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co-transporting polypeptide (NTCP), different mem-
bers of the Na-independent organic anion-transporting 
polypeptide (OATP) family and the L-type amino-
acid transporters LAT1 and LAT2,7 and fatty acid 
translocate (CD36).8 The molecules that have been 
identified as transporters for thyroid hormones in 
the human belong mainly to two families: the organic 
anion-transporting peptides (OATP) and the mono-
carboxylate anion transporters (MCT).9

The aim of this review is to present the current 
knowledge on the most important thyroid hormone 
transporters.

organIc anIon-transPortIng PePtIdes 
(oatPs)

OATPs represent a large family of homologous 
proteins that transport different iodothyronines, as 
well as various other organic compounds includ-
ing bromosulfophthaleine, bile acids, bilirubin and 
its derivatives, estrogen conjugates, oligopeptide, 
etc. The corresponding genes are referred to as 
the SLCO (solute carrier OATP) family. OATPs 
are large proteins of 652 to 868 amino acids, con-
taining 12 transmembrane domains, whose N- and 
C-terminal domains are located inside the cell. To 
date, 40 OATPs have been characterized in man, rats 
and mice. OATP1B1 and OATP1B3 are expressed 
specifically in the liver, OATP1C1 is expressed solely 
in the brain and testis and OATP1A2 is expressed in 
brain, liver and kidney.10,11

The genes encoding for OATP1A2, OATP1B1, 
OATP1B3 and OATP1C1 are located on chromo-
some 12p,12,13 forming a gene cluster together with 
a related pseudogene. The other OATP genes are 
located on individual chromosomes. 

From the thyroid hormone transport point of view, 
OATP1C1 is the most interesting because it shows a 
high specificity and affinity for iodothyronines, espe-
cially for T4 and rT3, but not for T3. Furthermore, 
its localization preferentially in the endothelium of 
brain capillaries suggests that OATP1C1 is impor-
tant for the transport of TH across the blood-brain 
barrier (BBB). OATP1C1 polymorphisms have been 
associated with fatigue and depression in hypothy-
roid patients, this underlining its crucial role for T4 

transport across the BBB.14 To date, no association 
between OATP1C1 polymorphisms and TH levels 
has been documented.

Regarding OATP1B1, it enhances uptake of iodo-
thyronine sulfates T4S, T3S, rT3S, but has little activity 
towards nonsulfated T4, T3, rT3.15 Like OATP1B1, 
OATP1B3 transports sulfated iodothyronines, but 
also has an affinity for rT3.16 Finally, OATP1A2 
transports both iodothyronines and their sulfates, it 
is expressed in multiple tissues, among which liver, 
brain and kidney,12,17 and it could therefore play a 
role in the delivery of TH across the BBB. Actions of 
primary thyroid hormone transporters are depicted 
in Table 1.

table 1. Actions of Thyroid Hormone (TH) transporters 

MCT8 Central nervous system development (migra-
tion, dendritic outgrowth, formation of synapses 
and myelination)
T3 uptake into hippocampus, amygdale, basal 
ganglia, cerebellar Purkinje cells
TH transport through blood-brain barrier 
(BBB)
Anterior pituitary folliculostellate cells T4 
uptake

MCT10 Aromatic aminoacid efflux-mediated TH trans-
port into intestine, liver, skeletal muscle, heart 
and placenta

OATP1C1 TH transport across BBB and into testis

OATP1A2 TH and sulphate into liver, brain and kidney

OATP1B1 T4S, T3S,rT3S liver uptake

OATP1B3 T4S, T3S,rT3S plus rT3 liver uptake

monocarBoXyLate transPorter  
(mct) FamILy

The first members of the family were characterized 
as transporters of monocarboxylates, such as lactate, 
pyruvate and ketone bodies. To date, 14 members 
of the family have been recognized, but only in 6 of 
them has a ligand been identified. MCTs transport 
metabolites across plasma membranes with direction 
controlled by proton and metabolite concentration 
independently of energy input, but they may also 
function in subcellular membranes. They are im-
plicated in leucocyte-mediated immunity, hypoxia 




