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Summary 

Several cytokines and growth factors together with 
their binding proteins and/or receptors arc being 
increasingly detected in mammalian thyroid tissue. 
These include epidermal growth factor, insulin-like 
growth factors, transforming growth factors, 
fibroblast growth factor, intcrlcukins, interferons, and 
tumour necrosis factor-alpha. Their exact role in 
relation to thyroid regulation has not been fully 
elucidated but it is clear that many of these peptide 
regulatory factors arc mitogcnic for cultured 
thyrocytes. Recent evidence suggests that some 
thyroid cancers and benign goiters over-express 
receptors for a number of these growth factors. 
Transforming growth factor-beta is unique for its 
dominant anti-proliferative effect on thyrocytes 
concurrently exposed to potent thyroid mitogens. The 
mammalian thyroid cell is clearly a source as well as 
target of myriad polypeptide factors that prolwbly 
co-regulate its normal growth and differentiation. 
Aberrant expression of these growth factors or their 
receptors might be a factor in the development of 
goiter. 

Resume 

Plusieurs facteurs cytokines ct des facteurs de 
croissancc aussi bien que leurs proteincs 
d'agglutinagc sont dctcctes dc plus en plus dans le 
tissu thyroTdien mammalien. Ceux-ci comprennent 
les facteurs de croissance epidermale, les facteurs de 
croissance pareille a Pinsulin; des facteurs de 
croissancc transfonnant; des facteurs dc croissancc 
fibroblastes, les interleukins, les interferons et la 
tumeur necrose facleur- alpha. 

Lcur role spccifique par rapport a la regulation de 
la thyrolde n*cst pas encore clucide mais il est clair 
que plusieurs de ccs facteurs de regulation peptide 
sont mitogdniques pour les thyrocytes de culture. Des 
evidences rtfeentes suggerent que quelqucs cancers 
thyroldes et des goitres b^nins manifestcnt 
excessivement les nScepteurs de certains de ces 

facteurs dc croissancc. Le factcur-bcta transfonnant 
est unique pour son effet anti-proliferant dominant 
sur les thyrocytes exposes concurrement avee les 
mitogenes thyroldes actifs. 

La cellule thyrolde mammaliennc est clairemcnt 
la source aussi bien que la ciblc dc plusieurs facteurs 
polypeptides qui probablement regularise sa 
croissance normale ct sa differentiation a la fois. 
L*expression anormale de ces facteurs dc croissancc 
ou de leurs rccepteurs est probablement significative 
dans le developpemcnl du goitre. 

Introduction 

Regulation of thyroid cell growth 

Diffuse or focal enlargements of the thyroid gland 
may occur in the setting of chemical and clinical 
euthyroidism, iodine deficiency, autoimmune thyroid 
disease, primary thyroid neoplasia, secondary 
metastases, or may be idiopathic (Studer and Ramelli 
1982). Goiter may also result from the ingestion of 
certain drugs (e.g. lithium), diets, (e.g. cassava), or 
toxins (e.g. some halogcnatcd compounds). In the 
case of Graves* disease, goiter is believed to be 
caused by thyroid stimulating immunoglobulins 
(Wectman and McGregor 1984). The cause of goiter 
in Hashimoto's disease is not clear since both 
patients in the euthyroid as well as hypothyroid 
phases may manifest thyroid enlargement. 
Immunoglobulins with growth stimulating activity on 
thyroid cells in vitro have been reported in serum 
samples from several patients with both autoimmune 
and apparently non-iinmunologically mediated 
goiters (Schatz et al. 1987). The in vitro effect of 
these "growth stimulating immunoglobulins** has 
been attributed at least in part to contamination by 
growth factors (Gartner et a/., 1987; Zakariya and 
McKenzic 1990). 

Although TSH is commonly believed to be an 
important regulator of thyroid growth, such an effect 
is not always demonstrable in thyroid cell cultures 
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212 Sam Dagogo-Jack 

(Eggo et al.% 1989). In fact, TSH is not present in 
fetal serum during the ontogenesis of the fetal 
thyroid, and goiter can develop in hypophy-
sectomized animals (Fisher et al., 1977). Thus TSH 
is not an obligatory factor for thyroid embryogencsis 
or continued postnatal growth. However, the fact that 
euthyroid individuals bccomc hypothyroid following 
hypophysectomy indicates that TSH is required for 
thyroid hormone synthesis and secretion. 

