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In volve ment of Patched (PTCH) Gene in Gorlin Syn drome and Re lated Dis or ders:
Three Fam ily Cases 

Mirna Šitum, Sonja Levanat1, Ivana Crniæ1, Božidar Paveliæ 2, Darko Macan3, Jakša Grgureviæ2,
Mirjana Mubrin-Konèar4, Jasna Lipozenèiæ

Department of Dermatovenerology, Zagreb University School of Med i cine; 1Division of Mo lec u lar Med i cine, Ruðer
Boškoviæ In sti tute, Zagreb; 2School of Den tal Med i cine, Uni ver sity of Zagreb, Zagreb; 3Department of Oral and
Maxillofacial Sur gery, Uni ver sity Hos pi tal Dubrava, Zagreb; and 4Department of Nu clear Med i cine,  Sestre Milosrdnice
University Hos pi tal , Zagreb, Croatia

Aim. To find ge netic al ter ations in PTC or other genes of the Shh/PTCH path way in tumorous and non- tumorous sam ples
from three fam i lies and to cor re late them with the vary ing ex pres sion of dis or ders in pre sented nevoid basal cell car ci noma
syn drome (NBCCS) phe no types.
Method. DNA was ex tracted from ar chi val par af fin-embedded tis sues, tu mor tis sue or pe riph eral blood leu ko cytes, and the
loss of heterozygosity (LOH) and sin gle strand conformational poly mor phism anal y sis was per formed us ing PCR with prim -
ers for poly mor phic 9q22.3 mark ers (D9S196, D9S287, D9S180, D9S127); PTCH exons 3, 6, 8, 13, 15, 16; and smo (smooth -
ened) exon 1. G-banding tecnique was used for cytogenetic anal y sis of the pe riph eral blood lym pho cytes. 
Re sults. We found a LOH for PTCH in sev eral cases and vari abil ity in smo in one case. In one case NBCCS could rea son ably
be as cribed to hemizygous PTCH in ac ti va tion, while in other two fam i lies this typ i cal cor re la tion be tween the syn drome phe -
no type and the ob served ge netic al ter ations could not been es tab lished.
Con clu sions. Fur ther anal y sis of rel a tively sparse cases of NBCCS is needed be fore the symp toms of the syn drome could be
con vinc ingly ex plained by ge netic al ter ations in the Shh/PTCH sig nal ling path way.

Key words: allelic loss; basal cell ne vus syn drome; Gorlin syn drome; LOH, loss of heterozigosity; sig nal pathways

Among the in creas ing num ber of med i cal con di -
tions for which in her ited pre dis po si tions are sus pected,
un der ly ing ge netic al ter ations are most readily dem on -
strated for those dis or ders that have an in creased in ci -
dence in her i ta ble syn dromes.

Nevoid basal cell car ci noma syn drome (NBC- CS)
or Gorlin syn drome is a rare autosomal dom i nant dis or -
der char ac ter ized by pre dis po si tion to basocellular car ci -
no mas and sev eral other tu mors, in clud ing ovar ian
fibroma and medullo- blastoma (1). De vel op men tal de -
fects are an other prom i nent fea ture of the syn drome and
in clude pits of the palms and soles, jaw keratocysts and
other den tal mal for ma tions, midline brain mal for ma -
tions, stra bis mus, spine and rib ab nor mal i ties, ectopic
calcifications, and macrocephaly with a char ac ter is tic
coarse fa cies and gen er al ized over growth (1). How ever,
the syn drome is par tic u larly noted for its ex ten sive
interfamilial as well as intrafamilial vari abil ity with re -
spect to the man i fes ta tion and se ver ity of the phe no type
(2). The cri te ria for the di ag no sis of NBCCS in clude

pres ence of at least two ma jor fea tures of the syn drome,
such as mul ti ple basal cell carcinomas, or on set of
basocellular carcinomas be fore the age of 20, or pits of
palms and soles, jaw cysts, cal ci fi ca tion of falx cerebri,
and hav ing a first de gree rel a tive with NBCCS (1).

