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Summary

Gag plays a major role in platelet signal transduction but little is known regarding its transcriptional
regulation. We have reported that Gaq is upregulated during phorbol 12-myristate 13-acetate (PMA)-
induced megakaryocytic transformation of human erythroleukemia (HEL) cells and regulated by
EGR-1, an early growth transcription factor. These studies focused on the initial 238 bp of the 5’
upstream region of Gaq gene. In the present studies we characterize a minimal region —1042/-1037
bp from ATG in the 5’ upstream of the Gaq promoter that is associated with PMA responsiveness.
In luciferase reporter gene studies in HEL cells, Gaq 5’ upstream promoter sequence —1042/-1
showed a ~4-fold increased activity in PMA-treated compared to untreated cells. Deletion of 6-nt
—1042/-1037 eliminated the difference. Gel-shift studies on Gaq probe (—1042/—1012 bp) revealed
binding of EGR-1 with PMA-treated but not untreated nuclear extracts, and this was dependent on
the sequence —1042/-1037. Silencing of endogenous EGR-1 inhibited Gaq induction by PMA. MEK/
ERK inhibitor U0126 blocked PMA effect on promoter activity of —1042/-1 construct. Conclusions:
EGR-1 binding to sequence —1042/-1037 bp in Gag promoter mediates the induction of Gaq gene
by PMA via the MEK/ERK signaling pathway. These studies provide the first evidence of a PMA-
responsive element in Gag promoter , and new insights into regulation of Gaq gene by EGR-1.
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Introduction

G proteins are heterotrimeric proteins that play a major role in signal transduction from the
surface receptors to effector molecules upon platelet activation and regulate downstream
responses (1,2). They mediate interactions between agonist receptors and intracellular
enzymes, such as adenylyl cyclase, phospholipase C and phospholipase A2. During signaling
the o subunit dissociates from By, associated with replacement of GDP by GTP to produce a-
GTP, which then activates the effector molecules. On platelet activation by G-protein coupled
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receptor agonists, such as thrombin, ADP and thromboxane A2, Gaq activates PLC-p2, the
most abundant of the platelet PLC-f isozymes (3), leading to formation of inositoltriphosphate
and diacylglycerol. Platelets deficient in Gaqg have impaired responses to above agonists (4,
5), including in CaZ* mobilization, aggregation and secretion. In the Gaq deficient patient
described by us (5,6), platelet Gaq protein and mRNA were decreased but the Gaq coding
sequence was normal, suggesting a defect in Gaq transcriptional regulation. However,
relatively little is known about the mechanisms regulating Gag gene expression in
megakaryocytes/platelets.

We have previously demonstrated (7) that Gog is upregulated in human erythroleukemia (HEL)
cells undergoing megakaryocytic differentiation induced by phorbol 12-myristate 13-acetate
(PMA) and that EGR-1, an early growth response transcription factor, regulates Gaq gene.
These findings are important because of the major role of Gaq in platelet activation (1,2) and
of EGR-1 as a master-switch coordinating genes in diverse activities, including cell
proliferation, differentiation and apoptosis, and in vascular responses to injury and
atherogenesis (8-12).

Phorbol esters modulate protein kinase C (PKC) signaling pathways and diverse cellular
responses, such as gene transcription, cellular growth and differentiation, and apoptosis in
many cells. PMA can substitute for diacylglycerol, the endogenous PKC activator, and has
been widely used to study regulation of cell growth and differentiation by growth factors,
hormones and cytokines (13-15). It has been extensively used in studying megakaryocyte
biology. PMA induces megakaryocytic phenotype in HEL, K562 and other leukemic cell lines
(16-18) and is a potent activator of immediate early response genes (18-20). PMA induces
EGR-1 expression in HEL and K562 cells, and this is associated with upregulation of
megakaryocyte specific CD41a (18).

PMA-responsive elements (PRE) have been described in the promoters of several genes in
different cells (21-24), but not Gag. We have demonstrated an upregulation of Gaq in HEL
cells treated with PMA to induce megakaryocytic transformation (7). Our previous studies
characterized the proximal 230 bp 5’ regulatory region of Gaq (7). We now provide new
evidence that a minimal region —1042/-1037 (from ATG) in Gag 5’ upstream region is
associated with PMA-responsiveness. More importantly, we provide the first evidence that
EGR-1 binds to this element in regulating the PMA effect, and that this is mediated via the
MAP kinase signaling pathway.

