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Thyroid gland and thyroid follicular cells (thyrocytes)

# THYROID GLAND: 20-30 g,
consists of tyroid follicles (50-
500 um e.d.), a layer cells
arranged around a big central

cavity filled with TG

# perifollicular endothelial cells
(blood supply) from entoderm

# follicular cells (affinity for 10,
synthesise TH) from entoderm

# parafollicular cells (produce CT)
from ectoderm

# fibroblasts, lymphocytes,
adipocytes
% FOETUS: thyroid follicles are in
9-10 weeks old embryo, hormone Copyiht 206 Esvier Since (USA) Al ihs reserved
synthesis begin at 10 weeks
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TH control the generation of chemical energy,
of metabolism , are essential for normal
development, and development of sex

100% 1T, 20% T3

TBG (80%)

TBPA (10%) 4«—— protein-T,« free-T,
albumin (10%)‘/ [99.97%] [0.03%]

TBG (80%)
free-T; < protein-Tg‘::_‘_’_h
[0.3%] [99.7%] TBPAHSA (20%,

deiodinase: | = selenoprotein, II, lll
hypo-/hyper-thyroidism
| U i (liver, kidney, placenta, thyroid, pituitary) Ts/=Ts+rT3 =T,
I f i (brain,pituitary,skin, placenta, brown fat) Ts;=Ts
f (brain, placenta, epidermis) Ta=r1Ts, TaTo
rT3, T2 = biologically inactive
T3 - 5x more biologically active than T4
80% 1T (99.7 protein-Ts, 0.3% fT3)

THYROID GLAND: 15-25 ¢

(afTinity for 17,

consists of tyroid follicles filled with TG, perifollicular endothelial cells (blood supply) and follicular cells

synthesise TH) from entoderm. parafollicular cells (produce CT) from ectoderm, Gbroblusts, lymphocytes, adipocytes

(hypgi’rfunkléni S¢)

ClOs, SCN, NOs, TcOy

amnioticka tekutina: T3S T3

membrana folikularni buriky

Na‘, K’- ATPasa, el. potencial K* ionti (ATP» ADP)
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FETUS: thyreoidalni folikuly jsou v 9-10 tydni starém embryu, syntéza TH zacaina v 10. tydnu




Mechanismus u¢inku TRH, TSH

# 1nterakce s receptory na povrchu bunék

# zména konformace hetrotrimérnich G-proteinu (o, 3, y
podjednotky)
# vazba GTP misto GDP
#¥ disociace (a+fy) a preskupeni podjednotek, Stépeni GTP
# energie ziskana Stépenim GTP vede k aktivaci adenylatcyklasy
¥ z ATP se vytvori cCAMP - druhy posel
.t aktivace nitrobunéénych enzymi (kinazy=fosfotransferasy)
“*nastartovani fady biochemickych déju zahajovanych fosforylaci substratu
# energie ziskana Stépenim GTP vede k aktivaci fosfolipasy C
.t fosfatidylinositol=>diacylglycerol + inositoltrifosfat
# aktivace Ca?* kanalu pres inositoltrifosfat
"= Ca?", komplex Ca**- kalmodulin




Mechanismus u¢inku TH

# 1nterakce s jadernymi receptory = hormon-senzitivnimi
transkripénimi faktory (o, [3)
# regulatory genove exprese = ovliviiuji transkripci gent (pomalejsi
odezva)
“tpo prostupu membranou vazba na intracelularni receptor

“zména konformace, aktivovany komplex TH-receptor je schopen se vazat
na hormon-responsivni elementy DNA

‘2 ve spolupraci s dalSimi jadernymi proteiny dochazi k iniciaci transkripce
# ovlivnéni proteosynteézy a dalSich procesu

# zrychleni metabolismu, zajiSténi adekvatniho vyvoje organismu




Biologicka funkce TH

¥ podstatné pro normalni rist, vyvoj CNS (intelekt)
# | TH u fetu a novorozence = ireverzibilni poSkozeni mozku
¢ rast dendrithi a axonil, tvorba synapsi, myelinizace, vyvoj glie
# 71 bazalniho metabolismu, 1 metabolického obratu
# 1 spotreby kysliku (1 sekrece erytropoetinu), 1 télesné teploty
# 1 proteosyntezy
“t 1 proteolytickych enzymii => pievaha proteolyzy, ubyvani svalové hmoty
¥ 1 glykogenolyzy, 1 glukoneogeneze => 1 glykémie
“ 1 glykolyzy
# 1 lipolyzy, 1 odbouravani VLDL, LDL
# 1 rozklad cholestrolu na zlucove kyseliny, 1T vylucovani Zk Zluci

