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Abstract

Thyroid hormones (TH) are bound to three major serum transport proteins, thyroxin-binding
globulin (TBG), transthyretin (TTR) and human serum albumin (HSA). TBG has the strongest
affinity for TH, whereas HSA is the most abundant protein in plasma. Individuals harboring
genetic variations in TH transport proteins present with altered thyroid function tests, but are
clinically euthyroid and do not require treatment. Clinical awareness and early recognition of these
conditions are important to prevent unnecessary therapy with possible untoward effects. This
review summarizes the gene, molecular structure and properties of these TH transport proteins and
provides an overview of their inherited abnormalities, clinical presentation, genetic background
and pathophysiologic mechanisms.
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INTRODUCTION

Thyroxine (T4) has a long half-life and a high serum concentration. These features are
attributed to binding of the majority of T4 and the principal iodothyronines [triiodothyronine
(T3) and reverse T3 (rT3)] to three serum thyroid hormone (TH)-binding proteins, thyroxin-
binding globulin (TBG), transthyretin (TTR) and human serum albumin (HSA) (1). Binding
of TH by other serum proteins (high density lipoproteins) is considered negligible without
biological relevance. Although HSA is the most abundant TH-binding protein, its affinity
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for TH is significantly lower compared to that of TBG. The affinity of TBG to T4 is 50- and
7000-fold higher than that of TTR and HSA respectively (Table 1).

These proteins function mainly as a buffer system to maintain a large extrathyroidal TH pool
and stable free T4 concentration. Only 0.03% of total serum T4 and 0.3% of total serum T3
are in an unbound form. In the absence of TH-binding proteins- with TBG being the major
TH carrier- any abrupt decrease in TH secretion would result in a rapid depletion of the
extrathyroidal T4 pool. Additionally, TH-binding proteins may serve as a protective
mechanism against urinary iodine loss. A third proposed function involves the uniform
distribution of TH across cells, which enhances tissue sensitivity to circulating TH levels
(2). Lastly, TH-binding proteins may be subject to conformational changes in pathological
states and thus regulate targeted TH delivery to tissues. Indeed, TBG is cleaved by leukocyte
elastase at sites of inflammation, which reduces its affinity for TH (3).

Abnormalities in TH-binding proteins do not result in thyroid dysfunction but rather to
altered serum TH concentrations, which may be misinterpreted and lead to unneeded
treatment and side effects. When the affinity for TH is impaired, assays used in clinical
practice to estimate free TH levels commonly yield spurious results. In such circumstances
measurement of free TH concentration by equilibrium dialysis or ultrafiltration is
recommended.

Serum TH-binding protein abnormalities, both acquired and inherited, are characterized by
hyper- or hypo-iodothyroninemia, while subjects are clinically euthyroid (4). However, it is
possible that other thyroid disease, such as thyrotoxicosis or hypothyroidism, may be
concurrently present and further perplex both diagnosis and management (5). The aim of
this review is to provide an update on the heritable defects of serum TH-binding proteins,
their structure, genetic background, laboratory tests and consequences.

THYROXIN-BINDING GLOBULIN (TBG)

THE MOLECULE, GENE AND PROPERTIES

TBG is a 54KDa single polypeptide chain synthesized by the liver. The pre-protein is an
acidic glycoprotein of 415 amino acids (aa). The mature molecule (395 aa, minus the signal
peptide) has four N-linked oligosaccharides. The latter are important for the correct post-
translational folding and secretion of TBG and are responsible for the microheterogeneity of
TBG when subjected to isoelectric focusing (IEF). Improper folding of the molecule or
changes in the polypeptide core alter TBG secretion, TH binding capacity and
immunoreactivity. For details regarding TBG properties see Table 1,

TBG is a member of the serine protease inhibitor (serpin) superfamily, also known as
SERPINAY. TBG differs from other serpins in having the upper half of its main beta-sheet
fully opened, so that its reactive center peptide loop can readily move in and out of the sheet
to facilitate equilibrated binding and release of TH (Fig. 1). The coordinated movements of
the reactive loop and the hormone-binding site allow the allosteric regulation of hormone
release (6).
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TBG is encoded by a single gene copy located on the long arm of the X-chromosome
(Xg21-22). The gene consists of 5 exons, of which 4 are coding. The TBG gene promoter
contains several transcription factor binding sites (hepatic nuclear factors (HNF)1a, HNF3a
and HNF3p) imparting strong liver-specific transcriptional regulation (Fig. 2) (7). An
enhancer region, 20 kbp downstream of the TBG gene, was recently shown to be involved in
the regulation of the gene expression (8).