Since the discovery of epidermal growth factor 
(EOF) and of its regulation by thyroid hormone 
(Fisher and Lakshmanan, 1990), other peptide 
regulatory factors (PRFs) have been linked to the 
thyroid. The messenger RNA for several of these 
PRFs as well as the translated products are being 
increasingly reported in thyroid tissue. The 
mammalian thyroid expresses specific receptors for 
many PRFs and synthesizes binding proteins for 
some of them. Furthermore, cultured thyroid cells 
respond to some PRFs more strongly than they do to 
TSH. 

Intrathyroidal growth factors 

Epidermal growth factor: Significant concentrations 
of immunoreactive and bioactive EGF have been 
demonstrated in both murine and human thyroid 
tissues (Hirata and Orth 1979; Dagogo-Jack et al., 
1986; Mizukami et al., 1991). The presence of 
mRNA for prepro-EGF in thyroid tissue (Ozawa et 
aL, 1991) indicates that thyroidal EGF is synthesized 
locally rather than taken up from the circulation. The 
level of EGF in the mouse thyroid is unrelated 
independent of the submandibular gland (SMG) EGF 
content; in fact, sialoadenectomy augments thyroidal 
EGF (Dagogo-Jack, 1992). Also, the thyroid gland of 
neonatal mice has been found to contain near-adult 
levels of EGF by seven days of age when their SMG 
has little detectable EGF (Dagogo-Jack, 1991). The 
low EGF in the SMG of neonatal mice cannot be 
increased by thyroid hormone treatment, as obtained 
in adult micc (Salido et al., 1990). The level of EGF 
in the mouse thyroid is hormone-responsive (Ozawa 
etal, 1991). 

EGF modulates the growth and differentiation of 
thyroid cells in vitro (Roger and Dumont, 1982) as 
well as in vivo (Ozawa and Spaulding, 1990), and 
may thus play a physiological role in thyroid 
regulation. However, the EGF content of goiters has 
not been syslematically studied. 

Insulin-like growth factors: Cultured human and 
mammalian thyroid cells have been reported to 
secrete immunoreactive insulin-like growth factors 
(IGFs) (Maciel et aL, 1988; Ollis et aL, 1989; Tode 
et aL, 1989). The secretion of IGF-1 by cultured 
human thyroid follicular cells is stimulated by 
growth hormone (20-200ug/ml) and TSH 
(O.lnmol/l-O.lnmol/1) but inhibited by supraphysiological 
doses of TSH (Ollis et aL, 1989). Thus, within the 
physiological range, TSH could stimulate thyroid 
growth by augmenting intrathyroidal IGF-1 
concentration but at pharmacologic doses, growth 
hormone, but not TSH, would be growth promoting 
via the same mechanism. These reports might be 
relevant to the pathogenesis of goiter in patients with 
acromegaly (Miyakawa et aL, 1988) as well as in 
pregnancy, where both IGF-1 (Wilson et aL, 1982) 
and placental lactogen (a growth hormone analogue) 
circulate in high concentmtions. Insulin and IGFs 
stimulate the growth of cultured thyroid cells, and 
TSH potentiates this mitogenic effect (Saji et aL, 
1987; Eggo et aL, 1990). Several IGF binding 
proteins (IGFBP) and their mRNAs have been 
identified in sheep thyroid cells by radioligand 
binding and in situ hybridization techniques 
(Bachrach et aL, 1989). Known thyroid mitogens 
such as EGF and phorbol esters stimulate the 
synthesis of IGFBP-3 mRNA while differentiation 
stimulants such as TSH, transferrin, hydrocortisone, 
somatostatin, insulin, and the tripeptide glycyl-
hist idyl-lysine, are associated with decreased 
transcription of the genes for IGFBP-2 and IGFBP-3 
(Bachrach et aL, 1991). Both insulin and the IGFs 
stimulate the thyroid cell growth in vitro, an effect 
that is potentiated by pre-incubation with TSH (Saji 
etal., 1987; Eggo et aL, 1990). 

