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MECHANISMS OF THYROID
HORMONE ACTION
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Nongenomic Actions of Thyroid Hormone
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Integrin avB3 Is primarily expressed
by dividing cells and thus
concentrated and activated In
cancer cells and rapidly-dividing
endothelial cells that serve cancers.
Usually viewed as a sensing
mechanism for extracellular matrix
(ECM) proteins and critical to cell-
matrix and cell-cell interactions that
underlie tissue organization, avp33
has recently been appreciated to
bind small molecules and to contain
the cell surface receptor for thyroid
hormone.



As a prototypic small molecule
ligand of integrin av33, thyroid
hormone importantly alters
transcription of differentially-
regulable genes important to
cancer cell survival pathways and
angiogenesis—and a) regulates
Integrin vascular growth factor
receptor function, b) alters the state
of the actin cytoskeleton, c)
changes intracellular protein
trafficking and d) controls the
function of plasma membrane
NHE1 and Na,K-ATPase.
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Thyroid hormone and cancer cell
proliferation



Thyroid hormone and breast cancer
cell proliferation
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OVCAR-3 cells
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NCI-H510A cells
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Thyroid hormone has anti-apoptotic
activity in cancer cells
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C6 cells
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Thyroid Hormone Resveratrol
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Thyroid hormone is pro-angiogenic
by a variety of mechanisms. This is
relevant to support by the hormone
of cancer-related vascularization
and to vascularity of nonmalignant
conditions, such as skin diseases.



Angiogenesis in the CAM

PBS

PBS T,-ag + Tetrac

Summary of effects of T,, T,-agarose
and tetrac on angiogenesis

Treatment Angiogenesis Index
PBS 67+9
T, (0.1 nM) 156 + 16**
Tetrac (0.1 uM) 76+£9
T, + tetrac 66 + 6

T,-agarose (total, 0.1 uM) 194 + 28**
T,-agarose + tetrac 74+7




DITPA (0.01 uM)

Mean Vessel Branch

Treatment Points + SD
PBS (Control) 879
T, (0.1 uM) 148 £ 7*
T,-agarose (0.1 uM) 167 £ 8*
DITPA (0.01 pM) 134 +£11*
DITPA (0.1 uM) 170 £ 9*
VEGF (2.0 ug/ml) 168 + 10*
b-FGF (1.0 ug/ml) 174 + 8*

Data represent mean + SD, n=8; *p<0.01, indicating significant
stimulation of angiogenesis. PBS, phosphate-buffered saline.



Inhibitory Effect of avf3 MAB (LM609) on T4-
stimulated Angiogenesis in the CAM Model

PBS T, (total, 0.1uM)

CAM Treatment # of branch pts + SEM % Inhibition + SEM

PBS 73+8
T4(0.1uM) 170 + 16 0
T4+LM609(10ug) 109 +9 64+9

(e . .
T+ LM609(10ug)
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		CAM Treatment		# of branch pts ± SEM		% Inhibition  ± SEM

		PBS		73 ± 8

		T4(0.1uM)		170 ± 16		0

		T4+LM609(10ug)		109 ± 9		64 ± 9
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By a variety of mechanisms, thyroid
hormone, specifically T,, has been
shown to influence the activity and
abundance of P-glycoprotein (P-gp;
MDR1; ABCB1), a plasma
membrane efflux pump that serves
to shorten intracellular retention
time of traditional chemotherapeutic
agents that are ligands for the
orotein (doxorubicin, etoposide,
paclitaxel, etc.). Thus, thyroid
normone may support
chemoresistance.
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Glioblastoma multiforme patients

—— Hypothyroid
Median Survival: 10.1 mos

------- Non-hypothyroid
Median Survival: 3.1 mos
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AA Hercbergs, Anticancer Res 23:617-626,
2003



M. Cristofanilli et al. (MD
Anderson Cancer Center,
Houston) showed spontaneous
hypothyroidism delayed
development of human breast
cancer, reduced tumor
Invasiveness and incidence of
metastasis.

Cancer 103:1122-1128, 2005



M. Nelson and co-workers
(Cleveland Clinic) have shown
that when hypothyroidism
complicates the post-treatment
course—following surgery,
radiation—of head-and-neck
cancer, there Is improved survival
and longer recurrence-free
survival.

Arch Otolaryngol Head Neck
Surg 132:1041-1046, 2006



M. Schmidinger (Vienna) and two
other European cancer center
research groups have shown that
tyrosine kinase inhibitor (TKI)
therapy of kidney cancer (renal
cell carcinoma) was effective
when the TKI induced the side
effect of hypothyroidism.

