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METHODS FOR DIAGNOSING AND TREATING BASAL CELL CARCINOMA

FIELD OF THE INVENTION:
The present invention relates to methods and kits for whether a subject is at risk of
having a basal cell carcinoma. The present invention also relates to methods and

pharmaceutical compositions for the treatment of basal cell carcinoma.

BACKGROUND OF THE INVENTION:

Basal cell carcinoma (BCC) is the most common form of skin cancer and the most
common form of cancer of any type in Caucasians. It develops in the basal germinative cell
layer of the epidermis, often on sun-exposed areas of the skin. Although BCC rarely spreads
(i.e., metastasizes) to other parts of the body, it can be very destructive and disfiguring. BCC
may cause local tissue destruction that may lead to disfigurement or functional impairment of
surrounding non-cancerous tissue. Disfigurement may be a particular concern of BCC patients
because many BCC tumors occur on the sun-exposed—and, therefore, also typically
otherwise exposed—skin of the head and neck. Larger tumors, tumors that have been present
for long periods of time, and tumors that have recurred after initial therapy may be
biologically more aggressive and especially difficult to cure. While the mortality rate of BCC
is relatively low, its increasing incidence and prolonged morbidity means that the disease can
be very costly to treat. In 1996, mutations in the tumor suppressor gene PATCHED (PTCH1)
have been found to be associated to the nevoid basal cell carcinoma (Hahn et al, 1996, J. Biol.
Chem. 271, 12125; Johnson et al, 1996, Science 272, 1668; W097/43414). Nonetheless, no
single biomarker is sufficiently specific to provide adequate clinical utility for the
predisposition for basal cell carcinoma in an individual subject. Therefore, there is a need for
identifying other factors that provide a more accurate prediction of basal cell carcinoma.
Thus, the invention aims to provide a novel method for determining whether a subject is at

risk to basal cell carcinoma using new genetic biomarkers

SUMMARY OF THE INVENTION:

The present invention relates to a method for determining whether a subject is at risk
of having a basal cell carcinoma comprising the steps consisting of detecting an ACTRT]1
deficiency in the subject’s epidermis and concluding that the subject is at risk of having a

basal cell carcinoma when an ACTRT1 deficiency in the subject’s epidermis is detected.
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DETAILED DESCRIPTION OF THE INVENTION:

Cutaneous basal cell carcinomas (BCCs) are a major feature of X-linked Bazex-
Dupré-Christol syndrome (BDCS). Two BDCS families carried an insertion in the ACTRT!
gene (¢.739 740InsA) resulting in a truncated Arp-T1 protein. Specific epidermal and
adnexal Arp-T1 expression was lost in BCCs from BDCS patients and 34 of 40 unrelated
sporadic BCCs. One family carried a germline variation in CNE12, a putative non-coding
RNA. Its expression was restricted to the epidermis but absent from the skin of patients with a
CNEI12 variant. Arp-T1 overexpression resulted in G2/M-phase arrest, hence it may regulate
cell cycle. In BDCS patients, Hedgehog target genes were overexpressed in skin and tumors.
Since Arp-T1 binds to GLII promoter, it appears as a key Hedgehog signaling regulator.
ACTRT! 1is an uncommon example of X-linked tumor suppressor gene which inhibits the
Hedgehog signaling pathway. The results may have significant therapeutic implications for

the most common human cancers, BCCs.

The present invention relates to a method for determining whether a subject is at risk
of having a basal cell carcinoma comprising the steps consisting of detecting an ACTRT]1
deficiency in the subject’s epidermis and concluding that the subject is at risk of having a

basal cell carcinoma when an ACTRT1 deficiency in the subject’s epidermis is detected.

A "subject" in the context of the present invention can be a male or female. A subject
can also be one who has not been previously diagnosed as having a basal cell carcinoma. In
one embodiment of the invention, the subject having or being at risk of having a basal cell
carcinoma may be a substantially healthy subject, which means that the subject has not been
previously diagnosed or identified as having or suffering from a basal cell carcinoma. In
another embodiment, said subject may also be one that is asymptomatic for a basal cell
carcinoma. As used herein, an “asymptomatic” subject refers to a subject that does not exhibit
the traditional symptoms of a basal cell carcinoma. In another embodiment of the invention,
said subject may be one that is at risk of having a basal cell carcinoma, as defined by clinical
indicia such as ultraviolet (UV) light exposure, living closer to the equator or at a higher

elevation, a family history of basal cell carcinomas...

"Risk" in the context of the present invention, relates to the probability that an event

will occur over a specific time period, as in the conversion to a basal cell carcinoma, and can
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mean a subject's "absolute" risk or "relative" risk. Absolute risk can be measured with
reference to either actual observation post-measurement for the relevant time cohort, or with
reference to index values developed from statistically valid cohorts that have been followed
for the relevant time period. Relative risk refers to the ratio of absolute risks of a subject
compared either to the absolute risks of low risk cohorts or an average population risk, which
can vary by how clinical risk factors are assessed. Odds ratios, the proportion of positive
events to negative events for a given test result, are also commonly used (odds are according
to the formula p/(I-p) where p is the probability of event and (1- p) is the probability of no
event) to no- conversion. Alternative continuous measures which may be assessed in the
context of the present invention include time to basal cell carcinoma conversion and

therapeutic geographic atrophy form of basal cell carcinoma conversion risk reduction ratios.

“Determining whether a subject is at risk of having a basal cell carcinoma® in the
context of the present invention encompasses making a prediction of the probability, odds, or
likelihood that basal cell carcinoma may occur. Risk evaluation can also comprise prediction
of future clinical parameters, traditional laboratory risk factor values, or other indices of basal
cell carcinoma, such as excessive ultraviolet (UV) light exposure, living closer to the equator
or at a higher elevation, a family history of basal cell carcinoma... The methods of the present
invention may be used to make continuous or categorical measurements of the risk of
conversion to a basal cell carcinoma thus diagnosing and defining the risk spectrum of a
category of subjects defined as being at risk for a basal cell carcinoma. In the categorical
scenario, the invention can be used to discriminate between normal and other subject cohorts

at higher risk for a basal cell carcinoma.

As used herein, the term “ACTRT1” has its general meaning in the art and refers to

the Actin-Related Protein T1.

In the context of the invention, the term “ACTRTI1 deficiency” denotes that the
epidermal cells of the subject or a part thercof have an ACTRT]1 dysfunction, a low or a null
expression of ACTRT1. Said deficiency may typically result from a mutation in the ACTRT1
so that the pre-ARNm is degraded through the NMD (non sense mediated decay) system. Said
deficiency may also typically result from a mutation so that the protein is misfolded and
degraded through the proteasome. Said deficiency may also result from a loss of function

mutation leading to a dysfunction of the protein. For example said mutation is,c.739_740InsA
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that leads to a truncated protein. Said deficiency may also result from an epigenetic control of
gene expression (e.g. methylation) so that the gene is less expressed in the cells of the subject.
Said deficiency may also result from a repression of the ACTRT1 gene induce by a particular
signalling pathway. Said deficiency may also result from a mutation in a nucleotide sequence
that control the expression of ACTRTI1. Typically said sequence may be a conserved non

coding element, such as CNEI12 as described in EXAMPLE.

