





its structure may be a basis for defective hormone synthesis and
thus lead to goiter. Several exampies support this concept. Silva
et al* described a 12-year-old girl with goiter and elevated serum
TSH whose Tg had a low molecular weight (90,000), normal
jodine content (.49% by weight), and very low content of T4 and
T, despite normal amounts of DIT and MIT. This was clearly an
abnormal Tg. Older examples include case reports of decreased
amounts of Tg, ineffective iodination, lower molecular weight
fragments, and immunologic variation when compared to normal
Tg.® It is likely that many so-calied organification and coupling
defects are the expression of Tgs that are structurally abnormai
or diminished in amount.

We studied Tgs from four goitrous patients with defective T,
formation and found wide variations in overall amino acid com-
position when compared with each other or with those from nor-
mal persons.® In three of these four Tgs, the iodine content was
normal. We noted a consistent increase in sialic acid content in
Tgs from the goiters compared to normal. There were aiso marked
variations in the amino acid composition among normal Tgs,
although not as extensive as those from goiters. There were
even variations among Tg samples from different parts of the
same gland in a patient with Pendred’s syndrome.*” Thus, even
at the relatively crude level of amino acid composition, there
appear to be significant differences among Tgs from both nor-
mal and goitrous subjects.

From a larger perspective, we can suggest that Tg might
tolerate considerable alteration in structure without severe dam-
age to the animal. Most of the molecule is not directly involved
with hormone synthesis, and it is only necessary to have proper
positioning of the hormone-forming sites and the outer ring
donors in order to preserve adequate thyroid hormone synthesis.
Since there are several hormonogenic sites, loss of some of these
should not be devastating, particularly if site A is preserved. Even
when hormone synthesis is impaired, TSH will stimulate the gland
to use its iodine more efficiently and can probably override a mild
to moderate defect and ensure euthyroidism. Opportunities o test
these speculations are now available with the rapid advances in
knowledge of the fine structure of Tg. Screening of Tgs from nor-
mal and abnormal glands should detect changes in structure at
these sites and permit 2 more precise diagnosis of the defects in
Ts synthesis.

Endemic Goiter

This is clearly a muitifactorial disease. The most important eti-
ologic factor of endemic goiter is iodine deficiency, but a number
of others may contribute, including other environmental goitro-
gens, mainutrition, and genetic alterations at one or more stages
in hormone synthesis. Thyroglobulin may participate in both of the
last two conditions. In malnutrition, protein synthesis in general
is impaired, including that of Tg. In Senegal, where deficiencies
in both vitamin A and iodine occur, the prevaience and severity
of goiter are greater when vitamin A deficiency is present in ad-
dition to iodine deficiency.® ingenbleek et al® have postulaied that
this reflects defective glycosyiation of Tg, which in turn makes it
a poorer substrate for iodination and hormone formation. Sub-
sequent studies in rats support this hypothesis.?

With regard to genetic variations, it has been noticed
repeatedly within areas of severe iodine deficiency that not every-
one is goitrous. In Greece, for example,® careful comparisons of
goitrous with nongoitrous subjects in the same village showed slight
differences in iodine excretion, but these were insufficient in
themselves to account for the distinction between goitrous and
nonggitrous conditions. Detailed investigation of the major steps
in the biosynthesis of the thyroid hormones also failed to show
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differences, leading to the conclusion that biocchemical factors in
the thyroid gland were responsible for the goiter, in addition to the
iodine deficiency. As in the case of goiter in the non-iodine defi-
cient population, we would postulate that at least some of these
patients may have Tgs that are less efficient in forming hormones
than those of normal subjects; hence they are more vuinerable to
the stress of iodine deficiency.

Autoimmune Thyroid Disease

Thyroglobulin may relate to autoimmune thyroid diseases in iwo
ways, through the possiblity of structurally abnormal Tgs and aiso
through the presence of circulating antibodies to Tg in both Graves’
and Hashimoto's diseases.

There has as yet been little detailed investigation of Tg
structure in autoimmune thyroid disease. We have referred above
to studies of monoclonal antibodies raised to different Tgs,
including several from Graves’ disease, and, in comparison with
normal, the apparent decrease in reactivity of some of these to
antibodies formed against normai Tg.'* There were other vari-
ables, such as a lower iodine content, and the cause for the
lower reactivity has not yet been defined. Older studies looking
at cruder parameters of thyroid structure failed to find differ-
ences in autoimmune thyroid disease. However, reinvestiga-
tion with finer definition of Tg structure is needed, particularly in
light of the new knowledge of thyroid hormane sites and the
heterogeneity of Tg among goitrous and normal subjects.