Materials and Methods

Materials and Molecular Techniques

All chemicals were purchased from Fisher Scientific (Pittsburgh, PA) or Sigma Chemical (St.
Louis, MO); restriction endonucleases and protease inhibitors were from Roche (Indianapolis,
IN). MAP kinase inhibitor U0126 and Dual Luciferase Assay system were from Promega
(Madison, MI). Anti-EGR-1 polyclonal antibody was purchased from Active motif (Carlsbad,
CA). PCR primers and oligonucleotides were synthesized by Integrated DNA Technologies,
IDT (Coralville, 1A).

Cell line and Cell culture

The HEL cell line purchased from ATCC (American Type Cell Culture, Rockville, MD) was
cultured in RPMI-1640 medium supplemented with 10% fetal bovine serum and antibiotics
(pencillin, streptomycin and fungizone, 1% each) (Mediatech, Inc. Virginia, VA). During
induction, cells were grown in the presence of 10 nM PMA, a concentration shown to induce
megakaryocytic transformation of HEL cells (16,17,25).
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Plasmid construction

Constructs used for transient transfections were generated using pGL3-Basic (Promega) with
a promoterless luciferase reporter gene. The full length promoter region (—1116/-1) and its 5’
deletions with acommon 3’ end were generated by PCR using gene specific primers synthesized
along with restriction sites Xho | at 5’-end and Hind I11 at 3’ -end shown in Table 1. Amplified
products were cloned into appropriate sites of the pGL3-Basic. The promoter plasmid
sequences were verified by sequencing on the ABI Prism 377 (Applied Biosystems, Foster
City, CA). All sequences shown in this publication relate to human Gag or EGR-1.

Transfections and reporter assays

Transient transfection assays were conducted using Genfect reagent (Molecular Research
Laboratories). HEL cells (2 x 106 cells/ml) were co-transfected with promoter-reporter plasmid
(5 ng) and a control vector pRL-TK (0.1 pg) containing Renilla luciferase gene (Promega) at
a ratio of 50:1. Promoterless reporter plasmid was used as a negative control. After 3-4 hours
at 37°C in 5% COo, cells were transferred to medium supplemented with PMA (10 nM). Co-
transfections with antisense oligonucleotides to EGR-1 (5'-
GTCTCCACCAGCACCTTCTC-3) or an unrelated gene (5'-
CCTGGGCGCAGTCAATGTGG-3") were similarly carried out by appropriately adjusting the
amount of DNA/oligonucleotide and Genfect transfection reagent. Cells were lysed 24 hours
posttransfection and activity was determined using the Dual-Luciferase Assay system.
Promoter activity was calculated by dividing the luciferase activity of the experimental
constructs by the internal renilla luciferase activity relative to that of the promoterless vector
pGL3-Basic. Transfection studies were performed in triplicate and repeated at least three times.

RNA Extraction and Reverse Transcription (RT)-PCR analysis

Total RNA was extracted from HEL cells using the Trizol reagent (Invitrogen, Carlsbad, CA).
For RT-PCR analysis, 5 ng of RNA was reverse transcribed using SuperScript 1 RT cDNA
synthesis kit (Invitrogen). The cDNA sysnthesis was primed by an oligo-(dT) at 65°C for 30
min and reverse transcribed at 50°C for 50 min. PCR analysis was done with the following
sets of primers for Gaq (forward 5-ATGACTCTGGAGTCCATCATGG-3' and reverse 5'-
GGGGTATTCGATCCCTGTGG-3'), for EGR-1 (forward 5'-
TTCCCTGAGCCACAAAGCCAG -3'and reverse 5-GGCTGAAGTTGCGCATGCAG - 3).
GAPDH mRNA was amplified as a control. PCR products were resolved on 1% agarose gel
with eithidium bromide staining.

