






Figure 3. Autoradiograph of a multinodular goiter of a 36-year-old man. Sev­
enteen hours before surgery, 200 V-Ci 1251 was given. The patient was given
a single dose of 3 mg thyroxine one week before surgery. Since TSH re­
sponse to TRH was still suppressed at the time of labeling, all 1251 uptake re­
flects aufonomous function. In sharp contrast to the rather uniform normal

I thyroid, follicles of widely varying size and function are present. Moreover,
the normally inverse correlation between size and 1251 uptake is lost In many
goiter follicles. Follicles of the same size and of Identical morphologic as­
pect may have very different iodine turnover (see also Figure 1).

ease and simple sporadic goiter pathogenesis become re­
lated members of the same family of immunological
disorders. In the case of Graves' disease, intensive thyroid
stimulation would result in a rather acute and stormy dis­
ease with excessive function of ail follicles. In the case of
simple goiter, gentle stimulation of the thyroid gland over a
long time would elicit only what may be the most sensitive
response of the gland, the generation of new follicles from
predisposed cells. Since the new follicles are not function­
ally overstimulated, euthyroidism is generally maintained
(section 7 and Figures 1 and 3).

On theoretical grounds, it is rather unlikely that thyroid­
stimulating immunoglobulins, or, more precisely, growth­
stimulating immunoglobulins, are the sole and only cause
of simple goiter. Indeed, there is rapidly growing evidence
that a whole array of locally produced growth factors, such
as epidermal growth factor, nerve growth factor, platelet
derived growth factor, angiogenetic factor, and many other
cell-growth-promoting peptides, may be involved in regu­
lating local cell replication. 19 Whether or not some of them
will ultimately be shown to participate also in follicular rep­
lication33 is a matter of speculation.

It appears possible that prolonged iow-grade TSH stimu­
lation such as that which exists in endemic goiter areas
may also induce a heterogenous simple goiter. In contrast,
intense TSH stimulation, as that used to produce experi­
mental goiter in laboratory animals or occurring naturally
with severe iodine shortage,34 produces diffuse hyperplas­
tic goiters. Indeed, there is no functional or morphological
difference between sporadic and endemic goiter. 2,35 Since
any kind of low-grade chronic growth stimulation will gen­
erate new follicles characterized by widely varying de­
grees of autonomy, including hot follicles (section 7), the
high incidence of autonomous tissue in endemic goiter36 is
not surprising. It should be equally clear why such goiters
predispose to thyrotoxicosis when iodine shortage sub­
sides (section 7).

Often goiters fail to shrink when treated with thyroxine.
This indicates either that the number of neWly generated
follicles and the size of their lumina no longer can be re­
duced by suppressing TSH or that goitrogenic agents
other than TSH are at work (Figure 4).

6. Mechanisms that transform originally diffuse simph~

goiters into multinodular goiters. Growth of the thyroid
gland, ie, generation of new follicles, is accompanied by
the sprouting of new capillaries. 8,37,38 This probably is also
true tor any other growing tissue. As shown by Folkman,39
locally produced angiogenetic factors produce a frail bal­
ance between an expanding population of epithelial cells
and the newly formed capillary net. This balance is broken
down as soon as the volume of the newly generated tissue
reaches a diameter of 1 to 3 em at most. Necrosis in the
center of the growth will inevitably result. We believe that
the same mechanism accounts for the mUltiple hemor-

rhagic and nonhemorrhagic necroses of single follicles or
whole cohorts of follicles that invariably occur in nodular
goiters.4O Necrotic areas are first invaded by highly cellular
repair tissue that is transformed, with time, into poorly cel­
lular fibrous scars, often studded with hemosiderin. Even­
tually, a network of inelastic connective tissue expands
within the thyroid. The slowly multiplying cohorts of folli­
cles must squeeze into the meshes of this network and a
pseudonooular growth pattern will result. This concept, as
detailed and illustrated elsewhere ,40 fits well with the com­
mon clinical observations that (1) palpable nodules in
multinodular goiters may not coincide with scintigraphi­
cally defined nodules and (2) most clinically and scinti­
graphically defined nodules do not bear the histologic and
autoradiographic hallmarks of true monoclonal adeno­
mas.41 They rather consist of the same heterogeneous foi­
licle population as the extranodular tissue.40 Thus, most
nodules are a coincidental rather than an essential feature
of simple goiters.

Besides the scars of connective tissue forcing the slowly
growing simple goiter to expand in an irregUlar, pseudo­
nodular pattern, there is another reason for the nodular
rather than diffuse growth of most simple goiters. Indeed,
the progeny of follicles arising from foci of rapidly dividing
cell clusters scattered throughout the thyroid (section 2)
will expand at a greater pace than other areas of goitrous
tissue.