Examination of the Tg in autoimmune thyroid diseases will
need to take into account the effects of increased TSH or thyroid
stimulating immunoglobulin, rapid turnover in the gland, differ-
ences in degree of iodination, and the effects of treatment with
antithyroid drugs. Nevertheless, there are known variations in
iodine metabolism in autcimmune thyroid diseases, such as
increased sensitivity to iodine and an increase in T3 relative to
Ta4. Since these and other steps are closely linked to Tg, they
point to the need for further investigation of Tg structure in
these diseases.

Circulating antibodies to Tg are a regular feature of autoim-
mune thyroid disease. They can be detected by a variety of meth-
0ds, usually by radioimmunoassay or tanned red cell aggiutination.
In the best assays, they are found in the majority of patients with
Hashimoto's or Graves' disease. Their sensitivity in these dis-
eases is usually less than that of antibodies to an uncharacter-
ized microsomal antigen. Although Tg is a normal component
of human serum, circulating antibodies to it are found only in
autoimmune thyroid disease. Thus, the hyperimmune state of
these conditions is probably sufficient to explain the presence of
these antibodies. Nevertheless, a more detailed examination
of Tg in autoimmune thyroid diseases is needed before struc-
tural abnormalities in the molecule can be excluded.

Thyroid Tumors

There are many reports on the Tg found in thyroid tumors.
Earlier studies examined such physicochemical characteristics
as salting out and ultracentrifugal patterns.® In general, Tgs from
thyroid cancer had a predominance of the 128 form and occa-
sionally had an abnormal saiting out pattern. Aimost ali Tgs
from thyroid cancers have had a low iodine content,® and the
abnormalities in physicochemical characterization may be on
that basis. Some toxic adenomas have shown a marked
increase in the ratio of Ta to Ts, which implies abnormalities at
least in the post-transiational modifications of Tg. in cold nod-
ules a variety of defects have been described, including
decreased hormone formation, decreased iodination, and an
increase in the 125 to 198 ratic. These changes may be sec-



* ondary to a decrease in iodine trapping by these nodules or may
include defects in Tg structure, or both.

Differentiated thyroid cancers may show changes similar to
those of benign hypofunctioning adenomas. Tgs from most can-
éhave low contents of iodine and T4 and an increased dis-
S@fation into the 12S species on ultracentrifugation. Monoclonal
antibodies to human Tg react with Tg from cancers.’®* However,
in one carefully studied case the Tg from metastases of a follic-
ular carcinoma was abnormal in its composition of amino acids
and monosaccharides and in the occurrence of species of
unusual molecular size when compared with “normal” 7g.»

Serum Thyroglobulin

it is now firmly established that Tg is a normal serum constituent
in man, rat, and other species and is secreted by the thyroid
gland.”** From studies of Tg density, Schneider* concluded that
circulating Tg had a very low content of icdine in comparison with
thyroidal Tg and that major differences in carbohydrate content
or protein folding were unlikely. With TSH stimulation there is an
increase in the amount of Tg secreted and in its iodine content.
Several mechanisms for secretion of Tg from the thyroid have been
proposed. Of these. perhaps the most attractive is a re-routing of
newly synthesized Tg, whereby it is transported in vesicles from
the apical to the basolateral cell membrane into the circulation.
thus bypassing lysosomal degradation.

Under physiologic conditions, the mean serum level of thy-
roglobulin in humans is around 5 ng/dL.,* with considerabie vari-
ation in the normal range from one laboratory o another. It is
detectable in most normal individuals. The levels are increased
in the neonatal period and decrease progressively during child-
hood. As predicted from experimental studies, the serum levels
are characteristically increased with TSH stimulation.

The most widespread clinical use of serum Tg measurement

‘ollowing patients with differentiated thyroid cancer. There are
a number of publications on this point, as well as recent reviews
by Van Herle* and Pinchera.* (See also Thyroid Today, Vol. 4,
No. 2, March-April 1981.) lts greatest vaiue is in patients who have
had total thyroidectomy for thyroid cancer, since this excludes
secretion of Tg from any remaining normal thyroid. Ashcraft and
Van Herle* compared "'l total body scans and serum Tg levels
in 32 patients, both on and off suppressive thyroid hormone ther-
apy. They found that patients with undetectable serum Tg levels
did not have metastases revealed by radioiodine scanning and
that this was true regardless of thyroid hormone treatment. They
also found no metastases in patients who had serum Tg levels
less than 10 ng/dL while off suppressive thyroid hormone therapy.

