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Glucocorticoid Regulation of Insulin Receptor Gene
Transcription in IM-9 Cultured Lymphocytes
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Cell Biology Laboratory and Department of Medicine, Mount Zion Hospital and Medical Center, San Francisco, California 94115;
and Departments of Medicine and Physiology, University of California San Francisco, San Francisco, California 94143

Abstract

We have reported that glucocorticoids increase steady state
insulin receptor mRNA levels in target cells. In the present
study using IM-9 cultured human lymphocytes, we investi-
gated the mechanism responsible for this glucocorticoid me-
diated increase in insulin receptor mRNA levels. Incubation of
IM-9 cells with 100 nM dexamethasone for 4 h stimulated a
parallel increase in both polysomal and nuclear insulin recep-
tor RNAs indicating that glucocorticoids did not alter the nu-
clear transport of insulin receptor RNA. Dexamethasone did
not alter insulin receptor mRNA half life (#;, = 140+20 min),
indicating that glucocorticoids did not influence mRNA stabil-
ity. Furthermore, the dexamethasone-induced increase in in-
sulin receptor mRNA levels was not blocked by pretreatment
of cells with cycloheximide indicating that the glucocorticoid
effect was independent of new protein synthesis. When the
labeled transcripts from nuclear run-off incubations were then
hybridized to immobilize human insulin receptor cDNA, a
three- to fourfold increase in transcriptional activity was ob-
served. This transcriptional effect occurred before the increase
in steady state insulin receptor mRINA levels and over the same
range of dexamethasone concentrations. These studies indicate
therefore a direct effect of glucocorticoids on insulin receptor
gene transcription, and demonstrate that the insulin receptor
gene is under hormonal control.

Introduction

The polypeptide hormone insulin produces a wide range of
effects both in the intact organism and in cultured cells (1).
The interaction of insulin with target cells is mediated by a
receptor located on the plasma membrane which serves a criti-
cal role both in directing insulin to specific target tissues and in
initiating the response of these tissues to the hormone (2, 3).
The insulin receptor is of major importance in certain states of
insulin resistance in humans, in which qualitative and quanti-
tative abnormalities of the receptor may lead to defective
transmembrane signaling (4, 5). In addition, the insulin recep-
tor is regulated by hormones and other agents (3-5).

The insulin receptor is a glycoprotein of ~ 400 kD, and is
a tetramer composed of two alpha (130 kD) and two beta (95
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kD) subunits (6, 7). One alpha and one beta subunit are de-
rived from a common precursor protein that has a minimum
molecular weight of 153 kD as derived from cDNA analysis (8,
9). The alpha subunit is totally extracellular and binds insulin
while the beta subunit is transmembrane and contains tyrosine
kinase activity (6-9).

At present little is known about the hormonal regulation of
insulin receptors at the level of gene expression. Previously in
both hepatocytes and lymphocytes it was reported that gluco-
corticoids enhanced insulin receptor biosynthesis (10, 11).
Moreover, we have recently demonstrated, in IM-9 lympho-
cytes and AR42J pancreatic acinar cells, that glucocorticoids
increase insulin receptor synthesis by increasing insulin recep-
tor mRNA levels (12). However, the mechanism whereby glu-
cocorticoids stimulate insulin receptor mRNA levels has not
been investigated.

After entering target cells, glucocorticoid hormones first
bind to intracellular receptors (13-15). The steroid hormone-
receptor complex then interacts with glucocorticoid recogni-
tion elements (GRE)' on DNA causing either an increase or
decrease in the transcription of several genes (13-15). In addi-
tion to this mechanism of gene regulation it has been reported
that glucocorticoids can influence specific mRNA levels at a
posttranscriptional level, including alteration of RNA stability
(16-18) and stimulation of the transport of specific RNA spe-
cies from the nucleus to the cytoplasm (19). Also, in certain
circumstances, glucocorticoid stimulation of transcription
may be dependent on ongoing protein synthesis (20).