This her i ta ble con di tion has been  as so ci ated with con -
sti tu tional hemizygous in ac ti va tion of the re cently cloned
patched (PTCH) gene, which is a hu man homologue of ptc, 
Drosophila seg ment po lar ity gene (patched) (3). The gene
ap pears to have a tu mor sup pres sor role, at least in some
ma lig nan cies for which the syn drome  pre dis poses, as has
been most con vinc ingly dem on strated for basocellular car -
ci no mas (4). Its pro tein prod uct, lo cated in the plasma
mem brane, is a part of the newly dis cov ered Shh/ PTCH
sig nal ling path way (Sonic hedge hog, Shh – hu man
homologue of hedge hog, cor re spond ing to the hedge -
hog/patched path way in Drosophila) (5). It has a re cep tor
role for the Shh ligand through close con nec tion to smooth -
ened (smo), an other mem brane pro tein com po nent (5).
PTCH sup presses smo's con tin u ous sig nal ling into cy to -
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plasm by bind ing to it. That  pre vents smo from in duc ing
ex pres sion of sev eral genes, which are called the path way
down stream genes. While mech a nisms and func tions of
this down stream sec tion largely re main to be elu ci dated, lit -
tle doubt re mains that the genes in volved are ca pa ble of in -
duc ing cell di vi sion. Their ex pres sion is trig gered when Shh
ar rives at the mem brane and re lieves smo by bind ing to
PTCH (Fig. 1) (6). How ever, the Shh sig nal is nor mally of
tran sient na ture due to an autoregulation pro cess ef fected
by PTCH, which is it self among the upregulated down -
stream genes (7).

Even be fore PTCH was cloned, loss of het ero-
zygosity (LOH)  in 9q22.3 re gion to which the gene maps
had been re ported for basocellular car ci no mas (8), as well
as for odontogenic keratocysts (9), the jaw le sions most
com monly found in NBCCS. The LOH find ing in typ i cal
NBCCS-related and spo radic ma lig nan cies in di cates
PTCH tu mor sup pres sor role, whereas in cysts it sug gests a
sim i lar two-hit mech a nism through which the sus pected
gene might be in volved in a num ber of de vel op men tal mal -
for ma tions found in the syn drome (10). As an ob vi ous
com mon find ing in all these dis or ders, PTCH in ac ti va tion
was per ceived to be the nec es sary and per haps ini ti at ing
event for their on set (6).

Re ex am i na tion of such hy poth e ses in the con text of
Shh sig nal ling not only sup ported the idea in gen eral, but
also pro vided a few plau si ble de tails re gard ing pro cesses
which may trig ger the ab er rant cell pro lif er a tion. But it
has also in di cated that other mech a nisms might be al ter -
na tively or con cur rently in volved in the gen e sis of dis or -
ders un der con sid er ation. As a con fir ma tion for this an -
tic i pated pos si bil ity of dif fer ent ini ti at ing events that
could de reg u late Shh/PTCH sig nal ling path way,
basocellular carcinomas were re ported with smo al ter -
ations in stead of PTCH in ac ti va tion (11).

In this study we de scribe three fam i lies with vary ing 
ex pres sion of dis or ders that are com monly as so ci ated
with NBCCS, and an a lyze al ter ations ob served in their
ge netic ma te rial. Better un der stand ing of the Shh sig nal -
ling func tions, in par tic u lar of its role in the no to ri ously
vari able NBCCS phe no type, largely de pends on per sis -
tent ex am i na tion of the rel a tively sparse syn drome cases.

Ma te rial and Meth ods

Tis sue Sam ples and DNA Ex trac tion
Sam ples were col lected from pa tients' pe riph eral blood leu ko -

cytes, tu mor tis sue af ter sur gery, or par af fin-embedded tis sue slices.
DNA was ex tracted by stan dard phe nol-chlo ro form method (12). 

Microdissection
Ar chi val par af fin-embedded tis sue was stained in hem-

atoxilin/eosin and used as a con trol of microdissection of un stained
par af fin em bed ded tis sues slices. 

Microdissected par af fin-embedded cyst lin ings were sep a rated
from the sur round ing tis sue (1x1x2 mm) into 500 µL micro cen tri fuge 
tubes with 36 µL of di ges tion buffer (0.9% Tween-20,  0.9%Tri ton
X-100, 5 mmol/L EDTA, 2 mmol/L DTT, 10 mmol/L TrisHCl, pH
7.5) and 4 µL of proteinase K 20 mg/mL (Boehringer Manheim,
Wien, Aus tria). Di ges tion so lu tion was over laid with min eral oil, cen -
tri fuged briefly to en sure sub mer sion of the tis sue flakes in the di ges -
tion buffer and placed at 65°C over night. The tubes were than boiled
for 10 min and used in fur ther pro ce dures (13).

