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(54) Title: METHODS FOR REGULATING HAIR GROWTH DISORDERS

FiG. 1

(57) Abstract: The invention provides for
methods for treating a hair loss disorder in a
subject by administering a FGF13 inhibitor.
In one embodiment, the hair loss disorder
comprises androgenetic alopecia, telogen
effluvium, alopecia areata, tinea capitis,
alopecia totalis, hypotrichosis, hereditary
hypotrichosis simplex, or alopecia univer-
salis. In one embodiment, the method fur-
ther comprises the step (b) determining
whether the inhibitor administered induced
hair growth in the subject atflicted with a
hair loss disorder as compared to the sub-
ject's hair growth prior to treatment with the
inhibitor.
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METHODS FOR REGULATING HAIR GROWTH DISORDERS

801} This application claims the benefit of and priority to ULS. Provisional Patent
Application No. 61/617,363, filed on March 29, 2012, the content of cach which are hereby

incorporated by reference in their entiretics.

(68462} All patents, patent applications and publications cited herein arc hereby
incorporated by reference in their entirety. The disclosures of these publications in their

entiretics are hereby incorporated by reference into this application.

16063) This patent disclosure contains material that is subject to copyright protection.
The copyright owner has no objection to the facsimile reproduction by anyone of the patent
document or the patent disclosure as it appears in the U.S. Patent and Trademark Office

patent file or records, but otherwise reserves any and all copyright rights.
BACKGROUND OF THE INVENTION

[8084] Alopecia Arcata (AA) is one of the most highly prevalent autoimmune discases,
leading to hair loss due 1o the collapse of immune privilege of the hair follicle and subsequent
autotmmune destruction. AA is a skin disease which leads to hair loss on the scalp and
elsewhere. In some severe cases, it can progress to complete loss of hair on the head or body.
Although Alopecia Arcata is believed to be caused by autoimmunity, the gene level diagnosis
and treatroent are seldom reported. The genetic basis of AA is largely unknown.

[G005] Hypertrichosis 1s defined as excessive hair growth for a particular sife of the body
or age of a patient that 15 not hormone-dependent. Hypertrichoses are characterized on the
basis of multiple criteria: cause {genetic or acquired), age of onset, extent of hair distribution
{universal or localized) and affected sites. We are studying soveral different forms of
hypertrichosis o humans, including X-linked hypertrichosis {OMIM 307150), gencralized
hypertrichosis terminalis with or without gingival hyperplasia (CGHT; OMIM 135400},
autosomal recessive hyperirichosis, Canty syndrome (OMIM 239858), Ambras type

hypertrichosis (AS; OMIM 145701} and autosomal recessive richomegaly (OMIM 190330).
SUMMARY OF THE INVENTION

8066} An aspect of the tnvention encompasses a method of treating 2 hair-loss disorder

in a mammaliao subject in need thercof, the method comprising administering to the subject
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an inhibitor of FGF13. In one emboediment, the hair-loss disorder comprises androgenetic
alopecia, telogen cfflovium, alopecia arcata, tinga capitis, alopecia totalis, hypotrichosis,
hereditary hypotrichosis simplex, or alopecia universalis. in one embodiment, the method
further comprises the step (b) determining whether the inhibitor administered mduced hair
growth in the subject afflicted with a hair loss disorder as compared to the subject’s hatr
growth prior to treatment with the inhibitor. In one embodiment, the inhibitor comprises an
antibody that specifically binds to a protein compristng SEQ IDNOG: 1,3,5,7,9, or 11, In
another embodiment, the tnhibitor is an antisense RNA that specifically inhibits expression of
the gene that encodes the FGF13 protein: a siRNA that specifically targets the gene that
encodes the FGF 13 protein, or a small molecule. In one embodiment, the siRNA is directed
to a human nucleic acid sequence comprising SEQ 1D NO: 2, 4, 6, 8, 10, or 12, In another
embodiment, the siRNA directed to a FGF13 gene is any one of the sequences listed in Table

1.

[8067] Another aspect of the invention encompasses 2 method for inducing hair growth in
a subject, the method comprising administering to the subject an effective amount of an
mhibitor of FGF 13, thereby controlling hair growth in the subject. In one embodiment, the
subjeet is afflicted with 2 hair-loss disorder. In another embodiment, the hair-loss disorder
comprises androgenetic alopecis, telogen effiuvium, alopecia arcata, tinea capitis, afopecia
totalis, hypotrichosis, hereditary hypotrichesis simplex, or alopecia universalis. In one
embodiment, the method further comprises the step (b} determining whether the inhibitor
administered induced hair growth in the subject afflicted with 2 hair loss disorder as
compared to the subject’s hair growth prior fo freatment with the inhibitor. Inone
embodiment, the inhibitor comprises an antibody that specifically binds 1o a protem
comprising SEQ IDNG: 1, 3,5, 7,9, or {1, In another embodiment, the inhibitor is an
antiscnse RNA that specifically inhibits expression of the gene that encodes the FGF13
protein; a siRNA that specifically targets the gene that encodes the FGF13 protein, or a small
molecule. In one embodiment, the siRNA 15 divected to a human nucleic acid sequence
comprising SEQ D NQO: 2,4, 6, 8, 10, or 12, In another embodiment, the siRNA directed to

a FOF13 gene is any one of the sequences lisied in Table 1.