Electrophoretic Mobility Shift Assay (EMSA)

Nuclear proteins from HEL cells grown in untreated and PMA (10 nM)-treated conditions for
24 h were prepared by the method of Dignam et al (26) and protein was estimated using the
Bio-Rad protein assay reagent. Two double stranded oligonucleotide probes, —1042/-1012 and
—1036/-1012, were end-labeled with T4 polynucleotide kinase (Promega). A probe with
consensus EGR-1 binding sequence (5-CGCCCT CGCCCCCGC GCCGGG-3') (12) was
labeled similarly. EMSA and immunodepletion (ID) analyses were performed as described
(7). Reactions were initiated by adding nuclear protein (5 ug) to oligo probes on ice for 30 min
before electrophoresis on a native 8% polyacrylamide gel. For competition assays, 50-100-
fold excess nonradioactive oligos were added 30 min prior to the addition of radioactive probe
and protein complexes. EGR-1 antibody was pre-incubated with nuclear proteins on ice for 30
min before incubation with radioactive probe to perform super-shift analyses. For EGR-1
depletion, nuclear protein was incubated with anti-EGR-1 antibody for 14 h and protein A
sepharose beads for 2 h at 4°C. The supernatant was used in the EMSA reaction. Gels were
dried and visualized by autoradiography.
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MEK inhibition studies

HEL cells were transfected with promoter-reporter constructs and incubated with MEK specific
inhibitor U0126 (10 and 20 uM) for 30 min (27). The medium was replaced with fresh medium
with or without PMA (10 nM). After 24 h, cells were lysed and reporter gene activity was
measured.

Bioinformatics

Potential transcription factor binding sites in Gaq promoter were analyzed using
‘TFSEARCH?’ (http://www.cbrc.jp/research/db/TFSEARCH.html).

Results

PMA effect on Gaq promoter activity

The full-length construct —1116/—1 exhibited equal promoter activity in PMA-treated and
untreated HEL cells (Fig. 1). Similar equal activity was obtained following serial 5’ deletions
from —1116 to —1056. A 14-nt deletion from —1056 to —1042 showed markedly enhanced
activity in PMA-treated but not in untreated cells. The construct —1042/-1 showed a 3-4 fold
increase in activity in PMA-treated compared to untreated cells. Further deletion of 6-nt
(-1042/-1037) caused marked reduction in reporter activity and the construct —1037/-1 had
equal activity in treated and untreated cells. These findings suggested that the sequence —1042/
—1037 bp conferred PMA-responsiveness. Deletion of 25-nt between —1036 and —1012 showed
a marked loss of activity in both PMA treated and untreated cells suggesting the presence of
positive regulator(s) for the gene activity. Deletion of 99-nts between —1011 and —942 showed
enhanced activity that was comparable in untreated and treated cells suggesting the presence
of negative regulator(s) in this region. Further deletions down to —238 nts showed similar
activity under both the conditions. Together, these data revealed that the region —1042/-1012
bp was important in the positive regulation of the Gaq gene; and, more importantly, that the 6
nucleotides —1042/-1037 constituted a PMA responsive element (PRE) (Fig. 1). We studied
this region in greater detail.

EMSA on the region (-1042/-1012)

Analyses using TFSEARCH displayed consensus sites for EGR-1 at —1042/—1031 and —1023/
—1015 overlapping with consensus sites for Sp1 and AP-2 (Fig. 2A). Gel-shift studies using
nuclear extracts from PMA-treated and untreated HEL cells (Fig. 2B) showed protein binding
to the probe with both extracts (Lanes 1 and 3) that was competed with excess unlabeled oligo
(Lanes 2 and 4). The protein-oligo complex migrated faster with untreated nuclear extracts
compared to PMA-treated cells suggesting that the protein binding was different. This was
further assessed by competition studies with EGR-1, Sp1 and AP-2 consensus oligos (Fig. 2C).
With PMA-treated extracts the protein-binding (Lane 2) was competed with EGR-1 consensus
oligo (Lane 3) but not by Sp1 consensus oligo (Lane 4). In control studies, protein binding was
observed when PMA-treated extracts were reacted with a labeled EGR-1 consensus oligo (Lane
5) and this was markedly reduced by competition with unlabeled EGR-1 oligo (Lane 6) but
not by Sp1 oligo (Lane 7). With untreated extracts, protein binding (Lane 8) was competed by
unlabeled identical oligo (Lane 9) but not by oligos with EGR-1, Sp1 or AP-2 consensus sites.
Figure 2D shows that the AP-2 oligo did not alter the protein binding observed with PMA-
treated extracts. Overall, these experiments suggested that the putative protein bound to the
region —1042/-1012 with PMA-treated extracts was EGR-1, and that the unknown protein
bound with untreated extracts was displaced by EGR-1 in PMA treated extracts.

