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Abstract

In earlier studies, we reported reduced human insulin receptor (hIR) mRNA levels, insulin binding and insulin responsiveness in U-937
human promonocytic cells treated with aldosterone. The mechanism for this inhibition could be diminished IR gene transcription, since
aldosterone did not affect hIR mRNA stability. All the effects were mediated by a downregulation of the mineralocorticoid receptor (MR,
NR3C2) expressed at both the RNA and protein levels, suggesting that MR could act as a transcription factor that binds to hormone
response elements in the hIR gene promoter. Indeed, MR has been shown to bind glucocorticoid response elements (GRES) in target
genes. Given that five GREs have been characterized in the hIR promoter, we decided to test whether these elements could mediate the
aldosterone-elicited inhibition of hIR expression detected by us in U-937 cells. In the present report, we demonstrate that aldosterone
inhibits the activity of the hIR wild-type promoter by 23%, and causes 23 and 31% reductions in the activity of progressive deletions of
this promoter comprised of fragments uptd473 and—876 bp, respectively. This indicates that th876 to—271 bp region of the hIR
promoter may be sufficient for this transcriptional inhibition by aldosterone. We also provide evidence for direct MR interaction with some
of the GREs of this promoter region, specifically with the cGRE1 and cGRE3, presumably as MR—-MR homodimers, and with pGRE as
a MR-GR heterodimer. This heterodimer may play the most relevant role and participate in the cross-talk between mineralocorticoids,
glucocorticoids and insulin signalling in U-937 cells.
© 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction seem to act as dimers, either homodimers or heterodimers
[6-9], enhancing [7] or lowering [8] transcriptional
It is know that the genomic effects of mineralocorticoids activity.
and glucocorticoids are mediated by interaction with their ~ Results from our laboratory have previously indicated
receptors[1,2]. Both types of hormone passively diffuse in vivo and in vitro modulation of insulin receptor (IR)
through the cell membrane and bind the mineralocorticoid gene expression by glucocorticoids. Thus, we were able
receptor (MR, NR3C2) and the glucocorticoid receptor (GR, to demonstrate that IR mRNA levels were modulated in a
NR3C1) in the cytoplasm/nucleus of the cell. The affinity of tissue-specific manner in patients with Cushing’s syndrome
MR for glucocorticoids is almost identical to that for miner- [10]. We also observed tissue-specific changes in IR mMRNA
alocorticoids[3]. After binding, the activated receptors act concentrations in dexamethasone-treated [ty In addi-
as transcription factors, which bind to hormone response el-tion, we reported dose- and time-dependent dexamethasone
ements in the promoter region of responsive g¢#esSince stimulation of the two major species of the human insulin
no selective mineralocorticoid response elements have beerfeceptor (hIR) mRNA (11 and 8.5kb in size) occurring in
identified, MR and GR appear to promiscuously bind and U-937 human promonocytic cellg2,13] In these cells,
transactivate glucocorticoid response elements (GREs) indexamethasone failed to affect both hIR mRNA half-life
the promoters of target genpg5]. Moreover, MR and GR  and protein turnover, suggesting an effect on transcription

[13].
* Corresponding author. Tel+34-913941451; fax:-34-913941691. We also reported the in vivo and in vitro modulation of
E-mail address: consuelo@med.ucm.es (C. Calle). IR gene and protein expression by mineralocorticoids. We
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noted a reduction in the number and affinity of hIRs in glucocorticoid-dependent transcriptional induction upon the
adipocytes isolated from the subcutaneous adipose tissue ohIR gene. Given the intimate relationship between MR and

a patient with primary hyperaldosteroni$iat]. We also ob- GR, these GREs could mediate the aldosterone-elicited in-
served tissue-specific modulation of IR gene expression in hibition of hIR gene expression and insulin action detected
a model of mineralocorticoid excess in the [H§]. Further, by us in U-937 cells.

