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Summary. The interaction of 17-p estradiol and thyroliberin (TRH) on prolactin secretion has been studied using two rat prolactin cell lines (GH3, SD1) as an experimental
model. The estrogen level of the horse serum component of the normal culture medium
is taken into account. For experiments, cells are grown either for 7 days or for several
from charcoal-dextran extracted horse serum (medium CD)
estradiol (9 ng/mi).
Cells grown for 7 days on medium CD are reduced in size, have a lower protein
content, higher DNA/protein ratio (37-68 p. 100), lower basal prolactin secretion within
30 min, and fewer TRH binding sites (20 to 33 p. 100), but there is no significant modification of TRH-induced stimulation of prolactin release within 30 min. Addition of 17-p
estradiol to medium CD for the same duration of treatment maintains GH3 cell morphology,
partially maintains basal prolactin release (30 min), totally maintains or even increases the
number of TRH binding sites, and potentiates the TRH-induced stimulation of prolactin
release within 30 min.
Cells grown for several months on medium CD are smaller in size, have a much lower
basal prolactin release within 30 min, show a sharp decrease (1/50-1/80) in the number
of TRH binding sites accompanied by loss of TRH-induced stimulation of prolactin release
within 30 min.
months

on

medium

supplemented

or

prepared

not with

17-p

Introduction.
Rat prolactin continuous cell lines offer invaluable models for studying the action
mechanism of thyroliberin (TRH, < Glu-His-Pro-NH2) on prolactin secretion In an
homogeneous population of target cells (Tixier-Vidal et al., 1975). One of these cell

lines, GH3, is derived from a transplantable pituitary tumor, MtT/W5, induced by
chronic estrogen treatment (Tashjian et al.,1968,1970). Its ability to develop tumor after
in vivo transplantation to rats of the same strain (Wistar/Furth) depends on the estrogen blood level : it did not develop tumor in intact or castrated males, whereas it
did in adult female rats (Sonnenchein et al., 1973 ; Sorrentino et a/., 1976). These cells
have been shown moreover to possess specific receptors for 17-! estradiol (Sonnenchein et al., 1973 ; Mester et al., 1973). According to Sorrentino et al. (1976) and Kirkland et al. (1976), no direct mitogenic stimulation of 17-! estradiol could be detected
in vitro using various attempts to deplete estrogen level of the culture medium. From a
functional point of view it has been shown that after a 3-day treatment, 17-P estradiol at
low concentration increases prolactin production (Tashjian and Hoyt, 1972).
The other rat prolactin cell line, SD1, was isolated in our laboratory from a longterm primary culture of normal anterior pituitary cells of Sprague-Dawley male rats
(Tixier-Vidal et al., 1975). They probably occurred by a spontaneous transformation
(origin unknown) of normal prolactin cells. Since they are phenotypically very close
to GH3 cells, the possibility that they could result from a contamination by these cells
cannot be definitely excluded so far. They differ nevertheless from GH3 cells by higher
intracellular prolactin store (Morin et al., 1975). After injection in vivo they develop
tumor in both Sprague-Dawley and Wistar/Furth adult female rats.
The study of the interaction of estradiol on TRH regulation of prolactin secretion,
cells
continuously grown in vitro, is hampered by the presence of 15 p. 100 horse
by
serum and 2.5 p. 100 fetal calf serum in the culture medium ; these sera are known to
generally contain high levels of estrogens.
The purpose of the present work is to establish experimental conditions permitting
the study of 17-P estradiol-TRH interaction in presence of known amounts of 17-P estradiol. Charcoal-dextran extracted serum was used, supplemented or not with 17-p estradiol. The effect of such treatments on cell morphology, cell growth, prolactin secretion
and TRH responsiveness (TRH binding-PRL release within 30 min) has been studied as
a function of time.
Material and methods.
Culture media.
In control conditions (medium N) GH3 cells and SD1 cells were grown as previously
described (Gourdji et al., 1973) on Ham F10 medium enriched with heat inactivated
15 p. 100 horse serum (Eurobio, Paris) and 2.5 p. 100 fetal calf serum (Eurobio, Paris)
and with antibiotics (penicillin 50 mU/ml plus streptomycin 50 >gJml or gentamycin
40 [J
.g/ml). The present experiments were performed with a single pool of horse serum
which contained 25 ng/ml of total estrogens, 3.1 ng/ml of progesterone and less than
0.2 ng/mi of testosterone. The estrogen concentration in fetal calf sera varied between
10-27 ng/mi. The maximum final concentration of total estrogens in the medium was
4.5 ng/ml.
A medium having very low estrogen concentration was prepared from the same
horse-serum pool which was previously treated with charcoal-dextran, according to

