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Abstract

The discovery of specific overexpression of a gatekeeper gene, ptch, in
basal cell carcinoma (BCC) led to a hypothesis that the human homologue
of patched (PTCH) normally functions as a negative regulator of the
signaling pathway that Is Initiated by hedgehogs (Hils) and activated by
the human homologue of smoothened (SMOH); however, no evidence for
the involvement ofsmoh and hhs has been provided. Here, we show novel
evidence that smoh is also preferentially overexpressed in BCC, together
withptch (P < 0.002), and that Sonic hh was expressed in only some BCCs.
Our data, therefore, Indicate that such overexpression of smok may be
associated with overexpresslon or mutation of PTCH and that this over
expressionsubsequentlystimulates the PTCH/SMOHsignalingpathway.
In an investigation of a possible regulation ofptch and smok, we demon
strated that expression of exogenous p2l@' in immortalized keratino
cytes down-regulates both pick and smoh and that the down-regulation is
accompanied by growth arrest, which suggests the involvement of

@21w@iin regulation of the PTCH/SMOH signaling pathway.

Introduction

BCC3 is the most common human cancer. It is characterized by
relatively undifferentiated basal keratinocytes, generally slow growth,
benignity, local invasiveness, and rare development of metastases (1,
2). The precursor lesion of this cancer is a matter of controversy.
Many clinical and pathological studies have been conducted of BCC;
however, understanding of the molecular mechanisms of carcinogen
esis is lacking. The gene responsible for BCNS, an autosomal dom
inant disorder characterized by susceptibility to a variety of tumors
and, particularly, to BCC (3), has recently been identified as ptch (4,
5), the human homologue of a Drosophila segment polarity gene ptc,
which encodes a transmembrane protein and has been mapped to

chromosome 9q22.3 (4â€”6).ptch mutations have been found in both
sporadic BCC and BCNS (4, 5), with and without loss of heterozy

gosity of chromosome 9q (7). ptch was, therefore, considered to be a
new gatekeeper gene for BCC (4, 8, 9). The suggestion that pich
mutations found in BCC disrupt autoregulation (suppression) of pich
itself and subsequently induce its overexpression was confirmed by in
situ hybridization analysis of BCCs (4, 10). Thus, specific overex
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pression of this gene is probably a necessary step for the development
of the BCC but not the 5CC phenotype (4, 5). A recent study showed
that plc/i overexpression is not necessarily dependent on mutations in
the ptch gene because most of the BCCs overexpressed ptch but only
30â€”40%have a detectable ptch gene mutation (7, 11).

Several studies indicate that FTC interacts with a secreting protein,
signal initiator, HH [Sonic (Shh; chromosome 7q36), Indian (lhh;

chromosome 2q35â€”q36),and Desert (Dhh; chromosome 12ql3) HHs
have been identifiedj, and regulates the function of target genes,
including ptc itself (12, 13). The patterns of ptc and Shh expression
suggest that these genes have important roles in development includ
ing cartilage formation (14) and spermatogenesis; deletion or muta
tion of Shh appears to be responsible for human holoprosencephaly
type 3 (15, 16). Overexpression of Shh in mice induces ptch expres
sion and induces BCC (17); however, a direct role of hhs in human
BCC development has not been demonstrated.

Another transmembrane protein, SMO, is implicated in the regula
tion ofthis signaling pathway (18, 19). Recent protein-binding studies
have given rise to the hypothesis that PlC functions as a receptor
(negative regulator) of HH, a ligand of PTC, and initiator of the signal
and that SMO serves as a downstream component of this signaling
machinery, being the last transmitter of the signal (20). No evidence

has been provided, however, for the direct involvement of smoh in
BCC.

In this study, we examined the involvement of smoh and hhs in the
genesis of human BCC that is associated with the PTCH/SMOH
signaling pathway. The results show that smoh mRNA is preferen
tally overexpressed in most BCCs and appears to be essential for
activation of the PTCH/SMOH signaling pathway; Shh was partly
involved in some BCCs.