INHERITED TBG ABNORMALITIES

Beierwaltes et al (9) report of TBG excess was the first demonstration of an inherited
disorder of a TH transport protein, followed, 30 years later, by a report of the first mutation
in the TBG gene, causing X-linked TBG deficiency (10). TBG abnormalities are fully
expressed in hemizygous males. Due to dosage compensation, through the random
inactivation of one of the two X chromosomes, heterozygous females usually show TBG
levels intermediate between affected and unaffected males (7). Occasionally, allele selective
inactivation may result in a phenotype indistinguishable from that of affected males (11).
TBG defects are classified according to their serum levels in hemizygotes expressing only
the mutant allele: complete and partial TBG deficiency (TBG-CD and TBG-PD
respectively) and TBG excess (TBG-E) (5). In TBG-CD, affected males have undetectable
TBG and carrier females have on average half the normal TBG concentration. In TBG-PD,
the mean TBG concentration in heterozygous females is usually above half the normal.
Serum TBG concentration in males with TBG-E is 2- to 4- fold the normal mean and that in
the corresponding carrier females is slightly higher than half that of the affected males.

Usually, TBG deficiency or excess are diagnosed by the incidental finding of abnormal
serum T4 and normal free T, levels. The absence of factors causing acquired TBG
abnormalities should raise the suspicion of an inherited TBG defect that can be easily
confirmed by the presence of similar TBG abnormalities in family members. However,
confirmation of inherited TBG defects requires genetic analysis (12). Fifty-seven TBG
variants have been so far identified and in 49 the precise defect has been genetically
determined (Table 2).

Complete Deficiency of TBG (TBG-CD)—TBG-CD was first identified in a female
with Turner syndrome with complete absence of TBG binding, similar to affected male
family members. Her very low serum T4 concentration and short stature led to treatment
with increasing doses of TH resulting in restlessness, perturbed sleep and deterioration of
school performance (13). By definition, TBG-CD requires TBG serum concentration in
affected hemizygous males below 5 mg/L (0.9 nmol/L) or 0.003% the average normal (5).
The prevalence of TBG-CD is approximately 1:15,000 newborn males. So far, 27 TBG gene
mutations causing TBG-CD have been identified (Table 2). Eighteen have truncated
molecules produced by single nucleotide substitution or frame shifts due to nucleotide
deletion(s). In 7 variants, mutations occurred in introns close to splice sites causing frame
shift (TBG-CDK) or complete exon splicing (TBG-CDL and TBG-CDJa) (Table 2). TBG-
CDBn, lacking 79- nucleotides, (28 in intron 3 and the first 51 of exon 3) has the longest
deletion in the TBG gene. TBG-CDMI was recently found in association with the P453A
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mutation in the thyroid hormone receptor beta (THRB) gene (14). While single aa
substitutions usually produce TBG-PD, in 6 instances they resulted in TBG-CD.

Partial Deficiency of TBG (TBG-PD)—TBG-PD is the most common form of inherited
TBG deficiency (prevalence 0f1:4,000 newborns). Serum TBG levels in heterozygous
females often overlap the normal range. Contrary to TBG-CD, all TBG-PDs are caused by
missense mutations. TBG-CDs with missense mutations may have been misclassified due to
the low sensitivity of routine assays measuring TBG. Eighteen families with variable
reduction of TBG concentration have TBG gene mutations (Table 2). Few variants are
unstable, have lower binding affinity for TH or abnormal migration patterns on IEF (Fig.
3A). Mutations with decreased affinity for T4 have a disproportionate reduction in hormone
concentration relative to the corresponding serum TBG level (Fig. 3B).

A Japanese family with autosomal dominant TBG-PD showed half normal TBG
concentration in affected males and females (Table 2). The molecule had normal affinity for
T4, IEF migration and heat liability. No sequence changes were found in the coding and
promoter regions of the TBG gene, suggesting an abnormality in a factor regulating TBG
gene transcription.

TBG A64D was found in association with TTR A109T, known to have increased affinity for
T4 (see below). All affected males carrying both TH-binding protein variants had low serum
TT4 level indicating that the defect in TBG has a stronger effect compared to the TTR
variant (15).