we recently demonstrated dose- and time-dependent aldos- On this setting, the present study was designed to extend
terone inhibition of the two major species of hIR mMRNA our previous studies and investigate the possibility of a direct
in U-937 cells[16]. RNA stability and protein turnover transcriptional effect of aldosterone on the promoter activity
were both unaltered, suggesting an effect on transcription. of the hIR gene in U-937 cells. In addition, we explored the
Aldosterone also decreased the hIR number but not theinteraction of the activated MR with each of the functional
affinity of this receptor, suggesting possible failure in the GRESs previously described by Lee and co-work&8s19]in
insulin responsiveness of the cells. When this possibility the hIR promoter. In parallel, we examine the transcriptional
was explored, the maximal cellular response to insulin, effect of dexamethasone and binding of the activated GR
both in terms of glucose transport and DNA synthesis, with each of the GREs of this promoter.

was decreased after aldosterone treatnfigrit. The pres-

ence of MR in U-937 cells was also obserjéé,17], and

blockade of this receptor by the mineralocorticoid antag- 2. Materials and methods

onist spironolactone indicated the involvement of this MR

in the aldosterone-elicited inhibition of hIR mMRNA levels 2.1. Cell culture and treatments

[16].

The promoter of the hIR gene has been the subject of U-937 human promonocytic cells (mycoplasma-free)
intense research. This promoter contains binding sites forwere grown in RPMI-1640 medium, supplemented with
many transcription factors including five GREs. These 10% (v/v) heat-inactivated foetal calf serum and antibiotics
GREs were well characterized by Lee and co-workers at 37°C in a humidified 5% C@ atmosphere as described
[18,19] through transfection experiments and footprinting previously [12,20] Besides the MR[16,17] these cells
assays. Although these GREs did not match the canonicalare naturally endowed with other receptors, including IR
GRE sequence, they were able to confer a capacity for[12,21], and GR[22].
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Fig. 1. Transcriptional effect of aldosterone and dexamethasone on the promoter activity of the human insulin receptor (hIR) gene in U-937 cells. The
cells were transiently transfected with the phtR819)-GL2 plasmid, which contains thel819 to—271 promoter fragment of the hIR gene, considered

as the wild-type promoter, and with phiR{473)-GL2 or phIR{876)-GL2 plasmids, containing progressivedgletions (up to—1473 and—876 bp,
respectively) of the wild-type promoter. The transfected cells were left untreated (C), or were treated eithexwifn®W dexamethasone for 15h

(G) or with 10°M aldosterone for 24h (M). Luciferase activity is given in arbitrary units relative to the value of 100 assigned to that of the wild
promoter in untreated cells after correcting for transfection efficiency. Values are séaRaM. of at least five experiment$.P < 0.05, **P < 0.01

Vs. respective control.
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2.2. Plasmids, transfections and analysis
of luciferase activity

The —1819 to —271 promoter fragment of the hIR
gene cloned in the Bglll site of the pCAT3M vector was
kindly provided by Drs. S.Y. Tsai (Department of Cell
Biology, University of California) and G. Elberg (Baylor
College of Medicine, Texas Medical Center). This pro-
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Transient transfections were carried out by electropora-
tion of 20 x 10° cells in RPMI 1640 medium with the
Bio-Rad gene-pulser Il, essentially as described previously
[23]. The cells were electroporated at 250V, 968 in a
volume of approximately 30@l of RPMI containing 5Qug
of each of the reporter plasmids described earlier, qrd0f
the promoterless pGL2-basic vector, together witlug®df
the pBluescript Il KS§/—) as a carrier. As a positive con-

moter fragment, considered by these authors as the wild-trol, we used 2%.g of the pGL3-control vector (Promega),
type promoter, was subcloned into the Bglll site of the which includes SV40 promoter and enhancer sequences. All
pGL2-basic vector (Promega) to create the reporter plasmidtransfections were performed in the absence of MR and GR

phIR(—1819)-GL2 [23]. The orientation and integrity of

expression vectors due to the endogenous activity of both

the insert was confirmed by restriction analysis. Digestion receptors in U-937 cellfl6,17,22] Transfection efficiency
of phIR(—1819)-GL2 plasmid with Kpnl or Xhol generated was determined using }&) of pPCMV-Bgal (Clontech), and

the plasmids phlR{1473)-GL2 and phlIR{876)-GL2,
respectively.

