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Abstract

The nevoid basal cell carcinoma (Gorlin) syndrome (NBCCS) is an
autosomal dominant disorder characterized by multiple developmental
defects and cancer susceptibility. NBCCS is caused by mutations in the
human homologue (PTCII) of the Drosophilapatched gene, a developmen
tal regulator implicated in signaling of hedgehog and smoothened. The
PTCH gene was found to contain somatic mutations also in sporadic basal
cell carcinomas and medulloblastomas, tumors seen in NBCCS, consistent
with PTCH acting as a tumor suppressor. Because basal cell carcinomas
have been observed to develop in association with benign trichoepitheli
omas (TEs) in the same lesions, patients, and families and may share the
same cell of origin, we have analyzed PTCH for mutations and expression
in TEa, We report frameshift and in-frame somatic deletions in this gene
and a consistent overexpression of PTCH mRNA in TEs These findings
provide the first evidence of a gene mutation in TEa and identify a
common pathogenic pathway for histopathologically similar but prognos

tically distinct skin tumors. Moreover, these results support the presence
ofa gatekeepermechanismin multistepskintumorigenesisexertedbythe
altered PTCH signaling pathway.

Introduction

The NBCCS4 (McKusick number MIM 109400; for a review see
Ref. 1) is an autosomal dominant disorder characterized by multiple
developmental abnormalities and susceptibility to a variety of tumors,
in particular to BCCs. BCC of the skin is the most common cancer in
humans, and its annual incidence has increased considerably in the
last 2 decades (2). BCCs seen in NBCCS develop earlier in life and
are often seen in large numbers at multiple sites, consistent with the
NBCCS gene acting as a tumor suppressor. The NBCCS locus was
mapped to the long arm of chromosome 9 by genetic linkage analysis,
supported by frequent loss of constitutional heterozygosity at 9q
(3â€”5),and the defective gene was found by positional cloning (6â€”8).
The gene was identified as PTCH, a human homologue of ptc, an
important developmental regulator, initially found as a segment po
larity gene (9). ptc was implicated in the transcriptional repression of
genes encoding members of the transforming growth factor-a and
Wnt proteins and in the signaling pathway of Drosophila hedgehog
and smoothened (10â€”13).The human gene (PTCH) is expressed in
target tissues of shh (6) and encodes a membrane receptor containing
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12 transmembrane domains (7, 8) and two large extracellular loops
that are essential for binding shh ( 10, 1 1).

Germ-line mutations of PTCH were identified in a significant
proportion of families with NBCCS (7, 8, 14â€”16),but they do not
appear to show any obvious phenotypic correlates (14). A number of
observed mutations, which were accompanied by no copy of the
wild-type sequence in BCCs of NBCCS patients, would be predicted

to result in a loss of function of the gene product (7, 8, 14â€”16).
Mutations have also been found in sporadic BCCs (7, 8, 15â€”17), in

which PTCH was found invariably overexpressed as analyzed by in
situ hybridization ( I7, 18). Recent studies indicated that this gene is
also mutated in medulloblastomas (19, 20), which are primitive neu
roectodermal tumors and are considered to constitute a diagnostic
feature of NBCCS ( 1). Recently, Oro et al. (2 1) reported a putative
activating missense mutation (H133T) in human shh in several tu
mors, suggesting that PTCH may be a part of an important cancer
pathway. The inactivation of the PTCH gene product was proposed to

be virtually necessary for passing the genetic threshold of the neo
plastic process in the skin (22).

TEs are benign skin tumors with follicular differentiation, most
commonly seen on the face and sometimes urging cosmetic interven
tions. They appear as skin-colored nodules or papules with few
telangiectasias. If they present as multiple lesions, they are usually
smaller and are commonly found on the nasolabial folds and upper
lips (23, 24). These tumors are occasionally familial, usually trans
mitted from one generation to another with no clear sex preference,
compatible with autosomal dominant inheritance. Interestingly, BCCs
have been reported in such families and both tumor types have been
suggested to have a common origin in hair follicle keratinocytes (23,
24). Although there is a defined set of histopathological and clinical
diagnostic criteria, TEs can, in some cases, be mistaken for BCCs and
vice versa (23, 24). To test PTCH as a candidate gene involved in the
development of TEs, we have analyzed this gene for mutations using
SSCP analysis of genomic DNA extracted from tumor cells dissected
from TEs and for expression by in situ hybridization.