In one embodiment, the first step consists in detecting the mutation that is responsible
for the ACTRT1 deficiency. One skilled in the art can easily identify a mutation in ACTRT1
gene or in a conserved non coding element, such as CNE12. Typically the mutation may be
detected by analyzing nucleic acid molecule. In the context of the invention, nucleic acid
molecules include mRNA, genomic DNA and ¢cDNA derived from mRNA. DNA or RNA can
be single stranded or double stranded. These may be utilized for detection by amplification
and/or hybridization with a probe, for instance. The nucleic acid sample may be obtained
from any cell source or tissue biopsy. Non-limiting examples of cell sources available include
without limitation blood cells, buccal cells, epithelial cells, fibroblasts, or any cells present in
a tissue obtained by biopsy. Cells may also be obtained from body fluids, such as blood,
plasma, serum, lymph, etc. DNA may be extracted using any methods known in the art, such
as described in Sambrook et al.,, 1989. RNA may also be isolated, for instance from tissue
biopsy, using standard methods well known to the one skilled in the art such as guanidium
thiocyanate-phenol-chloroform extraction. Mutations may be detected in a RNA or DNA
sample, preferably after amplification. For instance, the isolated RNA may be subjected to
coupled reverse transcription and amplification, such as reverse transcription and
amplification by polymerase chain reaction (RT-PCR), using specific oligonucleotide primers
that are specific for a mutated site or that enable amplification of a region containing the
mutated site. According to a first alternative, conditions for primer annealing may be chosen
to ensure specific reverse transcription (where appropriate) and amplification; so that the
appearance of an amplification product be a diagnostic of the presence of a particular
mutation. Otherwise, RNA may be reverse-transcribed and amplified, or DNA may be
amplified, after which a mutated site may be detected in the amplified sequence by
hybridization with a suitable probe or by direct sequencing, or any other appropriate method
known in the art. For instance, a cDNA obtained from RNA may be cloned and sequenced to
identify a mutation in ACTRT1 sequence. Actually numerous strategies for genotype analysis

are available (Antonarakis et al.,, 1989 ; Cooper et al., 1991 ; Grompe, 1993). Briefly, the
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nucleic acid molecule may be tested for the presence or absence of a restriction site. When a
base substitution mutation creates or abolishes the recognition site of a restriction enzyme,
this allows a simple direct PCR test for the mutation. Further strategies include, but are not
limited to, direct sequencing, restriction fragment length polymorphism (RFLP) analysis;
hybridization with allele-specific oligonucleotides (ASO) that are short synthetic probes
which hybridize only to a perfectly matched sequence under suitably stringent hybridization
conditions; allele-specific PCR; PCR using mutagenic primers; ligase-PCR, HOT cleavage;
denaturing gradient gel electrophoresis (DGGE), temperature denaturing gradient gel
electrophoresis (TGGE), single-stranded conformational polymorphism (SSCP) and
denaturing high performance liquid chromatography (Kuklin et al., 1997). Direct sequencing
may be accomplished by any method, including without limitation chemical sequencing,
using the Maxam-Gilbert method ; by enzymatic sequencing, using the Sanger method ; mass
spectrometry sequencing ; sequencing using a chip-based technology; and real-time
quantitative PCR. Preferably, DNA from a subject is first subjected to amplification by
polymerase chain reaction (PCR) using specific amplification primers. However several other
methods are available, allowing DNA to be studied independently of PCR, such as the rolling
circle amplification (RCA), the InvaderTMassay, or oligonucleotide ligation assay (OLA).
OLA may be used for revealing base substitution mutations. According to this method, two
oligonucleotides are constructed that hybridize to adjacent sequences in the target nucleic
acid, with the join sited at the position of the mutation. DNA ligase will covalently join the
two oligonucleotides only if they are perfectly hybridized. Therefore, useful nucleic acid
molecules, in particular oligonucleotide probes or primers, according to the present invention
include those which specifically hybridize the regions where the mutations are located.
Oligonucleotide probes or primers may contain at least 10, 15, 20 or 30 nucleotides. Their

length may be shorter than 400, 300, 200 or 100 nucleotides.

The mutation may be also detected at a protein level (e.g. for loss of function
mutation) according to any appropriate method known in the art. In particular a biological
sample, such as a tissue biopsy, obtained from a subject may be contacted with antibodies
specific of a mutated form of ACTRTI protein, i.e. antibodies that are capable of
distinguishing between a mutated form of ACTRT1 and the wild-type protein, to determine
the presence or absence of a ACTRT1 specified by the antibody. The antibodies may be
monoclonal or polyclonal antibodies, single chain or double chain, chimeric antibodies,

humanized antibodies, or portions of an immunoglobulin molecule, including those portions
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known in the art as antigen binding fragments Fab, Fab', F(ab')2 and F(v). They can also be
immunoconjugated, ¢.g. with a toxin, or labelled antibodies. Whereas polyclonal antibodies
may be used, monoclonal antibodies are preferred for they are more reproducible in the long
run. Procedures for raising “polyclonal antibodies” are also well known. Alternatively,
binding agents other than antibodies may be used for the purpose of the invention. These may
be for instance aptamers, which are a class of molecule that represents an alternative to
antibodies in term of molecular recognition. Aptamers are oligonucleotide or oligopeptide
sequences with the capacity to recognize virtually any class of target molecules with high
affinity and specificity. Such ligands may be isolated through Systematic Evolution of
Ligands by EXponential enrichment (SELEX) of a random sequence library.

In one embodiment, the first step consists in determining the expression level of
ACTRT1 gene in the biological sample obtained from the subject. Typically, said biological
sample is a blood sample or a PBMC sample or is a tissue sample resulting from a biopsy
(e.g. an endoscopical biopsy performed in the colon of the subject). In one embodiment, the
first step consist in 1) determining the expression level of ACTRT1 gene, ii) comparing the
level determined at 1) with a predetermined reference value and iii) concluding that the subject
has a ACTRT]1 deficiency when the expression level determined at i) is lower than the
predetermined reference value. Typically the predetermined reference value is the expression
level determined in a healthy population of subject (e.g. the mean expression).

One skilled in the art may easily select the appropriate method for determining the
expression level of the gene.

Typically, the expression level of a gene may be determined by determining the
quantity of mRNA. Methods for determining the quantity of mRNA are well known in the art.
For example the nucleic acid contained in the samples (e.g., cell or tissue prepared from the
patient) is first extracted according to standard methods, for example using lytic enzymes or
chemical solutions or extracted by nucleic-acid-binding resins following the manufacturer's
instructions. The extracted mRNA is then detected by hybridization (e. g., Northern blot
analysis, in situ hybridization) and/or amplification (e.g., RT-PCR).

Other methods of Amplification include ligase chain reaction (LCR), transcription-
mediated amplification (TMA), strand displacement amplification (SDA) and nucleic acid
sequence based amplification (NASBA).

Nucleic acids having at least 10 nucleotides and exhibiting sequence complementarity

or homology to the mRNA of interest herein find utility as hybridization probes or
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amplification primers. It is understood that such nucleic acids need not be identical, but are
typically at least about 80% identical to the homologous region of comparable size, more
preferably 85% identical and even more preferably 90-95% identical. In certain embodiments,
it will be advantageous to use nucleic acids in combination with appropriate means, such as a
detectable label, for detecting hybridization.

Typically, the nucleic acid probes include one or more labels, for example to permit
detection of a target nucleic acid molecule using the disclosed probes. In various applications,
such as in situ hybridization procedures, a nucleic acid probe includes a label (e.g., a
detectable label). A “detectable label” is a molecule or material that can be used to produce a
detectable signal that indicates the presence or concentration of the probe (particularly the
bound or hybridized probe) in a sample. Thus, a labeled nucleic acid molecule provides an
indicator of the presence or concentration of a target nucleic acid sequence (e.g., genomic
target nucleic acid sequence) (to which the labeled uniquely specific nucleic acid molecule is
bound or hybridized) in a sample. A label associated with one or more nucleic acid molecules
(such as a probe generated by the disclosed methods) can be detected either directly or
indirectly. A label can be detected by any known or yet to be discovered mechanism including
absorption, emission and/ or scattering of a photon (including radio frequency, microwave
frequency, infrared frequency, visible frequency and ultra-violet frequency photons).
Detectable labels include colored, fluorescent, phosphorescent and luminescent molecules and
materials, catalysts (such as enzymes) that convert one substance into another substance to
provide a detectable difference (such as by converting a colorless substance into a colored
substance or vice versa, or by producing a precipitate or increasing sample turbidity), haptens
that can be detected by antibody binding interactions, and paramagnetic and magnetic
molecules or materials.

