
ABSTRACT

The present data of growth factors, oncogenes, tumor-suppressor-genes and
environmental factors can be summarized in thus: thyrotropin, growth factors
and other hormones do increase thyrocyte growth and specific mutations of
growth factor receptors (thyrotropin receptor [TSH-R], alpha subunit of het-
ero-trimeric transducer protein [GSP]) cause autonomously functioning thy-
roid tissue and differentiated thyroid carcinoma. In the thyroid, as in other
organs, genes that are found to be differentially expressed between normal
thyroid tissue and thyroid carcinomas can be used as targets for molecular-
based diagnosis and therapy. Deregulation of tumor suppressor gene p53,
however, parallels dedifferentiation of papillary and follicular thyroid cancer
but has been found in few cases only. Iodide inhibiting thyrocyte growth will
have to be investigated more intensively after sodium-iodide-symporter (NIS)
has been cloned, and studies may now be available that could lead to form of
conservative treatment in especially dedifferentiated thyroid cancer.

Epidemiology of goiter distribution and different thyroid cancers

The incidence of thyroid diseases and histological variations of thyroid cancer
changes in different areas with different iodine intake (1). Whether external
iodine intake is the only major factor influencing goiter development and thy-
roid cancer growth has been questioned, however, and familial predominance
of goiters and specific expression of oncogenes as well as tumor suppressor
genes have been investigated by numerous authors (2-5).
In the countries with low iodine intake, until the end of 60s, such as Germany
and Austria, the incidence of thyroid diseases is still high in the elderly, who
lived for a longer period of iodine deficiency (Austria: 34.3% in women and
21.3% in men; Germany: 34.4% in women and 31.1% in men) which is in
contrast with our nowadays expectations that women are much more in dan-
ger for thyroid disease, including goiter (6,7). On the other hand the preva-
lence of differentiated thyroid cancer in areas with different iodine intake is not
different, however, with an autopsy prevalence of thyroid cancer in the USA,
Germany and Italy of 5% to 8% (7). This is also true for mortality due to thy-
roid cancer, which ranges between 4 to 8 cases/100.000 inhabitants (8). 
The distribution of thyroid histology in thyroid cancer is iodine dependent:
70%-85% papillary thyroid cancer, 12%-18% follicular and 1%-3% anaplastic
cancer in areas of high iodine intake; 50%-60% papillary thyroid cancer, 25%-
30% follicular thyroid cancer and 5%-7% or 1%-3% anaplastic cancer in areas
of medium iodine deficiency; in areas of severe iodine deficiency 40%-50%
will demonstrate follicular thyroid cancer, about 25% papillary thyroid cancer
and more than 10% dedifferentiated and anaplastic malignant tumors of thy-
roid gland (7).
The question arises, therefore, how do the variations in iodine intake cause the
described changes of the thyroid gland, and what may be the background of
iodine independent diseases? 

Importance of iodine in the development of goiter and its influence on distri-
bution of thyroid cancer - physiological and pathophysiological explanations

The growth inhibiting effect of iodine in thyroid tissues and thyroid cells in cul-
ture was well known for a long time but its molecular mechanism has not been
demonstrated until very recently (9). Iodide is inserted into thyroid cells by an
active process mediated by the sodium-iodide-symporter (NIS), an integral
plasma membrane protein of the basolateral membrane of thyroid follicular
cells (643 amino acids, molecular weight of 70-90 kDa) (10). The cloning of
the gene encoding NIS led to better characterization of the molecular mecha-
nisms involved in iodide transport under physiological and pathological con-
ditions (11,12). Several studies have shown that thyrotropin (TSH) increases
NIS gene and protein expression. This process is mediated by stimulation of
intracytoplasmic adenylate cyclase activity leading to an increase of the sec-
ond messenger cyclic AMP (cAMP) (13,14). Several other factors may influ-
ence NIS expression, however, most data were obtained from rat cell lines
derived from thyroid tumors (10). Overexpression of NIS has been demon-
strated in Graves' disease and hyperfunctioning thyroid nodules. In cold thy-
roid nodules as well as in differentiated thyroid cancer NIS expression has
been reported normal, lower and higher than in normal thyroid tissue
(10,13,14). In most follicular thyroid cancer and dedifferentiated cancer NIS is
underexpressed (7,9), and therefore stimulation of NIS may be used for
increasing the efficacy of radioiodide in thyroid cancer with low iodide uptake.
However, it is important to note that in thyroid cancer tissues human NIS gene
expression does not always correlate with protein expression and correct tar-
geting to the plasma membrane. Therefore this analysis should be combined
with immunohistochemical analysis when the data will be used for therapeu-
tic decisions and the planning of radioiodine therapy. 