Materials and Methods

Tumor Samples. A total of 21 differentTEs derived from 17 unrelated
patients were analyzed for PTCH mRNA expression and CD34 staining. Nine

tumor samples from unrelated Swedish patients with TEs were included in the
mutational analysis. The samples were obtained from the Karolinska and
Danderyd Hospitals (Stockholm, Sweden). The mean age of patients at diag
nosis was 55 years and ranged from 25 to 82 years. With the exception of two
patients with multiple TEs (TR4 and TR8 in Table 1), none of the patients had

a known positive family history of TEs. Patient TR4 had an affected brother
with multiple TEs, and patient TR8 had a sister and a daughter with multiple

TEs. The patients and tumors are described in Table I . All tumors were
histologically reviewed and classified according to established criteria (23). All
tumors were reevaluated independently, and only clinically and histopatholog
ically typical TEs were included. All TEs were small, skin-colored, nonulcer

ated papules. They were epithelial-mesenchymal lesions with frond-like epi
thelial growth patterns, surrounded by fibroblastic stromas forming abortive or
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Table I Clinical characterization of TEs and in situ PTCH mRNAexpressionSample

Sex Tumor location Ages at diagnosis/sampling (yr)SignalintensitybyISHâ€•TR

1b M Penorbital 59/59++TR4

M Forehead'30/79+TR5
F Upper eyelid 64/64++TR6

M Forehead 82/82++TR7

F Periorbital50/50+TR8
F Nasolabial'25/49+TR

I0 F Nasolabial 49/49++TR

I 1b M Forehead 41/4 1++TRI2

F Nose44/44++a

Signal intensity was estimated using a semiquantitative scale from 0 to + +.
1@Tumors with PTCHmutations.C

Denotes samples from patients with multiple and familial TEs; the remaining tumors were solitary andsporadic.Table

2 Summary of PTCH mutations in TE DNA samplesPresence

of the
wild-type allele

45%
<1%Mutation

in
the germ line

Absent
Absent

PTCH IN TRICHOEPIThELIOMAS

Sample Primers PTCHexon Nucleotide changeâ€• Protein changeâ€•

TRI I PTC2O 20 3509del26,â€•3539de1I LI170W, delLl171â€”01179,P1180T
_@@:!_ @@!2:@E@?_ @-@_- I I O8de1AAGC Frameshift

(1 The numbering of nucleotides and codons is as in Ref. 8 (GenBank accession no. U59464).

I, The deleted sequence was 5'-TGC â€˜fTC CCG TGC 1TI' TOT CTT TCT â€˜VI'-3', followed by 3539delC.

developed hair bulb structures. All TEs contained small keratinocysts. Cellular
material was punched out from macro- and microscopically well-defined
nodules in the paraffin blocks to minimize contamination with normal cells.

DNA Extraction. DNA was extractedfrom paraffin-embeddedmaterial
using methods described previously (25, 26). Constitutional DNA was isolated

either from patients' blood samples or normal fixed tissue using the same
methods.

PCR-SSCP Analysis and Sequencing. The sequence of oligonucleotide
primers used for PCR-SSCP were as described previously (7, 16). The Se
quences of the forward and reverse primers flanking the shh H 1331 mutation
(21)were5'-GAGGGCTGGGACGAAGATGG-3' and5'-CTGCGGTCG
CGGTCA GACG-3', respectively.PCRscontained100 ng of DNA, 0.25 @.tM
each primer, 100 @.LMeach dNTP, 1.5 mM MgC12, 10 m@ Tris-HCI (pH 8.3), 50
mM KCI, 0.01% gelatin, 0.2 @Ciof [a-32P]dCTP (3000 Ci/mmol), and 0.5
units of Taq polymerase (Perkin-Elmer) in a volume of 20 @l.Amplifications

were performed for 30â€”35cycles, with denaturation at 94Â°Cfor 30 s, anneal
ing at 52â€”58Â°Cfor 45 s, and extension at 72Â°C for 30 s in a Perkin-Elmer