18088} Another aspect of the invention encompasses a method of treating a hair-growth
disorder in & mammalian subject 1 need thereof, the methed comprising admindstering to the

subject an activator of FGF13. fn one embodiment, the hair-growth disorder comprises X-
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hinked hypertrichosis, generalized hypertrichosis terminalis with or without gingival
hyperplasia, autosomal recessive hypertrichosis, Cantu syndrome, Ambras type
bypertrichosis and autosomal recessive trichomegaly. In one cobodiment, the activatoris a
polypeptide comprising SEQ IDNG: 1, 3,5,7, 9, or 11, or a fragment thereof; or

peptidomimetic comprising SEQIDNG: 1,3,5,7, 9, or 1 L.

16069} Another aspect of the invention encompasses a method for reducing hair growth in
a subject, the method comprising administering to the subject an effective amount of an
activator of FGF13, thereby controlling hair growthuin the subject. In one embodiment, the
subject is affficted with a hair-growth disorder. In one embodiment, the hair-growth disorder
comprises X-Hnked hypertrichosis, generalized hypertrichosis terminalis with or without
gingival hyperplasia, autosomal recessive hypertrichosis, Cantu syndrome, Ambras type
hypertrichosis and autosomal recessive frichomegaly. In another embodiment, the method
further comprises the siep (b) determining whether the activator administered reduced hair
growth in the subject afflicted with 3 hair-growth disorder as compared to the subject’s hair
growth prior fo treatment with the activator. In one embodiment, the activator is a
polypeptide comprising SEQ IDNG: 1,3, 5,7, 9, or 11, or a fragment thereof; or a

peptidomimetic comprising SEQIDNG: 1,3,5,7, 9, or 1 L.

18614] Another aspect of the invention encompasses a method for reducing hair growth n
a subject, the method comprising administering to the subject an effective amount of a
FGF13 protein, thereby controlling hair growth in the subject. In one embodiment, the
subject is affficted with a hair-growth disorder. In one embodiment, the hair-growth disorder
comprises X-Hnked hypertrichosis, generalized hypertrichosis terminalis with or without
gingival hyperplasia, autosomal recessive hypertrichosis, Cantu syndrome, Ambras type
hypertrichosis and autosomal recessive frichomegaly. In another embodiment, the method
further comprises the step (b) deternuning whether the FGFI3 protein administered reduced
hair growth in the subject affHicted with a hair-growth disorder as compared to the subject’s

hair growtih prior to treatment with the protein.

#0611} Another aspect of the invention encompasses a method of treating 8 hair disorder
in a mammalian subject in need thereof, the method comprising administering to the subject 2
compound that modulates the expression of FGF13, In one embodiment, the hair disorder is
a hair-logs disorder. In one embodiment, the hair-loss disorder comprises androgenetic

alopecia, telogen cfflovium, alopecia arcata, tinga capitis, alopecia totalis, hypotrichosis,
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hereditary hypotrichosis simplex, or alopecia universalis. In another embodiment, the hair
disorder is 8 hair-growth disorder. In one embodiment, the hair-growth disorder comprises
X-linked hypertrichosis, generalized hypertrichosis terninalis with or without gingival
hyperplasia, autosomal recessive hypertrichosis, Canta syndrome, Ambras type
hypertrichosis and autosomal recessive trichomegaly. In one embodiment, the method
further comprises the step (b} determining whether the compound administered induced hair
growth in the subject afflicted with a hair loss disorder as corapared to the subject’s hatr
growth prior to treatment with the compovnd.  In another embodiment, the method further
comprises the step (b} determining whether the compound administered reduced hair growth
in the subject afflicted with a bair-growth disorder as compared to the subject’s hair growth

prior to freatment with the compound.

16612} In a further embodiment, the administering comprises a subcutancous, intra-
muscular, infra-peritoneal, or intravenous injection; an infusion; oral, nasal, or topical
delivery: or a combination thereof. In some cmbodiments, the administering occurs daily,

weekly, twice weekly, mouthly, twice monthly, or yearly.

