gravidité je, Ze by ke
spolehlivéjsimu zhodnoceni bylo vhodné zohlednit i renélni funkce a zmény glomerularni filtrace
v gravidité. Z divodu materidlni narocnosti se vSak rutinné s t€émito parametry ani v jinych
obdobnych vyzkumech nepracuje. V budoucnosti by se markerem jodového deficitu v gravidite,
u kterého odpada tato limitace, mohl stat sérovy tyreoglobulin (Du, Y. et al., 2017; Ma, Z. F.,
Skeaff, S. A., 2014). V nasi praci byly navic porovnavany téhotné diabeticky s kontrolni
skupinou téhotnych Zen, takze lze predpokladat, Zze se glomerularni filtrace v obou skupinach
vyznamng¢ neliSila.
Jako druhy marker k hodnoceni zasobeni jodem jsme zvolili novorozenecké TSH.
Novorozenecky screening vyuzivajici TSH k diagnostice kongenitalni hypotyre6zy mize odhalit
jodovy deficit (Delange, F., 1998). Pro jodovy deficit svéd¢i prevalence zvySeného neonatalniho
TSH >5 TU/L u vice nez 3 % novorozenct (Rysava, L., 2012; Hnikova, O., 2003). V CR JiZ
v roce 2019 dosahl podil novorozenct s TSH v pdsmu jodového deficitu ¢isla 3,8 % a v roce
2020 dale vystoupal na 4,8 %, jak vyplyva z vysledki monitoringu, ktery z vlastni iniciativy
pravidelné vypracovavaji zastupci Kliniky déti a dorostu FNKV a 3. LF UK (Nejedla, M.,
Selinger, E., 2021). V nasi praci signalizuje prevalence 5,22 % neonatalniho TSH >5 IU/L jodovy
deficit u t¢hotnych diabeticek, zatimco u déti Zen z kontrolni skupiny se neonatalni TSH >5 IU/L
nevyskytl ani jednou.
Jodovy deficit nebo autoimunitni tyreoiditida jsou nejcastéjSi pii¢inou izolované
hypotyroxinemie v gravidit¢ (Lopez-Munoz, E. et al, 2019). Prevalence izolované
hypotyroxinemie se ve studiich lisi a je uvadéna v priméru okolo 1,3 % té¢hotnych Zen, nicméné
muze to byt az 25,4 % (Lopez-Munoz, E. et al., 2019). Vyssi prevalence hypotyroxinemie (bez
ohledu na koncentrace TSH) byla pozorovédna u Zen s gestacnim diabetes mellitus (Oguz, A. et
al., 2015). Ve studiit FaSTER (First and Second Trimester Evaluation of Risk) se ukazalo, Ze
69



