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1. INTRODUCTION foetal bovine serum was from Eurobio (Paris). 

Epidermal growth factor (EGF) is a potent 
mitogen for many different cells of various origins, 
in vitro and in vivo [l-3]. In this regard, it has 
received an hormonal status [4]. However, the ef- 
fects of EGF on other cell functions, e.g., differen- 
tiation, have been little studied. 

Dog thyroid follicular cells in primary culture in 
monolayer constitute a model which allows the in- 
vestigation of the poorly known [5] regulation of 
proliferation and differentiation in this tissue. 
These cells cultured in a high serum-supplemented 
medium respond to TSH by increasing their cyclic 
AMP content [6,7]. TSH increases cell proliferation 
[7,8] and when multiplication rate decreases, the 
expression of differentiated functions (e.g., iodide 
uptake and organification) (submitted). Both TSH 
effects are reproduced by agents which enhance the 
intracellular cyclic AMP levels [7, submitted]. 

Bovine insulin, transferrin, hydrocortisone, mu- 
rine EGF, pituitary FGF were purchased from 
Collab. Res. (Waltham MA). Glycyl-histidyl- 
lysyl acetate and somatostatin were Sigma products 
(St Louis MO). Bovine TSH (1 U/mg) was obtained 
from Armour Pharmaceutical Co. (Kankakee MI). 
All the other products and reactives were the best 
commercially available. 

2.2. Culture 

Here, we investigate, in dog thyroid cells cultured 
in a low serum-hormone-supplemented medium, 
the effects of EGF on proliferation and on iodide 
trapping and organitication. 

2. MATERIALS AND METHODS 

2.1. Materials 

Collagenase (150 U/mg) was purchased from 
Worthington Chemical Co. (Freehold NJ). Basal 
medium Eagle (BME), Dulbecco’s modification of 
minimum essential medium (DMEM), Ham’s F12 
medium, MCDB 104 medium [9], glutamine, peni- 
cillin-streptomycin and amphotericin B (fungi- 
zone) were obtained from Flow Labs. (Irvine); 

The dog thyroid cells were cultured as in [7]. 
Briefly, the thyroid tissue was digested by collage- 
nase so that the resulting suspension consisted 
mainly of fragmented and intact follicles. These 
follicles were seeded in 35 mm Petri dishes, and, in 1 
day, adhered to the substratum while a monolayer 
developed. The seeding was realized so that, in gen- 
eral, -2. lo5 cells attached to the dish after 1 day 
and 1 medium change. The cells were cultured in 
the following mixture which constitutes the control 
medium:DMEM + F12 + MCDB104 (2: 1: 1) with 
2 mM glutamine, supplemented [lo] by 10 pg 
insulin/ml, 1.25 pg transferrin/ml, 20 ng hydro- 
cortisone/ml, 10 ng glycyl-histidyl-lysyl acetate/ml, 
10 ng somatostatin/ml, 40 fig ascorbic acid/ml and 
1% foetal bovine serum. Antibiotics, penicillin 100 
U/ml, streptomycin 100 pg/ml and amphotericin B 
2.5 pg/ml were also added. The Petri dishes were 
maintained in a water-saturated incubator at 37°C 
in an atmosphere of 5% CO2 in air. The medium 
was changed after 1 day and subsequently every 
other day. After 1 day, TSH or other agents were 
added to some dishes and their presence main- 
tained throughout the culture period. 
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2.3. Measurement of cell multiplication 
Cell multiplication curves were obtained from 

cell DNA measurements. Our cell DNA assay de- 
scribed in [7], uses the increase of fluorescence of 
ethidium bromide when complexed with nucleic 
acids. 

2.4. Active transport of iodide 

Trapping of iodide was evaluated by the uptake 
of radioiodide at equilibrium. The cells in the Petri 
dishes were incubated for 2 h with Na13’I (2 
@i/ml) in 10 -6 M KI in BME at 37°C. Mercapto 
-methyl-imidazole (1 mM) was added to block 
iodide organitication. The cells were then rapidly 
rinsed with BME 3 times, scraped and counted in a 
y-counter. The radioactivity was normalized to the 
cellular DNA measured from the same dishes. 
Trapping was also measured as the ratio of ra- 
dioiodide in cells incubated with mercapto-methyl 
-imidazole and in cells incubated with mercapto 
-methyl-imidazole and NaC104 1 mM. This ratio 
provides a good estimate of the commonly used 
C/M ratio (where C is the radioactivity in the cells 
and M the radioactivity of a corresponding volume 
of medium) [ 111. 

2.5. Iodide organification 
The incorporation of radioiodide into proteins 

(PBI) was measured by the radioactivity of the tri- 
chloroacetic acid (5%) precipitate of cells incubated 
as for iodide uptake estimations, but for 5 h and 
without mercapto-methyl-imidazole. The results 
were also normalized to the cellular DNA. 

Results in the graphs were expressed as means + 
range of measurements from duplicate Petri dishes. 

