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Abstract
Endogenous Bone Morphogenetic Protein (BMP) signaling plays a significant role in the kidney’s
recovery from acute injury and exogenous administration of BMP7 has therapeutic potential in
numerous rodent models of renal injury and disease. However, in the healthy kidney endogenous
BMP7 ligand is vigorously counteracted by extracellular antagonists such as USAG1 and
CHRDL1. Little is known about the degree of BMP signaling and the ligands driving it in the
healthy adult kidney. In this study we characterize basal BMP signaling in the healthy tubular
nephron, and show that BMP2 is expressed in proximal nephron epithelial cells. Comparative gene
profiling of proximal tubule cell responses to BMP2 and BMP7 does not reveal any qualitative
difference, suggesting that identical BMP gene targets may be activated in healthy and injured
organs. Interestingly, our gene profiling analysis shows that BMP signaling activates a number of
Notch regulated transcription factors, including HEY1. As in other biological systems, HEY1
functions as a negative feedback regulator of BMP2 expression in the proximal tubule. In
summary, this work reveals endogenous BMP signaling patterns in the healthy human and mouse
kidney, and identifies novel gene targets, some of which are involved in the complex regulation of
BMP signaling in the adult kidney.
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1. Introduction
Acute kidney injury (“AKI”), defined as a rapid increase in serum creatinine or reduction in
urine output, is diagnosed in over 2% of hospital admissions and is associated with a high
mortality rate [1]. As the population ages, the prevalence of AKI will increase, providing a
strong incentive to find directed therapies [2]. Following AKI, kidneys posses the potential
to regenerate and lineage marking experiments show that lost cells are replaced by surviving
tubular epithelial cells of the nephron [3–6]. Moreover, it has recently been demonstrated
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that surviving injured epithelial cells, rather than uninjured bystander cells are responsible
for tubule regeneration [7]. In rodent models of kidney injury and disease, treatment with
BMP7 both protects the kidney from injury and accelerates regeneration [8–12]. More
significantly, endogenous BMP signaling has demonstrable protective and pro-regenerative
functions in both acute and chronic kidney injury [13, 14], indicating that this pathway may
provide tractable therapeutic targets.

BMP ligands initiate signaling by binding to cell surface serine-threonine kinase receptors
that phosphorylate receptor-associated SMAD transcription factors (“R-SMADs”) 1, 5, and
8. RSMADs associate with the co-SMAD, SMAD 4, and the complex moves to the nucleus
where it associates with other transcription factors and binds DNA in regulatory regions of
target genes [15]. Inhibitor of DNA binding 1 (Id1) is one of several immediate early,
transcriptional targets of BMP signaling [16]. The Id1 SMAD-binding element has been
used to generate both cell-based and in vivo transcriptional reporters for BMP signaling [16–
18].

In this study we further define the extent and localization of endogenous BMP signaling in
the kidney, and identify targets of pathway activation in human proximal tubule cells, the
cell type in the nephron that is most prone to damage in commonly used AKI disease models
[19, 20]. We show that BMP signaling occurs in the largely quiescent cells of the proximal
tubule of both the healthy mouse and human kidney. This signaling is likely driven, at least
in part, by BMP2 produced at a relatively high level in the proximal tubule. We analyzed
immediate early gene targets of BMP in human proximal tubule cells by gene profiling.
Comparing stimulation with BMP 2 or 7, we find regulation of a qualitatively
indistinguishable set of genes. In addition to well-described transcriptional targets such as
IDs, SMAD7, and BAMBI, we observed strong induction of the typical Notch responsive
transcription factors HES1, HEY1, SNAI1, and SNAI2. Interestingly, these are expressed in
the absence of Notch pathway signaling. In vitro over-expression of one of these factors,
HEY1, suggests that this transcription factor may be part of a regulatory feedback
mechanism that modulates BMP transcription.

2. Materials and Methods
2.1. Cell Culture

Primary human renal proximal tubule epithelial cells (“RPTECs”) (Lifeline Cell
Technology) were cultured in complete RenaLife Cell Culture Medium (Lifeline Cell
Technology). HK-2 human proximal tubule epithelial cells (ATCC) were cultured in
Keratinocyte Serum Free Media (“KSFM”) supplemented with bovine pituitary extract and
Epidermal Growth Factor (“EGF”) (Gibco), Penicillin, Streptomycin and Amphotericin B
according to the manufacturer’s instructions. For BMP stimulation assays, cells were serum
starved for four hours before BMP addition. Adenoviruses expressing GFP, HEY1 (kindly
provided by Dr. Lucy Liaw, Maine Medical Center Research Institute [21]) and SNAI1
(kindly provided by Dr. Paul A. Wade, NIH [22]) were transduced at 250 MOI. Virus was
removed after 24 hours.