# senzibilizace cilovych organt na katecholaminy
1t 1 srdecni sily (1 systol. krev. tlak), 1 tepové frekvence (fibrilace), vasodilatace
# stimulace stfevni motility, transportnich procesii ve sttevé a v ledvinach
(prijmy)
# stimulace piestavby kosti a svalii — pifevaha katabolického plisobeni
.- osteoporosa, hyperkalcemie, hyperkalciurie (| TH = nanismus)
# 1 neuromuskularni drazdivosti (tfes, svalova slabost)
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EUTHYREOSA HYPOTHYREOSA HYPERTHYREOSA EUTHYREOSA
endemicka struma thyreoiditida Graves-Basedow Spatna periferni
stav po operaci funkéni autonomie konverse

+KI, +KI/T4, +T4 +T4, +T4/KI +karbimazol, +PTU +T4/T3, +T3




HYPERTHYREOSA
OTSH, v90 % OT3, OT4; v 5% OT3, norm. T4

% prevalence: 4:1000, 0.4:1000

# unava, poceni, dusnost, ztrata vahy, ztrata svalove
hmoty, zvysena chut k jidlu, oftalmopatie, struma,
kardiologicke problémy

# GRAVES-Basedow: aAb mimikujici TSH a stimulujici TSH receptor, | TSH, 1T3, 1T4,
= dlouhodobé karbimazol, propylthiouracil, methimazol, radiojod, chirurgie

TOXICKA VICEUZLOVA STRUMA: diouhy vyvoj, deficience jodu, mize vést k autonomité
TOXICKY ADENOM: konstituéni aktivace genet. pozménén. TSH receptoru, éasto T3 toxik., chirurgie
SUBKLINICKA HYPERTHYREOSA = |TSH, norm. T4, T3

THYROTOXICOSIS FACTITIA: z exogenniho podavani TH

SYNDROM JOD-BASEDOW: podavani | pacientim se strumou

DE QUERVAINOVA SUBAKUTNIi THYROIDITIDA: virovy, mikrobialni zanét SZ

NEPRIMERENA SEKRECE TSH = norm. az 1TSH, 1T4

EUTHYROIDNi HYPERTHYREOXINEMIE = norm. TSH, 1T4, (1T3)

L B BN BE BE BE B BN




HYPOTHYREOSA
Q TSH; OIT4, (OT3)

# Unava, letargie, netolerance chladu, zvySena menstruace, zacpa,
vzrust vahy, sucha pokozka, edemy, hluchota, ztrata rovnovahy,
hyperprolaktinemie (1 TRH), struma (1 TSH), poruchy fertility (|
gonadotropiny)

# podavani L-T4

KONGENITALNI: incidence 1:3500

#& vadny vyvoj SZ, méné enzymova deficience

# zastava rustu, ireverzibilni poSkozeni CNS

# screenening na TSH (T4) — do 48 hod. po porodu | na normalni

PRIMARNI: autoimunni Hashimotova thyroiditida

® prevalence 2%, fstafri, 4x Castéji nez

SUBKLINICKA: mirné TTSH; norm. T3, T4

# prevalence 15-20% starSich

SEKUNDARNI: poruchy sekrece TSH (né&kdy biologicky méné aktivni), TRH
# prevalence 1%




| I 1 thyreoidalni hormony, laboratorni diagnostika

The Functional Laboratory Examination of Thyreid Gland
[laboratory performs allliecessary ldxamination according to next scheme]

# EUTHYROIDNI SICK
SYNDROM - LOW T3 ss-TSH (norm 0.17-4.05 mIU/I

SYNDROM @
# u nethyr0|daln|ch onemochneni

1t porucha sekrece liberind free T4 free T4
(norm 11.8-24.6 pmol/l)

2t inhibice konverze T4 na T3, (norm 11.8-24.6 pmol/l)
velmi vazna onemocnéni maji Q ? @ Q ?

|TSH, | T4, | T3 — korelace se

$patnou prognosou
# FAMILIARNI total T3
DISALBUMINEMICKA
HYPERTHYROXINEMIE Q% A

# autosomalné dominantni, az
80x1 afinita albuminu k T4 IR

T3)=TT4je
D Y v
. latent | primary \Lati

v ||HYPERTHYROIDISM HYPOTHYROIDISM

TRH
test

'NSIQIOYAHLNT ==

subclinical hypothyroidism: + TSH, normal fT4
subcl. hyperthyroidismus: - TSH, normal fT4, T3
low T3 syndrom: 83% normal fT3




arametry ovlivnujici Stitnou zlazu

# jod a TSH patii mezi dva hlavni fyziologické regulatory funkce
1 objemu stitné zlazy
# TSH stimuluje funkeci Stitné zlazy cestou aktivace cAMP kaskady

# jod snizuje odezvu §titné zlazy na TSH cestou inhibice své vlastni

oxidace v procesu biosyntézy thyreoidalnich hormont (Wolff-
Chaikoffav efekt)

wiprilis velky prijem jodu zvySuje incidenci jodem indukovaného
hypothyreoidismu, hyperthyreoidismu, autoimunnich onemocnéni a
zieymé zde existuje 1 souvislost s karcinomem S§titné zlazy

+¢priliS maly pfisun jodu do organismu vede k mentalni retardaci, ke vzniku
strumy, hypothyreoidismu a k fad¢ dalSich onemocnéni souhrnné
oznacovanych jako nemoci z nedostatku jodu

