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FKBP51/52 AND CYP40-MEDIATED MAMMALIAN HATR GROWTH
BACKGROUND OF THE INVENTION

Field of the Invention

The invention relates to the fields of dermatology, cell biology, and
molecular biology. More specifically, the present invention relates to drug screening
assays designed to identify non-immunosuppressive agents that modulate hair growth

and the use of such agents for modulation of hair growth.

Summary. of the Related Art

The immunosuppressant drugs FK506, rapamycin and cyclosporin A
are well known T-cell specific immunosuppressants that are routinely used to prevent
graft rejection in organ transplant patients. In T cells, FK506 and cyclosporin A
prevent calcineurin from dephosphorylating the transcription factor NF/AT (nuclear
factor of activated T-cells), thereby blocking its translocation into the nucleus and
preventing the receptor-mediated increase in synthesis and secretion of cytokines,
such as interleukin-2 and, hence, T-cell proliferation (Heitman, J. et al., 1992, The
New Biologist 4:448-460).

FK506 and cyclosporin A act by binding to endogenous intraceliular
receptor proteins termed immunophilins. Based on their structure and binding affinity
for specific drugs, immunophilins have been divided into two classes of proteins;
those proteins having an affinity for FK506 are referred to as FK506-binding proteins
(FKBPs), while those having an affinity for cyclosporin are referred to as
cyclophilins. Both FKBPs and cyclophilins possess a similar peptidyl-prolyl
isomerase activity resulting in cis-trans-isomerization of proteins, which is believed to
be important for protein folding and trafficking. In addition, both FKBPs and
cyclophilins are characterized by their ability to interact with a variety of different

proteins involved in signal transduction.

Several members of the FKBP family have been identified and named

according to their calculated molecular mass (Lane, W.S. et al, 1991, J. Protein

-1-
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Chem. 10:151-160; U.S. Patent No. 5,763,590). Cyclophilin A and FKBP12 were
originally isolated as cyclosporin A and FK506 binding proteins, respectively, and
were shown to exert immunosuppressive activity through inhibition of calcineurin.
FKBP-51 was found to be expressed in T-cells where it inhibits calcineurin with
much weaker potency, suggesting that multiple immunophilins may participate in
mediating FK506 immunosuppressant activity. FKBP-51 has also been shown to be a
component of the progesterone receptor complex (Nair, S.C. et al., 1997, Mol. Cell
Biol. 17:594-603). PKBPS52 was initially discovered as a component of the inactive
steroid receptor complex (Smith, D.F. et al., 1993, J. Biol. Chem. 268:18365-71). The
N-terminal domain, residues 1-149 of FKBP52, shares 55% homology with FKBP12,
however, it does not have immunosuppressant activity when complexed with FK506.
FKBP52 is phosphorylated by casein kinase II and has been found to have chaperone
activity independent of isomerase activity (Miyata, Y. et al., 1997, Proc. Natl. Acad.
Sci. USA 94:14500-14505). CyP40 has only a low affinity for cyclosporin A and is
therefore capable of only slight reduction of the immunosuppressive effect of

cyclosporin A.

Hsp90 is the most abundant of the heat shock proteins. A number of
transcription factors and protein kinases involved in signal transduction are found
complexed with hsp90 (Pratt, W.B. et al., 1999, Cell Signal 11:839-851; Pratt and
Toft, 1997, Endocrine Rev. 18:306-360). When complexed with transcription factors,
the hsp90 complexes are found to contain high molecular weight immunophilins with
tetratricopeptide repeat (TPR) motifs (Duina, A.A. et al., 1996, Science 274:1713-
1715; Bose, S. et al., 1996, Science 274:1715-1717). Such immunophilins include
FKBP52 and CyP40 (Owens-Grillo, J.K., 1995, J. Biol. Chem. 270:20479-20484;
Miyata, Y. et al., 1997, Proc. Natl. Acad. Sci. USA 94:14500-14505; Silverstein, A.M.
et al., 1999, J. Biol. Chem. 274:36980-36986).

Causes of hair loss include aging, the action of male hormones, the loss
of blood supply to hair follicles, and scalp abnormalities. In addition, genetic
disposition may account for hair loss. For example, androgenic alopecia is considered
to be genetically determined. Recently, a rare autosomal recessive form of hereditary
alopecia, referred to as atrichia with papular lesions, was found to result from
mutations in the human "hairless” gene (Ahmad, W. et al., 1998, Science 279:720-
724). In individuals affected with this form of hair loss, hairs are typically absent

from the scalp, and patients have very sparse eyebrows and eyelashes. Mutations in

2-
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the human homolog of the mouse hairless gene lead to congenital alopecia universalis
and atrichia with papular lesions. In mice bearing a mutation in the airless gene, the
hair matrix cells appear to undergo premature and massive apoptosis together with a
concomitant decline in Bel-2 expression indicating that the sairless gene product may
play a role in regulating cell proliferation, differentiation and apoptosis in the hair
follicle. The human hairless gene has recently been isolated and is described in WO
09/38965.

It has ‘been reported that topical application of FK506 and cyclosporin
A stimulate hair growth in a dose dependent manner (Sainsbury, T.S.L. et al., 1991,
Transplant. Proc. 23:3332-3334). For example, FK506 and cyclosporin A have been
shown to stimulate hair growth in experimental animals, such as mice and rats (WO
98/55090; Maurer, M., 1997, Am. J. Path. 150:1433; Yamamoto, S. et al., 1993, J.
Invest. Dermatol. 102:160). The effects of FK506 and cyclosporin A and related
agents have been described (Tsuji Y. et al., 1999, Exp. Dermatol. 8:366-7, McElwee,
K. et al., 1997, Br. J. Dernatol. 137:491-7; Iwabuchi T. et al., 1995, J. Dermatol.
Sci. 9:64-9; Yamamoto S. and Kato R., 1994, J. Dermatol. Sci. 7 Supp. 1:547-54; and
Yamamoto S. et al., 1994, J. Invest. Dermatoi102:160-4).

In addition, Japanese patent application No. 11-174041 describes
methods for identifying hair stimulating agents that can bind to immunosuppressive
agent-bound proteins that can form a complex with steroid receptors, Z.e., FKBP 52 or
cyclophilin 40, but do not bind to FKBPs that cannot form complexes with steroid
receptors, e.g., FKBP12.

The mechanism of mammalian hair growth stimulated by FK506 and
cyclosporin A remains unknown. Despite their potential use as hair stimulating
agents, immunosuppressive agents such as FK506 and cyclosporin A also exhibit
toxic side effects such as immunosuppression. Thus, there is the need to identify and
develop non-immunosuppressive agents that are useful as modulators of hair growth.
The present invention is based on the discovery of the signaling pathway by which the
immunosuppressive agents FK506 and cyclosporin A modulate hair growth. This
discovery provides drug screening assays for identification of non-

immunosuppressive agents capable of modulating hair growth.

Summary of the Invention

JP 2005-501229 A 2005.1.13
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The present invention relates to drug screening assays designed to
identify non-immunosuppressive agents that modulate hair growth and the use of such
agents for modulation of hair growth. The invention is based on the discovery of the
signal transduction pathway by which specific immunophilins, namely FKBP51 and
FKBP52, and CyP40, modulate hair growth. As disclosed herein, the FKBP51/52
proteins are found to be expressed in hair follicle dermal papillae. In addition,
FKBP51/52 are found complexed with the hsp90, Gli3, AFX-1 and hairless protein
within the cell. Contact of dermal papillae cells with FK506 or cyclosporin A was
also found to stimulate expression of the Gli3 target gene, BMP4 and HNF38. The
pathway of the invention serves as a basis for methods designed to identify non-

immunosuppressive agents which can be used to modulate hair growth.

The invention relates to assays designed to screen for agents that
modulate the components of the FKBP51/52 and CyP40 signal transduction pathway,
i.e., agents that act as agonists or antagonists of such components, including
FKBP51/52, CyP40, hsp90, Gli3, AFX-1 and/or the haitless protein. In an
embodiment of the invention, a method is provided for rational drug design of agents
which specifically modulate activity and/or the association of FKBP51/52 or CyP40
with the hsp90, hairless, AFX-1 and/or Gli3 protein. The present invention further
provides cell based and non-cell based assays for identifying agents which modulate
the interaction and/or activity of the components of the inventive pathway, i.e., the
FKBP51/52, CyP40, hsp90, Gli3 AFX-1 and hairless protein.

Specifically, the invention provides a inethod for identifying a

compound capable of modulating hair growth comprising:

@ contacting a cell that expresses, or a preparation containing,
FKBP51/52 or CyP40, hsp90 and a protein selected from the group

consisting of hairless, AFX-1, and gli3, with a test compound;

(ii) determining the level of complex formation between FKBP51/52 or
CyP40, hsp90 and at least one protein selected from the group
consisting of the hairless, AFX-1, and gli3, in the cell, or preparation,

contacted with the test compound; and

(iii)  comparing the level of compléx formation obtained in (ii) to the level
of complex formation between FKBP51/52 or CyP40, hsp90, and at
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least one protein selected from the group consisting of the hairless,

AFX-1, and gli3, in the absence of test compound;

wherein a difference in the level of complex formation in the presence versus in the
absence of test compound has a positive correlation with hair growth modulating
activity.

As used herein, the term "preparation” refers to a composition
comprising at least one cellular component that has been isolated, extracted or
partially purified either from a cell in which it is naturally expressed or from a cell
which has been genetically engineered to express the component, or a component that
has been synthetically prepared, which composition can be used to carry out the
recited method. Such preparations include, but are not limited to, cell fractions
prepared by standard techniques, as well as aqueous, buffered solutions of cellular
components prepared by combining together previously synthesized or purified

components.

As used herein, the phrase "positive correlation with hair growth modulating activity"
refers to an observation of the biological activity of a test compound whetein the
activity indicates that the test agent is capable of either stimulating or inhibiting hair

growth.

In another embodiment of the invention, a method is provided for

identifying a compound capable of modulating hair growth comprising:

@) contacting a cell that expresses a nuclear hormone receptor and a
reporter gene under the transcriptional control of a hairless, AFX-1, or
gli3 gene responsive element with a test compound and measuring the

level of reporter gene expression in the cell;

(ii)  measuring the level of reporter gene expression in the absence of the

test compound; and
(iii)  comparing the levels of reporter gene expression measured in (i) and
i)
wherein a difference in the levels of reporter gene expression measured in steps (i)

and (ii) has a positive correlation with hair growth modulating activity of the test

compound.
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The invention further provides a method for identifying a compound

capable of promoting hair growth comprising:

(63} contacting a sample containing a hairless, AFX-1 or gli3 gene product

with a test compound;

(i)  determining whether the test compound binds to the hairless, AFX-1

or gli3 gene product; and

(iii)  determining whether the test compound inhibits complex formation
between the hairless, AFX-1 or gli3 gene product and a binding
partner selected from the group consisting of FKBP51/52, CyP40, a

nuclear hormone receptor, a hsp90 protein, and a combination thereof;

wherein the ability of a test compound to both bind to the kairless, AFX-1 or gli3
gene product and inhibit complex formation has a positive correlation with hair

growth promoting activity.

The invention further relates to a method for identifying a compound

capable of modulating hair growth comprising:

(i) contacting a cell that expresses FKBP51/52 or CyP40, and hsp90, a
nuclear hormone receptor, and the hairless, AFX-1 or gli3 gene
product with a test compound in the presence of a nuclear hormone
receptor ligand;

(i) determining the Jevel of nuclear translocation of the hairless, AFX-1 or

gli3 gene product into the nucleus of the cell;

(iii)  determining the level of nuclear translocation in the absence of the test

compound; and
(iv)  comparing the level of nuclear translocation measured in (it} and (iii);
wherein a difference in the level of nuclear translocation measured in steps (ii) and

(iii) has a positive correlation with hair growth modulating activity of the test

compound.

Identified agents can be used to modulate hair growth. Such agents are
particularly useful for treating baldness resulting from genetic factors, aging, local
skin conditions and diseases that affect the body generally, i.e., systemic diseases.

Such disorders include, but are not limited to, male pattern baldness, female pattern

~6-
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baldness, toxic baldness, alopecia areata and scarring alopecia. In addition, the agents

can be used to treat subjects with hair loss associated with radiation or chemotherapy.

Thus, the invention encompasses a method for modulating hair growth
in a mammal comprising administering to the mammal a compound that modulates
complex formation between FKBP51/52, CyP40 or hsp90 and at least one protein
selected from the group consisting of hairless, gli3, AFX-1, and hsp90.

The invention provides a method for modulating hair growth in a
mammal comprising administering to the mammal a compound that modulates the
nuclear translocation of a protein selected from the group consisting of the hairless,
AFX-1 and gli3 protein.

In yet another embodiment of the invention, a method is provided for
modulating hair growth in 2 mammal comprising administering to the mammal a

compound that modulates Aairless, AFX-1-or gli-3-mediated gene expression.
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Description of the Figures

The foregoing and other objects of the present invention, the various
features thereof, as well as the invention itself may be more fully understood from the

following description, when read together with the accompanying drawings in which:

Figure 1 is a schematic representation depicting the proposed model of
interactions between FKBP51/52, CyP40, steroid receptors, hsp 90 and other binding
partners.

Figure 2 is a representation of RT-PCR analysis of human dermal
papilla RNA, demonstrating that in cultured human dermal papilla cells, expression of
FKBP51, FKBP52 and CyP40 is detected using RT-PCR.

Figure 3A is a graphic representation demonstrating stimulation of
BMP4 transcription four days after FK506 and cyclosporin A treatment.

Figure 3B is a graphic representation demonstrating stimulation of

HNF3p transcription four days after FK506 and cyclosporin A treatment.

Figure 4 is a graphic presentation of the induction of TR mediated

transcription by cyclosporin A or FK506.
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Detailed Description

The present invention is based on the discovery of the signal
transduction pathway by which specific immunophilins, namely FKBP51, FKBP52
and CyP40, modulate hair growth. The discovery of the pathway by which agents
such as FK506 and cyclosporin A modulate hair growth provides screening targets for
agents that can be used to promote hair growth while having a reduced effect on the

immune system.

The present invention encompasses assays designed to identify agents
that modulate the interaction and/or activity of the components of the signal
transduction pathway. Such components include, for example, the FKBP51/52,
CyP40, hsp90, Gli3, AFX-1 and hairless proteins. Both cell based and non-cell based
assays can be used to identify agents that either increase or decrease the activity of the
FKBP51/52 and CyP40 signal transduction pathway. The present invention further
provides for rational drug design of agents that specifically promote or inhibit
association of FKBP51/52 or CyP40 with the hsp90, hairless, AFX-1 and/or Gli3

proteins.

In other embodiments, the present invention provides for agents
designed or identified by the foregoing methods. Further, the present invention
provides for the use of said agents for enhancement of hair growth. In particular, such
agents can be used to treat baldness which can result from genetic factors, aging,
and/or local skin conditions.

SCREENING ASSAYS FOR AGENTS USEFUL IN
MODULATING THE ACTIVITY OF FKBP51/52/CYP40

The present invention relates to screening assay systems designed to
identify agents or compositions that modulate FKBP51/52 or CyP40 activity or
FKBP51/52 or CyP40 gene expression, and thus, may be useful for modulation of hair
growth,

RECOMBINANT EXPRESSION OF
PROTEINS INVOLVED IN HATR GROWTH

For purposes of developing screening assays designed to identify
agents or compositions that modulate hair growth, it may be necessary to

recombinantly express the FKBP51/52 or CyP40 proteins and/or the proteins that

9.
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interact with FKBP51/52, and CyP40, i.e., hsp90, Gli3, AFX-1 and hairless proteins.
The cDNA sequences and deduced amino acid sequences of FKBP51 and FKBP52
have been characterized (PubMed Accession Nos.U71321 and M88279) and are
incorporated herein by reference. The term FKB51/52 as used herein refers to either
or both the FKBP51 and FKBPS2 proteins. The cDNA sequence and deduced amino
acid sequences of CyP40 have been characterized (Accession No. D63861) and is
incorporated herein by reference. The cDNA sequences and deduced amino acid
sequences of hsp90, Gli3, AFX-1 and hairless have also been characterized (PubMed
Accession Nos. NMO18411 (hairless); NM000168 (Gli3) and NMO005348 (hsp90);
Accession No. U10072 and are incorporated herein by reference. For simplicity,
recombinant expression is described below for FKBP51/52; however, the methods
can also be utilized for recombinant expression of CyP40, hsp90, Gli3, AFX-1 and/or

the hairless protein.

FKBP51/52 nucleotide sequences can be isolated using a variety of
different methods known to those skilled in the art. For example, a cDNA library
constructed using RNA from a tissue known to express FKBP51/52 can be screened
using a labeled FKBP51/52 specific probe. Alternatively, a genomic library can be
screened to derive nucleic acid molecules encoding the FKBP51 or FKBP52 protein.
Further, FKBP51/52 nucleic acid sequences can be derived by performing a )
polymerase chain reaction (PCR) using two oligonucleotide primers designed on the
basis of known FKBP51/52 nucleotide sequences. The template for the reaction can
be cDNA obtained by reverse transcription of mRNA prepared from cell lines or
tissue known to express FKBP51/52.

FKBP51/52 protein, polypeptides and peptide fragments, mutated,
truncated or deleted forms of FKBP51/52 and/or FKBP51/52 fusion proteins can be
prepared for a variety of uses, including, but not limited to, the identification of other
cellular gene products involved in the regulation of FKBP51/52-mediated hair
growth, and the screening for agents that can be used to modulate hair growth.
FKBP51/52 fusion proteins include fusions to an enzyme, fluorescent protein, and a

polypeptide tag or luminescent protein, all of which provide a marker function.

While the FKBPS51/52 polypeptides and peptides can be chemically

synthesized (e.g., see Creighton, 1983, Proteing: Structures and Molecular Principles,
W.H. Freeman & Co., N.Y.), large polypeptides derived from FKBP51/52 and the full

-10-
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length FKBP51/52 proteins can be advantageously produced by recombinant DNA
technology using techniques well known in the art for expressing nucleic acids
containing FKBP51/52 gene sequences and/or other coding sequences. Such methods
can be used to construct expression vectors containing the FKBP51/52 nucleotide
sequences and appropriate transcriptional and translational control signals. These
methods include, for example, in vitro recombinant DNA techniques, synthetic
techniques, and in vivo genetic recombination. (See, for example, the techniques
described in Sambrook et al., 1989, Molecular Cloning, A Laboratory Manual, Cold
Spring Harbor Press, N.Y.; and Ausubel et al., 1989, Current Protocols in Molecular
Mﬁgy, Green Publishing Associates and Wiley Interscience, N.Y.).

A variety of host-expression vector systems can be utilized to express
the FKBP51/52 nucleotide sequences (See, e.g., U.S. Patent No. 5,763,590 for
expression of FKBP 52). Where the FKBP51/52 peptide or polypeptide is expressed
as a soluble derivative and is not secreted, the peptide or polypeptide can be recovered
from the host cell. Alternatively, where the ‘FKBPS 1/52 peptide or polypeptide is

secreted, the peptide or polypeptides can be recovered from the culture media.

The expression systems that can be used for purposes of the invention
include, but are not limited to, microorganisms such as bacteria transformed with
recombinant bacteriophage, plasmid or cosmid DNA expression vectors containing
FKBP51/52 encoding nucleotide sequences, yeast transformed with recombinant
yeast expression vectors containing FKBP51/52 encoding nucleotide sequences or
mammalian cell systems, or insect cell systems containing FKBP51/52 recombinant
expression constructs containing promoters detived from the genome of mammalian

or insect cells or from mammalian or insect viruses.

Appropriate expression systems can be chosen to ensure that the
correct modification, processing, and sub-cellular localization of the FKBP51/52
protein occurs. To this end, eukaryotic host cells that possess the ability to propetly
modify and process the FKBP51/52 protein are preferred. For long-term, high yield
production of recombinant FKBPS1/52 protein, such as that desired for development
of cell lines for screening purposes, stable expression is preferred. Rather than using
expression vectors which contain origins of replication, host cells can be transformed
with DNA controlled by appropriate expression control elements and a selectable

marker gene, e.g., tk, hgprt, dhfr, neo, and hygro genes, to name a few. Following the

-11-
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introduction of the foreign DNA, engineered cells may be allowed to grow for 1-2
days in enriched media, and then switched to a selective media. Such engineered cell
lines can be particularly useful in screening and evaluating agents that modulate the

endogenous activity of the FKBP51/52 geue product.