by assessinf-galactosidase activity in the extra¢?el]. Af-
ter resting for 24 h, the transfected cells were left untreated,

Probe GRE Consensus (Vit-GRE)
(A) Competitor (B) Antibody
Vit 50x Vit 200x Anti-GR Anti-MR
Treatment C G M C G C C M

o 1 2 3 4 65 6 7 8

m—»

Fig. 2. Binding of the mineralocorticoid receptor (MR) and glucocorticoid receptor (GR) to Vit-GRE. EMSA was performed as descibetibn2 In

brief, nuclear extracts of untreated U-937 cells (C), cells treated witi® ¢ M dexamethasone for 15h (G), and cells treated with®1 aldosterone

for 24h (M), were incubated with thé2P-labelled double stranded synthetic oligonucleotide Vit-GRE. (A) Lane 0, no nuclear extracts; lanes 1-3,
nuclear extracts under the three treatment conditions; lanes 4—6 withaBfl lanes 7-9 with 200 excess of the unlabelled Vit-GRE oligonucleotide,

respectively. (B) Lanes 1-3 with the specific anti-GR antibody (PA1-510A), and lanes 4—6 with the specific anti-MR antibody (MCR N-17), respectively.

Arrows indicate the position of the complexes (I and Ill).
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or treated with either 10° M aldosterone (Sigma) for 24h, by the promoterless pGL2-basic vector, after correcting for

or 5x 10~ M dexamethasone (Sigma) for 15 h. These con- transfection efficiency23].

ditions of dose and time were selected on the basis of previ-

ously observed maximal effects in both aldosterone-elicited 2.3. Electrophoretic mobility shift assays (EMSA)

inhibition and dexamethasone-induced stimulation of hIR

MRNA levels in U-937 cell$13,16] These treatments were Six oligonucleotides commercially synthesized by Cru-

non-selective for MR or GR activation, given that the cor- achem: Vit-GRE, dGRE, cGRE1, cGRE2, cGRE3, and

ticoids were supplied in the absence of antagonists to cellspGRE were used in these assays. Vit-GREE CCAAAG

with endogenous MR and GR that could be activated by ei- TCAGAACACAGTGTTCTGATC3) comprised the nat-

ther hormone. Nevertheless, our purpose was to induce op-ural sequence of the oestrogen response element in the

timal transcriptional effects in each treatment by activation Xenopus vitellogenin A, gene mutated to obtain a perfect

of both receptors. 3 half-site GRE motif[25]. The rest of oligonucleotides
The cells were then collected by centrifugation, and comprised the following five GREs sequences of the hIR

luciferase activity quantified following the instructions promoter, well characterised by Lee and co-work&gs19]

provided in the assay kit (Promega). Previous luciferase de-through transfection experiments and footprinting assays

terminations revealed that the activity of the pGL3-control dGRE: from —1363 to —1335bp (3CCCTCCTCCCA

vector was about 100 times above the basal levels shownTTGAGTTCTGGCTTTCCT3); cGRE1: from —754 to

Probe Distal GRE (dGRE)

(A) Competitor (8) Antibody
dGRE 50x  dGRE 200x Anti-GR Anti-MR
Treatment cC G M C G M C G M C G M C G M
0 1 2 3 4 5 6 7 8 9 1 2 3 4 5 8

[1—»