Materials and Methods

Cell Culture. PrimaryHNKSwereisolatedfrombiopsysamplesobtained
during plastic surgery, prepared as described previously (21), and maintained
in serum-free keratinocyte growth medium (Keratinocyte-SFM; Life Technol
ogies, Inc.), supplemented with 5 ng/ml epidermal growth factor and 50 @Wml
bovine pituitary extract. A calcium concentration of 0.09 mM in the medium
(low Ca2@)forces the proliferation of HNKs. Differentiation of HNKs was
induced by raising the extracellular concentration of Ca2@to 1.2 mM (high
Ca2'; Ref. 22) when the cells were subconfluent and by holding them in this
medium for at least 12 h before retroviral infection. Immortalized human
keratinocytes, HaCaT cells, passage 140, and activated Ha-ras oncogene
transformed HaCaT variants, HaCaT ras I/i and HaCaT ras 11/3(Ref. 23;
provided by Drs. Boukamp and Fusenig, German Cancer Research Center),
were cultured in DMEM, supplemented with 10% FCS. The two HaCaT
variants were maintained in DMEM with 200 ng/ml G4l8 (Sigma Chemical
Co.) or in keratinocyte growth medium.

Cells were infected when growth reached 50% confluence with amphotropic

retroviruses containing pLXSN@P21W@@ (provided by Dr. J. C. Barreu, Na

tional Institute of Environmental Health Sciences) with 10 pg/mi polybrene
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(Sigma) as described previously (24) or transfected with 5 @gof EJ-ras
(mutated Ha-ras; American Type Culture Collection) in lipofectine (Life
Technologies, Inc.) following the manufacturer's protocol. The amphotropic
retroviruses (1â€”1.5 X l0@ colony-forming units/mi; NIH3T3 cells) were pre

pared with retrovirus vector pLXSN (provided by Dr. A. D. Miller, Fred
Hutchinson Cancer Center), and PA317 packaging cells (American Type
Culture Collection) and selected with 100 p@g/mlhygromycin as described
elsewhere (24).

HaCaT cells were treated with aphidicolin (1 ,.@g/ml)or nocodazol (50
ng/ml) for 15 h before cell cycle analysis and RNA extraction.

For cell cycle analysis, trypsinized cells were counted 15 h after aphidicolin
(Sigma) or nocodazol (Sigma) treatment, washed with PBS, and then treated
with propidium iodide in citrate buffer solution (Test Plus DNA Reagent Kit;
Becton Dickinson) as described in the manufacturer's protocol. Flow cytom
coy was then performed with a FACScan (Becton Dickinson) flow cytometer

and analyzed with CellQuest (Becton Dickinson) and ModFiT software.
Skin was reconstituted as described previously (21). Subcultured fibroblasts

were seeded onto the surface of a dermal substrate and cultured for 2 weeks to
produce a noncontractile dermal equivalent (provided by 0. Damour and C.
Collombel, Edouard Herriot Hospital). The epidermis was prepared by seeding
HNKS or HaCaT cells directly onto the dermal equivalent and was fed with
DMEM supplemented with 10% FCS, 5 mg/ml insulin, 2.5 mg/mI transfemn,
5 ng/ml epidermal growth factor, 0.5 ng/ml basic fibroblast growth factor, 0.4
mg/mI hydrocortisone, and 100 @Mcholeratoxin, cultured for 6 days, and made
to rise to the air-liquid interface by rafting onto wire grids. Keratinocytes were
then allowed to differentiate for 2 weeks. Formalin-fixed and paraffin-embed
ded skin sections were stained with H&E.

Skin Biopsies. The skin biopsy samples examined were as follows: for NS,

NS 1 (toe, male), NS 2 (nose, male), NS 3 (buttock, male), NS 6 (face, male),
NS 8 (shoulder, male), and NS 9 (back, female); for premalignant tumors
(BD), BD 4 (buttock,male)andBD 17 (buttock,male);forSCC,SCC5 (face,
male), SCC 11 (inguinal, female), SCC 13 (abdomen, female), SCC 21 (ear,
male), and SCC 22 (nose, female); for BCC, BCC 7 (face, male), BCC 10
(back, female), BCC 12 (nose, female), BCC 14(nose, female), BCC 16(lower
leg, male), BCC 18 (buttock, male), and BCC 19 (face, female); and for BCC
or trichoepithelioma, BCC 15 (cheek, male) and BCC 20 (cheek, male).

RNA Preparation, RT-PCR, and Primers Used. For isolation of total
cellular RNA, cells were washed with PBS twice and harvested by the addition
of TnReagent (Euromedex); RNA was then extracted as described in the
manufacturer's protocol. The RNAs were then treated with DNase I (Pharma
cia).