# pf1 nedostateCném zasobeni organismu jodem vykazuji thyreocyty
zvySenou citlivost na TSH

.t se vzrustajici hodnotou jodurie dochazi ke snizeni citlivosti thyreocytu na
stimulaci TSH, tim 1 k poklesu hodnot FT4 a koncentrace TSH vzrista




Bilek R, Cetovska J: Jod a tyreoidalni hormony. Vnitr Lek 52(10)(2006)881-6
Populaéni studie provadéné v letech 1995 — 2002 v Ceské republice
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Iodine (I) and thyroid gland

# 1 inhibits acutely 1ts own oxidation
# Wolff-Chaikoff effect - inhibition of H,O, generation

# reduction of I trapping after a delay
“tadaptation to the Wolff-Chaikoff effect

% the inhibition of NIS gene expression and later of its synthesis

# I inhibits thyroid hormone secretion at high concentrations

#¥ the modulation by 10dide of the thyroid response to
TSH plays a major role in the negative feedback loop

# reduction of mRNA for thyroid peroxidase (TPO) and the Na/l
symporter (NIS)

# mhibition of cAMP cascade at the level of G, proteins or cyclase

# inhibition Ca*'-PIP2 cascade at level of G, proteins, phospholipase C

““1nhibition of H,O, generation




The Elimination of Iodine Deficiency in the Czech Republic

Zamrazil V, Bilek R, Cerovska J, Delange F: The elimination of iodine deficiency in the Czech Republic: the steps towards success. Thyroid 14(1)(2004)49-56
Bilek R, Bednaft J, Zamrazil V: Spectrophotometric determination od urinary iodine by Sandell-Kolthoff's reaction subsequent to dry alkaline ashing. Results
from the Czech Republic in period 1994-2002. Clin Chem Lab Med 43(6)(2005)573-580

Czech Republic 1s region with 10dine deficiency

1947: cooking salt 1s supplemented KI (5 or 12 ppm)
Law No. 20/1966, SN 580910: 18 mg I/’kg of salt

Law No.110/1997, Regulations No 298/1997,
446/2004: 20 - 34 mg I/kg of salt

Regulations 293/1997, 450/2004:
— recommended 10dine daily intake 150 ug
— Jodine in the form of 10date or 1odide
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determination of iodine in urine
Mean of 834 calibration curves demonstrated as a

notched box plot with lower/upper adjacent values and Y mlnerallzatlon by

with outliers is described by equation:

Y = 0.98615 - 0.01246 * X + 0.00004 * X2. alkaline aShiIlg
analytical sensitivity 2.6 ug I/L ° Sandell_KolthOffs

limit of quantification 11.7 ug I/L )
intraassay precision 4 % reaction - iodine

nicrassay precision 4.9% transformed to 1odide acts as
a catalyst of reaction:
e 2 Ce**(yellow colour)+As3*—>
-2 Ce**(colourless)+As>*

* brucine reduced the remaining
Ce** ionts and itself creates an
reddish oxidized chinoid
form suitable for detection

A (430 nm)




Collection of morning or other casual urine

specimens, histograms of age

total population: n=29612, 23399 females, 6213 males
hospital population: n=24349, 20412 females, 3937 males
genferal population: n=5263, 2987 females, 2276 males
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Frequence dlstrlbutlon of 1od1ne intake accordlng the WHO- UNICEF-

ranges of severe (<20 ug I/L), moderate (20 50 ug I/L) mlld (50 100 ug I/L),
adequate (100-200 pg I/L) and more than adequate (>200 pg I/L) urinary
iodine concentrations among years 1994 - 2002.
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WHO

'.\

\ Y, Department of Nutrition
1Y/ World Health Organization

Degree of Public Health Significance of lodine Nutrition
Based on Medlan Urinary lodine

- Severe iodine deficiency (< 20 ughl)
- Maderate iodine deficiency (20-49 pgll)
E Mild iodine deficiency (50-99 pgh)
|| Optimal (100-199 ug#) <
|:| Risk of iodine-induced hyperthyroidism (200-299 pgfl)
- Risk of adverse health consequences (=300 pg/l)
| | Nodata
The beuntanes and £ ST vk et gy s

Source: WHO Global Database on lodine Deficiency, 1993-2003 e

Data was produced by WHO using the best available evidence and do not necessarily comespond to the official oppite o s T wfbchhere ot vet e
statistics of Member States

v




# WHO estimated the worldwide prevalence of 10dine deficiency
using urinary 1odine data collected for 92 % of the world's
population in the period from 1993 to 2003