Particular examples of detectable labels include fluorescent molecules (or
fluorochromes). Numerous fluorochromes are known to those of skill in the art, and can be
selected, for example from Life Technologies (formerly Invitrogen), e.g., see, The
Handbook—A Guide to Fluorescent Probes and Labeling Technologies). Examples of
particular fluorophores that can be attached (for example, chemically conjugated) to a nucleic
acid molecule (such as a uniquely specific binding region) are provided in U.S. Pat. No.
5,866, 366 to Nazarenko et al., such as 4-acetamido-4'-isothiocyanatostilbene-2,2' disulfonic
acid, acridine and derivatives such as acridine and acridine isothiocyanate, 5-(2'-aminoethyl)
aminonaphthalene-1-sulfonic acid (EDANS), 4-amino -N- [3
vinylsulfonyl)phenyl|naphthalimide-3,5 disulfonate (Lucifer Yellow VS), N-(4-anilino-1-
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naphthyl)maleimide, antllranilamide, Brilliant Yellow, coumarin and derivatives such as
coumarin, 7-amino-4-methylcoumarin (AMC, Coumarin 120), 7-amino-4-
trifluoromethylcouluarin - (Coumarin  151); cyanosine; 4',6-diarninidino-2-phenylindole
(DAPI); 5',5"dibromopyrogallol-sulfonephthalein (Bromopyrogallol Red); 7 -diethylamino -3
- (4'-isothiocyanatophenyl)-4-methylcoumarin;  diethylenetriamine pentaacetate, 4,4'-
diisothiocyanatodihydro-stilbene-2,2'-disulfonic  acid;  4,4'-diisothiocyanatostilbene-2,2'-
disulforlic acid; 5-[dimethylamino] naphthalene-1-sulfonyl chloride (DNS, dansyl chloride);
4-(4'-dimethylaminophenylazo)benzoic acid (DABCYL); 4-dimethylaminophenylazophenyl-
4'-isothiocyanate (DABITC); eosin and derivatives such as eosin and eosin isothiocyanate;
erythrosin and derivatives such as erythrosin B and erythrosin isothiocyanate; ethidium;
fluorescein and derivatives such as 5-carboxyfluorescein (FAM), 5-(4,6diclllorotriazin-2-
yDarninofluorescein  (DTAF), 2'7'dimethoxy-4'5"-dichloro-6-carboxyfluorescein  (JOE),
fluorescein, fluorescein isothiocyanate (FITC), and QFITC Q(RITC); 2',7-difluorofluorescein
(OREGON GREEN®); fluorescamine; IR144; IR1446; Malachite Green isothiocyanate; 4-
methylumbelliferone; ortho cresolphthalein; nitrotyrosine; pararosaniline; Phenol Red; B-
phycoerythrin; o-phthaldialdehyde; pyrene and derivatives such as pyrene, pyrene butyrate
and succinimidyl 1-pyrene butyrate; Reactive Red 4 (Cibacron Brilliant Red 3B-A);
rhodamine and derivatives such as 6-carboxy-X-rhodamine (ROX), 6-carboxyrhodamine
(R6G), lissamine rhodamine B sulfonyl chloride, rhodamine (Rhod), thodamine B, rhodamine
123, rhodamine X isothiocyanate, rhodamine green, sulforhodamine B, sulforhodamine 101
and sulfonyl chloride derivative of sulforhodamine 101 (Texas Red); N,N,N',N'-tetramethyl-
6-carboxyrhodamine  (TAMRA); tetramethyl rhodamine; tetramethyl rhodamine
isothiocyanate (TRITC); riboflavin; rosolic acid and terbium chelate derivatives. Other
suitable fluorophores include thiol-reactive europium chelates which emit at approximately
617 mn (Heyduk and Heyduk, Analyt. Biochem. 248:216-27, 1997; J. Biol. Chem. 274:3315-
22, 1999), as well as GFP, LissamineTM, diethylaminocoumarin, fluorescein chlorotriazinyl,
naphthofluorescein, 4,7-dichlororhodamine and xanthene (as described in U.S. Pat. No.
5,800,996 to Lee et al.) and derivatives thercof. Other fluorophores known to those skilled in
the art can also be used, for example those available from Life Technologies (Invitrogen;
Molecular Probes (Eugene, Oreg.)) and including the ALEXA FLUOR® series of dyes (for
example, as described in U.S. Pat. Nos. 5,696,157, 6, 130, 101 and 6,716,979), the BODIPY
series of dyes (dipyrrometheneboron difluoride dyes, for example as described in U.S. Pat.

Nos. 4,774,339, 5,187,288, 5,248,782, 5,274,113, 5,338,854, 5,451,663 and 5,433,896),
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Cascade Blue (an amine reactive derivative of the sulfonated pyrene described in U.S. Pat.
No. 5,132,432) and Marina Blue (U.S. Pat. No. 5,830,912).

In addition to the fluorochromes described above, a fluorescent label can be a
fluorescent nanoparticle, such as a semiconductor nanocrystal, e.g., a QUANTUM DOTTM
(obtained, for example, from Life Technologies (QuantumDot Corp, Invitrogen Nanocrystal
Technologies, Eugene, Oreg.); see also, U.S. Pat. Nos. 6,815,064; 6,682,596; and 6,649, 138).
Semiconductor nanocrystals are microscopic particles having size-dependent optical and/or
electrical properties. When semiconductor nanocrystals are illuminated with a primary energy
source, a secondary emission of energy occurs of a frequency that corresponds to the handgap
of the semiconductor material used in the semiconductor nanocrystal. This emission can he
detected as colored light of a specific wavelength or fluorescence. Semiconductor
nanocrystals with different spectral characteristics are described in e.g., U.S. Pat. No.
6,602,671. Semiconductor nanocrystals that can he coupled to a variety of biological
molecules (including dNTPs and/or nucleic acids) or substrates by techniques described in,
for example, Bruchez et al., Science 281 :20132016, 1998; Chan et al., Science 281:2016-
2018, 1998; and U.S. Pat. No. 6,274,323. Formation of semiconductor nanocrystals of various
compositions are disclosed in, e.g., U.S. Pat. Nos. 6,927, 069; 6,914,256; 6,855,202;
6,709,929; 6,689,338; 6,500,622; 6,306,736; 6,225,198; 6,207,392; 6,114,038; 6,048,616;
5,990,479; 5,690,807; 5,571,018; 5,505,928; 5,262,357 and in U.S. Patent Puhlication No.
2003/0165951 as well as PCT Puhlication No. 99/26299 (puhlished May 27, 1999). Separate
populations of semiconductor nanocrystals can he produced that are identifiable based on
their different spectral characteristics. For example, semiconductor nanocrystals can he
produced that emit light of different colors hased on their composition, size or size and
composition. For example, quantum dots that emit light at different wavelengths based on size
(565 mn, 655 mn, 705 mn, or 800 mn emission wavelengths), which are suitable as
fluorescent labels in the probes disclosed herein are available from Life Technologies
(Carlshad, Calif.).

Additional labels include, for example, radioisotopes (such as 3 H), metal chelates
such as DOTA and DPTA chelates of radioactive or paramagnetic metal ions like Gd3+, and
liposomes.