2.2. Gene profiling
Triplicate wells of RPTECs were treated with 50 ng/ml BMP2, BMP7 (R&D Systems), or
vehicle. Total RNA was purified using Trizol Reagent (Invitrogen) followed by RNeasy
Mini-kit (Qiagen) with DNase after 2 hours. Microarray analysis using GeneChip Human
Gene 1.0 ST Arrays (Affymetrix) was performed by the University of Vermont DNA
Microarray and Flow Cytometry Core Facilities. The XRay analysis package (Biotique Inc)
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was used to make pairwise comparisons between untreated vs. BMP2-treated, untreated vs.
BMP7-treated and BMP2-treated vs. BMP7-treated.

2.3. Immunoblot
Analysis was performed as previously described [23], using rabbit antibodies against
PhosphoSmads 1, 5, and 8 (Cell Signaling Technology), SNAI2 (ProSci), Beta Tubulin
(Santa Cruz Biotechnology) and mouse antibodies against BMP2 (Abcam) and SNAI1
(Origene Technologies) overnight at 4°.

2.4. Immunofluorescence and immunohistochemistry
Immunofluorescent staining was as previously described [23]. Markers used were: Proximal
tubules, Lotus Tetragonolobus lectin; Collecting ducts, Dolichos Biflorus Agglutinin
(Vector Laboratories); β-galactosidase, rabbit anti-β-gal antibody (Cappel); pSmad1/5/8,
clone Vli-49 rabbit monoclonal antibody raised against the NPIS(pS)V(pS) phosphopeptide
from human SMAD1. Animal care in accordance with the National Research Council Guide
for the Care and Use of Laboratory Animals was approved by the Institutional Animal Care
and Use Committee of Maine Medical Center. Distal tubule,mouse anti-E. cadherin (BD
Transduction Laboratories); thick ascending limb, sheep anti-Tamm Horsfall protein
(Biodesign International). BMP2 was marked with a rabbit antibody (Abcam). Formalin
fixed paraffin embedded human kidney sections were purchased from Zyagen. Our use of
human tissue was reviewed and approved by the Institutional Review Board at Maine
Medical Center. Nuclei were visualized with Dapi (Molecular Probes).
Immunohistochemistry was performed as previously described [23] using a polyclonal
rabbit anti-pSmad1/5/8 (Cell Signaling Technology).

2.5. Luciferase Assay
Renilla control plasmid pRLCMV (Promega) and the pBRE-Luc BMP transcriptional
reporter [16] (provided by Peter ten Dijke, Leiden University, Netherlands) were transfected
into HK-2 cells and assayed as previously described [23].

2.6. Miscellaneous Reagents
DAPT (Gamma Secretase Inhibitor IX) was obtained from Calbiochem. Cycloheximide was
obtained from Sigma. The LDN-193189 BMP Inhibitor was obtained from Stemolecule.
BMP2, BMP4, BMP7 and TGFβ1 were obtained from R&D Systems.

2.7. Quantitative PCR
RNA was prepared as for microarray. cDNA was synthesized using qScript cDNA
SuperMix (Quanta Biosciences). QPCR was run in replicate wells on an iCycler IQ
(BioRad) using iQ SYBR Green Supermix (Bio-Rad). Primers used are listed in
Supplemental Table T3. Fold change analysis was computed using the ΔΔCT method
normalizing to the expression of β-Actin. To determine relative basal levels of BMP
expression in RPTECs, primer sets were designed to amplify targets within a single exon.
Reaction efficiency for each primer set was determined using a standard curve generated
from a dilution series of human genomic DNA. Cycle threshold values obtained from cDNA
amplified from RPTECs were adjusted based on the reaction efficiency determined from
genomic amplification of Beta actin, BMP2, 4 and 6

2.8. Statistical analysis
Statistical analysis was performed using Student’s t test, with a significant difference
determined as P-value < 0.05. Data are presented as means +/− 1 standard deviation.
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3. Results and discussion
3.1. Proximal tubule cells of the healthy kidney maintain basal BMP signaling in vivo