Fig. 3. Binding of the MR and GR to dGRE. EMSA was performed as describ&@kation 2 In brief, nuclear extracts of untreated U-937 cells (C),
cells treated with 5 10-8 M dexamethasone for 15h (G), and cells treated with®1M aldosterone for 24 h (M), were incubated with tF®-labelled
double stranded synthetic oligonucleotide dGRE. (A) Lane 0, no nuclear extracts; lanes 1-3, nuclear extracts under the three treatmentaswslitions;
4-6 with 50x and lanes 7-9 with 200 excess of unlabelled dGRE oligonucleotide, respectively. (B) Lanes 1-3 with the specific anti-GR antibody
(PA1-510A), and lanes 4-6 with the specific anti-MR antibody (MCR N-17), respectively. Arrows indicate the position of the complexes (I and Ill).
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—725bp (BCCTGTGGGGCGCCTCGGGGGTCTAAA
CT3); cGRE2: from—707 to—689 bp (5SGTAGGGCGACG
CGGATCTGG3); cGRE3: from—680 to —656 bp (BCT
CGGTCOCGGCGCGCCCAGGGCCTY); pGRE: from
—363 to —341bp (BTCCCGGAGCEGCAGATCCCG
AC3).

The annealed oligonucleotides.§3x 10~2M) were
Send-labelled with $-3?PJATP (3000 Ci/mmol) (NEN)
with T4 polynucleotide kinase (Promega). Nuclear extracts
were obtained as described by Schreibert ef24l] from
cells untreated or treated with either M aldosterone
for 24 h, or 5x 10~ M dexamethasone for 15h. These ex-
tracts (1Qug) were incubated for 10 min on ice in a binding
buffer containing 1x 10-2M Tris, pH 7.5, 8x 1072M
KCI, 10% glycerol, 1x 10~3 M dithiothreitol, and 2ug of
poly(dIl-dC)[27], in atotal volume of 2@.l. Next, 0.1-0.5 ng

547

(100,000 cpm) of each labelled oligonucleotide was added
to the reaction mixture and incubation was continued for
20 min at room temperature. An excess of the correspond-
ing unlabelled oligonucleotide (5Q or 200x) was added

as a specific competitor in each EMSA. For a stricter test of
the binding specificity of the protein—-DNA complexes, we
incubated the nuclear extracts with an anti-GR polyclonal
antibody (PA1-510A) (Affinity Bioreagents) that recognises
the N-terminal region of the human GR, or an anti-MR
polyclonal antibody (MCR N-17) (Santa Cruz Biotech-
nology) that binds to the N-terminal region of the human
MR. Incubation of the nuclear extracts with a non-immune
serum had no effect. The protein—-DNA complexes were re-
solved on 4% nondenaturating polyacrylamide gels 4t 4

in 0.25x TBE. The gels were then dried and examined by
autoradiography.

Probie Central GRE 1 (cGRE1)
(A) Competitor (B) Antibody
cGRE1 50x cGRE1 200x Anti-GR Anti-MR
Treatment cC G C M M cC G (o] M
0 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6

[—>»
In—»

m—»

Fig. 4. Binding of the MR and GR to cGRE1. EMSA was performed as describeskation 2 In brief, nuclear extracts of untreated U-937 cells
(C), cells treated with 5 10®M dexamethasone for 15h (G), and cells treated with® aldosterone for 24h (M), were incubated with the

32p-labelled double stranded synthetic oligonucleotide cGRE1. (A) Lane 0, no nuclear extracts; lanes 1-3, nuclear extracts under the three treatment

conditions; lanes 4-6 with 50 and lanes 7-9 with 200 excess of unlabelled cGRE1 oligonucleotide, respectively. (B) Lanes 1-3, with the specific
anti-GR antibody (PA1-510A). (C) Lanes 4-6, with the specific anti-MR antibody (MCR N-17). Arrows indicate the position of the complexes

