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Store-operated calcium entry (SOCE) is a key evolutionarily
conserved process whereby decreases in endoplasmic reticulum
Ca®* content lead to the influx of Ca®>* across the plasma mem-
brane. How this process is regulated in specific tumor cell types
is poorly understood. In an effort to address this concern, we
obtained and tested primary Wilms tumor cells, finding no
detectable SOCE in this cell type. Analysis of the expression
levels of STIM1 and ORAI1 (the molecular mediators of SOC)
revealed poor STIM1 expression. Analysis of the STIMI pro-
moter using the TESS search system (University of Pennsylva-
nia) revealed four putative response elements to the zinc-finger
proteins WT1 (Wilms tumor suppressor 1) and EGR1 (early
growth response 1). Either overexpression of WT1 or knock-
down of EGR1 resulted in loss of STIM1 expression and a resul-
tant decrease in SOCE. Furthermore, examination of Egrl
knock-out animals revealed loss of STIM1 expression in multi-
ple tissues. Finally, using chromatin immunoprecipitation, we
reveal direct binding of both WT1 and EGR1 to putative
response elements located within 500 bp of the transcriptional
start site of STIM1. Considering that WT1 and EGR1 are well
described oncogenes and tumor suppressors, these observations
may reveal new mechanisms responsible for distinct Ca®* sig-
nals in cancer cells.

Changes in cytosolic Ca®" levels are a common component
of the signal transduction pathways for numerous growth fac-
tors and cytokines. Thus, activation of phospholipase C-cou-
pled receptors (primarily via either G protein or tyrosine kinase
receptors) results in the generation of the second messenger
inositol 1,4,5-trisphosphate (1). Inositol 1,4,5-trisphosphate
diffuses rapidly through the cytosol and interacts with its recep-
tor on the endoplasmic reticulum (ER),” resulting in both tran-
sient ER Ca®" release and a lengthy increased influx of Ca>"
across the plasma membrane, a process termed capacitative or
store-operated Ca”>" entry (SOCE) (2). SOCE has been shown
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to regulate numerous fundamental processes in cell biology,
including migration (3, 4), proliferation (4 —6), and differentia-
tion (7, 8). Given the impact of these pathways on cancer cell
biology, it is not surprising that altered Ca®>" signaling can be
observed in numerous classes of cancer cells. Indeed, inhibition
of either the phosphatidylinositol pathway (9) or calcium influx
(10,11) can induce either growth arrest or cell death in a variety
of tumor cells. Despite these observations, Ca*>* signals remain
poorly utilized therapeutic targets. This is in part because these
studies were all performed prior to the discovery of the identi-
ties of the molecular mediators of SOCE. Without this insight,
it was not possible to link changes in Ca®* signals with changes
in the expression and function of oncogenes and tumor sup-
pressors that cause tumor formation.

After nearly 20 years of investigations into the mysteries of
SOCE, the identities of the key molecular components of this
process have finally been revealed (for recent reviews, see Refs.
12 and 13). Thus, the type 1A transmembrane protein STIM1
serves a dual role as an ER Ca>" sensor and activator of SOCE
(14, 15), whereas the plasma membrane-localized transmem-
brane protein ORAI1 is the store-operated Ca®>* channel (16 —
18). Both of these proteins have mammalian homologues
(STIM2, ORAI2, and ORAI3) that do not appear to be required
for SOCE (4, 15, 19, 20) and likely serve modulatory roles in
related processes. Despite an exciting recent report that SOCE
is a critical and required component of breast tumor cell migra-
tion and metastasis (3), there remains no published insight into
the regulation of SOCE components at the level of transcription
or their relationship to tumorigenesis.

