


acid sequence surrounding this site was determined for material
from tryptiC digest of bovine Tg.'> The T~ of site A occurred on the
fifth residue from the N-termmus of one tryptic peptide.

Chemical Features of Thyroglobulin

Molecular weight: 660.000
Polypeptide chains: 2. each 330.000 daltons. probably identical

Composition: Carbohydrate 10% by weight
Iodine 0.2-1% by weight
Amino ACids 5174 residues

Tyrosine 123
MIT 9.6-
DIT 9.5"
T, 2.3·
T, 0.6-

'Values for rabbit Tg containing 0.76% iodine.

Meanwhile. several research laboratories have been map­
ping the amino aCid sequence of Tg as translated from cloned DNA
from mammalian Tg genes. n ~ Comparison of these cDNA
sequences with that of site A from bovine Tg allowed the key
observation that this site was the fifth reSidue from the amino ter­
minus of the entire polypeptide chain of more than 2.500 amino
aCids." Thus. the tyrosyl situated at sIte A in all likelihood would
be m an exposed position on the surface of the molecule and pre­
sumably accessible to Iodine and to subsequent coupling with
another OIT to form T4. The DIT donor for the outer ring of T4 at
this site has not yet been located within the peptide chains of Tg.
This IS under active Investigation in several laboratories. The work
of Gavaret et ai' shows that the coupling reaction leaves dehy­
droalanme In place of the donating DIT.

While Site A is clearly the most Important one for T4 synthe­
sis. it is not the only one. The work with cONA mapping shows
that this sequence around site A appears only once in each of the
two chains of Tg. Since there are frequently more than two resi­
dues of T4in Tg, there must be other sites where it is synthesized.
Several T4-containing peptides have been isolated from porcine
Tg and partial sequences descnbed. '°From comparison with the
cDNA sequencing, these sites appear to be near the C-terminal
part of the Tg chain." Another sequence containing predomi­
nantly T3 has been described" and localized to the C-terminus.6

Such a position at the extreme end of the molecule, as in the case
of site A. might make it more readily accessible both for iodination
and synthesis and for subsequent proteolysis.

Ten percent of the Tg molecule is carbohydrate. It occurs in
two types of polysaccharide units. a simple one consisting chiefly
of mannose and glucosamine and a complex one containing glu­
cosamine. mannose. galactose, sialic acid, and fucose. '2 As in
many glycoproteins. the role of the carbohydrate is poorly under­
stood. but it appears important in receptor recognition at the api­
cal membrane 'J 14 for subsequent proteolysis and for iodination. 14

There is extensive microheterogeneity among the carbohydrate
units, prOViding a basis for widespread variation in iodination and
proteolysis among different Tg molecules.

Immunologic approaches have also been used to probe Tg
structure. Of several monoclonal antibodies developed against a
normal human Tg, some appear to react to the iodinated portion
of the Tg molecule. while others may react independently of
iodination. 15 Of interest. Tgs from Graves' disease showed lower
reactivity to some manoclonals than did Tgs from normal thy­
roids; this difference in reactivity could be related to differences
in iodination. since the Graves' Tgs had a lower iodine content.
or it might reflect intrinSIC differences in the peptide portion of the
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Tgs. Polyvalent antisera to Tg have shown different affinities for
several antigenic sltes. '6

17 suggesting at least two immunologi­
cally distinct T4sites some distance apart from each other in Tg's
polypeptide charn. This supports the conclusions about two or more
sites, obtained from chemical studies as described above.

Iodine appears to be a major factor in the post-translational
modificatIon of T9. It has. of course. long been recognized that
iodine is a constituent of the thyroid hormones and that their for­
mation IS a post-translational event occurring within the Tg mole­
cule. In addition. recent experiments both in vitro and in vivo
suggest that the process of iodination leads to cleavage of pep­
tide bonds of Tg and is. in fact. responsible for the production of
the 26,OOO~ and 18.000-dalton iodopeptides described above. IS

Formation of these iodopeptides occurs almost simultaneously
with the coupling of iodotyrosines to form thyroid hormones. It is
possible that the cleavage is a necessary condition for initial hor­
mone synthesis at site A, in that it brings two DIT residues into
favorable juxtaposition for coupling. Thus. iodine interacts with Tg
in two ways, as a constituent of the thyroid hormones and as an
agent in post-translational cleavage of peptide bonds.

