Treatment of Hypothyroidism- A Different View
The Deiodinase Story

== ”"“"" '“,.,,,..,.",te.fz -
Karen Tordjman, IVID
Institute of Endocrinology

Tel Aviv Sourasky Medical Center
IES 47t annual meeting April 30th, 2018 Tel Aviv




Johann Carl Friedrich Gauss b. 30.04.1777



The Early Days of Thyroidology

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

e 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.



The Early Days of Thyroidology
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The Early Days of Thyroidology

NOTE ON THE TREATMENT OF MYX(EDEMA
_BY HYPODERMIC INJECTIONS OF AN
EXTRACT OF THE THYROID GLAND
OF A SHEEP.

Read in the Section of Therapeutics at the Annual Meeting of the
British Medical Association held in Bournemouth, July,
1801,

By GEORGE R. MURRAY, B.A., M.B.Caun,, M.R.C.P.Loxp.,
Newcastle-on-Tyne.

MyxapgMA has until recently been considered an incurable
disease, Since the pathology of this remarkable condition,
however, has become more fully understood, hopes of the
possibility of greatly relieving the symptoms, if not of curing
the disease entirely, have been entertained. The observa-
tions of the symptoms which followed the removal of the
thyroid gland in man made by Professor Kocher, of Berne,
and the results of the experimental removal of the gland in
monkeys obtained by Mr. Victor Horsley ! have firmly estab-
lished the view that this disease is due to the loss of function
of the thyroid gland. It was found by Dr. von Eiselsberg that
if the thyroid gland was successfully transplanted from the
neck of an animal to some other part of the body, it was cap-
able of continuing its functions, and so preventing the onset
of the symptoms which would otherwise have followed its re-
moval from the neck. Mr, Horsley then suggested that graft-
ing a healthy sheep’s thyroid g‘land into a patient suffering
from myxadema should be tried as a means of arresting the

BMJ 1891
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The Early Days of Thyroidology-Timeline
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Treatment of Hypothyroidism Evolution

e Dessicated thyroid mainstay Rx 1890s-mid 1970s
e RMR and PBIl used in the pre-RIA era

e Concerns about dessicated thyroid
— Inconsistencies in potency
— Short shelf life
— Sensitivity to humidity
e 1977-LT4 monotherapy new standard of care

Levothyroxine Use Rising

i ——e o USA
100 rsemsiipinas et YT

80
60
40
20

Millions Prescribed

Source: Lancet Diabetes Endocrinol. Published online October 28, 2016.

e Treatment aim: normalization of TSH



The HPT Axis-The Simplistic View

~15-20%

T3:~6.5 pg/d
T4/T3 (14:1)

Tissue
actions

7/ Peripheral
- lissues

Thyroudne '\:_E_;.
* FreeT3 (0.4% of TT3) involved in feedback regulation

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



Treatment of Hypothyroidism Evolution

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/T4!, some with frankly low T3 (particularly after

Thyre,)

Signs and symptoms of

Hypothyroidism
Psychological General
- Poor memory and 5 l ~Fatigue
concentration Feeling cold
. Weight gain with
- Poor hearing \7 poor appetite
// Hair loss
Pharynx
- Hoarseness o ,};‘0 < Lungs
iy 7. ¢
/ > R - Shortness of breath
Heart "y - Pleural effus
- Slow pulse rate = - ]
- Pericardial effusion | FH (s Skin
g s - Paresthesia
R
Muscular e - Myxedema
- Delayed reflex
relaxation ! nCt?r:’sTp; ion
( - Ascites
Extremities —— | 1
- Coldness Reproductive
- Carpal tunnel system
syndrome - Menorrhagia

DEPRESSION
AND \
T4-ONLY |

Some patients need to have suppressed TSH to get relief
Some patients improve from combined therapy or dessicated thyroid-DTE



Challenges to the “Physiology” of LT4 MonoRx

* 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



Evolving Understanding of the HPT Axis

* 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



Deiodinases-Selenoproteins
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Deiodinases Expression and Regulation

D1 D2
T4 T4
(Inactive) (Active)
rT3 T3 113 T3
(5\ / ®) (5\
T2 T2
Tissue Location Tissue Location
Liver IThyroid H) BAT
Kidney Heart @) Placenta
Thyroid Brain (@) Pituitary
Pituitary Spinal cord (H)
CNS ®®)
Cellular Location Cellular Location
Plasma membrane Endoplasmic reticulum
~15% of plasma T3 *~70% of plasma T3 from extrathyroidal T4 conversion

eContributes to intracellular T3
eInduced in hypothyroidism

eInactivated by ubiquitination
*Role of polymorphisms




Hypothalamus DIO2 is Resistant to Ubiquitination

Tanycytes
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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