(1976). The treatment was repeated twice and resulted in 99 p. 100
of
total
estrogen concentration and in an undetectable level of progesterone.
depletion
This medium was called medium CD. The maximum final estrogen concentration was
0.7 ng/mi. A medium supplemented with 17-p estradiol (medium CDE) was freshly prepared each week by introducing 9 ng/ml of 17-p estradiol (3.10a M) into medium CD.
All measurements of total estrogen and of estradiol serum concentrations were performed by Dr. Terqui (I.N.R.A., Nou zilly, France) using a specific radioimmunoassay.
Kirkland et al.

Experimental

schedules.

Short-term experiments : Short-term experiments were performed with a subclone
of GH3, GH3/B6, and with SD1 cells. Cells previously grown on medium N were
collected by mild trypsinization (0.25 p. 100) and homogeneously distributed in small
5 cells/2 ml medium/dish
Falcon tissue culture Petri dishes (3.5 cm diameter) (2.5 X 10
in three types of media-N, CD, CDE ; 8 to 12 dishes were prepared for each medium.
The cells were grown in these conditions for 7 days, the medium being renewed every
2 or 3 days. At the end of this period, the cells were assayed for TRH responsiveness.

Long-term experiments : GH3 cells were previously grown for 6 months and SD1
cells for 18 months on medium CD. In view of studying their TRH responsiveness they
were collected by mild trypsinisation and homogeneoulsy distributed in small Falcon
tissue culture dishes, as described for short-term experiments. They were then grown
for 7 days in either medium CD or medium CDE (8 to 12 dishes per group).
Assay of

TRH responsiveness.

On the day of experiment the 24-48-hour culture medium was separately collected from each dish, the cells were washed once with warmed (37 °C) F10 medium and
then covered with 1 ml of warmed fresh complete culture medium (N, CD or CDE)
H-TRH (60 Ci/mmole) prepared by Levine-Pinto (CEA
supplemented with 10 ng/
l 3
M
Saclay), according to Pradelles et al. (1972). Control treatment consisted of1 ml of
fresh medium without 3
H-TRH. They were then placed in the usual incubator (Hot5
in
2 air) for 15 or 30 min. At the end of this period they were cooled
pack, p. 100 CO
down to ice temperature. The 15-30 min culture medium was separately collected fo
each dish. After 4 washings at ice temperature with F10 medium, the cells were scraped
in 1 ml of distilled water and submitted to ultrasonic disruption (10 s 40 W Sonimasse
apparatus T 50). One aliquote of the sonicate (0.5 ml) was used for radioactivity determination and another aliquote for protein and DNA determinations.
H-TRH uptake was determined by the measure of radioactivity bound to the
3
cells, as previously described (Faivre-Bauman et al. 1975). It was expressed as fmole/mg
cell proteins.
measured by Folin’s reagent according to Lowry et al. (1951).
the method of Karsten and Wollenberger (1972) slightly
modified (Bournaud et a/., submitted for publication). Prolactin medium content was
measured by radio-immunoassay using the rat PRL kit kindly provided by the
NIAMDD rat Hormone Distribution Program.
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Results.
Short-term treatment

A. Cell
1

morphology

and cell

Effect of medium

As shown

on

growth.
’

CD.

figure 1,

GH3 cells grown for 7

days on

medium CD

display a reduc-

tion in size as compared to control cells. This is true also for SD1 cells. The total cell
protein content per dish was also significantly lower (57 p. 100 to 31 p. 100) than for
control cells seeded at the same density. The DNA content per dish was only slightly
reduced leading to a significant increase of the DNA/protein ratio (from 37 p. 100 to
68 p. 100 depending on the experiment) (table 1). Cell count performed on separate

6 cells/dish for cells grown
dishes of GH3 cells gave a final number of 1.5 x 10
6 cells/dish for cells grown on medium N.
medium CD, and 2 x 10

on

2°

Effect of medium

CD

supplemented
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estradiol.