In early investigations performed prior to the discovery of its
role in Ca”>" signaling, STIM1 was described as a tumor sup-
pressor because it causes growth arrest in human G401 rhab-
doid tumor cells (21, 22), a kidney-derived rhabdoid cell line
often used to study chromosomal changes in Wilms tumor (23)
due to the fact that they lack expression of WT1 (Wilms tumor
suppressor 1). WT1 is a zinc-finger transcription factor that
regulates the expression of multiple growth factors such as col-
ony-stimulating factor (24), insulin-like growth factor I (25),
and platelet-derived growth factor (26). Thus, loss of WT1
leads to up-regulation of these growth factors and the forma-
tion of Wilms tumor, leading to its original classification as a
tumor suppressor (27). However, subsequent studies have
revealed a potential role for WT1 as an oncogene because it is
up-regulated in a variety of human cancers such as astrocytic
tumors (28), breast cancer (29), leukemia (30), and sporadic
Wilms tumor (31, 32), which accounts for ~85% of all Wilms
tumors. WT1 is a member of the EGR (early growth response)
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family, primarily due to similarities in the consensus sequences
of WT1 and EGR1. However, the consequences of binding are
most often mutually opposing; EGR1 activates the transcrip-
tion of genes that WT1 represses (33, 34). Like WT1, EGR1
expression levels are atypical in multiple neoplastic cell types
such as prostate cancer (35), glioblastoma (36), and Wilms
tumor (32). Furthermore, EGR1 can also act as either an onco-
gene (35) or a tumor suppressor (37) in different cell types. In
this work, we reveal that STIM1 expression is directly regulated
by EGR1 and WT1, with EGR1 driving STIM1 expression and
WT1 antagonizing this effect. Given the well described impact
of these oncogenes/tumor suppressors on tumorigenesis, these
findings provide important new insight into differential Ca**
signaling in cancer cells.

EXPERIMENTAL PROCEDURES

Cell Culture—G401 cells were maintained in McCoy’s me-
dium (10% fetal bovine serum). Human embryonic kidney 293
(HEK293) cells were maintained in Dulbecco’s modified Eagle’s
medium (10% fetal bovine serum); for HEK293 cells stably
expressing STIM1 (20), Dulbecco’s modified Eagle’s medium
was also supplemented with G418. Human kidney 2 (HK-2)
cells were maintained in serum-free keratinocyte medium
(Invitrogen). Rat pheochromocytoma 12 (PC12) cells were
maintained in Dulbecco’s modified Eagle’s medium (10% horse
serum, 5% fetal bovine serum). All media were supplemented
with antibiotics and maintained at 37 °C with 5% CO.,,.

Wilms Tumor Isolation—Isolated primary Wilms tumors
were washed in phosphate-buffered saline and cut into small
pieces. These were then incubated with collagenase V (1 mg/
ml) at 37 °C with agitation for 15 min. The mixture was filtered
through a mesh screen into Dulbecco’s modified Eagle’s
medium supplemented with 10% fetal bovine serum and cen-
trifuged at 300 X g for 5 min. The pellet was resuspended in
phosphate-buffered saline supplemented with bovine serum
albumin and 2 mm EDTA. Rat anti-mouse major histocompat-
ibility complex II antibody (Serotec) was added to this solution
(1 pg of antibody/50,000 cells) and incubated at 4 °C for 20 min.
Cells were then centrifuged at 300 X g for 5 min, washed with
phosphate-buffered saline, and resuspended in phosphate-
buffered saline supplemented with 0.1% bovine serum albumin
and 2 mMm EDTA. Dynabeads (Invitrogen) were added for 30
min at 4 °C with agitation and precipitated with a DynaMag-2
magnet (Invitrogen). Human primary Wilms tumor cells were
then collected from the supernatant and either plated onto cov-
erslips for Ca?" measurement or lysed for Western blot
analysis.

WTI and EGRI Constructs and Transfections—WT1 was
obtained from Dr. Dan Liebermann (Temple University).
Human EGRI was generously provided by Dr. Kenneth Tew
(Medical University of South Carolina). Validated small
interfering RNA (siRNA) sequences targeting human W71
(position 1423, GGACUGUGAACGAAGGUUULtt; position
2598, GGAUCUCCACUGAUAAGACE!t) along with a control
sequence (GGUUCUCCACCUUUAUAGGUGGCUU) were
obtained from Applied Biosystems. Stealth EGRI siRNAs (posi-
tion 854, CAUCCAACGACAGCAGUCCCAUUUA; position
1851, GCUUUCGGACAUGACAGCAACCUUU) were de-
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signed using the Block-it siRNA designer (Invitrogen). DNA
constructs and RNA sequences were introduced by electropo-
ration using the Gene Pulser Xcell electroporation system (Bio-
Rad) at 220 V and 500 microfarads (25-ms pulse length), fol-
lowed by 48 h in culture.