# Nearly 2 billion individuals have inadequate (< 100 pug I/L urine)
iodine nutrition

# Occurence of 10dine deficiency was observed in 36.4 % of school-
aged children

# A major indicator corresponding to 10d1ne nutrltlon
#¥ 10dine 1n urine reflects recent changes
# thyroid volumes reflect a population's 5
history ’
# thyroglobulin is a valuable indicator

of 10dine nutrition in a population,

where thyroid disorders are not frequent ‘ ! ‘

# TSH ?

Struma & parakretinismem. Centrdln{ oblast .
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V1iv jodu na Stitnou Zlazu
Prof. MUDr. V. Zamrazil, DrSc., Endokrinologicky Gstav
Dostate¢ny pfivod jodu je nezbytny k zajiSténi normalniho ristu a funkce
Stitn¢ zZlazy
Neposkozena Stitna zlaza se adaptuje na vysoky pfivod jodu bez
zavaznych poruch
#  Japonsko, 30004000 ug/den
Zvyseni privodu jodu zvysi prechodné vyskyt tyreotoxikozy pii funkéni
autonomii
¥ nodozni struma vznika na podkladé¢ jodového deficitu v mladi

Aktivace autoimunitniho procesu je prokazana u predisponovanych
zivocichi; u ¢loveka je k tomu pravdépodobné nutna zatéz vyssi davkou
jodu (autoimunitni tyreoiditida, Graves-Basedowovou tyreotoxikozou)
Gravidita je spojena se zvysSenou imunotoleranci; piidani jodu v davce 100
ug/den nevede obvykle k aktivaci tyreoidalni autoimunity
Dlouhodobé¢ pfiznive ucinky dostatecného piivodu jodu pirevazuji nad
potencionalnimi neptiznivymi vlivy

¥ nemcéni se celkovy vyskyt, ale stoupa pomér papilarniho (méné

nebezpecneho) k folikularnimu karcinomu §titné Zlazy




TRH (thyreoliberin, thyrotropin-releasing hormone)

I

pyroGLU-HIS-PRO.NH2 (pEHPam)

0

# 3D-model of human TRH receptor
generated by SwissMod server (front and
side view)

# terminal amino acids of individual 7 TM
chains are coloured in violet

W negatlve charge in red, positive in blue

: TRHr IS MEDIATED BY G PROTEINS WHICH
ACTIVATE A PHOSPHATIDYLINOSITOL-CALCIUM
SECOND MESSENGER SYSTEM.

¢ INTEGRAL MEMBRANE PROTEIN, BELONGS TO
FAMILY 1 OF G-PROTEIN COUPLED RECEPTORS

# probable structural interactions between
TRH or TRH-like peptides and extracellular
domains of hTRHr transmembrane regions.




The primary structure of human TRH receptor

1
chain 4A: e-12 34567892012
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#% Primary structure of human TRH receptor (yelow background) with
transmembrane regions (chains A - G, red characters)
# Amino acids of transmembrane regions were used for generation of hTRHr

computer model with numbering according the line above the primary
structure of hTRHr, e- means extracellular, 1- intracellular end of chains.




TSH (thyreotropin)

29 kDa glykoprotein
# alfa-podjednotka spoleéna s LH, FSH, hCG
# beta podjednotka specificka
logaritmivka odezva na TH
# prodlouzena odpoveéd na podavani/vysazeni TH

ANALYTIKA

# do 1986 1 generace (RIA) citl.~1 miU/I HYPOthyreosa

® po 1984 2 generace (IRMA) cit.~0.1 miU/l EU-, HYPOtyreosa
# od 1989 3 generace citl.~0.01 mlU/I HYPER-, EU-tyreosa

# od 1992 4 generace citl.~0.001 mlU/l (subkl.)HYPER-, EU-
¢ non-radio ¢ radioimunoanalyzy
1t problémy s revmatickym faktorem, heterofilnimi protilatkami

nejlépe postihuje funkci stitné zlazy: [0fT4 o 50% 1, 100x O TSH
# ?7TRH-test

| TSH=tézkeé nethyroidalni onemocneéni, hladovéni, deprese, cirkadianni
variace




log/linear inverse relationship between serum TSH and free T4

Demers LM, Spencer CA (Eds): LABORATORY MEDICINE PRACTICE GUIDELINES. the National Academy of Clinical Biochemistry, USA, 2002
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CELKOVE THYREOIDALNI HORMONY

# 50-100x 1 T4 nez T3 v cirkulaci, T3 vznik hlavné dejodaci T4 (20% v SZ7)
% T3 ma niz§i afinitu k vazebnym proteiniim, asi 4x vySsi biologickou aktivitu.
% T,;=1den (T3),7 dni (T4)

do 1967: PBI = protein bound iodine, BEI = butanol-extractable iodine (T4, T3...)
do 1975: RIA s extrakci TH z vazebnych proteinti

od 1977: bezextrakéni imunoanalyzy s uvolnénim vazanych TH 8-anilinnaftalensulfonovou
kyselinou v prosttedi veronalového pufru, nékdy se pouzivaji i salicilaty

vazebné proteiny K, (TBG) pro T4=101° I/mol, pro T3=5x10% 1/mol

# 11 ] vazebnych proteini => 1 nebo | tTH, ale normalni free TH
it 1 vazebnych prot.
% estrogeny, t¢hotenstvi, kontraceptiva
# mutace genu kodujiciho albumin => 80x 1 K, k T4

=t | vazebnych prot.