When grown on medium CD supplemented with 17-p estradiol GH3 cells, but
cells, retained their normal morphology (fig. 1). This was not accompanied
a
normal
value of the protein cell content, but the DNA/protein ratio was signiby
ficantly higher (22-27 p. 100) than for cells grown on medium CD and tended to the
value observed for control cells. This was constantly observed for GH3 cells, but not
for SD1 cells (table 1). Cell count performed on separate dishes gave a final number
of 1.2 x 10
6 cells/dish for GH3 cells.
not SD1

B. Prolactin secretion

(table 2).

In 3 experiments out of 4 the amount of prolactin released within 30 min at 37 °C
significantly reduced in GH3 as well as in SD1 cells previously grown for 7 days
in medium CD (table 2). When medium CD was supplemented with 17-p estradiol the
amount of PRL released within 30 min increased in 2 experiments out of 4 but never
reached the value observed for control cells.
was

C.

TRH responsiveness.

The number of 3
H-TRH molecules bound per mg cell protein was decreased
to
33
p. 100) (excepting SD1 349) when GH3 and SD1 cells were presignificantly (20
viously grown for 7 days on medium CD. The p. 100 increase of PRL release in response to TRH was not significantly modified except in one experiment with SD1
where the effect of TRH was completely inhibited (table 2).
When cells previously grown on control medium were exposed to 3
H-TRH in
medium CD, there was no modification of the amount of bound 3
H-TRH or of the percentage increase of PRL release as compared to cells binding TRH in normal medium

(data

not

given).

In 3 experiments out of 4, when GH3 and SD1 cells were previously grown on
medium CD supplemented with 17-p estradiol, they bound
more TRH
molecules than when grown on medium CD. The number of bound 3
H-TRH molecules
per mg cell protein was equal to or even higher (SD1 349-GH3 1160) than that observed for cells grown in control medium. This was consistently accompanied by an increase
in the p. 100 of prolactin release stimulation induced by TRH, higher than in control
cells (table 2).

significantly

Long-term
A. Cell

morphology

and cell

culture

on

medium CD

growth.

GH3 and SD1 cells, grown for several months on medium CD, displayed striking
modification (fig. 2). They formed discontinuous colonies of very

morphological

larger cells. Preliminary electron microscope examirepresent syncithium. Each cell possessed
a well-defined cell membrane and retained features of glandular cells, as attested to
by the organization of the Golgi zone and the presence of a few small secretory grapacked

small cells with very few

nation revealed that these colonies did not

nules. Such cells could be frozen and then put back into culture while retaining their
particular features. They were called GH3 CDL or SD1 CDL.
The DNA/protein ratio of CDL cells did not clearly differ from that of normal
cells, except in one experiment where they were seeded at a lower density (table 3).

B. Prolactin secretion and TRH responsiveness.

The GH3 and SD1 CDL cells spontaneously released very low quantities of PRL
within 30 min, i.e. considerably less than did normal cells (compare table 3 and table 2).
They also bound considerably fewer TRH molecules than did normal cells : 50 to
80 times less. No stimulation of PRL release was observed after exposure to TRH.
C.