The importance of iodide and tumor-suppressor-genes in growing thyroid
tissue and differentiated thyroid carcinomas

Investigating the effect of iodide in suppressing thyroid growth, it could be
demonstrated that iodide itself and iodide enriched lipid (iodolactone) inhibit
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thyroid cell growth by stimulating transformin growth factor B (TGF-B) expres-
sion, the longest known physiologic inhibitor of thyrocyte growth (15). Beside
TGF-B thyroid specific differentiation factors i.e. thyroid transcription factors
1-2 (TTF-1, TTF-2) and PAX-8, interleukin-1 and tumor necrosis factor-a are
proven to inhibit thyrocyte growth by influencing NIS expression as well as
retinoids (10,16). Tumor suppressor genes that have been studied in tumor
tissues include p53, p16 and p15. While p53 mutations were mainly demon-
strated in dedifferentiated and anaplastic carcinomas, p15 and p16 alteration
were only important for the growth of thyrocyte cell lines in culture, that have
been established from human thyroid cancer tissue (16). Mutations in all three
tumor suppressor genes are known to transfer tumor cells into more aggres-
sive once by reducing phosphorylation of specific proteins that are important
in cell cycle. The clinical implication of these findings, however, is still ques-
tionable.

Thyrotropin and constitutively overactive mutations of the thyrotropin-
receptor and its second messenger system

Growth factors, a large number of different families were investigated, using
thyrotropin (TSH), estrogen and other hormones as well as epithelial-growth
factor (EGF), insulin like growth factor (IGF-1), and hepatocyte growth factor
(HGF) and their receptors. Many authors demonstrated that TSH increases
thyrocyte activity and cell growth in normal thyroid tissue, benign tumors and
in some differentiated thyroid cancer (2, 7, 9). The pathway from receptor
activation to cell cycle stimulation was described and included oncogenic het-
erotrime GTP-binding proteins (GSP, RAS) and second messenger cyclic
AMP (cAMP)(16). Constitutively overactive proteins caused by mutations
were confirmed, when tumor tissue from autonomously functioning thyroid
adenomas and some other tumors were investigated. TSH receptor proteins
with constitutively overactive mutations have thus been found as germ-line
mutations in children with early onset of hyperthyroidism and goiter and as
somatic mutations in autonomously functioning thyroid adenomas (9). These
findings also explain, why long-term conservative treatment of hyperthy-
roidism caused by thyroid autonomy has no rational, rather than only prepar-
ing patients for definitive ablative (radioiodine or surgery) therapy. Other
growth factor binding receptors (EGF-R, IGF-R, HGF-R, Estrogen-R, etc.) have
also been investigated but results lack any clinical relevance, although these
factors do play certain roles in cellular regulation of epithelial cells, including
thyrocytes.

Ret-PTC activation by thyroid specific translocation

Ret, a membrane receptor protein (thyrosine-kinase receptor) is stimulated by
glial derived growth factor (GLDF) and was found by translocation in papillary
thyroid cancer, exclusively (17). Thus genetic alterations have never been
demonstrated in normal thyroid tissue and follicular thyroid adenomas but nei-
ther in "normal" tissue surrounding papillary thyroid cancer. This is surprising,
since papillary thyroid cancer is often multicentric and should therefore be
detectable also in some "normal thyroid tissue" of contralateral thyroid lobe
after total thyroidectomy. Altogether PTC oncogene and especially radiation
induced PTC-3, as a distinct tissue specific oncogene, may cause new cellu-
lar and tissue structure as well as increased cell growth. Thus PTC-3 demon-
strated with more aggressive forms of papillary thyroid cancer, whereas tis-
sues harboring PTC 1-2 mutations did not cause different clinical setting,
when compared to PTC negative papillary thyroid cancer (18).

Cytogenetic and immunohistochemical findings in dedifferentiated papil-
lary and follicular thyroid cancer

Dedifferentiated follicular and papillary thyroid cancer demonstrate increased
genetic instability and thus increased prevalence of gene mutations. CD97,
beta-1-integrin, proteases, platelet derived growth factor and e-cadherin were
found even in rather stabile cell surface molecules and cellular bindings pro-
teins as well as in adhesion molecules changes in structure and altered

expression profiles (19,20,21). Since e-cadherin expression was decreased
and protease activity increased in some of these tissues we could assume
that these tumor cells are more likely to metastasize and invade surrounding
structures. This was proven in vitro studies but specific help for clinical deci-
sion regarding aggressiveness and applied treatment could not yet be depict-
ed from these studies. Finally all these studies were summarized and flow-
charts drawn to describe an adenoma to carcinoma sequence in thyroid
tumors, comparable to that of colonic epithelial tumors. Such sequence has
not been proven of any clinical importance in thyroid tumors, however, when
patients had been followed for years. Whether a longitudinal dedifferentiation
can be proven in thyroid tumors, could only be important in the development
of anaplastic thyroid cancer from low differentiated follicular and papillary thy-
roid cancer. Question is unanswered for development of highly differentiated
thyroid cancer, whether some of these tumors may derive from follicular ade-
nomas. This hypothesis is rather unlikely in view of the present clinical data. 
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