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Insulin Suppresses Rat Growth Hormone
Messenger Ribonucleic Acid Levels in
Rat Pituitary Tumor Cells
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I

nsulin regulates cellular gene expression and modulates
specific messenger ribonucleic acid (mRNA) levels in
several cells.1 n These actions of insulin are independent
of its effects on glucose or amino acid transport.1 Insulin
was shown to regulate pituitary carbohydrate metabolism12
and protein synthesis in vitro13 and insulin receptors have
been characterized on normal pituitary tissue1416 and on GH
rat pituitary tumor cells.17 19 Reports that hypothalamic concentrations of insulin were significantly higher than in other
rat brain regions20 are also consistent with a role for insulin
in regulation of pituitary function. Direct modulation of pituitary GH expression by insulin and somatomedin peptides
(insulin-like growth factor, IGF) has been studied in several
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onstrated that insulin inhibits the in vitro secretion of GH by
rat pituitary tumor cells (GH3) and also inhibited both the
hydrocortisone25 and T3-induced28 stimulation of GH secretion. These effects were observed at insulin doses within the
physiologic range, and were independent of glucose utilization. These studies are all consistent with a specific role
for insulin in cellular regulation of GH secretion. We therefore
undertook to further define the action of insulin on GH3 cells
by measuring relative levels of cytoplasmic GH mRNA sequences. This allowed us to assess whether insulin altered
the specific rGH mRNA content of these cells, and to gain
further insight into relative perturbations of mRNA by insulin
during hydrocortisone-induced mRNA stimulation. The results show that insulin suppresses both the basal and hydrocortisone-induced GH mRNA content in these cells.
METHODS

Cells. Rat pituitary tumor cells (GH3), secreting GH and
PRL,29 were cultured in monolayer as previously described.2"
Culture medium used was Ham's F10 enriched with fetal calf
serum (2.5%), horse serum (15%), glutamine (5 mM), and
antibiotics. Insulin was undetectable (<5 |xll/ml) in this medium. Before seeding, cells were pretreated with either purified semisynthetic human insulin (Squibb Novo, Princeton,
New Jersey) or vehicle for 48 h. Cells were seeded in multiwell plates (35 mm diameter, Costar, Cambridge, Massachusetts) containing 2 ml of medium enriched with the indicated hormones and incubated for 5 days. As 40% of
added 125l-insulin was shown to undergo degradation during
72 h of incubation under identical conditions,25 40% of the
initial insulin dose was replenished to maintain the initial
medium insulin concentration. At the end of the experiments,
medium was aspirated and cells taken up aseptically for
extraction of cytoplasmic RNA. An aliquot of cells was removed for counting before RNA extraction.
Nick translation. The cloned cDNA insert for rat GH (rGHcDNA 800)30 was kindly provided by Drs. John Baxter and
Norman Eberhardt, University of California, San Francisco.
Deoxycytidine-5'-triphosphate [-32P] (sp act > 600 Ci/mmol)
was obtained from New England Nuclear (Boston, Massa-
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SUMMARY
Insulin has been shown to suppress growth hormone
(GH) secretion by rat pituitary tumor cells (GH3) independently of glucose utilization. The effects of physiologic doses of insulin were therefore tested on cytoplasmic levels of GH messenger ribonucleic acid
(mRNA) sequences. Insulin (3.5 nM) treatment of cells
for 5 days suppressed the hybridization of cytoplasmic
GH mRNA with 32P-cDNA for rGH by 50%. The three- to
fourfold induction of cytoplasmic GH mRNA by hydrocortisone (1 |xM) was also suppressed by insulin (3.5
nM) by 40%. The results show a direct suppression of
cytoplasmic rGH mRNA concentration by physiologic
doses of insulin. These findings may be due to either
decreased rate of GH gene transcription, increased intracellular breakdown, or decreased nuclear-cytoplasmic transport of GH mRNA caused by insulin.
DIABETES 1985; 34:409-12.
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FIGURE 1. Cells were grown for 5 days without added hormones (controls) or hydrocortisone (1 p.M) and/or insulin (3.5 nM). Cells from six
multiwells were pooled, cytoplasm was extracted, and relative levels of
GH were measured by densitometer scanning of a cytoplasmic dot blot
autoradiograph. Each point represents the mean integrated reading obtained from each cell pool in three independent experiments. Arrow indicates level of hybridization signal obtained from cytoplasmic extracts
(4.5 x 10s cells) treated with RNAse.

