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갑상선호르몬의중요성

높은 유병률
• 외국: 1.2-9.4%
• 우리나라: 0.4-11.9%



Thyroid disease



Neurodevelopmental diseases

Autism incidence by birth year

Cases and medical cost 
over time among children 
of Korea

Trend in childhood neuroendocrine diseases



Chemicals and thyroid disease

Congenital hypothyroidism in US

(Source on disease- WHO 2013; Source on chemical- Neel and Sargis, Diabetes 2011)



Bisphenol A and thyroid hormone
General adult population of Korea (n = 6003)

BPA, DEHP, and DBP are important
determinants of THs of Korean adults

(Park CH et al., 2017, Sci Total Environ)



Benzophenone 3 and thyroid hormone
General population of US (age 12 year and older n = 
1829)

DEHP, and BP-3 are important
determinants of THs of US adults

(Kim SJ et al., 2017, Environ Int)



Major endocrine disrupting chemicals
• 식품및음료포장

• 비스페놀류; 프탈레이트류; 벤조페논류

• 화장품, 개인위생용품
• 파라벤류; 트리클로산; 벤조페논류

• 소비자제품, 생활화학제품
• Brominated and phosphorylated flame retardants; 프탈레이트
류; Perfluoroalkyl substances (PFASs) 

• 살생물제
• Organophosphate pesticides; Triazoles and other fungicides; 

Pyrethroids ; Neonicotinoids 
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Major EDCs are thyroid disruptors
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Chemicals are increasing (Korea)
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Potential EDCs are growing
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Lack of test methods
§ Thyroid axis
§ Developmental neurotoxicity
§ Metabolic disorders
§ Female reproduction
§ Non-genotoxic carcinogenicity
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Endocrine 
mode of 
action

Adverse 
effect

Causality/correlation

(“and consequently”)

Regulation of the Plant Protection Products (EC1107/2009)
Regulation of Biocidal Products (EU 528/2012)



European development
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Focus of RFP
§ Thyroid axis
§ Developmental neurotoxicity
§ Metabolic disorders
§ Female reproduction
§ Non-genotoxic carcinogenicity



Thyroid hormone regulation is complex
• Persistent organic pollutant의 예
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화학물질 기전 교란 영향

DDT, PCBs InhibitingTSH receptor Decreased production 
of T3 and T4 (1)

PCBs, Flame 
retardants

Competitive binding to 
thyroid transport protein 
(TTR)

Possible effect on fetal 
brainT4 production (2)

PBDEs, 
Chlordane

Alteringtransport across 
cell membrane

Increased billiary
elimination of T3 and 
T4

(3)

PCBs, HCB, 
Flame 
retardants

Altering binding to 
thyroid receptor

Altered thyroid 
hormone directed gene 
transcription

(4)

PCBs Inhibition of sulfation

Decreasedsulfationof 
thyroid hormones 
leading to possible 
decrease of peripheral 
T3 synthesis

(5)

PCBs Inhibition of deiodinase
activity

Decreasedperipheral 
T3 synthesis (5)

PCBs Enhanced hepatic 
metabolism

Increased billiary
metabolism of T3 and 
T4

(6)

(1) Synthesis 
of THs

(2) Transport 
proteins

(3) Cellular 
uptake

(4) The TH 
receptor

(5) 
Iodothyronine
deiodinases

(6) Metabolism
in the liver

(Lyn et al., 2009; Boas et al., 2012)



Developing thyroid disruption AOP
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Combined in vitro and in vivo methods

in vivo organism

Zebrafish embryo/larva

0 hpf embryo 120 hpf larva48-72 hpf

(hpf, hours post-fertilization)

- Phenotypic changes eg, developmental toxicity
- Hormone and gene analysis

Pituitary gland
GH3 cell (Rat)
Central regulation

Thyroid gland
FRTL-5 cell (Rat)
Thyroid hormone 
Synthesis/Regulation

TSH

T3, T4

in vitro cell lines

- Gene analysis



GH3 cell
• GH3 cell (rat pituitary tumor cell)