A hypothetical model for these events is shown in the Figure.
With more extensive Iodination. some of the T4 at site A will be
found in iodopeptides larger than 26.000 and 18,000 daltons,
perhaps reflecting the formation of non-disulfide bonds between
site A and the remainder of the polypeptide chain. While this model
is unabashedly speculative. it offers a basis for further investi­
gation into the complex role of iodine in hormone formation.

Thyroid-stimulating hormone is another agent that modifies
Tg's structure. In vivo administration has resulted in a decrease
in spontaneous breakdown from 19S and 12S, an increase in the
ratio of T3 to T4. changes in the total amino acid composition of
Tg,I9 and an increase in the conversion of the 20,000 iodopeptide
to the 15.000.20 These effects appear to take place without changes
in the overall content of iodine in Tg. With the recent discovery of
specific T3 and T4 sites within the Tg molecule. there should soon
be a clearer understanding of how TSH achieves these effects.
They have immediate relevance to human thyroid disease. since
TSH stimulation is an important factor in both normal and abnor­
mal thyroids, and similiar effects could be expected from the thy­
roid stimulating immunoglobulins of Graves' disease.

Thyroglobulin Proteolysis
Lysosomal proteases digest Tg to release thyroid hormones into
the circulation. The most carefully studied are cathepsin D,21

cathepsin 8,22 and two newly discovered thiol Tg hydrolases.22

These last appear to be the most important in terms of initial Tg
hydrolysis, as evidenced by their activity in assays in vitro
and in reponse to TSH and T4 in vivo. 2J Limited digestion with
the thiol Tg hydrolases produces peptides of 30,000 to 50,000
daltons that appear to contain all three hormonogenic sites de­
scribed above. More extensive digestion with these hydrolases
gives small peptides (less than 5,000 daltons) that are T3 enm

riehed. Digestion with cathepsin B produces small peptides enm

riched with both T:3 and T4 (A.D. Dunn, manuscript submitted). 1'"he
newer knowledge about the location of thyroid hormones within
the T9 moleCUle should now permit better definition of the sites
of action of these proteolytic enzymes and how they change with
altered physiologic states such as TSH sgmulation and iodine
deficiency.

Familial Goiter
Errors at any step of thyroid hormone synthesis or release can
result in familial goiter. Since Tg is central to the synthesis of thya
raid hormones, it is reasonable to postUlate that abnormalities in



its structure may be a basis for defective hormone synthesis and
thus lead to goiter. Several examples support this concept. Silva
et aj24 described a 12-year-old girl with gOiter and elevated serum
TSH whose Tg had a low molecular weight (90,000), normal
iodine content (.49% by weight), and very low content of T4 and
T3 despite normal amounts of OIT 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.25 It is likely that many so-called organification and coupling
defects are the expression of Tgs that are structurally abnormal
or diminished in amount.

We studied Tgs from four goitrous patients with defective T4

formation and found wide variations in overall amino acid com­
position when compared with each other or with those from nor­
mal persons. 26 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 also 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 rrng
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 to 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 a more precise diagnosis of the defects in
T4 synthesis.

Endemic Goiter
This is clearly a multifactorial 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, malnutrition, 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 prevalence and severity
of goiter are greater when vitamin A deficiency is present in ad­
dition to iodine deficiency.2s Ingenbleek et al21 have postulated that
this reflects defective glycosylation of Tg, which in turn makes it
a poorer substrate for iodination and hormone formation. Sub­
sequent studies in rats support this hypothesis.29

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,JO 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
nongoitrous 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 biochemical 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 vulnerable to
the stress of iodine deficiency.