in 82 patients, Pinchera et al* compared the relative value
of the serum Tg level with that of '*'l scanning and of clinical ex-
amination in detecting metastatic thyroid cancer. In ali those with
metastases demonstrabie by other means, the serum Tg level was
not suppressed when the patient was off exogenous thyroid hor-
mone. However, four of 58 patients with bone and lung metas-
tases and seven with lymph node metastases showed suppressed
values while on exogenous thyroxine. Barsano et al® aiso com-
pared serum Tg levels with scan results. in agreement with oth-
ers, they found that the serum Tg level was a more sensitive
measure of metastases when patients were not receiving sup-
pressive thyroxine. They aiso found that the scan was negative
in patients with a normal serum Tg and negative clinical
examination.

it is clear from the above that the serum Tg can be of great

e in followng patients with differentiated thyroid cancer. An
elevated level in a patient whose thyroid has been ablated is strong
evidence for metastases. There is disagreement as to whether it

is sate to rely on an undetectable serum Tg level as satisfactory
reassurance that there is no functioning thyroid cancer in a
patient on suppressive exogenous hormone.

A traublesome part of current follow-up of patients with dif-
ferentiated thyroid cancer is the withdrawal of thyroid hormone
treatment in order to do scanning. This makes patients uncom-
fortable as they become at least partly hypothyroid and exposes
them to some risk of growth in TSH-responsive tumors. if we can
be reassured by a suppressed serum Tg whiie the patient is on
exogenous hormone therapy, then the withdrawal from hormone
can be avoided, which would be a great advance in current treat-
ment practice. Further studies are needed to test this question
more compietely.

When using serum Tg for evaluating cancer, it is important
to realize its limitations. It will be elevated only in patients with dif-
ferentiated carcinoma, presumably those with some iollicular
components. This excludes medullary, anaplastic. and probably
many “pure” papillary carcinomas, ie, those without the follicutar
variant. The presence of circulating antibodies to Tg in some
patients will make it difficult to follow serum Tg levels.

In addition to extending clinical experience with serum Tg in
following differentiated carcinoma. we shouid pay mare attention
to the structure of Tg itself in thyroid cancer. Current assays have
used Tgs from either familia! goiters or Graves' disease as anti-
gens in developing antibodies. As discussed above, abnormali-
ties in thyroidal Tg have been described in thyroid cancer. {f there
are any comimon structural changes in thyroid cancer, a point on
which there are virtually no experimental data, then antibodies
directed against these abnormal characteristics could be devei-
oped and wouid presumably be much more specific markers. The
newer knowledge of the detailed structure of Tg and the devel-
opment of the hybridoma methodology permit this possibiiity to
be explored in greater depth, and such exploration shouid be
pursued.

The major clinical application of the immunoassay for Tg has
been in differentiated cancer, but it is also useful in other situa-
tions. For example, the serum level is usually increased in sub-
acute thyroiditis and differentiates this from surreptitious T,
administration when there is clinical doubt. in congenital hypo-
thyroidism, serum Tg is low with thyroid agenesis but increased
in the biochemical defects associated with familial goiter. The Tg
content of cystic fluid can distinguish a thyroidal origin from that
of parathyroids or other tissues. Antibodies to Tg are also valu-
able in histochemical recognition of thyroid tissue. As these
examples show, Tg immunoassay may be useful io assess TSH
action or serum thyroid activity in many situations or to identify a
thyroidal origin of pathotogic samples.

Summary

Thyrogiobulin plays a key role in thyroid hormone synthesis and
storage. There has been rapid progress recently in elucidating its
chemical structure and its relation to hormonogenesis. The
favored site for hormone formation is the fifth residue from the
amino terminus of Tg's polypeptide chain. Other sites exist, in-
cluding a Ts-forming one. Important post-transiational modifiers
of Tg structure include TSH, iodine, and glycosylation. Clinically,
there is evidence of abnormalities of Tg structure in some famiiial
goiters and neoplasms and possibly in autoimmune thyroid dis-
ease. Advances in knowiedge of Tg structure shouid clarify path-
ogenetic mechanisms in these diseases. Thyrogicbulin is valuable
also in the laboratory testing of a number of thyroid diseases,
particuiarly differentiated thyroid cancers and autoimmuna thy-
roid diseases.
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Hypothetical model for role of iodine in formation of T,-rich peptides at site
A. The amino terminus of the Tg chain is shown, with the future 26K iodo-
peptide lightly shaded. (a) After initial iodination, DIT Is formed at site A near
the N-terminus and at another position deeper in the molecule; (b) lodina-
tion cieaves the 26K peptide and brings the DIT into juxtaposition with the
inner-chain DIT; (c) the DITs couple to form T, on 26K, leaving dehydro-
alanine at the donor site; (d) further iodination cleaves 26K into 18K.2°
Reprinted by permission of Raven Press, New York.
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