Loss of Heterozygosity  and Sin gle Strand Conformational Poly -
mor phism  Anal y sis
In or der to per form loss of heterozygosity (LOH) and sin gle

strand conformational poly mor phism (SSCP) anal y sis we am pli fied
poly mor phic 9q22.3 mark ers (D9S196, D9S287, D9S180, D9S127),
PTCH exons 3, 6, 8, 13, 15, 16 (3,14), and smo exon 1 by poly mer ase
chain re ac tion (PCR) (15).

PCR was per formed in 25-µL re ac tion vol umes con tain ing
0.3-0.5 µmol/L of for ward and re verse prim ers, 50 µmol/L dNTPs, 0.5
units of Taq poly mer ase (Perkin Elmer, Norwalk, USA), 0.5 µCi
32P-dCTP (Amersham, Buckinghamshire, UK) and 1.25 mmol/L
MgCl2 in 1xPCR buffer (Perkin Elmer, Norwalk, USA) un der the fol -
low ing con di tions: de na tur ation at 98°C for 5 min + 35 cy cles (de na tur -
ation at 95°C for 30 s; an neal ing at 55°C for 30 s; ex ten sion at 72°C for
40 s) + ex ten sion at 72°C for 10 min for D9S287; de na tur ation at 96°C
for 5 min + 30 cy cles (de na tur ation at 94°C for 45 s; an neal ing at 55°C
for 45 s; ex ten sion at 72°C for 1 min) + ex ten sion at 72°C for 10 min
for D9S196; 35 cy cles (de na tur ation at 94°C for 1 min; an neal ing at
56°C for 1 min; ex ten sion at 72°C for 2 min) + ex ten sion at 72°C for 5
min for D9S127; 35 cy cles (de na tur ation at 94°C for 30 s; an neal ing at
55°C for 30 s; ex ten sion at 72°C for 40 s) + ex ten sion at 72°C for 10
min for D9S180 (14) and de na tur ation at 95°C for 5 min + 35 cy cles
(de na tur ation at 95°C for 30 s; an neal ing at 58°C for 30 s; ex ten sion at
72°C for 45 s) + ex ten sion at 72°C for 10 min for smo (15). 

The size and se quence of PCR prim ers were as fol lows: 
D9S127 – lo cus 9q31, 149-159 bp, sense 5'-AGA TTG ATT

GAT ACA AGG ATT TG, and antisense 3'-CCC TCA AAT TTG
CTG CTG TCT AT;
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Fig ure 1. Sig nalling through the Shh/PTCH path way. (a) Hh binds to ptc transmembrane  pro tein re liev ing smo, an other
transmembrane pro tein. Smo trans mits the sig nal to the cytosol, downregulating cAMP de pend ent PKA (pro tein kinase A)  and caus ing 
Cos-2 (Costal 2) and fu (fused) phosphorylation and dis so ci a tion from microtubules. Ac ti vated, non- proteolysed form of Ci (Cubitus
in ter rup tus), translocates to the nu cleus in duces gene ex pres sion with in volve ment of cbp (CREB-binding pro tein). (b) In the ab sence
of Hh, smo is re pressed by ptc and no sig nal is trans mit ted to the cytosol. Con se quently, Cos-2/fu/Ci phys i cal com plex re mains bound
to the microtubules via Cos-2 in the cytosol. Ci155 is proteo- lysed into a repressor form Ci75 through PKA in hib it ing hh and dpp
(decapentaplegic pro tein) tran scrip tion in the nu cleus.



D8S180 – lo cus 9q22.3, 220-230 bp, sense 5'-AGC TAT TTT
TGG GGG CTG AG, antisense  3'-CAG TGG TTT GGA ATC GAA
CC;

D9S287 – lo cus 9q22.3, 168-180 bp, sense 5'-AGG ATG CTC CTC
ACG C, antisense, 3'-ACC ACT ACA TTG TTC AAG GG;

D9S196 – lo cus 9q22.3, 254-260 bp, sense 5'-GGG ATT ACA
CCT CAA AAC CA, antisense 3'-ACC ACA CTG CGG GAC TT;

smo, 140 bp frag ment size, sense 5'-CTG GTA CGA GGA CGT
GGA GG, antisense 5'-AGG GTG AAG AGC GTG CAG AG.