Cytosolic Ca®* Measurements—Ratiometric imaging of in-
tracellular Ca®>* using Fura-2/acetoxymethyl ester was per-
formed as described previously (38). Cells grown on coverslips
were placed in cation-safe solution (107 mm NaCl, 7.2 mm KCl,
1.2 mm MgCl,, 11.5 mm glucose, 20 mm Hepes-NaOH, pH 7.2)
and loaded with Fura-2/acetoxymethyl ester (2 um) for 30 min
at 24 °C. Cells were washed, and dye was allowed to de-esterify
for a minimum of 30 min at 24 °C. Approximately 85% of the
dye was confined to the cytoplasm as determined by the signal
remaining after saponin permeabilization (39). Ca>* measure-
ments were made using a Leica DMI 6000B fluorescence micro-
scope controlled by Slidebook software (Intelligent Imaging
Innovations, Denver, CO). Fluorescence emission at 505 nm
was monitored while alternating between 340- and 380-nm
excitation wavelengths at a frequency of 0.67 Hz; intracellular
Ca®>* measurements are shown as 340/380 nm ratios obtained
from groups (35—45) of single cells.

RNA Extraction and Reverse Transcription—RNA was col-
lected via phenol/chloroform extraction. Briefly, cells were
lysed with TRIzol reagent (Molecular Research Center, Inc.).
Chloroform was then added to induce phase separation. After
extraction of RNA from the aqueous phase by ethanol precipi-
tation, first-strand cDNA synthesis was completed by incubat-
ing RNA at 55 °C (30 min) with random primers and reverse
transcriptase (Applied Biosystems).

Quantitative PCR—Real-time PCR was performed on an
Applied Biosystems 7300 real-time PCR system. 600 ng of
¢DNA was added with primers (500 nMm final concentration)
and SYBR Green MasterMix (Applied Biosystems). PCR was
performed for 5 min at 95 °C, followed by 40 cycles between
95 °C (15 s) and 55— 65 °C (varying depending on the primer; 1
min). The cycle threshold for the cDNA of interest (a) was
normalized to the cycle threshold of TATA-binding protein (b)
in the following formula: 2*(a — b).

Sample Collection and Western Blot Analysis—Cells were
lysed in Nonidet P-40 lysis buffer (1% (w/v) Nonidet P-40, 150
mM NaCl, 50 mm Tris-HCI, pH 8.0, with protease inhibitors),
cleared by centrifugation, and normalized for protein content.
When protein were extracted from mice, tissues were homog-
enized and resuspended in Nonidet P-40 lysis buffer. Homoge-
nate was freeze-thawed three times prior to clearing by centri-
fugation and normalization for protein content. Proteins were
resolved on 6—8% SDS-polyacrylamide gels, transferred to
nitrocellulose paper, and analyzed with the indicated antibod-
ies as described previously (40).

Genotyping—Mouse tails were clipped (0.5 cm) and incu-
bated overnight in lysis buffer (100 mm Tris, pH 8.5, 5 mm
EDTA, 200 mMm NaCl, 0.2% SDS, 10 mg/ml proteinase K) at
50 °C, cleared by centrifugation, and genotyped by PCR. PCR
was performed for 5 min at 95 °C, followed by 30 cycles at 95 °C
for 1 min, 60 °C for 14 s, and 72 °C for 1.5 min.