To define the extent and localization of BMP signaling in the healthy adult kidney, we
analyzed both protein phosphorylation and pathway transcriptional activation. BMP ligands
initiate signaling by binding to cell surface receptors that phosphorylate SMAD transcription
factors 1, 5, and 8. These SMADs associate with the co-SMAD, SMAD 4, and the complex
translocates to the nucleus where it associates with regulatory regions of target genes [15].
We monitored pathway activation using antibodies directed against phosphorylated
SMAD1/5/8 (pSMAD1/5/8). Consistent with previous observations using commercial
polyclonal antiserum [13, 24], active signaling was seen in mouse renal epithelium, but little
or no signaling was detected in glomeruli and interstitium (Figure 1A,B). We confirmed this
analysis using a newly developed monoclonal pSMAD1/5/8 antibody, and were able to
immunofluorescently localize activation primarily to mouse proximal and distal tubules by
marker costaining (Figure 1C). While some staining was observed in glomeruli, it was at a
significantly lower level. Because recent reports show that SMAD1/5/8 phosphorylation
may be driven by TGFβ1 [25–27], we evaluated pathway and transcriptional activation in
TGFβ1 treated proximal tubule cells. No pSMAD1/5/8 or transcriptional activation can be
detected in response to TGFβ1, indicating that pathway activation in the proximal tubule is a
result of BMP signaling (Figure 1D). To evaluate BMP pathway specific transcriptional
activation, we utilized a reporter mouse that drives expression of β-galactosidase under the
control of a minimal promoter with a pSMAD1/5/8 binding element [16, 17].
Transcriptional activation shown by the reporter colocalized with pathway activation shown
by nuclear pSMAD1/5/8 accumulation, with robust signaling activity in tubule epithelia and
little in glomeruli (Figures 1E,F,G). To localize transcriptional activation using molecular
markers, we stained for β-galactosidase and segment markers immunofluorescently. While
high levels of signaling were present in the proximal tubule, there was no visible signaling at
the same exposure in the distal tubule, collecting duct or thick ascending limb (Figures 1H –
J). Having confirmed the correlation between pSMAD1/5/8 immunodetection and
transcriptional activation, we evaluated pathway activation in human kidney tissue using the
monoclonal pSMAD1/5/8 antibody. As in the mouse, pathway activation can be detected in
the proximal tubule, but in contrast to the mouse signaling appears to be more robust in the
distal tubule (Figure 1K). Some signaling was also observed in human glomeruli (data not
shown). To understand if basal BMP pathway activation is maintained in cultured primary
human renal proximal tubule epithelial cells (RPTECs), we measured transcription of the
BMP target gene ID1 in cells treated with the LDN-193189 small molecule inhibitor of the
ALK2 and ALK3 BMP receptors [28, 29]. Inhibitor treatment significantly reduced ID1
transcription, indicating that basal BMP signaling indeed does occur in isolated RPTECs
(Figure 1L). To test the possibility that the culture medium was a source of BMP ligand, we
incubated the cultures with Noggin protein, a potent extracellular BMP antagonist [23].
Noggin did not significantly reduce ID1 expression, indicating that endogenous pathway
activation in RPTECs may be due to autocrine/intracrine signaling. The specificity of the
monoclonal antibody against pSMAD 1/5/8 is demonstrated in Figure 1M.

3.2 BMPs 2, 4, and 6 are expressed in human proximal tubule cells, with BMP2 being the
most abundant

While the full complement of receptors required for BMP signaling is present on proximal
tubule epithelia [30–32], it is not known which BMPs are responsible for stimulating basal
signaling in these cells. We assayed expression levels of BMP 2, 3, 4, 5, 6, 7 and 9 in
RPTECs, and observed detectable amplification of only BMP 2, 4, and 6. Relative to
expression of β-actin, BMP2 was found to be most abundant (Figure 2A). Immunoblotting
confirmed the expression of BMP2 in these cells (Figure 2B). In kidney tissue,
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immunostaining clearly demonstrates BMP2 expression in the proximal tubule (Figure 2C),
strongly suggesting that autocrine BMP2 signal contributes to basal pathway activation in
the proximal tubule.