RESULTS

Autoradiography of the nitrocellulose sheets revealed that
the cDNA probe interacted only with portions of the filter
dotted with mRNA extracts. The intensity of the hybridization
varied in relation to the total number of GH3 cells extracted,

60 n
chusetts) and nick translation31 of 0.5 |xg rGH cDNA was
performed as described using DNA polymerase (Pol 1, 0.6
U/uJ) and DNAse (0.2 U/ml) with commercial nick translation
reagents (New England Nuclear). The radiolabeled rGHcDNA probe was purified by eluting over a Sephadex G-100
column with 10 mM EDTA, pH 7.5, and mixed with 0.1 M
sodium acetate, 2 mM magnesium acetate, and 2.5 vol
ethanol (4°C). The DNA was precipitated for 14 h at -20°C,
centrifuged at 12,000 x g for 10 min, and resuspended in
distilled water (sp act ~ 108 dprn/^g DNA).
Cytoplasmic extraction. RNA was extracted aseptically
from the cells, essentially as described.32 Briefly, cells were
pelleted and resuspended in 1 ml phosphate-buffered saline, repelleted at 15,000 x g for 15 s, and resuspended in
ice-cold 10 mM Tris, 1 mM EDTA (pH 7). Cells were lysed
in 5% Nonidet P-40 and nuclei pelleted at 15,000 x g for
2.5 min. The supernatant (50 |xl) was mixed with 0.15 M
sodium chloride and 0.015 M sodium citrate (30 uJ) and 37%
(wt/wt) formaldehyde (20 |xl) at 60°C for 15 min, followed by
storage of the extracts at -70°C until assayed. For mRNA
analysis, sample extracts were diluted with 15 x sodium
chloride-sodium citrate in 96-well microtiter plate to yield
a final total volume of 150 JJLI.32-33
Dot hybridization. Prewetted nitrocellulose filter paper (BA
85, 0.45 uJvi), supported on no. 470 paper, was mounted in
a 96-hole Minifold microsample filtration vacuum manifold
(Schleicher and Schuell, Keene, New Hampshire). Cytoplasmic RNA was immobilized by spotting 100 JJII of extract
sample on the nitrocellulose, and after vacuum filtering, the
paper was baked for 2 h at 80°C.33 The paper was prehybridized at 42°C as described,32 except that 5 x Denhardt's
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FIGURE 2. Response of cytoplasmic GH mRNA content to varying
doses of insulin. Cells were incubated for 5 days with hydrocortisone
(HCT, 100 nM) and varying doses of insulin. Autoradiographs of cytoplasmic dot blots were scanned by densitometer. Insert shows representative autoradiograph (from left to right: RNAse-treated extract, control, and HCT with 0-7 nM insulin, respectively).
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CYTOPLASMIC EXTRACT (CELLS x105)

reagent and 200 |xg/ml carrier salmon sperm DNA were
used in the buffer, and the incubation was for 8-12 h. After
the prehybridization, buffer was discarded, the labeled rGHcDNA probe (denatured by boiling) was added with the hybridization buffer, which also contained 10% dextran sulfate,
and the incubation continued for 48 h. The nitrocellulose
paper was washed as described,32 except that 0.1 % sodium
dodecyl sulfate was used and the second pair of washes
was performed at 50°C for a total of 1 h. After exposure of
the paper to x-ray film, autoradiographic dots were quantified
by densitometric scanning, using an EC Apparatus Corporation Densitometer (St. Petersburg, Florida) and Hewlett
Packard (Palo Alto, California) 3390A Integrator.
Controls. Some GH3 cell cytoplasmic extracts were initially
treated with bovine pancreatic ribonuclease A (0.1 |xg/ml,
Sigma, St. Louis, Missouri) in 10 mM Tris, 1 mM EDTA, pH
7.5, for 1 h at 37°C to confirm the RNAse sensitivity of the
hybridization. For negative controls, cytoplasmic extracts of
non-hormone-secreting mouse L-cell fibroblasts were performed in identical fashion to the GH3 cell extracts and these
were blotted on the same nitrocellulose filter.
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1 FIGURE 3. Induction of GH mRNA sequences by
hydrocortisone during 5 days incubation was determined in the absence (control) or presence of
insulin (3.5 nM). Each point represents mean integrated optical density of pooled cell extracts
(4.9 x 105 cells) in three separate experiments
(±SEM).