Samples of 1 i.@gof total RNA were subjected to RT-PCR. The RT reaction
was performed with 200 units of Moloney murine leukemia virus RT (Super
Script II; Life Technologies, Inc.) and 250 ng of random hexamer primers
(Pharmacia) and incubated with RNase inhibitor (RNA guard, Pharmacia) at
42Â°Cfor 50 mm, followed by an inactivation step at 70Â°Cfor 15 mm, as
described previously (25). A cDNA equivalent of 10% of the RT reaction was
used for each PCR. The following oligonucleotides were used as primer pairs
(forward/reverse): for ptch cDNA (GBD accession no. HSU43148), ptch F
1092, 5'-TCCCAAGCAAATGTACGAGCA-3'/ptch R 1238, 5'-TGAGTG
GAGTfCTGTGCGACAC-3' (144 bp); for smoh cDNA (GBD accession no.
U8440l), smoh F 615, 5'-CFGGTACGAGGACGTGGAGG-3'/smohR 756, 5'-
AGGGTGAAGAGCGTGCAGAG-3' (140 bp); for Shh cDNA (GBD accession
no. L38518), Shh F, 5'-GAAAGCAGAGAACFCGGTGG-3'/ShhR, 5'-GGA
AAGTGAGGAAGTCGCFG-3' (170 bp); for 11thcDNA (GBD accession no.
L38517), 11thF, 5'-CGGC1TFGACFGGGTGTATr-3'/Thh R, 5'-GAAAATGA
GCACATCGCFGA-3'(220bp);forDhhcDNA(GBDaccessionno. U59748),
Dhh F, 5'-TGATGACCGAGCGTrGTAAG-3'/Dhh R, 5'-GCCAGCAAC

CCATACflGU-3' (196 bp); and for human (3-actincDNA, (3-actinF 144
5'-GTGGGGCGCCCCAGGCACCA-3'/@3-actin R 682 5'-GTCCfTAATGT
CACGCACGA1TFC-3' (538 bp). The PCR was performed in 30-pi volumes
containingthetemplate, 1pJofdNTP(l0mr@i), l.5nMMgCI2, 1piofeachprimer
(10 riM),and 1 unit ofTaq polymerase(BoehringerMannheim)in 10 @.dof lOX
PCR buffer. The thennocycler was set with the following parameters: heat starting
for 3 rain at 94Â°C;40 cycles of 30 s at 94Â°C,1 mm at 52Â°C(forptch), 55Â°C(for
Shh), 50Â°C (for 11th and Dhh), or 60Â°C (for s,noh and @3-actin),and 30 s at 72Â°C;

and a final extension for 5 rain at 72Â°C.

To confirm RNA isolation and homogeneous RT-PCR and to standardize
the amounts of cDNA in the samples studied, we measured the RNA concen

tration and then performed an RT-PCR with (3-actin-specific primers. A
control RT-PCR without template DNA was performed in all experiments to
exclude contamination. The RT-PCR products were analyzed on 3% agarose
gel and stained with ethidium bromide.

For quantitative RT-PCR, 1 @Ciof [a-32P]dCTP(Amersham) was added to
eachsample,and25-cyclePCRswereperformedwiththe sameparametersas
above. The quantitative RT-PCR products were applied to 8% polyacrylamide
gels, dried, exposed to a phosphor screen, and visualized on a phosphorimager.
The relative mRNA expression was quantified with ImageQuant software
(Molecular Dynamics) using the volume quantification option, and the data
were analyzed statistically (mean Â±SD) with Excel (Microsoft version 4.0)
software. All of the thta points represent at least two independent measurements
of cDNA synthesisby PCR, and each volume was quantifiedthree times.

In all studies, the level of statistical significance was evaluated on the
basis of data from at least three independent experiments. Correlation and

significance were analyzed with StatView (ABACUS version 4.2)
software.

Results

Expression of smoh and hhs in NS, in Skin from Patients with
BD, SCC, or BCC, and in Hair Follicles. To identify the specific
involvement of smoh and hhs in human BCC, we measured the
expression of ptch, smoh, and hhs mRNA by RT-PCR in a series of
samples of NS, skin from patients with BD, 5CC, or BCC, and in
anagen (proliferating phase) hair follicles. ptch and snwh mRNA
expression are shown in Fig. 1A, and quantitative analysis of the
expression is shown in Fig. lB.

All of the BCC (or BCC or trichoepithelioma) samples overex
pressed (BCC 7, 12, 14, 19, 15, and 20) or expressed (BCC 10, 16, and

18) ptch mRNA, and none of the NS, BD, and 5CC samples showed
expression. ptch expression was significantly higher in BCC than it
was in NS and 5CC (NS versus BCC, P 0.005; 5CC versus BCC,
P = 0.009; Student's t test). This result is in agreement with the
results of recent analyses by Northern blotting and in situ hybridiza
tion (4, 6, 7, 10).