3.3 BMP7, but not BMP2 or 4 is modulated by CHRDL1, a BMP antagonist specific to the
proximal tubule

It has previously been shown that BMP7 mediated signaling is strongly antagonized in both
distal [13] and proximal tubules. We have previously shown that the antagonist CHRDL1 is
specifically expressed in the proximal tubule and antagonizes BMP7 in conjunction with the
ubiquitous TWSG1 protein [23]. To understand how BMP2 signaling in the proximal tubule
may be affected by this antagonist, we conducted a series of interaction studies using
RPTECs. We show that CHRDL1 and TWSG1 together do not antagonize SMAD
dependent BMP signaling driven by BMP2 or 4 (Figure 2D), suggesting that paracrine
BMP7 signaling is blocked, but autocrine/intracrine BMP2/4 signaling is permitted in the
healthy proximal tubule. In the injured kidney however, CHRDL1 is lost from the proximal
tubule allowing BMP7 signaling [23]. Biochemical studies have shown differential receptor
binding by BMP2 and BMP7 [33, 34], suggesting that these closely related ligands may
elicit distinct transcriptional responses. To evaluate this possibility we performed a
comparative global transcriptome analysis.

3.4 BMP2 and BMP7 elicit indistinguishable early transcriptional responses
To globally identify transcriptional targets of BMP2 and BMP7 signaling in the proximal
tubule, we stimulated primary proximal tubule cells with ligand, and measured
transcriptional activation after 2 hours. This time point was chosen because the peak of
SMAD1/5/8 activation is seen at 1 hour (Figure 1D), allowing approximately 1 hour for
accumulation of transcript. Because we wanted to profile the effects of BMP2 vs. BMP7
unbiased by the BMP7-specific antagonism of CHRDL1, we used experimental conditions
that did not favor the accumulation of secreted CHRDL1 in the medium. Comparing
untreated versus treated cells with a threshold of p < 0.01, the microarray revealed 55
transcripts that responded to either BMP2 or BMP7 ligand with a minimum fold change of
+/− 1.75 and were significantly regulated in the same direction by both ligands (Figure 3A
and Supplemental Table T1). Using the same thresholds, 27 genes were putatively regulated
solely by BMP2, and 4 genes were putatively regulated by BMP7 only (Supplemental Table
T2). To verify these candidate BMP2- and BMP7-specific targets, we performed a direct
comparison between BMP2 and BMP7 treated cells, thresholding with p < 0.01. Using this
approach the candidate list was reduced to 8 putatively uniquely regulated genes, which
were assayed by qPCR (Figure 3B). Although qPCR analysis verified that 7 out of 8 of these
genes were indeed BMP-regulated, no material difference in transcriptional activation was
seen following BMP2 or BMP7 treatment (Figure 3B), and we conclude that no qualitative
differences in global transcriptional activation can be seen between BMP2 and BMP7 in
primary proximal tubule cells using our stringency thresholds. Previous genetic studies from
our laboratory have shown that BMPs 4, 6, and 7 are functionally interchangeable in kidney
development [35], and the finding that BMP2 and 7 elicit identical responses in the adult
proximal tubule cell supports the model that transcriptional responses to distinct BMPs in
any particular cell type may be equivalent. Our results here are also consistent with earlier
findings by Korchynskyi, et al. showing a virtually identical transcriptional response driven
by the three different constitutively active BMP Type I receptors in C2C12 cells [36]. Rather
than initiating distinct cellular responses, BMPs may instead distinguish themselves
functionally by associating with different combinations of extracellular modulators such as
CHRDL1, which we [23] and others [37] have shown can be highly specific for distinct
BMP ligands. In a similar vein, Sclerostin, encoded by the SOST gene, has been found to
antagonize BMP6 and 7, but not BMP 2 or 4 [38].
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3.5 BMP activates a cassette of genes typically regulated by the Notch pathway
The BMP transcriptional profile included several prototypical BMP response genes such as
ID1 – 4, SMAD7, NOG and BAMBI. Interestingly, a cassette of genes typically associated
with Notch signaling was found among the more highly regulated genes: HEY1, HES1,
SNAI1 (SNAIL), and SNAI2 (SLUG) [39–41] (Figures 3A, 4A). While some reports suggest
that Notch signaling plays a beneficial role in recovery from AKI [42, 43], others identify a
pathological role for this pathway in kidney injury and disease [44, 45]. The finding that
Notch targets are activated by BMP signaling suggests an intriguing and potentially
important relationship between the BMP and Notch pathways in the proximal tubule. By
repeating our BMP stimulation experiment in the presence of the translation inhibitor
cycloheximide, we verified that Notch targets were primary transcriptional targets of BMP
(Figure 4B). Furthermore, stimulation in the presence of a Notch pathway inhibitor verified
that simultaneous Notch signaling is not required for BMP activation of these Notch target
genes (Figure 4C). Thus, BMP signaling in proximal tubule epithelial cells directly activates
not only conventional BMP targets, but also Notch targets. Immunoblotting demonstrated
that SNAI1 and SNAI2 proteins are induced by BMP stimulation, indicating that the
transcriptional responses that we have identified are mirrored by increases in protein
abundance (Figure 4D). Interestingly, the response to BMP2 appears stronger than that to
BMP7, a feature that we have noted in previous experiments (unpublished observations).
One key difference between the response to BMP2 and BMP7 seen at the transcriptional
level is the duration of transcriptional activation: between 2 and 6 hours of stimulation there
is maintenance or even accumulation of BMP2 driven transcript, whereas the transcript level
declines in BMP7 treated cells (Figure 4A). This difference may be due to accumulation of
CHRDL1 in cell culture medium, leading to specific antagonism of BMP7. However, we
cannot exclude the possibility that distinct stabilities of the recombinant protein preparations
contribute to this difference. Unfortunately, we have been unable to visualize endogenous
levels of HEY1 and HES1 proteins using several commercially available antibodies (data
not shown).