% androgeny, glukokortikoidy, poruchy proteosyntézy, jaterni onemocnéni

autoprotilatky = maskuji TH (RIA s PEG => | TH), vétSinou 1 TH
léky:

# fenytoin, fenylbutazon, barbituraty, diazepam, propranolol, heparin, furosemid, salicilaty | TH

.+ vytéstiuji TH z vazby na vazebné proteiny

# D/L-T4, amiodaron 1T TH.
tT3 vice zavisly na podminkach: = teplota, stress, I€ky, nemoc

# niz8i konc. v ob&hu, syntéza hlavné na periferii, dejodazy




[hyroxine (T4)

Molecular formula = C15 H11 |4 N O4
Molecular Weight = 776.870

Composition
i C(23.19%)
% H(1.43%)
% 1(65.34%)
% N(1.80%)
n 0(8.24%)

Molar Refractivity = 125.44 0.3 cm3
Molar Volume =294.7 3.0 cm3
Parachor =880.4 4.0cm3
Index of Refraction = 1.795 0.02
Surface Tension =79.6 3.0 dyne/cm
Density = 2.635 0.06 g/cm?3
Dielectric Constant = Not available
Polarizability = 49.73 0.5 10-%*cm3

#
#*
#
#*
#
#
#
&




rinodothyronine

¥
¥
¥

¥
¥
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¥
¥
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¥
¥

Molecular formula=C,;H,ILN O,
Molecular Weight = 650.974

Composition
% C(27.68%)
“ H(1.86%)
w1(58.48%)
% N(2.15%)
% 0(9.83%)

Molar Refractivity = 112.53 0.3 cm?
Molar Volume =272.6 3.0 cm?
Parachor = 804.8 4.0 cm?

Index of Refraction =1.763 0.02
Surface Tension =75.9 3.0 dyne/cm
Density =2.387 0.06 g/cm3
Dielectric Constant = Not available
Polarizability = 44.61 0.5 10-%%cm?




Reverse Ir

liodothyronine (rT3)

1 1T3, (] T3) — fasting, serious physical stress, | T3 (| T3) - hypothyroidism

4y

*
o
*

# b bW e

Molecular formula = C,;H,,I;N O,
Molecular Weight = 650.974

Comp0s1t1on
% C(27.68%)
% H(1.86%)
 1(58.48%)
# N(2.15%)
¥ 0(9.83%)

Molar Refractivity = 112.53 0.3 cm’
Molar Volume =272.6 3.0 cm’
Parachor = 804.8 4.0 cm?

Index of Refraction =1.763 0.02
Surface Tension =75.9 3.0 dyne/cm
Density =2.387 0.06 g/cm?
Dielectric Constant = Not available
Polarizability = 44.61 0.5 10-2%cm’




PROTEINY VAZAJICI THYREOIDALNI HORMONY
TBG, transthyretin (TBPA, thyroid binding prealbumin), albumin

# produkovany v jatrech

# syntéza ovliviiovana fadou nethyroidalnich stavi
¢ 1 estrogeny, | androgeny, | kortikoidy, | poruchy proteosyntesy

zménéné koncentrace maji za nasledek zménu koncentrace celkovych TH

mutace vedou ke zméné afinity vazebnych mist pro TH
1é¢iva mohou vytésnit TH z vazby na TBG (salicilaty, barbituraty)

# TBG: 58 kDa glykoprotein s 1 vysoce afinitnim mistem pro T4 nebo T3
# afinita k T4 vySsi nez k T3, reservoar cirkulujicich TH

& synteza v jatrech, T . =5 dnu, serpin rodina SER antiproteas, 395 aa (chr.X)
# | TBG=> | total TH, (1 free TH)
“t u vazné nemocnych pacientit: | TBG zptlisobuje 1fT4 o0 30%
# TBG: c=3,57.10"mol/l, Ka (T4)=2,2.10"°%/mol, M=58kDa
# TBPA: c=5,56.10-°mol/l, Ka (T4)=3,9.107 I/mol, M=54kDa
# HSA: c¢=6,18.10“mol/l, Ka (T4)=1,3.10° I/mol, M=68kDa
# monomer, chromosom 4, 609 aa




# 4 1denticke podjednotky

¥ tetramer 55 kDa,
neglykosylovan

¥ vazba 1x T4 (vysoka

afinita) + 1x T4 (nizka
afinita)

% T,,=2 dny

# CasteCné v komplexu s
retinol (vit.A)-vazebnym
proteinem



VOLNE THYREOIDALNI HORMONY

# Biologicka funkce Stitné zZlazy je realizovana volnymi TH.

# ANALYTIKA: vSechny méfici metody porusuji rovnovahu
# PRIME METODY: rovnovéazna dialyza (referenéni metoda), ultrafiltrace

% nejlepsi, ale nevhodné pro rutinu
% odstranéni 1 mM TT4 ze séra | T4 v séru o max. 2%