Chromatin Immunoprecipitation (ChIP)—ChIP kits were
obtained from Millipore and used according to the manufac-
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turer’s instructions. Briefly, cells were treated with 1% formal-
dehyde for 10 min, followed by lysis in SDS buffer (1% SDS, 10
mm EDTA, 50 mm Tris, pH 8.1). Lysate was then sheared by
sonication (4 X 10-s pulses at 30% power), followed by immu-
noprecipitation with anti-WT1, anti-EGR1, or rabbit IgG con-
trol antibodies. Immunoprecipitated DNA was then heated
(65°C) in 25 mm NaCl (4 h) to eliminate cross-links and ana-
lyzed by PCR. PCR was performed for 10 min at 95 °C, followed
by 40 cycles at 95 °C (15s), 60 °C (45 s), and 70 °C (15 s) (varying
depending on the primer; 1 min). PCR products were then sep-
arated by PAGE (8%) and visualized using ethidium bromide
staining at the end of each experiment.

Materials—Peptide affinity-purified specific antibodies to
STIM1 were produced by 21st Century Biochemicals (Marl-
boro, MA). ChIP-grade anti-WT1 and anti-EGR1 antibodies
were from Santa Cruz Biotechnology (Santa Cruz, CA). Rabbit
IgG was from Bethyl Laboratories (Montgomery, TX). Anti-
ORAI1 antibody was from Sigma. Fura-2/acetoxymethyl ester
and horseradish peroxidase-conjugated goat anti-rabbit and
rabbit anti-mouse antibodies were from Invitrogen. All restric-
tion enzymes were from New England Biosciences. Thapsigar-
gin was from EMD Biosciences.

RESULTS AND DISCUSSION

SOCE in Wilms Tumor—To determine whether changes in
SOCE are a common component of Wilms tumor, we examined
cells extracted from two Wilms tumor explants termed WT10 and
WT11. These are human Wilms tumors propagated subcutane-
ously in SCID (severe combined immunodeficiency) mice that
have been successfully used as a model for sporadic Wilms tumor
(41, 42). These tumors were removed from the mice, dissociated,
separated from host cells, and loaded with Fura-2 to measure
changes in cytosolic Ca®" concentration. Interestingly, depleting
ER Ca*>* content via the addition of thapsigargin failed to stimu-
late SOCE in either Wilms tumor sample (Fig. 14). By comparison,
a similar manipulation in HEK293 cells (a well described kidney-
derived cell line) led to easily detectable SOCE (Fig. 14). In an
effort to identify potential causes of loss of SOCE in Wilms tumor
cells, we examined the expression levels of STIM1 and ORAI1, the
primary molecular mediators of SOCE. Western blot analysis of
protein lysates from both WT10 and WT11 cells revealed signifi-
cant loss of STIM1 protein in comparison with HEK293 cells (Fig.
1B), whereas ORAI1 expression levels determined by quantitative
PCR were highly variable (supplemental Fig. S1). Hence, there was
a clear correlation between loss of SOCE and STIM1 but not
ORALI1 expression in Wilms tumor cells.

As discussed in the Introduction, expression levels of both
WT1 and EGR1 are often aberrant in Wilms tumors (31, 32).
Therefore, we examined their expression levels to assess any
potential correlations with STIM1 expression levels. Interest-
ingly, WT1 expression was increased >10-fold at the mRNA
level over HEK293 cells in both Wilms tumors, whereas STIM1
expression was decreased ~2-fold (Fig. 1C). In contrast, EGR1
expression was highly variable. This led us to speculate that
WT1 may negatively regulate STIM1 expression. In support of
this concept, analysis of the genomic DNA sequence 11p15.5 in
the region immediately upstream of the STIM I the TESS search
system (University of Pennsylvania) revealed four putative
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FIGURE 1. Loss of SOC in Wilms tumor cells. A, SOCE was measured in
Fura-2-loaded WT10, WT11, and HEK293 cells after ER Ca?* depletion via
the addition of the SERCA inhibitor thapsigargin (Tg; 2 um) in nominally Ca®*-
free medium. Extracellular Ca>* concentration was increased from 0 to 1 mm
either before or after store depletion where indicated to differentiate
between store-independent (before thapsigargin) and store-dependent
(after thapsigargin) Ca®* entry. Shaded areas indicate S.E. B, protein extracted
from WT10, WT11, and HEK293 cells was analyzed by Western blotting for
STIM1 expression. actin was used as a loading control. C, RNA extracted from
WT10, WT11, and HEK293 cells was analyzed by quantitative PCR for expres-
sion of TATA-binding protein (TBP), STIM1, WT1, and EGR1. mRNA expression
levels are shown as %TBP. *, significant differences from expression levels in
HEK293 cells as determined by analysis of variance with Tukey’s post-hoc test
(p < 0.05). All experiments were completed a minimum of three times.
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response elements for both WT1 and EGR1 within 500 bp of
the STIM1 transcriptional start site. Therefore, we examined
the impact of these transcription factors on STIM1 expression
and function.