1813} An aspect of the invention provides for a method for determining the presence of
or a predisposition to developing a hair-growth disorder in a subject. The method comprises
extracting a sample from a subject, and detecting the presence, absence, or reduction of an
FGF13 protein in the subject as compared to a subject not afflicted with a hair growth
disorder, wherein the absence or reduction of the FGF13 pretein is indicative of a hair growth
disorder. Tn one embodiment, the method further comprises incubating the sample with an
agent that binds an FGFG13 protein, or fragment thereof. In another emrbodiment, the agent
is an antibody that specifically binds to the FGF13 protein, or fragment thercof. In a further
embodiment, the hair-growth disorder comprises X-linked hypertrichosis, generalized
hypertrichosis terminalis with or without gingival hyperplasia, autosomal recessive
hypertrichosis, Canta syndrome, Ambras type hypertrichosis, autosomal recessive

trichomegaly or a combination thereof.

814} An aspect of the invention provides for a method for determining the presence of
or a predisposition to developing a hair-growth disorder in a subject. The method comprises
extracting a sample from a subject, and detecting the presence, absence, or reduction of an
FGOF13 nucleie acid in the subject as compared to a subject not afflicted with a hair growth

disorder, whercin the reduction of the FGF13 nucleic acid is indicative of a hair growth

4.
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disorder. In one cmbodiment, the detecting comprises using PCR and primers directed to
SEQIDNG: 2,4, 6,8, 10, or 12, In ancther embodiment, the primer compises SE(Q [D NO:
24,25,26,27, 24,29, 54, 55, In a further embodiment, the hair-growth disorder comprises
X-linked hypertrichosis, generalized hypertrichosis terminalis with or without gingival
hyperplasia, autosomal recessive hypertrichosis, Canta syndrome, Ambras type

hypertrichosis, autosomal recessive trichomegaly or a combination thercof,
BRIEF DESCRIPTION F THE FIGURES

[B015] FIG. 1 are photographic images of chinical manifestations of AA. In the upper
pavels (FIGS, 1A-B), patients with AA nultipiex. In FIG, 18, the paticnt is in regrowth
phase. For patients with alopecia universalis, there i1s a complete lack of body hair and sealp
hair (FIG. 1), while patients with alopecia totalis only lack scalp hair (FIG, 18). In FIG.
15, hair regrowth is observed in the parictal region, while no regrowth in cither sccipital or

temporal regions is evident.

#0616} Fi(s. 2 shows a schematic diagram showing an inherited 389 kb

nterchromoscmal fosertion at Xg27.1 in a Mexican family with CGH. The josertion contains
a 389 kb segment of chromosome 6p21.2 i reverse orientation, as well as a 56 bp segment of
chromosome 3q21.1 in reverse oricntation, separated by 14 bp of unknown origin. The
msertion also contains a 6 bp sequence of unknown origin at the centromeric breakpoint, and

additionally results in a 2 bp deletion at this junction.

18617} FiG. 3 shows that the relative quantity of FGF13 fn the ¢cDNA from normal
control scalp (5113}, two carrier individuals (125-04 and 125-17) and three CGH affected
ndividuals (125-05, 125-27, and 125-28) was calculated on an ABI 7300 quantitative PCR
machine using the ABI Relative Quantification Study software. The amount of FGF13 was
standardized to the housckeeping gene B2M and calculated as relative to the imaffected sealp

sample.

[8018] FIG. 4 shows pedigree (FIG. 4A) and chinical features (FIG. 48) of a Mexican
family with congenital aniversal hypertrichosis, deafness and dental anomalies. Chnical
pictures of affecied males with {a) excessive hair growth on the back, shoulders and arms, (b}
dental malformations and thickened bips, (¢} excessive hair growth on the chest and

shoulders and (d) extreme hair overgrowth on face, dental anomalies and bulbous nose are
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18619} FIG. § is a photomicrograph of immumothaorescence staining of skin biopsies

from control (FIG. 8A) and affected (FIG, $B) individuals using an anti- SOXS antibody

18626} FI(s. 6 is a photomicrograph of immunofluorescence staining of a normal human

scalp frozen biopsy using an antl-USPS3 antibody.
f DSy g X

[8021] FiGS. 7A-B show pedigrees and clinical phenotype of hypertrichosis familics.
Two non-consanguincous fanilies from Pakistan presenting with autosomal recessive

trichomegaly. For simplicity, the pedigree of family HYPR1 (FIG. 7A) was broken down
mto S consanguineous subfamibies. (C) Consanguineous family from Pakistan showing an

autosomal recessive hypertrichosis phenotype.

18622} FIG. 7C shows pedigrees and clinical phenotype of hypertrichosis families.
Consanguineous family from Paldstan showing an autosomal recessive hypertrichosis

phenotype

18623} FiG. 8 shows a pedigree and clinical phenotype of a Pakistani family with

gingival hyperplasia.

[8024] FiG. 9 depicts X-linked recessive hypertrichosis with linkage on Xq24-27 na
Mexican family. The bottom shows a pedigree of a four-generation family, three of whom

are obligate carricrs and cight of whom are affected.

