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Activation of the hedgehog pathway, through the loss of patched
(PTC) or the activation of smoothened (SMO), occurs frequently in
basal cell carcinoma (BCC), the most common human cancer.
However, the molecular basis of this neoplastic effect is not
understood. The downstream molecule Gli1 is known to mediate
the biological effect of the pathway and is itself up-regulated in all
BCCs. Gli1 can drive the production of BCCs in the mouse when
overexpressed in the epidermis. Here we show that Gli1 can
activate platelet-derived growth factor receptor a (PDGFRa) in
C3H10T1⁄2 cells. Functional up-regulation of PDGFRa by Gli1 is
accompanied by activation of the ras-ERK pathway, a pathway
associated with cell proliferation. The relevance of this mechanism
in vivo is supported by a high level expression of PDGFRa in BCCs
of mice and humans. In the murine BCC cell line ASZ001, in which
both copies of the PTC gene are inactivated, DNA synthesis and cell
proliferation can be slowed by re-expression of PTC, which down-
regulates PDGFRa expression, or by downstream inhibition of
PDGFRa with neutralizing antibodies. Therefore, we conclude that
increased expression of PDGFRa may be an important mechanism
by which mutations in the hedgehog pathway cause BCCs.

Considerable insight into the role of the sonic hedgehog
pathway in vertebrate development and human cancers has

come from the discovery that mutations of the patched gene
(PTCH1) are associated with a rare heritable human disorder—
basal cell nevus syndrome (BCNS) (1, 2). BCNS patients have
diverse phenotypic abnormalities, including tumors [e.g., basal
cell carcinomas (BCCs) and medulloblastomas] and develop-
mental anomalies (e.g., misshapen ribs, spina bifida occulta, and
skull abnormalities) (3). Sporadic BCCs, the most common
human cancer, consistently have abnormalities of the hedgehog
pathway, and often have lost the function of patched (PTC)
through PTCH1 mutations and loss of the remaining allele (4–9).
Similarly, sporadic medulloblastomas and trichoepitheliomas
frequently have PTCH1 mutations (9–12). Most PTCH1 muta-
tions cause a loss of PTCH1 protein function (1–2, 4–12). Mice
that are heterozygous for a PTCH1 null mutation exhibit a high
risk of cancers such as medulloblastomas, rhabdomyosarcomas,
and BCCs (13–15), confirming that PTCH1 functions as a tumor
suppressor. In addition to PTCH1, somatic mutations of smooth-
ened (SMO), a putative seven-transmembrane-domain protein
of the hedgehog pathway, occur in sporadic BCCs (16–18).
Mutant SMO can transform cultured cells and can induce
BCC-like tumors when expressed in the epidermis (16). This
finding provides additional insight into the role of the sonic
hedgehog pathway in BCCs and emphasizes the need to under-
stand how this pathway works in normal and pathological cell
proliferation.

The PTCH1 protein, a receptor for the secreted protein
hedgehog (19, 20), is expressed in cell membrane of target tissues
and is an important regulator of embryonic pattern formation
(reviewed in ref. 21). PTCH1 represses SMO signaling, and relief
of this repression by binding of sonic hedgehog to PTCH1 or
after mutational inactivation of PTCH1 allows SMO signaling.
PTCH1 cannot repress mutant SMO, resulting in uncontrolled
SMO signaling (22). PTCH1 itself is a target gene of the pathway.
Thus, activation of the hedgehog pathway will increase the
expression of PTCH1, which in turn will repress the pathway.

Although the level of PTCH1 mRNA is increased in BCCs with
PTCH1 mutations, the protein is assumed to be inactive and is
unable to control activation of the hedgehog pathway. Signaling
events downstream of SMO are incompletely elucidated. Sup-
pressor of fused [Su(Fu)] and protein kinase A (PKA) are
intermediate molecules, and three Gli gene products transcrip-
tion factors controlled by SMO signaling. Recent data indicate
that Gli1 or Gli2 may mediate BCC formation (23–26).