# NEPRIME INDEXOVE METODY: zaloZené na stanoveni vazebné kapacity séra
@ fT4I=tT4*THBR, THBR=T3U(pacient)/T3U(normal), T3U=sérum+[125-1]-T3+nesp.separator
#  mefi se, jaka cast 1251-T3 se zadrzi na iontoménici
% vysoké zadrZzeni=nizka koncentrace neobsazenych mist na vazebnych proteinech
% T3 nizs$i Ka = vyssi signal na IEC

# dvoukrokova nekompeti¢ni ZPETNA TITRACE

it kratka inkubace séra s imobilisovanou Ab, promyti, ptidavek traceru s niZsi afinitou (aby
nedoslo k vytésnéni vazby Ag na Ab), ktery obsadi nenavdzand mista Ab

“imm.Ab+Ag <> imm.Ab-Ag + imm.Ab, promyti, + Ag* <> imm.Ab-Ag + imm.Ab-Ag*
# jednokrokova kompeticni ANALOGOVA METODA
¢ vyuziti znaCeného analogu vazajiciho se na Ab, ale ne na vazebné proteiny = nejméné piesné,
.t analog mlZe interagovat s vazebnymi proteiny, rusi 1éky jako furosemid, karbamazepin, D/L-
T4, salicylaty, (biotin)
# jednokrokova kompeticni METODA ZNACENE Ab
"¢ vice robustni vii¢i interferencim
-t imm.Ag + Ag + Ab* & imm.Ag- Ab* + Ag- Ab*
# 1 fTH: heparin stimulujici produkci nenasycenych MK, kter¢ vytésiiuji TH z albuminu, 1é¢iva vytésiiujici TH z vazebnych
proteint (furosemid, ketoprofen, fenylbutazon, salicilaty), exogenni T4, T3, euthyroid sick syndrom, (| TBG)
% | fTH: 2, 3 trimestr t¢hotenstvi, vazna nethyroidalni onemocnéni




TSH/FT4 Relationship in Different Clinical Conditions

Demers LM, Spencer CA (Eds): LABORATORY MEDICINE PRACTICE GUIDELINES. the National Academy of Clinical Biochemistry, USA, 2002
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THYREOIDALNI AUTOPROTILATKY

# 1nteragujici s TSH receptorem

# TSHr aAb (TRAD)
¢ stimulujici (TSAb)/ inhibujici (TBAb) TSH receptor
“t Graves = TSAb, myxedem = TBADb

* v souCasnosti nahrazovany stanovenim anti TPO
% primé metody: bunécnd kultura thyrocyti, métfi se zména cAMP
% neprimé metody: inhibice vazby hovéziho 1251-TSH na isol. rTSH
% TRAK: vept./lidsky rTSH - neni moZné¢ rozlisit TBAb od TSAb

# neinteragujici s TSHr
#¥ anti TG (thyroglobulin), anti TPO (thyroidalni peroxidasa)

# sekundarni odpovéd’ autoimunitniho systému na poskozeni SZ, koreluji s
lymfocytarni infiltraci, maji komplement fixujixi cytotoxickou aktivitu

“talespon 1 je pritomna v témét 100% pacientii s Gravesem, Hashimotem.
~antiTPO (7 autoimunni Hashimotova thyreoiditida, subklinicky
hypothyroidismus) citlivéjsi nez antiTG

¥ interferujici (ant1 TH, heterofilni Ab, revmatickeé faktory)







I Thyroid hormone biosynthesis 1s dependent on: I

#10d1de uptake and its incorporation into the
thyroglobulin

# Major factors determining the thyroid hormone
biosynthesis:

#thyroglobulin — matrix for biosynthesis
#TSH

#expression of TSH receptor
#natrium-1odine symporter (NIS)
#pendrin

#thyroid peroxidase (TPO)

# NADPH-oxidase family (thyroid oxidase I (THOX1) and
2 (THOX?2))

#1odothyronine deiodinases I, II, III
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shadow arrows (inhibition of proteases) domain type 1 (NMR, e;r;:m = e a —

lRMJ'pdb) glgcdgnggyrasgkdrgsgkafcvdgegrrlpwweteapledagclam

Part IT contains 3 Tg type 2 domains e
(bold lined arrows) and 5 Tg type 3
domains (solid black arrows) with 3D structure of mouse
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Part 1T of the Tg subunit, shown homological to part IT of
as shaded arrow, shares human Tg (X-ray diffraction,

approximately 30 % homology IN5M.pdb)
with cholinesterases

# binding to the cell membrane

41550

#® Tg dimerization domain)




Thyroglobulin
Tg: one of the largest proteins in the body
# Mw of soluble dimer about 660 kDa, sedimentation coefficient of 19 S, pl of 4.4-4.7
# Tg gene: 48 exons on chromosome 8 (8q24.2 and q24.3)
Tg: the major iodoglycoprotein of the thyroid gland