thermocycler (GeneAmp System 9600). The samples were mixed with 95%
formamide, 0.05% bromphenol blue, 0.05% xylene cyanol, and 50 m'vi NaOH,

denatured at 95Â°Cfor 10 mm, and loaded onto 0.4 mm X 30 cm X 45 cm 5%
polyacrylamide-5% glycerol gels (cross-linking, 2.5%). The electrophoresis
was conducted at 2â€”5W at room temperature overnight. The gels were dried
and autoradiographed for 1â€”2days at â€”70Â°C.PTCH segments identified as
containing mutations were reamplified in parallel from the original DNA

sample, positive and negative controls, and fragments exhibiting bandshifts cut
from the SSCP gels (26). DNA was sequenced in both directions using cycle
sequencing with AmplilaqFS (Perkin-Elmer) on the Applied Biosystems
373A DNA sequencer.

In Situ Hybridization. In situ hybridization and preparation of PTCH
RNA probes were carried out as described previously (14, 18). Briefly,
paraffin-embedded tumor sections from 2 1 TEs were treated with proteinase K
and washed in 0. 1 M triethanolamine buffer containing 0.25% acetic anhydride.
Sections were hybridized with 2.5 X 106 cpm of labeled antisense or sense
probe at 55Â°C.Autoradiography was performed for 2 weeks.

Immunohistochemistry. A mouse monoclonal antibody directed against
CD34 (QBEND/l0; Unipath, Basingstoke, United Kingdom), diluted 1:50,
was used. Sections from each tumor sample were incubated with antibody for
16 h at room temperature and processed using a standard avidin-biotin immu
noperoxidase/diaminobenzidine detection system. Control serial sections were
used with no primary antibody.

Results

Identification of PTCH Mutations in TEs. The PTCH coding
region was amplified from tumor DNA samples using oligonucleotide

primer pairs flanking each exon. The PCR products were analyzed on

SSCP gels, and those with altered mobility were sequenced. Muta
tions were found in two patients (Table 2 and Fig. 1). Although one
sample (TR1 in Table 1 and Fig. lA) had a frameshift deletion with no
detectable wild-type PTCH allele, the other sample with a mutation
was found to contain significant amounts of the normal copy of PTCH

(patient TR1 1 in Table 1 and Fig. 1B). The latter mutation was a larger

deletion in exon 20 and would be predicted to lead to a removal of the
COOH-terminal part of the 12th transmembrane domain. This domain
was previously shown to be deleted and mutated in tumor DNA

extracted from BCCs and medulloblastomas (16, 20) and is likely to
be essential for downstream signaling by PTCH. The ratio of the
signal intensity from the wild-type and mutated allele was estimated

at about 45% (Fig. lB).
Somatic Origin of PTCH Mutations. To determine whether these

mutations are present in the germ line, normal DNA samples from
patients TR1 and TR1 I were analyzed in parallel with tumor DNA
and controls. The results revealed no copy of the mutated allele in the
germ line (data not shown), indicating a somatic origin of the muta
tions. Thus, the significant amounts of normal copy observed in
sample TR1 1 was due to the presence of cells not containing the
alteration, presumably normal stromal cells. No mutations were found

in tumor or normal DNA from patients demonstrating multiple TEs
(samples TR4 and TR8 in Table 1).

Screening for the H133T Mutation in Sill. In Drosophila, an
excess of hedgehog function can have an effect similar to loss of ptc
function, and this relationship appears to be conserved in vertebrates.
Transgenic mice overexpressing shh in the skin develop many fea
tures of NBCCS, including BCC-like tumors (21). One candidate
activating mutation (H133T) in the human shh was recenfly found in
1 of 43 BCCs, 1 of 14 medulloblastomas, and in 1 of 6 breast cancers

(21). We have examined TE tumor DNA for this particular change;
however, the mutation was not found in any samples, nor was it
present in any tumor DNA extracted from 32 unrelated patients with
primitive neuroectodermal tumors or in five medulloblastoma cell
lines.5