hypotyroxinemie korelovala s ¢astéj§im vyskytem GDM v druhém trimestru (odds ratio 1,89,
95% CI 1.26-2.84) (Haddow, J. E. et al., 2016). Nemuselo se ale jednat o kauzalitu, podobn¢
totiz s FT4 korelovaly vaha a vék matky (Haddow, J. E. et al., 2016). I v nasi studii byla
prevalence hypotyroxinemie signifikantné vyssi u Zen s GDM oproti zdravym t¢hotnym Zendm
(12,31 % vs. 3,41 %) a mnohocetna linearni regresni analyza ukazala u zen s GDM asociaci mezi
FT4 a HbAlc. Zda mé izolovand hypotyroxinemie nepiiznivy efekt na prubéh téhotenstvi a
porodu a perinatalni obdobi vSak zstava nejisté (Lopez-Munoz, E. et al., 2019). Napiiklad Casey
et al. nenasli signifikantni rozdil v incidenci abrupce placenty, pfed¢asného porodu, neonatalni
asfyxie a téhotenstvim indukované hypertenze mezi zenami s izolovanou hypotyroxinemii a
kontrolni skupinou (Casey, B. M. et al., 2007). Podobn¢ také Hamm et al. publikovali, ze
hypotyroxinémie, vyskytujici se v prvnim trimestru, nesouvisela s komplikacemi v té¢hotenstvi a
pii porodu a neméla neptiznivy vliv na vyvoj plodu (Hamm, M. P. et al., 2009). Na druhou stranu
Su et al. zjistili, ze v ¢inské populaci byla hypotyroxinemie spojena s fetalnim neprospivanim,
pfed¢asnym porodem, spontdnnim abortem a malformacemi motorického systému (Su, P. Y. et
al., 2011). V mnohocetném logistickém regresnim modelu byla hypotyroxinemie <11,5 pmol/l u
zen s GDM asociovéna s pfed€asnym porodem, ackoliv vysledky byly na hranici statistické
vyznamnosti a budou vyzadovat dalsi studie.
Je vSak nutné poznamenat, ze studie hodnotici vyznam izolované hypotyroxinemie na prub¢h a
komplikace gravidity maji Cetné limitace (rtizné stadium gestace v dobé vySetfeni, rozdilné
metody a normy, nespolehlivost imunoanalyzy FT4 v gravidité¢ z dlivodu zmén distribuéniho
objemu a vazebnych bilkovin apod.) a jsou proto nutné dalsi studie, v¢etné event. vyuziti
sofistikovangjSich analytickych metod jako je LC/MS-MS.
Rozporuplné vysledky piinesly i dalsi studie, zkoumajici vztah tyreoidalni dysfunkce v gravidité
a GDM. Stohl et al. napfiklad zjistili, Ze prevalence GDM byla signifikantné vy3s§i u hypotyreozy
nez u hypertyredzy (Stohl, H. E. et al., 2013). V dalsi studii se GDM vyskytoval ¢astéji u Zen
s transientni gestacni hypertyre6zou, avsak v prevalence GDM byla v kontrolni skupiné od dost
nizsi (4 %) nez je v bézné populaci (7 — 10 %) (Oguz, A. et al., 2013). V rozsahlé praci (24 883
zen) Tudela et al. uk4zali moZnou souvislost mezi subklinickou hypotyredzou v prvnim trimestru
a vznikem GDM v druhém trimestru gravidity, kdy riziko rozvoje gestatniho diabetes mellitus
stoupalo s koncentracemi tyreotropinu (Tudela, C. M. et al., 2012). Podobn¢ nekteré dalsi studie
ukazaly, Ze riziko GDM by mohlo byt signifikantné vyssi u Zen s hypotyredézou v prvnim
trimestru. Na druhou stranu ale sedm jinych studii toto nepotvrdilo (Cleary-Goldman, J. et al.,
2008; Mannisto, T. et al., 2010; Karakosta, P. et al., 2012; Mannisto, T. et al., 2013; Nelson, D.
B. et al.,, 2014; Ong, G. S. et al., 2014; Kumru, P. et al., 2015). V pfipad¢, Ze by se jednalo o
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kauzalni souvislost, m¢la by 1écba levotyroxinem rozvoji GDM piedchazet, coz doposud nebylo
studovano a navic v retrospektivni studii od Ménnisto et al. pfetrvavalo riziko GDM, i kdyz byla
hypotyreoza l1é¢ena (Mannisto, T. et al., 2010).

Potencidlnim patofyziologickym podkladem pro spojeni obou chorob by mohly byt
polymorfismy Thr92Ala dejoddzy D2 nebo obezita, kterd je vyznamnym rizikovym faktorem
GDM (Yalakanti, D., Dolia, P. B., 2016) a souCasn¢ zpiisobuje elevaci TSH. Navic vyssi
kaloricky pfijem zvySuje aktivitu perifernich dejodéaz, coz vede k poklesu FT4 (Haddow, J. E. et
al., 2016). Ackoliv vnasi praci mély t¢hotné¢ diabeticky signifikantné¢ vysSi prevalenci
hypotyroxinémie oproti kontrolam, sérové koncentrace TSH a FT4 se u GDM a kontrol
vyznamné nelisily, a to ani v jednotlivych skupinach podle stupné jodového zasobeni (na zéklade
jodurie). Podobné vysledky ziskali také Fuse et al. od japonskych t€hotnych Zen (v jod-suficientni
oblasti) (Fuse, Y. et al., 2011).

Zadna ze studii dosud neprokazala vztah mezi pozitivitou tyreoidalnich protilatek a rizikem
rozvoje gestaéniho diabetes mellitus (Kumru, P. et al., 2015; Mannisto, T. et al., 2010; Cleary-
Goldman, J. et al., 2008; Karakosta, P. et al., 2012). Ani v nasi praci jsme zadné rozdily
v pozitivité protilitek TPOAb a TgAb u GDM a kontrol neprokazali.