DISCUSSION

This study shows that physiologic doses of insulin suppress
the GH mRNA content in GH3 cells. Insulin also inhibits the
three- to fourfold increase of GH mRNA induced by hydrocortisone by 40%. The findings are consistent with previous
studies showing that similar doses of insulin inhibit the secretion of GH by these cells after a 48-h lag period.20 Insulin
did not alter GH3 cell replication, and suppression of GH
secretion occurred in glucose-free medium and was associated with a stimulation of PRL secretion.25
The specific structure of the cDNA rat GH probe used for
hybridization has been fully characterized.30 The specificity
of the hybridization procedure was further confirmed by its
sensitivity to ribonuclease as well as the absence of hybridization by non-GH-secreting mouse fibroblasts. The selectivity of the inhibitory effect of insulin on GH mRNA was
demonstrated by the fact that PRL mRNA was stimulated by
insulin in the same cells.34 Furthermore, insulin did not suppress total cellular RNA and cell replication or affect viability
of these pituitary tumor cells (data not shown).
It is unlikely that these effects of insulin were caused by
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activation of a somatomedin or IGF-I receptor. The dose of
insulin required for half-maximal displacement of 125I-IGF I
from binding sites on pituitary membrane receptors was 200
nM,15 while 40 nM insulin caused negligible 125I-IGF displacement from pituitary receptors in another study.16 These concentrations of insulin were clearly far higher than the doses
of insulin used in this study. Previous studies have also
shown that the dose of IGF-I required for maximal inhibition
of GH secretion by these GH3 cells is about 32 nM.25 Furthermore, IGF-I did not reverse the hydrocortisone-induced
stimulation of GH secretion, further suggesting a separate
specific action for insulin on GH gene expression.25 Nevertheless, an effect of insulin mediated by an IGF receptor
cannot be excluded.
The induction of cytoplasmic GH mRNA by hydrocortisone
seen in these cells confirms previous reports in which transcription of GH mRNA was shown to be stimulated both in
vivo35 and in vitro36 38 by corticosteroids. The ability of insulin
to reverse the induction of long-term in vitro GH secretion
by hydrocortisone25 and cortisol21 suggests that insulin directly suppresses GH gene expression. Higher doses of
insulin (10 |xg/ml) than those used in this study also inhibited
the dexamethasone-induced rGH and p16 protein synthesis
by GC cells as visualized by two-dimensional gel electrophoresis.23 Although most of the studied effects of insulin on
specific mRNAs are stimulatory, insulin has been shown to
inhibit transcription of the phosphoenolpyruvate carboxykinase gene.39 A direct inhibition of rat GH gene transcription
is possible, but increased intracellular breakdown of GH
mRNA and decreased nuclear-cytoplasmic transport of GH
mRNA caused by insulin in these cells cannot be excluded.0
These results are further evidence of a direct regulatory
effect of insulin on GH gene expression, and suggest a specific inhibition of pituitary GH secretion by insulin.
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and the hybridization response diminished appropriately as
the cytoplasmic extracts were diluted (Figure 1). Treatment
of cells with insulin (3.5 nM) for 5 days clearly inhibited the
cytoplasmic GH mRNA hybridization and the intensities of
the insulin-treated cytoplasmic extracts were also proportional to the amount of cytoplasm dotted. Insulin inhibited
the relative GH mRNA content in cells induced by hydrocortisone (1 |xM). The hybridization was sensitive to pancreatic ribonuclease, and cell extracts treated with the enzyme yielded very low hybridization intensities (Figure 1).
Cytoplasmic extracts of mouse L-cells (negative controls)
consistently yielded negligible intensities that were indistinguishable from the x-ray film background.
Effects of rGH mRNA on hydrocortisone induction. Treatment of the cells with insulin resulted in an attenuation of the
GH mRNA induced by hydrocortisone (Figure 2). Incubation
of the cells with insulin (0.35 nM) suppressed the GH mRNA
induced by 100 nM hydrocortisone by about 50%, while
higher doses of insulin actually prevented the hydrocortisone-induced stimulation of GH mRNA. The threefold induction of rGH mRNA by hydrocortisone (1 u.M) was suppressed by at least 40% by insulin (3.5 nM) in three separate
experiments (Figure 3).