To understand the molecular basis of hedgehog signaling-
mediated tumor formation, we have used Gli1 as a biological
probe to identify molecules that mediate BCC formation. Here
we show that Gli1 can activate platelet-derived growth factor
receptor a (PDGFRa) in C3H10T1⁄2 cells. Functional up-
regulation of PDGFRa by Gli1 is accompanied by activation of
the ras-ERK pathway, a pathway associated with cell prolifera-
tion. The relevance of this mechanism in vivo is supported by a
high level expression of PDGFRa in BCCs of mice and humans.
In the murine BCC cell line ASZ001, in which both copies of the
PTCH1 gene are inactivated, DNA synthesis and cell prolifera-
tion can be slowed by re-expression of PTCH1 possibly through
down-regulating PDGFRa expression, or by downstream inhi-
bition with PDGFRa-neutralizing antibodies. Therefore, we
conclude that activation of PDGFRa may be an important
mechanism by which mutations in the hedgehog pathway cause
BCCs.

Materials and Methods
Transient Reporter Analysis. The serum response element (SRE)
cis-reporting plasmid was purchased from Stratagene. Murine
PDGFRa promoter (a gift from C. Wang, University of Illinois
at Chicago) was cloned into pGL3 basic luciferase-reporting
plasmid (Promega). Transfection of C3H10T1⁄2 cells was per-
formed according to Murone et al. (22). In the reporter assay,
cells were incubated with low serum medium (0.05% FBS) for
36 h. U0126 was purchased from Promega. In the PDGFRa
promoter reporter analysis, cells were incubated with 0.05% or
10% FBS for 48 h, and reporter gene activity was determined (22).

Immunoprecipitation and Western Blot Analysis. Immunoprecipita-
tion of PDGFRa was performed with 4 3 10 cm plates of cells
stably expressing Gli1 after retrovirus infection. Cells were lysed
for 20 min on ice in RIPA buffer (150 mM NaCly1% NP-40y
0.5% sodium deoxycholatey0.1% SDSy50 mM Tris, pH 8.0) with
protease inhibitors (complete–mini, Roche Molecular Bio-
chemicals). Cell debris was removed by centrifugation at
10,000 3 g, and the supernatant precleared with protein A-
Sepharose (Sigma). Lysates were incubated with an antibody to
PDGFRa (Upstate Biotechnology, Lake Placid, NY) for 2 h,
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followed by protein A-Sepharose (Sigma) for 30 min. The pellet
was washed with lysis buffer (four times, 10 min each). The
yielded protein was analyzed by Western blot analysis. Appro-
priate antibodies were used in Western blot analysis (PDGFRa
from R & D Systems; ERK and phospho-ERK from New
England Biolabs; and phosphotyrosine-specific antibody 4G10
from Upstate Biotechnology). The signals were visualized with
the enhanced chemiluminescence detection system (Amersham
Pharmacia).

Immunohistostaining. Standard three-step immunoperoxidase
staining was performed on 4-mm-thick sections of paraffin-
embedded human BCCs and PTC heterozygote mouse BCCs
(27). For optimal antigen retrieval, sections were boiled in 10
mM citrate buffer, pH 6.0. Sections were incubated for 2 h at
25°C with rabbit polyclonal antibody raised against the carboxyl
terminus of PDGFRa of human and mouse origin (dilution of 1
mg/ml; catalog no. SC-338, Santa Cruz Biotechnology) or rabbit
polyclonal antibody for human PDGF-A (dilution of 15 mg/ml;
catalog no. AB-20-NA, R & D Systems). The specificity of the
PDGFRa antibody was tested by preincubation with the specific
blocking peptide (catalog no. SC-338P, Santa Cruz Biotechnology).