In the present study we have investigated the mechanism of
glucocorticoid-stimulation of insulin receptor mRNA levels in
IM-9 lymphocytes. Transcription run-off assays and mRNA
half life studies were performed. These data indicate that glu-
cocorticoids have a primary effect on insulin receptor gene
transcription.

Methods

Cell culture. IM-9 lymphocytes were grown as previously described
(12) except that to improve cell growth and viability minimal essential
media was replaced by RPMI 1640 media (11). Cells were routinely
maintained at a density of 5 X 10° cells/ml and during experiments the
cell concentration was increased to 1 X 10° cells/ml.

Preparation of RNA from whole cells, polysomes, and nuclei. RNA
was prepared from whole cells using the proteinase K method in the
presence of SDS (21). RNA concentrations were estimated using ab-
sorbance at 260 nM (1.0 OD = 40 ug). Polysomes were prepared by a
slight modification of the magnesium precipitation method (22). In
brief, 5 X 108 cells were washed in phosphate-buffered saline, at 4°C
and homogenized in lysis buffer as previously described (22). After
precipitation of the nuclear pellet, the polysomes were centrifuged

1. Abbreviations used in this paper: GRE, glucocorticoid recognition
elements.

Insulin Receptor Transcription 499



through a 1.0-M sucrose cushion (rather than the 0.2-M cushion) (22).
The polysomal pellet was then resuspended in 1 ml of 20 mM Hepes,
pH 7.5; sodium acetate and SDS were added to final concentrations of
0.1 M and 0.5%, respectively. The suspension was extracted with
phenol and chloroform, and the aqueous phase was precipitated over-
night with 2 vol of 100% ethanol at —20°C.

Nuclear RNA was prepared from 5 X 108 isolated nuclei using the
guanidinium-cesium chloride method (23).

Slot blots and Northern transfers. For Northern transfers total
RNAZ? was denatured in formaldehyde, subjected to electrophoresis in
1% agarose and transferred to nitrocellulose paper (12). For “slot
blots” RNA was denatured as described by Thomas (24) and various
dilutions of RNA were immobilized to nitrocellulose using a slot blot
apparatus (Schleicher & Schuell, Keene, NH). Yeast tRNA was added
as a carrier to samples when the final RNA concentration was < 1
ug/ml.

Nick translation and hybridization of filters. These studies used two
human insulin receptor cDNA probes, 18.2 and 13.2 (1 kb and 4.2 kb,
respectively), a kind gift from Dr. G. I. Bell (University of Chicago) and
spanning the entire open reading frame of the receptor and extending
into the 3'-untranslated region (25). In addition these studies employed
an 8.7-kb plasmid containing the 5’ portion of the rat 18s ribosomal
RNA gene pDF15 (26) a kind gift from Dr. A. P. Bollon (Wadley
Institutes of Molecular Medicine, TX). These cDNA probes were
nick-translated (labeling kit; Bethesda Research Laboratories, Gaith-
ersburg, MD) to specific activities of 1 X 10° cpm/ug. Filters containing
RNA were prehybridized and hybridized with either 1 X 10 cpm/ml
insulin receptor cDNAs or 5 X 10% cpm/ml ribosomal genomic DNA
and washed as previously described (12).

Isolation of nuclei and run-off assays. Nuclei were prepared from |
X 108 cells by washing twice in buffered saline followed by resuspen-
sion in lysis buffer (27) containing 10 mM Tris (pH 7.4) 10 mM NaCl,
5 mM MgCl,, and 0.5% NP-40. Cells were homogenized in a Dounce
homogenizer with 8 strokes of the loose pestle and a nuclear pellet was
obtained by centrifugation at 800 g for 5 min. Visual inspection under
a phase contrast microscope revealed no intact cells. Nuclei were resus-
pended in storage buffer (40% glycerol, 50 mM Tris (pH 8.3), 5 mM
MgCl,, 0.1 mM EDTA) and were either used immediately or stored
at —70°C.