Detectable labels that can he used with nucleic acid molecules also include enzymes,
for example horseradish peroxidase, alkaline phosphatase, acid phosphatase, glucose oxidase,

beta-galactosidase, beta-glucuronidase, or beta-lactamase.
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Alternatively, an enzyme can he used in a metallographic detection scheme. For
example, silver in situ hyhridization (SISH) procedures involve metallographic detection
schemes for identification and localization of a hybridized genomic target nucleic acid
sequence. Metallographic detection methods include using an enzyme, such as alkaline
phosphatase, in combination with a water-soluble metal ion and a redox-inactive substrate of
the enzyme. The substrate is converted to a redox-active agent by the enzyme, and the
redoxactive agent reduces the metal ion, causing it to form a detectable precipitate. (See, for
example, U.S. Patent Application Puhlication No. 2005/0100976, PCT Publication No. 2005/
003777 and U.S. Patent Application Publication No. 2004/ 0265922). Metallographic
detection methods also include using an oxido-reductase enzyme (such as horseradish
peroxidase) along with a water soluble metal ion, an oxidizing agent and a reducing agent,
again to form a detectable precipitate. (See, for example, U.S. Pat. No. 6,670,113).

Probes made using the disclosed methods can be used for nucleic acid detection, such
as ISH procedures (for example, fluorescence in situ hybridization (FISH), chromogenic in
situ hybridization (CISH) and silver in situ hybridization (SISH)) or comparative genomic
hybridization (CGH).

In situ hybridization (ISH) involves contacting a sample containing target nucleic acid
sequence (e.g., genomic target nucleic acid sequence) in the context of a metaphase or
interphase chromosome preparation (such as a cell or tissue sample mounted on a slide) with
a labeled probe specifically hybridizable or specific for the target nucleic acid sequence (e.g.,
genomic target nucleic acid sequence). The slides are optionally pretreated, e.g., to remove
paraffin or other materials that can interfere with uniform hybridization. The sample and the
probe are both treated, for example by heating to denature the double stranded nucleic acids.
The probe (formulated in a suitable hybridization buffer) and the sample are combined, under
conditions and for sufficient time to permit hybridization to occur (typically to reach
equilibrium). The chromosome preparation is washed to remove excess probe, and detection
of specific labeling of the chromosome target is performed using standard techniques.

For example, a biotinylated probe can be detected using fluorescein-labeled avidin or
avidin-alkaline phosphatase. For fluorochrome detection, the fluorochrome can be detected
directly, or the samples can be incubated, for example, with fluorescein isothiocyanate
(FITC)-conjugated avidin. Amplification of the FITC signal can be effected, if necessary, by
incubation with biotin-conjugated goat antiavidin antibodies, washing and a second
incubation with FITC-conjugated avidin. For detection by enzyme activity, samples can be

incubated, for example, with streptavidin, washed, incubated with biotin-conjugated alkaline
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phosphatase, washed again and pre-equilibrated (e.g., in alkaline phosphatase (AP) buffer).
For a general description of in situ hybridization procedures, see, e.g., U.S. Pat. No.
4,888,278.

Numerous procedures for FISH, CISH, and SISH are known in the art. For example,
procedures for performing FISH are described in U.S. Pat. Nos. 5,447,841; 5,472,842; and
5,427,932; and for example, in Pirlkel et al., Proc. Natl. Acad. Sci. 83:2934-2938, 1986;
Pinkel et al., Proc. Natl. Acad. Sci. 85:9138-9142, 1988; and Lichter et al., Proc. Natl. Acad.
Sci. 85:9664-9668, 1988. CISH is described in, e.g., Tanner et al., Am. .1. Pathol. 157:1467-
1472, 2000 and U.S. Pat. No. 6,942,970. Additional detection methods are provided in U.S.
Pat. No. 6,280,929.

Numerous reagents and detection schemes can be employed in conjunction with FISH,
CISH, and SISH procedures to improve sensitivity, resolution, or other desirable properties.
As discussed above probes labeled with fluorophores (including fluorescent dyes and
QUANTUM DOTS®) can be directly optically detected when performing FISH.
Alternatively, the probe can be labeled with a nonfluorescent molecule, such as a hapten (such
as the following non-limiting examples: biotin, digoxigenin, DNP, and various oxazoles,
pyrrazoles, thiazoles, nitroaryls, benzofurazans, triterpenes, ureas, thioureas, rotenones,
coumarin, courmarin-based  compounds, Podophyllotoxin, = Podophyllotoxin-based
compounds, and combinations thereof), ligand or other indirectly detectable moiety. Probes
labeled with such non-fluorescent molecules (and the target nucleic acid sequences to which
they bind) can then be detected by contacting the sample (e.g., the cell or tissue sample to
which the probe is bound) with a labeled detection reagent, such as an antibody (or receptor,
or other specific binding partner) specific for the chosen hapten or ligand. The detection
reagent can be labeled with a fluorophore (e.g., QUANTUM DOT®) or with another
indirectly detectable moiety, or can be contacted with one or more additional specific binding
agents (e.g., secondary or specific antibodies), which can be labeled with a fluorophore.

In other examples, the probe, or specific binding agent (such as an antibody, ¢.g., a
primary antibody, receptor or other binding agent) is labeled with an enzyme that is capable
of converting a fluorogenic or chromogenic composition into a detectable fluorescent, colored
or otherwise detectable signal (e.g., as in deposition of detectable metal particles in SISH). As
indicated above, the enzyme can be attached directly or indirectly via a linker to the relevant
probe or detection reagent. Examples of suitable reagents (e.g., binding reagents) and
chemistries (e.g., linker and attachment chemistries) are described in U.S. Patent Application

Publication Nos. 2006/0246524; 2006/0246523, and 2007/ 01 17153.
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It will he appreciated by those of skill in the art that by appropriately selecting labelled
probe-specific binding agent pairs, multiplex detection schemes can he produced to facilitate
detection of multiple target nucleic acid sequences (e.g., genomic target nucleic acid
sequences) in a single assay (e.g., on a single cell or tissue sample or on more than one cell or
tissue sample). For example, a first probe that corresponds to a first target sequence can he
labelled with a first hapten, such as biotin, while a second probe that corresponds to a second
target sequence can be labelled with a second hapten, such as DNP. Following exposure of
the sample to the probes, the bound probes can he detected by contacting the sample with a
first specific binding agent (in this case avidin labelled with a first fluorophore, for example, a
first spectrally distinct QUANTUM DOT®, e.g., that emits at 585 mn) and a second specific
binding agent (in this case an anti-DNP antibody, or antibody fragment, labelled with a
second fluorophore (for example, a second spectrally distinct QUANTUM DOT®, e.g., that
emits at 705 mn). Additional probes/binding agent pairs can he added to the multiplex
detection scheme using other spectrally distinct fluorophores. Numerous variations of direct,
and indirect (one step, two step or more) can he envisioned, all of which are suitable in the
context of the disclosed probes and assays.

Probes typically comprise single-stranded nucleic acids of between 10 to 1000
nucleotides in length, for instance of between 10 and 800, more preferably of between 15 and
700, typically of between 20 and 500. Primers typically are shorter single-stranded nucleic
acids, of between 10 to 25 nucleotides in length, designed to perfectly or almost perfectly
match a nucleic acid of interest, to be amplified. The probes and primers are “specific” to the
nucleic acids they hybridize to, i.e. they preferably hybridize under high stringency
hybridization conditions (corresponding to the highest melting temperature Tm, e.g., 50 %
formamide, 5x or 6x SCC. SCC is a 0.15 M NaCl, 0.015 M Na-citrate).

The nucleic acid primers or probes used in the above amplification and detection
method may be assembled as a kit. Such a kit includes consensus primers and molecular
probes. A preferred kit also includes the components necessary to determine if amplification
has occurred. The kit may also include, for example, PCR buffers and enzymes; positive
control sequences, reaction control primers; and instructions for amplifying and detecting the
specific sequences.