Cell Proliferation Assay, Cell Sorting, and Colony Formation Assay.
BrdUrd labeling was performed by using an in situ cell prolif-
eration kit (Roche Molecular Biochemicals). Neutralizing anti-
bodies were purchased from R & D Systems. The percentage of
BrdUrd-positive cells was obtained by counting more than 2,000
cells under the fluorescence microscope. ASZ001 cells were
transfected with pEGFP (from CLONTECH) and another plas-
mid [PTCH1, Su(Fu), PKA, or the empty vector]. Forty-eight
hours after transfection, cells were harvested and divided into
two parts. One portion of transfected cells was sorted with green
fluorescent protein (GFP) in our core facility. The GFP-positive
cells were used to check the protein level of PDGFRa by
Western blot analysis. The other portion was used to assay colony
formation. One thousand cells from each transfection were
plated onto a 10-cm Petri dish. The next day, 1 mg/ml G418 was
added, and the medium was changed twice a week. The cell
colonies (with more than 10 cells) were visualized by 0.5%
crystal violet in 20% ethanol at 16 days after transfection.
Transfection of each construct was duplicated in one experi-
ment, and the experiment has been repeated three times.

Results
Gli1 Activates the ras-ERK Pathway in Cultured Cells. In human
BCCs, Gli1, but not Gli2 or Gli3, is consistently up-regulated,
indicating that Gli1 is probably the major downstream mediator
for tumor formation (24, 25). To help elucidate the molecular
mechanism by which activated hedgehog signaling induces BCC
formation, we examined the effect of Gli1 on several major signal
pathways in the hedgehog-responsive cell line C3H10T1⁄2 by
using reporter gene analysis. Fig. 1A shows that Gli1 activated
SRE reporter activity over 5-fold, but did not significantly
change the reporter activities of N-FAT, CREB, NF-kB, or
TCF-binding elements (data not shown). Because overexpres-
sion of Su(Fu) and PKA are known to inhibit the transcriptional
activity of Gli1 (28–31), we tested its effect on Gli1-induced SRE
activation and found that, indeed, both of them inhibit the Gli1
effect in this assay (Fig. 1 A). This experiment shows the spec-
ificity of Gli1 effect on SRE. Because the ras-ERK pathway is
important for SRE activation and is associated with cell prolif-
eration (32–33), we also tested whether inhibitors of the ras-ERK
pathway could block Gli1-induced SRE activation. Coexpression
of rasN17, dominant-negative mitogen-activated protein kinase
kinase-1 (MEK-1), or MEK-inhibitor U0126 (not shown) pre-
vented Gli1-induced SRE activation (Fig. 1 A), suggesting that

the effect of Gli1 on the SRE was through a molecule upstream
of ras.

To confirm that ras-ERK is responsive to Gli1, we tested the
effect of Gli1 on the level of phospho-ERK2, an indicator of
ERK activation (33). Gli1 and ERK plasmids were cotransfected
into C3H10T1⁄2 cells, and the levels of phospho-ERK2 and total
ERK were assessed by specific antibodies. Gli1 expression did
increase phospho-ERK2 in transient (Fig. 1B) and stable (Fig.
1C) transfections. In addition, we observed that rasN17 expres-
sion reduced Gli1-induced ERK2 phosphorylation (data not
shown), just as it inhibited Gli1-induced SRE activation. Thus,
both our SRE assay and phospho-ERK2 analyses indicate that
Gli1 can activate the ras-ERK pathway.

PDGFRa Mediates Gli1 Effect on ERK Activation. Because receptor
kinases are a major source for activation of the ras-ERK pathway
(33), we used antibodies against phosphotyrosine to identify
candidate receptor tyrosine kinases that might be responsible for
ras-ERK activation. Phosphoproteins that comigrate approxi-
mately with PDGF receptor were identified (data not shown).
We then examined the protein level of PDGF receptors after
Gli1 expression and found that PDGFRa protein was highly
expressed in Gli1-expressing C3H10T1⁄2 cells, but not in the
control cells (Fig. 2A Left). Furthermore, we found a high level
of PDGFRa phosphorylation in cells expressing Gli1, indicating
that the protein is activated under these conditions (Fig. 2 A
Right). Confirming these data, we found a high level of PDGFRa
mRNA in Gli1-expressing cells (Fig. 2B). Gli1 up-regulates
murine PDGFRa promoter (34) activity more than 3-fold, and