® 0.1-2.0% 10dine; 8-10% total carbohydrate with galactose, mannose, fucose, N-acetyl
glucosamine and sialic acid residues

Tg consists of two identical subunits (homodimer)
Tg belongs to the type-B carboxylesterase/lipase family

Tg is a potent suppressor of thyroid-specific gene expression and can overcome
TSH-increased gene expression - a negative feedback, autoregulatory mechanism
that counterbalances TSH stimulation of follicular function

thyroid hormone is liberated from Tg through endocytosis and complete lysosomal

proteolysis of Tg
endocytosis of human thyroglobulin
# no-specific macropinocytosis due to TSH activation of the cAMP cascade
# no-specific micropinocytosis without modulation of the regulatory cascades
# receptor-mediated endocytosis using asyaloglycoprotein megalin

Tg 1s released fron the thyroid by transcytosis
# stimulation by TSH activation of the cAMP cascade
# 1inhibition by Ca2+ and protein kinase C activation




The relation of mean and median concentrations
of serum thyroglobulin (Tg) on urinary iodine in
general (A) and hospital (B) populations

O Female
M Male
B lotal

2
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g
No of subjects

Mo of subjects
— Mean
-- Median

=
No of subjects

=

Urinary iodine (ug/L) Urinary iodine (ug/L)




ses of Serum Tg Measurement

# The serum Tg concentration integrates three major factors:
#¥ the mass of differentiated thyroid tissue present

# any inflammation or injury to thyroid tissue which causes the release
of Tg

# the amount of stimulation of the TSH receptor (by TSH, hCG or
TRAD).
# primary use of serum Tg measurements - tumor marker for
differentiated thyroid cancer

# approximately two thirds of patients have an elevated pre-operative
serum Tg level

# 1important post-operative tumor marker




NIS

# human chromosome 19p13.2-p12, 15 exons, 643 aa, 13 TM
segments

# thyroid cells, salivary and mammary gland, gastric mucosa

# thyroid 10dine uptake 1s mediated by NIS at the basolateral side
of the follicular cells

¥ active transport by the iodide Na*/I- symporter (NIS) against the

ClUbLllbdl gldUlUliL Ul bUUlLllll gldUlUliL aCrosSsS tllU vddd

the thyrocyte
“22 Na" 1ons = 1 10dide atom
“*also transport of Tc0,, C1O0,, SCN- with higher affinity than iodide




Pendrin

# diffusion of 10dide by a specialized channel - pendrin from the
cell to the lumen at the apical membrane

# human chromosome 7q31, 21 exons, 780 aa, 11-12 TM
domains, member of the sulfate protein transport family

# Na+ independent 10dine transport at the apical side of the
follicular cells

# also transport of sulfate, chloride and bicarbonate 1ons




Thyroid peroxidase (TPO)

¥ using H,O, as a substrate TPO catalyzes:
# iodide oxidation to free I or IV (iodonium)
# binding of I to thyroglobulin
# 10dotyrosine coupling in iodothyronines

#% coupling requires that suitable tyrosyl groups in thyroglobulin
are 10dinated (the level of Tg 10dination is sufficient)

# stimulation of iodination in human by intracellular Ca’* after
activation of the Ca**-PIP2 cascade, inhibition by cAMP

# human chromosome 2p25, 17 exons, 933 aa, heme-containing
glycoprotein




A!.-eA !g: 111

A

thyroid oxidase 1 (THOX1), 2 (THOX2)

#% generation of hydrogen peroxide
#¥ the limiting factor of 1odide oxidation and thyroid hormone formation

# 10dination 1s a H,0O, substrate-driven process controlled mainly by
H,O, generation

# human chromosome 15q14

# 33 exons

# 3 NADPH and 1 FAD binding site
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¥ selenoproteins

¥outer ring (5°) monodeiodination of T4 =>
active T3 (I, II)

¥1nner ring (5) monodelodination of T4 =>
mactive r'T3 (111, I)

hypo- hyper-thyroidism
I ! 1 T4 =>T3+T3=>T2,T,s~=12h
liver, kidney, placenta, thyroid, pituitary
II ) ! T4=>T3,T,s=0.5h

skeletal and cardiac muslcles, CNS, pituitary,
skin, brown fat

T4 => T3, T3 => T2

placenta, CNS — infant’s T3 homeostasis




Thyroid hormones activation/deactivation

I |
>_‘ NH
HO o —<5_\>cn-|2— CH-COOH
3
I |

3,5,3',5'-Tetriaiodothyronine (thyroxine, T,)

D2, D1/-1(5") D3, (D1)N\-I(5)
Activation Inactivation

I
/ \ NIHE / \\ //.f N NIH;__,
HO 0 CH,-CH-COOH HO owCHz— CH-COOH
[ [ I’ [

3,5,3-Triiodothyronine (T;) 3,3',5'-Trilodothyronine (reverse T;)
D3, (D1)N\A(5) -5 /D1, D2

Inactivation

/7 \ NH,
HO o~ >CH2— CH-COOH
[ I

3,3'-Diiodothyronine

Copyright ©2003 Elsevier Science (USA). All rights reserved.