[8625] FIG. 18 depicts X-linked recessive hypertrichosis with Hnkage on Xg24-27.
Fluorescent in situ hybridization (FISH) of probes to chromosome 6 and X demonsirates the

msertion at Xg27,
16626} FIG. 11 depicts ¥X-linked recessive hypertrichosis with linkage on Xg24-27.
{8027} FiG. 12 shows that FGFI3 is down-regulated 1o X-linked CGH paticnts.

[B828] FiG. 13 shows that FGF73 is down-regulated in X-linked CGH patients. PCR
using human fotal brain cDNA and scalp cDNA revealed that the other genes in the

mterchromosomal insertion region are not expressed in skin,
{3028} FIG. 14 shows that FGFI3 is expressed 1n the E13.5 and E14.5 whisker pad.

16638 FI(. 15 is a bar graph showing FGFI3 expression in E12.5-16.5 epidermis and
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dermis.

[8031] FiG. 16 are photomicrographic images of FGF/3 expression in the E14.5

epidermis, dermis, and whisker pad. Images on left were taken from the craniofacial area.

18632} FIG. 17 are photomicrographs showing immunohistochemical detection of Fgf13

in the developing pelage follicies. See Woo and Oro (2011} Cell, 146(2):334-334.¢2.

8033} FIG. 18 arc photomicrographs showing Fgfl3 localization to the bulge and basal

layer of the epidermis in mouse anagen hair follicles {HFs).

[8034] FiG. 19 are photomicrographs showing in situ hybridization of FGFI3 n the
bumean HF.

18035} Fi(z. 28 arc photomicrographs showing immunofluorescent staining of FGF13 in

the buman HF.

8036} FIGS. 21 A-8 arc photographs of the clinical features of hair follicles ina
Mexican family with X-linked CGH, deafuess, palate and dental anomabies. Clinical photos

of affected males with excessive hair growth on the back, shoulders, arms (A, B).

18637) FIG. 22 15 a photograph showing the clinical features of hair follicles ina
Mexican family with X-Hnked CGH, deafness, palate and dental anomalies. Modgrate hair
growth is observed on the back of a fomale carrier; the inset represents a close-up image of a

cowlick on the back of another camer.

16638] FiG:. 23 shows photomicrographs of histelogy of a normal hair follicle and
affected hair follicle, both from males, revealed that the hairs are of the terminal type, as they
are meduollated and highly pigmented. (A, B) Affected hair follicles have a thickened toner
root sheath (IRS). (L, B) End bulbs of the control and atfected hair follicles, where a
widened dermal papilla (white arrows), matrix (Mx), and hair shaft (HS) 1s observed in

affected hair follicles. Scale bars = 10 pm.

16639 FIG. 24A shows an SNP oligonucleotide microarray analysis (SOMA) that
revealed a 386 kb duplication of chromosome 6 and FISH confirmed its insertion on the X
chromosome. SOMA performed on an affected individual using the Affymetrix Cytogenetics

Whole-Genome 2.7M array vevealed a 386 kb duplication of chromoesome 6p21.2

3
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encompassing the KIF6 and DAAM2Z genes (as shown in FIG. 24C).

[8046] FiG. 248 shows an SNP oligonucleotide microarray analysis (SOMA) that
revealed a 386 kb duplication of clwomosome 6 and FISH confirmed its insertion on the X
chromosome. FISH on control and carrier metaphase chromoesomes confirmed the imsertion
of the chromosome 6 duplication onto the X chromosome at the cyviogenetic level, where
boxes indicate X chromosomes, white arrows indicate chromosome 6, and the red arrow
indicates the X chromosome containing the insertion. Insets are magnified images of the

unaffected and affected X chromosome from control and carrier individuals, respectively.

168411 Fi(s. 24C shows an SNP oligonucleotide microarray analysis (SOMA) that
revealed a 386 kb duplication of clwomosome 6 and FISH counfiomed its insertion on the X
chromosome. Non-overlapping BAC clones used to span the chromosome 6 duplication
inchude the KIFS and DAAM?2 genes (drawn to scale). Genomic coordinates reference YCSC

buman reference genome build hgl9,

18042} FIGS, 25A-B shows schematics of whole-genome sequencing that revealed 3 389
kb interchromosomal insertion at Xq27.1 that co-segregates with the X-linked hypertrichosis
phenotype. (A) Chromosome Xq27.1 in X-linked hypertrichosis. The genes and miRNAg
encoded in the surrounding region are shown as black boxes with arrows indicating the
direction of transcription. (B) WS was used to determine the breakpoints and content of the
mterchromosomal nsertion (shown in blue), including the 386 kb dophication from

chromosome 6p21.2, 14 bp of unknown origin, and 56 bp of chromosome 3g21.2.