• T-screen : commonly used screening assay for 
thyroid disrupting compounds (proliferation)

• Chemical exposure (48 h)

• Central regulation
• tshβ, trα , trβ, dio1 , dio2 gene expression

Screening_TDCs



FRTL-5 cell
• FRTL-5 cell (rat thyroid follicular cell)

• Chemical exposure (24 h)

• Thyroid hormone synthesis/regulation
• nis, tg, tpo, tshr, pax8, nkx2.1 gene expression

Screening_TDCs



Fish 
• Thyroid hormone disruption to measure

Screening_TDCs

144 hpf
치어(larvae)



BPA and its analogues

Chemicals substituting BPA
BPMBPA

BPAF

BPAP BPC

BPF BPP

BPS

BPZBPB



Bisphenols alter brain and thyroid

(Lee SW et al., 2017. Toxicol In Vitro)

이상우

GH3

FRTL-5



Bisphenols alter central regulation and 
synthesis of thyroid hormone (Fish)

(Lee SW et al., 2019. Chemosphere)

Zebrafish larva



Bisphenols increase thyroid hormones
T3          T4

(Lee SW et al., 2017. Toxicol In Vitro)

T3          T4



Benzophenone-3 and its analogues

Plastic packaging
Sunscreen

Nail polish

Perfume

lotions

Pantyhose

Benzophenone Benzophenone-1 Benzophenone-2

Benzophenone-3

Benzophenone-4
Benzophenone-8



Benzophenones alter brain and thyroid 

Rat Pituitary GH3 cells Rat Thyroid Follicular FRTL-5 cells

Up-regulation à

(Lee JE et al., 2018 Environ Sci Technol)

이정은



Benzophenones disrupt thyroid hormone 
(Fish)

(Lee JE et al., 2018 Environ Sci Technol)

BP-1 BP-3 BP-8
T
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T

3 
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el
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g)

SC    100      320    1000
(µg/L)

SC      32     100      320
(µg/L)

SC      32     100      320
(µg/L)



One AOP for thyroid disruption
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Hepatic 
nuclear 
receptor 

activation

TH hepatic  
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increase (phase I, 
II metabolism, 
deiodination)

TSH
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Hypertrophy 
& 

proliferation 
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Plasma 
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MIE KE1 KE2 KE3 AO

• pxr
• ahr2
• ppar delta

• cyp1a
• cyp2, cyp2aa1
• cyp3a65
• ugt1ab
• sult1 st5
• dio1, 2

• Plasma T3 • Thyroid follicle 
histopathology

• tshβ mRNA 

expression 

change



BP-3 caused hepatic nuclear receptor activation leading 
to thyroid status change

Hypertrophy 
& 

proliferation 
increase

MIE

KE2

KE3 AO

>2 fold
change

>2 fold
change

>2 fold
change

Hepatic nuclear 
receptor 

activation

TH hepatic  
metabolism 

increase (phase I, 
II metabolism, 
deiodination)

TSH
increase

Plasma T4/T3 
decrease

KE1



Thyroid hormone regulation is complex
• Combination of multiple KEs is useful
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(1) Synthesis 
of THs

(2) Transport 
proteins

(3) Cellular 
uptake

(4) The TH 
receptor

(5) 
Iodothyronine
deiodinases

(6) Metabolism
in the liver

(Lyn et al., 2009; Boas et al., 2012)



Summary
• 갑상선호르몬교란물질규제의필요성이크다
• 적절한시험방법은정립되어있지않다
• In vitro 방법을이용하여잠재적갑상선호르몬교
란물질을탐색할수있다

• 항상성조절기전의복잡성때문에여러핵심적
KE의조합을이용한탐색법마련이필요하다

• In vivo와 in vivo 실험결과를통합하여갑상선교
란물질의유해성특성을파악할수있다
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