Figure 4. PAS-stained IIrea of a rapidly growing multinodular goiter of a 32-year-old patient. Goiter
growth was not prevented by thyroxine treatment adjusted to suppress TSH response to TRM. Tiny foW·
eles with very small lumina have grown simultaneously with large, colloid-filled foilieles producing
striking regional heterogeneity of goiter morphology. Note the rich capillary net. (Magnification 153l!l)

7. Thyrotoxicosis caused by multinodular goiters (Plum­
mer's disease). Entirely cold follicles (ie, follicles with no
iodine turnover at all) are uncommon in multinodular goi­
ters.a Rather, each follicle contributes its own highly varia­
ble share to the total hormone production of the whole
gland. The individual activity of each foHicle depends on
the degree of its inborn autonomous function. Cohorts of
follicles that appear cold on routine scintiscans may still
have some iodine turnover unmasked by overexposing
scintiscans15 or autoradiographs. 10,14 These follicles pro­
duce only little hormone. In contrast, follicles disseminated
all over the gland or assembled in nodule-like cohorts11 ac­
count for the bulk of total hormone output. Thyrotoxicosis
- often preceded by subclinical hyperthyroidism42 - ap­
pears when the total number of follicles with at least some
degree of autonomous function has grown large enough to
produce hormone in amounts exceeding the daily require·
ment. Thus, thyrotOXicosis in multinodular goiter depends
on the total number of newly grown follicles on the one
hand, and on the relative share of hot and cold follicles on
the other. Therefore, thyrotoxicosis is an accidental rather
than an essential event in simple goiter.

Thyrotoxicosis may appear after exposure of a goiter pa­
tient to an iodide 10ad.43 A smail increase of hormone pro­
duction is a physiological response of any thyroid follicle to
increasing iodine supply.44 This overshoot is compensated
for by a decrease of physiological TSH secretion with sub­
sequent dampening of hormone production in all normal
follicles. However, in a goiter containing follicles with a
higher than average autonomous function, not only will the
iodine-induced overshoot of hormone output be higher, but
the function of these follicles cannot be shut off, even with
complete TSH suppression.45 Therefore, iodide-induced
thyrotoxicosis may simply represent the physiological re­
sponse of the hot follicles embedded in the goitrous tissue
to an increase in iodine supply.

8. Conoid-rich macrofollicular versus colloid-poor hyper­
plastic goiters. Among the most puzzling features of sim­
ple goiter are the enormous morphologic differences
between follicles in different regions of the same goiter,
sometimes within a few millimeters in diameter, or between
two adjacent follicles. 8,14,20 Agiven volume of a simple goi­
ter may consist either of a large number of small follicles
with tiny colloid lumina, or else it may be made up of a few
giant follicles lined by flat, Widely spread epithelial cells
(Figure 4). However, the function of the follicle in terms of
iodine turnover has no correlation whatever with its mor­
phologic structure. A giant follicle may as well be hot as
cold and the same is true for the dwart follicle. The results
are bizzare patterns of differently active but morphologi­
cally identical follicles lying side-by-side, single or in
groups, with structurally and functionally different neigh­
bor follicles.9-11,14 (See Figures 3 and 4.)

One important reason for the functional heterogeneity is
the origin of goiter follicles from heterogeneous progenitor
cells (section 3). Additional mechanisms must, however,
be resolved. Both the basal and TSH-dependent metabolic
activities of the follicular cells may vary widely in the same
goiter. These differences are not due to variation in the
number of receptors per cell,21 but rather to alterations in
postreceptor steps, which are weil coordinated in the nor­
mal gland but do not function correctly in many
neogenerated goiter foHicles. For example, disordered
function may result from derangement in key enzymes in
goiter follicles of the second and third generation.46 Al­
though the precise nature of the broken links in the chain
of events has not yet been identified, the ultimate result is
a failure in the integration of the many different functions
that a normal follicle carries out. Thus, the fine balance be­
tween 9xocytosis a.nd endocytosis of thyroglobulin47 may
be shifted in such a way that either distended follicles with
oversized colloid spaces48 or, on the contrary. tiny follicles



with empty lumina are generated (Figure 4). On the other
hand, peroxidase-dependent iodine organification may be­
come impaired at the apical membrane, resulting in the
storage of poorly iodinated thyroglobulin with exceedingly
low hormone-torming potency.49.50 The concept has been
outlined in more detail previously.51

Impaired function of the systems of intercellular com­
munication and integration may be one of the important
factors in the pathogenesis of simple goiter. The functional
state of the inter- and intrafoliicular systems of coordina­
tion depends heavily on the availability of iodine.52 A high

rate of iodination dampens the endocytotic response of fol­
licuJar cells to TSH with subsequent accumulation of col­
loid, whereas (ow rates of iodine organification increase
endocytosis.51 Therefore, failure of a single follicular func­
tion such as organic binding exerts an impact on the func­
tional balance of many other systems. This has been
shown to occur spontaneously in aging mice.48 Moreover,
the production of colloid-rich goiters has recently been
achieved experimentally by blocking endocytosis in chron­
ically TSH-stimulated glands. 53
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