Expression of PTCH mRNA. The results of in situ hybridization
experiments are shown in Table 1 and Fig. 2. All TEs included in the
mutation screening showed CD34 positivity (Fig. 2F), confirming

5 I. Votechovsk@, 0. Tingby, M. NistÃ©r, V. P. Collins, and R. ToftgArd, unpublished

data.
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PTCH IN TRICHOEPITHELIOMAS
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Fig. I. SSCP alterations in tumor DNA samples of two patients with TEa and a corresponding nucleotide sequence. A, patient TRI, exon 8; B, patient TRI I, exon 20. @.abnormal
SSCPpatterns.Arrowheads,deletionbreakpointsinpatients(top);bars,missingnucleotidesincontrols(bottom).Secondarrowheadinexon20ofpatientTR1I (B),a cytosinedeletion,
which restores the reading frame.

Fig. 2. Expression of PTCH mRNA and CD34
staining in a solitary TE. A, bright-field photomi
crograph of TE counterstained with H&E. Ta, tu
mor cells. Arrow, area shown in E under high
magnification. B, dark-field photomicrograph of
the samesection.The tumorsectionswerehybrid
ized with 355-labeled antisense PTCH probe. Abun
dant autoradiographic signal is seen in tumor cells,
whereas no expression is observed in normal epi
dermis (Ep). C, dark-field photomicrograph of an
adjacentarea of the sametumor.In contrastto the
strong signal for PTCH mRNA in tumor nests (Tu),
no signal is detected in normal follicular epithelium
(arrow). D, sections of the same tumor hybridized
with the sense probe showed no signal. E, tumor
nests under high power demonstrate specific signal
manifested as black grains in tumor cells. F, posi
live immunoreactivity for anti-CD34 antibody in
stromal cells adjacent to tumor cells. Bars, 150 @.tM
(A-D and l@)and 15 @LM(E).

I @o',o':o'iâ€¢ @â€¢aa A @A@ A@ a AOQ@cA3 Aa
70@ ;@

S

4679

e.

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/57/21/4677/2959246/cr0570214677.pdf by guest on 19 M

ay 2023



PTCH IN TRICHOEPITHELIOMAS

previous findings (27) and, together with clinical and histopatholog
ical criteria, indicating that the tumors analyzed were TEs and not
BCCs. The analysis of 21 TEs revealed a strong PTCH signal con
fined to tumor cells in 19 TE sections, whereas two TEs of the
desmoplastic variant lacked overexpression. No detectable signal
could be seen in normal epidermis or normal follicular epithelium
(Fig. 2, B and C). All samples included in mutation screening showed

an overexpression, and the mutated tumor samples showed a relatively
strong signal intensity (Tables 1 and 2). The average signal intensity
from TE tumor cells was comparable to that previously observed in
BCCs (I 7, 18). Theseresultspresentthe first evidenceof a consis
tently overexpressed gene in benign tumors of the skin and suggest
that PTCH overexpression reflects a failure in the negative feedback
mechanism due to mutations in PTCH or possibly in other genes in the
signaling cascade.

Discussion

Here, we provide the first demonstration of the involvement of the
important tumor suppressor gene PTCH in benign skin tumorigenesis.
Our finding of two of nine mutated TEs suggests that altered PTCH
or, more generally, alterations in the signaling pathway leading to
overexpression of PTCH may be required for the initiation of both
BCCs and TEs. One of the tumors (TR1 in Table 2) exhibited the
frameshift mutation and virtual absence of normal copy of PTCH,
indicating somatic inactivation of the gene in this tumor, which is
consistent with PTCH acting as tumor suppressor. Our results are
compatible with previously formulated hypothesis postulating the
existence of a gatekeeper mechanism in skin tumor development (22),
originally suggested for the inactivated APC gene in the initiation of
colorectal tumors (28). As in dominantly inherited familial adeno
matous polyposis, which typically leads to the development of hun
dreds to thousands of adenomas, NBCCS alleles confer extremely
high risks of developing similar numbers of BCCs. The Knudson's
â€œsecondhitâ€•in a cell already containing a single NBCCS allele seems
to be most commonly represented by a mitotic recombination event
but can also be achieved by a somatic mutation, loss of large chro
mosomal regions (16, 20), or other mechanisms. This event may be
rate limiting in the development of these and other epithelial tumors.
By contrast, squamous cell carcinomas of the skin, lungs, and esoph
agus have not been found to contain PTCH mutations (29, 30), nor
have they been found in tumors of mesenchymal origin (31). Recent
data show PTCH mutations also in extracutaneous ectodermal tumors
and in additional tumors seen in NBCCS (32).

