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ABSTRACT

Epidermal growth factor (EGF) receptors on primary-cultured human
thyroid cells from 27 neoplasias (nine adenomas and 18 differentiated
carcinomas) were analyzed and compared with those on the cultured
nonneoplastic part of human thyroid cells. Total binding of I25I-EGF to

the nonneoplastic part, adenoma, and carcinoma cells did not differ
significantly. Scatchard analysis showed that the neoplastic human thy
roid cells, like their adjacent nonneoplastic counterparts, consistently
possessed EGF receptors with two components. In a paired study of five
patients, the association constant of the carcinoma cells' high-affinity

component (Kal) was found to be significantly lower than that of adjacent
nonneoplastic thyroid cells (/' < 0.05). Furthermore, a study of the cells
from 18 carcinomas revealed that overall their Kals (4.15 Â±0.82 x 111"
M ', mean Â±SEM) were significantly lower than those of adenoma cells
(1034 Â±1.51 x Id" M ', n = 9) and of nonneoplastic cells adjacent to
them (8.32 Â±0.84 x 10' \r'. n = 23). The difference in Kals for

adenoma and nonneoplastic thyroid cells was not statistically significant.
The number of receptor sites ((.'max) per cell was not significantly

different in any of the three.
Incorporation of |'I Ijthymidinc (d'l'hd) increased significantly in all

kinds of thyroid cells examined following the addition of 10 n\i EGF,
and the paired study showed that the size of this increase was not
significantly different in neoplastic and adjacent nonneoplastic cells. The
addition of 300 microunits/ml of thyroid-stimulating hormone caused a
significant increase in ill lid incorporation by adenoma cells but not by
carcinoma or nonneoplastic cells. Furthermore, combined treatment with
EGF and thyroid-stimulating hormone additively promoted adenoma cell
growth only.

A close inverse relationship was observed between Kal and the stim
ulatory effect of EGF on the d I lid uptake in both nonneoplastic thyroid
cells and adenoma cells. Carcinoma cells also showed similar profiles,
but Kal relative to dHid increases were much smaller than the other
two.

INTRODUCTION

EGF2 is believed to play an important role in regulating the

growth and biological functions of many cell types (1), and
binding of EGF to cells has been studied in vitro using estab
lished cell lines, primary-cultured cells, and prepared membrane
(2). Recent observation that a cellular oncogene, c-erbB, is a
truncated form of the EGF-R gene (3) promoted studies on the
EGF-R of various malignant cells, including those of breast

cancer (4, 5), lung cancer (6), and brain tumors (7). As for the
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thyroid, the existence of EGF-R has been reported in porcine
and human thyroid cells (8-11). Furthermore, EGF has been
reported to stimulate the growth of porcine, canine, ovine, and
human thyroid cells (12-15), at the same time inhibiting differ
entiated functions such as iodide metabolism (16). Du h et al.
(10) reported a difference in I25I-EGF binding between normal

and neoplastic thyroid cell membranes, but studies using mem
brane preparations can be affected by a number of nonspecific
factors. This paper presents an analysis of neoplastic cell EGF-
R using primary cultures of thyroid cells. EGF- and TSH-
induced growth stimulation of these cells is also demonstrated,
and the relationship between the characteristics of EGF-R of

the former and the effects of EGF is analyzed.

MATERIALS AND METHODS

Thyroid Cell Culture. Thyroid tissues (differentiated carcinomas,
adenomas, and their adjacent nonneoplastic tissues) were obtained at
surgery and processed with 1 mg/ml of type I collagenase (Sigma
Chemical Co., St. Louis, MO) in DME to isolate thyroid cells. They
were cultured in DME supplemented with 15% FCS for 48 h. The cells
were then collected and subcultured into 35-mm culture dishes: 2 x 10s
cells/dish for the EGF binding assay and 1.5 x 10:/dish for measure
ment of [3H]thymidine incorporation. All experiments were carried out

in duplicate or triplicate.
To avoid fibroblast contamination, all experiments were completed

within 7 days. Fibroblast proliferation was monitored microscopically,
and contaminated dishes were discarded (once out of all experiments).

EGF Receptor Binding Assay. Mouse EGF was obtained from To-
yobo Co. (Tokyo, Japan) and iodinated by chloramine-T (17). The
specific activity was 150 to 180 /Â¿Ci/^g.