16643} FIG, 28C shows whole-genome sequencing that revealed a 389 kb
mterchromosomal insertion at Xg27.1 that co-segregates with the X-linked hypertrichosis
phenotype. PCR amplification of the centromeric and telomeric junctions of the msertion on
DNA from control, carrier, and affected individuals demonstrated segregation of the X-finked
phenotype in the family at the genomic level CB, TR, and C represent centromeric

breakpoint, telomeric breakpoint, and conirols, respectively. M = marker (1 kb+ ladder).

(6044} FIG. 28D shows whole-genome sequencing that revealed a 389 kb
interchromosomal insertion at Xq27.1 that co-segregates with the X-linked hypertrichosis
phenotype. Primer design of the centromeric and telomeric junctions, where colored arrows
correspond to the amplicons prodaced as shown in FIG, 25C. Al images are drawn to scale.

Genomic coordinates reference UCSC human reference genome build hgl 9.

-R-
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18645} FIGS, 26A-C show that FGF/3 levels are reduced in X-linked hypertrichosis and
FGF13 is expressed in the buman bair follicle. (A} Quantitative RT-PCR of candidate genes
surrounding the insertion on conirol, carrier, and affected skin biopsies reveals that FGF/3
levels are reduced by approximately 4-fold in affected individuoals relative to controls. (B}
FGFI3 qRT-PCR in control, carrier, and affected individuals reveals a dosage effect. (C)
FGFI3 expression normalized to K74 reveals that FGFI3 levels are dramatically reduced by
approximately 18-fold in aftected celis relative to that of controls. Quantitative RT-PCR
results are representative of the averaged valoes of three independent experiments on three
cantrols, three carriers and three affected individuals. Values are relative to the unaffected
sanpics and standardized to the housekeeping gene GAPDH (in A-C). A student’s t-test was
performed comparing each value to control 1 with a cut-off p value of 8.05 for statistical
significance; * = p<0.05; ¥* = p=<Q.01; *** = p<<0.0G1. Error bars represent the standard

error of the mean.

{8046} FiGS, 26D-F show that FGF 3 levels are reduced in X-linked hypertrichosis and
FGF13 is expressed in the human hair follicle. (1) fn ity hybridization of FGF13 in anagen
hair follicles reveals expression in the outer root sheath (ORS) within the middle and upper
portions of the hair follicle, where the sense probe produced no signal. {(E)
Immunofluorescence staining reveals that FGF13 localizes to the outer root sheath
(roagniticd tmage) within the middle and upper portions of the buman anagen hair follicle
(=5}, ORS = outer root sheath; IRS = immer root sheath; HS = hawr shaft, (F) FGF13
expression is detected in the trichilemma {outer root sheath) of telogen club hair follicles by

imanmofluorescence staining. Scale bar indicates 100 pm

16847} FIGS. 27A-B show immunofluorescence staining that reveals that FGF13
expression is dramatically reduced in atfected hair follicles compared to condrol. (A)
Inmumothuorescence staining in control and affected anagen hair follicles reveals a decrease
in FGF13 localization throughout the outer root sheath (ORS) in the mid- and upper portions
of the hair follicle. (B) Inununofluorescence staining in carrier and affected telogen hair
follicies reveals deercased FGFI3 expression in the affected hair follicle, recapitulating the
dosage cffect seen at the mRNA level. Z-stack images were taken using identical settings and
a consistent Z-stack interval between control, carrier, and affected samples. ORS = cuter root

sheath, CH = club hair of a telogen follicle. Scale bar indicates 100 um,
(8048} FIGS, 27C-D show immuonofluorescence staining that reveals that FGF13

-5.
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expression is dramatically reduced in affected hair follicles compared to control. {C)
Guantification of the percent FGF13-expressing outer root sheath cells in control and affected
hair follicles reveals a decrease in the number of FGF13-expressing cells within the upper
and mid-follicle regions of the outer root sheath {(p<0.05). Data represent the averaged value
of three independent experiments, where images taken at a 40X magnification were used to
guantify the number of FGF13-positive cells relative to the total number of outer root sheath
cells, For iomunofiuorescence studies, hair follicles were stained from three condrol and two
affected skin biopsies. (D) Quantitative RT-PCR revealed that FGF3 expression is reduced
in keratinocyics but not fibroblasts grown from skin biopsies. A student’s t-iest was
performed with a cut-off p value of 0.05 for statistical significance; * = p<0.03. FError bars

represent the standard error of the mean.

18649} FiGs. 28 shows morphometric analysis of patient hair follicles reveals matrix,
dermal papilla, and hair shaft defects. Quantification of hair follicle components using the
length-measuring tool in the AxioVision program revealed a widened dermal papilla (3-fold
increase; p = 0.0000343}, matrix (1.9-fold increase; p = 0.0000642), and hatr shaft (1.25-fold
merease; p = 0.036). Toner root sheath (IRS) differences m the lower and upper ORS were
not statistically significant. Hair follicles were analyzed from one control and two affected
individuals, where the average widest distance was calcuiated for each hair follicle structure.
A gtudent’s t-tost was pertormed comparing the affected to control value with a cut-off p
value of 0,03 for statistical significance; * = p<Q.05; *¥* = p<Q.001. Hrror bars represent the

standard deviation.