In 5% (4 of 74) of families with TBG deficiency, studied in the author’s laboratory, no
mutations were identified in the entire TBG gene and surrounding sequences. Next-
generation sequencing identified, in all four families (three of which had Arab ethnicity), a
novel single nucleotide substitution within a liver-specific enhancer, 20 kb downstream of
the TBG gene. In vitro studies confirmed that the mutation reduced the activity of the
enhancer. Affected subjects shared a haplotype of 8 Mb surrounding the mutation indicating
a common ancestor 20 generations ago (8).

TBG Excess (TBG-E)—Estrogen excess is the most common cause of increased serum
TBG concentration, mediated by prolonged TBG half-life. In contrast, the estimated
prevalence of TBG-E is around 1:25,000 (5). In 1995, it was demonstrated that gene
duplication and triplication was the cause of TBG-E (16). Hemizygous males have
approximately 2- and 3-fold the average normal serum TBG concentration, respectively.

TBG Variants with no Alteration in Serum TBG Concentration—Five TBG
variants have normal or clinically insignificant alterations in their serum concentration. Four
occur with high frequency in some population groups. TBG-Poly (Fig. 2), with normal
physical and biological properties, has been detected in 16% and 20% of the French
Canadian and Japanese populations, respectively (Table 2). TBG-S (D171N) with cathodal
iEF shift due to loss of a negative charge has an allele frequency of 5-16% in African
Blacks and 2-10% in Pacific Islanders (Figs. 3A) and TBG-F a frequency of 3.2% in
Eskimos residing on the Kodiac and St. Lawrence islands. TBG-C1 with allele frequency of
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5.1% was found in inhabitants of two Mali villages, whereas TBG-Cgo (Y309F), with
normal affinity for TH, is resistant to high temperatures due to more loop inserted
conformation.

Consequences of Structural Changes Caused by Mutations in the TBG Gene
—The pathophysiologic mechanisms explaining the phenotype of the various TBG variants
have been investigated. Contrary to previous speculations, it is not the increased
extracellular degradation but rather the intracellular retention and degradation of the
defective TBG molecules that are responsible for the low serum TBG concentrations (17).
Few of the underlying mechanisms include alterations in cotranslational TBG processing
and secretion, retention of the variant TBG within the endoplasmic reticulum, instability of
the binding pocket or increase of denatured TBG that reduce T4-binding (18).

TRANSTHYRETIN (TTR)
THE MOLECULE, GENE AND PROPERTIES

TTR, previously known as thyroxine-binding prealoumin (TBPA), transports 15-20% of
circulating T4 and also binds vitamin A-binding protein. It is a highly acidic, non-
glycosylated, 55 kDa protein with four identical 127 aa subunits. Each subunit has a small
a-helix and 8 B-strands (19). The four subunits form a symmtetrical barrel structure with a
double hydrophobic channel running through the center of the molecule to create two
iodothyronine binding sites (Figure 1B).

A single copy of the 6.8kbp TTR gene is located on the long arm of chromosome 18
18911.2-12.1) (Figure 2). It has a TATAA box and binding sites for HNF-1, 3 and -4. TTR
is expressed in liver, the retinal pigment epithelia of the eye and the choroid plexus, and is
the principal T4-binding protein of the cerebrospinal fluid.

The first T4 molecule binds to TTR with a K, intermediate between TBG and HSA (Table
1). The binding affinity for the second T4 is significantly reduced through negative
cooperativeness at the binding site (20). TTR contribution to TH transport is small and its
complete absence has no untoward effects. For details regarding TTR properties see Table 1,

INHERITED TTR DEFECTS

TTR gene mutations are subdivided into amyloidogenic and non-amyloidogenic. The
majority occurs in CpG hot spots and inheritance is dominant. The former give rise to
familial amyloidotic polyneuropathy (FAP), first described by Andrade et al (21),
characterized by neuropathy and cardiomyopathy due to amyloid deposition of the variant
TTR, ultimately causing multiple organ failure and death at early childhood. The affinity to
bind T, is not related with the ability of the variant TTR to form amyloid fibrils.

Because of the low amount of T4 bound to TTR, alterations of TTR levels only minimally
affect TH concentration. Out of over 70 TTR gene mutations, heterozygotes for the V30M,
S77Y and the 184S mutations and homozygotes for the V1221 mutation show decreased
binding affinity for T, (Table 3) (22). Only in variants with significant increase in binding
affinity for TH are serum total T4 and rT3 substantially elevated. Of all subjects with

Best Pract Res Clin Endocrinol Metab. Author manuscript; available in PMC 2016 October 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Pappa et al. Page 6

euthyroid hyperthyroxinemia, approximately 2% harbors TTR gene defects which are not
pathogenic.

