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Treatment of Hypothyroidism- A Different View 
The Deiodinase Story 



Johann Carl Friedrich Gauss  b. 30.04.1777 



• 1850-1883: Gradual realization that cretinism and myxedema were 
connected to the lack of function or absence of the thyroid (gland, Semon 
1883) 

 

 

 

 

 

 

 

 

 

 

• First described patient with  evolving “myxedema” 1878   
 William. M. Ord, “On myxoedema, a term proposed to be applied to an essential condition in the 

‘cretinoid’ affection occasionally observed in middle-aged women,” Medico-Chirurgical Transactions, vol. 
61, pp. 57–74, 1878.  
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The Early Days of Thyroidology 

• Myxedema invariably fatal within 10 years 
 

 

Bettencourt R, Serrano JA. La Semaine Médicale, August 1890 
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The Early Days of Thyroidology-Timeline  



• Dessicated thyroid mainstay Rx 1890s-mid 1970s 

• RMR and PBI used in the pre-RIA era 

• Concerns about dessicated thyroid 

– Inconsistencies in potency 

– Short shelf life 

– Sensitivity to humidity 

• 1977-LT4 monotherapy  new standard of care 

 

 

 

 

 

 

 

• Treatment aim: normalization of TSH 

 

Treatment of Hypothyroidism Evolution 



The HPT Axis-The Simplistic View 

• Free T3  (0.4% of TT3) involved in feedback regulation 

• Affinity of T3 for TR~10 times higher than T4 

T4 
 
 
 
 
T3 

~15-20% 

T4:~80-100 mg/d 

T3:~6.5 mg/d 
T4/T3 (14:1) 
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• Lower doses of T4 to normalize  TSH (100-200) than to normalize PBI and 
RMR 

• 10-15% of hypothyroid patients with normal TSH still symptomatic 
• Normal TSH but T3/T4i, some with frankly low T3 (particularly after 

Thyrex) 
 
 
 
 
 
 
 
 
 
 

• Some patients need to have suppressed TSH to get relief 

• Some patients improve from combined therapy or dessicated thyroid-DTE 

 

Treatment of Hypothyroidism Evolution 



• Thyroidectomized rats on T4 Rx, have normal TSH with low 

tissue T3 

• These levels can be normalized with concomitant T3 
administration 

 Escobar-Morreale HF, et al. Replacement therapy for hypothyroidism with thyroxine alone 
does not ensure euthyroidism in all tissues, as studied in thyroidectomized rats. J. Clin. Invest. 
1995;96:2828   

 

Challenges to the “Physiology” of LT4 MonoRx 



• Deiodinases 

• Thyroid hormone transporters (MCT8, OATPs, LATs) 

• Binding proteins genetic defects 

• Non genomic effects of thyroid hormones 

• TR genetic variations, and tissue distribution 

• Co-activators, co-repressors 

• Thyronamines 

• Drugs 

 

Evolving Understanding of the HPT Axis 



Deiodinases-Selenoproteins 
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Deiodinases Expression and Regulation 

~15% of plasma T3 •~70% of plasma T3 from extrathyroidal T4 conversion 

•Contributes to intracellular T3 

•Induced in hypothyroidism 

•Inactivated by ubiquitination 

•Role of polymorphisms 



Differences in hypothalamic type 2 
deiodinase explain localized 
sensitivity to thyroxine.  
Werneck de Castro et al. J Clin 
Invest. 2015; 125:769 
 

 
Explains normal or suppressed TSH in 
face of low plasma or tissue T3 under 
T4 monotherapy 

Hypothalamus DIO2 is Resistant to Ubiquitination 



Potential Role  for DIO2 Thr92Ala Polymorphism  

• Common  allele (~50% Thr/Ala, ~16% Ala/Ala) 

• Higher T4 to suppress TSH after Sx in DTC (Torlontano et al JCEM, 2009, 
n=190) 

• Lower QoL on T4 Rx, improvement on T4+T3 in hypothyroid subjects 
(Panicker et al, JCEM 2009, n=552) 

• Reduced T3 after surgery in Ala subjects at unchanged TSH (~0.9) and 
lower DIO2 activity in transfected cells  (Castagna, JCEM 2017, n=140) 



Role  of Thyroid DIO2 in HPT Axis Regulation 



Role  of Thyroid DIO2 in HPT Axis Regulation 

FT3 

L-T4  

(mg/kg/d) 

FT3/FT4 FT3 FT4 TSH Age N F/M 

0.32 (0.27-0.37) 4.47 (3.9-4.9) 13.8 (12-15.4) 1.4 (0.9-2.1) 49 3875 4.9:1 Ctrls 

1.59 (1.36-1.86) 0.24 (0.2-0.28) 3.7 (3.2-4.3) 15.4 (14.2-17.6) 1.2 (0.7-2.2) 51 1811 5.4:1 T4  

treated 
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Role  of Thyroid DIO2 in HPT Axis Regulation 



Eur. J Endocrinol, 2015 
 

 

Role  of Thyroid DIO2 in HPT Axis Regulation 

• Residual thyroid DIO2 activity essential for adequate peripheral T3 supply 

• A case for less than total ThyreX when possible 

N=253 



Limitations to Retrospective Thyroidectomy Studies 

• No insight into tissue levels 

• No correlation with other parameters (RMR, QoL, lipids) 

• Are the subjects with the lowest FT3/FT4 also the most 
symptomatic? 



Is a Normal TSH Synonymous With “Euthyroidism”  
in Levothyroxine Monotherapy?  

Peterson SA,  McAninch EA,  Bianco AC. JCEM 2016,101:4964–4973 

• Cross-sectional study from publically available data 

• 4 cycles NHANES (2001-12), full TFT’s and normal TSH (0.24-5.2) 

• 469 T4 users (no DTE or T3), 9152 healthy controls, 469 matched controls 

• 52 laboratory and clinical parameters analyzed 

• LT4 users had: 

• Higher T4, lower FT3, lower T3/T4 (15-20%) 

• Higher BMI but lower calorie intake 

• Lower METS 

• No major differences in QOL except for confusion 

• Greater use of anti-depressants, beta-blockers, statins 



T3 Administration in the Treatment of  
Hypothyroid Patients? 