Most of the BCC samples (BCC 7, 14, 16, 15, and 20; 6 of 9, or
67%) and one BD sample (BD 17) overexpressed smoh mRNA;
however, a low level of smoh mRNA was expressed in all NS and
5CC samples, one BD (BD 14) sample, and three BCC (BCC 10, 18,
and 19) samples. Overexpression of smoh in BCC was statistically
significant (NS versus BCC, P = 0.002; 5CC versus BCC,

P = 0.006).
Interestingly, most of the samples that overexpressed ptch also

overexpressed smoh. Because PTCH functions as a transcriptional
regulator, smoh may be an effector gene of PTCH. To examine this
putative biological link, we examined the relationship between ptch
and smoh expression in these samples. A significant correlation was
found (P < 0.002), indicating that overexpression of ptch may di
rectly transactivate or contribute to the expression of smoh mRNA.
We also examined the expression ofptch and snwh mRNA in plugged
anagen hair follicles: ptch mRNA was not expressed in any of the
seven samples tested, but a low level of smoh mRNA expression was
detected, equivalent to that in NS (data not shown).

Expression of hhs was also determined by RT-PCR (Fig. lC). We
found expression of Shh in one BD sample (BD 17) and two BCC
samples (BCC 16 and 18), but neither lhh nor Dhh was expressed in

any of the normal and or tumor samples tested (low expression was
detected in BD 17 and BCC 15 and 20). The expression of Shh in the
tumors was independent of the ptch expression status, which suggests
that overexpression of ptch in BCCs is not directly due to Shh.

Expression ofptch and smoh in HNKs and Immortalized Hu
man Keratinocytes. To study regulation of the PTCH/SMOH sig
naling pathway in vitro, we examined the expression of the respective
genes in HNKS and in HaCaT cells.
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HaCaT is a spontaneously immortalized human keratinocytes cell
line and is not tumorigenic; it contains UV-specific p53 mutations.
And two EJ-ras transformed variants, HaCaT ras 1/7 and ras 11/3, are
tumorigenic and produce noninvasive and invasive tumor in nude
mice, respectively. Compared with its expression in HNKs, pich was

A@ ptch
l@l smoh

C

0

â€˜.5

0@0

300

250

200

150

100

50

PREFERENTIAL EXPRESSION OF smoh IN BCC

A

ptch
(144bp)

smoh@
(l4Obp) 250

.@

C

U
U
a
a

.@ 200

I@â€˜@Â°
@ s@100

0
@@ 50

tao

0

172%

R81%

U

169%

100% 100%

NS @ii@ SCC BCC

35
I@ @@2+@@ @_@_:___@â€˜@-@ Treatment

HNK HaCaT HaCaT HaCaT Cell line
ras 07 ras fl/3

BD SCC BCC

ptch

U

B

C
@3o

C

z 25

CÂ°@1

a. a 10

@ 5

,@ _@,,_@
â€˜h.#@

@:-@rQ@ - - .. . .-1

â€¢i::@@.'-@:@@
i...

-,.@;& J

Fig. 1.A, quantitative RT-PCR analysis ofptch and smoh mRNA expression in human
skin and tumors. B, quantitative analysis ofptch and smoh mRNA expression in NS, BD,
SCC, and BCC. C, expression of Shh, Thh,and Dhh in NS, BD, 5CC, and BCC. cDNAs
for Shh and 11th(provided by C. Tabin, Harvard Medical School) and genomic DNA
extracted from HaCaT cells for Dhh were used as positive controls in RT-PCR.

A low level of expression of wild-type ptch mRNA was detected in
proliferating (cultured in low-Ca2@ medium) and in growth-arrested,
differentiating (cultured in high-Ca2@ medium) HNKs (Fig. 2A),
which was similar to the expression seen in NS. This suggests that the
ability of HNKs to proliferate is not due to expression of ptch. The
level ofptch expression in proliferating normal human fibroblasts was
as low as that in HNKs (data not shown). smoh mRNA was expressed
at a low level but constitutively in HNK, and a similar level of
expression was found in human fibroblasts (data not shown).