Fig. 1. Activation of the ras-ERK pathway by Gli1 in C3H10T1⁄2 cells. (A)
Activation of SRE reporter by Gli1. C3H10T1⁄2 cells were transiently transfected
with a luciferase reporting plasmid driven by the SRE and various expressing
constructs as indicated. pRL-TK Renilla luciferase-reporting construct (Pro-
mega) was cotransfected to each sample to normalize transfection efficiency.
Cells were cultured in 0.05% FBS medium for 36 h and the luciferase activity
was measured. The relative luciferase activity is shown with the control sample
as 1. All experiments are expressed as mean 6 SD of duplicate samples from
three independent experiments. Dominant-negative TCF4 used as a control
did not change Gli1 activity on the SRE reporter (data not shown). Under the
same condition, we noticed that Gli1 only slightly increased the AP-1 reporter
activity (80–90%), suggesting that activation of AP-1 reporter is a later event.
(B) Increased phosphorylation of ERK2 by Gli1. C3H10T1⁄2 cells were transiently
transfected with ERK2 and another plasmid as indicated and maintained in
0.05% FBS medium for 36 h. (C) Stable cell lines were made with retrovirus
infection of C3H10T1⁄2 cells. Phosphorylation of ERK2 in these cells was immu-
nodetected by the phospho-specific antibody from New England Biolabs.
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this effect was specifically inhibited by coexpression of PKA or
Su(Fu) (Fig. 2C). These data indicate that PDGFRa gene can be
regulated by Gli1.

Based on these data, we hypothesized that Gli1 expression can
result in up-regulation of PDGFRa that is activated by its ligand
PDGF-A, leading to activation of the ras-ERK pathway. Indeed,
we observed that PDGF-A was transcribed in C3H10T1⁄2 cells
regardless of Gli1 expression (Fig. 2B; and by ELISA, data not
shown). To test our model further, we used PDGF-A- and
PDGFRa neutralizing antibodies in the SRE reporter analysis.
Fig. 2D shows that the addition of neutralizing antibodies led to
significant reduction in Gli1-induced SRE activity (Fig. 2D). In
addition, expression of PDGFRa alone was sufficient to cause
SRE activation (Fig. 2D). These data indicate that PDGFRa is
the molecule that mediates Gli1-induced SRE activation.

A High Level of PDGFRa Expression Is Observed in BCCs of Mice and
Humans. Our in vitro data in C3H10T1⁄2 cells suggest that func-
tional up-regulation of PDGFRa could be an important conse-
quence after Gli1 up-regulation in BCCs in vivo. To explore this
possibility, we first examined PDGFRa expression in BCCs
derived from PTC11 /2 mice (15). Previous report indicates that
the hedgehog pathway is activated in these tumors (15). The
remaining copy of the PTC gene is inactivated during tumor
formation, often through loss of the wild-type allele (15).
Immunohistostaining indicated high expression of PDGFRa in
these tumors (Fig. 3A), and in one tumor, staining was stronger
at the periphery than in the center of the tumor (Fig. 3A). This
immunohistostaing was confirmed by Western blot analysis in
our mouse BCC cell line (Fig. 3B). Furthermore, we detected a
high level of the ligand PDGF-A in the tumor and weak
expression in the stroma (Fig. 3A). Therefore, in this well-
defined genetic system in which the hedgehog pathway is con-

stitutively activated, PDGFRa expression is very high, suggesting
in vivo regulation of PDGFRa by the hedgehog pathway.