Effect off 17-p estradiol.
When SD1 CDL cells

with

17-p estradiol, they

were

were

grown for 7

not

days on medium CD supplemented
morphologically altered. In the same conditions,

GH3 cells showed an enlargement ; this reaction however decreased after several passages, even in the continuous presence of the added 17-! estradiol. In both CDL
cell lines exposure to 17-p estradiol tended to decrease the DNA/protein ratio, althoughh
the decrease was highly significant (P : 0.01) in 2 experiments out of 5. This effect was
lower than that observed in short-term experiments. In both CDL cell lines, exposure
to 17-p estradiol significantly increased the amount of bound TRH per mg protein
by 45 to 118 p. 100, depending on the experiment (except in SD1 235). Nevertheless,
this increase was not accompanied by stimulation of PRL release within 30 min of
exposure to TRH (table 3).
some

Discussion.
The importance of estrogens in the control of prolactin secretion at the pituitary
level has been established for a long time, although its mechanism is still completely
unknown. As with many other of their target cells, estrogens are known to also act
on prolactin cell division and may even induce transplantable tumors. The exact
link between these two aspects of estrogen action is not understood in spite of evidence
for the presence on those cells of cytoplasmic and nuclear receptors for 17-p estradiol
(see Introduction). Prolactin continuous cell lines, which by definition are continuously
dividing, are grown on serum-supplemented medium, containing rather large amounts
of steroids. This must be taken into account when using such cell lines to study the action
mechanism of an hypothalamic peptide, TRH.
The present work represents preliminary investigations to establish an experimental model for analyzing the molecular mechanism of estradiol-TRH interaction
in the control of prolactin secretion. The results will be discussed from two points of
view : 1) as a valuable model for the initial purpose mentioned above, 2) as providing
new insight into the complexity of the cellular events induced by changes in the medium
composition resulting from charcoal-dextran treatment of serum followed or not by
the addition of 17-p estradiol.

1)

A model

for the study of 17-p and TRH interaction

on

prolactin

secretion.

From the present results, it appears that short-term experiments with GH3 cells
using three types of media N, CD, CDE &horbar; offer a valuable model for further studies
on the mechanisme of 17-p estradiol-TRH interaction. Indeed, a comparison of the
-

experimental groups shows that 17-p estradiol alone is able to : 1) maintain cell
morphology, 2) partially maintain basal PRL secretion close to normal without
acting significantly on total cell protein, 3) at least maintain the normal titer of TRH
receptors, 4) potentiate the action of TRH on prolactin release. The effects of media CD
and CDE were observed only after pretreatment of the cells before exposure to
TRH. This suggests that the interaction of17-! estradiol with TRH is mediated through
a complex chain of events. SD1 cells have fewer TRH receptors than GH3 cells and
seem less dependent on 17-! estradiol, at least from their morphological reaction. Our
further studies will therefore be concentrated on GH3 cells only.
The GH3 cells, cultivated long-term on medium CD (GH3 CDL), also offer a very
useful tool for studying the mechanism of TRH action. Indeed, they represent a stable
three

variant of the GH3 cell line which has lost its

responsiveness to TRH, and permit
definition of the component of TRH binding which is not related to its biological action.
This is of particular importance when working with subcellular fractions (Bournaud
et al., submitted for publication). Whether the lost of TRH receptors results or not from
the total or partial disappearance of 17-p estradiol receptors, remains to be examined.
The fact that pretreatment of the GH3 CDL cells with 17-p estradiol does not restore
the TRH-induced prolactin release, although increasing the number of bound TRH
molecules, suggests that the synthesis of TRH receptors remains under the control
of 17-! estradiol in those cells.

2) Complexity of cellular events

induced

by

various media.