A radioreceptor assay was conducted following the method of Car
penter et al. ( 18), with minor modifications. Briefly, after 48-h incuba
tion in DME-15% FCS, the cells were washed with phosphate-buffered
saline, and the medium was changed to serum-free DME containing
0.2% BSA. After a further 24-h incubation the cell monolayers were
gently washed and incubated with 1000 /Â¿Iof Hanks' balanced salt

solulion:20 HIM 4-(2-hydroxyethyl)-l-piperazineethanesulfonic acid,
pH 7.4, containing 0.2% BSA, '"I-EGF (3x10* cpm/dish), and various

concentrations of unlabeled EGF (0 to 800 ng/dish). Incubation was
conducted at 20Â°Cfor l h in order to prevent internalization of the

receptors and to attain adequate equilibrium (by our preliminary exper
iment, equilibrium was attained in 60 min) (19). The medium was then
removed, and the cells were gently washed 4 times with 0.2% USA-
Hanks' solution in order to remove all unbound radioactivity. Cell-

associated radioactivities were solubili/ed in 0.1 N NaOH, measured in
a gamma counter (Aloka Co., Tokyo, Japan), and analyzed by the
method of Scatchard (20). To measure the nonspecific binding activity,
bound '"I-EGF in the presence of 2000 ng of unlabeled EGF was used.

|'l l|d I hd Incorporation. Cells were cultured in 5H medium (Ham's
I- 12 medium containing 10 MMhydrocortisone, 10 Mg/nil of insulin, 5
/ig/ml of transferrin, 10 ng/ml of glycyl-histidyl-L-lysine, and 10 ng/
ml of somatostatin) and 6H medium [5H medium with 300 microunits/
ml of bTSH (Sigma Chemical Co., St. Louis, MO)] containing 15%
FCS (21). Cells attached sufficiently after 48 h, and then the medium
was changed to serum-free 5H and 6H medium containing 0.2% BSA.
After a further 24 h, the medium was replaced with 0.2% BSA-5H and
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-6H medium containing 1 /iCi/ml of [3H]thymidine (Amersham, United

Kingdom; specific activity, 70 to 85 Ci/mmol), with or without 10 nM
EGF, and the cells were cultured for another 72 h. At the end of the
culture, the cells were solubilized with 0. l N NaOH, and trichloroacetic
acid-insoluble fractions were trapped on glass microfiber Filters (What
man; GF/B) and counted with a liquid scintillation counter (Aloka Co.,
Tokyo, Japan).

Two-Site hEGF Enzyme Immunoassay. Each medium conditioned
for 72 h was collected and stored at -20Â°C until measurement. The

hEGF enzyme immunoassay was carried out using anti-hEGF antibody
IgG-coated polystyrene beads and anti-hEGF antibody Fab'-linked

peroxidase (22). The amount of immunoreactive material was expressed
as human urine-isolated hEGF equivalents. This assay showed no cross-
reaction with FCS, mouse EGF, and TGF-a activity. The minimal
detectable quantity by this method was 10 pg/ml, and intraassay vari
ation was 4.8 to 7.1%.

Statistical Analysis. ANOVA and Duncan's test were used to assess

significance among carcinoma, adenoma, and nonneoplastic thyroid
cells. The paired i test was used when the difference between paired
neoplastic and nonneoplastic tissues was compared. The results are
expressed as the mean Â±SEM.

Patient
No.

normal cell
adenoma

normal cells
adenoma

normal cells
adenoma

normal cells

CmÂ»x,(xlO/ceii>
5 10

Fig. 2. Comparison of EGF-R between paired adenoma and adjacent nonneo
plastic thyroid cells. Adenoma cells and adjacent nonneoplastic (normal) thyroid
cells from 6 patients were treated as described in the text. See legend of Fig. 1
for the explanation of Kal, Cmaxl, and each of the columns.

Table 1 Calculated parameters of EGF-R on cultured human thyroid cells

RESULTS

I25I-EGF Binding. Total bound radioactivities of 125I-EGF to

cells of 18 carcinomas, 23 nonneoplastic thyroid tissues, and 9
adenomas showed no significant differences (data not shown).
In all neoplastic thyroid cells studied, EGF-R, as well as non
neoplastic human thyroid cells, was consistently composed of
two components.