To extend our mouse findings, we next assessed PDGFRa
expression in human BCCs. Most human BCCs, like the mouse
BCCs, do stain with anti-PDGFRa (Fig. 4A). Most of this
protein was distributed in the tumor nest (Fig. 4A, 11 of 14). In
three BCCs, strong staining of PDGFRa in the stroma was
observed (Fig. 4A), a finding that has been reported (35). By
Western blot analysis, we detected PDGFRa protein expression
in 10 of 11 BCCs, whereas it was undetectable in the control
epidermis (Fig. 4B). In the tumors with PDGFRa expression, a
high level of phosphorylated ERK was observed (data not
shown). Thus, the Western blot analysis data are consistent with
the immunohistostaining results—high expression of PDGFRa
is common in human BCCs. These analyses indicate that
PDGFRa is highly expressed in human as well as in mouse BCCs.
Because other factors may also affect the expression of PDGFRa
(36), a comprehensive analysis of human BCCs is required for
understanding the heterogeneous staining among different
BCCs. Furthermore, we examined PDGF-A expression in pri-
mary human BCCs by immunohistostaining because activation
of PDGFRa requires its ligand, PDGF-A. We found that all
BCCs examined (n 5 5) were positive for PDGF-A (Fig. 3A).
The high levels of PDGFRa and of its ligand PDGF-A in the
tumor imply their importance for BCC development.

Cell Proliferation of BCC Cells Is Inhibited by PTCH1 or Inhibition of
PDGFRa Function. Because no human BCC cell lines are available,
we have generated a cell line, ASZ001, from a Gli1-expressing

Fig. 2. Increased expression of PDGFRa by Gli1 in C3H10T1⁄2 cells. (A) Func-
tional up-regulation of PDGFRa protein in Gli1-expressing cells. Western blot
analysis was used to detect the protein level in the total cell lysates, and the
phosphorylation of PDGFRa was assessed by immunoprecipitation (IP) of the
lysates with PDGFRa antibody followed by Western blot detection with phos-
photyrosine-specific antibody 4G10. (B) Increased PDGFRa mRNA in Gli1-
expressing cells. Reverse transcription–PCR was performed by using RAP-PCR
kit (Stratagene) to check the mRNA levels of PDGFRa and its ligand PDGF-A. (C)
Gli1 activates PDGFRa promoter activity. The murine PDGFRa promoter activ-
ity was measured 48 h after transfection of C3H10T1⁄2 cells in the presence of
Gli1, empty vector alone, or coexpression of Gli1 with other constructs as
indicated. (D) PDGFRa mediates Gli1 effects on SRE activation. Gli1-induced
SRE activation was examined in the presence of neutralizing antibodies for
PDGF-A or PDGFRa, PDGFRa expression alone or after coexpression of Gli1
with the dominant-negative form of MEK1.

Fig. 3. Expression of PDGFRa and PDGF-A in primary BCCs. (A) Detection of
PDGFRa in mouse BCCs was performed according to standard procedures (27)
by using the antibody to PDGFRa (Santa Cruz Biotechnology, C-20). Positive
staining was brown and the tissue section was counterstained with hematox-
ylin and eosin (blue). Detection of PDGF-A in mouse BCCs and human BCCs was
done with PDGF-A polyclonal antibodies (R & D Systems). Arrows indicate the
site of positive staining in the tumor. Only weak staining can be seen in the
stroma. (B) Western blot analysis of PDGFRa in a BCC cell line ASZ001, a
squamous cell carcinoma cell line E4 (a gift from Allan Balmain, University of
California, San Francisco), and a human keratoinocyte cell line HaCat (a gift
from Norbert Fusenig, German Cancer Research Center, Heidelberg, Germany).
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mouse BCC tumor induced by UV radiation in a PTC1/2 mouse
(15). Both copies of the PTC gene are lost in the ASZ001 cells,
thus resembling the PTCH1 status in human BCCs. This cell line
does express a high level of PDGFRa (Fig. 3B). Furthermore,
the ASZ001 cell line, unlike other keratinocytes tested, can grow
in the absence of keratinocyte growth supplements (which
contain many growth factors), and is therefore amenable to
manipulation of the ras-ERK pathway. We treated the cells with
anti-PDGFRa neutralizing antibody and measured DNA syn-
thesis by BrdUrd labeling. As shown in Fig. 5, incubation of the
cells with PDGFRa-neutralizing antibody for 36 h reduced DNA
synthesis by 70% (Fig. 5 A and B). In contrast, fibroblast growth
factor (FGF)-neutralizing antibody (Fig. 5A) or purified goat
IgG (data not shown) did not affect DNA synthesis in this cell
line. In addition, we found that the MEK inhibitor U0126
inhibited DNA synthesis by over 70% (Fig. 5B). Therefore,
increased expression of PDGFRa and activation of the ERK
pathway appears to be important for cell proliferation in the
ASZ001 cells.