The first reported family with a TTR-dependent hyperthyroxinemia had the A109T variant
with increased binding affinity for T, 10-fold), rT3 and tetraiodothyroacetic acid and less for
T3 and trioiodothyroacetic acid (23, 24). TTR A109V has a similar thyroid phenotype and
binding affinity for T, (25). Subjects with TTR T119M (26) have normal or slightly
elevated serum T4 and rT3 concentrations. The mechanism underlying the slight increase in
serumT4 has been a subject of debate. Alves et al (27) failed to show a higher K, for T4 but
rather found an increase in TTR concentration, probably because of altered stability of the
molecule. On the contrary, Almeida et al (28) showed increased T,4-binding affinity.
Interestingly, the presence of hyperthyroxinemia in these cases is transient and brought
about by non-thyroidal illness, either by increasing the proportion of heterotetramers or
through an unexpected effect of non-thyroidal illness on T4 binding to the mutant TTR (26).
Finally, TTR G6S, with a frequency of 12% (29), identified in a family with euthyroid
hyperthyroxinemia and a 4-fold higher T,4-binding affinity than normal TTR (30), was
shown to have normal T4-binding in another study.

HUMAN SERUM ALBUMIN (HSA)
THE MOLECULE, GENE AND PROPERTIES

HSA, the most abundant circulating protein, is a single negatively charged polypeptide chain
synthetized in the liver. It consists of 585 aa and has a molecular mass of 66.5 kDa (31). Its
major function is to maintain stable colloid osmotic pressure. Furthermore, it plays an
important role in binding and transporting a large number of endogenous (including TH) and
exogenous compounds, thus forming a circulating depot for ligands and prolonging their
half-life. It is also an important circulating antioxidant. Despite a high binding capacity,
HSA affinity for T4 and T3 is almost 10,000-fold lower than that of TBG (Table 1). From a
physiology standpoint, even extreme alterations of HSA concentration, such as
analbuminemia, do not result in a significantly change of TH levels (32).

HSA has a single-gene copy close to the centromere on the long arm of chromosome 4
(4911-13). The gene has 15 exons, 14 of which are coding (Figure 2). Its mRNA encodes a
pre-pro-molecule of 609 aa. The mature HSA is released after cleavage of the signal peptide
(18 aa) and the propeptide (6 aa). The promoter has a TATA motif and six binding sites for
nuclear proteins, such as HNF1 and the CCAAT/enhancer-binding protein (C/EBP), which
regulate the HSA gene expression.

INHERITED HSA DEFECTS

Familial dysalbuminemic hyperthyroxinemia (FDH) is an autosomal dominant form of
euthyroid hyperiodothyroninemia caused by gain-of-function mutations in the HSA gene.
First described in 1979 (33), its prevalence varies from 0.01 to 1.8% depending on the ethnic
origin, being highest in Hispanics (34).

The characteristic thyroid biochemical profile in FDH is elevated serum iodothyronine
levels, the relative magnitude of T,4, T3 and rT3 being dependent on the type of HSA

Best Pract Res Clin Endocrinol Metab. Author manuscript; available in PMC 2016 October 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Pappa et al.

Page 7

mutation (Table 4). The most common variant HSA R218H manifests with increased serum
TT4 concentration without proportional increase of TT3 and unsuppressed TSH. TrT3 in
most cases is also elevated (35). Free T, concentration is within the reference interval when
measured by equilibrium dialysis or by ultrafiltration. Furthermore, T4 production rate and
the response of TSH to TRH stimulation are normal, as are peripheral markers of thyroid
hormone action and cellular T, uptake, all indicators of euthyroidism (33), (36). The latter is
often questioned when fT4 levels are measured by indirect/analog methods which yield
falsely elevated results due to the interference of variant albumin. The mechanisms
responsible for this interference are different depending on the assay and include interaction
of the T4 analogue and the assay buffer used, since chloride inhibits binding to HSA (37).
Misdiagnosis has led to inappropriate ablative or medical treatment. The presence of FDH
should be confirmed by demonstration of increased T,4-binding to HSA, using IEF or
immunoprecipitation, confirmed by HSA gene sequencing.