3.6 HEY1 functions as a negative feedback regulator of BMP2 expression in the proximal
tubule

Studies have shown that Notch signaling reduces BMP2 expression in other cell types
through the expression of HEY1 [46–48]. To assess whether this also is a feature of the
proximal tubule, we measured BMP2 expression in HEY1 transduced cells (Figure 4E). We
find that HEY1, but not SNAI1, strongly and specifically attenuates BMP2 expression,
indicating that this BMP induced transcription factor limits BMP production by the proximal
tubule. As predicted, this downregulation of BMP2 can be recapitulated by BMP treatment
(Figure 4F).

4. Conclusion
Our findings highlight the complexity of BMP signaling in the adult nephron. In the healthy
kidney, BMP7 is produced in the distal tubule but it is vigorously counteracted by the
extracellular antagonists USAG1 [13] and CHRDL1 [23], suggesting that BMP7-elicited
signaling is highly restricted in the healthy kidney. Our present study indicates that
endogenously produced BMP2 contributes to signaling in the healthy proximal tubule, with
HEY1 acting as a feedback regulator to limit BMP2 production and pathway activation.
Following kidney injury, extracellular antagonism of BMP7 is lost in both proximal and
distal tubules [13, 23] concomitant with upregulation of the signaling amplifier KCP [14].
Paracrine BMP7 signaling from the distal tubule is thus permitted, eliciting BMP target gene
activation in the proximal tubule. Considering the similarity of BMP2 and BMP7
transcriptional targets, we propose that BMP7 from the distal tubule may compensate for the
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loss of BMP2 following proximal tubule injury. Further functional analysis of these target
genes will identify their roles in homeostasis, and in the regenerative process.

Highlights

• Extensive BMP signaling in healthy adult kidney, peak levels in proximal tubule
in mouse, and distal tubule in human

• BMP 2 is expressed in the proximal tubule

• Transcriptional profiling shows BMP2 and BMP7 elicit indistinguishable
responses

• Transcriptional response of proximal tubule cells to BMP includes a cassette of
genes typically downstream of Notch