To test for a direct link between the hedgehog pathway and
PDGFRa, we introduced PTCH1 into ASZ001 cells in which
both copies of PTC are lost. PDGFRa protein level was reduced
after expression of PTCH1 (Fig. 6A), indicating that PDGFRa
expression can be regulated by manipulating the hedgehog
pathway. This reduced expression of PDGFRa is correlated with
reduced cell proliferation in a colony-formation assay (Fig. 6B).
Thus, down-regulation of the hedgehog pathway can reduce the
expression of PDGFRa and can inhibit cell proliferation. In
conclusion, we have discovered that PDGFRa can be regulated
by Gli1 and that PDGFRa mediates Gli1-induced SRE activa-
tion. The expression of PDGFRa is up-regulated in BCCs of
mice and humans. In the mouse BCC cell line ASZ001, pertur-
bation of PDGFRa function, whether directly by neutralizing
antibodies or indirectly by PTCH1, leads to decreased cell
proliferation. Therefore, up-regulation of PDGFRa appears to
be an important mechanism by which hedgehog signaling in-
duces basal cell carcinomas.

Discussion
The hedgehog-PTC signaling pathway is important for carcinogen-
esis, as shown by the presence of constitutional mutations of PTCH1
in the basal cell nevus syndrome, and mutations in PTCH1 and
SMO in sporadic cancers, particularly basal cell carcinomas. Fur-
ther understanding of BCCs at the molecular level requires iden-
tification of the molecules that link the hedgehog pathway to tumor
formation. Our data indicate that PDGFRa activation is one
important mechanism by which abnormal hedgehog signaling
causes the continued cell proliferation of basal cell carcinomas. In
C3H10T1⁄2 cells, we demonstrated that PDGFRa mediates the
effect of Gli1 on activation of ERK, and Gli1 itself can activate the
promoter activity of PDGFRa, suggesting that PDGFRa might be
a target gene of Gli1. Furthermore, we found a high level of
PDGFRa expression in BCCs of mice and humans, indicating that
up-regulation of PDGFRa is common in BCCs. In the PTC1 null
BCC cell line ASZ001, we demonstrated that inhibition of the
hedgehog pathway by PTCH1 reduced the level of PDGFRa and
inhibited cell proliferation, which is consistent with the data that
inhibition of PDGFRa function with neutralizing antibodies

Fig. 4. Expression of PDGFRa in primary human BCCs. (A) Detection of
PDGFRa expression in human BCCs was carried out by using PDGFRa antibody
(Santa Cruz Biotechnology; C-20). The PDGFRa peptide with which the anti-
body was made (Santa Cruz Biotechnology) was used to test the staining
specificity (negative staining shown in a9). Arrows indicate the positive stain-
ing of the antibody. The staining is often in the tumor nest but sometimes in
the stroma (see arrowhead). (B) Western blot analysis of PDGFRa expression in
primary human BCCs was performed by using homogenized primary BCCs or
control epidermis. The PDGFRa antibody was from R & D Systems, and K14
antibody was used as control.