Transcription assays were performed using 5 X 107 nuclei in each
reaction as described (27). RNA products were purified using DNAase,
proteinase K in the presence of SDS, and salt precipitation according
to the procedure of Groudine et al. (27). 5 ug of either the control
plasmid pBr327, the plasmid containing cDNA to 8-actin (28), or the
plasmid containing the 5’ end of the insulin receptor (18.2) were dena-
tured by heating to 65°C for 1 h in 0.2 M NaOH, neutralized with an
equal volume of cold 3 M sodium acetate, and applied to nitrocellulose
using a slot-blot manifold. The slots were washed with 500 ul of 10X
SSC and the filters baked under vacuum at 80°C for 2 h. The filters
were then prehybridized and hybridized in 2 ml of buffer as described
(27) except that hybridizations were performed in 6 X 5 ml tissue
culture plates. After hybridization, filters were washed sequentially in

2. In contrast to our previous study where we used poly(A)* RNA for
Northern blots and slot blots, in the present study we used total cellular
RNA. This use of total cellular RNA allowed a more rapid measure-
ment of mRNA levels, and reduced the potential variability in
poly(A)* RNA content that can occur following its passage through
oligo d(t) cellulose. This variability requires the normalization of data
with a second cDNA, such as that for g-actin whose mRNA levels are
unaffected by the experimental conditions (12). The only difference we
observed between this study and the previous study, was that maxi-
mum steady state insulin receptor mRNA levels were achieved less
rapidly in the present study. This slight change in time course is due to
the fact that in the present study, cells were grown in RPMI 1640
medium supplemented with 10% fetal calf serum (11), rather than
minimal essential medium supplemented with 10% calf serum (12).
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100 ml volumes of 2X SSC (20X SSC = 3 M Na(Cl, 0.3 M sodium
citrate) at 65°C for 1 h, 2X SSC with 10 ug/ml ribonuclease A at 37°C
for 30 min, and 0.5X SSC with 0.1% SDS for 2 h at 65°C.

Preparation of sense and antisense cRNA. The 5' insulin receptor
c¢DNA insert (18.2) was cloned into the Eco Rl site of the SP6 polymer-
ase recognition plasmid pSP64 (Promega Biotech, Madison, WI). The
resultant plasmids pSPIR-3 and pSPIR-6 contained both orientations
of the cDNA insert resulting in the production of both sense and
antisense RNA, respectively. Large quantities of RNA were produced
using the technique of Melton (29). RNA was purified by treating the
100-] reaction volume with 10 U of ribonuclease-free DNAse 1 (Pro-
mega Biotech), phenol/chloroform extraction, passage through a 1 ml
Sephadex G-50 spin column and overnight precipitation with 2.5 vol
of 100% ethanol.

Results

Effects of dexamethasone on insulin receptor steady state
mRNA levels. In this study, using total RNA prepared from
IM-9 cells, we investigated the effects of dexamethasone on
steady state insulin receptor mRNA levels. To determine the
sensitivity of IM-9 cells to this synthetic glucocorticoid, cells
were incubated for 4 h with various concentrations of the glu-
cocorticoid, total RNA was prepared, and the level of insulin
receptor mRNA determined by slot-blot analysis (Fig. 1). One
half maximal stimulation was detected at 5 nM dexametha-
sone and maximal stimulation was observed at 100 nM. Dur-
ing this incubation period, ribosomal RNA levels were either
unchanged or slightly decreased.

Since insulin receptor mRNA migrates as multiple bands
on agarose gels, we carried out Northern transfers of total IM-9
cell RNA. Autoradiographs of these transfers displayed the
multiple band pattern of insulin receptor message as reported
(8,9, 12) with major bands at 11.0 and 8.5 kb (Fig. 1). Both of
the major bands increased in response to dexamethasone
treatment.

To determine the time course of dexamethasone stimula-
tion of insulin receptor mRNA levels, IM-9 cells were incu-
bated for up to 24 h with 100 nM dexamethasone (Fig. 2).
One-half maximal stimulation was observed after 4 h and a
maximal stimulation was seen after 8-24 h of treatment.