In a particular embodiment, the methods of the invention comprise the steps of
providing total RNAs extracted from cumulus cells and subjecting the RNAs to amplification
and hybridization to specific probes, more particularly by means of a quantitative or semi-

quantitative RT-PCR.
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In another preferred embodiment, the expression level is determined by DNA chip
analysis. Such DNA chip or nucleic acid microarray consists of different nucleic acid probes
that are chemically attached to a substrate, which can be a microchip, a glass slide or a
microsphere-sized bead. A microchip may be constituted of polymers, plastics, resins,
polysaccharides, silica or silica-based materials, carbon, metals, inorganic glasses, or
nitrocellulose. Probes comprise nucleic acids such as cDNAs or oligonucleotides that may be
about 10 to about 60 base pairs. To determine the expression level, a sample from a test
subject, optionally first subjected to a reverse transcription, is labelled and contacted with the
microarray in hybridization conditions, leading to the formation of complexes between target
nucleic acids that are complementary to probe sequences attached to the microarray surface.
The labelled hybridized complexes are then detected and can be quantified or semi-quantified.
Labelling may be achieved by various methods, e.g. by using radioactive or fluorescent
labelling. Many variants of the microarray hybridization technology are available to the man
skilled in the art (see e.g. the review by Hoheisel, Nature Reviews, Genetics, 2006, 7:200-
210).

Expression level of a gene may be expressed as absolute expression level or
normalized expression level. Typically, expression levels are normalized by correcting the
absolute expression level of a gene by comparing its expression to the expression of a gene
that is not a relevant, e.g., a housekeeping gene that is constitutively expressed. Suitable genes
for normalization include housekeeping genes such as the actin gene ACTB, ribosomal 18S
gene, GUSB, PGK1 and TFRC. This normalization allows the comparison of the expression
level in one sample, e.g., a patient sample, to another sample, or between samples from
different sources.

Other methods for determining the expression level of a gene include the
determination of the quantity of proteins encoded by said genes.

Such methods comprise contacting the sample with a binding partner capable of
selectively interacting with a marker protein present in the sample. The binding partner is
generally an antibody that may be polyclonal or monoclonal, preferably monoclonal. The
binding partner may also be an aptamer.

The presence of the protein can be detected using standard electrophoretic and
immunodiagnostic techniques, including immunoassays such as competition, direct reaction,
or sandwich type assays. Such assays include, but are not limited to, Western blots;
agglutination tests; enzyme-labeled and mediated immunoassays, such as ELISAs;

biotin/avidin type assays; radioimmunoassays; immunoelectrophoresis; immunoprecipitation,
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etc. The reactions generally include revealing labels such as fluorescent, chemiluminescent,
radioactive, enzymatic labels or dye molecules, or other methods for detecting the formation
of a complex between the antigen and the antibody or antibodies reacted therewith.

The aforementioned assays generally involve separation of unbound protein in a liquid
phase from a solid phase support to which antigen-antibody complexes are bound. Solid
supports which can be used in the practice of the invention include substrates such as
nitrocellulose (e. g., in membrane or microtiter well form); polyvinylchloride (e. g., sheets or
microtiter wells); polystyrene latex (e.g., beads or microtiter plates); polyvinylidine fluoride;
diazotized paper; nylon membranes; activated beads, magnetically responsive beads, and the
like.

More particularly, an ELISA method can be used, wherein the wells of a microtiter
plate are coated with an antibody against the protein to be tested. A biological sample
containing or suspected of containing the marker protein is then added to the coated wells.
After a period of incubation sufficient to allow the formation of antibody-antigen complexes,
the plate (s) can be washed to remove unbound moieties and a detectably labeled secondary
binding molecule added. The secondary binding molecule is allowed to react with any
captured sample marker protein, the plate washed and the presence of the secondary binding
molecule detected using methods well known in the art.

Alternatively an immunohistochemistry (IHC) method may be preferred. THC
specifically provides a method of detecting targets in a sample or tissue specimen in situ. The
overall cellular integrity of the sample is maintained in IHC, thus allowing detection of both
the presence and location of the targets of interest. Typically a sample is fixed with formalin,
embedded in paraffin and cut into sections for staining and subsequent inspection by light
microscopy. Current methods of IHC use either direct labeling or secondary antibody-based
or hapten-based labeling. Examples of known IHC systems include, for example,
EnVision(TM) (DakoCytomation), Powervision(R) (Immunovision, Springdale, AZ), the
NBA(TM) kit (Zymed Laboratories Inc., South San Francisco, CA), HistoFine(R) (Nichirei
Corp, Tokyo, Japan).

In particular embodiment, a tissue section (e.g. a sample comprising cumulus cells)
may be mounted on a slide or other support after incubation with antibodies directed against
the proteins encoded by the genes of interest. Then, microscopic inspections in the sample
mounted on a suitable solid support may be performed. For the production of
photomicrographs, sections comprising samples may be mounted on a glass slide or other

planar support, to highlight by selective staining the presence of the proteins of interest.
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Therefore THC samples may include, for instance: (a) preparations comprising
cumulus cells (b) fixed and embedded said cells and (c) detecting the proteins of interest in
said cells samples. In some embodiments, an IHC staining procedure may comprise steps
such as: cutting and trimming tissue, fixation, dehydration, paraffin infiltration, cutting in thin
sections, mounting onto glass slides, baking, deparaffination, rehydration, antigen retrieval,
blocking steps, applying primary antibodies, washing, applying secondary antibodies
(optionally coupled to a suitable detectable label), washing, counter staining, and microscopic

examination.

A further object of the invention relates to an inhibitor of the hedgehog signalling
pathway for use in the prevention or treatment of basal cell carcinoma in a subject in need

thereof.

In a particular embodiment, the subject has an ACTRT1 deficiency (as above defined)

in its epidermis.

A further object relates to an inhibitor of the hedgehog signalling pathway for use in

the prevention or treatment of Bazex-Dupré-Christol syndrome

As used herein, the term "inhibitor of the hedgehog signalling pathway" includes any
compound or agent that prevents signal transduction in the hedgehog signaling pathway, and
specifically includes any compound that inhibits hedgehog from binding with its receptor.
Exemplary inhibitors include, but are not limited to, the Cyclopamine analogs cyclopamine-4-
ene-3-one, and Sigma Chemical Product Code J 4145 (see Williams et al., PNAS USA 100,
4616-4621, 2003, herein incorporated by reference). Additional analogs include Cur61414,
5El mab, HIP, Frzb, Cerberus, WIF-1, Xnr-3, Gremlin, Follistatin or a derivative, fragment,
variant, mimetic, homologue or analogue thereof, Ptc, Cos2, PKA, and an agent of the cAMP
signal transduction pathway. References that describe additional inhibitors include: U.S. Pat.
Pub. 20050112125; Chen et al., Proc. Nat. Acad. Sci. 2002, 99:22, 14071-14076; Taipale et
al., Nature 2002, 418, 892-897; Taipale et al., Nature 2000, 406, 1005-1009; U.S. Pat. Pub.
20050222087; U.S. Pat. Pub. 20050085519; U.S. Pat. Pub. 20040127474; U.S. Pat. Pub.
20040110663; U.S. Pat. Pub. 20040038876, and U.S. Pat. Pub. 20030166543; Int. Pat. Pub.
WO02009132032 and WO2006078283 all of which are herein incorporated by reference in
their entirities, and particularly for the hedgehog signaling agents taught therein.
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The inhibitor of the sonic hedgehog signaling pathway may be combined with
pharmaceutically acceptable excipients, and optionally sustained-release matrices, such as
biodegradable polymers, to form pharmaceutical compositions. "Pharmaceutically”" or
"pharmaceutically acceptable" refer to molecular entities and compositions that do not
produce an adverse, allergic or other untoward reaction when administered to a mammal,
especially a human, as appropriate. A pharmaceutically acceptable carrier or excipient refers
to a non-toxic solid, semi-solid or liquid filler, diluent, encapsulating material or formulation
auxiliary of any type.