no 48 h 72 h@@ 24 h 48 h 72 h
treatment . .@

Timeafter =@ Time after
EJ-ras@@ @2jWAF1
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Fig. 2. A, quantitative analysis of ptch and smoh mRNA expression in HNKs,
immortalized keratinocytes (HaCaT), and ras-transformed variants, HaCaT ras 1/7 and
HaCaT ras 11/3.B, in vitro reconstituted skin prepared with HaCaT displays histological
features of BD or actinic keratosis. Histology of control and HaCaT skins reconstituted
with HNKs or pich and smoh overexpressing HaCaT. respectively. (Magnification.
X400). C, regulation ofptch and smoh mRNA in HaCaT after EJ-ras transfection, at G1
or G2 arrest or after @2jWAFIinfection. Cell cycle profiles were as follows. For nonsyn
chronized cells, G0-G,, 52.0%; 5, 23.7%; and G2-M, 24.4%. For aphidicolin-treated,
G,-arrested cells, G0-G1, 52.6%; S. 36.5%; and G2-M, 10.9%. For nocodazol-treated
G2-arrested cells, G0-G1, 2.24%; 5, 68.8%; and G,-M, 29%.
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overexpressed in HaCaT and in HaCaT ras 1/7 and ras 11/3 (Fig. 14),

the two variants expressing ptch at a higher level than the parent (1.4-
and 1.7-fold increases, respectively). To determine whether the over
expression ofptch is due to the ptch mutation, we performed mutation
analysis by single-strand conformational polymorphism method as
described previously (4); however, no ptch mutation was detected in
HaCaT cells (data not shown).

smoh was also overexpressed in HaCaT and its variants (Fig. 14),
with HaCaT ras 1/7 showing the lowest expression. Interestingly, an
inverse correlation between the level of smoh expression and the

doubling time was observed, i.e., HaCaT had the highest level of smoh
expression and the shortest doubling time, and HaCaT ras 1/7 had the
lowest level of smoh expression and the longest doubling time (data
not shown).

To further understand the role of ptch/snwh overexpression in the
BCC phenotype, we reconstituted skin with HNK (as a control) and
HaCaT in vitro (Fig. 2B). Skin reconstituted with HaCaT, which
overexpresses ptch and smoh, exhibited a phenotype similar to that of

BD or actinic keratosis (no differentiated layers and no alignment of
basal cells), a premalignant lesion of 5CC (Fig. 2B); it was unlike that
of BCC, which shows no palisade cell structure and no local invasion.
This result suggests that overexpression of ptch and smoh is made
quate to generate the BCC phenotype or that HaCaT cells lack some
important genetic alteration or element.

To investigate the differences in ptch and smoh mRNA expression
among the HaCaT variants, we transiently transfected HaCaT with

EJ-ras (mutated c-Ha-ras gene). ptch expression was markedly in
creased (2.7-fold) 72 h after transfection (Fig. 2C), and smoh expres
sion was increased by 30%.

To further investigate ptch and smoh coregulation, we performed
following in vitro experiments. To study regulation of ptch and smoh
mRNA during the cell cycle, we analyzed the regulation of overex
pression of plc/i mRNA in HaCaT treated with aphidicolin (as an
inducer of cell cycle arrest in G 1) or nocodazol (as an inducer of cell
cycle arrest at G2), and the growth was arrested at either@ -S or
G2-M. The cell cycle profiles were confirmed by fluorescence-acti
vated cell sorting analysis. ptch expression was down-regulated in
cells arrested at both G1 (32% reduction) and G2 (15% reduction) in

HaCaT, in comparison with that in nonsynchronized cells (Fig. 2C).
smoh expression was also down-regulated in HaCaT cells arrested at
both G1 (24% reduction) and G2 (15% reduction).

A major cyclin-dependent kinase inhibitor, p21wAFI, plays impor
(ant roles in cell cycle arrest in G1, apoptosis, differentiation, and
senescence (26). As demonstrated previously (24), p2l@'@ protein

expression is strongly suppressed in HaCaT and its variants, and the
introduction of exogenous @2JwAFl into these cells arrested cell

growth and suppressed telomerase activity within 2 weeks. To inves
tigate whether @2JWAFlalso affects ptch and smoh expression in
HaCaT, we examined their expression in HaCaT cells that overex
press @2JwAF1,introduced by retroviral infection. The expression of
both ptch and smoh was markedly reduced in a time-dependent
manner: 16, 30, and 36% decreases 24, 48, and 72 h after transfection,
respectively, forptch expression; 4, 7, and 52% decreases, 24, 48, and

72 h after transfection, respectively, for smoh expression (Fig. 2C).