Cancer 117:534-544, 2011
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Medically Induced Euthyroid Hypothyroxinemia May Extend Survival in
Compassionate Need Cancer Patients: An Ohservational Study
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A. Hercbergs et al. (Cleveland
Clinic) induced euthyroid
hypothyroxinemia in 23 end-
stage tumor patients (brain,
ovary, lung, breast, pancreas).
Survival duration In the treatec
patients was 3.1-fold (29 months
vs. 9.3 months) that predicted by
standard databases.

Oncologist 20:72-76, 2015



Synthroid® (L-T4) is the third
most commonly prescribed
trademarked drug in the U.S.
because hypothyroidism is very
common.

In the writing of each prescription
for L-T4, what do we need to
consider?



CLINICAL QUESTIONS ABOUT
THYROID HORMONE AND
CANCER

What are the effects of incidental
hypothyroidism on behavior of
cancers?

How aggressively to replace
thyroid hormone in hypothy-
roidism induced by anti-cancer
agents, e.g., TKI's?

s there value of induction of
nypothy-roidism in cancer
natients?

s there a difference in T4 vs. T3
replacement in the setting of
hypothyroidism and cancer?




SUMMARY

There are multiple implications of
all of these functions of thyroid
hormone recently recognized to
occur on cancer cells and on
angiogenesis.

Normal thyroid function may
support tumor cell proliferation and
Imit effectiveness of chemotherapy.

nduced or spontaneous
nypothyroidism may impede cancer
cell function.




SUMMARY 2

t Is desirable to have a specific
oharmacologic antagonist of thyroid

normone actions at integrin avp3 (=
tetrac, Nanotetrac [triac]).

The affinity of the thyroid hormone
receptor on avp3 Is higher for T,
than T;. at physiological concen-
trations, free T, supports tumor cell
proliferation and cancer cell sur-
vival pathway gene transcription.

Nonmalignhant, hypervascular skin
disorders, such rosacea, may be
thyroid hormone-supported.




COLLABORATORS

Shaker A. Mousa, PhD  Albany
Hung-Yun Lin, PhD Albany
Heng-Yuan Tang, MA Albany
Thangirala Sudha, PhD  Albany
Faith B. Davis, MD Albany

Murat Yalcin, DVM, PhD Turkey
Sandra Incerpi, PhD Italy
Osnat Ashur-Fabian, PhD Israel






Effect of tetrac on tube formation by human
A dermal microvascular endothelial cells (HDMEC).

In this 3-dimensional human microvascular endothelial cell sprouting assay,
cells were mixed with gelatin-coated Cytodex-3 beads and the mixture suspended in
endothelial basal medium (EBM) with 15% normal human serum, mixed and cultured
overnight in a CO, incubator. The “EC-beads” were then placed in a fibrinogen solution and
thrombin added. After polymerization of the fibrin, EBM and 20% human serum were added
and samples incubated for 24-48 h.

VEGF +
Tetrac — 1.0 2.5

Int Angiol, 2006

































































Step I

Step II
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Pro-angiogenesis factor
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In vitro 3-D Angiogenesis Assay





Step I:  culture of HDMEC on microcarrier beads (EC-beads)

Step II: culture of EC-beads in 3-D ECM gel +/- Angiogenesis factor

Medium

EC-beads
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Nucleosome ELISA
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Effects of L-T, or T, Nanoparticles (NP) on
Endothelial Cell Migration toward Vitronectin (VN)
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Summary 1

e Acting genomically at TRs,
thyroid hormone (T3) Is critical to
normal embryonic development,
to basal activities of a variety of
enzymes, critical protein gene
expression and regulation of
protein turnover.

e Acting nongenomiclly at
mitochondria, T3 regulates cell
respiration/metabolic rate.



 Integrin avb3 contains a cell
surface receptor for nongenomic
actions of T4 and T3 relevant to
cancer and blood vessels.

e Thyroid hormone, primarily T4,
acts experimentally at the
Integrin receptor via ERK1/2 to
support tumor cell proliferation
(breast, glioma, head-and-neck,
thyroid, ovary, pancreas, kidney,
lung, prostate), anti-apoptosis
and angiogenesis.

 Inhibiting actions of T4 at the
Integrin experimentally or
reducing circulating T4 levels
clinically in small series of
patients slows progression of a
variety of human tumors.




Spontaneous or medically-induced
hypothyroidism has been shown to
favorably affect the clinical courses
of GBM (Cleveland Clinic), breast
cancer (MD Anderson Cancer
Center), renal cell carcinoma (TKI
therapy at multiple centers) an
head-and neck cancers (Cleveland
Clinic).



—— Hypothyroid
Median Survival: 10.1 mos

------- Non-hypothyroid
Median Survival: 3.1 mos

04 p=0.02° :

Time(months)

Hercbergs AA et al, Anticancer Res, 2003
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