Control of STIM1 Expression and Activation by WT1 and
EGRI—Given the observed correlations between WT1 and
both SOCE and STIM1 expression in Wilms tumor cells
and the existence of putative WT1/EGR1-binding sites in the
STIM1 promoter, we predicted that either overexpression of
WT1 or knockdown of EGR1 would lead to decreases in both
SOCE and STIM1 expression. Due to our inability to culture
Wilms tumor cells, we were unable to perform this experiment
in the WT10 or WT11 model system. However, HEK293 cells
can be transfected at high efficiency with either cytomegalovi-
rus-driven expression plasmids or targeted siRNA sequences
(supplemental Fig. S2). Furthermore, significant decreases in
SOCE (Fig. 2, A and B), STIM1 mRNA (Fig. 2C), and STIM1
protein (Fig. 2D) were observed in HEK293 cells transfected
with either WT1A (a major DNA-binding WT1 splice variant)
or EGRI siRNA. TATA-binding protein was used as an internal
control for quantitative PCR, whereas ORAI1 and actin were
used as loading controls for Western blot analysis. An analo-
gous experiment in G401 cells revealed a similar loss of STIM1
expression after transfection with either WT1A or EGRI siRNA
with no changes in either ORAI1 or actin expression levels (Fig.
2E). Finally, in an effort to determine whether the WT1/EGR1-
dependent changes in SOCE were due solely to loss of STIM1,
this experiment was repeated in HEK293 cells stably expressing
STIM1 (supplemental Fig. S3) (20). In this case, neither WT1A
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FIGURE 2. Control of STIM1 expression by WT1 and EGR1. A, representative traces of Ca?* responses in
Fura-2-loaded HEK293 cells after overexpression of WT1A or knockdown of EGR1. Shaded areas indicate S.E.
B, quantitation of the change in cytosolic Ca®>* concentration after store depletion from three experiments
performed as depicted in A. C, STIM1 expression levels in HEK293 cells transfected with either WT1A- or EGR1-
targeted siRNA as determined by quantitative PCR. D, Western blot analysis of STIM1, ORAI1, and actin expres-
sion in HEK293 cells transfected with WT1A or EGR1 siRNA. KD, knockdown. E, Western blot analysis of STIM1,
ORAI1, and actin expression in G401 cells transfected with WTTA or EGR1 siRNA. F, Western blot analysis of
STIM1, EGR1, and actin expression in pheochromocytoma 12 or human kidney 2 cells after incubation in either
full or 10% growth medium for 48 h. *, significant differences from the control (p < 0.05) as determined by

one-way analysis of variance with Tukey’s post-hoc test.
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FIGURE 3. Analysis of STIM1 expression in Egr1 knock-out mouse tissues.
A, DNA was extracted from C57BI/6 mouse tails, amplified by PCR, and ana-
lyzed by PAGE. B and C, protein was extracted from Egr1*’™", Egr1*™/~, and
Egr1~/~ tissues exhibiting EGR1-dependent STIM1 expression (B; kidney,
spleen, liver, and brain) and those exhibiting EGR1-independent STIM1
expression (C; pancreas, thymus, and skeletal muscle). STIM1 expression was
determined by Western blot analysis, whereas actin expression was deter-
mined as a loading control. WT, wild type; Het, heterozygous; KO, knock-out;
Sk., skeletal.