3. RESULTS 

3.1. Effects of TSH 
Cultured in a low serum hormone supplemented 

medium, canine thyroid cells responded to TSH (1 
mu/ml). The hormone enhanced the proliferation; 
the final cell density of TSH-treated cells was twice 
that of the control cells (fig.1). On the other hand, 
when the proliferation rate decreased, TSH stimu- 
lated two differentiated functions: the active trans- 
port of iodide (fig.2), and its organitication (fig.3). 

3.2. Effects of EGF 
Added 1 day after seeding and maintained 
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Fig. 1. Stimulation of proliferation of canine thyroid cells 
by TSH and EGF present throughout the culture period 
for 1 day: (X) control medium; (0) TSH 1 mu/ml; (o) 

EGF 25 @ml; (CJ) EGF 25 q/ml + TSH 1 mU/ml. 

throughout the culture period, EGF (25 ng/ml) stim- 
ulated thyroid cell proliferation. The effects of 
TSH and EGF were similar but not fully additive 
(tig.1). In the same experiment (tig.2) EGF (25 ng/ 
ml) inhibited by 82% at day 9 and by 66% at day 
15 the iodide transport of TSH-treated cells. The 
basal level was also lowered by EGF. The binding 
of iodide to proteins which was increased by TSH 
when the cells reached the stationary phase, was 
also inhibited at day 15 by EGF (tig.3). Similar 
effects of EGF on proliferation were obtained in the 
9 experiments done. Effects on the iodide trapping 
were always reproduced in 5 experiments, and in- 
hibition of the iodide organitication was observed 3 
times. 
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Fig.2. Active transport of iodide measured in parallel 
with the multiplication shown in fig.1. cpm1311/ng DNA 
should be multiplied by -4 to obtain an absolute eval- 
uation of the C/M ratio: (X) control medium; (0) TSH 1 
mu/ml; (o) EGF 25 ng/ml; (a) TSH 1 mu/ml + EGF 

25 ng/ml. 

4. DISCUSSION 

The cells used in this work are almost exclusively 
the thyroid follicular cells [7]. The present study first 
demonstrates the mitogen effect of EGF on such 
canine cells. The EGF effect on the proliferation of 
other hormone-responsive systems has been shown 
[ 12-141, but conflicting data exist in the case of the 
thyroid gland. According to [ 151, bovine thyroid 
cells are unresponsive to EGF; however no effect of 
EGF on the proliferation of the rat thyroid cell line 
in [lo] was observed. But, in both cases, the experi- 
mental conditions of the assay were not reported. In 
contrast, while this work was in progress, a potent 
mitogenic effect of EGF on sheep thyroid cells in 
culture was described [ 161. The results in [ 161 and 
ours in two different experimental systems, are thus 
similar and mutually confirmatory. 
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Fig.3. Iodide organification (PBI). Same culture as in 
tig.l,2: (X) control; (0) TSH 1 mu/ml; (o) EGF 25 

ng/ml; (0) TSH 1 mu/ml + EGF 25 ng/ml. 

Our results also show an unexpected effect of 
EGF on the differentiation characteristics of our 
thyroid cells. EGF strongly inhibits the induction 
by TSH of the active transport of iodide and of 
the binding of iodide to proteins. Both functions are 
considered as rate-limiting steps of the thyroid 
hormone synthesis. The de-differentiating effect of 
EGF does not appear directly related to a stimula- 
tion of proliferation. The iodide trapping and or- 
ganification inhibitory effects still occur when pro- 
liferation has considerably decreased (at day 15, in 
this experiment). However, 10% fetal bovine serum 
or pituitary fibroblast growth factor (50 ng/ml) 
which, as EGF, stimulate the proliferation of our 
thyroid cells, do not decrease their iodide uptake 
capacity when multiplication slows down (not 
shown). A de-differentiating action does not seem 
to be a general property of EGF. In fact, an inhibi- 
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tory effect on hormone synthesis has only been ob- 
served in a very few cases, namely on the steroido- 
genesis by gonadal cells [ 171 and on the synthesis of 
growth hormone-stimulated by T4 in the GH3 cells 
[18]. In contrast to these observations, a differen- 
tiation-inducing action of EGF was shown in 
mammary cells [ 191, and an organ maturing role is 
attributed to EGF in the fetal lung and in the sec- 
ondary palate [20]. 

There are indications for an interrelationship 
between EGF and the thyroid gland. T4 stimulates 
the synthesis of EGF in the mouse submaxillary 
gland [21]. EGF inhibits T4 stimulation of growth 
hormone synthesis in glial cells [ 181. In the thyroid 
itself, presence of EGF has been demonstrated in 
human tissue at 5 rig/g wet wt [22], and an effect of 
EGF is observed in sheep [ 161 and dog thyroid cells 
in culture. Although these observations were ob- 
tained from different species, our results, in this 

context, suggest the possibility that EGF plays an 
important specific role in the regulation of thyroid 
growth and differentiation. 
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