Thromb Haemost. Author manuscript; available in PMC 2009 June 1.


http://www.cbrc.jp/research/db/TFSEARCH.html

1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Jalagadugula et al. Page 5

EGR-1 binding to the oligo =1042/-1012

Immunodepletion experiments were performed using anti-EGR-1 polyclonal antibody and
PMA-treated extracts (Fig. 3). Protein binding observed with the probe (Lane 1) was competed
by excess unlabeled consensus EGR-1 oligo (Lane 2) and abolished by immunodepletion with
anti-EGR-1 antibody (Lane 3) but not normal 1gG (Lane 4). In control studies, protein binding
to labeled EGR-1 consensus oligo (Lane 5) was inhibited by EGR-1 immunodepletion (Lane
6). These findings confirm that EGR-1 binds to the region —1042/-1012 in PMA treated
condition. Of note, while two bands were observed in binding studies with the Gaq oligo (lane
1), only one prominent band was noted with consensus EGR-1 oligo (Lane 5). We believe that
the loss of or a fainter upper band with the EGR-1 consensus oligo is likely due to the differences
in the two probes: the former (Gaq —1042/-1012) is longer (31 bp) than EGR-1 oligo (21) and
has a different sequence (except with respect to the EGR-1 consensus motif). It is likely that
the additional band with the Gaq probe reflects oligomerization of EGR1 or combination of
EGR-1with another protein (9). We have observed this also in earlier studies with a Gaq probe
from a different location (7).

Identification of critical sequence in =1042/-1012 oligo for EGR-1 binding

Our promoter studies (Fig. 1) showed loss of PMA-effect on truncation of —1042/-1037.
Therefore, a truncated oligo (—1036/—1012) was designed (Fig. 4A) by eliminating the PRE
(—1042/-1037). Protein binding was observed (Fig. 4B) with PMA-treated and untreated
extracts (Lanes 1 and 4). This was competed by excess unlabeled identical oligo under both
conditions (Lanes 2 and 5), but not by consensus EGR-1 oligo (Lanes 3 and 6) indicating that
EGR-1 was not involved. This contrasts the findings with the —1042/-1012 probe (Fig. 3)
where the binding with PMA-extracts was eliminated by EGR-1 oligo, and is due to EGR
binding —1 to the region —1042/—1037. Further, protein binding to this oligo was not competed
by Sp1 or AP2 consensus oligos in studies with either PMA-treated or untreated extracts (Fig.
4C). Together, these studies show that EGR-1 binding is lost with the elimination of PRE
(—1042/-1037 bp) indicating that these 6 nts are critical for EGR-1 binding.

Downregulation of PMA-induced Gaq Expression by EGR-1 anti-sense oligonucleotide

EGR-1 mRNA levels were measured in PMA-treated HEL cells at different time points (0-120
h) (Fig. 5A). At 0 h (no PMA added) EGR-1 mRNA expression was relatively low; it increased
with PMA by 1 h and was consistently present thereafter. We have previously shown that
Gag mRNA levels are also induced by PMA and peak at 5 h (7). To establish EGR-1
involvement in Gaq activation, HEL cells were transfected with either control unrelated
antisense oligo (1.0 uM) or anti-EGR-1 oligo (0.2 to 1.0 uM) and, subsequently treated with
PMA. Gag mRNA expression increased with PMA (Fig. 5B) and was inhibited by increasing
anti-EGR-1 oligo (0.2 to 1.0 uM) associated with the decreased EGR-1 mRNA (Fig. 5B). Effect
of EGR-1 oligo on Gag transcription was further investigated through promoter-reporter
studies (Fig. 5C). The reporter construct —1042/—1-Luc was cotransfected with anti-EGR-1
oligo (0.2 to 1.0 uM). Promoter expression was markedly decreased with increasing anti-
EGR-1 oligo, but not by a control oligo. These studies indicate that PMA-induction of Gaq
promoter is mediated by EGR-1. We have previously shown (7) that silencing of EGR-1
decreases Gagq protein in HEL cells.