overexpression nor EGR1 knockdown had any effect on SOCE.
Hence, loss of STIM1 expression is sufficient to account for
changes in SOCE associated with the level of expression of
WT1 or EGRI. The fact that STIM1 and WT1 had an inverse
relationship is consistent with the inverse correlation we
observed in Wilms tumor cells (Fig. 1); in contrast, we did not
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sion and EGR1 drives STIM1 ex-
pression, then we predicted that
either knocking down WT1 or over-
expressing EGR1 in HEK293 cells
would increase STIM1 expression.
However, that prediction proved
to be incorrect (supplemental Fig. S4).
Although we cannot definitively ex-
plain this observation, the likely rea-
son for this is that endogenous
STIM1 expression is at maximal
levels in HEK293 cells under un-
manipulated conditions. Indeed,
because EGR1 expression can be induced with serum, we
compared both EGR1 and STIM1 expression in cells that
had either been serum-deprived or maximally stimulated.
Although serum deprivation had no effect on either STIM1 or
EGR1 expression in HEK293 cells (data not shown), this manip-
ulation significantly increased both STIM1 and EGR1 expres-
sion in both PC12 and HK-2 cells (Fig. 2F). Hence, induction of
EGRI is sufficient to increase STIM1 expression if cells are not
maintained under optimal growth conditions.

Analysis of Egrl Knock-out Tissues—Although loss of Wil is
embryonic lethal (44), Egrl knock-out mice were generated in
the Milbrandt laboratory over 15 years ago (45) and are readily
available. Therefore, in an effort to determine whether or not
EGR1-mediated control of STIM1 expression is required in
vivo, we examined tissues obtained from these Egri™’®,
Egr1™'~, and Egrl~’~ animals (Fig. 3A). Intriguingly, kidney
(source of Wilms tumor) homogenates from either Egrl het-
erozygous or knock-out animals exhibited a significant
decrease in STIM1 expression (Fig. 3B). In contrast, STIM1
expression was normal in all other Egrl heterozygous tissues
examined. However, significant decreases in STIM1 expression
were observed in liver, spleen, and brain homogenates (Fig. 3B)
but not pancreas, thymus, or skeletal muscle homogenates (Fig.
3C) obtained from Egrl knock-out mice. These observations
indicate that EGR1-dependent expression of STIMI is highly
tissue-specific, with kidney exhibiting the greatest dependence
on EGRI1 for STIM1 expression, followed by liver, spleen, and
brain. Nevertheless, the fact that loss of STIM1 expression was
neither universal nor complete indicates that STIM1 expres-
sion is likely dependent on multiple transcription factors, the
identities of which have not yet been determined.

PC12 | HK2
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regulation, we performed ChIP to
determine which (if any) of these
putative REs exhibit bona fide WT1/

RE1 -419 GAGTGGAGCAGCACCAAGGCCCGGAGATCG G401 EGR1 bi;dif(lilghis c‘l'vas ;lghieved
GGGCAGGGCAGCTGCTGTCGCCGCCGCCGC using either -grade rabbit anti-
AGGCCTGAGTTACCTGAGTAACTGCG -334 HEK293 EGR1 and anti-WT1 antibodies or

control rabbit IgG to pull down
DNA extracted from both G401
cells (WT1-null) (23) and HEK293

RE2 -182 AGCCGTCTTCACCGGTTATTCCGGGATCCA cells. Identification of successful
GCTGGGCGCTGGGGCTGGCCCGGGCTTCGC G401 binding was achieved by PCR using
TGGGGACCGGGCGGCGCGGGGCGGGCGCGG primers flanking each of the four
AGACGCACGCCCCCGCGCLCCeaGGGeeeaee HEK293 _ putative REs (Fig. 4A), followed bY
oo e

NN amplifications of putative RE1 were

CTGGACCTGGGCA +13 <& A (9 R . .
<<(,9 § % observed using either anti-EGR1
5 antibodies in G401 extracts or anti-

RE3 8 TCCGCCTGCTGGACCTGGGCACCGCCAGCC
GCCTGGGCACGGGACTGGGCGGGEGGCGCTG G401 _ WT1 ant1b0d1e§1nHEI(293exFracts
ACCTCGGCCTAGGAGGCCCAGGATCCCG +80 but not when using either rabbit IgG