Paired studies were conducted on tissues from 5 patients with
differentiated carcinomas and on tissues from 6 patients with
adenomas, simultaneously comparing neoplastic and adjacent
nonneoplastic thyroid cells from the same patient. Fig. 1 com
pares the EGF-R Kal and the Cmaxl of the nonneoplastic and
carcinoma cells. Kal was found consistently and significantly
lower in the cells of all 5 carcinomas than in the paired non
neoplastic cells, the mean values being 3.80 Â±1.09 x IO9 M~'
and 9.60 Â±1.31 x IO9 NT1 (mean Â±SEM, P < 0.05), respec

tively. On the other hand, Cmaxl for the neoplastic cells was
higher than that for the nonneoplastic cells in all but one case,
though the difference was not significant (nonneoplastic versus
carcinoma, 4.04 Â±1.58 x 104/cell versus 4.82 Â±1.04 x IO4/

cell). Fig. 2 compares the Kal and Cmaxl of adenoma cells
and their adjacent nonneoplastic tissues. In 5 of 6 cases, Kal s

mean
>SEM

normal part
follicular ca.

normaI Dart
papillary ca.

normaI part
papillary ca.

follicular ca.

normal part

normal part
differentiated ca.

Kai(xlO'M-)

5 10 15

Cmaxi (xlO'/cell)

_J !Â£_

Fig. 1. Comparison of EGF-R between paired carcinomas and their adjacent
nonneoplastic thyroid cells. Cultured carcinoma (ca.) cells and adjacent nonneo
plastic thyroid cells from 5 patient were analyzed regarding their EGF-R accord
ing to the method described in the text. Kal means the association constant, and
Cmaxl, the number of binding sites of the high-affinity component. D, results
obtained with carcinoma cells; O. those of the adjacent nonneoplastic (normal)
cells. The last two columns and bars indicate the mean Â±SEM for each group. *,
significant difference (P < 0.05).

HistologyNormal
(23)Â°

Adenoma (9)
Differentiated

carcinoma (18)High-affinity

component Low-affinitycomponentKal

Cmaxl Ka2 Cmax2(xlO'M-1) (xlO'/cell) (xlO'ivr1)(xlO'/cell)8.32

+ 0.84* 4.65 Â±0.50 11.30 Â±1.73 3.36 Â±0.71
10.34 Â±1.51 3.68 Â±0.71 27.00 + 9.60 2.50 Â±0.69
4.15 Â±0.82 4.08 Â±0.55 5.72 Â±1.33 4.34 Â±1.14

" Numbers in parentheses, number.
' Mean Â±SEM.

of adenoma cells were similar to or even higher than those of
the nonneoplastic cells, the means thus showing no significant
differences (normal versus adenoma, 8.82 Â±0.90 x IO9 M"1
versus 10.68 Â±1.40 x IO9 M~')- Individual Cmaxl varied, and

again the means were not significantly different (4.77 Â±0.57 x
104/cell versus 3.98 Â±0.91 x 104/cell).

To verify the results obtained from the paired studies we
further analyzed the EGF-R of nonpaired tissues (12 nonneo
plastic, 3 adenomas, and 13 differentiated carcinomas) and
compared the results of three groups including those of the
paired study. Table 1 shows the calculated parameters obtained
for the high-affinity (Kal and Cmaxl) and low-affinity com
ponents (Ka2 and Cmax2). The mean Kal of the carcinoma
group (4.15 Â±0.82 x IO9 M~') was significantly lower than
those of both the nonneoplastic (8.32 Â±0.84 x IO9 M~') and
adenoma groups (10.34 Â±1.51 x IO9 M'') (/>< 0.01). Cmaxl

and Cmax2 were not significantly different in any of the three
groups. ANOVA was not applicable for Ka2 because of heter
ogeneous variances; however, Bartlett's test showed a signifi

cant difference (P < 0.01) among the three.
EGF Concentration in the Culture Medium. The conditioned

media from 9 cultured thyroid cells (6 carcinomas, 1 adenoma,
and 2 nonneoplastic cells) were analyzed for their EGF concen
trations. In all media, hEGF was undetectable (less than 10 pg/
ml).

[3H]dThd Incorporation. EGF (10 nM) was chosen for EGF-

induced dThd incorporation in the presence or absence of
bTSH. This amount of EGF induced the optimal cell growth
on our preliminary experiments using 0.1 to 1000 nM EGF
(data not shown). There were no significant differences in basal
dThd incorporation among the carcinomas, adenomas, and
nonneoplastic cells. Figs. 3 and 4 show EGF- and TSH-induced
increases in dThd incorporation in paired neoplastic/nonneo-
plastic tissue in 5 cases of carcinoma and 4 of adenoma.
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Fig. 3. Paired study of the effects of EGF and TSH on dThd (dTR) incorpo
ration in carcinoma and their adjacent nonneoplastic cells. Columns, mean of 5
cases of carcinomas and their adjacent nonneoplastic (normal) thyroid cells; bars,
SEM. D, without EGF or TSH; W, with 10 nM EGF; O, with 300 microunits/ml
of TSH; â€¢.with both EGF and TSH. EGF but not TSH significantly stimulated
dThd incorporation in all cases (*, P < 0.05).