Discussion

Overexpression (67%) or a substantial level of expression (33%) of

mRNA of the gatekeeper gene, ptch, was detected in all BCCs tested
but not in 5CC, NS, or anagen hair follicle samples. Mutational
inactivation of ptch function is suspected to lead to overexpression of
the transcript because of the failure of a negative feedback regulatory
mechanism (4, 5, 7, 10, 11, 20). The finding of a variety of truncating

mutations in both sporadic BCC and BCNS (4â€”7,10) suggests that
loss of the COOH terminus of the ptch protein (PTCH) might be
important for ptch autoregulation and be implicated in the transacti
vation of downstream effector genes. Recent data suggest, however,
that overexpression may not always be associated with mutation (11);
for example, HaCaT cells overexpress ptch but have no mutation. This
may be due in part to the trisomy of chromosome 9q (23), where ptch
is located, in HaCaT cells.

Here, we have not only demonstrated overexpression of ptch in
BCC, but we have also provided evidence that smoh is also prefer
entially overexpressed (P = 0.002). Most of the BCC examined
overexpressed both ptch and snwh (P < 0.002). PTCH is presumed to
be a transcriptional regulator and to suppress the signal transducer
function of SMOH. Little is known about the transcriptional targets of
PTCH, in terms of either the binding nucleotide sequence or the
downstream effector genes, except ptch itseLf. One explanation for the

coexpression of ptch and smoh in the BCC is a biological link in
which smoh expression may be regulated in an autoregulatory fashion
similar to that of ptch.

Because snwh mRNA is not overexpressed in NS, anagen hair
follicles, or proliferating keratinocytes, overexpression of smoh may
be causally involved in the genesis of the BCC phenotype, together
with the gatekeeper gene, ptch.

Coordinated regulation of ptch and smoh has been observed in the
HaCaT cell line in several experimental settings, including down
regulation at G1 arrest and up-regulation at G2 arrest and expression
of exogenous p21@Â°@(up-regulation) and expression of exogenous

@ (down-regulation). The expression of smoh but not of ptch

in one skin sample from a patient with BD (BD 17), suggests the
existence of ptch-independent regulation of the function of smoh as a
positive regulator of proliferation of this neoplasm but not as a
gatekeeper. Down-regulation of both ptch and smoh accompanied by
growth arrest in HaCaT suggests not only that p21wAFl is directly

Constitutive
signal

)

\@

Fig. 3. PTCH/SMOH signaling pathway in humans. -s, activation; â€”@,suppression; X,
inhibition; ?, mechanism(s) not identified.
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involved in regulation of the PTCH/SMOH pathway but also that
p2lWA@@might be of therapeutic value in BCC. Overexpression of
mouse Shh results in the development of BCC in transgenic mice (17).

Interestingly, mutation of Shh was rarely observed in human BCC
(17). But retrovirus-mediated ectopic expression of human Shh in
human keratinocytes grafted to nude mice displays BCC features (27).
Here, we found Shh and Dhh (at least autocrine hhs) are only partly
involved in development of human BCC in vivo. Our data, therefore,
indicate that the scheme for human BCC (Fig. 3) should be reevalu

ated: mutation of ptch or alternatively overexpressing wild-type ptch
may activate the transcription of ptch and smoh mRNA, which sub
sequently overexpresses SMOH, and finally stimulate PTCHJSMOH
signaling pathway and a part of an amplifying loop contributing to

BCC development. Evidence for the involvement of HHs in the
genesis of BCC is scanty.

As we demonstrated previously (28), UV-associated telomerase
activation is the first step in human skin carcinogenesis, after which
the cells acquire the UV-specific p.53 mutation (29). This is a common
step in both BCC and 5CC. ptch overexpression (with or without
mutation) would then have a gatekeeping function for BCC either
before or after p53 mutation. Although, in this scheme, there is no
strong correlation between the status of p.53 (immunoreactivity) and
ptch (degree of overexpression; Ref. 11). Therefore, expression of the
BCC phenotype might be directly due to PTCH together with uniden
tified downstream PTCH effector genes, after activation of SMOH
function(s) (Fig. 3).

Lack of knowledge about the premalignant stages of BCC and the
difficulty in culturing human BCC cells has slowed the understanding
of the mechanisms underlying the genesis of BCC. Progress has been
made recently by the finding of the preferential overexpression of ptch
and smoh. Further studies will be required, however, to identify the
molecules that regulate this signaling pathway and the mechanism by
which ptch and smoh regulate keratinocytes.
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