Potential Role for DIO2 Thr92Ala Polymorphism

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

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

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

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

Pre-surgical Post-surgical : p<0.05 1
FT3 FT3 p B
0.05
(pg/ml) (pg/ml) —F ;
WT
Mean+SD |3.2£0.35 3.10.36) 10— Thr __ThriAla _ Ala/Ala
Range 2.4-3.9 2.6-4.1 0.097 ?
Median 32 34 = .
g 0-5- ::. '
ThriAla £ e W id
Mean+SD 3.410.52 3.0£0.28 % 0.0 — f‘f YvY
Range 2.7-5.4 2.5-3.9 <0.0001 oy A v
Median 3.3 2.9 E -0.54 ... o —
AyAa v
= . vy
Ala/Ala o ~1:07 o ¥y
MeanzSD | 3.4+0.37 2.9:!:0.34' o : v
Range 2.9-4.2 2.5-3.6 0.01 S -1.5+
Median 374 2.9 g
a -2.0+




Role of Thyroid DIO2 in HPT Axis Regulation




Role of Thyroid DIO2 in HPT Axis Regulation

OPEN @ ACCESS Freely available online = PlLoS one

Levothyroxine Monotherapy Cannot Guarantee
Euthyroidism in All Athyreotic Patients

- iy - L] - a w -y m - - w
Damiano Gullo* °, Adele Latina ', Francesco Frasca, Rosario Le Moli, Gabriella Pellegriti, Riccardo Vigneri
Erdocrine Unit, Department of Clinical and Molecular Biomedicine, University of Catania Medical 5chool, Garibakdi-Nesima Hospital, Catania, laly

FIM N Age TSH FT4 FT3 FT3/FT4

L-T4
(ng/kg/d)

T4 5.4:1 1811 51  1.2(0.7-2.2) 15.4(14.2-17.6) 3.7(3.2-4.3)  0.24(0.2-0.28)  1.59 (1.36-1.86)
treated
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m._ﬁ..ﬁﬁ_\.’g_m - _
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Role of Thyroid DIO2 in HPT Axis Regulation

Effect of the presence of remnant thyroid
tissue on the serum thyroid hormone balance
in thyroidectomized patients

Mitsuru Ito, Akira Miyauchi, Shino Kang, Mako Hisakado, Waka Yoshioka,
Akane Ide, Takumi Kudo, Eijun Nishihara, Minoru Kihara, Yasuhiro Ito,

Kaoru Kobayashi, Akihiro Miya, Shuji Fukata, Hirotoshi Nakamura and

Nobuyuki Amino

Patients groups |\ _»53

TSH (mul)

FT, (pmol)

Eur. J Endocrinol, 2015

FT; (pmolil)

FT./FT,

Total thyroidectomy +-T, (n=103)
Pre-thyroidectomy 1.52 (1.02-2.13) 14.4 (13.3-15.4) 4.45 (4.06-4.81) 0.31(0.28-0.34)
Post-thyroidectomy 0.78 (0.49-1.50) 17.2 (15.7-18.9) 4.29 (3.96-4.65) 0.25 (0.22-0.28)
P value <0.001 <0.001 0.023 =<0.001
Hemithyroidectomy +.-T4 (n=56)
Pre-thyroidectomy 1.84 (1.30-2.63) 13.8 (12.6-14.7) 4.38 (4.06-4.65) 0.32 (0.29-0.34)
Post-thyroidectomy 1.86 (1.16-2.75) 14.3 (13.2-15.4) 4.35 (3.98-4.61) 0.29 (0.27-0.33)
Fvalue 0.136 0.024 0.498 0.017
Hemithyroidectomy alone (n=94)
Pre-thyroidectomy 1.07 (0.73-1.57) 14.4 (13.1-15.3) 4.31 (3.89-4.77) 0.30 (0.27-0.33)
Post-thyroidectomy 2.41 (1.67-3.37) 12.9 (12.1-13.6) 4.43 (4.04-4.65) 0.34 (0.32-0.37)
P value <0.001 <0.001 0.204 <0.001°

* Residual thyroid DIO2 activity essential for adequate peripheral T3 supply

* A case for less than total ThyreX when possible



Limitations to Retrospective Thyroidectomy Studies

* Noinsight 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
e 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
e 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?