Preferably, the pharmaceutical compositions contain vehicles, which are
pharmaceutically acceptable for a formulation capable of being injected. These may be in
particular isotonic, sterile, saline solutions (monosodium or disodium phosphate, sodium,
potassium, calcium or magnesium chloride and the like or mixtures of such salts), or dry,
especially freeze-dried compositions which upon addition, depending on the case, of sterilized
water or physiological saline, permit the constitution of injectable solutions.

The pharmaceutical forms suitable for injectable use include sterile aqueous solutions
or dispersions; formulations including sesame oil, peanut oil or aqueous propylene glycol; and
sterile powders for the extemporancous preparation of sterile injectable solutions or
dispersions. In all cases, the form must be sterile and must be fluid to the extent that casy
syringability exists. It must be stable under the conditions of manufacture and storage and
must be preserved against the contaminating action of microorganisms, such as bacteria and
fungi.

Solutions comprising compounds of the invention as free base or pharmacologically
acceptable salts can be prepared in water suitably mixed with a surfactant, such as
hydroxypropylcellulose. Dispersions can also be prepared in glycerol, liquid polyethylene
glycols, and mixtures thereof and in oils. Under ordinary conditions of storage and use, these
preparations contain a preservative to prevent the growth of microorganisms.

The sonic hedgehog polypeptide can be formulated into a composition in a neutral or
salt form. Pharmaceutically acceptable salts include the acid addition salts (formed with the
free amino groups of the protein) and which are formed with inorganic acids such as, for
example, hydrochloric or phosphoric acids, or such organic acids as acetic, oxalic, tartaric,
mandelic, and the like. Salts formed with the free carboxyl groups can also be derived from

inorganic bases such as, for example, sodium, potassium, ammonium, calcium, or ferric
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hydroxides, and such organic bases as isopropylamine, trimethylamine, histidine, procaine
and the like.

The carrier can also be a solvent or dispersion medium containing, for example, water,
ethanol, polyol (for example, glycerol, propylene glycol, and liquid polyethylene glycol, and
the like), suitable mixtures thereof, and vegetables oils. The proper fluidity can be maintained,
for example, by the use of a coating, such as lecithin, by the maintenance of the required
particle size in the case of dispersion and by the use of surfactants. The prevention of the
action of microorganisms can be brought about by various antibacterial and antifungal agents,
for example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the like. In many
cases, it will be preferable to include isotonic agents, for example, sugars or sodium chloride.
Prolonged absorption of the injectable compositions can be brought about by the use in the
compositions of agents delaying absorption, for example, aluminium monostearate and
gelatin.

Sterile injectable solutions are prepared by incorporating the active polypeptides in the
required amount in the appropriate solvent with several of the other ingredients enumerated
above, as required, followed by filtered sterilization. Generally, dispersions are prepared by
incorporating the various sterilized active ingredients into a sterile vehicle which contains the
basic dispersion medium and the required other ingredients from those enumerated above. In
the case of sterile powders for the preparation of sterile injectable solutions, the preferred
methods of preparation are vacuum-drying and freeze-drying techniques which yield a
powder of the active ingredient plus any additional desired ingredient from a previously

sterile-filtered solution thereof.
The invention will be further illustrated by the following figures and examples.

However, these examples and figures should not be interpreted in any way as limiting the

scope of the present invention.

EXAMPLE 1: Inactivation of Arp-T1 causes aberrant Hedgehog activation in

Bazex-Dupré-Christol syndrome and basal cell carcinoma.

Methods:

Patients and samples: A total of 48 patients from 13 BDCSs families and most of

their unaffected relatives underwent complete clinical examination. All affected individuals
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had two or more of the following signs on clinical examination or personal history:
hypotrichosis, facial milia, follicular atrophoderma and basal cell carcinomas. DNA was
extracted from peripheral blood lymphocytes obtained after informed consent by conventional
phenol-chloroform method. Skin tumor tissue was obtained from 13 patients who underwent
surgical excision of biopsy-confirmed BCCs. Forty additional paraffin-embedded skin tumor
samples were obtained from the Necker hospital pathology department specimen collection.

Linkage analysis, targeted sequencing of genes in the candidate region and CNEs
sequencing: Linkage analysis was performed using fluorescent polymorphic microsatellite
markers (DXS1212, DXS8057, DXS8009, DXS1047, DXS994, DXS8072, GDB 185506
(HPRT), DXS1062 and DXS1192). After amplification and using GeneScan 400D ROX (PE
Applied Biosystems, Foster City, CA) as a standard ladder, PCR products were analyzed
using Genotyper™ and GeneScan™ softwares on an automatic sequencer (ABI PRISM
3100™ gystem). Single nucleotide polymorphism (SNP) markers rs 62619090 and rs
41304510 were analyzed by direct sequencing. The whole ACTRTI gene and selected CNE
sequences were PCR-amplified using primers listed in Table S1. Both DNA strands were
sequenced using the Big Dye™ Terminator Cycle Sequencing Ready Reaction Kit (PE
Applied Biosystems). Sequence variation of ACTRT! was numbered with Adenine of the
ATG initiation codon as the first nucleotide (GenBank accession NM _138289). To search for
deletions/duplications around ACTRTI, we designed a high-density tiling-path comparative
genomic hybridization (CGH) array using probes covering the entire 7.5 ¢cM candidate region.

RNA extraction, RT-PCR and-real time PCR: Total RNA was isolated from cells
or skin biopsies by RNeasy® Plus Minikit, (Qiagen GmbH, Hilden, Germany) and processed
with the DNAse (Roche Diagnostics Gmbh, Mannheim, Germany) to eliminate genome DNA
contamination. cDNA was synthesized by the priming of total RNA with random hexamer
using High capacity cDNA Reverse Transcription kit (PE Applied Biosystems, Foster City,
CA, USA). Reverse transcript (RT)-real time PCR was carried out using Fast SYBR Green
PCR Master Mix (PE Applied Biosystems) on ABI prism 7000 (PE Applied Biosystems) in
triplicates. The mRNA levels of GLII, PTCHI and Cyclin Bl were normalized to those of
human actin gene. The sequences of primers were obtained from previous publications. PCR
conditions were 95 °C for 20 seconds followed by 40 cycles of 95 °C for 3 seconds, 60 °C for
30 seconds. Dissociation analysis for each primer pair and reaction was performed to verify
specific amplification.

ACTRTI cloning, expression and immunoblotting analysis: The human cDNA

containing the entire open reading frame of wild-type and mutant ACTRTI were amplified
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from a control individual and the patient carrying the c¢.739-740InsA mutation respectively.
cDNAs were subsequently cloned into the pcDNA3.1 expression vector, and resequenced
using the Big Dye Terminator Cycle Sequencing Ready Reaction Kit (PE Applied
Biosystems, Foster City, CA, USA). HEK293T cells were transiently transfected using
jetPRIME™ (Polyplus-transfection Inc, New York, U.S.A) with cither mutant or wild-type
ACTRT!I constructs. 24h after, cells were lysed in EBC buffer (50 mmol L™' Tris-HCI pH 8,
170 mmol L' NaCl, 0-5% NP-40, 50 mmol L' NaF) with protease inhibitors (Roche
Diagnostics Gmbh, Mannheim, Germany). Western blotting was performed using rabbit anti-
Arp-T1 (Sigma Aldrich, St Louis, MO, USA), mouse anti-HDAC2 , mouse anti-HSP90 and
rabbit anti-calreticulin antibodies (Millipore Corporation, Billerica, MA, USA). Bound
antibodies were visualized with horseradish-peroxidase-conjugated antibodies against rabbit
or mouse IgG (Santa Cruz Biotechnology, Heidelberg, Germany) by using the Enhanced
Chemiluminescence (ECL Plus™ Western Blotting Detection System ; GE healthcare,
Buckinghamshire, UK).