In addition, in some instances it may be necessary to co-express
interactive binding proteins such as the CyP40, hsp90, Gli3, AFX-1 and hairless
proteins for use in the screening assays of the invention. Methods described above for

expression of FKBP51/52 can be similarly used to co-express such binding proteins.

NON-CELL BASED ASSAYS

In accordance with the invention, non-cell based assay systems can be
used to identify agents that interact with, i.e., bind to, FKBP51/52 or CyP40, and
regulate the activity of such proteins. Such agents may act as antagonists or agonists
of FKBP51/52 or CyP40 activity and can be used to regulate hair growth. In
particular, such agents may function to disrupt or prevent the formation of a complex
between FKBP51/52 or CyP40 and their binding partners, i.e., the hsp90, Gli3, AFX-
1 and/or hairless protein. For simplicity, the non-cell based assays are described

below for FKBP51/52; however, they can be similarly utilized for CyP40 as well.

Recombinant FKBP51/52, including peptides corresponding to
different functional domains, or FKBP51/52 fusion proteins, can be expressed and

used in assays to identify agents that interact with FKBP51/52.

To this end, soluble FKBP51/52 can be recombinantly expressed and
utilized in non-cell based assays to identify agents that bind to FKBP51/52.
Recombinantly expressed FKBP51/52 polypeptides or fusion proteins containing one
or more of the FKBP51/52 functional domains can be prepared as described above,
and used in the non-cell based screening assays. One such functional domain is the
tetratricopeptide repeat (TPR) which is important for protein/protein interactions. For
example, the full length FKBP51/52, or a soluble truncated FKBP51/52, e.g., in which
one or more domains is deleted from the molecule but the TPR is retained, a peptide
corresponding to the TPR motifs, or a fusion protein containing the FKBP51/52 TPR
motif fused to a protein or polypeptide that affords advantages in the assay system
(e.g., for labeling or isolating the resulting complex) can be utilized. Where agents
that interact with the TPR motif are songht to be identified, peptides corresponding to

12~
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the FKBP51/52 TPR motif and fusion proteins containing the FKBP51/52 TPR motif
can be used. The FKBP51/52 protein can also be present as part of a crude or

semi-purified extract.

The principle of the assays used to identify agents that bind to
FKBP51/52 involves preparing a reaction mixture of FKBP51/52 and the test agent
under conditions and for time sufficient to allow the two components to interact and
bind, thus forming a complex which can be removed and/or detected in the reaction

mixture. The identity of the bound test agent is then determined.

The screening assays are accomplished by any of a variety of
comumonly known methods. For example, one method to conduct such an assay
involves anchoring the FKBP51/52 protein, polypeptide, peptide, fusion protein, or
the test substance onto a solid phase and detecting FKBP51/52/test agent complexes
adhered to the solid phase at the end of the reaction. In one embodiment of such a
method, the FKBP51/52 reactant is anchored onto a solid surface, and the test agent,

which is not anchored, may be labeled, either directly or indirectly.

In practice, microtitre plates conveniently can be utilized as the solid
surface. The anchored component is immobilized to the solid surface by non-covalent
or covalent attachment. The solid surfaces may be prepared in advance and stored. In
order to conduct the assay, the non-immobilized component is added to the solid
surface coated with the anchored component. After the reaction is completed,
unreacted components are removed (e.g., by washing) under conditions such that any
complexes formed will remain jmmobilized on the solid surface. The detection of
complexes anchored on the solid surface can be accomplished in a number of ways.
‘Where the previously non-immobilized corponent is pre-labeled, the detection of
label immobilized on the surface indicates that complexes have been formed. Where
the previously non-immobilized component is not pre-labeled, an indirect label can be
used to detect complexes on the solid surface, e.g., using a labeled antibody specific

for the previously non-immobilized component.

Alternatively, a reaction is conducted in a liquid phase, the reaction
products are separated from unreacted components using an immobilized antibody
specific for FKBP51/52 protein, fusion protein or the test agent, and complexes are

detected using a labeled antibody specific for the other component of the complex.
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In accordance with the invention, non-cell based assay systems can be
used to identify agents that directly interfere with the interaction between FKBP 51/52
and one or more other proteins within the cell. The proteins that interact with the
FKBP51/52 are referred to, for purposes of this discussion, as "binding partrers."
These binding partners are likely to be involved in the FKBP51/52 signal transduction
pathway. Such binding partners include, but are not limited to, the hsp90, Gli3, AFX-
1 and hairless protein. Therefore, it is desirable to identify agents that modulate the
interaction of one or more of such binding partners with FKBP51/52. Such agents
may interfere with or disrupt the interaction of one or more such binding partners with
FKBP51/52 and may be useful in modulating hair growth. Alternatively, agents can
be identified that increase the affinity or improve the interaction between the one or

more binding partners and FKBP51/52.

The basic principle of the assay systems used to identify agents that
interfere with the interaction between a FKBP51/52 moiety and one or more of its
binding partners involves preparing a reaction mixture containing FKBP51/52 protein,
polypeptide, peptide or fusion protein, and the one or more binding partner, and
incubating the reaction mixture under conditions and for a time sufficient to allow the
components to interact and bind, thus forming a complex. In order to test an agent for
inhibitory activity, the reaction mixture is prepared both in the presence and absence
of the test agent. The test agent may be initially included in the reaction mixture, or
may be added at a time subsequent to the addition of the FKBP51/52 moiety with its
binding partner(s). Control reaction mixtures are incubated without the test agent or
with a placebo. The formation of any complexes between the FKBP51/52 moiety and
the binding partner(s) is then detected. The formation of a complex in the control
reaction, but not in the reaction mixture containing the test agent, indicates that the
test agent interferes with the interaction of the FKBP51/52 and the interactive binding

partner(s).

The assay for agents that interfere with the interaction of FKBP51/52
and binding partners can be conducted in a heterogeneous or homogeneous format.
Heterogeneous assays involve anchoring either the FKBP51/52 moiety product or the
binding partner onto a solid surface and detecting complexes attached to the solid
surface at the end of the reaction. In homogeneous assays, the entire reaction is
carried out in a liquid phase. In either approach, the order of addition of reactants can

be varied to obtain different information about the agents being tested. For example,

_14-
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test agents that interfere with the interaction by competition can be identified by
conducting the reaction in the presence of the test substance, i.e., by adding the test
substance to the reaction mixture prior to or simultaneously with FKBP51/52 moiety
and interactive binding partner. Alternatively, test agents that disrupt preformed
complexes, e.g. agents with higher binding constants that displace one of the
components from the complex, can be tested by adding the test agent to the reaction
mixture after complexes have been formed. The various formats are described briefly

below.

In a particular embodiment, an FKBP51/52 fusion can be prepared for
immobilization. For example, the FKBP51/52 or a peptide fragment, e.g.,
corresponding to the TPR motif, can be fused to a glutathione-S-transferase (GST)
gene using a fusion vector, such as pGEX-5X-1, in such a manner that its binding
activity is maintained in the resulting fusion protein. The interactive binding partner,
i.e., the hsp90, Gli3, AFX-1 or hairless protein, can be purified and used to raise a'
monoclonal antibody, using methods routinely practiced in the art. The generation of
monoclonal antibodies can be omitted if such antibodies exist and are publicly
available. This antibody can be labeled with the radioactive isotope 1257, for example,
by methods routinely practiced in the art. In a heterogeneous assay, for example, the
GST-FKBP51/52 fusion protein can be anchored to glutathione-agarose beads. The
interactive binding partner can then be added in the presence or absence of the test
agent in a manner that allows interaction and binding to occur. At the end of the
reaction period, unbound material can be washed away, and the labeled monoclonal
antibody can be added to the system and allowed to bind to the complexed
components. The interaction between the FKBP51/52 gene product and the
interactive binding partner can be detected by measuring the amount of radioactivity
that remains associated with the glutathione-agarose beads. A successful inhibition of

the interaction by the test agent will result in a decrease in measured radioactivity.

Alternatively, the GST-FKBP51/52 fusion protein and the interactive
binding partner can be mixed together in liquid in the absence of the solid glutathione-
agarose beads. The test agent can be added either during or after the species are
allowed to interact. This mixture can then be added to the glutathione-agarose beads
and unbound material is washed away. Again, the extent of inhibition of the
FKBP51/52 binding partner interaction can be detected by adding the labeled

antibody and measuring the radioactivity associated with the beads.

-15-
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In alternate embodiments of the invention, a homogeneous assay can
be used. In this approach, a preformed complex of the FKBP51/52 moiety and the
interactive binding partner is prepared in which either the FKBP31/52 or its binding
partner is labeled, but the signal generated by the label is quenched due to formation
of the complex. The addition of a test substance that competes with and displaces one
of the species from the preformed complex will result in the generation of a signal
above background. In this way, test substances which disrupt FKBP51/52 binding

partner interaction can be identified.

In accordance with the invention, non-cell based assays can also be
used to screen for agents that directly inhibit enzymatic activities associated with
FKBP51/52. Such activities include, but are not limited to, proline isomerase activity.
For example, a peptidyl-proly! cis-trans isomerase assay performed according to
Harrison and Stein (1980, Biochem. 29:3813-3816) with modifications described by
Park et al. (1992, Biol. Chem. 267:3316-3324) can be used to measure the level of
FKBP51/52 activity. To this end, a reaction mixture of FKBP51/52 and a test agent
is prepared in the presence of substrate, and the enzymatic activity of FKBP51/52 is

compared to the activity observed in the absence of test agent.

In non-limiting embodiments of the invention, a reaction mixture of
FKBP51/52, a test agent and substrate is prepared and the enzymatic activity of
FKBP51/52 is compared to the activity observed in the absence of the test agent,
wherein a decrease in the level of FKBP51/52 enzymatic activity in the presence of
the test agent indicates that an inhibitor of FKBP51/52 has been identified.
Alternatively, a reaction mixture of FKBP51/52, a test agent and substrate is prepared
and the enzymatic activity of FKBP51/52 is compared to the activity observed in the
absence of the test agent, wherein an increase in the level of FKBP51/52 enzymatic
activity in the presence of the test agent indicates that a FKBP51/52 agonist has been
identified.

CELL BASED ASSAYS

In accordance with the invention, cell based assay systems can be used
to identify agents that regulate the activity of FKBP51/52 or CyP40. In addition, it is
believed that the FKBP51/52/hsp90/hairless/ AFX-1/gli3 complex or
CyP40/hsp90/hairless/AFX-1/gli3 is bound to nuclear hormone receptors within the

cell. Thus, the cell based assays may be performed using cells expressing a nuclear
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hormone receptor. Such nuclear hormone receptors include, but are not limited to,
androgen, vitamin D, retinoic acid, aryl hydrocarbon and thyroid hormone receptors.
‘When using such cells, the activity of a test agent can be tested in the presence or
absence of a nuclear hormone receptor ligand. Cell based assays ate described below
for identification of agents that regulate the activﬂy of FKBP51/52 proteins; however,
such cell based assays may be used to similarly identify agents that regulate the

activity of CyP40.

The present invention provides methods for identifying an agent that |
activates FKBP51/52 enzymatic activity comprising (i) contacting a cell expressing
EFKBP51/52 with a test agent and measuring the level of FKBP51/52 enzymatic
activity; (if) in a separate experiment, contacting a cell expressing FKBP51/52 protein
with a vehicle control and measuring the level of FKBP51/52 enzymatic activity
where the conditions are essentially the same as in part (1), and then (iil) comparing
the level of FKBP51/52 activity measured in part (i) with the level of FKBP51/52
activity in part (i), wherein an increased level of FKBP51/52 enzymatic activity in
the presence of the test agent compared to the level of FEKBP51/52 enzymatic activity
in the presence of vehicle control indicates that the test agent is a FKBP51/52 enzyme

activator.

The present invention also provides methods for identifying an agent
that inhibits FKBP51/52 enzymatic activity comprising (i) contacting a cell
expressing FKBP51/52 with a test agent in the presence of FK506 and measuring the
level of FKBPS1/52 enzymatic activity; (ii) in a separate experiment, contacting a cell
expressing FKBP51/52 in the presence of FK506 and measuring the level of
FKBP51/52 enzymatic activity, where the conditions are essentially the same as in
part (i); and then (jii) comparing the level of FKBP51/52 enzymatic activity measured
in part (i) with the level of FKBP51/52 enzymatic activity in part (i), wherein a
decrease in the level of FKBP51/52 enzymatic activity in the presence of the test
agent compared to the level of FKBP51/52 enzymatic activity in the presence of
vehicle control indicates that the test agent is a FKBP51/52 enzyme inhibitor.

In utilizing such cell systems, the cells expressing the FKBP51/52
protein are exposed to a test agent or to a vehicle control (e.g., placebo). After or

during exposure, the cells can be assayed to measure the enzymatic activity of
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FKBP51/52 or the activity of the FKBP51/52 dependent signal transduction pathway
itself.

The ability of a test molecule to modulate the enzymatic activity of
FKBP51/52 can be measured using standard biochemical and physiological
techniques, e.g., as measured by a chemical, physiological, biological or phenotypic
change, induction of a host cell gene or reporter gene, change in host cell kinase
activity, etc. For example, FKBP51/52 associated peptidyl-prolyl isomerase activity
can be measured. Assays for such activity include those described in Harrison and
Stein (1980, Biochem, 29:3813-3816); Park, S.T. et al., (1992, J. Biol. Chem.
267:3316-3324); and U.S. Patent No. 5,763,590. Alternatively, the expression of
genes known to be modulated by activation of the FKBP51/52 signal transduction
pathway, such as BMP4 or HNF3B, can be assayed to identify modulators of
FKBP51/52 or activity.

In addition, animal models can be utilized to identify agents capable of
ameliorating hair loss. Such animal models can be used as test substrates for the
identification of drugs, pharmaceuticals, therapies and interventions that can be
effective in treating such disorders. For example, animal models can be exposed to an
agent suspected of exhibiting an ability to modulate hair growth at a sufficient
concentration and for a time sufficient to elicit such hair growth in the exposed
animals. The response of the animals to the exposure can be monitored by assessing
the modulation of hair growth. In a specific embodiment of the invention, a C3H
mouse model can be used to measure the capacity of a test compound to initiate hair
growth. Typically, approximately seven-week-old female C3H mice are used for
experiments. The lower back hair of mice are sheared with an electrical clipper,
followed by administration of the test agent. Visual observation of the test animals'
hair growth will result in a determination regarding the ability of a test agent to
modulate hair growth. In addition, the Dundee Bald rat model animal or
chemotherapy treated mice can be used. With regard to intervention, any treatments
which reverse any aspect of disorder-like symptoms should be considered as
candidates for human therapeutic inierventicm Dosages of test agents may be

determined by deriving dose-response curves, as discussed below.

RATIONAL DRUG DESIGN
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In an embodiment of the invention, computer modeling and searching
technologies can be used for identification of agents that can modulate the protein
interactions between FKBP51/52, CyP40, hsp90, Gli3, AFX-1 and/or haitless protein.
For example, based on the knowledge of the FKBP51/52 or CyP40 binding sites and
the study of complexes between FKBP51/52 or CyP40 and proteins such as hsp90,
Gli3, AFX-1 and hairless, potential modulators of the FKBP51/52 or CyP40 signal

transduction pathway can be identified.

The three dimensional geometric structure of binding sites can be
determined using known methods, including X-ray crystallography, which can
determine a complete molecular structure. On the other hand, solid or liquid phase
NMR can be used to determine certain intra-molecular distances. Any other
experimental method of structure determination can be used to obtain partial or
complete geometric structures. The geometric structures may be measured with a
complexed protein or agent, which may increase the accuracy of the active site

structure determined.

If an incomplete or insufficiently accurate structure is determined, the
methods of computer based numerical modeling can be used to complete the structure
or improve its accuracy. Any recognized modeling method may be used, including
parameterized models specific to particular biopolymers such as proteins, molecular
dynamic models based on computing molecular motions, statistical mechanics models
based on thermal ensembles, or combined models. For most types of models,
standard molecular force fields, representing the forces between constituent atoms and
groups, are necessary, and can be selected from force fields known in physical
chemistry. The incomplete or less accurate experimental structures can serve as
constraints on the complete and more accurate structures computed by these modeling

methods.

Having determjned the structure of the binding site, either
experimentally, by modeling, or by a combination of such methods, candidate
modulating agents can be identified by searching databases containing agents along
with information on their molecular structure. Such a search seeks agents having
structures that match the determined binding site structure and that interact with the

groups defining the active sjte. Such a search can be manual, but is preferably
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computer assisted. Agents found from this search are potential hair growth

modulating agents.

Alternatively, these methods can be used to modify known hair growth
modulating agents to improve their activity. A known agent can be modified and the
structural effects of modification can be determined using the experimental and
computer modeling methods described above. The altered structure can then be
compared to the active site structure of the agent to determine if an improved fit or
interaction results. In this manner, systematic variations in composition, such as by
varying side groups, can be quickly evaluated to obtain modified modulating agents
or ligands of improved specificity or activity, e.g., modifying cyclosporin A to

increase its affinity to CyP40 while reducing its affinity to cyclosporin A or B.

Further experimental and computer modeling methods useful to
identify modulating agents based upon identification of the binding sites of
FKBP51/52 or FKBP51/52 binding proteins will be apparent to those of skill in the
art. In addition, experimental and computer modeling methods useful to identity
modulating agents based upon identification of the binding sites of CyP40 or CyP40
binding proteins will be apparent to those of skill in the art.

Examples of molecular modeling systems are the CHARMm and
QUANTA programs (Polygen Corporation, Waltham, MA). CHARMm performs the
energy minimization and molecular dynamics functions. QUANTA performs the
construction, graphic modeling and analysis of molecular structure. QUANTA allows
interactive construction, modification, visualization, and analysis of the behavior of

molecules with each other.

A number of articles review computer modeling of drugs interactive
with specific proteins, such as Rotivinen, et al., 1988, Acta Pharmaceut, Fennica
97:159-166; Ripka, 1988, New Scientist 54-57; McKiualy and Rossmann, 1989, Ann.
Rev. Pharmacol. Toxiciol. 29:111-122; Perry and Davies, 1989, QSAR: Quantitative
Structure-Activity Relationships in Drug Design, pp. 189-193 (Alan R. Liss, Inc.);
Lewis and Dean, 1989 Proc. R. Soc. Lond. 236:125-140 and 141-162; and, with
respect to a model receptor for nucleic acid components, Askew, et al., 1989, J. Am.
Chem. Soc. 111:1082-1090. Other computer programs that screen and graphically
depict chemicals are available from companies such as BioDesign, Inc. (Pasadena,
CA.), Allelix, Inc. (Mississauga, Ontario, Canada), and Hypercube, Inc. (Cambridge,
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Ontario). As described herein, FKBP51/52 bind to a number of known transcription
factors, including, but not limited to, AFX-1, gli3 and hairless protein. Thus, although
the modeling described above is primarily designed for application to drugs specific
to particular proteins, they can be adapted to design of drugs specific to regions of
DNA or RNA, once that region is identified.

ASSAY FOR AGENTS THAT REGULATE THE
EXPRESSION OF FKBP51/52 OR CYP40

In accordance with the invention, a cell based assay system can be
used to screen for agents that modulate the expression of FKBP51/52 or CyP40 within
acell. Assays can be designed to screen for agents that regulate FKBP51/52 or
CyP40 expression at either the transcriptional or translational level. The assays
described below are designed for identification of agents capable of regulating
FKBP51/52 gene expression; however, such assays can be similarly vsed to identify

agents that regulate CyP40 gene expression.

In one embodiment, DNA encoding a reporter molecule can be linked
to a regulatory element of the FKBP51/52 gene and used in appropriate intact cells,
cell extracts or lysates to identify agents that modulate FKBP51/52 gene expression,
Such reporter molecules include, but are not limited to, chloramphenicol
acetyltransferase (CAT), luciferase, B-glucuronidase (GUS), growth hormone, or
placental alkaline phosphatase. Such constructs are introduced into cells, thereby
providing a recombinant cell useful for screening assays designed to identify

modulators of FKBP51/52 gene expression.