[6858] Fid 28 shows a summary of interchromosomal insertion events i all three X-
finked CGH families. Zoomed out view of chromosome Xq27.1 region in X-linded
hypertrichosis, where boxes indicate the insertion events and sizes of each from
chromosomes 4, S, and 6. Colored hnes connected to the inverted triangle indicate orientation
of the insertion events, where all three occur at the same palindromic sequence at Xg27.1.

The superscript numbers correspond to references.

18051} Fi(z. 38 arc photomicrographs showing that FGF 13 localizes to all layers of the
ORS and the corapanion layer but not the humnan hair follicle bulge. {(A) homunofluorescence
staining of FGF 13 juxtaposed with KRT14 (which marks all layers of the ORS) demonstrates
that FOF13 is broadly expressed throughout the ORS. The far right image 1s a hematoxylin

and cosin staining of an anagen hair follicle for reference of morphology. (B) Co-staining of

- 1 -
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FGOF13 with KRT75, a marker of the companion layer between the ORS and IRS
demonstrates that FGF13 localizes to the companion layer (arrows). {C) Co-staining of
FGF13 and CD200 (bulge marker) demonstrates that FGF13 does not localize to the human
hair follicle bulge. ORS = outer root sheath; IRS = inner root sheath; BL = basal layer. Scale

bar indicates 100 pm.

18652} FIG. 31 are photomicrographs showing that Fgf73 is expressed in the developing
and cycling mouse hair follicle. (A) Whole-mount and section in situ hybridization of Fgf7 3
on E14.5 cmbryos reveals expression in the developing whisker pad (WP} and guard bhair
follicie placodes and dermal condensates at E14.5 (n=3; AS = antisense; S = sense). Arrows
mdicate vibrissa and guard hair follicles. (B) Immumotluorescence staining on E16.5
vibrissae follicles demounstrates that Fgf13 localizes to the cuter root sheath (ORS) (n=3). ()
Inwmothiorescence staining of Fgfl2 in anagen {day 30) hair follicles reveals that Fgfi3
localizes to the bulge (B), isthmaos (1), and outer root sheath (ORS). () Co-staining of Fgf13
and CD2Z00 in telogen (day 50} hair follicles reveals that Fgf13 localizes to the bulge. Scale

bar indicates 100 pm.

16053} FIG, 32A shows isoform-specific PCR of #GFI3 in whole skin, Schematic of the
FGEIS locus at Chr.Xg26.3-27.1. Aliernating 57 exons {(termed 18, 11U, 1V, 1Y, and 1V+1Y})
are represented as boxes with distinet colors, whereas exons 2-5 commmon to all transcripts are
shown as blue boxes. The dark box at the 57 end of the 1S isoform represents a nuclear

locakization signal. Scale bar represents 100 kb,

LIRS FIG, 32B shows isoform-specific PCR of FGF I3 in whole skin. Amplification of
FGEIS transeripts using cDNA from whole skin demounstrates that the 15, 1Y, and 1V+1Y
isoforms are strongly expressed, where the V isoform is faintly expressed. ‘Core’ represents
the 37 region common to all these isoforms. The Ensembl transcripts corresponding to these
splce variants are: FGFIZ-001 (1SH FGFIZ-002(1U), FGFI3-203 (IV;, FGFI3-202 (1Y),
FGFI3-200, 3 (IV+Y).

DETAILED DESCRIPTION OF THE INVENTION

[8055] A reduction in the expression in the FGF13 gene has been identified in individuals
with excess hair (hypertrichosis). The reduced expression is the result of a position
effect/intrachromosomal insertion next to the FGF13 gene. Expression of the FGF13 gene

has previously been shown in the bair follicle in both mouse (Kawano ot al, Journal of
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Investigative Dermatology (2004) 122, 1084--1390;) and humans (Chyama et al J Clin Invest.
2006 116:249-60; Oyhama ct al J Dermaiol Sci. 2007 45:147-30). An intrachromosomal
msertion i the region of the X chromoescme that causes hair evergrowth has been previously

wdentified (Zhu et al. 4w J Hum Gener. 2011 88:819-26).

16636} The present Invention provides that the under-expression of FGF 13 can be causally
hnked to the excessive hair growth, thus indicating that pharmacological tnhibition of FGF 13 can
increase hair growth. The invention thus provides for methods of treating 2 hair loss disorder
{c.g., Alopecia Arcata (AA), a common autoimmune form of hair loss) with an inhibitor of
FGFi3. The invention provides for therapeutics previously mntested in AA, that can inform
one about the clinical relevance of this pathway i AA and related discases. The mvention
further provides for methods of treating a hair growth disorder, such as hyperirichosis, with

an activator of FGF13.