In situ hybridization: For probes synthesis, a 348 pb PCR fragment of CNE12
sequence was amplified from human genomic DNA. A T7 extension was added to both
primers to generate the control sense probe and the antisense probe, respectively. Sense and
antisense templates were obtained using DIG RNA labeling kit (T7 RNA polymerase, Roche
Diagnostics GmbH, Mannheim, Germany). Skin sections were fixed in 4% paraformaldehyde,
embedded in paraffin and sectioned at five micrometer. Paraffin sections were mounted on
SuperFrost®Plus slides (Thermo scientific, Vantaa, Finland), air-dried for 1-2 h at RT, melted
in the oven at 60°C for 45 min, deparaffinized in xylene and hydrated through decreasing
ethanol concentrations into PBS. Sections were hybridized with digoxygenin-labeled probe at
70°C overnight. In a second time sections were hybridized with alkaline-phosphatase-
conjugated anti-Digoxygenin antibody (Roche Diagnostics) at 1:2000. Finally, slides were
incubated in NBT-BCIP solution (Thermo scientific) to develop the dark-blue NBT-formazan
precipitate, and mounted in Faramount Aqueous Mounting Medium (Dako, Glostrup,
Denmark). Acquisition was performed with a motorized microscope system (Olympus IX81),
with a DP70 camera (Olympus), and with the Cell” software (Olympus).

Immuno-electron microscopy: Skin sections were washed with Dulbecco’s
Phosphate Buffered Saline 1X (DPBS1X), fixed for two hours at room temperature in
formaldehyde 4% and glutaraldehyde 0.1%, rinsed twice with DPBS1X, then afterward
embedded in sucrose 2.3M and frozen in liquid nitrogen. Cryosections were made using an

ultracryomicrotome (Reichert Ultracut S., Leica, Wetzler, Austria), and ultrathin sections
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were mounted on formvar-coated nickel grids. Skin sections were incubated for 15 minutes
with Phosphate Buffered Saline 1X (PBS1X) - 15% glycine, 5 minutes with PBS1X - 15%
glycine - 0.1% bovine serum albumin (BSA); and 20 minutes with DPBS1X - 15% glycine -
0.1% BSA - 10% normal goat serum followed by 2 hours of incubation with the rabbit anti -
Arp-T1 (1/50 ; Sigma Aldrich, St Louis, MO, USA), After extensive rinsing in PBS1X - 15%
glycine - 0.1% BSA, sections were incubated for 1 hour with either gold-labeled secondary
goat anti-rabbit antibody conjugated with 10 nM gold particle (GAR 10 or GAM 10; British
Biocell, Cardiff, U.K., http://www. british-biocell.co.uk). Sections were then washed for 30
minutes with PBS1X - 15% glycine, stained with 4% uranyl acetate in 2% methylcellulose for
10 minutes and air-dried. Section examinations were performed with a JEOL 1011
Transmission Electronic Microscope (TEM). Acquisitions were recorded with an ORIUS
SC1000 CCD camera (GATAN) and processed with the Digital Micrograph software
GATAN. Image acquisition and image analysis were performed on the Cochin Imaging
Facility (Paris, France).

Cell proliferation assays: 10 cm dishes of HEK293T cells were transiently
transfected with 10ug of the wild—type ACTRTI plasmid or mutant ACTRT! carrying the
¢.739_740InsA mutation or empty vector plasmid using jetPRIME™ reagent (Polyplus-
transfection Inc, New York, U.S.A) following the manufacture protocol. 24h after
transfection, 50000 cells of each transfection were plated in triplicates in a 96-well plates, and
then maintained in culture in completed growth media containing 10% fetal bovine serum.
After 24h and 48h, the cells were counted using the CellTiter 96® Non-Radioactive Cell
Proliferation Assay (MTT ; Promega, Madison, WI, USA). The number of cells, based on the
average count of the three wells was compared. Three independent experiments were
performed.

Flow cytometry: 10 cm dishes of HEK293T cells were transiently transfected with
10ug of the wild-type ACTRTI plasmid or mutant ACTRT! carrying the ¢.739 740InsA
mutation or empty vector plasmid using jetPRIME"™ reagent (Polyplus-transfection Inc, New
York, U.S.A) following the manufacture protocol. 24h after transfection, cells were
synchronized through serum starvation for 12h, BrdU was incorporated during 2h, 6h and 24h
followed by Flow cytometry assay. Staining of cells, we performed using APC BrdU Flow kit
(BD biosciences, San Diego, CA, USA).

Luciferase hedgehog reporter assays: For the Gli Reporter Assay, the
HEK293Tcells were seeded into six-well plates (35mm, 3.10° cells/well) and incubated with
Smo agonist (SAG). Cells were cotransfected by using jetPRIMETM reagent (Polyplus-
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transfection Inc, New York, U.S.A) with wild-type or 739 740InsA mutated ACTRTI
plasmids together with 0.2 ng of a 8x3'Gli-BSo51Lucll plasmid carrying the firefly luciferase
gene under the control of a GLI promoter. The pRenilla vector (0.1 pg) carrying the Renilla
luciferase gene under the control of a ubiquitous promoter was used for normalizing
transfection efficiency. The total amount of transfected DNA was kept constant by adding
empty vector. The same experiments were performed used a mutant 8x3'Gli-mutS4-
BSo651Lucll plasmid mutated in the regulatory region of GLI/. 24h after transfection,
luciferase activity was determined with the Dual luciferase kit (Promega, Madison, WI,
USA).

Chromatin immunoprecipitation assay: The chromatin immunoprecipitation (ChIP)
assay was carried out using EZ-Magna ChIP™ A/G kit (Millipore Corporation, Billerica,
MA, USA). Briefly, tissues were treated with 1% formaldehyde for 10 min. The cross-linked
chromatin was then prepared and sonicated to an average size of 300 - 500 bp. The DNA
fragments were immunoprecipitated with polyclonal anti-Arp-T1 antibody or IgG isotype
control antibody at room temperature. After reversal of cross-linking, the immunoprecipitated
chromatin was amplified by PCR amplification of specific regions of the GLI/ genomic locus.

The amplified DNA products were analyzed by agarose gel electrophoresis.

Results and discussion:

Cutaneous basal cell carcinoma (BCC) is the most common cancer in Western
Countries. It rarely metastases but may cause significant destruction of surrounding tissues.
Most BCCs are sporadic but some forms are inherited. Bazex-Dupré-Christol syndrome
(BDCS) is an X-linked dominant predisposition to BCCs with typical skin manifestations,
suggestive of a primary hair follicle anomaly"***. We have mapped the BDCS gene to Xq24-
q27 in three large pedigrees’. Studying three additional families, we found genetic
homogeneity of the disease (Zmax=15 at 6 = 0) and recombinants allowed to narrow down
the genetic interval to 7.5 ¢cM (DXS8057-rs62619090). The encompassed genes (36) were
sequenced and an identical single nucleotide insertion in the Actin-Related Protein T1 (Arp-
T1) gene (ACTRTI) was identified in 2/6 families (c.547 548 InsA, Family C and D). This
insertion is predicted to cause a frame shift and a premature termination codon at position 199
(p-M183NfsX17). It was found to segregate with the disease in the two families and was

absent from available databases (dbSNPs and 1000 genomes) and 600 control chromosomes.
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ACTRTI expression in HEK293T cells showed that the mutant cDNA encodes a 25 kDa
truncated protein. Yet, no mutation of the coding region of ACTRT/ was found in the four
other families linked to the same interval. No additional exons in ACTRTI were found by 5°-
3> RACE-PCR and no rearrangements in the candidate region were identified in the
remaining 4/6 patients by high-density tiling-path comparative genomic hybridization array.