MEK pathway mediates PMA-induced Gaq promoter activity

PMA activates downstream signaling pathways, including the MAP kinase pathways (28,29).
To determine the effect of MAP kinase activation on Gaq transcription, PMA-responsive
reporter activity was studied in the presence of U0126, a specific inhibitor for MEK1/MEK?2,
a MAP kinase kinase (MEKK) for extracellular signal-regulated protein kinase (ERK). The
promoter reporter construct (—1042/-1) was transiently transfected into PMA-treated HEL
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cells in the presence and absence of MEK inhibitor U0126 (10 and 20 uM). To determine the
specific role of PRE (—1042/-1037), studies were also performed using the truncated construct
(—=1036/-1). In the absence of the inhibitor, the wild type reporter plasmid (—1042/-1) showed
~4-fold increased activity in PMA-treated cells compared to untreated cells (Fig. 6). The
increased PMA-induced activity was abolished by U0126 indicating the effect of MEK
pathway. There was no effect of U0126 on the activity in untreated HEL cells. In studies with
the truncated plasmid (—1036/—1) there was no difference in activity in the presence or absence
of PMA, and U0126 had no effect in either scenario. Together, these results suggest that MEK
pathway is involved in PMA-activation of Gaqg promoter and this is mediated via the PRE.

Discussion

In the present study we characterize a hitherto undescribed PMA-responsive element (—1042/
—1037) in Gaq 5' upstream region and demonstrate that it is regulated by EGR-1. In addition,
we provide new evidence that the PMA effect is MAPK-dependent. In reporter studies the
construct —1042/—1 showed 3-4 fold increased activity in PMA-treated HEL cells compared
to untreated cells and this increase was lost on truncation at —1036 (Fig. 1) suggesting a PMA-
responsive element in the region. Gel shift assays revealed binding of EGR-1 to —1042/-1037
with nuclear extracts from PMA-treated cells but not untreated cells. Silencing of EGR-1
downregulated Gag mRNA (Fig. 5B) as well as Gaqg promoter activity (Fig. 5C). Together,
these studies provide evidence for a PRE in Gaqg promoter (—1042/—1036) and its regulation
by EGR-1. PREs have been described in the promoter regions of several genes (21-24) but not
of Gag.

Treatment by phorbol ester is an extracellular stimulus known to activate MAPK signaling
pathway, and MAP kinases regulate multiple cellular responses and genes (30-33). MEK/ERK
signaling is required for induction of megakaryocytic differentiation of K562 cells by PMA
(34,35). EGR-1 is activated by the ERK1/2 pathway in different cell types (30,36). In our
studies in PMA-treated cells, MEK inhibitor U0126 inhibited promoter activity of the wildtype
Gag construct but had no effect on construct lacking the PRE (Fig. 6). These findings suggest
that PMA-induced upregulation of Gaq is mediated via induction of EGR-1 and dependent on
MEK.