• Notch response gene HEY1 suppresses BMP2 expression in proximal tubule
cells
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Figure 1. BMP signaling in the adult mouse and human kidney
A: Immunohistochemical staining for SMAD 1/5/8 (Cell Signaling Technology) reveals
nuclear accumulation in mouse nephron epithelia. B: In the negative control, the primary
antibody was omitted. C: Immunofluorescent staining of mouse kidney using monoclonal
antibody against pSMAD1/5/8 (clone Vli-49), red), antibody against E-cadherin marking
distal tubule (light blue), Lotus lectin marking proximal tubule (green) and DAPI (dark
blue). D: Immunoblot comparing SMAD1/5/8 phosphorylation following BMP7 or TGFβ1
treatment of human primary renal proximal tubule epithelial cells (top panel). pBRE-Luc
BMP transcriptional reporter assay in HK-2 human proximal tubule cells stimulated either
with BMP7 (50 ng/ml) or TGFβ1 (5ng/ml) for 18 hours. E: Immunofluorescent staining of
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the reporter mouse kidney using an antibody against β-galactosidase (red) indicates that the
highest level of BMP signaling is within the proximal tubule (green, lotus lectin). F: An
adjacent section stained with a monoclonal anti pSMAD1/5/8 (Vli-49, red) shows pathway
activation in a pattern consistent with reporter activation. Lotus lectin (green) labels
proximal tubules. G: Staining for β-galactosidase (red) shows absence of staining in the
glomerulus. Panels H, I, and J show BMP signaling (red) relative to molecular markers. H:
Distal tubule (green, anti-E-cadherin). I: Collecting duct (green, DBA lectin). J: Thick
ascending limb of the distal tubule (green, anti-Tamm Horsfall protein). K: In the human
kidney, BMP signaling (red, monoclonal anti-pSMAD1/5/8 Vli-49) is most intense in the
distal tubule (light blue, anti-E-cadherin), and weaker signal is seen in the proximal tubule
(green, Lotus Lectin, arrows). L: Expression of ID1 was measured in RPTECs incubated for
14 hours with the BMP signaling inhibitor, LDN-193189. To control for BMP in medium,
Noggin was added. Asterisk indicates a p value (relative to vehicle) of less than .05. M:
Western blot analysis on MLFM4 cell lysate using rabbit monoclonal (Vli-49) anti-pSmad
1/5/8: Lane 1, untreated, lane 2 treated with BMP7 (50ng/ml). Abbreviations: Ds, distal
tubule; P, proximal tubule, NS, not significant (p value greater than .05).
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Figure 2. BMP is expressed in the proximal tubule
A: QPCR showing the number of BMP transcripts per 1,000 copies of β-actin transcripts.
Double asterisks indicate a p value of less than .01 (when compared to BMP2 expression).
B: Immunoblot showing BMP2 expression in RPTECs. Recombinant BMP2 protein and
lysate from an E12.5 embryo were used as positive controls. C: Immunofluorescent
micrographs of the kidney showing BMP2 (red) expression in renal epithelia, including
proximal tubules (green, lotus lectin). In the left panel, nonspecific IgG was used as a
negative control. D: The proximal tubule expressed BMP antagonist CHRDL1 antagonizes
BMP7 but not BMP2 or 4 in conjunction with Twisted gastrulation (TWSG1). RPTECs
were serum starved for 4 hours and incubated with BMPs (50ng/ml) and antagonists (400
ng/ml) for 30 minutes prior to lysis and western blotting for pSMAD1/5/8.
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Figure 3. BMP2 and BMP7 stimulation of RPTECs produce closely related expression profiles
A: Gene profiling of RPTECs stimulated for two hours with 50ng/ml of BMP2 or BMP7
shows extensive overlap. All candidates with a p-value < 0.01 are shown where stimulation
with either ligand resulted in a > +/− 1.75 fold change and both ligands drove expression in
the same direction. B: A subset of genes suggested by the profiling to be differentially
regulated by BMP2 and BMP7 were compared by qPCR and were regulated in a similar
fashion.
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Figure 4. BMP signaling directly activates a set of typical Notch response genes
A: QPCR confirming that HES1, HEY1, SNAI1 and SNAI2 are strongly up-regulated in
RPTECs after treatment for 2 or 6 hours with 50ng/ml of BMP2 (left panel) and BMP7
(right panel). The less durable response of BMP7 at 6 hours may result from increased
amounts of secreted CHRDL1 accumulating in the medium and resulting in greater
antagonism of BMP7, but not BMP2. B: RPTECs were incubated for 30 minutes with
cycloheximide (5µM) or vehicle prior to the addition of BMP7 (50ng/ml) for 2 hours and
analyzed by RT-qPCR. Cycloheximide did not reduce target gene activation showing that
protein synthesis is not required for BMP7 induction of expression. C: Cells were incubated
with vehicle or 5µM DAPT for 30 minutes prior to adding BMP7 at 50ng/ml. qPCR shows
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that the inhibition of Notch signaling did not significantly reduce gene induction at two
hours. D: REPTCs were serum starved for 2 hours, then treated for the time specified with
BMP2 at 50 and 100ng/ml or with BMP7 at 100ng/ml. Immunoblots were probed for SNAI1
(Snail) and SNAI2 (Slug). Blots for Beta tubulin below each protein of interest show relative
loading of sample. E: qPCR showing BMP2 expression in RPTECs transduced for 32 hours
with adenoviral vectors expressing GFP (control), HEY1 or SNAI1. F: qPCR showing
reduction in BMP2 expression in RPTECs incubated with 50ng/ml of BMP2 for 2, 6, and 24
hours. Asterisk indicates p value < 0.05.
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