Changes in the incorporation of dThd are expressed as the
percentage of the basal dThd incorporation (without EGF or
TSH). The addition of EGF induced about a 1.5-fold increase
in dThd incorporation over the basal value in both carcinoma
and adjacent nonneoplastic cells, regardless of the presence or
absence of bTSH (Fig. 3). Thus, bTSH had no effect on dThd
incorporation in carcinoma and nonneoplastic cells. EGF also
stimulated dThd incorporation into adenoma and adjacent non
neoplastic thyroid cells to a similar extent (Fig. 4). Moreover,
bTSH induced a significantly greater dThd incorporation into
adenoma cells. Compared to the basal incorporations (100 Â±
10.4), EGF, bTSH, and both together increased dThd incor
poration to 165.5 Â±46.0, 153.2 Â±12.2, and 229.0 Â±50.0,
respectively, thus suggesting that EGF and bTSH worked al
most additiveiy in adenoma.

Relationship between EGF-R Parameters and the Effects of
EGF on dThd Incorporation. Fig. 5 shows the relationship
between Kal of EGF-R and EGF-induced increase in dThd
incorporation in nonneoplastic, adenoma, and carcinoma cells.
Adenoma cells showed EGF-induced incorporation versus Kal

distributions quite similar to those of nonneoplastic cells, and
a significant inverse correlation was observed when data of
adenoma and nonneoplastic cells were combined (n = 12, r =
-0.724, P < 0.01). In the carcinoma group, there was also a

tendency of an inverse correlation, though not significant. The
distributions were, however, different from those of the normal
and adenoma cells, and their Kal was found apparently lower
than the others. On the other hand, the percentage of increase
in dThd incorporation did not differ from the others.

300 -

o

oo.
o
o
C

tri-
T3

TSH
(Â»U/ml)

EGF
(nM)

Fig. 4. Paired study of the effects of EGF and TSH on dThd (dTR) incorpo
ration in 4 adenoma, and their adjacent nonneoplastic cells. See legends of Fig.
3 for each column and hars. EGF stimulated growth in both nonneoplastic
(normal) and adenoma cells, but TSH was stimulatory only to adenoma cells (*,
/' < O.OS).Simultaneous addition of EGF and TSH induced further increase of
dThd incorporation into adenoma cells (**,/'< 0.01 ).

300

100

8 10

Kai (XIO

16 18

Fig. 5. Correlation between EGF-R affinity (Kal) and growth-stimulatory
effects of EGF. Carcinoma cells (A) belonged to a different group from the
nonneoplastic thyroid (â€¢)and adenoma cells (O).

DISCUSSION

Using human thyroid cells of primary culture, the present
study found that neoplastic human thyroid cells consistently
possessed EGF-R composed of two components, and that the
binding affinity constant of I25I-EGF to thyroid carcinoma cells

was significantly lower than that of nonneoplastic and adenoma
cells. Our results also revealed that the binding capacity of EGF
did not differ significantly among nonneoplastic, adenoma, and
carcinoma cells.

The characterization of the EGF-R of cultured neoplastic
human thyroid cells has not previously been reported, and even
reports using other systems have been quite limited. Duh and
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Clark (10), using prepared human thyroid membrane from 8
patients, reported that the EGF-R of the thyroid was composed
of either one or two components, and that the total binding of
125I-EGF tended to be higher in cancer tissues from patients

with poor prognosis than in those from patients whose prog
nosis was good. The characterization of surface receptors in
primary cell cultures has many advantages over the membrane
system; the latter, for instance, can easily be contaminated with
other components, such as blood cells, endogenously existing
necrotic tissue, etc.