(-1ny.
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2.4. Satistical analysis Treatment of the transfected cells withx510-% M dexam-
ethasone for 15 h induced a 288% increase in the luciferase
Unless otherwise stated, data are expressed as thedmean activity of this promoter Fig. 1).
S.E.M. The Student’s-test was used for the statistical com- To identify the hIR promoter fragment sufficient for this
parisons. The threshold for significance was sét at 0.05. inhibition by aldosterone, we used, phiR(473)-GL2 and
phIR(—876)-GL2, two plasmids with progressive deletions
of the wild-type promoter, respectively showing 94 and 67%
3. Results decreases in promoter activitlyi§. 1). These plasmids con-
tained five and four of the GRESs of the hIR promoter, respec-
To investigate the possibility of a direct transcriptional ef- tively (Fig. 1). According with our previous resulfg8], we
fect of aldosterone on the promoter activity of the hIR gene, did not used the phIR{577)-GL2 plasmid. This plasmid,
U-937 cells were transiently transfected with a reporter plas- with only the dGRE, shows low promoter activity (17%) co-
mid encoding the hIR promoter spanning nucleotiddé819 incident with that of the promoterless pGL2-basic, due to
to —271 (wild-type promoter) linked to the luciferase gene, the removal of a particular region of four GC boxes located
phIR(—1819)-GL2. Treatment of the transfected cells with between—618 and—593 bp of the hIR promoter. This re-
10-2M aldosterone for 24 h resulted in a 23% inhibition of gion has been shown to be essential for the promoter activity

the promoter activity of this wild-type promoteFig. 1). of this gene and thus must be conser{2@ 30].
Probe Central GRE 2 (cGRE2)
(A) Competitor (B) Antibody
cGRE250x cGRE2 200x Anti-GR Anti-MR
Treatment C G M C G M C G M Cc

0 1 2 3 4 5 6 7 8 9

nr—»

Fig. 5. Binding of the MR and GR to cGRE2. EMSA was performed as describ&bation 2 In brief, nuclear extracts of untreated U-937 cells (C),
cells treated with 5 10-8 M dexamethasone for 15h (G), and cells treated with®1M aldosterone for 24 h (M), were incubated with tF®-labelled
double stranded synthetic oligonucleotide cGRE2. (A) Lane 0, no nuclear extracts; lanes 1-3, nuclear extracts under the three treatmentarmsditions
4-6 with 50« and lanes 7-9 with 200 excess of unlabelled cGRE2 oligonucleotide, respectively. (B) Lanes 1-3 with the specific anti-GR antibody
(PA1-510A), and lanes 4-6 with the specific anti-MR antibody (MCR N-17), respectively. Arrows indicate the position of complex IlI.
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Once the cells were transfected with these plasmids andtreated, aldosterone-treated or dexamethasone-treated cells.
exposed to the treatments, luciferase determinations revealed/it-GRE has been previously demonstrated to specifically
that the promoter activity of the fragments spanning up bind MR in this assay31]. As shown inFig. 2A, two major
to —1473 and—876 bp, were inhibited 23, and 31% re- protein—-DNA complexes (I and I1l) were formed under these
spectively, by aldosterond-ig. 1). In addition, the activi- three experimental conditions (lanes 1-3). Complex | was
ties of the fragments spanning up 441473 and—876 bp, of less intensity than complex I, possibly reflecting differ-
were induced 260 and 174%, respectively, by dexametha-ences in the expression level of MR and GR in U-937 cells
sone Fig. 1). These data together with those obtained with [16,17,22] The fact that the intensity of both complexes was
the wild-type promoter suggest that while dexamethasoneapparently unmodified by the treatments may be explained
needs at least the fragment spanning-473 bp for full by the background of both receptors in these cells. The ad-
transcriptional stimulation of the hIR gene, only the portion dition of excess (58 and 200<) unlabelled oligonucleotide
spanning up to-876 bp is needed for complete transcrip- led to competition for both complexes (lanes 4-6, 7-9, re-

tional inhibition by aldosterone. spectively).Fig. 2B shows that the use of a specific anti-
We next explore the interaction of MR and GR with each body against MR blocked the formation of the protein—~DNA
of the functional GREs of the hIR gene promof#8,19] complex I, indicating the presence of MR in this complex

by EMSA. As a positive control of MR binding, first we (lanes 4-6), while the addition of a specific antibody against
used the Vit-GRE as oligoprobe on nuclear extracts of un- GR caused supershifting of the protein—-DNA complex I,

Pribe Central GRE 3 (cGRE3)
(A) Competitor (B Antibody
cGRE3 50x cGRE3 200x Anti-GR Anti-MR
Treatment C G M C G M C G M cC G M C
0 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6

