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Thyroid hormone & Aging

Thyroid hormone & Food Intake



Redman LM, et al., Cell Metabolism 2018; 27:805-815



Thyroid hormone & 

Caloric Restriction

Sustained metabolic adaptation

• Calorie restriction is a dietary

intervention with potential benefits for

healthspan improvement and lifespan

extension

• Mechanisms?

• Observational studies of human aging

have shown higher mass-adjusted

metabolic rate (24h energy

expenditure or resting energy

expenditure) is associated with

disease burden and shorter life span

2 year calorie restriction trial: Healthy non-obese humans, CR n=34, controls n=19

Redman LM, et al., Cell Metabolism 2018; 27:805-815



Weight loss phase Weight loss maintenance

year 1 year 2

Leptin T4

• Reduction in thyroid axis

activity is a hallmark feature of 

the hypometabolic state with

weight loss

• Drivers for maintaining

metabolic adaptation or a 

consequence?

• Growing evidence that

mechanisms of CR underlying

increased life span work

significantly through

modulation of thyroid axis

Thyroid hormone & 

Caloric Restriction

Redman LM, et al., Cell Metabolism 2018; 27:805-815



Hine C, et al., Cell Metabolism 2017; 25:1320-1333



Thyroid hormone & 

hepatic H2S production

• Decreased thyroid hormone and

growth hormone signaling are

associated with longevity and

metabolic fitness

• Possible overlapping mechanisms

with those of dietary restriction

resulting in downregulation of 

TH/GH axis

• Potential mediator is the longevity-

associated gas H2S, which is

increased upon dietary restriction

Hine C, et al., Cell Metabolism 2017; 25:1320-1333



Pleiotropic beneficial effects of 

H2S

Resistance to

hypoxia

Neuro-

protection

Modulation of 

inflammation

Angiogenesis in 

cardiovascular system

Extension of 

longevity

Thyroid hormone & 

hepatic H2S production

Hine C, et al., Cell Metabolism 2017; 25:1320-1333



TSH and GH deficiency/inhibition promote hepatic H2S production in vivo

Thyroid hormone & 

hepatic H2S production

Hine C, et al., Cell Metabolism 2017; 25:1320-1333



Thyroid hormone & 

hepatic H2S production

Hypothyroidism increases / thyroid hormone represses hepatic H2S production in vivo

via TRb1
Hine C, et al., Cell Metabolism 2017; 25:1320-1333



Thyroid hormone & 

hepatic H2S production

H2S is involved in negative regulation of TH / GH signaling, key longevity associated

hormones = potential mechanism of H2S action and mediator of its beneficial effects

TH / GH are negative regulators of H2S production

TH / GH signaling could be the link between DR and H2S production

Hine C, et al., Cell Metabolism 2017; 25:1320-1333



Bano A, et al., JAMA Intern Med 2017; 11:1650-1657

Thyroid hormone &  key

longevity associated hormone

Rotterdam Study



Hameed S, et al., Cell Reports 2017; 19:2202-2209



TRb in VMH & Regulation 

of food intake

• Improved understanding of 

the mechanisms that

regulate appetite and body

weight design of anti-

obesity therapies

• The TR-beta isoform (TRb) 

is expressed in the

ventromedial hypothalamus

(VMH)- a brain area

important for control of 

energy homeostasis

Hameed S, et al., Cell Reports 2017; 19:2202-2209



TRb in VMH & Regulation 

of food intake

TRb knockdown in the VMH results in a phenotype of hyperphagia comparable to some of the

most extreme forms of monogenic obesity

Hypothalamic TRb major physiological regulator of energy homeostasis
Hameed S, et al., Cell Reports 2017; 19:2202-2209



Non-classical thyroid hormone action

Novel thyroid hormone targets



Noncanonical TR 

signaling

Hönes GS, et al., PNAS 2017; 114:E11323-E11332

Establishment of

- TRaGS and TRbGS mice with loss of canonical TR signaling

- TRb147F with abolished non-canonical TRb signaling



Noncanonical TRb

signaling

Blood glucose Serum and liver triglyceride concentration

Body temperature Oxygen consumption

Hönes GS, et al., PNAS 2017; 114:E11323-E11332



Noncanonical TRa

signaling

Basal heart rate

Noncanonical TR signaling contributes significantly to physiologic actions of TH

Noncanonical TR signaling predominantly regulates energy homeostasis

Profound implications for the role of TRs in metabolism and physiology

Explain the pathophysiology in diseases caused by the various TR mutations

Paradigm shift for TH action

Hönes GS, et al., PNAS 2017; 114:E11323-E11332



Thyroid hormone & 

lung fibrosis

Yu, G et al., Nature Med 2018; 24:39-49



Thyroid hormone & 

lung fibrosis

DIO2 expression and activity in IPF patient lungs

Lung Genomic Research Consortium data set

CTRL IPF

Yu, G et al., Nature Med 2018; 24:39-49



Thyroid hormone & 

lung fibrosis

DIO2 expression and activity in IPF mouse model (bleomycin model of lung fibrosis)