There have been several reports on the EGF-R of other kinds
of cancers. Hendler and Ozanne (6) observed that EGF-R levels
increased in lung squamous cell carcinoma, with a range from
2.5- to 5-fold of normal level, but decreased to negligible levels
in adenocarcinoma, small cell carcinoma, and undifferentiated
carcinoma. They suggested that the increased expression of
EGF-R is a property specific to epidermoid malignancies, and
not a change common to tumors derived from other embryonic
tissues or to proliferating epithelial cells in general. In 29
primary brain tumors, high levels of EGF-R were observed in
all those which were of nonneuronal origin (7). Fitzpatrick et
al. (4, 5) reported that, in human breast cancer, EGF-R was

expressed in every one of the 14 human breast cancer cell lines
grown attached to culture dishes, the number of EGF binding
sites per cell varying from one cell line to another, with a range
from 200 to 7 x 105/cell . However, the presence of EGF-R

did not guarantee a mitogenic response to EGF: only 2 of 4 cell
lines examined showed significant mitogenic responses. Real et
al. (23) recently reported, using a monoclonal antibody, that
normal melanocytes and a distinct set of melanomas were EGF-
R positive . They claimed that less-differentiated melanomas
had an epithelioid morphology, were nonpigmented, and were
la and EGF-R positive; in contrast, more differentiated mela
nomas were dendritic, pigmented, and la and EGF-R negative.
EGF-R expression did not correlate with the rate of prolifera
tion, and its expression was suggested to be related to cell
lineage and specific stages of cellular differentiation.

In contrast to these observations, our present study demon
strated a significant decrease in EGF affinity in thyroid carci
noma cells compared with that in nonneoplastic and adenoma
cells, although the binding capacities and mitogenic response
to EGF were almost the same in all three groups. The reason
for such a discrepancy between EGF-R expression and the
effects of EGF has not yet been clarified, but several possibilities
might be entertained, (a) The change in oligosaccharide struc
ture of the EGF-binding domain may be responsible for de
creased binding affinity. There have been several studies using
monoclonal antibodies on oligosaccharide structural changes in
various cancers (23, 24). (b) The conformational changes in the
EGF-binding domain may be induced by phosphorylation of
serine, threonine, or tyrosine residues. The EGF-R affinity
constant is known to decrease following their phosphorylation
(26), which can be induced by several factors, including EGF,
TGF-o, other "competence factors," such as platelet-derived

growth factor, and tumor promoters, such as phorbol esters
(27-29). (c) The allosteric aggregation model for EGF-R sug
gests that the EGF-binding site and ATP binding are closely
related to the activity of EGF-R (30-33). Our observations
might show the difference of the activities of EGF-R among
thyroid diseases. Further, possible thyroid tumor secretion of
TGF-a or EGF would result in activation of EGF-R and low
ering of their affinity constants. We therefore examined EGF
concentrations in thyroid tumor-conditioned culture media, but
could not detect EGF autosecretion. Furthermore, immunohis-

tochemical analysis showed that endogenous EGF did not exist
in thyroid tissues (34).

For the thyroid, TSH is considered to be the most important
growth factor, but TSH effects in vitro on dThd incorporation
into human thyroid cells are still controversial, and most data
gave negative results (35). We observed that TSH did not
stimulate DNA synthesis in the nonneoplastic or carcinoma
human thyroid cells, but did stimulate DNA synthesis in ade
nomas. This is compatible with common clinical observations
that the administration of a suppressive dose of thyroid hor
mone diminishes adenoma size. Kasagi et al. (36) reported that
both basal and TSH-stimulated adenylate cyclase activities were
significantly higher in adenoma tissues than in normal thyroid
and Graves' disease tissues. It appears, therefore, that adenoma

tissue is more sensitive to TSH stimulation, although it has not
yet been confirmed whether or not cyclic adenosine monophos-
phate is the cell growth messenger. Furthermore, it has been
found in this study that TSH and EGF cooperatively stimulated
adenoma cell proliferation. This cooperative action can be
explained by two possible mechanisms. TSH and EGF might
act independently to promote DNA synthesis in adenoma cells.
Alternatively, TSH might act to increase the number of EGF-
R, growth stimulation being caused predominantly by the EGF.
Of importance here are the findings by Westermark et al. (37)
that TSH treatment of porcine thyroid cells increased EGF-R
capacity by 3-fold.

In our previous study, we found a significant inverse corre
lation between the binding affinity constants for the high-
affinity EGF-R component and induction of increased dThd
incorporation by EGF in nonneoplastic human thyroid cells.3

This was also true for adenoma and carcinoma cells, though
the Kal/dThd distribution of the latter was apparently differ
ent. Further investigation is required to answer this question.
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