Studies on potential posttranscriptional mechanisms. Re-
cently it has been demonstrated that steroid hormones can
influence mRNA levels by altering the stability of specific
mRNA species (16-18). Accordingly, studies were carried out
to investigate insulin receptor half-life, and possible dexameth-
asone effects on this function. First cells were preincubated in
the presence or absence of 100 nM dexamethasone for 4 h.
Ongoing transcription was then inhibited by the addition of 5
ug/ml actinomycin D (30), and at subsequent time points the
cells were removed and the level of insulin receptor mRNA
measured (Fig. 3). The insulin receptor mRNA decreased to
one-half of its initial value after 140+20 min (n = 3,
mean+SEM). Preincubation and continued incubation with
dexamethasone did not alter the insulin receptor mRNA half-
life (135+22 min).

Another posttranscriptional mechanism that may influ-
ence mRNA levels is the altered efflux of insulin receptor
mRNA from the nucleus to the cytoplasm (19). To test for this
possibility, cells were incubated for 4 h in the presence or
absence of 100 nM dexamethasone and total nuclear RNA
prepared. These studies indicated that dexamethasone in-
creased nuclear RNA levels (Fig. 4 4). Polysomal RNA was
prepared from cells treated as for the nuclear RNA determina-
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Figure 1. The dose depen-
dence of dexamethasone-
stimulation of insulin re-
ceptor mRNA levels. IM-9
cells were incubated for 4 h
in the presence of various
804 concentrations of dexa-

= methasone (Dex). (4) Total
E RNA was applied to nitro-
g cellulose filters with a slot
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by RNA was applied to the
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with a labeled insulin re-
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tions. As was observed in whole cell RNA and nuclear RNA,
dexamethasone stimulated polysomal insulin receptor mRNA
levels to a similar extent (Fig. 4 B). Northern transfers of poly-
somal RNA showed the presence of the two major RNA spe-
cies previously observed in transfers of both total and poly(A)*
RNA from whole cells (12). This finding suggested that both
major species of insulin receptor mRNA are translated into
insulin receptor protein products.

To determine whether the dexamethasone stimulated in-
crease in receptor mRNA levels was dependent upon ongoing
protein synthesis incubations were performed in the presence
of cycloheximide, an inhibitor of protein synthesis. Cells were

Figure 2. Time course
of dexamethasone-stim-
ulation of insulin recep-
tor mRNA levels. IM-9
cells were incubated for
the indicated times with
100 nM dexamethasone
(Dex), total RNA was
prepared, and three di-
lutions (10, 5, and 2.5
ug) at each time point
were slot-blotted, hy-
bridized with labeled in-
sulin receptor cDNA,
washed, and autoradio-
graphs obtained. The
mean+SEM of three ex-
periments is shown.
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Figure 3. Insulin receptor mRNA life studies. IM-9 cells were incu-
bated in the presence or absence of 100 nM dexamethasone (Dex)
for 4 h followed by the addition of 5 ug/ml actinomycin. At the
times indicated cells were removed, RNA was denatured, and slot-
blotted at three dilutions (10, 5, and 2.5 ug) for insulin receptor (IR)
determinations. A representative of three experiments is shown.

preincubated for 30 min with 10 ug/ml cycloheximide, a con-
centration in these cells that inhibits > 95% of ongoing protein
synthesis (data not shown), and then the cells were incubated
for a further 4 h in the presence or absence of 100 nM dexa-
methasone (Fig. 5). Incubation of cells with cycloheximide had
no effect upon the dexamethasone stimulated increase in re-
ceptor mRNA levels.