HEK293 or unbound beads (Fig. 4B, top). In
contrast, pulldown of RE1 usin
p g
N anti-EGR1 antibodies in HEK293
N . .
cg' é\ O extracts was comparable with rabbit
« L IgG pulldown, presumably reflect-

RE4 469 CCCAGGATCCCGGAGACGCCCGCGCCCTCA G401 _ ing enhanced affinity for WT1 over
GGACCCTGCGGGTCGCACGCCCTCCCCAGE EGR1 for binding to this response
TTCTGCTGCTCGCC +142 HEK293 _ element. Although both RE2 and

FIGURE 4. WT1 and EGR1 bind to the genomic region adjacent to the STIM1 transcriptional start site.
A, analysis of the DNA sequence of 11p15.5 in the region surrounding the STIM1 transcriptional start site
revealed four putative WT1/EGR1 REs (underlined). B, binding of WT1 and EGR1 to the four putative response
elements was determined by ChIP of genomic DNA extracted from either HEK293 or G401 cells. Protein-DNA
complexes were immunoprecipitated with anti-EGR1 or anti-WT1 antibodies or anti-rabbit IgG. DNA was
amplified by PCR using the primers depicted in boldface in A. No template was used as a negative control for

each PCR. Each experiment was completed a minimum of three times.

A B

CeCCeECeC == GCGGGGGCG | |  |_CGCCGCCGC—=====———== GCGGGGGCGE

STIM1 mRNA

STIM1 mRNA

FIGURE 5. Model for control of STIM1 expression by WT1 and EGR1. Puta-
tive EGR1 response elements are depicted relative to the start site for tran-
scription of STIMT mRNA (marked by the blue arrow). Inhibition of EGR1 bind-
ing at RE1 is marked with an arrow.

WTI and EGRI Response Elements within the STIM1 Pro-
moter—On the basis of the studies described above, we were
highly confident that STIM1 expression is under the control of
WT1 and EGR1. Therefore, we analyzed regions of the human
and murine genomes located in the vicinity of the STIM tran-
scriptional start site using the TESS search system (University
of Pennsylvania). Intriguingly, four highly conserved WT1/
EGR1 response elements (REs) were located within 500 bp of
the start of the STIMI gene in both the human and mouse
sequences (76.3% homology for ~700-bp regions analyzed). In
an effort to distinguish between direct and indirect modes of
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RE4 were negative for interaction
with either EGR1 or WT1, we did
observe pulldown of RE3 using anti-
EGR1 antibodies in G401 extracts
only. The reasons for the cell-type
specificity of EGR1 interactions with
RE3 are not immediately clear but
may reflect the presence of other as yet unidentified transcrip-
tion factors involved in the control of STIM1 expression. Nev-
ertheless, these observations provide strong support for the
concept that EGR1 and WT1 regulate STIM1 expression via
direct interactions with RE1.

Conclusions—In this work, we provide evidence that two
prominent oncogenes/tumor suppressors directly regulate
STIM1 expression. Based on our findings, we propose that
EGRI1 binds to RE1 and potentially RE3 (depicted in Fig. 5).
Furthermore, we suggest that WT1 blocks EGR1-dependent
STIM1 expression by interfering with EGR1 binding to RE1. To
our knowledge, this is the first study proposing the involvement
of any specific transcription factors in the control of STIM1
expression. However, the fact that WT1 and EGR1 are so inti-
mately involved in tumorigenesis has led us to speculate that
WT1/EGR1-dependent control of STIM1 expression may be
responsible for some of the differences in Ca®" signaling that
have been reported in numerous cancer types. Although the
nature of the contribution of aberrant STIM1 expression to
carcinogenesis and/or tumor progression remains unclear, this
important question will be addressed in future studies. Never-
theless, given numerous studies linking dysregulation of Ca**
homeostasis and apoptosis, WT1 and EGR1 may have un-
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tapped potential as biomarkers for the design of future thera-
peutic strategies targeting SOCE in cancer cells.
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