Abbreviations and Definitions

LLRYS The singular forms “a”, “an” and “the” include plural reference unless the context

clearly dictates otherwise.

[6038] As used herein the term “about” is used herein to mean approximately, roughly,
around, or in the region of. When the term “about” 1s used n conjunction with a nomerical
range, it modifics that range by extending the boundaries above and below the mmmerical
values sct forth. In general, the term “about” is used herein to modity a numerical valoe

above and below the stated value by a variance of 20 percent up or down (higher or lower).

Oyverview of the Inteoument and Haiv Cells

18059} The integument (or skin) is the largest organ of the body and is a highly complex
organ covering the external surface of the body. 1t merges, at varicus body openings, with
the mucous membranes of the alimentary and other canals. The integument performs a
number of essential functions sach as maintaining a constant internal enviromment via
regulating body temperature and water loss; excretion by the sweat glands; but predominantly
acts as a protective barrier against the action of physical, chemical and biologic agents on
decper tissues. Skin is elastic and except for a fow areas such as the soles, palms, and ears, it
18 looscly attached to the underfying tissue. It also varies in thickoess from 0.5 mm (0.02

inches) on the eyelids (“thin skin™) to 4 v (0.17 inches) or more on the palms and soles
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(“thick skin™) (Ross MH, Histology: A text and atlas, 3" edition, Williams and Wilkins,

1995: Chapter 14; Burkitt HG, e o/, Wheater's Functional Histclogy, 3" Edition, Churchill

Livingstone, 1996: Chapter 9.

6668 The skin is composed of two fayers: a) the epidernus and b) the dermis. The
epidermis is the outer layer, which is comparatively thin (0.1 yom). It is several cells thick
and 1s composed of § layers: the stratum germinativum, stratum spinosum, stratum
granudosum, siratum fucidum (which is Hmitted to thick skin), and the stratunm corneum. The
outcrmost epidermal layer (the stratimn comneum} consists of dead cells that are constantly
shed from the surface and replaced from below by a single, basal layer of cells, called the
stratum germinativam. The epidermis is composed predominantly of keratinoeytes, which
make up over 95% of the ccll population. Keratinocytes of the basal layer (stratum
germunativum) are constantly dividing, and danghter cells subsequently move upwards and
outwards, where they undergo a period of differentiation, and are eventually sloughed off
from the surface. The remaining cell population of the epidermis includes dendritic cells such
as Langerhans cells and melanocytes. The epidermis is essentially cellular and now-vascular,
containing little extracelular matrix except for the layer of collagen and other proteins

beneath the basal layer of keratinocytes (Ross MH, Histology: A text and atlas, 3% edition,

Wilhams and Wilkins, 1995 Chapter 14; Burkitt HG, ef o/, Wheater’s Functional Histology,

3" Bdition, Churchill Livingstone, 1996: Chaptor 9).

8061} The dermis is the tnoer layer of the skin and s composed of a network of
collagenous extracellular material, blood vessels, nerves, and elastic fibers, Within the
dermis are hair follicles with their associated sebacecus glands (collectively known as the
pilosebaceous vnit) and sweat glands. The interface between the epidermis and the dermis is
extremely irregular and uneven, except 1o thin skin.  Beneath the basal epidermal celis along
the epidermal-dermal interface, the specialized extracelinlar matrix is organized to a

distinct stractare called the basement membrane (Ross MH, Histology: A text and atlag, 3™

Histology, 3 Edition, Churchill Livingstone, 1996: Chapter 9).

8062} The mammalian hair fiber is composed of keratinized cells and develops from the
hair follicle. The hair follicle is a peg of tissue derived from a downgrowth of the epidermis,
which lies immmediately umderneath the skin's surface. The distal part of the hair follicle is in

direct continuation with the external, cutancous epidermis. Although a small structure, the
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hair follicle comprises a highly organized system of recognizably different layers arranged in
concentric series. Active hair follicles extend down through the dermis, the hypodermis
{which is a loose layer of connective tissue), and into the fat or adipose layer (Ross MH,

Histologv: A text and atlas, 3 edition, Williams and Wilkins, 1995 Chapter 14; Burkitt HG,

ef al, Wheater’s Functional Histelogy, 3 Edition, Churchill Livingstone, 1996: Chapter 9).

(8663} At the base of an active hair follicle Hies the hair bulb. The bulb consists of a body
of dermal ceils, known as the dermal papilla, contained in an inverted cup of epidermal cells
kunown as the epidermal matrix. Trrespective of follicle type, the germrinative epidermal celis
at the very base of this epidermal matrix produce the hair fiber, together with several
supportive epidermal layers. The lowermost dermal sheath is contiguous with the papilla
basal stalk, from where the sheath curves externally around all of the hair matrix cpidermal
fayers as a thin covering of tissue. The lowermost portien of the dermal sheath then

continues as a sleeve or tube for the length of the follicle (Ross MH, Histology: A text and

atlas, 3" edition, Williams and Wilkins, 1995; Chapter 14; Burkitt HG, ef af, Wheater’s

Functional Histology, 3 Edition, Churchill Livingstone, 1996: Chapter 9).