For LOH anal y sis, 5 µL of each PCR re ac tion was added to 15
µL of load ing buffer (95% deionized formamide/20 mmol/L
EDTA/0.05% bromphenol blue/0.05% xylene cyanol), heated to 95°C
for 2 min and electrophoresized in 6-8% de na tured polyacrylamide gel
(1 mm/32 cm/40 cm) at 1,750 V or 8-12% na tive polyacrylamide gel (1 
mm/32 cm/40 cm) at 500 V. Electrophoreses  were run for 8 to 12
hours at 10-15 V/cm in 1xTBE buffer (89 mmol/L Tris, 89 mmol/L bo -
ric acid, 20 mmol/L EDTA). Gels were autoradiographed for 24 to 36 h 
at -20°C or sil ver stained (16).

For SSCP anal y sis, 4-9 µL of PCR prod ucts were de na tured for 
10 min at 42°C in 1x al kali de na tur ing buffer (50 mM NaOH, 1 mM
EDTA) and loaded on (1 mm/16 cm/18 cm) na tive 6% or 9%
polyacrylamide gels (3% cross-linking). Electrophoreses were run 
for 5 hours at 15-20 V/cm.

Data Anal y sis
DNA was vi su al ized by sil ver stain ing method as pre vi ously

de scribed (16) or by autoradiography us ing 32P-dCTP or SYBR
Green I Nu cleic Acid Gel Stain on Spreadex gels (Elchrom Sci en tific, 
Cham, Swit zer land).

Allelic loss was scored when DNA in the sur round ing tis sue or
DNA from leu ko cytes was het ero zy gous and one of the ex pected
bands in the DNA from the cyst or tu mor was com pletely ab sent or
mark edly re duced in in ten sity (9). SSCP vari abil ity was iden ti fied
from the sin gle stranded re gion; sam ples show ing vari a tion in sizes
were com pared with other fam ily mem bers to as sess seg re ga tion of
the al leles, or with nor mal DNA from the same pa tient in the case of
tu mors (3).

Cytogenetic Anal y sis 
G-banding tech nique (17) was used for cytogenetic anal y sis of

the pe riph eral blood lym pho cytes (PBL's) from pa tients and un treated 
fam ily mem bers. 

Re sults

We re port here on di verse find ings in three fam ily
cases re lated to the Gorlin syn drome. In the first case we
have data for the Gorlin syn drome phe no type of a fe male 
pa tient with wide spread basocellular carcinomas on her
face, neck and arms, which she be gan re mov ing at the
age of 14. She also has char ac ter is tic fa cial
dismorphology (Fig. 2a) and den tal de for ma tions (with
sev eral jaw cysts), anom a lies of ribs and bones, and

palmoplantal pits. Dur ing child hood, she be haved as a
men tally re tarded per son, she could not see with one eye, 
and had kid ney prob lems. Her fa ther died of sar coma,
her grand fa ther had lung car ci noma and mother suf fered
of gas tric car ci noma. In the pa tient's tu mors we found
LOH for D9S287 (Fig. 2b) which im plies mu ta tion in the 
re gion where Gorlin syn drome gene maps (18).

In the sec ond fam ily, fa ther and daugh ter are af fected
(Fig. 3a). Fa ther has rib anom a lies and spina bifida oculta,
whereas his daugh ter has nu mer ous basocellular car ci no -
mas over back, neck and arms. She also has polycystic ova -
ries and dis torted blood clot ting. In her two chil dren, the
syn drome is not ex pressed yet. Our tests did not show any
loss or vari a tion of af fected NBCCS al leles in the daugh -
ter's chil dren, which could sug gest that dis ease does not
have ge netic con se quences. Un til now we have not de tected 
any LOH in daugh ter's tu mors or con sti tu tional DNA (Fig.
3a and b), nor any SSCP ab er rant band of PTCH exons.
Exons 3, 6, 8, 13, 15 and 16 did not show any vari abil ity
(data not shown). There fore, smo was an a lyzed in all fam ily 
mem bers. A sin gle SSCP vari abil ity in smo was found in
daugh ter's basocellular carconomas (Fig. 3b). Cytogenetic
anal y sis re vealed chro mo somal in sta bil ity in the mother's
and daugh ter's karyotype with sus pected clonally changed
chro mo some 9 homologue in both of them (Fig. 3c). Other
fam ily mem bers have nu mer i cally and struc tur ally nor mal
karyotype. Ob served chro mo somal in sta bil ity could be one
of the fea tures of the syn drome, but in this case the con nec -
tion is dif fi cult to ex plain. 