Transforming growth factors: The mRNA transcripts 
for transforming growth factor (TGF) — beta 
(Grubcck-Loebenstcin et aL, 1989) have been 
detected in human and mammalian thyroid tissues. 
The exposure of cultured human, rat, or porcine 
thyroid cells to TGF-beta results in an inhibition of 
DNA synthesis and resistance to the mitogenic 
effects of EGF, IGF-1, TSH, and TGF-alpha (Morris 
et aL, 1988: Grubeck- Loebenstein et aL, 1989). In 
addition, iodide uptake and organification by 
cultured thyroid cells are also affected by TGF-beta 
(Tsushima et aL, 1988). The concentration of TGF-
beta mRNA was found to be reduced in thyroid 
tissue from patients with iodine-deficient goiters; 
addition of sodium iodide to follicular cells cultured 
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from such glands apparently increased the amount of 
TGF-beta released into the medium (Grubcck-
Locbcnstcin et aL, 1989). TGF-beta also inhibits 
IGF-1 secretion as well as the mitogcnic response to 
exogenous IGF-1 in pig thyroid cell cultures (Bccrc 
et aL, 1991). Intrathyroidal TGF-beta is initially 
secreted in a biologically inactive form, which can be 
activated by the enzyme, plasmin (Bcchtncr et aL, 
1991). Interestingly, tissue plasminogen activator 
(t-PA) is secreted by cultured thyroid cells in a 
manner that responds to EGF stimulation (Bcchtncr 
et aL, 1991). It is probable that TGF-beta a known 
potent inhibitor of epithelial cell growth, might be 
physiologically active as an autocrine inhibitor of 
thycoid ccll growth. Exactly how TGF-beta produces 
its effects on thyroid cells is not known, but the 
inhibitory action may be mediated by regulation of 
proto-oncogcne expression. In cultured kcrat inocytes, 
TGF-beta reduces the level of c-tnyc mRNA, and 
anti-sense c-myc oligonucleotides that inhibit 
synthesis of c-inyc protein also inhibit cell 
proliferation (Coffey et aL, 1988; Pictcnpol ct aL, 
1990). 

Other growth factors: The presence of mRNA 
transcripts for prcpro-ncrvc growth factor (prcpro-
NGF) and basic fibroblast growth factor (bFGF) has 
been demonstrated in thyroid tissue ((Dicou et aL, 
1986; Emoto et aL, 1991). In the case of NGF, the 
translated peptide has not yet been demonstrated in 
thyroid tissue but bFGF is secreted as a protein by 
eultured thyroid cells (Emoto et aL, 1991). In vitro, 
bFGF stimulates thyroid ccll growth and inhibits 
TSH-induced iodide uptake by thyrocytes (Eggo and 
Logan, 1991). Incubation of FRTL5 cells with TSH 
results in the release of an FGF-like factor that 
probably mediates the enhanced mitogcnic response 
of these cells to other growth factors (Takahashi et 
aL, 1990). Further, since bFGF and the other FGFs 
potently stimulate angiogcncsis, the vascular 
requirements for cellular hypertrophy and tumor 
formation can be met locally within the thyroid. 

Other cytokines such as tumour necrosis factor 
(TNF)-alpha and interferon (IFN)-gamraa and 
intcrleukin (IL)-1, though not yet shown to oe 
produced in the thyroid, nevertheless, exert important 
effects on thyroid growth and function. TNF-alpha, 
produced by macrophages in response to sepsis, 
appears to block iodide uptake and hormone release 
by the thyroid (Ozawa <?/ aL, 1988), and acts 
syncrgistically with IFN-gamma to inhibit thyroid 

ccll proliferation in vitro (Nagayama et aL, 1987; 
Wcctmanand Rccs 1988). IL-1 inhibits differentiated 
thyrocyte function (Sato et aL, 1990), inhibits the 
growth of human thyroid papillary and follicular 
carcinoma cells (Kimura et aL, 1991) and stimulates 
the proliferation of eultured Graves' thyroid cells 
(Mine et aL, 1987). Both the mitogcnic and 
anti-mitogcnic effects of 1L-1 are apparently 
mediated through the regulation of c-myc oncogene 
levels (Mine et aL, 1987; Kimura et aL, 1991). Table 
1 lists the various cytokines according to their in 
vitro cffccts on thyroid ccll growth. 

Table 1: Regulation of thyroid ccll growth in vitro 

Pn>milogenic Anti-mi togenic 

Epidermal factor 

Fibroblast growth factor 

Insulin-like growth factor 1 

Intcrleukin-1 

Thyrotropin 

Transforming growth factor-a 

Interferon-a 

Intcrleukin-1 

Transforming growth factor-p 

stimulates Graves' thyroid cells but inhibits thyroid 
carcinoma cclls. 

Role in thyroid neoplasia 

Owing to their inherent mitogenic effects as well as 
structural homology with certain viral oncogenes 
(Waterficld et aL, 1983; Downward et aL, 1984), 
peptide growth factors and their receptors have been 
extensively studied with regard to their role in 
carcinogenesis. The EGF receptor (Klijn et aL, 1992) 
and erbB2 oncogene protein (Slamon et aL, 1989) are 
over-expressed in patients with breast cancer and 
other malignancies. Recently the ligand for the 
plSS"**1*2 protein, called heregulin, has been purified 
from media conditioned by breast cancer cells and 
shown to belong to the EGF family (Holmes et aL, 
1992). 