18064} Developing skin appendages, such as hair and feather follicles, rely on the
interaction between the epidermis and the dermis, the two layers of the skin. In embryonic
development, a sequential exchange of information between these two layers supports a
complex series of morphogenctic processes, which results in the formation of adult follicle
structures. However, in contrast to general skin dermal and epidermal cells, certain hair
follicle cell populations, following maturity, retain their embryonic-type interactive,
mductive, and biosynthetic behaviors. These properties can be derived from the very
dynamic nature of the cyclical productive follicle, wherein repeated tissue remodeling
necessitates a high level of dermal-epidermal jnteractive communication, which is vital for

embryonic development and would be desirable in other forms of tissue reconstruction.

[BO6S] The hair fiber 1s produced at the base of an active follicle at a very rapid rate. For
example, follicles produce hair fibers at a rate 0.4 mum per day in the homan scalp and up to
1.5 mm per day in the rat vibrissa or whiskers, which means that cell proliferation in the
follicic cpidermis ranks amongst the fastest in adult tissues (Malkinson FD and JT Kearn, fny
J Dermatol 1978, 17:536-551). Hair grows m cyeles. The anagen phase is the growth phase,
wherein up to 90% of the hair follicles said to be in anagen; catagen is the involuting or

regressing phase which accounts for about 1-2% of the hair follicles; and telogen is the
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resting or quiescent phase of the cycle, which accounts for about 10-14% of the hair follicles.

The cycle's length varies on different parts of the body.

18066} Hair follicle formation and cycling is controlled by a balance of inhibitory and
stinudatory signals. The signaling cues are potentiated by growth factors that are members of
the TGFB-BMP family. A prominent antagonist of the members of the TGFB-BMP family is
follistatin, Follistatin is a scereted protein that inhibits the action of various BMPs (such as
BMP-2, -4, -7 and 11} and activins by binding to said proteins, and purportedly plays a role
in the development of the hair follicle (Nakamura M, et al,, FASER J, 2003, 17(31:497-9;
Patel K fntl 7 Biochem Cell Bin, 1998, 30:1087-93; Uenc N, ot al., PNAS, 1987, 84:8282-86;
Nakamura T, et al., Nature, 1990, 247:836-8; lemura 5, ct al,, PNAS, 1998, 77:649-52;
Fainsod A, et al., Mech Dev, 1997, 63.39-50; Gamer LW, et al,, Dev Biol, 1999, 208:222-32),

8867} The deeply embedded end bulb, where local dermal-epidermal interactions drive
active fiber growth, is the signaling center of the hair follicle comprising a cluster of
mesenchymal cells, called the dermal papilla (DP). This same region is also central to the
tissue remodeling and developmental changes mvolved in the hair fiber’s or appendage’s
precise alternation between growth and regression phases. The DP, a key player in these
activitics, appears to orchesirate the complex program of differcntiation that characterizes
hair fiber formation from the prindtive germinative epidermal cell source (Oliver RF, J Soc
Cosmet Chem, 1971, 22:741-755; Oliver RF and CA Iahoda, Biology of Wool and Hair {eds
Roger ef ¢l 3, 1971, Cambridge University Press:51-67; Reynolds Al and CA Jahoda,

Development, 1992, 115:587-593; Reynolds Al, et al., J fnvest Dermaiol, 1993, 101:634-38).

{6068} The lowermost dermal sheath (DS) arises below the basal stalk of the papiila,
from where i curves outwards and upwards.  This dermal sheath then extemally encases the
layers of the epidermal hair matrix as a thin layer of fissue and continues upward for the
fength of the follicle. The epidermally-derived outer root sheath (ORS) also contimuies for the
fength of the follicle, which lies immediately internal to the dermal sheath in between the two
fayers, and forms 2 specialized basement membrane termed the glassy membrane. The outer
root sheath constitutes lttle more than an epidermal monclayer in the lower follicle, but
becomes increasingly thickened as it approaches the surface. The inner root sheath (JRS)
forms a mold for the developing hair shaft, It comprises three parts: the Henley layer, the
Huxley layer, and the cuticle, with the cuticle being the innermost portion that touches the

hair shaft. The IRS cuticle layer 1s a single cell thick and is located adjacent to the hair fiber.
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It closely interdigitates with the hair fiber cuticle laver. The Huxley layer can comprise up to
four celi layers. The IRS Henley layer is the single cell layer that runs adjacent to the ORS

tayer (Ross MH, Histology: A text and atlas, 3" edition, Williams and Wilkins, 1995:

Chapter 14; Burkitt HG, ef of, