






of chromosome 8. The coding infor­
mation is scattered among 42 exons.
Following a 19-amino acid signal pep­
tide, the polypeptide chain is com­
posed of 2748 residues. Four hormon­
ogenic peptides have been isolated
from Tg of various species and two
ofthem map at subterminal positions
(residues 5 and 2746 in the human
sequence). They correspond to sites
involved preferentially in the synthe­
sis ofT4 and T3, respectively. Quan­
titative and qualitative abnormalities
in Tg mRNA, and the intrathyroidal
transport of Tg and its glycosylation
have been described in both
animals and man.62

Animal studies. Studies of a species
ofhereditary hypothyroid goat demon­
strated almost absent thyroidal Tg
concentration. There was a reduced
quantity of Tg mRNA sequences
«10% of norma!), and most ofthe
small amount of Tg mRNA present
was in the nucleus rather than in the
endoplasmic reticulum. A strain of
congenitally hypothyroid sheep has
also been reported with a similar
quantitative defect in Tg mRNA.
Absent 19S Tg and the near absence
of 12S Tg were reported in a strain
ofAfrikaner cattle with goitrous hypo­
thyroidism. In this bovine goiter, an
alternative splicing in Tg mRNA with
absence of exon 9 is responsible for
the decrease.62

Recently, a mouse mutation con­
genital goiter (cog / cog) was described
which causes primary hypothyroid­
ism with goiter in the homozygous
states.63 Several abnormalities in the
Tg structure were reported in the
cog /cog Tg structure. Thyrocyte
ultrastructure from the mutant mice
has strongly suggested that this ill­
ness represents a new member of the
recently-defined family of endoplas­
matic reticulum (ER) storage diseases,
defective for tissue-specific protein
(Tg) export. Moreover, the mutation
in the coding sequences of Tg great­
ly inhibits protein dimerization and
ER export.64

Human stu.dies. In human studies,
quantitative abnormalities in Tg syn-

thesis are found more frequently. 62
The radioiodine uptake is elevated,
and there is virtual absence of Tg in
both thyroid extracts and serum sam­
ples. A bovine TSH stimulation test
fails to raise the serum Tg concentra­
tion, and iodoalbumin is the chief
iodoprotein detectable. Serum protein­
bound iodine exceeds the T4 iodine
concentration. Serum electrophore­
sis demonstrates the presence of non
19S Tg, iodoalbumin, iodohistidine,
or iodoglobulin. Tg-deficient patients
also excrete in their urine breakdown
metabolites of circulating abnormal
iodoproteins as a low-molecular-weight
iodinated material (LOMWIOM).65
Microscopic examination of the gland
reveals a virtual absence of colloid
and over-distended endoplasmic
reticulum cisternae containing Tg­
related iodoproteins. A defect of Tg
transport from the cisternae to the
thyroid follicular lumen is most like­
ly associated with an abnormal glyco­
sylation ofTg. Many of the patients
described with quantitative Tg defects
have normal serum levels ofT3, which
contributes to a normal tissue meta­
bolism. Thus, it is possible that small
amounts of functionally active Tg
could be synthesized, iodinated, and
immediately hydrolyzed, yielding
mostly T3due to the intense thy­
roidal stimulation by TSH.

Qualitative defects in Tg have been
described, associated with structur­
ally abnormal Tg with a decrease in
the ability of Tg to be iodinated in
vitro and a resistance to release of
1251 when hydrolyzed. Most tyrosyl
residues were buried inside the mole­
cule, probably resulting in reduced
hormone synthesis and hence goiter.
In other reported cases, Tg was found
to be extremely labile and readily
dissociated in subunits with reduced
T3 and T4 content.62 Previous reports
of cases of reduced sialic acid incor­
poration in the Tg molecule have been
confirmed. In a family reported to
have six congenitally hypothyroid
goitrous siblings, the sialic acid con­
tent of Tg was remarkably low due
to absent sialyltransferase enzyme
in the thyroid tissue.66 The hyposia­
lylated Tg is linked to a defect in

iodotyrosine coupling with a possibly
abnormal migration of Tg into the
follicular lumen.
Molecular genetics. Reports of new
mutations in the Tg gene responsible
for human cases of dyshormon­
agenesis have recently appeared.67-7o

Ieiri et al67 have studied a hypothy­
roid woman with congenital goiter
and marked impairment ofTg syn­
thesis. Molecular studies revealed
that exon 4 was missing from the
major Tg transcript due to a cytosine
to guanine transversion at position ­
3 in the acceptor splice site of intron
3 (Figure 7).