Gaq gene activation by EGR-1 assumes importance because of the prominent role of EGR-1
in cell cycle progression, migration and proliferation of vascular cells, and atherosclerosis.
Egr-1 regulates cyclin D1, a critical component in cell cycle progression (37). Egr-1 and its
targeted genes are highly expressed in atherosclerosis (10) and induces the expression of
several genes, including PDGF-B, during vascular injury (9,38). Blocking Egr-1 attenuates
arterial neointimal formation following angioplasty (39). Khachigian et al (38) have shown
that, in response to inducible stimulus, EGR-1 binds to a cryptic element overlapping a Spl
site in the PDGF-B promoter and displaces Sp1 to upregulate gene expression. This
displacement has been proposed as a common mechanism of inducible gene expression,
observed with other PMA-stimulated genes as well, such as PDGF-A, tissue factor, human
transforming growth factor-B1, urokinase-type plasminogen activator and 5-lipoxygenase
(38,40,41). Our studies revealed that EGR-1 regulation of Gag similarly involves interplay of
at least two proteins that differ between untreated and PMA-treated conditions in their binding.
The protein bound to the promoter sequence —1042/-1012 in untreated condition is distinct
from that in PMA-treated cells (EGR-1) (Fig. 2) and is displaced by EGR-1 in PMA-stimulated
state suggesting applicability of this model to Gaq as well. Further studies are required to
establish the identity of the protein displaced; our studies suggest that Sp1 may not be the
protein (Fig. 2).
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We have previously shown two functional EGR-1 binding sites at —202/-187 and —164/-150
bp in PMA-treated cells (7). We now show EGR-1 binding to —1042/-1037 with gene
induction. Constructs (—203/—1) with mutations of the proximal EGR-1 sites show loss of PMA
responsiveness (Jalagadugula and Rao, unpublished results). Thus, EGR-1 binds at multiple
sites in regulating Gaq promoter, as also observed in promoters of other genes, such as tissue
factor, 5-lipoxygenase and gonadotropin-releasing hormone (GnRH) (41-43), induced by
EGR-1. The number and relative positions of EGR-1 consensus sites are essential determinants
of EGR-1-induced gene transcription (9).

In summary, our studies delineate a hitherto undescribed PMA-responsive element (—1042/
—1037) in Gaqg promoter during megakaryocytic transformation of HEL cells. This element is
regulated by EGR-1, an important transcription factor with diverse effects on multiple cellular
responses, and through a mechanism involving the MAP kinase pathway. These findings
enhance understanding of the regulation of Gag in megakaryocytes and platelets, about which
little is currently known.
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Figure 1. Mapping of PMA-responsive sequence in Gaq promoter

Promoter (luciferase) activity of sequential deletions of Gaq 5’ upstream region in PMA (10
nM)- treated and untreated HEL cells. Shown mean=SE values of three experiments in
triplicate. p=0.01 relative to the construct —1042/-1-Luc.
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Figure 2. Electrophoretic mobility shift assay (EMSA) with Gag oligonucleotide (-1042/-1012) and
nuclear proteins from untreated and PMA-treated HEL cells

(A) Gag oligonucleotide sequence showing two predicted EGR-1 sites overlapping with Spl
and AP-2 sites. (B) EMSA with Gag oligonucleotide and nuclear extracts from untreated
(Lanes 1-2) and PMA-treated (Lanes 3-4) HEL cells. Lanes 1 and 3: protein complex formed
between the Gag oligonucleotide and HEL nuclear extracts. Lanes 2 and 4: competition with
excess unlabeled Gog oligonucleotide indictating the specificity of binding. (C) EMSA with
Gag oligonucleotide with PMA-treated (Lanes 1-7) and untreated (Lanes 8-12) nuclear extracts
and competition with EGR-1, Sp1 and AP-2 consensus oligos. Lane 1: labeled oligonucleotide
probe alone. Lane 2: binding with PMA-treated nuclear extract. Lane 3: competition with
excess unlabeled EGR-1 oligo. Lane 4: no competition with excess unlabeled Sp1 oligo. Lane
5: protein complex formed between labeled EGR-1 oligo and PMA-treated extract. Lane 6:
competition with excess unlabeled EGR-1 oligo. Lane 7: no competion with Sp1 oligo. Lane
8: binding with untreated nuclear extract. Lane 9: competition with excess unlabeled
oligonucleotide. Lanes 10-12: no competition with EGR-1, Sp1l and AP-2 consensus oligos
respectively. (D) Lane 1: binding between Gag oligonucleotide and PMA-treated nuclear
extract. Lanes 2 and 3: no competition with Sp1 and AP-2 consensus oligos.
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Figure 3. EGR-1 binding to Gaq oligonucleotide (—1042/-1012)