Yu, G et al., Nature Med 2018; 24:39-49



Thyroid hormone & 

lung fibrosis

Aerosolized T3 treatment in IPF mouse models

• T3 blunts lung fibrosis

• T3 reverses bleomycin-induced

mitochondrial changes

• T3 suppresses mitochondria-

regulated apoptosis

• Upregul. of DIO2 = effort to boost

local conversion of T4 to T3

New role of thyroid hormone as potential therapeutic agent in IPF Yu, G et al., Nature Med 2018; 24:39-49



Thyroid cancer



Genetic profiling of 

advanced DTC and ATC

Pozdeyev N, et al., Clin Cancer Res 2018; 24:3059-3068



Genetic profiling of 

advanced DTC and ATC

PTC

Pozdeyev N, et al., Clin Cancer Res 2018; 24:3059-3068



Genetic profiling of 

advanced DTC and ATC

Pediatric PTC

FTC
HCTC

Pozdeyev N, et al., Clin Cancer Res 2018; 24:3059-3068



Genetic profiling of 

advanced DTC and ATC

ATC

Pozdeyev N, et al., Clin Cancer Res 2018; 24:3059-3068



Genetic profiling of 

advanced DTC and ATC

Pozdeyev N, et al., Clin Cancer Res 2018; 24:3059-3068



Genetic profiling of 

advanced Hurthle cell cancer

Ganly I, et al., Cancer Cell 2018; 34:256-270Gopal RK, et al., Cancer Cell 2018; 34:242-255



Genetic profiling of Hurthle

cell cancer

Gopal RK, et al., Cancer Cell 2018; 34:242-255

Ganly I, et al., Cancer Cell 2018; 34:256-270



Resistance to BRAF 

inhibitors in ATC

Knauf JA, et al., J Clin Invest 2018; 128:4086-4097



Resistance to BRAF 

inhibition in ATC

Knauf JA, et al., J Clin Invest 2018; 128:4086-4097



Resistance to BRAF 

inhibition in ATC

Resistance to BRAF inhibition involves activation of  

HGF/Met signaling that can be targeted by MET inhibitors
Knauf JA, et al., J Clin Invest 2018; 128:4086-4097



miR-146b – a novel target for

thyroid cancer therapy?

Riesco-Eizaguirre G, et al., Cancer Res 2015; 75:4119-4130
Ramirez-Moya J, et al., Oncogene 2018; 37:3369-3383



miR-146b – a novel target for

thyroid cancer therapy?

Riesco-Eizaguirre G, et al., Cancer Res 2015; 75:4119-4130



miR-146b – a novel target for

thyroid cancer therapy?

Modulation of the PI3K signaling by miR-146b via PTEN silencing

Therapeutic efficacy of the hsa-miR-146b-5p 

mir-Vana® miRNA inhibitor

Ramirez-Moya J, et al., Oncogene 2018; 37:3369-3383



Liu R, et al., Nature Commun 2018; 9:579-592



Oncogene duet

mutant TERT & BRAF V600E

• Oncogene duet of BRAF V600E and TERT promoter mutations is a fundamental genetic

background cooperatively driving progression/aggressiveness of cancers, i.e. PTC

Molecular mechanism for synergistic oncogenic effect?
Liu R, et al., Nature Commun 2018; 9:579-592



Oncogene duet

mutant TERT & BRAF V600E

Upregulation of GABPB by BRAF V600E

GABPB complex a known activator

of mut TERT promoter

FOS transcription factor of the GABPB gene

BRAF/MAPK-induced FOS activation, a transcription factor activating GABPB promoter, 

a known activator of mut TERT promoter plays a key role in bridging the 2 oncogenes

cooperatively driving oncogenesis
Liu R, et al., Nature Commun 2018; 9:579-592



The sodium iodide symporter

NIS
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NIS knockout mouse model

Ferrandino G, et al., Sci Rep 2017; 7:5329-5340



NIS knockout mouse model

Standard chow diet (6 µg I-/g)

Ferrandino G, et al., Sci Rep 2017; 7:5329-5340



NIS knockout mouse model

Minimal iodide diet (0.15 µg I-/g)

Thyroid hormone is synthesized in NIS KO mice as long as I- supply is sufficient to enter the

thyroid most likely by diffusion via non-specific routes driven by a concentration gradient

I- gradient (serum/thyroid) is maintained by upregulating genes involved in I- organification

Enhanced oxidative environment in the thyroid (adaptive response)
Ferrandino G, et al., Sci Rep 2017; 7:5329-5340



NIS gene therapy in 

pancreatic cancer

Schug C, et al., Mol Cancer Res 2018; in press



NIS gene therapy in 

pancreatic cancer

Ptf1a+/Cre; Kras+/LSL-G12D; 

p53LoxP/LoxP (CKP) 

Schug C, et al., Mol Cancer Res 2018; in press
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