Fig. 5. Inhibition of cell proliferation by PDGFRa neutralizing antibody in
ASZ001 cells. (A) ASZ001 cells were cultured in keratinocyte growth medium
CF145 (Cascade Biologics, Portland, OR) without growth supplements. Cells
were incubated with BrdUrd (Roche Molecular Biochemicals) in the presence
of PDGFRa antibody (R & D Systems) or the control fibroblast growth factor
(FGF) antibody (R & D Systems). Propidium iodide (PI; Roche Molecular Bio-
chemicals) was used to stain nucleus and FITC-conjugated anti-BrdUrd IgG was
used to detect BrdUrd incorporated into cells. (B) A summary of DNA synthesis
in ASZ001 cells, including cells in the presence of MEK inhibitor U0126. In
contrast, PDGFRa-neutralizing antibody did not affect DNA synthesis of a
squamous cell carcinoma cell line E4 (data not shown here).
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blocked DNA synthesis. Therefore, we believe that activation of
PDGFRa is at least one important mechanism by which hedgehog
signaling mediates tumor formation. These data thus detail the
molecular basis of hedgehog signaling-mediated tumor formation.
From our model, we predict that pharmaceutical inhibitors of
PDGFRa would inhibit BCC development in PTC11 /2 mice (15).

Furthermore, our data indicate that activation of PDGFRa can
be used as a readout to understand how signals from SMO are
transduced to downstream Gli molecules. At present, signaling
events from SMO to Gli1/Gli2 are poorly understood. It was shown
in our transient reporter gene assays (Figs. 1A and 2C) that both
PKA and Su(Fu) inhibited Gli1 activity (28–31). However, PKA,
but not Su(Fu) (data not shown here), blocked cell proliferation of
ASZ001 cells in which Gli1 is up-regulated, suggesting that Su(Fu)
alone is not sufficient to inhibit endogenous Gli1 activity.

Ci, the Gli homologue in Drosophila, regulates PTC by way of
Gli1 binding sites (37). Three Gli1 binding sites are present
within 1 kb of the predicted transcription start site. However, the
regulation of target genes in mammals seems more complicated.
Similar to Drosophila PTC, human PTC (PTCH1) is a known
target of the hedgehog pathway, and Gli1 can activate PTCH1
promoter activity (refs. 28–31, and our observations). After
sequence analysis, we only found one Gli1 binding site (base
pairs 21120) in the human PTCH1 promoter (within 3 kb of the
transcription start site) and no Gli1 binding sites in the 900 bp
upstream of the murine PDGFRa promoter. Two putative Gli1
binding sites are present in human PDGFRa promoter (within
3 kb upstream of ATG). Because transcriptional up-regulation of
PTCH1 is a typical signature of the hedgehog pathway activation
and Gli1 can specifically activate PTC1 in mouse embryos
(reviewed in ref. 25), Gli1 may exert its effects through atypical
binding sites. The cis-elements through which Gli1 regulates
PTCH1 and PDGFRa have not yet been identified.
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Fig. 6. Regulation of PDGFRa by down-regulating the hedgehog pathway
with PKA or PTCH1 in ASZ001 cells. Cells were transfected with GFP plasmid
and other constructs as indicated. GFP-positive cells were enriched after cell
sorting, and the PDGFRa level was detected by Western blot analysis with a
PDGFRa antibody (R & D Systems). (A) The reduced protein level of PDGFRa

was seen in cells with expression of PTCH1 and PKA. A small portion of the
transfected cells was used for colony-formation analysis. (B) Colonies were
visualized 16 days after transfection by using 0.05% crystal violet in 20%
ethanol. Most colonies derived from PKA- and PTCH1-transfected cells are
small, suggesting a slow proliferation in these cells. This result is consistent
with the reduced expression of PDGFRa in the cells. Transfection of each
construct was duplicated in each experiment and the experiment has been
repeated three times with consistent results.
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