With regard to the thyroid, there have been 
several reports of significant alteration in EGF 
receptor numbers and/or binding affinity in both 
benign and malignant thyroid tissues (Miyamoto et 
aL, 1988; Kanamori et aL, 1989; DiCarlo et aL, 
1990). The affinity of the EGF rcceptor in cancerous 
thyroids was reported to be cither lower (Miyamoto 
et aL, 1989) or greater (Kanamori et aL, 1989; 
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DiCarlo et aL, 1990) lhan thai of normal or 
adenomatous glands hut the EGF binding capacity is 
generally increased in nearly 509f of thyroid cancers. 
Makincn et aL. 1988 reported that papillary as well 
as anaplastic, but not medullary, thyroid cancers 
over-express EGF receptors. An inverse relationship 
between EGF receptor density and TSH 
responsiveness has been observed in anaplastic 
thyroid cancer (DiCarlo et al., 1990). Correlations 
have also been found among EGF receptors, TSH 
receptors, and TSH-stimulated adenylate kinase 
activity in differentiated thyroid malignancies (Dull 
et aL, 1990). Data on the receptors for other growth 
factors in the thyroid are scanty. The aberrant 
expression of the platelet-derived growth factor 
(PDGF) receptor has been reported in one anaplastic 
thyroid carcinona cell line (Heldin et al., 1988). The 
co-expression of IGF peptides and IGF receptors has 
l>cen demonstrated in rat thyroid medullary 
carcinoma cells (Okimura et al., 1989) and cultured 
human thyroid cells (Vannelli et al.. 1990). Human 
thyroid nodules appear to express greater IGF-1 
receptors (Vannelli et al., 1990) and tend to contain 
more IGF-1 peptide (Minuto et aL, 1989) than 
normal thyroid tissue. The genes cnctxling 
TGF-alpha and the EGF receptor are co-expressed in 
some papillary thyroid cancers, including lymph 
node metastases (Aasland et aL, 1990). 

Concluding remarks 

Most of the data reviewed here have been acquired 
from in vitro studies anil would require to be 
confirmed using in vivo thyroid models such as that 
developed by O/awa and Spaulding (1990). 
Prospective studies comparing receptors for EGF, 
IGF-1, TGF-beta, and TSH in the same tissues could 
be revealing. The results of such studies may 
p«»ssibly uncover the presence of a hierarchy among 
the thyroactivc cytokines. 

The emerging data on the anti-proliferative effects 
of TGF-beta and modulation of its intrathyroidal 
levels by iodide arc of considerable theoretical 
interest, offering potential iasights into the 
pathogenesis of endemic goiter and thyroid 
neoplasia. In the case of endemic goiter, the available 
bits of evidence permit a hypothetical constnict of a 
probable mechanism of goitrogenesis (Fig. 1). In this 
model, TGF-beta assumes a prominent role as an 
autocrine inhibitor of thyroid cell proliferation 
pitched agaiast an array of thyroid mitogens. 
Differential regulation of intrathyroidal TGF-beta 

levels by a variety of dietary and environmental 
"goitrogens** may conceivably activate or de-
activate the thyrocytc response to local mitogens 
(Morris et al.. 1988; G n i l v c k Loebcnstcin et aL, 
1989). 

Fig, I : A new understanding of goitrogenesis. Schematic 
representation of the antagonistic actions of TGF-lwta vs. 

several growth factors, ami the role of iodine in the 
regulation of thyroid ccll growth. 

A P - amplification factors, E f i F r - t:(»l : f c t r p l o r s , I ' R F - pept ide 
regulatory factors. Symbols in<bcatc increased ( • ) <w decreased ( — ) 
responses to stimuli Solid bnes are pathways supported by the 
literature; broken lines deuote hypothetical paths. 

Traditional beliefs alnuit the pathogenesis of 
goiter have been based on rather simplistic models 
that cannot account for the common occurrence of 
goiter in a variety of metabolically disparate 
conditions. Abundant evidence now indicates that 
several polypeptide growth factors prolwbly act in 
concert to co-regulate normal thyroid growth and 
differentiation. The alxTrrant expression or imlialance 
of some of these regulatory pe|)tides and/or their 
receptors might be the proximate event underlying 
the processes of goitrogenesis and neoplastic 
traasformation. 
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