Consistent with our previous observations in BCCs (17, 18), an
increased expression of PTCH at the level of RNA seen in all but two
TEs analyzed, including tumors with somatic mutations, suggests that
deregulation of the SHH-PTCH signaling pathway may be an early
and necessary event in TE development. Interestingly, two TEs that
did not show PTCH mRNA overexpression were of the desmoplastic
type. Because a susceptibility to multiple desmoplastic TEs has been
described as a separate hereditary syndrome (McKusick number MIM
190345; Ref. 33), the development of desmoplastic TEs may result
from accumulating distinct genetic events.

There has been a controversy as to the origin of BCCs and TEs.
Multiple hereditary TEs were reported independently by Brooke (34)
and Fordyce (35) as epithelioma adenoides cysticum. Previously
reported cases of malignant transformation of TEs have later been
considered BCCs in NBCCS (36). Association of BCCs and multiple
hereditary TEs without other signs of NBCCS was described, but the
occurrence of BCCs and TEs in the same patient has only been well

documented in a few reports (37â€”39).However, Johnson and Bennett
(38) suggested that the association of BCCs and TEs is not unusual,

and histopathological characteristics of the two tumor types support
the notion that they are related. The absence of PTCH mutations and
overexpression in squamous cell carcinomas (29, 30) and their pres
ence in BCCs and TEs may argue in favor of their common histoge
netic origin, perhaps supporting the follicular hair cells as a source of
malignant transformation. In addition to common PTCH alterations,
further genetic changes may be present in BCCs or TEs or both that
would account for distinct biological potential of the two tumor types.

The development of hair follicle-derived tumors, including TEs and
tricholemmomas, was reported in a nonclassical Li-Fraumeni syn
drome patient with a constitutional missense mutation in exon 8
(R273C) of the p53 gene (40). Positive nuclear immunostaining for
p53 was observed in tumor cells but not in surrounding normal cells,
suggesting a possible presence of an additional somatic mutation in
p53. However, to our knowledge, TEs have not been analyzed for
mutations in this gene.

Using two African-American families, the tentative disease locus
for multiple familial TE was recently mapped to 9p2l, reporting a
maximum LOD score of 3.3 1 at zero recombination fraction for
D9Sl7l, whereas the analysis of four markers at 9q22-q3l did not
show a significant evidence for linkage (41). Although the number of
genotyped family members was limited, these results, if confirmed,
would support the existence of a TE susceptibility locus on chromo
some 9p. Therefore, samples from well-documented multigenera
tional families should be collected, followed by genetic linkage anal
ysis. In this context, it is worth noting that TEs have not been reported
in NBCCS and that we did not find any PTCH mutations in the two

patients with familial multiple TEs (Tables 1 and 2).
In additionto BCCs, TEs have been observed in the same patients

together with multiple CCs, an autosomal dominant disorder known as
the Brooke-Spiegler syndrome (42). A recent review of the literature
on CC revealed that these tumors often appear concomitantly with
TEs in sporadic patients (43). The same report documented a large
family with a dominant transmission of these lesions, involving 20
family members with CCs only, 3 patients with TEs only, and 4
patients with the concomitant presence of both TEs and CCs (43).
Furthermore, familial cases of CCs observed in the literature had
lesions on the face, a typical location of TEs (43). CCs and TEs have
even been reported together in a single congenital plaque lesion (42).
Also, co-occurrence of multiple TEs and multiple eccrine spiradeno
mas have been observed in the same patients (44, 45). These obser
vations strongly suggest a common genetic pathway in the develop
ment of TEs, spiradenomas, and CCs, and it will be interesting to
examine DNA from these skin tumors for PTCH alterations. It is
tempting to speculate that the genes altered in these tumor types will
play a role in the SHH-PTCH signaling pathway.
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