EMSA performed with Gaq oligonucleotide (Lanes 1-4) or EGR-1 consensus oligo (Lanes
5-6). Lane 1: protein complex formed between labeled Gogq oligonucleotide and PMA-treated
HEL nuclear extract. Lane 2: competition with excess unlabeled EGR-1 consensus oligo. Lane
3: protein binding to Gag oligonucleotide is inhibited by immunodepletion (ID) of EGR-1.
Lane 4: ID with normal 1gG. Lane 5: protein complex formed between labeled EGR-1
consensus oligo and PMA-treated HEL extract. Lane 6: reduced protein binding with ID of
EGR-1.
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Figure 4. Effect of truncation of PMA responsive element (PRE) —1042/-1037 bp from Gaq
oligonucleotide in EMSA

(A) Nucleotide sequence of wild type and truncated Gaq oligonucleotides. (B) EMSA using
Gag truncated oligonucleotide and nuclear extracts from PMA-treated (lanes 1-3) and
untreated (lanes 4-6) HEL cells. Lanes 1 and 4: binding with the Gag truncated oligo probe.
Lanes 2 and 5: competition with excess unlabeled oligo indicating the specificity. Lane 3 and
6: no competition shown with unlabeled EGR-1 oligonucleotide. (C) EMSA showing

competition with excess unlabeled Gaq truncated oligo (lanes 2 and 6), but not with Sp1 and
AP-2 oligos.
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Figure 5. Expression of EGR-1 mMRNA and GAPDH mRNA in HEL cells in response to PMA (10

nM)

(A) RT-PCR amplification of EGR-1 mRNA. GAPDH was amplified as an internal control.
(B) Effect of antisense oligonucleotide to EGR-1 and unrelated oligonucleotide on EGR-1 and
Gag mRNA in PMA-treated HEL cells. The bars represent densitometric analysis. Gaq levels
were normalized with GAPDH levels and presented as fold expression relative to levels in the
presence of unrelated antisense oligo alone. (C) Effect of anti-EGR-1 oligonucleotide and
unrelated antisense oligonucleotide on reporter promoter activity (construct —1042/-1) in HEL

cells. Reporter activity was decreased by EGR-1 oligo in a dose dependent manner.
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Figure 6.

Effect of MEK inhibitor U0126 on reporter promoter activity of Gaq wild type construct
(-1042/-1) and truncated construct (—1036/-1) in PMA-treated and untreated HEL cells.
Shown meanzSE (n=3-4).
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Oligonucleotide sequences used to generate various Gog promoter constructs.

Table 1

Page 16

Constructs Primers (5'-3") Position® Size (bp)
1116 bp-Luc ccac ctcgag AGGCCGCCATATTCCTGTCT —1116/-1097 1116
caga aagctt CTTCCAAAGTGCCT *l5/+9b

1092 bp-Luc aaa ctcgag CGGCCGGACGGCAGCCGCAGGTC —1092/-1070 1092
1067 bp-Luc aaa ctcgag CTGCGGCCCTGGCACGCAACGGCGG —1067/-1043 1067
1056 bp-Luc aaa ctcgag GGCACGCAACGGCGGCCGCC —1056/-1037 1056
1042 bp-Luc aaa ctcgag CCGCCGGCTCGGGCTGCGCGTCGGC —1042/-1018 1042
1036 bp-Luc aaa ctcgag GGCTCGGGCTGCGCGTCGGCCG —1036/-1012 1036
1011 bp-Luc aaa ctcgag GGTCTGGCCCCGACTTCG -1011/-994 1011
941 bp-Luc aaa ctcgag GCAGTAGGCGTCCGCAG —941/-925 941
851 bp-Luc aaa ctcgag GGCCGCGAGCCCAGGAAAGC —851/832 851
731 bp-Luc cac ctcgag CCCGGATCTGTGCTCCAGTT —731/-712 731
238 bp-Luc cac ctcgag CCGCCTCTCTTCTCCCGTCG —238/-219 238

The numbering shown is from the ATG site.

Appropriate restriction sites (underlined) were introduced at the 5’-end to facilitate cloning.

Constructs 415 bp-Luc was generated by Sac | enzyme digestion of 1042 bp-Luc construct.

aposition of the forward primer,

b . .
The reverse primer used identical for all the constructs.
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