[—>»

n—>»

I—»

Fig. 6. Binding of the MR and GR to cGRE3. EMSA was performed as describ&bdtion 2 In brief, nuclear extracts of untreated U-937 cells (C),
cells treated with 5 10~ M dexamethasone for 15h (G), and cells treated with®M@ aldosterone for 24 h (M), were incubated with tF®-labelled
double stranded synthetic oligonucleotide cGRE3. (A) Lane 0, no nuclear extracts; lanes 1-3, nuclear extracts under the three treatmentacmwditions
4-6 with 50« and lanes 7-9 with 200 excess of unlabelled cGRE3 oligonucleotide, respectively. (B) Lanes 1-3 with the specific anti-GR antibody
(PA1-510A), and lanes 4-6 with the specific anti-MR antibody (MCR N-17), respectively. Arrows indicate the position of the complexes (I-I1l).
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indicating the presence of GR in this complex (lanes 1-3). tibody (lanes 1-3), while complex | was unaltered by the

Thus, Vit-GRE was able to bind two complexes with easily anti-MR antibody (lanes 4-6). It therefore appears that

distinguishable electrophoretic mobilities due to the differ- dGRE only partially binds GR, presumably as a GR-GR

ent molecular mass of MR and GR]. These complexes homodimer.

presumably corresponded to MR—-MR and GR-GR homod- We then went on to test cGRE1, cGRE2 and cGRE3 as

imers[6-9]. This binding pattern was used as a control in oligoprobes. The oligonucleotide cGRE1 gave rise to three

subsequent experiments. main complexes (I-l) [Eig. 4A). The intensity of these
Using dGRE as the next oligoprobe, two main delayed complexes was unmodified by the treatments. The addition

complexes (I and Ill) were detected under the three ex- of excess (5@ and 200x) unlabelled nucleotide (lanes 4-6,

perimental conditionsHig. 3A, lanes 1-3). The intensity

7-9, respectively) resulted in competition for these com-

of both complexes was unmodified by the treatments. The plexes. Complex | appeared to be a MR-DNA complex

addition of 50« and 200« excess unlabelled oligonu-
cleotide gave rise to partial competition for the formation
of complex Il but not complex | (lanes 4-6, 7-9, re-
spectively). Further, using specific antibodidsig( 3B),

complex Il was partially supershifted by the anti-GR an-

(Fig. 4B), since it was blocked by the specific anti-MR anti-
body (lanes 4-6). However, neither complex Il nor Il were
affected by either antibodyF{g. 4B) (lanes 1-3, 4-6, re-
spectively). Thus, cGRE1 was only able to bind MR, pre-
sumably as a MR—MR homodimer.

Probe Proximal GRE (pGRE)
(A) Competitor (B) Antibody
pGRE 50x pGRE 200x Anti-GR Anti-MR
Treatment c G M C G M C G M c C
0 1 2 3 4 5 6 7 8 9 17 2 3 4 5 6

Fig. 7. Binding of the MR and GR to pGRE. EMSA was performed as describ&@kation 2 In brief, nuclear extracts of untreated U-937 cells (C),
cells treated with 5 10-8 M dexamethasone for 15h (G), and cells treated with®1M aldosterone for 24 h (M), were incubated with tF®-labelled
double stranded synthetic oligonucleotide pGRE. (A) Lane 0, no nuclear extracts; lanes 1-3, nuclear extracts under the three treatmentaswslitions;
4-6 with 50« and lanes 7-9 with 200 excess of unlabelled pGRE oligonucleotide, respectively. (B) Lanes 1-3, with the specific anti-GR antibody
(PA1-510A), and lanes 4-6 with the specific anti-MR antibody (MCR N-17), respectively. Arrows indicate the position of the complexes (Il and IIl).
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When the binding pattern of the cGRE2 was analysed,

only one GR-DNA complex (lll) was observe#ig. 5A).
This complex was efficiently competed with the addition

551
4, Discussion

In earlier studie416,17], we observed that aldosterone

of unlabelled oligonucleotide (lanes 4—6, 7-9, respectively) reduced hIR gene expression by 30%, decreased the hIR

and supershifted by the specific anti GR-antiboiig ( 5B)
(lanes 1-3), while addition of the anti-MR antibody had no
effect (Fig. 5B) (lanes 4-6). Hence, cGRE2 was only able
to bind GR, presumably as a GR—-GR homodimer.