A medium prepared from charcoal-dextran extracted serum strongly modifies
the growth pattern of GH3 and SD1 cells as revealed by reduced cell size, decrease in
total cell proteins, increase of DNA/protein ratio and lower basal prolactin secretion.
These effects are amplified by long-term culture on the same medium, particularly as
concerns cell size and decrease of the basal prolactin secretion. Addition of17-! estradiol to medium CD at the beginning of treatment does not completely maintain normal
growth pattern : cell morphology and DNA/protein ratio are close to those of normal
cells but total cell protein and, to some extent, basal prolactin release in 30 min, remain
below normal values. Studies on total prolactin and growth hormone production in
the same conditions are in progress.
These results are in apparent contradiction with those of Sorrentino et al. and
Kirkland et al. (1976), working on another subclone (C14) of GH3 strain. They observed no alteration of cell growth on medium prepared from charcoal-dextran extracted
serum, supplemented or not with estrogens. Nevertheless, those authors considered
only the mitogenic aspect of cell growth. In our experiments, we observed important
modifications of several functional parameters. Although we did not do a kinetic
study of the cell number evolution, we found that the final cell number was lower on
medium CD as compared to medium N, and that 17-p estradiol did not impede this
decrease. This difference with the above-mentioned results can be explained by the
fact that we did not take into account the loosely attached or floating cells, eliminated
at each medium renewal. The number of such cells was clearly greater on medium CD
than on medium N. This observation indicates that even if the total cell number was
not modified according to Sorrentino et al. (1976) and to Kirkland et al. (1976), the
« quality» of the cells was indeed changed.
The incomplete ability of17-p estradiol to compensate the effects of serum charcoal-dextran extraction is to be related to the fact that such a treatment is known to
eliminate not only sex steroids, but also glucocorticoids, thyroid hormones and small
peptides. Triiodothyronine has been shown to regulate the growth hormone secretion
and cell growth of another cell line, GH1, derived from the same tumor as GH3 cells
(Samuels et al., 1973 ; Samuels and Tsai, 1973). A direct mitogenic effect of thyroid
hormones not synergized by estrogens was also recently reported on GH3/C14 (Kirkland et at., 1976). Other still unknown serum components may also participate in
the growth regulation of cell lines. An ideal way to eliminate such unknown serum
factors would be to compose a synthetic medium. Such an attempt has been recently

proposed by Hayashi and Sato (1976) for GH3 cells as well as for other cell lines. They
found it possible to eliminate serum if the F12 synthetic medium was supplemented
with triiodothyronine, TRH, transferrin, parathyroid hormone and a partially purified somatomedine preparation. With a 10-day treatment, this hormone « cocktail »
was found able to maintain cell growth at the level obtained with serum-supplemented
medium. No data on hormonal secretion was reported in these conditions. Increased
PRL production was nevertheless observed when GH3 cells were grown in a similar
synthetic medium supplemented with fibroblast growth factor and insulin in addition to
the above-mentioned substances (Sato, personal communication). In any case, such a
cocktail would not be suitable for studying the action mechanism of TRH.
e
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Résumé. Dans le but d’étudier l’interaction de l’oestradiol 17-p et de la thyréolibérine
(TRH) sur la sécrétion de prolactine par deux lignées continues de cellules à prolactine de
rat (GH3, SD1), un modèle expérimental a été établi, tenant compte de la teneur en oestro-

gènes du sérum de cheval participant à la composition des milieux de culture. Pour cela
les cellules ont été cultivées soit à court terme (7 jours), soit à long terme (plusieurs mois)
sur un milieu préparé à partir de sérum traité au charbon dextran (milieu CD). Celui-ci a
été supplémenté, ou non, par de l’oestradiol 17-p (9 ng/ml).
La culture pendant 7 jours sur milieu CD réduit la taille des cellules ainsi que leur
teneur en protéines, augmente le rapport DNA/protéines, diminue le taux de sécrétion
basale de la prolactine (pendant 30 mn) ainsi que le nombre de sites de liaison du TRH,
toutefois modifier l’amplitude de la stimulation induite en 30 mn sur la libération de
prolactine. L’addition d’oestradiol 17-! au milieu CD et pour une même durée, maintient
la morphologie normale des cellules GH3, maintient partiellement la sécrétion basale de
la prolactine (30 mn), maintient totalement ou accroît le nombre de sites de liaison au TRH
et potentialise la stimulation induite en 30 mn sur la libération de prolactine.
La culture pendant plusieurs mois sur milieu CD induit une diminution considérable
de la sécrétion basale de prolactine, ainsi que du nombre de sites de liaison du TRH
(50 à 80 fois moins) et entraîne une disparition de l’effet stimulant du TRH sur la sécrétion
de prolactine en 30 mn.

sans
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