Insulin receptor transcription studies. Since the above data
indicated that stimulation of mRNA levels by dexamethasone
was not posttranscriptional, nuclear run-off determinations
were performed. In nuclear run-off transcription assays, tran-
scripts that are initiated in the whole cell are elongated in
isolated nuclei and reflect the ongoing rate of transcription
(30). In order to examine the transcription system two types of
validation experiments were performed (Fig. 6). In the first
series of experiments 5 ug of the insulin receptor cDNA plas-
mid pBr327 (the cloning vector used for the insulin receptor),
and B-actin cDNA plasmids (we previously have demonstrated
(12) that B-actin mRNA levels are unchanged in response to
incubation with dexamethasone), were immobilized on nitro-
cellulose and hybridized with the nuclear transcription run-off
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Figure 4. Determination of dexamethasone effects upon insulin re-
ceptor mRNA levels in nuclei and polysomes. IM-9 cells were incu-
bated in the presence or absence of dexamethasone (Dex) for 4 h.
Nuclear RNA was prepared from one half of the cells and polysomal
RNA was obtained from the other half. (4) Three concentrations of
RNA (10.0, 5.0, and 2.5 ug) were slot-blotted onto nitrocellulose
filters and probed with labeled insulin receptor cDNA. These results
are a representative of three experiments. (B) Autoradiograms of a
Northern transfer of 5 ug of polysomal RNA probed with insulin re-
ceptor cDNA.
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g RNA Figure 5. Effect of inhi-
10 bition of protein syn-
o B - o thesis upon insulin re-
5 L - ceptor mRNA levels.
25 Cells were preincubated
W - in the presence or ab-
Dex - - + 4 sence of 10 ug/ml cy-
GHX == 4 - + cloheximide (CHX) for

30 min and then incu-
bated for a further 4 h in the presence or absence of 100 nM dexa-
methasone (Dex). Total RNA was prepared and three concentrations
of RNA (10, 5, and 2.5 ug) were slot-blotted onto nitrocellulose
filters and hybridized with the labeled insulin receptor cDNA. A rep-
resentative experiment of four experiments is shown.

products (Fig. 6 A). Nuclei from dexamethasone stimulated
cells gave products that increased the insulin receptor signal
over the corresponding unstimulated insulin receptor control
signal. In contrast the $-actin signal remained unchanged, and
no significant signal was seen with pBr327. The addition of 2
ug/ml a-amanitin to the nuclear incubation, a concentration
that preferentially inhibits RNA polymerase II (30), markedly
reduced the signal obtained. This finding indicated that the
insulin receptor transcription signal was produced by RNA
polymerase II, and therefore was either messenger RNA or its
precursor.

In the second series of experiments, 30 ug of either sense
RNA or antisense RNA (prepared using SP6 polymerase
primed transcription), was hybridized for 2 d to nitrocellulose
strips containing either B-actin cDNA (5 ug) or ‘three concen-
trations of denatured insulin receptor cDNA (5, 2.5, and 1.25
ug). The filters were then hybridized with the in vitro RNA

A - . Figure 6. Dexametha-
Actin sone effects upon insu-
- -~ lin receptor gene tran-
; scription. 1 X 108 cells
IR for each condition were
incubated in the pres-
ence or absence of 100
pBr327 nM dexamethasone for
4 h. Nuclei were then
prepared and run-off
Dex - + transcription assays per-
oL —Amanitin - - formed. (4) The labeled
run-off products (10’
B ug cDNA cpm) from incubations
containing either no
5 . steroid or dexametha-
sone (Dex) were hybrid-
25 s ized with filters contain-
1.25 . ing immobilized plas-
mids. A portion of the
cells treated with dexa-
Sense * = methasone were also
Antisense L + +  concomitantly treated
o -Amanitin ' 2 o with 2 ug/ml a-amani-

tin. Filters were washed
and autoradiograms obtained. (B) Nitrocellulose filters containing
three concentrations (5, 2.5, and 1.25 ug) of the 5’ insulin receptor
cDNA plasmid (18.2) were prehybridized for 48 h with 30 ug of ei-
ther sense or 30 ug of antisense CRNA prepared as described. The
filters were washed six times in 4 ml of 2X SSC and 0.1% SDS at
37°C (for 5 min per wash) and hybridized with the labeled nuclear
run-off products for a further 48 h. Filters were washed and autora-
diograms obtained as described above.
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run-off products from dexamethasone-treated cells. The
preincubation with 30 ug of sense RNA reduced the signal
obtained by > 75% when compared with filters hybridized
with antisense CRNA (Fig. 6 B). As in the previous study, the
inclusion of 2 ug/ml a-amanitin markedly reduced the signal
for both B-actin and the insulin receptor.