The cGRES3 binding pattern indicated three major com-

plexes (I-lN){Fig. 6A), which showed enhanced intensity

number by 34% and was able to reduce several effects of
insulin by 21-31% in U-937 cells. It would therefore appear
that this aldosterone-elicited decrease in hIR expression and
insulin action is the direct result of transcriptional inhibition
of the hIR gene. Herein, we addressed this question and
demonstrated that aldosterone inhibited the activity of the

after treatment with either hormone. The formation of these hIR wild-type promoter by 23%, and caused 23 and 31%

complexes was competed with the addition of 208ut not

50x, excess unlabelled oligonucleotide (lanes 4-6, 7-9, re-

reductions in the activity of progressive deletions of this
promoter, consisting of fragments spanning up-tb473 bp

spectively). The specific anti-GR antibody caused a super-and up to—876 bp, respectivelyHig. 1). This indicates that

shift of the protein—-DNA complex IlIKig. 6B) (lanes 1-3),

the —876 to —271 bp region of the hIR promoter may be

indicating the presence of GR in this complex. The use of the sufficient for this transcriptional inhibition by aldosterone.

specific anti-MR antibody blocked the protein-DNA com-
plex 1l but no complex | Fig. 6B), possibly since cGRE3
includes two overlapping GRE elements, as will be indi-

In this sense, we were able to observe that MR specif-
ically recognized three of the four GREs of this region:
cGRE1, cGRE3 and pGRE. In the case of cGRE1 and

cated later. Therefore, cGRE3 appears to bind MR and GR,cGRE3, protein-DNA complexes | and Il, respectively,

presumably as MR—-MR and GR—-GR homodimers.

probably representing MR-MR homodimers, were effi-

The pGRE binding pattern included two major complexes ciently competed against by the addition of the correspond-

(I and 111) that were competed with the addition of the un-
labelled oligonucleotideFig. 7A) (lanes 4-6, 7-9, respec-

ing unlabelled probe and blocked by the specific anti-MR
antibody Figs. 4 and & In the case of pGRE, we observed a

tively). Both hormone treatments enhanced the intensity of protein—-DNA complex Il, probably representing a MR-GR

complex Il. Addition of the anti-GR antibody supershifted
the protein—-DNA complexes Il and IIF{g. 7B) (lanes 1-3),

indicating the presence of GR in these two complexes. More-

over, the use of the anti-MR antibody blocked the formation
of protein—~DNA complex Il, also indicating the presence of
MR in this complex Fig. 7B) (lanes 4-6). This complex Il
of intermediate electrophoretic mobility containing both MR
and GR, appears to be a heterodini@®]. Thus, pGRE

heterodimer that was efficiently competed against by the
addition of the unlabelled probe, blocked by the anti-MR
antibody and supershifted by the anti-GR antibody. As is
indicated inTable 1 cGRE1 has 5 conserved nucleotides
of the 12 nucleotides of a consensus GRE elerf@n83],
cGRE3 has 4 and 5 in each of the two overlapping ele-
ments, while pGRE has 6. Thus, there has to be a minimal
number of conserved nucleotides in the response element

was able to bind a MR—-GR heterodimer and a GR-GR to achieve MR recognition. These nucleotides appear to be

homodimer.