Autoimmune Thyroid Disease
Thyroglobulin may relate to autoimmune thyroid diseases in two
ways, through the possiblity of structurally abnormal Tgs and also
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 normal Tg,15 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 hormone 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 autoimmune thyroid diseases, such as
increased sensitivity to iodine and an increase in T3 relative to
T4. 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
ods, usually by radioimmunoassay or tanned red cell agglutination.
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.31 In general, Tgs from
thyroid cancer had a predominance of the 128 form and occa­
sionally had an abnormal salting out pattern. Almost all Tgs
from thyroid cancers have had a low iodine content,32 and the
abnormalities in physicochemical characterization may be on
that basis. Some toxic adenomas have shown a marked
increase in the ratio of T3 to T4, which implies abnormalities at
least in the post-translational modifications of Tg. in cold nod m

ules a variety of defects have been described, including
decreased hormone formation, decreased iodination, and an
increase in the 125 to 195 ratio. 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

I
h se of benign hypofunctioning adenomas. Tgs from most can­

have low contents of iodine and T4 and an increased dis­
s ation Into the 12S species on ultracentrifugation. Monoclonal
antibodies to human Tg react with Tg from cancers.'5 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" Tg.33

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. J

4-36 From studies of Tg density. Schneider 34 concluded that
circulating Tg had a very low content of iodine 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 degradationY

Under physiologic conditions, the mean serum level of thy­
roglobulin In humans is around 5 ng/dL,38 with considerable vari­
ation in the normal range from one laboratory to 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 Herle36 and Pinchera.3s (See also Thyroid Today. Vol. 4,
No.2, March-April 1981.) Its greatest value 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 Herle311 compared 131 1 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 at3S compared the relative value
of the serum Tg level with that of 131 1scanning and of clinical ex­
amination in detecting metastatic thyroid cancer. In all those with
metastases demonstrable 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~ also com­
pared serum Tg levels with scan results. In agreement with oth­
ers, they found that the serum T9 level was a more sensitive
measure of metastases when patients were not receiving sup­
pressive thyroxine. They also found that the scan was negative
in patients with a normal serum Tg and negative clinical
examination.

e lt 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
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is safe to rely on an undetectable serum Tg leve! as satisfactory
reassurance that there is no functioning thyroid cancer in a
patient on suppressive exogenous hormone.

A troublesome part of current fallow-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 T9 while 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 completely.

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 follicular
components. This excludes medullary, anaplastic, and probably
many "pure" papillary carcinomas. ie, those WIthout the follicular
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 should pay more attention
to the structure of Tg itself in thyroid cancer. Current assays have
used Tgs from either familial goiters or Graves' disease as anti­
gens in developing antibodies. As discussed above, abnormali­
ties in thyroidal Tg have been described in thyroid cancer. If there
are any common structural changes in thyroid cancer. a point on
which there are virtually no experimental data. then antibodies
directed against these abnormal characteristics could be devel­
oped and would 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 possibility to
be explored in greater depth, and such exploration should 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 T4

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 to assess TSH
action or serum thyroid activity in many situations or to identify a
thyroidal origin of pathologic samples.

Summary
Thyroglobulin 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 T3-forming one. Important post-translational modifiers
of Tg structure include TSH. iodine, and glycosylation. Clinically.
there is evidence of abnormalities of T9 structure. in some familial
goiters and neoplasms and possibly in autoimmune thyroid dis­
ease. Advances in knowledge of Tg structure should clarify path­
ogenetic mechanisms in these diseases. Thyroglobulin is valuable
also in the laboratory testing of a number of thyroid diseases.
particularly differentiated thyroid cancers and autoimmune thy­
roid diseases.



Hypothetical model for role of iodine in formation of T4-rich peptides at site
A. The amino terminus of the Tg chain is shown. with the future 26K lodo­
peptide lightly shaded. (a) After initial iodination. OIT Is formed at site A near
the N-terminus and at another position deeper in the molecule; (b) IOdina­
tion cleaves the 26K peptide and brings the OIT Into juxtaposition with the
inner-chain OIT; (c) the OITs couple to form T4 on 26K. leaving dehydro­
alanine at the donor site; (d) further iOdination cleaves 26K Into 18K.20
Reprinted by permission of Raven Press. New York.
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