The third case is a fam ily with in suf fi cient ev i dence
for Gorlin syn drome di ag no sis, but with nu mer ous den -
tal prob lems and bone mal for ma tions. The twin boys
have mul ti ple keratocysts in the jaws, which their den tist
started to ex cise when they were be tween 10 and 12
years old. One of  them has cal ci fied falx cerebri (Fig. 4a) 
which is a char ac ter is tic fea ture of NBCCS pa tients (1).
Their mother  has cysts in liver, and in kid ney. One of
their grand fa thers re moved jaw cysts at late age (data not
avail able). In their fam ily his tory there is no ev i dence of
Gorlin syn drome di ag no sis. In ter est ingly, in the
keratocysts of the boy with falx cerebri LOH for D9S287 
was de tected as a typ i cal ge netic de fect for NBCCS syn -
drome.

Dis cus sion

A prom i nent can di date for ge netic stud ies of he red i -
tary syn dromes that in volve both can cer pre dis po si tion and
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Fig ure 2a. Char ac ter is tic fa cial dismorphology of a Gorlin syn -
drome pa tient with skin basocellular carcinomas on the neck and 
face.

Fig ure 2b. LOH anal y sis for poly mor phic marker D9S287 in
blood leu ko cytes (B) and basocellular caecinomas (T) of the
same pa tient shows loss of up per al lele in the tu mor sam ple. 



de vel op men tal de fects  is the NBCC syn drome, in which
one al lele of the PTCH gene is con sti tu tion ally in ac ti vated,
ei ther by in her i tance or as de novo event oc cur ring very
early in de vel op ment (19). While this haploinsufficiency
may by it self have some mi nor ef fects on organogenesis
and growth, most NBCCS-related dis or ders have been as -
so ci ated with the in creased like li hood of full PTCH in ac ti -
va tion in in di vid ual cells by lo cal dam age to the re main ing
nor mal al lele (20).

To cor re late pos si ble ex tent and modes of PTCH in -
ac ti va tion with the phe no type ex pres sion, all the syn -
drome dis or ders are grouped in three sets. Oncogenesis
is most eas ily ex plained. Iso lated so matic loss of the re -
main ing nor mal PTCH al lele ap pears quite likely dur ing
adult life (or even child hood), and it lo cally dis ables
PTCH tu mor sup pres sor role (the sec ond hit of the
Knudson's hy poth e sis) (21), lead ing to syn drome- as so -
ci ated tu mors, in par tic u lar to mul ti ple loci of 
basocellular carconomas (22). Dis or ders of the sec ond
set  in clude mal formed spine and ribs and keratocysts of
the jaws, and ap pear in mul ti ple, ran dom clus ters within
the same pa tient. This mo saic man i fes ta tion may be a
con se quence of an early loss or in ac ti va tion (e.g. fe tal or
em bry onic) of the nor mal PTCH al lele (23) in a pro gen i -
tor cells of the rel e vant tis sue (sec ond hit of the Crosby's
hy poth e sis) (10). Dis or ders of this set, as well as the syn -
drome as so ci ated ma lig nan cies, ap pear spo rad i cally
with a much lower in ci dence and se ver ity be cause in the
gen eral pop u la tion they re quire so matic in ac ti va tion of
both PTCH al leles.

Finally, sym met ri cal de fects oc cur ring to some ex -
tent in most of the pa tients, such as over growth,
macrocephaly and fa cial dismorphology, be long to the
third set and have been hy poth e sized to re sult from per -

tur ba tion of dos age-sensitive path ways dur ing de vel op -
ment (24).