Because the ACTRTI gene is located in a large 2.5 Mb gene desert, we performed in
silico search for highly conserved non-coding elements® (CNEs), since these elements are
known to control expression of neighboring genes**'°. A total of 17 CNEs were identified.
Sanger sequencing detected a g.127372937A>T variation in CNE12 in two Turkish patients
(Family E and F; CNE12 chrX: 127371674-127374249). This variation segregated with the
disease and was absent from dbSNP, the 1000 genome databases and from 261 Turkish
individuals (404 X chromosomes). This unusually long CNE (2.5 kb) is conserved in
mammals (61% identity with the mouse sequence) and teleost fish. In silico predicted
secondary structure of CNE12 suggested that it may be transcribed®''. RT-PCR and in situ
hybridization (ISH) experiments showed that CNE12 was indeed expressed in epidermis and
epidermal appendages but not in the dermis. Interestingly, ISH of skin sections showed
complete abolition of the specific ncRNA in the two male patients carrying the CNE12
variation, demonstrating the drastic impact of the g.127372937A>T wvariation on its stability
or expression. Conversely, ISH analysis detected CNE12 non-coding RNAs (ncRNAs) in a
patient carrying the c¢.547-548 InsA ACTRT! mutation. Considering that a subset of
transcribed ncRNAs act as a novel class of enhancers (¢eRNAs), we hypothesized that CNE12
could act as an enhancer in addition to being transcribed. CNE12 was subcloned in a pGL4.23
luciferase reporter plasmid. Interestingly, wild-type CNEI12 had an increased enhancer
activity in HaCat keratinocyte cell line, while the CNE12 construct harbouring the A>T
mutation was inactive.

Sequence conservation between species is not a consistent indicator of regulatory
clements'. Because no mutation in the 17 CNEs surrounding the ACTRT! locus was found in
the remaining two families, we carried out systematic array-based capture and high
throughput sequencing of the complete 7.5 Mb candidate region in the remaining probands.
Owing to the number of variants detected, a specific genome browser and filter was used to
detect candidate variants. The ACTRT mutation and CNE12 variant were confirmed and no
mutation in the coding sequences of the other 36 genes located in the 7.5 Mb interval was
identified, suggesting that other mutations may involve hitherto unknown ACTRT! regulatory

sequences. Two variations were selected (A2: £.125959394C>G variation and B2:
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127968123T>C variation) as candidates and subcloned in pGL4.23. Interestingly, both wild-
type sequences had enhancer activity in HaCAT cells but this activity was reduced when the
variant constructs were used. Similarly, when used as probes, sequences A2 and B2 stained
positively on control skin biopsies, but no staining was detected on skin biopsies from the
corresponding patients. Cross tests were positive, demonstrating that absence of ISH staining
was patient and mutation-specific.

While epigenetic marks (H3K4mel, H3K36me3 and H3K27ac) usually identify
enhancer elements in the genome, no chromatin signature in the vicinity of ACTRTI was
found in an atlas of 43,000 candidate active human enhancers'. In order to identify a putative
chromatin signature at the ACTRT! locus, chromatin immunoprecipitation (ChIP) followed by
quantitative targeted PCR'* was performed on proteins extracted from normal human
epidermis. Indeed, an enhancer signature was found for A2, B2 and CNE12 sequences, with
an enrichment in H3K27Ac, H3K4Mel. Our results provide genetic and functional evidence
that BDCS is caused by loss-of-function mutations altering either the coding region of the
ACTRTI gene or eRNA enhancers in its transcribed non coding vicinity.

Immuno-histochemical (IHC) analyses in six control skin sections detected Arp-T1 in
tissues involved in BDCS (epidermal layers, hair follicles, sebaceous glands and eccrine
sweat glands) but not in dermal connective tissue. Interestingly, IHC failed to detect any
specific staining in BCC tumors of 9/9 BDCS patients (at least one patient of each BDCS
family) and found only a mild signal in unaffected epidermis. Furthermore, Arp-T1 was also
undetectable in BCCs from 34/40 unrelated sporadic BCC cases in whom neither germ line
nor somatic tumoral ACTRT! mutations had been found. Conversely, Arp-T1 was normally
detected in BCCs from two patients with Gorlin syndrome carrying a germline PTCH/
mutation and one Xeroderma Pigmentosum patient. These results emphasize genetic
heterogeneity of skin tumors and suggest that sporadic BCCs may quasi-consistently exhibit
loss of function at the ACTRT! locus.

Arp-T1 belongs to the Actin-Related Proteins (Arps) family. Nuclear Arps are
essential elements of the macromolecular machinery that controls chromatin remodeling,

15,16,17,18,19,20,21,22 .
. Ultra-thin

dynamic changes in DNA structure, transcription and repair
sections of normal skin processed for transmission electronic microscopy analyses detected
Arp-T1 in both nucleus and cytoplasm. Subcellular protein fractionation assays showed that
Arp-T1 binds chromatin, while the truncated Arp-T1 protein was absent in the chromatin-
bound fraction. Arp-T1 chromatin-binding in controls but not BDCS is consistent with its

putative involvement in chromatin remodeling and its alteration in the disease.
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Since the Hedgehog signaling pathway is activated in more than 70% of BCC
cases”**, we hypothesized that links may exist between Arp-T1 and the Hedgehog pathway.
Studying expression of Hedgehog target genes, we found that GLII, GLI2 and PTCHI were
overexpressed both in non tumoral skin and BCCs derived from BDCS patients carrying
either an ACTRTI ¢.547 548 InsA mutation or a CNEI12 variant. Transactivation assay
showed that Arp-T1 but not the mutant protein can inhibit the Hedgehog pathway.
Consistently, stable expression of ACTRT! significantly reduced the aberrant activation of
Hedgehog signaling pathway in MDA-MB231 cells. ChIP assays on control skin revealed that
Arp-T1 can bind two regions upstream of the GLI/ transcription initiation site, supporting the
view that Arp-T1 can directly bind the regulatory sequences of Hedgehog signaling target
genes. In keeping with these results, recent studies have shown that GLII transcriptional
activity and Hedgehog signaling are controlled by chromatin regulators, such as Brgl and
Snf5, components of the mammalian SWI/SNF chromatin remodeling complex, required for
signal-induced transcription of Hedgehog signaling target genes via binding to GLI/
regulatory regions. Moreover, loss of Snf5 leads to aberrant activation of the Hedgehog

20 Taken together, our results suggest that

signaling pathway in human rhabdoid tumors
transcriptional regulation of GL// may be pivotal not only for tumor suppressor activity of
Snf5 and Brgl, but for Arp-T1 as well.

Germline mutations in the ACTRT! gene and its non-coding surrounding elements in
BCCs represent a hitherto unreported mechanism of inherited predisposition to skin tumors.
This study highlights the impact of intergenic mutations in human diseases. Elucidating the
disease mechanism in BDCS, a rare inherited condition, has thus shed light on a most

common human cancer, BCC. Developing novel Hedgehog signaling inhibitors targeting Arp-

T1 will hopefully help improving treatment of this frequent, potentially devastating condition.
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CLAIMS:

1. A method for determining whether a subject is at risk of having a basal cell carcinoma
comprising the steps consisting of detecting an ACTRT1 deficiency in the subject’s
epidermis and concluding that the subject is at risk of having a basal cell carcinoma

when an ACTRT1 deficiency in the subject’s epidermis is detected.

2. A method for the prevention or treatment of basal cell carcinoma in a subject in need
thereof comprising administering the subject with a therapeutically effective amount

of an inhibitor of the hedgehog signalling pathway.

3. A method for prevention or treatment of Bazex-Dupré-Christol syndrome in a subject
in need thereof comprising administering the subject with a therapeutically effective

amount of an inhibitor of the hedgehog signalling pathway.
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