FDH was first linked to the HSA gene in a large Amish kindred by haplotyping, using
markers 1 cM from the HSA gene (LOD score 5.63) (35). This same family and 5 others
were found to harbor a missense mutation producing HSA R218H (38). This mutation was
associated with an intragenic polymorphism creating a Sacl+ restriction site, strongly
suggesting a founder effect in agreement with the ethnic predilection of FDH R218H. By
virtue of its frequency, this type of FDH has been found in families with TTR (39) and TBG
(40) gene mutations.

Two other mutations in the same codon of the HSA have been identified, R218P and R218S.
HSA R218P was found in three Japanese and one Swiss family. Heterozygote individuals
harboring this mutation have extremely high serum total T, concentration, 17- fold higher
than the mean normal level, a TrT3 6-fold higher and a TT3 only twice the mean normal
(Table 4) (41), (42). Although the K, value obtained by Scatchard analysis at T, saturation
was similar to that of HSA R218H, measurement of the dialysable T4 concentration was 11-
fold lower in serum from HSA R218P than that in serum from HSA R218H (42). HSA
R218S was recently identified in a Canadian family of Bangladeshi origin (43). TT4
concentration was intermediate between HSA R218P and R218H (Table 4).

HSA R2221 was identified in four unrelated families (three from Somalia and one from
Croatia). This mutant HSA has a remarkably high TrT3 level but relatively modest increase
in TTy, similar to that in HSA R218H (44) (Table 4). HSA L66P has only high serum TT3.
Found in a Thai family it is unique, as both TT4 and TrT3 concentrations are normal, thus
termed FDH-T3 (4) (Table 4). When T3 was measured using a T3 analog rather than a
radioisotope, TT3 concentration was falsely low or undetectable, leading to unnecessary
treatment with TH. Despite lacking genetic information, FDH-T3 could have been the cause
for increased Ts-binding activity of HSA in a Japanese patient with Graves’ disease (45) and
another patient with the FDH-T3 phenotype (46).

Molecular mechanism of increased TH-binding to mutant HSAs—In-vitro assays
and in-silico modeling were used to elucidate the molecular mechanisms underlying the
HSA gene defects in FDH. Codons 218 and 222 are located in subdomain 2A of HSA,
where the high-affinity T4-binding pocket is localized (47). Petersen et al (48) demonstrated
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that in the wild type (WT) HSA, the large guanidino group of arginine results in an
unfavorable interaction with the amino group of T4, whereas replacement by a smaller side-
chain histidine or alanine enhances binding to T,4. Similarly, in-silico analysis predicts that
the side chains of arginines 218 and 222 must undergo a marked displacement to
accommodate Ty4. Their substitution with histidine or proline at position 218 and isoleucine
at position 222 results in a conformational adjustment forming a more favorable binding
pocket for T4 (44).

Bisalbuminemia and analbuminemia—Besides the HSA variants resulting in altered
TH binding, there are variant proalbumin or albumin molecules (alloalbuminemia or
bisalbuminemia), with altered electrophoretic mobility (showing up as a double band in
heterozygotes) but no clear association with disease (49). Although T, was found to
preferentially bind to the variant rather than the normal albumin in few reports (50),
bisalbuminemia does not result in significant changes in TH levels.

Analbuminemia is the complete absence or very low HSA. It is an extremely rare condition
caused by nonsense mutations resulting in premature termination of translation or splicing
defects and only mild symptoms (edema, fatigability). The defect has no clear effect on
iodothyronine concentration, other than a slight TH elevation caused by the increased TBG
and TTR levels (32).

Inherited defects of TH transport proteins result in altered thyroid function tests, while
affected individuals remain clinically euthyroid. With a single exception, TBG defects are
X-chromosome linked, and therefore, fully expressed in males. Partial TBG deficiency is
more common than complete deficiency and is caused by mutations in the coding as well as
enhancer region of the TBG gene. High frequency of TBG variants has been identified in
some ethnic groups. TBG-excess is caused by gene duplication or triplication. The majority
of TTR gene mutations cause familial amyloidotic polyneuropathy, whereas mutations
causing euthyroid hyperthyroxinemia are not pathogenic. Some variants produce transient
hyperthyroxinemia during non-thyroidal illness. Familial dysalbuminemic
hyperthyroxinemia is caused by gain-of-function mutations in the HSA gene, the R218H
being the most common with prevalence in Hispanics. fT4 levels are within normal range
when measured with equilibrium dialysis, whereas indirect/ analog methods may yield
spurious results. A variant with increased affinity for T3 has been identified in an extended
Thai family. Study of the molecular properties of variant TH transport proteins has helped
understand the structural requirements for iodothyronine binding and their clinical
significance.
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Practice points

® Inherited defects of circulating TH-binding proteins result in alterations of
thyroid function tests, which may be misinterpreted and lead to incorrect
diagnosis. Affected individuals are clinically euthyroid and require no
treatment.