1

INSULIN SUPPRESSES GH mRNA

412

22
Berelowitz, M., Szabo, M., Frohman, L. A., Firestone, S., Chu, L., and
Hintz, R. L: Somatomedin-C mediates growth hormone negative feedback
by effects on both the hypothalamus and the pituitary. Science 1981:
212:1279-81.
23
Ivarie, R. D., Baxter, J. D., and Morris, J. A.: Interaction of thyroid
and glucocorticoid hormones in rat pituitary tumor cells: specificity and diversity of the responses analyzed by two-dimensional gel electrophoresis. J.
Biol. Chem. 1981; 256:4520-28.
24
Brazeau, P., Guillemin, R., Ling, N., Van Wyk, J., and Humbel, R.:
Inhibition by somatomedins of growth hormone secretion stimulated by hypothalamic growth hormone releasing factor (somatocrinin, GRF) on the synthetic peptide hpGRF. C R Seances Acad. Sci. Ill 1982; 295:651-54.
25
Melmed, S.: Insulin suppresses growth hormone secretion by rat
pituitary cells. J. Clin. Invest. 1984; 73:1425-33.
26
T a n n e n b a u m , G. S., G u y d a , H. J . , a n d Posner, B. I.: Insulin-like
growth factors: a role in growth hormone negative feedback and body weight
regulation via brain. Science 1983; 220:77-79.
27
Abe, H., Molitch, M. E., Van Wyk, J. J., and Underwood, L. E.: Human
growth hormone and somatomedin C suppress the spontaneous release
of growth hormone in unanesthetized rats. Endocrinology 1983; 113:131924.
28
Melmed, S., and Slanina, S.: Insulin suppresses T 3 -induced growth
hormone secretion by rat pituitary cells. A m . Thyroid A s s o c , 60th Annual
Meeting, New York, 1984, Abstract no. T-35.
29
Tashjian, A. H.: Clonal strains of hormone-producing pituitary cells.
In Methods in Enzymology, Vol. LA/I 11 Jakoby, W. B., and Pasten, I., Eds. New
York, A c a d e m i c Press, 1979:527-36.
30
Seeburg, P. H., Shine, J., Martial, J. A., Baxter, J. D., and Goodman,
H. M.: Nucleotide sequence a n d amplification in bacteria of the structural
gene for rat growth hormone. Nature 1977; 2 7 0 : 4 8 6 - 9 4 .
31
Rigby, R. W., Diekman, J. M., Rhodes, C , and Berg, P.: Labeling
DNA to high specific activity in vitro by nick translation with DNA polymerase
J. Mol. Biol. 1977; 1 1 3 : 2 3 7 - 5 1 .
32
White, B. A., and Bancroft, F. C: Cytoplasmic dot hybridization: simple analysis of relative mRNA levels in multiple small cell or tissue samples.
J. Biol. Chem. 1982; 257:8569-72.
33
Thomas, R. S.: Hybridization of denatured RNA and small DNA fragments transferred to nitrocellulose. Proc. Natl. A c a d . Sci. USA 1980; 7 7 : 5 2 0 1 205.
34
Melmed, S., and Nielson, L: Discordant modulation of growth hormone and prolactin secretion and mRNA levels by insulin. Abstract. Clin. Res.
1984; 32:270A.
35
Evans, R. M., Birnberg, N. C., and Rosenfeld, M. G.: Glucocorticoid
and thyroid hormones transcriptionally regulate growth hormone gene expression. Proc. Natl. Acad. Sci. USA 1982; 79:7659-63.
36
Shapiro, L. E., Samuels, H. H., a n d Yaffe, B. M.: Thyroid a n d glucocorticoid hormones synergistically control growth hormone mRNA in cultured GH cells. Proc. Natl. Acad. Sci. USA 1978; 75:45-49.
37
Dobner, P. R., Kawasaki, E. S., Yu, L. Y, and Bancroft, F C: Thyroid
or glucocorticoid hormone induces pregrowth hormone mRNA and its probable nuclear precursor in rat pituitary cells. Proc. Natl. Acad. Sci. USA 1981;
78:2230-34.
38
Wegnez, M., Schachter, B. S., Baxter, J. D., and Martial, J. A.: Hormonal regulation of growth hormone mRNA. DNA 1982; 1:145-53.
39
Granner, D., Andreone, T., Sasaki, K., and Beale E.: Inhibition of
transcription of the phosphoenolypyruvate carboxykinase gene by insulin.
Nature 1983; 305:549-51.