Ether bond cleavage Oxidative deamination
Glucuronidation (DIT) (TA4)
(Ty

G)
\ l |
NH,
Sulfation «——— HO 0 CH,~ CH- COOH
(T4S)




Medications and thyroid gland

# Estrogen-induced TBG elevations raise serum TT4 levels but do not affect
the serum TSH and FT4

# Glucocorticoids in large doses can lower the serum T3 level and inhibit TSH
secretion

# Dopamine inhibits TSH secretion

# Propranolol has an inhibitory effect on T4 to T3 conversion and it can
increase TSH

# lodide can cause both hyper and hypothyroidism

# lodine-containing cardiac drug Amiodarone has complex effects on thyroid
gland function that may induce either hypothyroidism or hyperthyroidism

# Lithium can cause hypo- or hyperthyroidism

# Severe Nonthyroidal Illness (NTI) can result in low T3 syndrome due to
central maladjusted inhibition of hypothalamic releasing hormones,
including TRH
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TSH TSH TSH TSH
I | | I I | | N | | I I
low normal high low normal high low normal high low normal high

Graves' zecondary hypothyroidism nontoxic goiter primary hypothyroidizm

toxic muttinodular goiter pituitary failure zick euthyroid syndrome congenital bypathyroidizm

thyrotoxicosiz factitia hypothalamus failure T3iT4d abb child hypathyroidism

toxic adenama euthyroid ophtalmic Graves tamilial dizalbuminemic hyper:: iodine deficiency

subacute thyroiditis T3 toxicosis Hashimota's thyroiditis
subclinical hypathyroidism
pituitary tumar

s I W10 T
low normal high low normal high low normal high

pritnary hypothyroidism euthyroid ophthalmic Graves'  hyperthyraidism

congenital hypothyroidizm T3-toxicosis Graves'

child hypothyroidizm nantoxic gaiter toxic muttinodular gaoiter

iodine deficiency thyrotoxicosiz factitia (T4 intake)

Hazhimota's theyroiditis thyrotropic pituitary tumar

zecondary hypothyroidism Jod-Bazedow

thyrotoxicosis factitia (T3 intake) T4 toxicosis

thyroiditi= (hypothyr phase) tamilial dizalbuminemic hyper:

thyroiditis (hvperthvr phase)
FT4 FT4 FT4

| | || || || I ]
low normal high low normal high low normal high

primary hypothyroidism euthyroid ophthalmic Graves' | hyperthyroidism

congenital hypathyroidism T3-toxicosis Graves'

child hypaothyroidizm nontocxic goiter toxic muttinodular goiter

iodine deficiency thyrotoxicosiz factitia (T4 intake)

Hazhimota's thyroiditis thyrotropic pituitary tumar

secondary hypothyroidizm Jod-Basedow

thyrotoxicosis factitia (T3 intake) T4 toxicosis

thyraiditis (hypothyr phiasze) thyroiditis (hyperthyr phase)
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low normal high
pritmary bypothyroidism
congenital bypothyroidism
child beypathyroidisn
iodine deficiency
Hazhimoto's thyroiditis
secondary hypothyroidism

low normal high
eLthyroid ophthalmic Graves'
nontoxic goiter

FT3 FT3

low normal
by perthyraidism
Graves'
toxic multinodular goiter
thyrotoxicosis factitia
T3 toxicosis
thyrotropic pitutary tumar
Jod-Bazedowy

subacute thyroiditis
FT3

high

low normal high
primary hypathyroidism
congenital hypothyroidism
child bypathyroidism
iodine deficiency
Hashimoto's thyroiditis
zecondary hypothyroidizm

low normal high
eLthyroid ophthalmic Graves'
nortoxic goiter

TRAb

low normal high
hyperthyroidizm
Graves'
toxic multinodular goiter
thyrotoxicosis facttia
T3 toxicosis
thyrotropic pituitary tumor
Jod-Bazedow
subacute thyroiditis

low normal high
Graves'

antiTPO
Ihe I |

low normal high
Graves'

antiTG
Ine | |

low |normal
Graves

antiTPO
| |ne I

low normal high
Hazhimoto's thyroiditis

antiTG
| |ne |

low normal high
Hazhimoto's thyroiditis

high




1Y REOIDALNI HORMONY - analytika

# IMUNOANALYZA VYJADRUJE IMUNOLOGICKOU
KVANTITU, NEVYJADRUJE BIOLOGICKOU
AKTIVITU

# preanalytika - skladovani, separacni gely
# standardisace - proteiny, protilatky

# sofistikace analytického systému

# pracovni protokol (promyvani)

¥ stabilita Cinidel

# presnost mechanickych ¢asti

# vypocetni technika

# mez detekce:nejnizs§i mozna koncentrace analytu statisticky
vyznamné odliSna od nuloveho vzorku

# mez stanovitelnosti: kvantita s urCitym stupném jistoty (do 20% cv)
# Hookuv efekt