The de scribed pa tient from the first fam ily is an ex -
am ple of the thor oughly ex pressed syn drome, in which
the LOH ob served for basocel lu lar car ci no mas con vinc -
ingly in di cates PTCH ab er ra tions as the un der ly ing ge -
netic cause. How ever, PTCH in ac ti va tion can no lon ger
be an a lyzed out side the con text of Shh sig nal ling, which
helps ex plain some re lated phe nom ena, but com pli cates
un der stand ing of oth ers (25). PTCH is a part of phys i cal
com plex lo cated on a mem brane, which sends sig nals
into the cy to plasm through a still not well un der stood
cas cade of steps.

Based mostly on ev i dence with the Drosophila
homologue, it has been sug gested that PTCH pro tein re -
presses ex pres sion of sev eral genes – such as BMPs (bone
morphogenetic pro teins) and Wnt (hu man homologue of
Drosophila wing less), in clud ing it self – by an tag o niz ing
smo, which would oth er wise ini ti ate an intracellular cas cade
lead ing to their tran scrip tion (24). How ever, the re pres sion
oc curs only in the ab sence of the Shh pro tein, which binds to
PTCH and re lieves smo from re pres sion, thereby ini ti at ing
tran scrip tion of the tar get genes (25). Such Shh sig nal ling
nor mally op er ates only in lim ited tis sue re gions, over which
this se creted pro tein spreads by slow dif fu sion. Since PTCH
is it self among the tar get genes, its upregulated ex pres sion
even tu ally re sults in com plete bind ing of Shh, ter mi nat ing
the sig nal. PTCH mu ta tions can ob vi ously cause de reg u la -
tion of the pro cess, so that tar get genes be come ex pressed in -
de pend ently of the Shh sig nal ling ac tiv ity. In ad di tion, any
de fi ciency of PTCH tran scrip tion might al low Shh to spread
into an in ap pro pri ate do main (6).

Al though in the down stream part of the path way
many de tails re main un clear, it is known that some tar get
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Fig ure 3. Anal y sis of the sec ond fam ily with Gorlin syn drome.  (a) Ped i gree of a Gorlin syn drome fam ily with chro mo some 9q22 haplotypes.
Af fected mem bers are shown as black sym bols and non-affected as opened sym bols. Un der the sym bols cor re spond ing to each fam ily mem ber
are the re sults of typ ing for poly mor phic mark ers as fol lows: D9S127 shows trans mis sion of al lele 2 to all fam ily mem bers, trans mis sion of al lele 
3 of D9S287 to all fam ily mem bers, D9S180 was un in for ma tive – all mem bers were ho mo zy gous, fa ther and daugh ter shared the al lele 1 of
D9S196, but the loss of sus pi cious al lele in daugh ter's tu mor was not de tected. (b) SSCP vari abil ity of smo in daugh ter's BCC tu mor (T) in com -
par i son with the DNA from blood leu ko cytes (B). (c) Cytogenetic anal y sis de tected chro mo somal in sta bil ity in only two fam ily mem bers with
pos si ble chro mo some 9 de riv a tive (?der9). Other mem bers had nor mal karyotipe (N).



genes can in crease cell pro lif er a tion (25), which is the
first step to wards un der stand ing the path way role in
NBCCS re lated dis or ders. The ob served de fects are gen -
er ally con sis tent with the known ex pres sion sites and
pro posed func tions of the Shh/PTCH path way in de vel -
op ment (6). This new in sight in mech a nism of PTCH in -
volve ment in Gorlin syn drome-related dis or ders sug -
gests the pos si bil ity that most if not all of them can be in -
duced by mu ta tions of other genes in the Shh path way as
well (25). But un re solved com plex i ties of the path way
still im pede proper un der stand ing of all as pects nec es -
sary for a com par a tive eval u a tion of var i ous modes of its
de reg u la tion and for an es ti mate of rel a tive im por tance
of PTCH in en su ing dis or ders. Still, even such a ru di -
men tary con cept of path way de reg u la tion may help un -
der stand ini tially puz zling re ports that a num ber of dif -
fer ent PTCH mu ta tions seem to be in no cor re la tion to
the vari able phe no type ex pres sion of NBCCS. How ever,
oc ca sional ev i dence of chro mo somal in sta bil ity should
also be an a lyzed for pos si ble con tri bu tion to this vari -
abil ity (26).