DIABETES, VOL. 34, APRIL 1985

Downloaded from http://diabetesjournals.org/diabetes/article-pdf/34/4/409/353809/34-4-409.pdf by guest on 25 January 2022

2
Lukens, F. D. W.: Insulin and protein metabolism. Diabetes 1964:
13:451-61.
3
Younkin, B., and Martin, H.: Insulin regulation of RNA synthesis. J.
Theor. Biol. 1978: 74:491-500.
4
Hill, R., Lee, K., and Kenney, F: Effects of insulin on messenger RNA
activities in rat liver. J. Biol. Chem. 1981: 256:1510-13.
'•' Horvat, A.: Stimulation of mRNA synthesis in isolated nuclei by an
insulin-induced factor in the liver. Nature 1980: 286:906-908.
6
Goldfine, I. D., Purello, R., Clawson, G. A., and Vignen. R.: Insulin
binding sites on the nuclear envelope: potential relationship to mRNA metabolism J, Cell. Biochem. 1982: 20:29-39.
' Peavy, D., Taylor, J,, and Jefferson, L: Correlation of albumin production rates and albumin mRNA levels in livers of normal, diabetic and insulintreated diabetic rats. Proc. Natl. Acad. Sci. USA 1978: 75:5879-83.
8
Nelson, K., Cimbala, M., and Hanson, R.: Regulation of phosphoenolpyruvate carboxykinase mRNA turnover in rat liver. J. Biol. Chem. 1980:
255:8509-15.
9
Korc, M., Werbach, D., Quinto, C , and Rutter, W. J.: Pancreatic isletacinar cell interaction: amylase messenger RNA levels are determined by
insulin. Science 1981: 213:351-53.
10
Noguchi, T., Inoue, H., and Tanaka, T.: Regulation of rat liver L-type
pyruvate kinase mRNA by insulin and by fructose. Eur. J. Biochem. 1982:
128:583-88.
1<
Beale, E., Andreone, T., Koch, S., Granner, M., and Granner, D..
Insulin and glucagon regulate cytosolic phosphoenolpyruvate carboxykinase
(GTP) mRNA in rat liver. Diabetes 1984; 33:328-32.
2
Goodner, C. J., and Freinkel, N.: Studies of anterior pituitary tissue
in vitro: effects of insulin and experimental diabetes mellitus upon carbohydrate metabolism. J. Clin. Invest. 1961; 60:261-70.
' 3 Goodner, C. J., and Krause, M. D.: Studies of the effect of insulin on
synthesis of electrophoretically separated proteins in anterior pituitary in vitro.
Endocrinology 1972; 90:1639-42.
M
Havrankova J., Roth, J., and Brownstein, M.: Insulin receptors are
widely distributed in the central nervous system of the rat. Nature 1978;
272:827-28.
'b Rosenfeld, R. G., Ceda, G., Wilson, D. M., Dollar, L. A., and Hoffman.
A. R.: Characterization of high affinity receptors for insulin-like growth factors
I and II on rat pituitary cells. Endocrinology 1984; 114:1571-75.
16
Goodner, C. G., Stephano, L. D., Lai, W. H., Guyda, H., and Posner,
B. I.: Characterization of insulin-like growth factor receptor in rat anterior
pituitary, hypothalamus, and brain. Endocrinology 1984; 114:1187—95.
17
Hollander, P., Stanley, F, and Samuels, H. H.: Thyroid and glucocorticoid hormones induce insulin receptors and inhibit insulin degradation
in cultured GH cells. Endocrine Society, 61st Annual Meeting, 1979, Abstract
no. 497.
18
Corin, R., Bancroft, F, C, Sonenberg, M., and Donner, D. B.: Binding
and degradation of 125-I-Iabeled insulin by a clonal line of rat pituitary tumor
cells. Biochem Biophys. Acta 1983; 762:503-11.
19
Ceda, G. P., Hoffman, A. R., Wilson, D. M., Dollar, L. A., Hintz. R. L,
and Rosenfeld, R. G.: Regulation of GH secretion by IGF I and II in human
and rat pituitary cells in vitro. 7th Int. Congress of Endocrinology, Quebec
City, 1984. Abstract no. 471.
20
Baskin, D. G., Porte, D., Jr., Guest, K., and Dorsa, M.: Regional
concentrations of insulin in the rat brain. Endocrinology 1983; 112:898-903.
r
Pertulla, R. V., Kohler, P. O., and Frohman, L. A.: Effects of insulin
on growth hormone induction by cortisol in rat pituitary tumor cells. Life Sci.
1970; 9:805-13.