Using the above run-off conditions we investigated the
dose-response of dexamethasone-induced stimulation of tran-
scription (Fig. 7). Incubations for 4 h in the presence of various
concentrations of dexamethasone showed one-half maximal
stimulation at 5 nM dexamethasone and maximal stimulation
at 100 nM. The time course of dexamethasone stimulation of
insulin receptor transcription was also determined (Fig. 8).
Transcriptional stimulation was one-half maximal at 1 h and
maximal at 2 h.

Discussion

We previously reported that insulin receptor mRNA levels are
under the regulation of glucocorticoids (12). In this study we
investigated the mechanisms whereby glucocorticoids increase
insulin receptor mRNA levels. Using total cellular RNA, we
found that the synthetic glucocorticoid, dexamethasone, in-
duced a time- and dose-dependent increase in steady state
insulin receptor mRNA levels. A very similar finding was ob-
served in our previous paper with poly(A)* RNA (12). In that
study the time and dose dependence of glucocorticoid stimula-
tion of insulin receptor mRNA levels correlated closely with
glucocorticoid-increased insulin receptor precursor biosyn-
thesis.

Four lines of evidence indicated that the glucocorticoid-in-
duced increase in insulin receptor mRNA levels was due to
increased insulin receptor gene transcription and was not due
to posttranscriptional mechanisms. First, we observed that
glucocorticoids did not alter the half-life of insulin receptor
mRNA. These halflife studies were carried out because there is
evidence that steroid hormones can enhance the stability of
several mRNA species including human growth hormone (16)
vitellogenin (17), and casein (18).

The half-life of approximately 2 h for the insulin receptor
mRNA was relatively short, and similar to that reported for
casein (18). This half-life for the insulin receptor was shorter
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Figure 7. The dose dependence of dexamethasone stimulation of in-
sulin receptor gene transcription. Cells were incubated with various
concentrations of dexamethasone for 4 h and nuclei were prepared
from each concentration. Identical strips of nitrocellulose filters were
prepared by slot-blotting duplicate 5-ug aliquots of plasmids contain-
ing insulin receptor cDNA (18.2). Filters were prehybridized and hy-
bridized for 48 h in buffer containing 1 X 107 cpm of run-off prod-
ucts. Autoradiograms were scanned by laser densitometer. The
mean+SEM of three experiments is shown.
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Figure 8. The time course of dexamethasone stimulation of insulin
receptor gene transcription. Cells were incubated with 100 nM dexa-
methasone for up to 22 h and nuclei prepared. Transcription assays
were performed as in Fig. 7 and the products hybridized against im-
mobilized plasmids containing insulin receptor cONA. The
mean+SEM of three experiments is shown.

than some other known mRNAs regulated by steroid hor-
mones including vitelligenin (17), human growth hormone
(16), and ribosomal RNA. However, this half-life for the insu-
lin receptor is not as short as the 15-25-min half lives of cer-
tain oncogenes and enzymes (27, 31).

Second, dexamethasone increased the content of both nu-
clear and polysomal insulin receptor mRNA. These studies
were carried out because it has been shown that dexametha-
sone increases levels of several liver polysomal mRNA species
(including a-2u globulin) with a concomitant decrease in nu-
clear RNA levels (19). In these studies it was suggested there-
fore that glucocorticoids may act posttranscriptionally by en-
hancing the transfer of mRNA out of the nucleus. Since in the
present study, both nuclear and polysomal levels of insulin
receptor mRNA increased concomitantly, the data suggested
that enhanced nuclear transport of insulin receptor mRNA
was not influenced by glucocorticoids.