Following exposure of the cells to the test agent, the level of reporter
gene expression can be quantitated to determine the test agent's ability to regulate
FKBP51/52 expression. Alkaline phosphatase assays are particularly useful in the
practice of the inveution where the enzyme is secreted from the cell, and tissue culture
supernatant can then be assayed for secreted alkaline phosphatase. In addition,
alkaline phosphatase activity can be measured by calorimetric, bioluminescent or
chemiluminescent assays such as those described in Bronstein, I. et al., 1994,
Biotechnigues 17:172-177. Such assays provide a simple, sensitive, easily

automatable detection system for pharmaceutical screening.

To identify agents that regulate FKBP51/52 translation, cells or in vitro

cell lysates containing FKBPS51/52 transcripts can be tested for modulation of
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FKBP51/52 mRNA translation. To assay for inhibitors of FKBP51/52 translation,
test agents are assayed for their ability to modulate the translation of FKBP51/52

mRNA in in vitro translation extracts.

In an embodiment of the invention, the leve]l of FKBP51/52 expression
can be modulated using antisense or ribozyme approaches to inhibit or prevent
translation of FKBP51/52 mRNA transcripts, or triple helix approaches to inhibit
transcription of the FKBP51/52 gene. Such approaches can be utilized to modulate
hair growth.

Antisense approaches involve the design of oligonucleotides (either
DNA or RNA) that are complementary to at least a portion of FKBP51/52 mRNA.
The antisense oligonucleotides bind to the complementary mRNA transcripts and
prevent translation. Absolute complementarity, although preferred, is not required.
One skilled in the art can ascertain a tolerable degree of mismatch by use of standard

procedures to determine the melting point of the hybridized complex.

In yet another embodiment of the invention, ribozyme molecules
designed to catalytically cleave FKBP51/52 mRNA transcripts can be used to prevent
translation of FKBP51/52 mRNA and expression of FKBP51/52. (See, e.g., PCT
International Publication WO 90/11364, published October 4, 1990; Sarver et al.,
1990, Science 247:1222-1225).

Alternatively, endogenous FKBP51/52 gene expression can be reduced
by targeting deoxyribonucleotide sequences complementary to the regulatory region
of the FKBP51/52 gene (i.e., the FKBP51/52 promoter and/or enhancers) to form
triple helical structures that prevent transcription of the FKBP51/52 gene in targeted
cells in the body. (See generally, Helene, C. et al., 1991, Anticancer Drug Des. 6:569-
584; and Maher, LJ, 1992, Bioassays 14:807-815).

The oligonucleotides of the invention, i.e., antisense, ribozyme, and
triple helix forming oligonucleotides, can be synthesized by standard methods known
in the art, e.g., by use of an automated DNA synthesizer (such as are commercially
available from Biosearch, Applied Biosystems, etc.). Alternatively, recombinant
expression vectors can be-constructed to direct the expression of the oligonucleotides
of the invention. Such vectors can be constructed by recombinant DNA technology

methods standard in the art. In a specific embodiment, vectors such as viral vectors
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can be designed for gene therapy applications where the goal is in vivo expression of
inhibitory oligonucleotides in targeted cells
ASSAY FOR AGENTS THAT REGULATE THE

TRANSCRIPTIONAL ACTIVITY OF THE GLI3 AFX-1
AND/OR HAIRLESS TRANSCRIPTION FACTORS

In accordance with the invention, assays can be developed to identify
agents that modulate transcriptional activation mediated by FKBP51/52, CyP40, Gli3,
AFX-1 and the hairless protein. While not beirig bound to any one particular theory,
it is believed that the binding of FK506 to the FKBPS51/52/hsp90 complex, or
cyclosporin A to the CyP40/hsp90 complex, promotes the activation and/or release of
the zinc finger transcription factors hairless and/or Gli3 from the complex. Nuclear
translocation of the hairless and/or Gli3 proteins results in transactivation of target

genes and stimulation of hair production.

In accordance with the invention, an assay can be used to identify
agents that modulate translocation of the Gli-3, AFX-1 and/or hairless protein into the
nucleus. For purposes of the assay, the hairless, AFX-1 and/or Gli3 protein can be
tagged with an easily detectable peptide tag such as GFP. Such an assay involves
contacting a cell expressing a tagged hairless, AFX-1 or Gli3 protein with a test agent
in the presence of FK506 or cyclosporin A. Alternatively, the assay can be performed
using a cell expressing a nuclear hormone receptor in the presence of nuclear
hormone receptor ligand. Following exposure to the test agent, the amount of tagged
hairless, AFX-1 or Gli3 protein located within the nucleus is measured, e.g., by
measuring the amount of tagged protein present in the nuclens. If the amount of
tagged protein detected in the nucleus is decreased in the presence of the test agent, as
compared to the same assay conducted in the presence of a vehicle control, a

modulator of hairless and/or G1i3 nuclear translocation has been identified.

In addition, cells expressing Gli3, AFX-1 or hairless tagged proteins
can be used to assay for agents that modulate the dissociation of hairless, AFX-1
and/or Gli3 from the RKBP51/52/hsp90 or CyP40/hsp90 complexes. Such assays can
be done in the presence of FK506 or cyclosporin A to identify agents that inhibit the
FKS506 — or cyclosporin A — mediated dissociation of hairless, AFX-1 and/or Gli3 '
from said complexes. For example, a cell expressing a tagged hairless, AFX-1 or

Gli3 protein is contacted with a test agent in the presence of FK506. Following
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contact with the test agent, a cell lysate can be prepared followed by
immunoprecipitation of the FKBP51/52 or CyP40 protein complex. The
immunoprecipitated complex is then analyzed to determine the presence or absence of
the tagged Gli3, AFX-1 or hairless protein.

Downstream target genes of the Gli3 transcription factor are regulated
by FK506 and cyclosporin A treatment. For example, BMP4 is a downstream target
gene of the Gli3 pathway and expression of BMP4 is stimulated in the presence of
FK506 and cyclosporin A. Thus, in a specific embodiment of the invention,
constructs containing a Gli3 responsive element, e.g., 5TGGGTGGTC-3, can be
linked to any of a variety of different reporter genes and introduced into cells
expressing FKBP51/52. Such reporter genes, as set forth above, can include, but are
not limited to, those encoding chloramphenicol acetyltransferase (CAT), luciferase,
GUS, growth hormone, or placental alkaline phosphatase, Following exposure of the
cells to the test agent, the level of reporter gene expression can be quantitated to
determine the test agent's ability to regulate transcription of the reporter gene. In
instances where identification of antagonists of FK506 induced transcription is
desired, the cells are contacted with both FK506 and the test agent. Alkaline
phosphatase assays are particularly useful in the practice of the invention because the
enzyme is secreted from the cell. Therefore, tissue culture supernatant can be assayed
for secreted alkaline phosphatase. In addition, alkaline phosphatase activity can be
measured by calorimetric, bioluminescent or chemilumenscent assays such as those

described above.

IMMUNOSUPPRESSIVE ACTIVITY OF TEST AGENTS

The present invention relates to the identification of agents capable of
modulating hair growth without the side effect of immunosuppression. Thus, in
accordance with the invention, any agents identified as possible modutators of hair

growth are also tested for their ability to immunosuppress.

Assays designed to measure the immunosuppressive effect of a test
agent include, for example, lymphocyte stimulation assays and assays designed to
measure cytokine production, Z.e., IL-2 production may be performed. One such

assay is conducted as follows.
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Spleens are excised from euthanized (CO, asphyxiaticn) adult male
C3H mice ranging in age from seven to sixteen weeks old (live mice commercially
available from Harlan Sprague Dawley, Inc., Indianapelis, IN). The spleens are
placed immediately in cold Hanks Balanced Salt Solution (HBSS, commercially
available from Gibco-BRL, Gaithersburg, MD). The spleens are then ground up
between frosted glass slides and filtered through a sterile screen to remove tissue
debris. The resulting cell suspension is underlayed with an equal volume of Ficoll-
Paque Plus (commercially available from Pharmacia Biotech, Piscataway, NJ) and
centrifuged at 400 x g for approximately forty minutes at 20°C in order to collect the
splenocytes. The splenocytes are collected from the interface using a disposable pipet
and are washed twice with HBSS, followed by centrifugation at 100 x g for ten
minutes at 20°C. Splenocytes are resuspended in five to ten mL of cell culture media
consisting of phenol red-free RPMI 1640 (culture media commercially available from
Gibco-BRL) containing 10% heat-inactivated fetal bovine serum (Gibco-BRL),
penicillin (50 U/mL), streptomycin (100 pg/mL), L-glutamine (2 mM), 2-
mercaptoethanol (10 M), and N-2 hydroxyethylpiperazine-N'-2-ethanesulfonic acid
(HEPES) (10 mM). The cells are counted and checked for viability using, for
example, trypan blue. Splenocytes are resuspended in medium at 10° cells/mL and
pipetted into 96 well round bottom plates at 10° cells/well. Splenocytes are activated
by addition of 50 pL/well of conconavalin A (final assay concentration = 5 ug/ml) in
the presence or absence of a test compound. Test compounds are made up as stock
solutions in dimethyl sulfoxide (DMSO), then diluted in medium and 50 pL/well
added, so that the final concentration of DMSO in the assay is below 0.05%. The
plates are incubated at 37°C with 5% CO; for 48 hours. The cells are pulsed with 1
uCifwell of methy-*H-thymidine (commercially available from Amersham,
Buckinghamshire, England) and incubated an additional 24 hours. The cells are then
harvested onto GF/C filter plates (commercially available from Packard, Downers
Grove, IL), solubilized in Microscint 20 (Packard), and counted on a TopCount
microplate scintillation and luminescence plate counter (Packard). Activity is
measured as a percentage of control activity in the absence of test compound and
plotted versus test compound concentration. The data are fit to a 4-parameter curve
fit (Sigmaplot) and ICso values are calculated. As used herein, test compounds are
considered non-immunosuppressive if, by using this method, the ratio of (cyclosporin

A ICsy/test compound ICsp) x 100 s less than or equal to 0.02, i.e., as defined herein,
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a non-immunosuppressive test compound has # 2% of the immunosuppressive activity

of cyclosporin A,

Cell viability is assessed using the MTT (3-[4,5-dimethyl-thiazoyl-2-
y112,5-diphenyl-tetrazolium bromide) dye assay as described by Nelson et al., J.

S Immunol., 1993, 150(6):2139 —2147, with the exception that the assay is carried out in
serum-free, phenol red-free RPMI 1640 and the dye is solubilized in 100 pL/well
DMSO and read at an OD of 540 nm with a background correction at 650 nm on a
SpectraMax Plus microplate reader (Molecular Devices, Menlo Park, CA).

Alternatively, animal studies can be performed to determine whether a

'10  test agent has an immunosuppressive effect.
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AGENTS THAT CAN BE SCREENED IN
ACCORDANCE WITH THE INVENTION

The assays described above can identify agents that modulate
FKBPS51/52 activity. For example, agents that affect FKBP51/52 activity include, but
are not limited to, agents that bind to FKBP51/52 and modulate the activity of
FKBP51/52. Alternatively, agents can be identified that do not bind directly to
FKBP51/52, but are capable of altering FKBP51/52 activity by altering the activity of
a protein involved in FKBPS51/52 signal transduction. Further, agents that affect
FKBP51/52 gene activity (by affecting FKBP51/52 gene expression, including
molecules, e.g., proteins or small organic molecules, that affect transcription or
interfere with splicing events so that expression of the full length or the truncated
form of the FKBP51/52 can be modulated) can be identified using the screens of the

invention.

The agents which may be screened in accordance with the invention
can include, but are not limited to, small organic or inorganic agents, peptides,
antibodies and fragments thereof, and other organic agents (e.g., peptidomimetics)
that bind to FKBP51/52 and either mimic the activity triggered by any of the known
or unknown substrates of FKBP51/52 (i.e., agonists) or inhibit the activity triggered
by any of the known or unknown substrates of FKBP51/52 (i.e., antagonists). Agents
that bind to FKBP51/52 and either enhance FKBP51/52 activities (i.e., agonists) or
inhibit FKBPS51/52 activities (i.e., antagonists), will be identified. Agents that bind to
proteins that alter/modulate the activity of FKBP51/52 will be identified.

Agents can include, but are not limited to, peptides such as, for
example, soluble peptides, such as members of random peptide libraries (see, e.g.,
Lam, K.S. et al., 1991, Nature 354:82-84; Houghten, R. et al., 1991, Nature 354:84-
86); and combinatorial chemistry-derived molecular libraries made of D- and/or L-
configuration amino acids, phosphopeptides (such as members of random or partially
degenerate, directed phosphopeptide libraries); (see, e.g., Songyang, Z. et al., 1993,
Cell 72:767-718), antibodies (such as polyclonal, monoclonal, humanized, anti-
idiotypic, chimeric or single chain antibodies, and FAb, F(ab"), FV, and FAb
expression library fragments, and epitope binding fragments thereof), and small

organic or inorganic molecules.
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Other agents that can be screened in accordance with the invention
include, but are not limited to, small organic molecules that affect the expression of
the FKBP51/52 gene or some other gene involved in the FKBP51/52 signal
transduction pathway (e.g., by interacting with the regulatory region or transcription
factors involved in gene expression); or such agents that affect the activities of the
FKBP51/52 or the activity of some other factor involved in modulating FKBP51/52
activity, such as for example, a protein that modifies FKBP51/52 and thereby
inactivates FKBPS51/52 enzyme activities.

COMPOSITIONS CONTAINING MODULATORS
OF HAIR GROWTH AND THEIR USES

The present invention provides methods of modulating hair growth
comprising contacting a cell with an effective amount of a FKBP51/52 or CyP40
modulating agent, such as an FKBP51/52 or CyP40 agonist or antagonist identified
using the assays as set forth above. An "effective amount” of the FKBP51/52 or
CyP40 inhibitor, i.e., antagonist, is an amount that detectably decreases hair growth.
An "effective amount" of the FKBP51/52 or CyP40 activator, Le., agonist, is an

amount that detectably increases hair growth.

The present invention further provides methods of modulating hair
growth in a subject in need of such treatment, comprising administering to the subject
an effective amount of an agent that modulates FKBP51/52 or CyP40 activity
identified as set forth above, ’

The present invention further provides compositions comprising one or
more activators or inhibitors of FKBP51/52 and CyP40 activity. The composition
may act directly on FKBP51/52 or CyP40, or alternatively may act on proteins
involved in the FKBP51/52 and CyP40 signal transduction pathway.

The present invention further provides pharmaceutical compositions
comprising an effective amount of an agent capable of modulating the activity of
FKBP51/52, CyP40-, or FKBP51/52, CyP40-mediated signal transduction and/or the
expression of FKBP51/52 or CyP40, thereby regulating hair growth, and a
pharmaceutically acceptable carrier. In a specific embodiment, the term
"pharmaceutically acceptable" means approved by a regulatory agency of the federal
or a state government or listed in the U.S. Pharmacopeia or other generally recognized

pharmacopoeia for use in animals, and more particularly in humans. The term
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"carrier" refers to a diluent, adjuvant, excipient, or vehicle with which the therapeutic
is administered. Examples of suitable pharmaceutical carriers are described in

Remington: The Science and Practice of Pharmacy, Gennaro et al. (eds), 20" Edition,
Lippincott Williams & Wilkins, Philadelphia, PA (ISBN 0-683-306472).

The invention further provides for the treatment of various disorders
associated with hair growth by administration of an agent that regulates the expression
or activity of FKBP51/52 or CyP40. Such agents include, but are not limited to,
FKBP51/52 or CyP40 agonists and antagonists. Such disorders include, but are not
limited to, male pattern baldness, female pattern baldness, toxic baldness, alopecia
areata and scarring alopecia. In addition, the agent can be used to treat subjects with

hair Joss associated with exposure to radiation or chemotherapy.

The agents of the invention are preferably tested in vitro, and then in
vivo in an animal system for a desired therapeutic or prophylactic activity, prior to
testing and use in humans. For example, in vifro assays that can be used to determine
whether administration of a specific therapentic is indicated include in vitro cell
culture assays in which cells expressing FKBP51/52 or CyP40 are exposed to or
otherwise administered a therapeutic agent, where the effect of such a therapeutic
agent on FKBP51/52 or CyP40 is then observed upon FKBP51/52 or CyP40 activity
is then observed. In a specific embodiment of the invention the ability of an agent to
regulate the signal transduction pathway mediated by CyP40 or FKBP51/52 is
assayed.

The invention provides methods of treatment and/or prophylaxis
comprising administering to a subject in need thereof an effective amount of a hair
growth modulating agent of the invention. In a preferred aspect, the agent is
substantially purified. The subject is preferably an animal, more preferably a
mammal, and most preferably a human.

Various delivery systems are known and can be used to administer an
agent capable of regulating hair growth, e.g., encapsulation in liposomes,
microparticles, microcapsules. Methods of introduction include, but are not limited
to, intradermal, topical, intramuscular, intraperitoneal, intravenous, subcutaneous,
intranasal, epidural, and oral routes. The agents may be administered by any
convenient route, for example, by infusion or bolus injection, by absorption through

epithelial or mucocutaneous linings (e.g., oral mucosa, rectal and intestinal mucosa,
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etc.), and may be administered together with other biologically active agents.
Administration can be systemic or local, and is preferably adopted for topical

applications.

In a specific embodiment, it may be desirable to administer the
compositions of the invention locally to a specific area of the body. This may be
achieved, for example, and not by way of limitation, by topical application. The
active compounds identified according to the methods of the present invention are
generally administered in the form of pharmaceutical compositions comprising at
least one of such compounds together with a pharmaceutically acceptable vehicle or
diluent. Such compositions are generally formulated in a conventional manner
utilizing solid or liquid vehicles or diluents as appropriate for topical administration,
in the form of solutions, oils, gels, creams, jellies, pastes, lotions, ointments, salves,

leave-on and rinse-out hair conditioners, shampoos, acrosols and the like.

Examples of vehicles for application of an active compound identified
according to a method of the present invention include an aqueous or water-alcohol
solution, an emulsion of the oil-in-water or water-in-oil type, an emulsified gel, or a
two-phase system. Preferably, the compositions according to the invention are in the
form of lotions, creams, milks, gels, masks, microspheres or nanospheres, or vesicular
dispersions. In the case of vesicular dispersions, the lipids of which the vesicles are

made can be of the jonic or nonionic type, or a mixture thereof.

Topical compositions containing the active compound can be admixed
with a variety of carrier materials well known in the art, such as, for example, water
alcohols, aloe vera gel, allantoin, glycerin, vitamin A and E oils, mineral oil,
propylene glycol, PPG-2 myristyle propionate, and the like, as well as any of various
types of penetration enbancers, viscosity enhancing agents, pH stabilizers, anti-

oxidants, preservatives, perfumes, coloring agents, etc.

Other materials suitable for use in topical carriets include, for example,

emollients, solvents, humectants, thickeners and powers, as known in the at.

The compositions of the present invention may also optionally comprise other
bair growth modulating agents such as potassium channel openers, anti-androgens,
thyroid hormones and derivatives and analogs thereof, prostaglandin agonists or

antagonists, retinoids, triterpenes, and others known in the art or to be identified.
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The amount of the agent of the invention which will be effective in the
treatment of a particular disorder will depend on the nature of the disorder and can be
determined by standard clinical techniques. Ir vitro assays may optionally be
employed to help identify optimal dosage ranges. The precise dose to be employed in
the formulation will depend on the route of administration and the nature of the
disorder, and should be decided according to the judgment of the medical practitioner
and in view of each patient's circumstances. Effective doses can be exirapolated from

dose response curves derived from in vitro or animal model test systems.

The invention also provides a pharmaceutical pack or kit comprising one or
more containers comprising one or more of the ingredients of the pharmaceutical
compositions of the invention. Optionally associated with such container(s) can be a
notice in a form prescribed by a governmental agency regulating the manufacture, use
or sale of pharmaceuticals or biological products, which notice reflects approval by
the agency of manufacture, use or sale for human administration. The kit may further
comprise printed instructions or a printed label directing the use of the composition to

modulate, i.e., to stimnlate or inhibit, hair growth.