O) Equilibrium dialysis is the recommended method of estimating fT, levels in
FDH, whereas analog/indirect methods may yield falsely elevated results.

® TBG has the strongest affinity for T4; TTR and HSA bind a small proportion
of T, despite large capacity. Gain-of-function mutations of TTR and HSA
but not altered concentrations alter serum TT,4 concentration.
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Research agenda

® Further work on the pathophysiologic mechanisms underlying the mutation
in the enhancer of the TBG gene causing partial TBG deficiency will fully
characterize its properties.

® Advances of in-silico tools, such as protein structure modeling, will help
update our knowledge on the conformational changes occurring in variant
TH-binding proteins and correlate them with the thyroid phenotype.
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Figure 1.
Crystal structures of serum TH-binding proteins. A. Structure of the TBG molecule: intact

S-form (left) and cleaved R-form (right). Insertion of the reactive loop (in yellow) occurs
following its cleavage by proteases to give an extra strand in the main sheet of the molecule
but the T4-binding site can still retain its active conformation. The S-to-R change in TBG
results in a 6 -fold decrease but not a total loss of affinity. B. The homotetrameric structure
of TTR composed of four monomers of 127 amino acids. TTR contains eight stands (A-H)
and a small a-helix. The contacts between the dimers form two hydrophobic pockets where
T4 binds (T4 channel). As shown in the magnified insert, each monomer contains one small
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a-helix and eight p-strands (CBEF and DAGH). C. The structures of HSA in the presence of
T4 as modeled on the structures 1BMO, 1HK1, 1HKS3 in the Protein Data Bank (http://
www.rcsh.org/pdb/home/home.do). The entire WT HSA molecule (in green) with its four T4
binding sites [T4 (1) to T4(4)].
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Figure 2.
A. Genomic organization and chromosomal localization of TH-binding proteins. Filled

boxes represent exons. Arrows indicate location of initiation codons and termination codons.

B. Structure of promoter regions with the location of cis-acting transcriptional regulatory
elements. Reproduced with permission.
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Some Properties and Metabolic Parameters of the Principal TH-Binding Proteins in Serum

Table 1

TBG TTR HSA

Molecular weight (K daltons) 54 55 66.5
Structure Monomer | Tetramer | Monomer
Carbohydrate content (%) 20 0 0
Number of binding sites for T4 and T3 1 2 4
Association constant, Ka (M™1)

For T, 1x10° | 2% 108" | 1.5 x 106™*

For T, 1x10° 1x 108 2x10°
Concentration in serum

(mean normal, mg/liter) 16 250 40,000

Total T, binding capacity (mg T, / liter) 0.2 3 >1000
Relative distribution of T, and T in serum (%)

For T, 75 20 5

For T3 75 <5 20
Half-life (days) 5 2 15
Degradation rate (mg/day) 15 650 17,000

*
Apparent molecular weight on acrylamide gel electrophoresis 60 K daltons.

Fk

Value given is for the high affinity binding site only.

FokKk

Longer under the influence of estrogen.
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TTR variants with altered affinity for T, and potentially an effect on serum thyroid function tests (for

Table 3

references see http://www.thyroidmanager.org),

AFFINITY FOR T, TTR CODON AMINO
Mutant / Normal CONCENTRATION | Number | ACID (Normal -Variant)
HOMO™ HETERO®

DECREASED

<0.1 0.17-0.41 N 30 Val - Met

0.54 58 Leu - His

0.45 7 Ser - Tyr

0.19-0.46 N 84 lle - Ser

~1.0 0.44 122 Val - lle
INCREASED

035" N 6 Gly - Ser

8.3-9.8 32_41% N 109 Ala-Thr

N 109 Ala - Val

Incor N 119 Thr - Met

*
HOMO, homozygous; HETERO, heterozygous.

TProbably overestimated since the subjects harboring this TTR variant have normal serum TT4 concentrations.

jr‘Affinity of recombinant TTR Thr109 is 9-fold that of the normal TTR.

Variant TTR tested and shown not to have altered affinity to T4 are: Ala60, (hetero) (22).

N, normal; Inc, increased.
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