The first case de scribed here ap pears to be a typ i cal
NBCCS with con sti tu tional hemizygous PTCH in ac ti va -
tion, but the other two fam i lies may re quire more com -
plex ex pla na tion in or der to link ob served ge netic al ter -
ations with the re sult ing dis or der man i fes ta tions.

In the sec ond case, the two chil dren of an af fected
mother showed no ev i dence of the syn drome. The un usual
fea ture is the find ing of smo al ter ations in stead of PTCH in -
ac ti va tion in her basocellular carconomas. While this is not
the first re port of smo in duced basocellular carconomas, it
would be worth while ex plor ing whether her other syn -
drome man i fes ta tions can be at trib uted to smo. She might
have in her ited the syn drome from her fa ther, but the data
we have are insuf fi cient for ge netic link age con fir ma tion.
Cytogenetic anal y sis re vealed chro mo somal in sta bil ity,
which was also found in her mother who had no symp toms
of the syn drome.

Finally, the twins from the third fam ily, with den tal and
skel e ton mal for ma tions – that were not suf fi cient for a pos i -
tive di ag no sis of the syn drome – should be fol lowed up to
see whether con sti tu tional in ac ti va tion of a PTCH al lele can
have so lim ited phe no type ex pres sion. Al though the LOH

found in cyst lin ing could be at trib uted to lo cal PTCH al ter -
ations, the pres ence of cysts in the other twin pre cludes the
sim ple mo saic-type ex pla na tion for in ac ti va tion of both al -
leles and in di cates an in her ited pre dis po si tion.

Our find ings con trib ute to the pre vi ous ob ser va tions
of in volve ment of the Shh/PTCH sig nal ing path way in
tumorous and de vel op men tal mal for ma tions, con firm ing
the im por tance of this path way in var i ous stages dur ing
de vel op ment and pos si ble over lap ping of dif fer ent path -
ways dur ing life time. It also demonstrates that in Gorlin
syn drome and re lated dis or ders, where one of the most
prom i nent fea tures is vari abil ity in phe no type ex pres sion,
pos si ble al ter ations in more than one path way gene have
to be con sid ered. 

Due to the very low in ci dence of the syn drome, there
is no al ter na tive to thor ough and per sis tent ob ser va tion of
the few avail able NBCCS pa tients, in or der to col lect fur -
ther data on the syn drome phe no types and the as so ci ated
ge netic dam age. Their con di tion may be uti lized for fur -
ther ex plo ra tion of the Shh path way and PTCH role in var -
i ous dis or ders, and un der stand ing of the com plex ge netic
mech a nisms of growth and de vel op ment. In two of the
three ex am ined fam i lies the typ i cal cor re la tion be tween
hemizygous PTCH in ac ti va tion and the syn drome was not
found, so fur ther anal y sis and ob ser va tion is needed be fore
the symp toms can be ex plained by ge netic al ter ations in
Shh/PTCH path way.
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Fig ure 4a. Cal cified falx cerebri with le sion in man di ble cor re -
spond ing to odontogenic keratocyst seen in X-ray film of a boy
from the third fam ily.

Fig ure 4b. Typing for D9S287 on the third fam ily where un der the
sym bols for each fam ily mem ber are the re sults of typ ing for D9S287
in blood leu ko cytes. Fe male fam ily mem bers were not af fected. The
fa ther had sev eral jaw keratocysts, which were re moved dur ing life -
time but not an a lyzed for LOH. Mem bers of the fam ily (fa ther and a
son) who had same fea tures of Gorlin syn drome (many keratocysts)
are marked in same way by shaded sym bols. LOH anal y sis was per -
formed only on twins' keratocysts. The Gorlin syn drome di ag no sis
was ac cepted only for the son (left dark sym bol) with cal ci fi ca tion in
the falx cerebri (fig ure 4a) and LOH was de tected only in his jaw
keratocyst. Al lele 3 (col umn L) was miss ing from the keratocyst lin ing 
in com par i son to the sur round ing tis sue (col umn N) or con sti tu tional
DNA (col umn un der dark sym bol). LOH was not de tected in
keratocysts of other son (data not shown). Ac cord ing to this anal y sis,
al lele 1 was af fected al lele, al leles 2 and 3 were wild-type al leles, and
fa ther was ho mo zy gous and noninformative for this marker.
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