Nase data také ukézala, ze pouze 20 % zen s GDM a 40,9 % zdravych te¢hotnych Zen uzivalo
potravinové dopliikky s jodem. Pfi hodnoceni obou skupin Zen dohromady mély zeny, které
deficitu) oproti Zenam, které dopliiky uzivaly (v pasmu mirného jodového deficitu).
V mnohocetné logistické regresni analyze bylo uzivani potravinovych dopliikti spojeno s niz§im
rizikem porodnich komplikaci. Divodem nizkého uzivani doplikii sjodem u téhotnych
diabeti¢ek mohou byt i ur¢ité neopravnéné obavy tykajici se moznych porodnickych komplikaci

specifickych pro GDM (makrosomie plodu).

11. Zavéry

Zd4 se, Ze imunitni a metabolické zmény v t€hotenstvi zvySuji riziko vzniku nékterych
onemocnéni a ta spolu mohou souviset. S hormonélnimi a imunitnimi zménami souvisi naptiklad
exacerbace a zména aktivity autoimunitnich zanéta §titné zlazy nebo vznik gesta¢niho diabetes
mellitus. Nasvédcuje tomu 1 fakt, ze komplikace béhem téhotenstvi a pii porodu se piekryvaji u

zen s AITD, u Zen s deficitem MBL a pozitivnimi anti-C1q protilaitkami a zen s GDM. V této
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praci byl u téhotnych Zen studovan vztah nékterych parametri imunitniho systému (anti-Clq a

MBL) k AITD a spojitost deficitu jodu a tyreoidalnich laboratornich parametri s GDM.

1) V prvni studii jsme prokazali, ze téhotenstvi ma vliv na imunitni systém a ze
koncentrace anti-C1q jsou v téhotenstvi vyssi, at’ uz u Zen s autoimunitnim onemocnénim stitné
zlazy nebo bez néj. U zen s AITD navic koncentrace anti-C1q korelovaly s koncentraci TSH
v séru. Ukazalo se, Ze po porodu koncentrace anti-C1q klesaji u zen s prokdzanou pozitivitou

TPOADb, ale nikoliv u zen, u kterych TPOADb pozitivni nebyly.

2) Druhd studie ukazala, Ze sérové koncentrace MBL byly v prvnim trimestru
t¢hotenstvi ovlivnény tyreoidalnim onemocnénim, dokonce i v jeho subklinické formé. Zeny s
hypotyredézou a/nebo TPOAD pozitivni (tedy i s normalnim TSH) mély signifikantné nizsi
koncentrace MBL nez kontrolni skupina. V relativné rozsdhlém poctu Zen jsme potvrdili, ze
sérové koncentrace MBL byly vyrazné zvySené v prvnim trimestru téhotenstvi a klesaly po
porodu. Tento vzestup produkce MBL muze byt zplsoben komplexnimi hormondlnimi
zménami véetné pusobeni lidského choriového gonadotropinu. V explorativni analyze jsme
pozorovali, ze MBL deficientni zeny mély niz$i prevalenci atopie/asthmatu nez MBL

suficientni Zeny.

3) Tteti studie ukdzala, Ze jodurie byly signifikantné nizs§i u Zzen s GDM nezZ u zdravych
t€hotnych Zen, a to 1 pfi vyfazeni Zen, které uZivaly dopliiky s jodem. Mirny jodovy deficit méla
vétsSina t€hotnych diabeticek a témét polovina kontrol. Také prevalence 5,22 % novorozeneckého
TSH >5 TU/1 svéd¢i u téhotnych diabeti¢ek pro jodovy deficit. I kdyz se sérové koncentrace
funk¢nich tyreoidalnich parametri u obou skupin nelisily, tak prevalence hypotyroxinemie byla
signifikantné vyssi u Zen s GDM oproti zdravym kontroldm. V regresnim modelu byla u Zen
s GDM také nalezena pozitivni asociace mezi FT4 a HbAlc a hypotyroxinémie <11,5 pmol/L

byla spojena s vy$§im rizikem ptedcasného porodu.
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cytotoxic T-lymphocyte-associated antigen 4
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