Multiple species of insulin receptor mRNA have been de-
tected in human, rat, and mouse tissues (8, 9, 12). These multi-
ple species may reflect either different sites of transcriptional
initiation, differential RNA splicing, different length poly(A)
tails or a combination thereof. In IM-9 lymphocytes we found
two major species of 11.0 and 8.5 kb (12). In the present study
both of these species were increased by dexamethasone and
associated with polysomes suggesting that both mRNA species
were active in the biosynthesis of insulin receptor precursors.

Third, we found that pretreatment with the inhibitor of
protein synthesis, cycloheximide, did not block the effect of
dexamethasone on insulin receptor mRNA levels. This obser-
vation suggested that dexamethasone was directly stimulating
the insulin receptor gene. Glucocorticoids have been observed
to have secondary effects on the transcription of certain genes
(20), for instance, the glucocorticoid-induced increase in a-2u
globulin mRNA (32) and pancreatic amylase mRNA (Logs-
don, C. D., K. Perot, and A. R. McDonald. Submitted.) were
blocked by the pretreatment of cells with cycloheximide.

Fourth, nuclear run-off transcription assays indicated that
glucorticoids directly influenced insulin receptor gene tran-
scription. Since the insulin receptor mRNA is not an abundant
gene product we employed the sensitive run-off method of
Groudine et al. (27) developed for oncogenes. In these run-off

studies we employed four controls. (@) Nonspecific hybridiza-
tion was minimal, as assessed by the absence of a signal with
the control plasmid pBr327. () Whereas dexamethasone in-
creased the transcription of the insulin receptor gene, it did not
increase the signal for 8-actin, a protein whose mRNA levels
are not influenced by the glucocorticoid (12). (¢) When a-
amanitin, an inhibitor of RNA polymerase II (30) was added
to the nuclear incubations, the hybridization signal from run-
off products was markedly reduced. (d) The preincubation of
the insulin receptor plasmid with sense-stranded cRNA (in
contrast to antisense-stranded cRNA) markedly inhibited the
hybridization signal. Since mRNA is sense-stranded, the com-
petition of the labeled run-off products by unlabeled sense-
stranded cRNA indicated the specificity of the run-off assays.

The dose response of dexamethasone induction of insulin
receptor gene transcription is in agreement with the dose re-
sponse for steady state mRNA levels, both functions being
one-half maximal at 5 nM and maximal at 100 nM. The time
needed to observe maximal stimulation of transcription was
more rapid than the time needed to observe maximal stimula-
tion of steady state mRNA levels. This observation is not sur-
prising since increased RNA transcription must precede in-
creased steady state mRNA levels. These rapid effects of dexa-
methasone on insulin receptor gene transcription provides
further evidence that glucocorticoids exert a direct effect upon
the insulin receptor gene. The time course for induction of
insulin receptor gene transcription by glucocorticoids (maxi-
mal effect at 2 h) is similar to that observed for other directly
regulated genes including mouse mammary tumor virus and
metallothionein (33, 34).

It has been established that after entry into cells glucocor-
ticoids bind to specific receptors, and the activated ligand-re-
ceptor complex then binds to specific GREs on target genes
(13-15, 35). These GREs have the properties of enhancer ele-
ments (36). It has now been established that the glucocorticoid
GREs on DNA are comprised of conserved consensus se-
quences (36-38). These GREs may be either close to the pro-
moter region or over 2 kb from the promoter region (39).
Although these GRE sequences are generally in 5' regulatory
regions of the gene, GREs may be elsewhere as in the case of
the human growth hormone gene where the GRE is in the first
intron (40). Our computer analysis of the entire cDNA for the
insulin receptor (as well as genomic and intron DNA within 1
kb of the AUG codon) revealed no potential GRE sites. Thus
we are currently examining both 5' genomic regions and in-
trons of the insulin receptor gene to establish the presence of
GRE sequences.
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