Another Tg mutation has been
identified in a family with two affect­
ed siblings.68 The mutation was a
cytosine to thymine transition creat­
ing a stop codon at position 1510. A
shorter alternatively spliced Tg mRNA
probably accounts for the abnormal

• Figure 7
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Figure 7. Schematic presentation of the aber­
rant splicing in human Tg gene defect. The
mutation responsible for the disease is a posi­
tion minus 3 in the acceptor splice site of
intron 3. This results in two different thyro­
globulin transcripts in the goitrous tissue: one
lacking exon 4, another lacking exons 3, 4, and
5 altogether. The presence in exon 4 of a puta­
tive donor tyrosine residue (Tyr 130) involved
in thyroid hormone formation provides a co­
herent explanation for the patient's hypothy­
roid status. In addition, the altered Tg struc­
ture could prevent the normal coupling
reaction. (From Ieiri et al,67 with permission.)
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IIIIi Table 4

Diagnostic Criteria for the Complete Diiodotyrosine
Deiodinase Defect

Helpful and (~onfirmatory

2. Hest oration of h0l111tme
produetion hy iodide or thyroid
hormone mndieation

ofl\HT or
ia. Normal

Thyroid Hormone Transport
Protein Abnormalities

DIT and MIT in increased amounts
and low levels ofT3 and T4are found
by serum chromatography. In the iso­
lated intrathyroidal defect, subjects
are goitrous but euthyroid, 24-hour
radioiodide uptake and discharge
are accelerated, but peripheral
deiodination oflabeled DIT and MIT
is normal.

The diagnostic criteria for the
diiodotyrosine deiodinase defect are
shown in Table 4. By contrast with
other inherited errors of the thyroid
system, this defect has not been ex­
plored at the molecular level.

The three major transport proteins
are TBG, T4-binding prealbumin
(TBPA) (also named transthyretin
[TTR] for the role it plays in the trans­
port of retinol-binding protein)76 and
albumin.5 TBG is functionally the
most important T4-binding protein.
It carries approximately 75% of the
serum T4and 70% of the serum T3.
The hormones are associated with
the transport proteins by noncovalent
bonds and are in constant reversible
equilibrium with free hormone (0.03%
oftotal T4 and 0.3% of total T3). The

1.L Goitt·r (may be absent if dietary
iodine is ahundant)

2, Hypothyroid ()}' eompensatRd
hypothyroid

a. Rapid and high uptake of
radioiodine rapid turnover

4. MIT, and eonjugates in
plasma and urine

5. No dd(ldinat.ion ofinjeet.ed
MIT or nIT

Required

have described cases, some of them
in closely inbred families. 2 Removal
of iodine from tyrosines is catalyzed
by an iodothyronine dehalogenase
that has been detected in various
mammalian tissues, including thy­
roid, kidney, and liver.2 In the thyroid,
this enzyme is thought to have a spe­
cial function, acting upon the iodoty­
rosines (mono- [MIT] and diiodotyro­
sine [DIT]) released during Tg hydrol­
ysis and liberating iodide, which can
reenter the hormonogenesis pathway.
Normally, deiodinating activity of
this enzyme is so efficient that neg­
ligible amounts of iodotyrosines are
secreted by the thyroid. Patients with
congenital goitrous hypothyroidism
due to deficient dehalogenase activity
are unable to deiodinate iodotyrosines,
which are ultimately excreted in
urine. 73-75 This urinary loss ofiodo­
tyrosines produces chronic iodide
deficiency, resulting in goitrous
hypothyroidism. The reversal of
hypothyroidism in several patients
with this disorder by treatment with
pharmacological iodine supplements
supports this view.

The deiodinase defect may be
found to be total or partial (limited
to the thyroid). In the total body defect,
goitrous hypothyroidism and mental
retardation are associated, and the
24 hour 1311uptake is rapid. Labeled

Deiodinase Deficiency

thyroglobin.
In another family, Targovnik et

a169 reported two siblings with con­
genital goitrous hypothyroidism who
had virtual absence of Tg in the
goitrous tissue. The sequencing of
PCR fragments ofthe Tg cDNA re­
vealed that 138 base pairs were miss­
ing between position 5590-5727.
The functional consequences of the
deletion were not entirely clear, but
it is conceivable that the excision of
this segment of the Tg molecule
could affect the protein structure,
resulting in its premature degrada­
tion, very low colloid storage, and a
diminished thyroid hormone produc­
tion rate.

In a family with three affected
individuals, the thyroid gland from
one of the siblings was available for
molecular studies.7o Tg messenger
RNA was found at very low levels,
whereas the mRNA for TPO was
found to be more abundant compared
to control thyroid tissue. The low
levels of Tg mRNA were caused by
a transcriptional defect due to the
virtual absence of a thyroid-speci­
fic transcription factor (TTF-l) ex­
pression as determined by Northern
blot analysis, reverse transcriptase
PCR, and electrophoretic mobility
shift assays.

In some families with affected
siblings with defective Tg synthesis,
no deletions or mutations have been
found in Tg mRNA obtained from the
goitrous tissues. 71 Similarly, as has
been demonstrated recently in the
mutant mice (cog / cog), it is possible
that a point mutation in the coding
sequences ofTg could inhibit or im­
pair glycosylation and dimerization,
thus resulting in defective endoplas­
mic reticulum export.72 Little if any
Tg will remain in colloid, and
thyroid hormone synthesis will be
impaired markedly.

Deiodinase deficiency is another rare
form of defective hormonogenesis in
the thyroid gland. Several authors

From Medeiros-Neto and Stanbury.' with permission.
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Figure 8. The upper part ofthis figure represents the coding exons ofthe TBG gene (exo~ 1-4). The location
of the complete deficiency variants (CD6, CD5, and CDJ) is indicated wi.th t~e r~specbve cod~n number.
Other TBG variants leading to partial deficiency are represented. Astensks mdlcate the coexistence of
TBG-polymorphism. (Adapted from Refetoff S, Nicoloff JT: Thyroid hormone transport and metabolism. In:
DeGroot LT, ed. Endocrinology, 3rd ed. Philadelphia: WE Saunders Co; 1995:567.)
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ination. Thus, it seems ad­
visable to remove the dyshor­
monogenetic goiter for
compression symptoms, es­
thetic reasons, or fear of pos­
sible malignant changes in
the future. Patients with
iodide trapping defect or
desalogenase defect may be
treated only with pharma­
cological iodide
supplementation (Lugol's
solution) with success.
Again, thyroid surgery may
be considered in those
patients.

free fraction of thyroid hormone is
immediately available to tissues
where it exerts its metabolic effects.

Inherited abnormalities in TBG
are 1) Complete Deficiency (three
mutants), 2) Partial Deficiency (eight
variants), and 3) inherited TBG excess.
Complete TBG deficiency (TBG-CD)
is defined by a serum concentration
of less than 0.5 ].lg/dL, the current
limit of detection by sensitive assays.
Heterozygous females usually express
the defect partially by having approx­
imately half the normal concentration
ofTBG.6

The inheritance mode is X chrom­
osome-linked and leads to the syn­
thesis of an altered molecule devoid
of hormone binding activity or the
secretion of an unstable molecule that
is immediately degraded and removed.
The mutant TBG is not processed
intracellularly due its altered struc­
ture. 77 Some mutations (deletion in
codon 352) have been reported only
in Japanese individuals78 (Figure 8).

Partial TBG deficiency is due to
different mechanisms.6 These include
reduced secretion due to alterations
in gene expression or abnormal in­
tracellular processing or accelerated
rates of degradation resulting from
the instability of the variant molecules
(see Figure 8). Inherited TBG excess
is a relatively rare cause of elevated
levels of serum TBG with levels rang­
ing from 3.0 to 4.5 times the mean
normal. The mechanism leading to

inherited TBG excess is not known.79

Several point mutations in trans­
thyretin (TTR) have been identified
thus far in humans, frequently asso­
ciated with familial amyloidotic poly­
neuropathy (and cardiomyopathy). The
T4affinity for various TTR mutants
is variable. This subject recently has
been reviewed extensively.76

Familial dysalbuminemic hyperthy­
roxinemia (FDH) is due to increased
affinity of a variant albumin for T4.
Linkage to the albumin gene was
recently described in a large Amish
kindred.80

Treatment

Euthyroid or hypothyroid congenital
goiters with dyshormonogenesis are
treated with daily doses ofL-thyrox­
ine in an attempt to reduce serum
TSH levels and, hence, continuous
thyroid tissue growth. In.our exper­
ience this seldom happens. Most
patients have a continuous thyroid
growth in spite ofL-T4therapy, re­
sulting in adult large multinodular
goiters. The possibility of malignancy
in these overstimulated tissues is
debatable. At least 14 proven thyroid
carcinomas have been documented
in congenital goiters, some of them
with distant metastasis.2 This would
represent, roughly, 15% ofthe de­
scribed cases with pathologic exam-
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