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thyroglobin.

In another family, Targovnik et
al® reported two siblings with con-
genital goitrous hypothyroidism who
had virtual absence of Tg in the
goitrous tissue. The sequencing of
PCR fragments of the 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.”’ 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-1) 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.”! Similarly, as has
been demonstrated recently in the
mutant mice (cog/cog), it is possible
that a point mutation in the coding
sequences of Tg could inhibit or im-
pair glycosylation and dimerization,
thus resulting in defective endoplas-
mic reticulum export.” Little if any
Tg will remain in colloid, and
thyroid hormone synthesis will be
impaired markedly.

have described cases, some of them
in closely inbred families.? 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 deicdinate iodotyrosines,
which are ultimately excreted in
urine.”® This urinary loss of iodo-
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 131] uptake is rapid. Labeled

DIT and MIT in increased amounts
and low levels of Ts and T4 are 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 of labeled 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.

Thyroid Hormone Transport
Protein Abnormalities

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

Deiodinase Deficiency

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

E Table 4

Reguired

Diagnostic Criteria for the Complete Diiocdotyrosine
Deiodinase Defect

Helpful and Confirmatory

1. Goiter (may be absent if dietary
iodine is abundant)

2. Hypothyreid or compensated
hypothyroid

3. Rapid and high uptake of
radiciodine rapid turnover

4, MIT, DIT, and conjugates in
plasma and urine

5. No detodination of injected
MIT or BIT

1. Thyroid biapsy

2. Restoration of hormone

Impaired detodination of MIT or
DIT Thyreid hyperplasia. Normal
thyroglobulin content

production by iodide or thyroid
hormene medication

From Medeiros-Neto and Stanbury.” with permission.
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supplementation (Lugol’s
solution) with success.

Figure 8. The upper part of this figure represents the coding exons of the TBG gene (exon 1-4). The location
of the complete deficiency variants (CD6, CD5, and CDJ) is indicated with the respective codon number.
Other TBG variants leading to partial deficiency are represented. Asterisks indicate the coexistence of

Again, thyroid surgery may
be considered in those
patients.

TBG-polymorphism. (Adapted from Refetoff S, Nicoloff JT: Thyroid hormone transport and metabolism. In:
DeGroot Ld, ed. Endocrinology, 3rd ed. Philadelphia: WB Saunders Co; 1995:567.)

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 ng/dL, the current
limit of detection by sensitive assays.
Heterozygous females usually express
the defect partiaily by having approx-
imately half the normal concentration
of TBG.®

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.”” Some mutations (deletion in
codon 352) have been reported only
in Japanese individuals’® (Figure 8).

Partial TBG deficiency is due to
different mechanisms.® 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.™

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
T4 affinity for various TTR mutants
is variable. This subject recently has
been reviewed extensively.”®

Familial dysalbuminemic hyperthy-
roxinemia (FDH) is due to increased
affinity of a variant albumin for Ts.
Linkage to the albumin gene was
recently described in a large Amish
kindred.8

Treatment

Euthyroid or hypothyroid congenital
goiters with dyshormonogenesis are
treated with daily doses of L-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 thyreid
growth in spite of L-T4 therapy, 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.? This would
represent, roughly, 15% of the de-
scribed cases with pathologic exam-
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