Table 1

the two G, positions+2 and -5, and the C, positiont5

Comparison of the ‘3half-element and 'Shalf-element of each of the five GREs of the human insulin receptor gene promoter (18, 19) with those of a

consensus GRE element (32, 33)

6-54-3-2-100 0 +1+2+3+4+5+6
SGGTACAnnn TGTTCT3 consensus GRE
sccecrcecrcclCATrTeAad"TYceeTrTTCCT 3 dGRE3
(-1363 / -1335 bp)
% ot cGREI
S CCTGTGGGGCGCCTCCGGGGGTCTGAAACT 3

(-754 1 -725 bp)

scTaAGGGclccceceoatTlYGae 3 cGRE2
(<707 / -689 bp)

[ ] [ ] * * o * [ ] * * GRE%

SCTCGGTCCCGGCGCGCCCAGGGCCTJ cGRE?
(-680 / -656 bp)

stTcccGéAaclcccecacarécecacy pGRE

(-363 /-341bp)

Base positions in the consensus GRE are indicated by numbers. Nucleotides identical to the consensus GRE are labelled by fil@Hariratterisks

().
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(Table J) [33,34] In addition, the relatively well conserved (from —363 to —341bp) there is a cluster of three GC
sequence of the pGRE, also includes the G, positi@n boxes which coincide with two AP2-like sites (fromd44
whose essential role in dimeric binding in GREs has beento —433bp) and (from—-436 to —425 bp)[40]. Given the
demonstratedi35]. previous description of cooperation of GR with AP-2 in
Conversely, MR was not recognized by dGRHg( 3J). the activation of other promotef41—43] it is possible that
This dGRE has a sequence with 7 conserved nucleotidesMR and AP-2 also act together, though this remains to be
not including the G, position-5, that we have postulated demonstrated.
as essential for MR recognition. Further, neither was MR  In conclusion, to our knowledge ours is the first demon-
recognized by cGREZHg. 5), perhaps due to the presence stration of aldosterone causing the transcriptional inhibition
of three consecutive G, positions3, —4, and—5, of the 3 of the hIR gene. This inhibition is consistent with our ear-
half-site (Table J). This is consistent with mutational data lier observations that aldosterone led to reduced hiIR mRNA
reported by other authors which indicate that substitution of levels, hIR number, and insulin-mediated effects in U-937
the T, position—4, for G in this position leads to a 50% cells. It was also shown that this transcriptional inhibition
decrease in receptor recognitif88,35] of the hIR gene by aldosterone occurs by the direct inter-
The inducibility of the hIR promoter by dexamethasone action of MR with some of the functional GREs elements
was also tested. Dexamethasone induced a 288% increase itocated in the hIR promoter, specifically with the cGRE1
the activity of the wild-type promoter~{g. 1), which is in and cGRE3 as MR—MR homodimers, and with pGRE as a
agreement with the level of induction reported by Lee and MR—GR heterodimer. This heterodimer could be the most
co-workerd18,19]in rat 208 F cells. Moreover, this increase relevant and participate in the cross-talk between mineralo-
is in line with our previous observations of dexamethasone corticoids, glucocorticoids and insulin signalling in U-937
stimulation of hIR mRNA levels (230%), and high affinity cells.
IRs (250%) in U-937 cell§l2,13] In addition, the activities
of the Bdeletions of this promoter (up t61473 bp and up
to —876 bp) were increased by 260 and 174%, respectively Acknowledgements
(Fig. 1). This indicates that the-1473 to—271bp region
of the hIR promoter that contains the five GREs may be  The authors are indebted to Drs. S.Y. Tsai and G. El-
sufficient for transcriptional induction by dexamethasone.  perq for their generous gift of the hIR promoter. J. Campion
In this sense, we observed that GR specifically recognizedand B.Maestro were holders of fellowships from Gobierno
dGRE, cGREZ2, cGRE3 and pGREi¢s. 3and 5-) Ineach e Navarra and Complutense University of Madrid, respec-
case, a protein-DNA complex (Ill), probably representing a tively. This work was supported by research funds from the

GR-GR homodimer was efficiently competed against by the pGES grants (PB 96-0573; BMC2000/0765) and the CAM,
addition of the corresponding unlabelled probe, and super-grant (08.6/0010/98).

shifted by the specific anti-GR antibodif¢s. 3 and 5-%
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