The following examples illustrate the preferred modes of making and
practicing the present invention but are not meant to limit the scope of the invention

since alternative methods may be utilized to obtain similar

Example: FKBP51/52 Mediated Hair Growth

The examples presented below demonstrate that (i) FKBPS1 and FKBP52 are
selectively expressed in dermal papillae; (i) FKBP51/52 co-precipitate with hsp90,
AFX-1 Gli3 apd the hairless protein; and (iii) expression of the BMP4 and HNF3p

gene, a Gli3 responsive gene is activated by FK506.
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MATERIALS AND METHODS

REVERSE TRANSCRIPTION

A commercial RT-PCR kit (Promega Access RT-PCR kit) was used
for detection of FKBP51, FKBP52, and CyP40 mRNA in different human cells. The
sequence of primers used for human FKBP51 is: TGAAGAAAGCCCCACAGC
(SEQ ID NO:1) (forward primer) and CTCCAAAACCATATCTTGGTCC (SEQ ID
NO:2) (reverse primers). Primer sequence for human FKBP52 is:
ACATTGCCATAGCCACCA (SEQ ID NO:3) (forward primer)
and AGCCAAGACACGATCTTC (SEQ ID NO:4) (reverse primer). Primer
sequence for human CyP40 is: TGAAGGAAGGAGATGACGGG (SEQ ID NO:5)
(forward primer) and TCCTCAGGGAAATCTGGATGA (SEQ ID NO:6) (reverse

primer).

Total RNA was extracted from cultured cells using TRIZOL reagent (Life
Technologies) according to manufacturer's instruction. The RNA was treated with
DNase to remove potential contamination by genomic DNA and then used in RT-PCR
reaction. The PCR reaction product was run on a 2% agarose gel to visualize the
amplified product and digested with appropriate restriction enzymes to confirm the

products.
TISSUE EXTRACTION

Human skin tissue was extracted using TPER reagent (Pierce, Rockford, IL) at
aratio of 10:1 (extraction buffer:tissue; vol:wt) on ice using a Polytron homogenizer
in the presence of protease inhibitors (Protease Inhibitor Cockiail, 1:50 dilution;

Sigma, St. Louis, MO) to form a lysate.

COUPLING OF ANTIBODIES TO
MAGNETIC RESIN PROTEIN G SEPHAROSE

Antibodies used included anti-hsp90 (monoclonal IgG1 with 1 mg/ml BSA;
TL) and anti-FKBP52 (anti-peptide polyclonal N17 and C19 Abs; Santa Cruz
Biotechnologies). Antibodies were concentrated and washed 3x with PBS using
Amicon Microcon-30. Antibodies were coupled to tosyl-activated Dyna M-450 beads
in neutral pH PBS buffer overnight at 37°C. Resins were blocked with Tris-HC],
pH 8 for 4 hours, 37°C.

JP 2005-501229 A 2005.1.13



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

(65)

WO 03/002756 PCT/US02/19948

10

20

IMMUNOPRECIPITATION

FK506 was added to the lysate to a final concentration of 1 WM. Antibody
complexes were immunoprecipitated in TPER buffer at 6°C overnight. Complexes
were washed 10x with Tris/saline (4°C) and sequentially eluted with 1M NH,COs or
20 mM Tris, pH 7.4, 0.3 M NaCt: (5 x 100 pl) and 0.1% TFA, 5% MeOH
(5 x 100 ul). Complexes were concentrated and buffer was exchanged (mw 3500) for
salt elutions or reduced in volume under vacuum for TEA/MeOH elutions. Samples

were stored at -20°C.
PROTEASE DIGESTION

Proteins were suspended in 1 M GnHC], 100 mM NH,COs, 0.5 mM DTT and
subject to digestion with trypsin (Promega) or gluC (Roche) for about 18 hours at
37°C. Digests were desalted using C18 ZipTips (Millipore) eluted with 60%
acetonitrile, 0.1% TFA.

MASS SPECTROMETRY ANALYSIS

The peptide digests were analyzed by matrix-assisted laser disorption
ionization (MALDI) time of flight (TOF) spectrometry. Essentially, peptides were
mixed with matrix (1:1 sample: oi-cyano-4-hydroxycinnamic acid; 20 mg/ml-HCCA,
30% acetonitrile, 0.1% TFA) in which the dried droplet method was used. Peptides
were analyzed using a Voyager DE-Pro spectrometer (PE BioSystems) in reflector
mode (2 m flight length) with a positive ion accelerating voltage of 20 kV, a grid
voltage of 12.8 kV, guide wire voltage of 1400 V, using 100 ns delayed extraction.
Greater than 64 scans were averaged per spectra. 30 - 50 fmols each of bradykinin

and ACTH (amino acid residues 18-39) were used as internal mass standards.
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DATABASE SEARCHING

Peptide spectra were compared using ProFound [http://nt2/prowl/prowl.html]
or RADARS (OSTinternal). Mass error tolerance was typically 30 ppm. One missed
cleavage was allowed. Modifications were not initially considered. Both
SWISSPROT and GENBANK NR databases were searched.

INDUCTION OF BMP4 AND HNF3p
mRNA BY CYCLOSPORIN A AND FK506 TREATMENT

Primary human dermal fibroblasts (for detectin of BMP4) and skin
keratinocytes (for detection of HNF3f) were cultured and treated with 1 uM of
cyclosporin A or FK506. Total RNA was harvested at days 2 and 4 of treatment.
Real time PCR was used to quantify the BMP4 and HNF3p mRNA level. ABI
PRISM 7700 sequence detector, TagMan PCR kit, and PCR primers designed with
commercijal software labeled with fluorescence dyes were used for RNA
quantification. The results as presented in Figure 3 show that cyclosporin A and

FK506 both up-regulate the level of BMP4 and HNF3§ mRNA.

In addition, downstream target genes of Gli3 were found to be up regulated by
cyclosporin A and FK506 treatment in skin cells such as dermal fibroblasts and skin
keratinocytes. As indicated in Figure 3, BMP4 and HNF3p mRNA level were
induced by cyclosporin A or FK506 treatment.

INDUCTION OF THYROID HORMONE RECEPTOR (TR)
MEDIATED TRANSCRIPTION BY Fk506 AND CYCLOSPORIN A

Four tandem thyroid hormone response elements (TRE) (AGGTCA CAGG
AGGTCA) (underlined sequence is repeated) (SEQ ID NO:7) were synthesized in a
single oligonucleotide and ligated 5° of thymidine kinase (TK) promoter using
standard procedures. A plasmid (TRE-TK/pUV120puro) was constructed by linking
the resulting TRE/TK promoter 5’ of the luciferase reporter gene from H. pyralis, de
Wet Jr. et al, 1986, Methods Enzymol 133:3-14, together with a gene encoding a
protein conferring resistance to the antibiotic puromycin expressed under the control
of the SV40 promoter. In this plasmid the expression of the luciferase gene is under
the direct control of the TRE-TK promoter and is inducible by agonists of the thyroid
hormone nuclear receptor (TR). HeLa cells (ATCC, Manassas, VA 20108, #CCL~2)
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were transfected with plasmid DNA by electroporation using standard procedures,
and drug resistant cell lines were selected using puromycin Signa-Aldrich Corp., St.
Louis, MI. Drug resistant cell lines (HeLa/TRE) were selected for responsiveness to
thyroid hormone, and a single, stably transfected, clonal line was used in subsequent

experiments.

Mass spectrometry experiments indicated that hair growth was likely mediated
by a protein complex comprising in part hsp90, either cyclophillin 40, FKBP 51 or 52,
the zinc finger transcription factor hairless, and a nuclear hormone receptor (thyroid

hormone receptor, androgen receptor, vitamin D receptor or glucocorticoid receptor).

In order to establish the role of the thyroid hormone nuclear receptor in
immunophillin signaling, cyclospotine A, FK506 and thyroid hormone T3 were
evaluated for their ability to increase thyroid hormone nuclear receptor signaling.
HeLa/TRE cells were seeded at a density of 10,000 cells per well in 96 well microtiter
plates in DMEM culture media containing 1% charcoal stripped FCS, 2mM glutamine
and antibiotics (penicillin and streptomycin). The cells were treated with increasing
concentrations (20 nM, 2 nM, 200 pM, and 20 pM) of cyclosporin A or FK506 )
Sigma-Aldrich Corp., St. Louis, MI; (Calbiochem-Nova biocheryl Corp., San Diego,
CA) for 16 hours and the activity of the luciferase reporter gene was measured ) de
Wet Jr. et al, 1986, Methods Enzymol 133:3-14.

RESULTS

Dermal Papillar (DP) cells are critical for hair growth. In cultured human
dermal papillar cells, CyP40 and FKBP51/52 were detected using RT-PCR (Figure 2).
The levels of FKBP51/52 are much greater than those of FKBP 12/13. The levels of
FKBP12/13, which mediate the immunosuppressive effect of FK506, was close to the
detection limit, indicating that their levels of expression were very low. The
expression patterns in human dermal fibroblasts and keratinocytes have also been

studied and were found to be identical.

Mass spectrometry analysis of hsp90 and FKBP52 immunoprecipitated
complexes detived from human scalp skin reveal the presence of three transcription
factors. The factors include the zinc finger protein hairless, the sonic hedgehog
stimulated factor Gli-3, and AFX-1.
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Data also suggest that in human skin FK506 might alter hairless interaction
with hsp90 protein complexes. Hairless may then translocate to the nuclens and

stimulate transcription of genes regulating hair growth.

In addition, downstream target genes of Gli3 such as BMP4 and HNF3 were
5 found to be upregulated by FK506 treatment (Figure 3).

Hsp90 and FKBP52 complexes relevant to immunophillin action were
identified from human scalp skin extracts using monoclonal antibodies, protease
digestion, mass spectrometric measurement of peptide masses and protein database
searching. The following proteins were identified from trypsin and/or GluC digests

10 subject to mass spectrometric analysis:
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Table 1

Anti-hsp90 and anti-FKBP52
human skin extract + FK506 Trypsin _ |GIuC
30ppm (SWISSPROT)

Protein folding, immunophilins, stress-response

hsp90-beta

hsp90-alpha

hsp70s

FKBP-51

hsp27

FKBP-52

FRAP

hsp110

hsp40 protein-3 (DNAJ homolog 1)

|prolyl 4-hydroxylase (alpha and beta subunits)
rotein disulfide isomerases

osmotic siress protein 94 (hsp70 related)

cyclophilin 40

XX XX [X[X[X[X[X

x

KR P XX XXX ]|X]>%
x

Steroid-like receptors
estrogen receptors

glucocorticoid receptor X X
androgen receptor X
RXR-beta X
TRIP-12
thyroid hormone receptor X

x
>

x

x

Protein degradation

cullin-2

cullin-3

ubiquitin carboxy terminal hydrolases
268 proteosome subunits

ubiquitin activating enzyme E1

XXX [x

EIEIEIEIES

Transcription and chromatin remodeling
human hairless (zfp)

heat shock factor protein-2 (HSF-2)

GLI-3

AFXi putative whn factor (forkhead domain)

A IES
x

5 The data show that cyclosporin A or FK506 induces thyroid hormone receptor
mediated transcription in a dose dependent manner (Figure 4). Binding of ligand to
cyclosphilin 40 (cyclosporin A) or FKBP51/52 (FK506) proteins in the hsp90
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complex clearly activates the transcriptional activity of thyroid hormone receptor. The
hairless protein, an accessory protein of thyroid hormone receptor, also can modulate

cyclosporin A or FK506 action and thereby regulate hair growth.

Equivalents

5 The present invention is not to be limited in scope by the specific
embodiments described herein which are intended as single illustrations of individual
aspects of the invention, and functionally equivalent methods and components are
within the scope of the invention. Indeed, various modifications of the invention, in
addition to those shown and described herein will become apparent to those skilled in

10 the art from the foregoing description and accompanying drawings. Various
publications are cited herein, the contents of which are hereby incorporated, by

reference, in their entireties.
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WE CLAIM:
1. A method for identifying a compound capable of modulating hair
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20

25

growth comprising:

[\2] contacting a cell that expresses, or a preparation containing,
FKBP51/52 or CyP40, hsp90 and a protein selected from the group

consisting of hairless, AFX-1, and gli3, with a test compound;

(vi)  determining the level of complex formation between FKBP51/52 or
CyP40, hsp90 and at least onme protein selected from the group
consisting of the hairless, AFX-1, and gli3 in the cell or preparation,

contacted with the test compound; and

(vil) comparing the level of complex formation obtained in (ii) to the level
of complex formation between FKBP51/52 or CyP40, hsp90, and at
least one protein selected from the group consisting of the hairless,

AFX-1, and gli3, in the absence of test compound;

wherein a difference in the level of complex formation in the presence versus in the
absence of test compound has a positive correlation with hair growth modulating
activity.

2. The method of claim 1, wherein the level of complex formation is detected

using an immunoassay.

3. The method of claim 1, further comprising the step of determining whether
the test compound has immunosuppressive activity, where the absence of such
activity, in the presence of a test compound that alters the level of complex formation

bas a positive correlation with usefulness as a hair growth modulating agent.
4. A method for identifying a compound capable of modulating hair growth
comprising:
@) contacting a cell that expresses a nuclear hormone receptor and a
reporter gene under the transcriptional control of a hairless, AFX-1, or
gli3 gene responsive element with a test compound and measuring the

level of reporter gene expression in the cell;

(ii)  measuring the level of reporter gene expression in the absence of the

test compound; and
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(iii)  comparing the levels of reporter gene expression measured in (i) and
();
wherein a difference in the levels of reporter gene expression measured in steps (i)
and (ii) has a positive correlation with hair growth modulating activity of the test

compound.

5. The method of claim 4, wherein step (i) is performed in the presence of

a nuclear hormone receptor ligand.

6. The method of claim 4, further comprising the step of determining
whether the test compound has immunosuppressive activity where the absence of
such activity, in the presence of a test compound that alters the level of reporter gene
expression, has a positive correlation with usefulness as a hair growth modulating

agent.

7. The method of claim 4, wherein the nuclear hormone receptor is
selected from the group consisting of an androgen nuclear hormone receptor, vitamin
D nuclear hormone receptor, retinoic acid nuclear hormone receptor, aryl hydrocarbon

nuclear hormone receptor, and thyroid stimulating nuclear hormone receptor.

8. A method for identifying a compound capable of promoting hair
growth comprising:
@) contacting a sample containing a hairless gene product with a test

compound;

(ii) determining whether the test compound binds to the hairless gene

product; and

(iii)  determining whether the test compound inhibits complex formation
between the hairless gene product and a binding partner selected from
the group consisting of FKBP51/52, CyP40, a nuclear hormone

receptor, a hsp90 protein, and a combination thereof;

wherein the ability of a test compound to both bind to the hairless gene product and
inhibit complex formation has a positive correlation with hair growth promoting

activity.

9. A method for identifying a compound capable of modulating hair

growth comprising:
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6] contacting a cell that expresses FKBP51/52 or CyP40, and hsp90, a
nuclear hormone receptor, and the /tairless gene product, with a test

compound in the presence of a nuclear hormone receptor ligand;

(if)  determining the level of nuclear translocation of the hairless gene

product into the nucleus of the cell;

(iii)  determining the level of nuclear translocation in the absence of the test

compound; and
(iv)  comparing the level of nuclear translocation measured in (ii) and (iii);

wherein a difference in the level of nuclear translocation measured in steps (ii) and
(iii) has a positive correlation with hair growth modulating activity of the test

compound.

10.  The method of claim 8 or 9, further comprising the step of determining

whether the test compound has immunosuppressive activity.

11. A method for identifying a compound capable of promoting hair
growth comprising:

@) contacting a sample containing an AFX-1 gene product with a test

compound;

(i) determining whether the test compound binds to the AFX-1 gene

product; and

(iii)  determining whether the test compound inhibits complex formation
between the AFX-1 gene product and a binding partner selected from
the group consisting of FKBP51/52, CyP40, a nuclear hormone
receptor, a hsp90 protein, and a combination thereof;

wherein the ability of a test compound to both bind to the AFX-1 gene product and
inhibit complex formation has a positive correlation with hair growth promoting
activity.
12. A method for identifying a compound capable of modulating hair
growth comprising:
@) contacting a cell that expresses FKBP51/52 or CyP40, and hsp90, a
nuclear hormone receptor, and the AFX-1 gene product, with a test

compound in the presence of a nuclear hormone receptor ligand;
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(ii) determining the level of nuclear translocation of the AFX-1 gene

product into the nucleus of the cell;

(iii)  determining the level of nuclear translocation in the absence of the test

compound; and
({iv)  comparing the level of nuclear translocation measured in (i) and (iii);

wherein a difference in the level of nuclear translocation measured in steps (ii) and
(iii) has a positive correlation with hair growth modulating activity of the test

compound.

13. The method of claim 11 or 12, further comprising the step of

determining whether the test compound has immunosuppressive activity.

14. A method for identifying a compound capable of promoting hair

growth comprising:

@) contacting a sample containing a gli3 gene product with a test

compound;

(ii)  determining whether the test compound binds to the gli3 gene product;

and

(iii)  determining whether the test compound inhibits complex formation
between the gli3 gene product and a binding partner selected from the
group consisting of FKBP51/52, CyP40, a nuclear hormone receptor,
a hsp90 protein, and a combination thereof;

wherein the ability of a test compound to both bind to the gli3 gene product and
inhibit complex formation has a positive correlation with hair growth promoting
activity.
15. A method for identifying a compound capable of modulating hair
growth comprising: :
@ contacting a cell that expresses FKBP51/52 or CyP40, and hsp90, a
nuclear hormone receptor, and the gli3 gene product, with a test

compound in the presence of a nuclear hormone receptor ligand;

(ii)y  determining the level of nuclear translocation of the gli3 gene product

into the nucleus of the cell;
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(ili)  determining the level of nuclear translocation in the absence of the test

compound; and
(iv)  comparing the level of nuclear translocation measured in (if) and (jii);

wherein a difference in the level of npuclear translocation measured in steps (i) and
(iii) has a positive correlation with hair growth modulating activity of the test

compound.

16.  The method of claim 14 or 15, further comprising the step of

determining whether the test compound has immunosuppressive activity.

17. A method for modulating hair growth in a mammal, comprising
administering to the mammal a compound that modulates complex formation between
FKBP31/52, CyP40, or hsp90 and at least one protein selected from the group
consisting of hairless, gli3, and AFX-1.

18. A method for modulating hair growth in a mammal comprising
administering to the mammal a compound that modulates the nuclear translocation of

a protein selected from the group consisting of the hairless, AFX-1, and gli3 protein.

19. A method for modulating hair growth in a2 mammal comprising
administering to the mammal a compound that modulates AFX-1-or gli-3-mediated

gene CXp!'CSSiD]‘l .

20. A method for modulating hair growth in a mammal, comprising

administering to the mammal a compound identified by the assay of claim 1.

21, A method for modulating hair growth in 2 mammal, comprising

administering to the mammal a compound identified by the assay of claim 4.

22. A method for modulating hair growth in a mammai, comprising

administering to the mammal a compound identified by the assay of claim 8.

23. A method for modulating hair growth in a mammal, comprising

administering to the mammal a compound identified by the assay of claim 9.

24. A method for modulating hair growth in a mammal, comprising

administering to the mammal a compound identified by the assay of claim 11.

25. A method for modulating hair growth in a mammal, comprising

administering to the mammal a compound identified by the assay of claim 12.
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26. A method for modulating hair growth in a mammal, comprising

administering to the mammal a compound identified by the assay of claim 14.

27. A method for modulating hair growth in a mammal, comprising

administering to the mammal a compound identified by the assay of claim 15.
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FKBP51/52 AND CYP40-MEDIATED MAMMALIAN HAIR GROWTH
BACKGROUND OF THE INVENTION

Field of the Invention

The invention relates to the fields of dermatology, cell biology, and
molecular biology. More specifically, the present invention relates to drug screening
assays designed 1o identify non-immunosuppressive agents that modulate hair growth

and the use of such agents for modulation of hair growth.

Summary of the Related Art

The immunosuppressant drugs FK506, rapamycin and cyc]uspcrh;l A
are well known T-cell specific immunosuppressants that are routinely used fo prevent
graft rejection in organ transplant patients. In T cells, FK506 and cyclosporin A
prevent calcineurin from dephosphorylating the transcription factor NF/AT (nuclear
factor of activated T-cells), thereby blocking its translocation inio the nucleus and
preventing the receptor-mediated increase in synthesis and secretion of cytokines,
such as interléukinvZ and, hence, T-cell proliferation (Heitman, I. et al., 1992, The
New Biologist 4:448-460).

FKS506 and cyclosporin A act by binding to endogenous intracellular
receptor proteins termed immunophilins. Based on their structure and binding affinity
for specific drugs, immunophilins have been divided into two classes of proteins;
those proteins having an affinity for FK506 are referred to as FK506-binding proteins
(FEBPs), while those having an affinity for cyclosporin are referred to as
cyclophilins. Both FKBPs and cyclophilins possess a similar peptidyl-prolyl
isomerase activity resulting in cis-trans-isomerization of proteins, which is believed to
be important for protein folding and trafficking. In addition, both FKBPs and
cyclophilins are characterized by their ability to interact with a variety of different

proteins involved in signal transduction.

Several members of the FKBP family have been identified and named

according to their calculated molecular mass (Lane, W.S. et al, 1991, J. Protein

-1-
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Chem. 10:151-160; U.S. Patent No. 5,763,590). Cyclophilin A and FKBP12 were
originally isolated as cyclosporin A and FK506 binding proteins, respectively, and
wete shown to exert immunosuppressive activity through inhibition of calcineurin.
FKBP-51 was found to be expressed in T-cells where it inhibits calcineurin with
much weaker potency, suggesting that multiple immunophilins may participate in
mediating FK506 immunosuppressant activity. FKBP-51 has also been shown to be a
component of the progesterone receptor complex (Nair, 8.C. et al., 1997, Mol. Cell
Biol. 17:594-603). FKBP52 was initially discovered as a component of the inactive
steroid receptor complex (Smith, D.F. et al., 1993, J. Biol. Chem. 268:18365-71). The
N-terminal domain, residues 1-149 of FKBP52, shares 55% homology with FKBP12,
however, it does not have immunosuppressant activity when complexed with FK506.
FKBP52 is phosphorylated by casein kinase II and has been found to have chaperone
activity independent of isomerase activity (Miyata, Y. et al., 1997, Proc. Natl. Acad.
Sci. USA 94:14500-14505). CyP40 has only a low affinity for cyclosporin A and is
therefore capable of only slight reduction of the immunosuppressive effect of

cyclosporin A.

Hsp90 is the most abundant of the heat shock proteins. A number of
transcription factors and protein kinases involved in signal transduction are found
complexed with hsp90 (Pratt, W.B. et al., 1999, Cell Signal 11:839-851; Pratt and
Toft, 1997, Endocrine Rev. 18:306-360). When complexed with transcription factors,
the hsp90 complexes are found to contain high molecular weight ixmﬁunophi]ins with
tetratricopeptide repeat (TPR) motifs (Duina, A.A. et al., 1996, Science 274:1713-
1715; Bose, S. et al., 1996, Science 274:1715-1717). Such immunophilins include
FKBP52 and CyP40 (Owens-Grillo, 1.K., 1995, J. Biol. Chem. 270:20479-20484;
Miyata, Y. et al., 1997, Proc. Nafl. Acad. Sci. USA 94:14500-14505; Silverstein, AM.
et 4l.,, 1999, J. Biol. Chem. 274:36980-36986).

Causes of hair loss include aging, the action of male hormones, the loss
of blood supply to hair follicles, and scalp abnormalities. In addition, genetic
disposition may account for hair loss. For example, androgenic alopecia is considered
to be genetically determined. Recently, a rare autosomal recessive form of hereditary
alopecia, referred to as atrichia with papular lesians, was found fo result from
mutations in the human "hairless” gene (Ahmad, W. et al., 1998, Science 279:720-
724). Tn individuals affected with this form of hair loss, hairs are typically absent

from the scalp, and patients have very sparse eyebrows and eyelashes. Mutations in

o
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the human homolog of the mouse hairless gene lead to congenital alopecia universalis
and atrichia with papular lesions. In mice bearing a mutation in the hairless gene, the
hair matrix cells appear to undergo premature and massive apoptosis together with a
concormitant decline in Bcl-2 expression indicating that the kairless gene product may
play a role in regulating cell proliferation, djfferentiation and apoptosis in the bair
follicle. The human hairless gene has recently been isolated and is described in WO
99/38965.

It has been reported that topical application of FKS06 and cyclosporin
A stimulate hair growth in a dose dependent manner (Sainsbury, T.S.L. et al., 1991,
Transplant. Proc. 23:3332-3334). Por example, FK506 and cyclosporin A have been
shown to stimulate hair growth in experimental animals, such as mice and rats (WO
98/55090; Maurer, M., 1997, Am. J. Path. 150:1433; Yamamoto, S. et al., 1993, J.
TInvest. Dermatol. 102:160). The effects of FK506 and cyclosporin A and related
agents have been described (Tsuji Y. et al., 1999, Exp. Dermatol. 8:366-7; McElwee,
K.J. et al,, 1997, Br. J. Dermatol. 137:491-7; Iwabuchi T. et al., 1995, J. Dermatol.

Sci. 9:64-9; Yamamoto S. and Kato R., 1994, J. Dermatol. Sci. 7 Supp. 1:547-54; and '

Yamamoto S. et ak., 1994, J. Invest. Dermarol102:160-4).

In addition, Japanese patent application No. 11-174041 describes
methods for identifying hair stimulating agents that can bind to immunosuppressive
agent-bound proteins that can form a complex with steroid receptors, i.e., FKBP 52 or
cyclophilin 40, but do not bind to FKBPs that cannot form complexes with steroid

receptors, e.g., FKBP12.

The mechanism of mammalian hair growth stimulated by FK506 and
cyclosporin A remains unknown. Despite their potential use as hair stimulating
agents, immunosuppressive agents such as FK506 and cyclosporin A also exhibit
toxic side effects such as immunosuppression. Thus, there is the need to identify and
develop non-immunosuppressive agents that are useful as modulators of hair growth.
The present invention is based on the discovery of the signaling pathway by which the
immunosuppressive agents FK506 and cyclosporin A modulate hair growth. This
discovery provides drug screening assays for jdentification of non-

immunosuppressive agents capable of modulating hair growth.

Summary of the Invention

3-
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The present invention relates to drug screening assays designed to

identify non-immunosuppressive agents that modulate hair growth and the use of such
agents for modulation of hair growth. The invention is based on the discovery of the
signal transduction pathway by which specific immunophilins, namely FKBPS1 and
FKBP52, and CyP40, modulate hair growth. As disclosed herein, the FKBP51/52
proteins are found to be expressed in hair follicle dermal papillae. In addition,
FKBP51/52 are found complexed with the hsp90, Gli3, AFX-1 and hairless protein
within the cell. Contact of dermal papillae cells with FK506 or cyclosporin A was
also found to stimulate expression of the Gli3 target gene, BMP4 and HNF3f. The
pathway of the invention serves as a basis for methods designed to identify non-

immunosuppressive agents which can be used to modulate hair growth.

The invention relates to assays designed to screen for agents that
modulate the components of the FKBP51/52 and CyP40 signal transduction pathway,
i.e., agents that act as agonists or antagonists of such components, including
FKBP51/52, CyP40, hsp90, Gli3, AFX-1 and/or the hairless protein. In an
embodiment of the invention, a method is provided for rational drug design of agents
which specifically modulate activity and/or the association of FKBP51/52 or CyP40
with the hsp90, hairless, AFX-1 and/or Gli3 protein. The present invention further
provides cell based and non-cell based assays for identifying agents which modulate
the interaction and/or activity of the components of the inventive pathway, i.e., the
FKBP51/52, CyP40, hsp90, Gli3 AFX-1 and hairless protein.

Specifically, the invention provides a method for identifying a
compound capable of modulating hair growth comprising:

@) contacting a cell that expresses, or a preparation containing,

FKBP51/52 or CyP40, hsp90 and a profein selected from the group

consisting of hairless, AFX-1, and gli3, with a test compound;

(i)  determining the level of complex formation between FKBPSVS2 or
CyP40, hsp90 and at least one protein selected from the group
consisting of the hairless, AFX-1, and gli3, in the cell, or preparation,

contacted with the test compound; and

(i) comparing the level of complex formation obtained in (ii) to the level
of complex formation between FKBP51/52 or CyP40, hsp90, and at

4
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least one protein selected from the group consisting of the hairless,

AFX-1, and gli3, in the absence of test compound;

wherein a difference in the level of complex formation in the presence versus in the
absence of test compound has a positive correlation with hair growth modulating
activity.

As used herein, the term “preparation” refers to a composition
comprising at least one cellular component that has been isolated, extracted or
partially purified either from a cell in which it is naturally expressed or from a cell
which has been genetically engineered to express the component, or a component that
has been synthetically prepared, which composition can be used to carry out the
recited method. Such preparations include, but are not limited to, cell fractions
prepared by standard techniques, as well as aqueous, buffered solutions of cellular
components prepared by combining together previously synthesized or purified
components.

As used herein, the phrase "positive correlation with hair growth modulating activity"
refers to an observation of the biological activity of a test compound wherein the
activity indicates that the test agent is capable of either stimulating or inhibiting hair

growth.

T another embodiment of the invention, a method is provided for
identifying a compound capable of modulating hair growth comprising:
@ contacting a cell that expresses a nuclear hormone receptor and a
reporter gene under the. transcriptional control of a hairless, AFX-1, or
gli3 gene responsive element with a test coropound and measuring the

level of reporter gene expression in the cell;
(i)  measuring the level of teporter gene expression in the absence of the
test compatind; and
(i) comparing the levels of reporter gene expression measured in (i} and
(i
wherein a difference in the levels of reporter gene expression measured in steps (i)
and (ii) has a positive correlation with bair growth modulating aciivity of the test

compound.
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The invention further provides a method for identifying a compound
capable of promoting hair growth comprising:
[6)] contacting a sample containing a hairless, AFX-1 or gli3 gene product

with a test compound;

(i)  determining whether the test compound binds to the hairless, AFX-1
or gli3 gene product; and

(i)  determining whether the test compound inhibits complex formation
between the hairless, AFX-1 or gli3 gene product and a binding
partner selected from the group consisting of FKBP51/52, CyP40, a

nuclear hormone receptor, a hsp90 protein, and a combination thercof;

wherein the ability of a test compound to both bind to the hairless, AFX-1 or gli3
gene product and inhibit complex formation has a positive correlation with hair
growth promoting activity.

The invention further relates to a method for identifying a compound
capable of modulating hair growth comprising:

[} contacting a cell that expresses FKBP51/52 or CyP40, and hsp90, a
nuclear hormone receptor, and the hairless, AFX-1 or gli3 gene
product with a test compound in the presence of a nuclear hormone
receptor ligand;

(i)  determining the level of nuclear translocation of the hairless, AFX-1 or
gli3 gene product into the nucleus of the cell;

(i)  determining the level of nuclear translocation in the absence of the test
compound; and

(iv)  comparing the level of nuclear translocation measured in (i) and (jiii);

wherein a difference in the level of nuclear translocation measured in steps (ii) and
(iii) has a positive correlation with hair growth modulating activity of the test
compound.

Identified agents can be used to modulate hair growth. Such agents are
particularty useful for treating baldness resulting from genetic factors, aging, local
skin conditions and diseases that affect the body generally, i.c., systemic diseases.
Such disorders include, but are not limited to, male pattern baldness, female pattern

6

JP 2005-501229 A 2005.1.13



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

O

10

(88)

WO 2003/002756 PCT/US2002/019948
baldness, toxic baldness, alopecia areata and scarring alopecia. In addition, the agents

can be used to treat subjects with hair Joss associated with radiation or chemotherapy.

Thus, the invention encompasses a method for modulating hair growth
in a mammal comprising administering to the mammal a compound that modulates
complex formation between FKBP51/52, CyP40 or hsp90 and at least one protein
selected from the group consisting of hairless, gli3, AFX-1, and hsp90.

The invention provides a method for modulating hair growth in a
mammal comprising administering to the mammal a compound that modulates the
nuclear translocation of a protein selected from the group comsisting of the hairless,
AFX-1 and gli3 protein.

In yet another embodiment of the invention, a method is provided for
modulating hair growth in a maromal comprising administering to the mamroal a
compound that modulaies hairless, AFX-1-or gli-3-mediated gene expression.

-
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Description of the Figures

The foregoing and other objects of the present invention, the various
features thereof, as well as the invention itself may be more fully understood from the
following description, when read together with the accompanying drawings in which:

Figure 1 is a schematic representation depicting the proposed model of
interactions between FKBP51/52, CyP40, steroid receptors, hsp 90 and other binding
partners.

Figure 2 is a representation of RT-PCR analysis of human dermal
papilla RNA, demonstrating that in cultured human dermal papilla cells, expression of
FKBP51, FKBP52 and CyP40 is detected using RT-PCR.

Figure 3A is a graphic repfesentation demonstrating stimulation of
BMP4 transcription four days after FK506 and cyclosporin A treatment.

Figure 3B is a graphic representation demonstrating stimulation of
HNF3( transcription four days after FK506 and cyclosporin A treatment.

Figure 4 is a graphic presentation of the induction of TR mediated
transcription by cyclosporin A. or FK506.
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Detailed Description
The present invention is based on the discovery of the signal
transduction pathway by which specific immunophilins, namely FKBPS1, FKBP52
and CyP40, modulate hair growth. The discovery of the pathway by which agents
such as FK506 and cyclosporin A modulate hair growth provides screening targets for
agents that can be used to promote hair growth while having a reduced effect on the

immune system.

The present invention encompasses assays designed to identify agents
that modulate the interaction and/or activity of the components of the signal
transduction pathway. Such components include, for example, the FKBP51/52,
CyP40, hsp90, Gli3, AFX-1 and hairless proteins. Both cell based and non-cell based
assays can be used to identify agents that either increase or decrease the activity of the
FKBP51/52 and CyP40 signal transduction pathway. The present invention further
provides for rational drug design of agents that specifically promote or inhibit
association of FKBP51/52 or CyP40 with the hsp90, hairless, AFX-1 and/or Gli3

proteins.

In other embodiments, the present invention provides for agents
designed or identified by the foregoing methods. Further, the present invention
provides for the use of said agents for enhancement of hair growth. In particular, such
agents can be used to treat baldness which can result from genetic factors, aging,

and/or local skin conditions.

SCREENING ASSAYS FOR AGENTS USEFUL IN
MODULATING THE ACTIVITY OF FKBP51/52/CYPA40

The present invention relates to screening assay systems designed to
identify agents or compositions that modulate FKBP51/52 or CyP40 actjvity or
FKBP51/52 or CyP40 gene expression, and thus, may be useful for modulation of hair
growth.

RECOMBINANT EXPRESSION OF
PROTEINS INVOLVED IN HAIR GROWTH

For purposes of developing screening assays designed to identify
agents or compositions that modulate hair growth, it may be necessary to

recombinantly express the FKBP51/52 or CyP40 proteins and/or the proteins that

-0-
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interact with FKBP51/52, and CyP40, i.e., hsp90, Gli3, AFX-1 and hairless proteins.
The cDNA sequences and deduced amino acid sequences of FKBPS1 and FKBP52
have been characterized (PubMed Accession Nos.U71321 and M88279) and are
incorporated herein by reference. The term FKB51/52 as used herein refers to either
or both the FKBP51 and FKBP52 proteins. The eDNA sequence and deduced amino
acid sequences of CyPAQ have been characterized (Accession No. D63861) and is
incorporated herein by reference. The cDNA sequences and deduced amino acid
sequences of hsp90, Gli3, AEX-1 and hairless have also been characterized (PubMed
Accession Nos, NMO18411 (hairfess); NM000168 (Gli3) and NM005348 (hsp90);
Accession No. U10072 and arefincorporated herein by reference. For simplicity,
recombinant expression is described below for EKBP51/52; however, the methods
can also be utilized for recombinant expression of CyP40, hsp90, Gli3, AFX-1 and/or

the hairless protein.

FKBP51/52 nucleotide sequences can be isolated using a variety of
different methods known to those skilled in the art. For example, a cDNA library
constructed using RNA from a tissue known to express FKBP51/52 cau be screened
using a Iabeled FKBPS1/52 specific probe. Alternatively, a genomic library can be
screened to derive nucleic acid molecules encoding the FKBPS1 or FKBP52 protein.
Further, FKBP51/52 nucleic acid sequences can be derived by performing a
bolymerase chain reaction (PCR) using two oligonucleotide primers designed on the
basis of known FKBP51/52 nucleotide sequences. The template for the reaction can
be ¢DINA. obtained by reverse transctiption of mRNA prepared from cell lines or
tissue known to express FKBP51/52.

FKBP51/52 protein, polypeptides and peptide fragments, mutated,
truncated or deleted forms of FKBP51/52 and/or FKBP51/52 fusion proteins can be
prepared f;)r a variety of uses, including, but not limited to, the identification of other
cellular gene products involved in the regulation of FKBP51/52-mediated hair
growth, and the screening for agents that can be used to modulate hair growth.
FKBP51/52 fusion proteins include fusions to an enzyme, fluorescent protein, and a

polypeptide tag or luminescent protein, all of which provide a marker function.

While the FKBPS51/52 polypeptides and peptides can be chemically

synthesized (e.g., see Creighton, 1983, Proteins: Structures and Molecular Principles,
W.H. Freeman & Co., N.Y.), large polypeptides derived from FKBP51/52 and the full

-10-
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length FKBPS51/52 proteins can be advantageously produced by recombinant DNA
technology using techniques well known in the art for expressing nucleic acids
containing FKBF51/52 gene sequences and/or other coding sequences. Such methods
can be nsed to construct expression vectors containing the FKBP51/52 nucleotide
sequences and appropriate transcriptional and translational control signals. These
methods include, for example, in vifro recombinant DNA techniques, synthetic
techniques, and in vivo genetic recombination. (See, for example, the techniques
described in Sambrook et al., 1989, Molecular Cloning, A Laboratory Manual, Cold
Spring Harbor Press, N.Y.; and Ausubel et al., 1989, Current Protocols in Molecular
_@g&, Green Publishing Associates and Wiley Interscience, N.Y.).

A variety of host-expression vector systems can be uiilized to express
the FKBP51/52 nucleotide sequences (See, e.g.. U.S. Patent No. 5,763,590 for
expression of FKBP 52). Where the FKBP51/52 peptide or polypeptide is expressed
as a soluble derivative and is not secreted, the peptide or polypeptide can be recovered
from the host cell. Alternatively, where the‘FKBP51/52 peptide or polypeptide is

secreted, the peptide or polypeptides can be recovered from the culture media.

The expression. systems that can be used for purpeses of the invention
include, but are not limited to, microorganisms such as bacteria transformed with
recombinant bacteriophage, plasmid or cosmid DNA expression vectors containing
FKBP51/52 encoding nucleotide sequences, yeast transformed with recombinant
yeast expression vectors containing FKBP51/52 encoding nucleotide sequences or
mammalian cell systems, or insect cell systems containing FKBP51/52 recombinant
expression constructs containing promoters derived from the genome of mammalian

or insect cells or from mammalian or insect viruses.

Appropriate expression systems can be chosen to ensure that the
correct modification, processing, and sub-cellular localization of the FKBP51/52
protein occurs. T this end, eukaryotic host cells that possess the ability to properly
modify and process the FKBP51/52 protein are preferred. For long-term, high yield
production of recombinant FKBP51/52 protein, such as that desired for development
of cell lines for screening purposes, stable expression is preferred. Rather than using
expression vectors which contain origins of replication, host cells can be transformed
with DNA controlled by appropriate expression control elements and a selectable

marker gene, e.g., tk, hgprt, dhfr, neo, and hygro genes, to name a few. Following the

“11-
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introduction of the foreign DNA, engineered cells may be allowed to grow for 1-2
days in enriched media, and then switched to a selective media. Such engineered cell
lines can be particularly vseful in screening and evaluating agents that modulate the

endogenous activity of the FKBP51/52 gene product.

In addition, in some instances it may be necessary to co-eXpress
interactive binding proteins such as the CyP40, hsp90, Gli3, AFX-1 and hairless
proteins for wse in the screening assays of the invention. Methods described above for

expression of FKBP51/52 can be similarly used to co-express such binding proteins.

NON-CELL BASED ASSAYS

In accordance with the invention, non-cell based assay systems can be
used to identify agents that interact with, i.e., bind to, FKBP51/52 or CyP40, and
regulate the activity of such proteins. Such agents may act as antagonists or agonists
of FKBP51/52 or CyP40 activity and can be used to regulate hair growth. In
particular, such agents may function to disrupt or prevent the formation of a complex
between FKBP51/52 or CyP40 and their binding partners, i.e., the hsp90, Gli3, AFX-
1 and/or hairless protein. For simplicity, the non-cell based assays are described
below for FKBP51/52; however, they can be similarly utilized for CyP40 as well.

Recombinant FKBP51/52, including peptides corresponding to
different functional domains, or FRBP51/52 fusion proteins, can be expressed and
used in assays to identify agents that interact with FKBP51/52.

To this end, soluble FKBP51/52 can be recombinantly expressed and
utilized in non-cell based assays to identify agents that bind to FKBP51/52.
Recombinantly expressed FKBP51/52 polypeptides or fusion proteins containing one
or more of the FKBP51/52 functional domains can be prepared as described above,
and used in the non-cell based screening assays. One such functional domain is the
tetratricopeptide repeat (TPR) which is important for protein/protein interactions. For
example, the full length FKBP51/52, or a soluble truncated FKBP51/52, e.g., in which
one or more domains is deleted from the molecule but the TPR is retained, a peptide
corresponding to the TPR motifs, or a fusion protein containing the FKBPS51/52 TPR
motif fused to a protein or polypeptide that affords advantages in the assay system
(e.g., for labeling or isolating the resulting complex) can be utilized. Where agents
that interact with the TPR motif are sought to be identified, peptides corresponding to
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the FKBP51/52 TPR motif and fusion proteins containing the FKBP51/52 TPR motif
can be used, The FKBP51/52 proiein can also be present as part of a crude or
semi-purified extract.

The principle of the assays used to identify agents that bind to
FKBP51/52 involves preparing a reaction mixture of FKBP51/52 and the test agent
under conditions and for time sufficient to allow the two components to interact and
bind, thus forming a complex which can be removed and/or detected in the reaction

mixture. The identity of the bound test agent is then determined.

The screening assays are accomplished by any of a variety of
commonly known methods. For example, one method to conduct such an assay
involves anchoring the FKBP51/52 protein, polypeptide, peptide, fusion protein, or
the test substance onto a solid phase and detecting FKBP51/52/test agent complexes
adhered to the solid phase at the end of the reaction. In one embodiment of such a
method, the FKBP51/52 reactant is anchored onto a solid surface, and the test agent,

which is not anchored, may be labeled, ejther directly or indirectly.

In practice, microtitre plates conveniently can be utilized as the solid
surface. The anchored component is immobilized to the solid surface by non-covalent
or covalent attachment. The solid surfaces may be prepared in advance and stored. In
order to conduct the assay, the non-immobilized component is added to the solid
surface coated with the anchored component. After the reaction is completed,
unreacted components are removed (e.g., by washing) under conditions such that any
complexes formed will remain immobilized on the solid surface. The detection of
complexes anchored on the solid surface can be accomplished in a number of ways.
Where the previously non-immobilized component is pre-labeled, the detection of
label immobilized on the surface indicates that complexes have been formed. Where
the previously non-immobilized component is not pre-labeled, an indirect label can be
used to detect complexes on the solid surface, e.g., using a labeled anﬁbody specific
for the previously non-immobilized component.

Alternatively, a reaction is conducted in a liquid phase, the reaction
products are separated from unreacted components using an immobilized antibody
specific for FKBP51/52 protein, fusion protein or the test agent, and complexes are

detected using a labeled antibody specific for the other component of the complex.
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Tn accordance with the invention, nion-cell based assay systems can be

used to identify agents that directly interfere with the interaction between FKBP 51/52
and one or more other proteins within the cell. The proteins that interact with the
FKBP51/52 are referred to, for purposes of this discussion, as "binding partoers.”
These binding partners are likely to be involved in the FKBP51/52 signal transduction
pathway. Such binding partners include, but are not limited to, the hsp90, Gli3, AFX-
1 and hairless protein. Therefore, it is desirable to identify agents that modulate the
interaction of one or more of such binding partners with FKBP51/52. Such agents
may intexrfere with or disrupt the interaction of one or more such binding partners with
FKBP51/52 and may be useful in modulating hair growth. Alternatively, agents can
be identified that increase the affinity or improve the interaction between the one or
more binding partners and FKBP51/52.

The basic principle of the assay systems used to identify agents that
interfere with the interaction between a FKBP51/52 moiety and one or more of its
binding partners involves preparing a reaction mixture containing FKBP51/52 protein,
polypeptide, peptide or fusion protein, and the one or more binding partner, and
incubating the reaction mixture under conditions and for a time sufficient to allow the
components to interact and bind, thus forming a complex. In order to test an agent for
inhibitory activity, the reaction mixture is prepared both in the presence and absence
of the test agent. The test agent may be initially included in the reaction mixture, or
may be added at a time subsequent to the addition of the FKBP51/52 moiety with its .
binding partner(s). Control reaction mixtures are incubated without the test agent or
with a placebo. The formation of any complexes between the FKBP51/52 moiety and
the binding partner(s) is then detected. The formation of a complex in the control
reaction, but not in the reaction mixture containing the test agent, indicates that the
test agent interferes with the interaction of the FKBP51/52 and the interactive binding
partner(s).

The assay for agents that interfere with the interaction of FKBP51/52
and binding partners can be conducted in a heterogeneous or homogeneous format.
Heterogeneous assays involve anchoring either the FKBP51/52 moiety product or the
binding partner onto a solid surface and detecting complexes attached to the solid
surface at the end of the reaction. In homogeneous assays, the entire reaction is
carried out in a liquid phase. In either approach, the order of addition of reactants can

be varied to obtain different information about the agents being tested. For example,
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test agents that interfere with the interaction by competition can be identified by
conducting the reaction in the presence of the test substance, i.e., by adding the test
substance to the reaction mixture prior to or simultaneously with FKBP51/52 moiety
and interactive binding partner. Alternatively, test agents that disrupt preformed
complexes, e.g. agents with higher binding constants that displace one of the
components from the complex, can be tested by adding the test agent to the reaétion
mixture after complexes have been formed. The various formats are described briefly

below.

In a particular embodiment, an FKBP51/52 fusion can be prepared for
immaobilization. For example, the FKBP51/52 or a peptide fragment, e.g.,
corresponding to the TPR motif, can be fused to a glutathione-S-transferase (GST)
gene using a fusion vector, such as pGEX-5X-1, in such a manner that its binding
activity is maintained in the resulting fusion protein. The interactive binding pariner,
i.e., the hsp90, Gli3, AFX-1 or hairless protein, can be purified and used to raise &'
monoclonal antibody, using methods routinely practiced in the art. The generation of
monoclonal antibodies can be omitted if such antibodies exist and are publicly
available. This antibody can be labeled with the radioactive isotope 2L, for example,
by methods routinely practiced in the art. In a heterogeneous assay, for example, the
GST-FKBP51/52 fusion protein can be anchored to glutathione-agarose beads. The
interactive binding partner can then be added in the presence or absence of the test
agent in a manner that allows interaction and binding to occur. At the end of the
reaction period, unbound material can be washed away, and the labeled moooclonal
antibody can be added to the system and allowed to bind to the complexed
components. The interaction between the FKBP51/52 gene product and the
interactive binding partner can be detected by measuring the amount of radieactivity
that remains associated with the glutathione-agarose beads. A successful inhibition of

the interaction by the test agent will result in a decrease in measured radioactivity.

Alternatively, the GST-FKBP51/52 fusion protein and the interactive
binding partner can be mixed together in liquid in the absence of the solid glitathione-
agarose beads. The test agent can be added either during or after the species are
allowed to interact. This mixture can then be added to the glutathione-agarose beads
and unbound material is washed away. Again, the extent of inhibition of the
FKBP51/52 binding partner interaction can be detected by adding the labeled

antibody and measuring the radicactivity associated with the beads.
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Tn alternate embodiments of the invention, a homogeneous assay can
be used. In this approach, a preformed complex of the FKBP51/52 moiety and the
interactive binding partner is prepared in which either the FKBP51/52 or its binding
partner is labeled, but the signal generated by the label is quenched due to formation
of the complex. The addition of a test substance that competes with and displaces one
of the species from the preformed complex will result in the generation of a signal
above background. In this way, test substances which disrupt FKBP51/52 binding

partner interaction can be identified.

In accordance with the invention, non-cell based assays can also be
used to screen for agents that directly inhibit enzymatic activities associated with
PKBP51/52. Such activities include, but are not limited to, proline isomerase activity.
For example, a peptidyl-prolyl cis-trans isomerase assay performed according to
Harrison and Stein (1980, Biochem. 29:3813-3816) with modifications described by
Park et al. (1992, Biol. Chem. 267:3316-3324) can be used to measure the level of
RKBP51/52 activity. To this end, a reaction mixture of FKBP51/52 and a test agent
is prepared in the presence of substrate, and the enzymatic activity of FKBP51/52 is

compared {o the activity observed in the absence of test agent.

In non-lmiting embodiments of the invention, a reaction mixture of
FKBP51/52, a test agent and substrate is prepared and the enzymatic activity of
FKBP51/52 is compared to the activity observed in the absence of the test agent,
wherein a decrease in the level of FKBP51/52 enzymatic activity in the presence of
the test agent indicates that an inhibitor of FKBPS1/52 has been identified.
Alternatively, a reaction mixture of FKBP51/52, a test agent and substrate is prepared
and the enzymatic activity of FKBP51/52 is compared to the activity observed in the
absence of the test agent, wherein an increase in the level of FKBP51/52 enzymatic
activity in the presence of the test agent indicates that a FKBP51/52 agonist has been
identified. ’

CELL BASED ASSAYS

In accordance with the invention, cell based assay systems can be used
to identify agents that regulate the activity of FKBP51/52 or CyP40. In addition, it is
believed that the FKBP51/52/hsp90/hairless/AFX-1/gli3 complex or
CyP40/hsp90/hairless/ AFX-1/gli3 is bound to nuclear hormone receptors within the

cell. Thus, the cell based assays may be performed using cells expressing a nuclear
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hormone receptor. Such nuclear hormone receptors include, but are not limited to,
androgen, vitamin D, retinoic acid, aryl hydrocarbon and thyroid hormone receptors.
When using such cells, the activity of a test agent can be tested in the presence or
absence of a nuclear hormone receptor ligand. Cell based assays are described below
for identification of agents that regulate the activﬁy of FKBP51/52 proteins; however,
such cell based assays may be used to similacly identify agents that regulate the
activity of CyP40.

The present invention provides methods for identifying an agent that |
activates FKBP51/52 enzymatic activity comprising (i) contacting a cell expressing
FKBP51/52 with a test agent and measuring the level of FKBP51/52 enzymatic
activity; (ii) in a separate experiment, contacting  cell expressing FKBPS51/52 protein
with a vehicle conirol and measuring the level of FKBP51/52 enzymatic activity
where the conditions are essentially the same as in part (i), and then (iii) comparing
the level of FKBP51/52 activity measured in part (i) with the level of FKBP51/52
activity in part (i), wherein an increased level of FKBP51/52 enzymatic activity in
the presence of the test agent compared to the level of FKBP51/52 enzymatic activity
in the presence of vehicle contro] indicates that the test agent is a FKBP51/52 enzyme

activator.

The present invention also provides methods for identifying an agent
that inhibits FKBP51/52 enzymatic activity comprising (i) contacting a cell
expressing FKBP51/52 with a test agent in the presence of FK506 and measuring the
level of FKBP51/52 enzymatic activity; (ii) in a separate experiment, contacting a cell
expressing FKBP51/52 in the presence of FK506 and measuring the level of
FKRBP51/52 enzymatic activity, where the conditions are essentially the same as in
part (i); and then (iif) comparing the level of FKBP51/52 enzymatic activity measured
in part (i) with the level of FKBP51/52 enzymatic activity in part (i), wherein a
decrease in the level of FKBP51/52 enzymatic activity in the presence of the test
agent compared to the level of FKBP51/52 enzymatic activity in the presence of
vehicle control indicates that the test agent is a FKBP51/52 enzyme inhibitor.

In utilizing such cell systems, the cells expressing the FKBP51/52
protein are exposed to a test agent or to a vehicle control (e.g., placebo). After or

during exposure, the cells can be assayed to measure the enzymatic activity of
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FKBP51/52 or the activity of the FKBP51/52 dependent signal transduction pathway
itself.

The ability of a test molecule to modulate the enzymatic activity of
FKBP51/52 can be measured using standard biochemical and physiological
techniques, e.g., as measured by a chemical, physiological, biological or phenotypic
change, induction of a host cell gene or reporter gene, change in host cell kinase
activity, etc. For example, FKBP51/52 associated peptidyl-prolyl isomerase activity
can be measured. Assays for such activity inchude those described in Harrison and
Stein (1980, Biocken, 29:3813-3816); Park, S.T. et al., (1992, J. Biol. Chem.
267:3316-3324); and U.S. Patent No. 5,763,590. Alternatively, the expression of
genes known to be modulated by activation of the FKBP51/52 signal transduction
pathway, such as BMP4 or HNF3, can be assayed to identify modulators of
FKBP51/52 or activity.

In addition, animal models can be utilized to identify agents capable of
ameliorating hair loss. Such animal models can be used as test substrates for the
identification of drugs, pharmaceuticals, therapies and interventions that can be
effective in treating such diserders. For example, animal models can be exposed to an
agent suspected of exhibiting an ability to modulate hair growth at a sufficient
concentration and for a time sufficient to elicit such hair growth in the exposed
animals. The response of the animals to the exposure can be monitored by assessing
the modulation of hair growth. In a specific embodiment of the invention, a C3H
‘mouse model can be used to measure the capacity of a test compound to initiate hair
growth. Typically, approximately seven-week-old female C3H mice are used for
experiments. The lower back hair of mice are sheared with an electrical clipper,
followed by administration of the test agent. Visual observation of the test animals'
hair growth will result in a determination regarding the ability of a test agent to
modulate hair growth. In addition, the Dundee Bald rat model animal or
chemotherapy treated mice can be used. With regard to intervention, any treatrents
which reverse any aspect of disorder-like symptoms should be considered as
candidates for human therapeutic iniervention. Dosages of test agents may be

determined by deriving dose-response curves, as discussed below.

RATIONAL DRUG DESIGN
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In an embodiment of the invention, computer modeling and searching

technologies can be used for identification of agents that can modulate the protein
interactions between FKBP51/52, CyP40, hsp90, Gli3, AFX-1 and/or hairless protein.
For example, based on the knowledge of the FKBP51/52 or CyP40 binding sites and
the study of complexes between FKBP51/52 or CyP40 and proteins such as hsp90,
Gli3, AFX-1 and hairless, potential modulators of the FKBP51/52 or CyP40 signal
transduction pathway can be identified.

The three dimensional geometric structure of binding sites can be
determined using known methods, including X-ray crystallography, which can
determine a complete molecular structure. On the other hand, solid or liguid phase
NMR can be nsed to determine certain intra-molecular distances. Any other
experimental method of structure determination can be used to obtain partial or
complete geometric structures. The geometric structures may be measured with a
complexed protein or agent, which may increase the accuracy of the active site

structure determined.

If an incomplete or insufficiently accurate structure is determined, the
methods of computer based numerical modeling can be used to complete the structure
or improve its accuracy. Any recognized modeling method may be used, including
parameterized models specific to particular biopolymers such as proteins, molecular
dynamic models based on computing molecular motions, statistical mechanics models
based on thermal ensembles, or combined models. For most types of models,
standard moleculac force fields, representing the forces between constituent atoms and
groups, are necessary, and can be selected from force fields known in physical
chemistry. The incomplete or less accnrate experimental structures can serve as
constraints on the complete and more accurate structures computed by these modeling

methods.

Having determined the structure of the binding site, either
experimentally, by modeling, or by a combination of such methods, candidate
modulating agents can be identified by searching databases containing agents along
with information on their molecular structure. Such a search seeks agents having
structures that match the determined binding site structure and that interact with the

groups defining the active site. Such a search can be manual, but is preferably

JP 2005-501229 A 2005.1.13



O — ™ M M Mmoo T 1 e o

10

15

30

(101)

WO 2003/002756 PCT/US2002/019948
computer assisted. Agents found from this search are potential hair growth

modulating agents.

Alternatively, these methods can be used to modify known hair growth
modulaing agents to improve their activity. A known agent can be modified and the
structural effects of modification can be determined using the experimental and
computer modeling methods described above. The altered structure can then be
compared to the active site structure of the agent to determine if an improved fit or
interaction results. In this manner, systematic variations in composition, such as by
varying side groups, can be quickly evaluated to obtain modified modulating agents
or ligands of improved specificity or activity, e.g., modifying cyclosporin A to
increase its affinity to CyP40 while reducing its affinity to cyclosporin A or B.

Further experimental and computer modeling methods useful to
identify modulating agents based upon identification of the binding sites of
FKBP51/52 or FKBP51/52 binding proteins will be apparent to those of skill in the
art. In addition, experimental and computer modeling methods useful to identify
modulating agents based upon idetification of the binding sites of CyP40 or CyP40
binding proteins will be apparent to those of skill in the art. )

Examples of molecular modeling systems are the CHARMm and
QUANTA programs (Polygen Corporation, Waltham, MA). CHARMm performs the
energy minimization and molecular dynamics functions. QUANTA. performs the
construction, graphic modeling and analysis of molecular structure. QUANTA allows

_ interactive construction, modification, visualization, and analysis of the behavior of

molecules with each other.

A number of articles review computer modeling of drugs interactive
with specific proteins, such as Rotivinen, et al., 1988, Acta Pharmaceut. Fennica
97:159-166; Ripka, 1988, New Scientist 54-57; McKinaly and Rossmann, 1989, Arn.
Rev. Pharmacol. Toxiciol. 29:111-122; Perry and Davies, 1989, QSAR: Quantitative
Structure-Activity Relationships in Drug Design, pp. 189-193 (Alan R. Liss, Inc.);
Lewis and Dean, 1989 Proc. R. Soc. Lond. 236:125-140 and 141-162; and, with
respect to a model receptor for nuclejc acid components, Askew, et al., 1989, J. Aun.
Chem. Soc. 111:1082-1090. Other computer programs that screen and graphically
depict chemicals are available from companies such as BioDesign, Inc. (Pasadena,
CA.), Allelix, Inc. (Mississauga, Ontario, Canada), and Hypercube, Inc. (Cambridge,
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Ontario). " As described herein, FKBP51/52 bind to 2 number of known transcription
factors, including, but not limited to, AFX-1, gli3 and hairless protein. Thus, althongh
the modeling described above is primarily designed for application to drugs specific
to particular proteins, they can be adapted to design of drugs specific to regions of
DNA or RNA, once that region is identified.

ASSAY FOR AGENTS THAT REGULATE THE
EXPRESSION OF FKBP51/52 OR CYP40

In accordance with the invention, a cell based assay system can be
used to screen for agents that modulate the expression of FKBP51/52 or CyP40 within
acell. Assays can be designed to screen for agents that regulate FKBP51/52 or
CyP40 expression at either the transcriptional or translational level. The assays
described below ate designed for identification of agents capable of regulating
FKBP51/52 gene expression; however, such assays can be similarly used to identify

agents that regulate CyP40 gene expression.

In one embodiment, DNA encoding a reporter molecule can be linked
to a regulatory element of the FKBP51/52 gene and used in appropriate intact cells,
cell extracts or lysates to identify agents that modulate FKBP51/52 gene expression.
Such reporter molecules include, but are not limited to, chloramphenicol
acetyltransferase (CAT), luciferase, B-glucvronidase (GUS), growth hormone, or
placental alkaline phosphatase. Such constructs are introduced into cells, thereby
providing a recombinant cell useful for screening assays designed to identify

modulators of FKBP51/52 gene expression.

Following exposure of the cells to the test agent, the level of reporter
gene expression can be quantitated to determine the test agent's ability to regulate
FKBP51/52 expression. Alkaline phosphatase assays are particularly useful in the
practice of the invention where the enzyme is secreted from the cell, and tissue culture
supernatant can then be assayed for secreted alkaline phosphatase. In addition,
alkaline phosphatase activity can be measured by calorimetric, bicluminescent or
chemiluminescent assays such as those described in Bronstein, I et al., 1994,
Biotechnigues 17:172-177. Such assays provide a simple, sensitive, easily

automatable detection system for pharmaceutical screening.

To identify agents that regulate FKBP51/52 translation, cells or in vitro
cell lysates containing FKBP51/52 transcripts can be tested for modulation of
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FKBP51/52 mRNA translation. To assay for inhibitors of FKBP51/52 translation,
test agents are assayed for their ability to modulate the translation.of FKBPS1/52

mRNA in in vitro translation extracts.

Tn an embodiment of the invention, the level of FKBP51/52 expression
can be modulated using antisense or ribozyme approaches to inhibit or prevent
translation of FKBP51/52 mRNA transcripts, or triple helix approaches to inhibit
transcription of the FKBP31/52 gene. Such approaches can be utilized to modulate

hair growth.

Antisense approaches involve the design of oligonucleotides (either
DNA or RNA) that are complementary to at least a portion of FKBP51/52 mRNA.
The antisense oligonucleotides bind to the complementary mRNA transeripts and
prevent translation. Absolute complementarity, although preferred, is not required.
One skilled in the art can ascertain a tolerable degree of mismatch by use of standard
procedures to determine the melting point of the hybridized complex. :

In yet another embodiment of the invention, ribozyme molecules
designed to catalytically cleave FKBP51/52 mRNA transcripts can be used to prevent
translation of FIKBP51/52 mRNA and expression of FKBP51/52. (See, e.g., PCT
Tnternational Publication WO 90/11364, published October 4, 1990; Sarver et al.,
1990, Science 247:1222-1225).

Alternatively, endogenous FKBP51/52 gene expression can be reduced
by targeting deoxyribonucleotide sequences complementary to the regulatory region
of the FKBP51/52 gene (i.e., the FKBP51/52 promoter and/or enhancers) to form
triple helical structures that prevent transcription of the FKBP51/52 gene in targeted
cells in the body. (See generally, Helene, C. et al., 1991, Anticancer Drug Des. 6:569-
584; and Mabher, LJ, 1992, Bioassays 14:807-815).

The oligonucleotides of the invention, ie., antisense, tibozyme, and
triple helix forming oligonucleotides, can be synthesized by standard methods known
in the art, e.g., by use of an automated DNA synthesizer (such as are commercially
available from Biosearch, Applied Biosystems, efc.). Alternatively, recombinant
expression vectors can be'constructed to direct the expression of the oligonucleotides
of the invention. Such vectors can be constructed by recombinant DNA technology

methods standard in the art, In a specific embodiment, vectors such as viral vectors
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can be designed for gene therapy applications where the goal is in vivo expression of
inhibitory oligonucleotides in targeted cells

ASSAY FOR AGENTS THAT REGULATE THE

TRANSCRIPTIONAL ACTIVITY OF THE GLI3 AFX-1
AND/OR HAIRLESS TRANSCRIPTION FACTORS

In accordance with the invention, assays can be developed to identify
agents that modulate transcriptional activation mediated by FKBP51/52, CyP40, Gli3,
AFX-1 and the hairless protein. While not being bound to any one particular theory,
it is believed that the binding of FK506 to the FKBP51/52/hsp90 complex, or
cyclosporin A to the CyP40/hsp90 complex, promotes the activation and/or release of
the zinc finger transcription factors hairless and/or Gli3 from the complex. Nuclear
translocation of the hairless and/or Gli3 proteins results in transactivation of target

genes and stimulation of hair production.

Tn accordance with the invention, #n assay can be used to identify
agents that modulate translocation of the Gli-3, AFX-1 and/or hairless protein into the
nucleus. For purposes of the assay, the hairless, AFX-1 and/or Gli3 protein can be
tagged with an easily detectable peptide tag such as GFP. Such an assay involves
contacting a cell expressing a tagged hairless, AFX-1 or Gli3 protein with a test agent
in the presence of FK506 or cyclosporin A. Alternatively, the assay can be performed
using a cell expressing a nuclear hormone receptar in the presence of nuclear
hormone receptor ligand. Following exposure to the test agent, the amount of tagged
bairless, AFX-1 or Gli3 protein located within the nucleus is measured, e.g., by
measuring the amount of tagged protein present in the nucleus. If the amount of
tagged protein detected in the nucleus is decreased in the presence of the test agent, as
compared to the same assay conducted in the presence of a vehicle control, a

modulator of hairless and/or Gli3 nuclear translocation has been identified.

In addition, cells expressing Gli3, AFX-1 or hairless tagged proteins
can be used to assay for agents that modulate the dissociation of hairless, AFX-1
and/or Gli3 from the FKBPS51/52/hsp90 or CyP40/hsp90 complexes. Such assays can
be done in the presence of FK506 or cyclosporin A to identify agents that inhibit the
FK506 — or cyclosporin A — mediated dissociation of hairless, AFX-1 and/ar Gli3 ‘
from said complexes. For example, a cell expressing a tagged hairless, AFX-1 or

Gli3 protein is contacted with a test agent in the presence of FK506. Following
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contact with the test agent, a cell Iysate can be prepared followed by
immuroprecipitation of the FKBP51/52 or CyP40 protein complex. The
immunoprecipitated complex is then analyzed to determine the presence or absence of

the tagged Gli3, AFX-1 or hairless protein.

Downstream target genes of the Gli3 transcription factor are regulated
by FK506 and cyclosporin A treatment. For example, BMP4 is a downstream target
gene of the Gli3 pathway and expression of BMP4 is stimulated in the presence of
FKS506 and cyclosporin A. Thus, in a specific embodiment of the invention,
constructs containing a Gli3 responsive element, e.g., STGGGTGGTC-3', can be
linked to any of a variety of different reporter genes and introduced into cells
expressing FKBP51/52. Such reporter genes, as set forth above, can include, but are
not limited to, those encoding chloramphenicol acetyltransférase (CAT), luciferase,
GUS, growth hormone, or placental alkaline phosphatase. Following exposure of the
cells to the test agent, the level of reporter gene expression can be quantitated to
determine the test agent's ability to regulate transcription of the reporter gene. In
instances where identification of antagonists of FK506 induced transcription is
desired, the cells are contacted with both FK506 and the test agent. Alkaline
phosphatase assays are particularly useful in the practice of the invention because the
enzyme is secreted from the cell. Therefore, tissue culture supernatant can be assayed
for secreted alkaline phosphatase. In addition, alkaline phosphatase activity can be
measured by calorimetric, bioluminescent or chemilumenscent assays such as those

described above.

IMMUNOSUPPRESSIVE ACTIVITY OF TEST AGENTS

The present invention relates to the identification of agents capable of
modulating hair growth without the side effect of immunosuppression. Thus, in
accordance with the invention, any agents identified as possible modulators of hair

growth are also tested for their ability to immunosuppress.

Assays designed to measure the immunosuppressive effect of a test
agent include, for example, lymphocyte stimulation assays and assays designed to
measure cytokine production, i.e., IL-2 production may be performed. One such’

assay is conducted as follows.
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Spleens are excised from euthanized (CO; asphyxiation) adult male
C3H mice ranging in age from seven to sixteen weeks old (live mice commercially
available from Harlan Sprague Dawley, Inc., Indianapolis, IN). The spleens are
placed immediately in cold Hanks Balanced Salt Solution (HBSS, commercially
available from Gibeo-BRL, Gaithersburg, MD). The spleens are then ground up
between frosted glass slides and filtered through a sterile screen to remove tissue
debris. The resulting cell suspension is underlayed with an equal volume of Ficoll-
Paque Plus (commercially available from Pharmacia Biotech, Piscataway, NJ) and
centrifuged at 400 x g for approximately forty minutes at 20°C in order to collect the
splenocytes. The splenocytes are collected from the interface using a disposable pipet
and are washed twice with HBSS, followed by centrifugation at 100 x g for ten
minutes at 20°C. Splenocytes are resuspended in five to ten mL of cell culture media
consisting of phenol red-free RPMI 1640 (culture media commercially available from
Gibco-BRL) containing 10% beat-inactivated fetal bovine serum (Gibco-BRL),
penicillin (50 U/mL), streptormycin (100 pg/mlL), L-glutamine (2 mM), 2-
mercaptoethanol (10”° M), and N-2 hydroxyethylpiperazine-N'-2-ethanesulfonic acid
(HEPES) (10 mM). The cells are counted and checked for viability using, for
example, trypan blue. Splenocytes are resuspended in medium at 10° cells/mL and
pipetted into 96 well round bottom plates at 10° cells/well. Splenocytes are activated
by addition of 50 pL/well of conconavalin A (final assay concentration = § pg/ml) in
the presence or absence of a test compound. Test compounds are made up as stock.
solutions in dimethy] sulfoxide (DMSO), then diluted in medium and 50 pL/well
added, so that the final concentration of DMSO in the assay is below 0.05%. The
plates are incubated at 37°C with 5% COx for 48 hours. The cells are pulsed with 1
uCirwell of methy-"H-thymidine (commercially available from Amersham,
Buckinghamshire, England) and incubated an additional 24 hours. The cells are then
harvested onto GF/C filter plates (commercially available from Packard, Downers
Grove, IL), solubilized in Microscint 20 (Packard), and counted on a TopCount
microplate scintillation and luminescence plate connter (Packard). Activity is
measured as a percentage of control activity in the absence of test compound and
plotted versus test compound concentration. The data are fit to a 4-parameter curve
fit (Sigmaplot) and ICsg values are calculated. As used herein, test compounds are
considered non-immunosuppressive if, by using this method, the ratio of (cyclosporin
A ICsoftest compound ICsp) x 100 is less than or equal to 0.02, L., as defined herein,
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a non-immunosuppressive test compound has # 2% of the immunosuppressive activity
of cyclosporin A.

Cell viability is assessed using the MTT (3-[4,5-dimethyl-thiazoyl-2-
y112,5-diphenyl-tetrazolium bromide) dye assay as described by Nelson et al., J.

5 Immunol., 1993, 150(6):2139 —2147, with the exception that the assay is carried out in
serum-free, phenol red-free RPMI 1640 and the dye is solubilized in 100 pL/well
DMSO and read at an OD of 540 nm with a background correciion at 650 nm on a
SpectraMax Plus microplate reader (Molecular Devices, Menlo Patk, CA).

Alternatively, animal studies can be performed to determine whether a

" 10 ° test agent has an immunosuppressive effect.
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AGENTS THAT CAN BE SCREENED IN
ACCORDANCE WITH THE INVENTION

The assays described above can identify agents that modulate

FKBP51/52 activity. For example, agents that affect FKBP51/52 activity include, but
are not Jimited to, agents that bind to FKBP51/52 and modulate the activity of

" FKBP51/52. Alternatively, agents can be identified that do not bind directly to
FKBPS51/52, but arte capable of altering FKBP51/52 activity by altering the activity of
a protein involved in FKBP51/52 signal transduction. Fusther, agents that affect
FKBP51/52 gene activity (by affecting FKBP51/52 gene expression, including
molecules, e.g., proteins or small erganic molecules, that affect transcription or
interfere with splicing events so that expression of the full length or the truncated
form of the FKBP51/52 can be modulated) can be identified using the screens of the

invention. .

The agents which may be screenied in accordance with the invention
can include, but are not limited to, small organic or inorganic agents, peptides,
antibodies and fragments thereof, and other organic agents (e.g., peptidomimetics)
that bind to FKBP51/52 and either mimic the activity triggered i:y any of the known
or unknown substrates of FKBP51/52 (i.e., agonists) or inhibit the activity triggered
by any of the known or unknown substrates of FKBP51/52 (i.e., antagonists). ‘Agents
that bind to FKBP51/52 and either enhance FKBP51/52 activities (j.e., agonists) or
inhibit FKBP51/52 activities (i.e., antagonists), will be identified. Agents that bind 1o
proteins that alter/modulate the activity of FKBP51/52 will be identified.

Agents can include, but are not limited to, peptides such as, for
example, soluble peptides, such as members of random peptide libraries (sce, e.£.,
Lam, K.S. et al., 1991, Nature 354:82-84; Houghten, R. et al., 1991, Nature 354:84-
86); and combinatorial chemistry-derived molecular libraries made of D- and/or L-
configuration amino acids, phosphopeptides (such as members of random or partially
degenerate, directed phosphopeptide libraries); (see, e.g., Songyang, Z. et al., 1993,
Cell 72:767-778), antibodies (such as polyclonal, monoclonal, humanized, anti-
idiotypic, chimeric or single chain antibodies, and FAb, F(ab'), FV, and FAb
expression library fragments, and epitope binding fragments thereof), and small

organic or inorganic molecules.
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Other agents that can be screened in accordance with the invention
include, but are not limited to, small organic molecules that affect the expression of
the FKBP51/52 gene or some other gene involved in the FKBP51/52 signal
transduction pathway (e.g., by interacting with the regulatory region or transcription
factors involved in gene expression); or such agents that affect the activities of the
FKBP51/52 or the activity of some other factor involved in modnlating FKBP51/52
activity, such as for example, a protein that modifies FKBP51/52 and thereby
inactivates FKBP51/52 enzyme activities.

COMPOSITIONS CONTAINING MODULATORS
OF HAIR GROWTH AND THEIR USES

The present invention provides methods of modulating hair growth
comprising contacting a cell with an effective amount of a FKBP51/52 or CyP40
modulating agent, such as an FKBPS51/52 or CyP40 agonist or antagonist identified
using the assays as set forth above. An "effective amount” of the FKBP51/52 or
CyP40 inhibitor, i.e., antagonist, is an amount that detectably decreases hair growth. ’
An “effective amount" of the FKBP51/52 or CyP40 activator, i.¢., agonist, is an
amount that detectably increases hair growth.

The present invention further provides methods of modulating hair
growth in a subject in need of such treatment, comprising administering to the subject
an effective amount of an agent that modulates FKBP51/52 or CyP40 activity
identified as set forth above.

The present invention further provides compositions comprising one or
more activators or inhibitors of FKBP51/52 and CyP40 activity. The composition
may act directly on FKBP51/52 or CyP40, or alternatively may act on proteins
involved in the FKBP51/52 and CyP40 signal transduction pathway.

The present invention further provides pharmaceutical compositions
comprising an effective amount of an agent capable of modulating the activity of
FKBP51/52, CyP40-, or FKBP51/52, CyP40-mediated signal transduction and/or the
expression of FKBP51/52 or CyP40, thereby regulating hair growth, and a
pharmaceutically acceptable carrier. In a specific embodient, the term
"pharmaceutically acceptable” means approved by a regulatory agency of the federal
or a state governmerit or listed in the U.S. Pharmacopeia or other generally recognized

pharmacopoeia for use in animals, and more particularly in humans. The term
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““carrier" refers to a diluent, adjuvant, excipient, or vehicle with which the therapeutic
is administered. Examples of suitable phacmaceutical carriers are described in
Remington: The Science and Practice of Pharmacy, Gennaro et al. (eds), 20™ Edition,
Lippincott Williams & Wilkins, Philadelphia, PA (ISBN 0-683-306472).

The invention further provides for the treatment of various disorders
associated with hair growth by administration of an agent that regulates the expression
or activity of FKBP51/52 or CyP40. Such agents include, but are not limited to,
FKBP51/52 or CyP40 agonists and antagonists. Such disorders include, but ate not
limited to, male pattern baldness, female pattern baldness, toxic baldness, alopecia
areata and scarring alopecia. In addition, the agent can be used to treat subjects with

hair loss associated with exposnre to radiation or chemotherapy.

The agents of the invention are preferably tested in vifro, and then in
vive in an animal system for a desired therapentic or prophylactic activity, prior to
testing and use in humans. For example, in vitro assays that can be used to determine
whether administration of a specific therapentic is indicated include in vitro cell
culture assays in which cells expressing FKBP51/52 or CyP40 are exposed to or
otherwise administered a therapeutic agent, where the effect of such a therapeutic
agent on FKBP51/52 or CyP40 is then observed upon FKBP51/52 or CyP40 activity
is then observed. In a specific embodiment of the invention the ability of an agent to
regulate the signal transduction pathway mediated by CyP40 or FKBP51/52 is

assayed.

The invention provides methods of treatment and/or prophylaxis
comprising administering to a subject in need thereof an effective amount of a hair
growth modulating agent of the invention. In a preferred aspect, the agent is
substantially purified. The subject is preferably an animal, more preferably a

mammal, and most preferably a human.

Various delivery systems are known and can be used to administer an
agent capable of regulating hair growth, e.g., encapsulation in liposomes,
microparticles, microcapsules. Methods of introduction include, but are pot limited
to, intradermal, topical, intramuscular, intraperitoneal, intravenous, subcutaneous,
intranasal, epidural, and oral routes. The agents may be administered by any
convenient route, for example, by infusion or bolus injection, by absorption through

epithelial or mucocutaneous linings (e.g., oral mucosa, rectal and intestinal mucosa,
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etc.), and may be administered together with other biologically active agents.
Administration can be systenic or Jocal, and is preferably adopted for topical
applications.

In aspecific embodiment, it may be desirable to administer the
compositions of the invention locally to a specific area of the body. This may be
achieved, for example, and not by way of limitation, by topical application. The
active compounds identified according to the methods of the present invention are '
generally administered in the form of pharmaceutical compositions comprising at
Jeast one of such compounds together with a pharmaceutically acceptable vehicle or
diluent. Such compositions are generally formulated in a conventional manner
utilizing solid or liquid vehicles or diluents as appropriate for topical administration,
in the form of solutions, oils, gels, creams, jellies, pastes, lotions, ointments, salves,

Jeave-on and rinse-out hair conditioners, shampoas, aerosols and the like.

Examples of vehicles for application of an active compound identified
according to a method of the present invention include an aqueous or water-alcohol
solution, an emulsion of the oil-in-water or water-in-oil type, an emulsified gel, or a
two-phase system. Preferably, the compositions according to the invention are in the
form of lotions, creams, milks, gels, masks, microspheres or nanospheres, or vesicular
dispersions. In the case of vesicular dispersions, the lipids of which the vesicles are

made can be of the jonic or noniogic type, or a mixture thereof.

Topical compositions containing the active compeund can be admixed
with a variety of carrier materials well known in the art, such as, for example, water
aloohols, aloe vera gel, allantoin, glycetin, vitamin A and E oils, mineral oil,
propylene glycol, PPG-2 myristyle propionate, and the like, as well as any of various
types of penetration enhancers, viscosity enbancing agents, pH stabilizers, anti-
oxidants, preservatives, perfumes, coloring agents, efc.

Other materials suitable for use in topical carriers include, for example,

emollients, solvents, humectants, thickeners and powers, as known. in the art.

The compasitions of the present invention may also optionally comprise other
hair growth modulating agents such as potassium channel openers, anti-androgens,
thyroid hormones and derivatives and analogs thereof, prostaglandin agonists or

antagonists, retinoids, triterpenes, and others known in the art or to be identified.
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The amount of the agent of the invention which will be effective in the
treatment of a particular disorder will depend on the nature of the disorder and can be

determined by standard clinical techniques. In vifro assays may optiopally be
employed to help identify optimal dosage ranges. The precise dose to be employed in
the formulation will depend on the route of administration and the nature of the
disorder, and should be decided according to the judgment of the medical practitioner
and in view of each patient's circumstances. Effective doses can be extrapolated from

dose response curves derived from in vitro or animal model test systems.

The invention also provides a pharmaceutical pack or kit comprising one or
more containers comprising one or more of the ingredients of the pharmaceutical
compositions of the invention. Optionally associated with such container(s) can be a
notice in a form prescribed by a governmental agency regulating the manufacture, use
or sale of pharmaceuticals or biological products, which notice reflects approval by
the agency of manufacture, use or sale for human administration. The kit may fusther
comprise printed instructions or a printed label directing the use of the composition to

modulate, i.e., to stimulate or inhibit, hair growth.

The following examples illustrate the preferred modes of making and
practicing the present invention but are not meant to limit the scope of the invention

since alternative methods may be utilized to obtain similar

Example: FKBP51/52 Mediated Hair Growth
The examples presented below demonstraie that (i) FKBP51 and FKBP52 are
selectively expressed in dermal papillae; (i) FKBP51/52 co-precipitate with hsp90,
AFX-1 Gli3 and the hairless protein; and (iii) expression of the BMP4 and HNF3p
gene, a Gli3 responsive gene is activated by FK506.
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MA' AND METHODS

REVERSE TRANSCRIPTION

A commercial RT-PCR kit (Promega Access RT-PCR kit) was used
for detection of FKBP51, FKBP52, and CyP40 mRNA in different human cells. The
sequence of primers used for human FKBP51 is: TGAAGAAAGCCCCACAGC
(SEQ ID NO:1) (forward primer) and CTCCAAAACCATATCTTGGTCC (SEQ ID
NO:2) (reverse primers). Primer sequence for human FKBP52 is:
ACATTGCCATAGCCACCA (SEQ ID NO:3) (forward primer)
and AGCCAAGACACGATCTTC (SEQ ID NO:4) (reverse primer). Primer
sequence for human CyP40 is: TGAAGGAAGGAGATGACGGG (SEQ ID NO:5)
(forward primer) and TCCTCAGGGAAATCTGGATGA (SEQ ID NO:6) (reverse

primer).

Total RNA was extracted from cultured cells using TRIZOL reagent (Life
Technologies) according to manufacturer’s instruction. The RNA was treated with
DNase to remove potential contamination by genomic DNA and then used in RT-PCR
reaction. The PCR reaction product was run on a 2% agarose gel to visualize the
amplified product and digested with appropriate restriction enzymes to confirm the

products.

EXTRACTIO

Human skin tissue was extracted using TPER reagent (Pierce, Rockford, IL) at
a ratio of 10:1 (extraction buffer:tissue; vol:wt) on ice using a Polytron homogenizer
in the presence of protease inhibiters (Protease Inhibitor Cacktail, 1:50 dilution;

Sigma, St. Louis, MO) to form a lysate.

COUPLING OF ANTIBODIES TO
MAGNETIC RESIN PROTEIN G SEPHAROSE

Antibodies used included anti-hsp90 (monoclonal IgG1 with 1 mg/ml BSA;
TL) and anti-FKBP52 (anti-peptide polyclonal N17 and C19 Abs; Santa Cruz
Biotechnologies). Antibodies were concentrated and washed 3x with PBS using
Amicon Microcon-30. Antibodies were coupled to tosyl-activated Dyna M-450 beads
in nentral pH PBS buffer overnight at 37°C. Resins were blocked with Tris-HCI,
PH 8 for 4 hours, 37°C.
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IMMUNOPRECIPITATION

FK506 was added to the Iysate to a final concentration of 1 uM. Antibody
complexes were immunoprecipitated in TPER buffer at 6°C overnight. Complexes
were washed 10x with Tris/saline (4°C) and sequentially eluted with 1M NH4CO; or
20 mM Tris, pH 7.4, 0.3 M NaCl: (5 x 100 pl) and 0.1% TFA, 5% MeOH
(5 x 100 ul). Complexes were concentrated and buffer was exchanged (mw 3500) for
salt elutions or reduced in volume under vacuum for TEA/MeOH elutions. Samaples

were stored at -20°C.
PROTEASE DIGESTION

Proteins were suspended in 1 M GuHCI, 100 mM NH:COs, 0.5 mM DTT and
subject to digestion with trypsin (Promega) or gluC (Roche) for about 18 hours at
37°C. Digests were desalted using C18 ZipTips (Millipore) eluted with 60%
acetonitrile, 0.1% TFA.

MASS SPECTROMETRY ANALYSIS

The peptide digests were analyzed by matrix-assisted laser disorption
jonization (MALDI) time of flight (TOF) spectrometry. Essentially, peptides were
mixed with matrix (1:1 sample: o-cyano-4-hydroxycinnamic acid; 20 mg/ml-HCCA,
30% acetonitrile, 0.1% TFA) in which the dried droplet imethod was used. Pepiides
were analyzed using a Voyager DE-Pro spectrometer (PE BioSystems) in reflector
mode (2 m flight length) with a positive jon accelerating voltage of 20 k'V, a grid
voltage of 12.8 kV, guide wire voltage of 1400 V, using 100 ns delayed extraction.
Greater than 64 scans were averaged per spectra. 30 - 50 fmols each of bradykinin

and ACTH (amino acid residues 18-39) were used as internal mass standards.
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DATABASE § CHING

Peptide spectra were compared using ProFound [http://nt2/prowl/prowl.himl]
or RADARS (OSl internal). Mass error tolerance was typically 30 ppm. One missed
cleavage was allowed. Modifications were not initially considered. Both
SWISSPROT and GENBANK NR databases were searched.

INDUCTION OF BMP4 AND HNF3p
mRNA BY CYCLOSPORIN A AND FK506 TREATMENT

Primary human dermal fibroblasts (for detectin of BMP4) and skin
keratinocytes (for detection of HNF3[) were cultured and treated with 1 uM of
cyclosporin A or FKS06. Total RNA was harvested at days 2 and 4 of treatment.
Real time PCR was used to quantify the BMP4 and HNF3‘]3 mRNA level. ABI
PRISM 7700 sequence detector, TagMan PCR kit, and PCR primers designed with
commercial software labeled with fluorescence dyes were used for RNA
quantification. The results as presented in Figure 3 show that cyclosporin A and
FK506 both up-regulate the level of BMP4 and HNF3( mRNA.

In addition, downstrear target genes of Gli3 were found to be up regulated by
cyclosporin A and FK506 treatment in skin cells such as dermal fibroblasts and skin
keratinocytes. As indicated in Figure 3, BMP4 and HNF3B mRNA level were
induced by cyclosporin A or FK506 treatment.

INDUCTION OF THYROID HORMONE RECEPTOR (TR)
MEDIATED TRANSCRIPTION BY Fk506 AND CYCLOSPORIN A

Four tandem thyroid hormene response elements (TRE) (AGGTCA CAGG
AGGTCA) (underlined sequence is repeated) (SEQ ID NO:7) were synthesized in a
single oligonucleotide and ligated 5” of thymidine kinase (TK) promoter using
standard procedures. A plasmid (TRE-TK/pUV120puro) was constructed by linking
the resulting TRE/TK. promoter 5° of the luciferase reporter gene from H. pyralis, de
Wet Ir. et al, 1986, Methods Enzymol 133:3-14, together with a gene encoding a
protein conferring resistance to the antibiotic puromycin expressed under the control
of the SV40 promoter. In this plasmid the expression of the luciferase gene is under
the direct control of the TRE-TK promoter and is inducible by agonists of the thyroid
hormone nuclear receptor (TR). Hel.a cells (ATCC, Manassas, VA 20108, #CCL-2)
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were transfected with plasmid DNA by electroporation using standard procedures,
and drug resistant cell lines were selected using puromycin Signa-Aldrich Corp., St.
Louis, MI. Drug resistant cell lines (HeL2/TRE) were selected for responsiveness to
thyroid hormone, and a single, stably transfected, clonal line was used in subsequent

experiments.

Mass spectrometry experiments indicated that hair growth was likely mediated
by a protein complex comprising in part hsp90, either cyclophillin 40, FKBP 51 or 52,
the zinc finger transcription factor hairless, and a nuclear hormone receptor (thyroid

hormone receptor, androgen receptor, vitamin D receptor or glucocorticoid receptor).

Tn order to establish the role of the thyroid hormone nuclear receptor in
immunophillin signaling, cyclosporine A, FK506 and thyroid hormone T3 were
evaluated for their ability to increase thyroid hormone nuclear receptor signaling.
HeLa/TRE cells were seeded at a density of 10,000 cells per well in 96 well microtiter
plates in DMEM culture media containing 1% charcoal stripped FCS, 2mM glutamine
and antibiotics (penicillin and streptomycin). The cells were treated with increasing
concentrations (20 nM, 2 nM, 200 pM, and 20 pM) of cyclosporin A or FK506 )
Sigma-Aldrich Corp., St. Louis, MT; (Calbiochem-Nova biocheryl Corp., San Diego,
CA) for 16 hours and the activity of the luciferase reporter gene was measured Yde
Wet Jr. et al, 1986, Methods Enzymol 133:3-14.

RESULTS

Dermal Papillar (DP) cells are critical for hair growth. Tn cultured human
dermal papillar cells, CyP40 and FKBP51/52 were detected using RT-PCR (Figure 2).
The levels of FKBP51/52 are much greater than those of FKBP 12/13. The levels of
FKBP12/13, which mediate the immunosuppressive effect of FKS06, was close to the
detection limit, indicating that their levels of expression were very low. The
expression patterns in human dermal fibroblasts and keratinocytes have also been

studied and were found to be identical.

Mass spectrometry analysis of hsp90 and FKBP52 immunoprecipitated
complexes derived from human scalp skin reveal the presence of three transcription
factors. The factors include the zinc finger protein bairless, the sonic hedgehog

stimulated factor Gli-3, and AFX-1.
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Data also suggest that in human skin FK506 might alter hairless interaction
with hsp90 protein complexes. Hairless may then translocate to the nucleus and

stimulate transeription of genes regulating hair growth.

Tn addition, downstream target genes of Gli3 such as BMP4 and HNF3 were
5 found to be upregulated by FK506 treatment (Figure 3).

Hsp90 and FKBP52 complexes relevant to immunophillin action were
identified from human scalp skin extracts using monoclonal antibodies, protease
digestion, mass spectrometric measurement of peptide masses and protein database
searching. The following proteins were identified from trypsin and/or GluC digests

10 subject to mass spectrometric analysis:

-36-

JP 2005-501229 A 2005.1.13



O — ™ M M Mmoo T 1 e o

WO 2003/002756
Table 1

Anti-hsp90 and anti-FKBP52
human skin extract + FK506
30ppm (SWISSPROT)

Protein folding, immunophilins, stress-response

(118)

PCT/US2002/019948

Trypsin

GluC

hsp90-beta

hsp90-alpha

hsp70s

FKBP-51

hsp27

FKBP-52

FRAP

hsp110

IR AT BT ES

hsp40 protein-3 (DNAJ homalog 1)

prolyl 4-hydroxylase (aipha and beta subunits)

protein disulfide isomerases

osmotic stress protein 94 (hsp70 related)

S

cyclophilin 40

XX [X[XREXXAXXPX X [*

Steroid-like receptors

estrogen receptors

Ed

=

glucocorticoid receptor

androgen receptor

*

RXR-beta

TRIP-12

thyroid hormone receptor

E3E

Protein degradation

cullin-2

cullin-3

ubiquitin carboxy terminal hydrolases

EIESEIES

265 proteosome subunits
ubiquitin activating enzyme E1

EIEIEIEIES

Transcription and chromatin remodeling

human hairless (zip)

heat shock factor protein-2 (HSF-2)

GLI-3

AFX1 putative whn factor (forkhead domain)

EIEIESES

The data show that cyclosporin A or FK506 induces thyroid hormone receptor
mediated transcription in a dose dependent manner (Figure 4). Binding of ligand to
cyclosphilin 40 (cyclosporin A) or FKBP51/52 (FK506) proteins in the hsp90
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complex clearly activates the transcriptional activity of thyroid hormone receptor. The
hairless protein, an accessory protein of thyroid hormone receptor, also can modulate

cyclosporin A or FK506 action and thereby regulate hair growth.

Equiyalents

The present invention is not to be limited in scope by the specific
embodiments described herein which are intended as single illustrations of individual
aspects of the invention, and functionally equivalent methods and components are
within the scope of the invention. Indeed, various modifications of the invention, in
addition to those shown and described herein will become apparent to those skilled in
the art from the foregoing description and accompanying drawings. Various
publications are cited herein, the contents of which are hereby incorporated, by

reference, in their entireties.
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WE CLAIM:
1. A method for identifying a compound capable of modulating hair
growth comprising:
(v) contacting a cell that expresses, or a preparation containing,
FKBP51/52 or CyP40, hsp90 and a protein selected from the group

consisting of hairless, AFX-1, and gli3, with a test compound;

(vi)  determining the level of complex formation between FKBP51/52 or
CyP40, hsp90 and at least one protein selected from the group
consisting of the hairless, AFX-1, and gli3 in the cell or preparation,
contacted with the test compound; and

(vii) comparing the level of complex formation obtained in (ii) to the level
of complex formation between FKBP51/52 or CyP40, hsp90, and at
least one protein selected from the group consisting of the hairless,
AFX-1, and gli3, in the absence of test compound;

wherein a difference in the level of complex formation in the presence versus in the
absence of test compound has a pasitive carrelation with hair growth modulating
activity.

2. The method of claim 1, wherein the level of complex formation is detected

using an immunoassay.

3. The method of claim 1, further comprising the step of determining whether

the test compound has immunosuppressive activity, where the absence of such
activity, in the presence of a test compound that alters the level of complex formation

has a positive correlation with usefulness as a hair growth modulating agent.

4. A method for identifying a compound capable of modulating hair growth

comprising:

@) contacting a cell that expresses a nnclear hormone receptor and a
reporter gene under the transcriptional control of a hafrless, AFX-1, or
gli3 gene responsive element with a test compound and measuring the
level of reporter gene expression in the cell;

(i)  measuring the level of reporter gene expression in the absence of the

test compound; and
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(ili) comparing the levels of reporter gene expression measured in (i) and
(i)
wherein a difference in the levels of reporter gene expression measured in steps (i)
and (ii) has a positive correlation with hair growth modulating activity of the test

compound.

5. The method of claim 4, wherein step (i) is performed in the presence of

a nuclear hormone receptor ligand.

6. The method of claim 4, further comprising the step of determining
whether the test compound has immunosuppressive activity where the absence of
such activity, in the presence of a test compound that alters the level of reporter gene
expression, has a positive correlation with usefulness as a hair growth modulating
agent.

7. The method of claim 4, wherein the nuclear hormone receptor is
selected from the group consisting of an androgen nuclear hormone receptor, vitamin
D nuclear hormone receptor, retinoic acid nuclear hormone receptor, aryl hydrocarbon

nuclear hormone receptor, and thyroid stimulating nuclear hormone receptor.
8. A method for identifying a compound capable of promoting hair
growth comprising:
(3] contacting a sample containing a hairless gene product with a test
compound;
(i)  determining whether the test compound binds to the hafrless gene
product; and
(iii)  determining whether the test compound inhibits complex formation
between the hairless gene product and a binding partner selected from
the group consisting of FKBP51/52, CyP40, a nuclear hormone
recoptor, & hsp90 protein, and a combination thereof;
wherein the ability of a test compound te both bind to the hairless gene product and
inhibit complex formation has a positive corelation with hair growth promoting
activity.
9. A method for identifying a compound capable of modulating hair

growth comprising:

-40-

JP 2005-501229 A 2005.1.13



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

O

10

15

25

30

(122)

WO 2003/002756 PCT/US2002/019948
@ contacting a cell that expresses FKBP51/52 or CyP40, and hsp90, a
nuclear hormone receptor, and the hairless gene product, with a test

compound in the presence of a nuclear hormone receptor ligand;

(i)  determining the level of muclear translocation of the hairless gene

product into the nucleus of the cell;

(iif)  determining the level of nuclear translocation in the absence of the test
compound; and
(iv)  comparing the level of nuclear translocation measured in (if) and Giii);
wherein a difference in the level of nuclear translocation measured in steps (ii) and
(iii) has a positive correlation with bair growth modulating activity of the test
compound.
10.  Themethod of claim 8 or 9, further comprising the step of determining
whether the test compound has immunosuppressive activity.
11. A method for identifying a compound capable of promoting hair
growth comprising:
@) contacting a sample containing an AFX-1 gené product with a test
compound;
(i)  determining whether the test compound binds to the AFX-1 gene
product; and
(iii) determining whether the test compound inhibits complex formation
between the AFX-1 gene product and a binding partner selected from
the group cousisting of FKBP51/52, CyP40, a nuclear hormone
receptor, a hsp90 protein, and a combination thereof;
wherein the ability of a test compound to both bind to the AFX-1 gene product and
inhibit complex formation has a positive correlation with hair growth promoting
activity.
12. A method for identifying a compound capable of modulating bair
growth comprising:
@) contacting a cell that expresses FKBP51/52 or CyP40, and hsp90, a
nuclear hormone receptor, and the AFX-1 gene product, with a test

compound in the presence of a nuclear hormone receptor ligand;
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@)  determining the level of nuclear translocation of the AFX-1 gene

product into the nucleus of the cell;

(ili)  determining the level of nuclear translocation in the absence of the test
conpound; and

@iv)  comparing the level of nuclear translocation measured in (ii) and (iii);

wherein a difference in the level of nuclear translocation measured in steps (ii) and
(iif) has a positive correlation with hair growth modulating activity of the test
compound.

13.  The method of claim 11 or 12, further comprising the step of

determining whether the test compound has immunosuppressive activity.

14. A method for identifying a compound capable of promoting hair

growth comprising:

@ contacting a sample containing a gli3 gene product with a test
compound;

(ii)  determining whether the test compound binds to the gli3 gene product;
and '

(iii)  determining whether the test compound inhibits complex formation
between the gli3 gene product and a binding partner selected from the
group consisting of FKBP51/52, CyP40, a nuclear hormone receptor,
a hsp90 protein, and a combination thereof;

wherein the ability of a test compound to both bind to the gli3 gene product and
inhibit complex formation has a positive correlation with hair growth promoting
activity.

15. A method for identifying a compound capable of modulating hair

growth comprising: ’

@) contacting a cell that expresses FKBP51/52 or CyP40, and hsp90, a
nuclear hormone receptor, and the gli3 gene product, with a test

compound in the presence of a nuclear hormone receptor ligand;

(ii)  determining the level of nuclear tranglocation of the gli3 gene product

into the nucleus of the cell;
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(iif)  determining the level of nuclear translocation in the absence of the test

compound; and
(iv)  comparing the level of nuclear translocation measured in (i} and (ii);

wherein a difference in the level of nuclear translocation measured in steps (i) and
(iii) has a positive correlation with hair growth modulating activity of the test

compound.

16.  The method of claim 14 or 15, further comprising the step of
determining whether the test compound has jnumunosuppressive activity.

17. A method for modulating hair growth in a mammal, comprising
administering to the mammal a compound that medulates complex formation between
FKBP51/52, CyP40, or hsp90 and at least one protein selected from the group
consisting of hairless, gli3, and AFX-1. )

18. A method for modulating hair growth in a mammal comprising
administering to the mammal a compound that medulates the nuclear translocation of
a protein selected from the group consisting of the hairless, AFX-1, and gli3 protein.

19. A method for modulating hair growth in a mammal comprising
administering to the mammal a compound that modulates AFX-1-or gli-3-mediated
gene expression.

20. A method for modulating hair growth in a mammal, comprising
administering to the mammal a compound identified by the assay of claim 1.

21. A method for modulating hair growth in a mammal, comprising

administering to the mammal a compound identified by the assay of claim 4.

22. A method for modulating hair growth in a mammal, comprising

administering to the mammal a compound identified by the assay of claim 8.

23. A method for modulating hair growth in a mammal, comprising
administering to the mammal a compound jdentified by the assay of claim 9.

24. A method for modulating hair growth in a mammal, comprising

administering to the mammal a compound identified by the assay of claim 11.

25. A method for modulating hair growth in a mammmal, comprising

administering to the mammal a compound identified by the assay of claim 12.
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26. A method for modulating hair growth in a mammal, comprising

administering to the marmmal a compound identified by the assay of claim 14.

27. A method for modulating hair growth in a mammal, comprising

administering to the mammal a compound identified by the assay of claim 15.
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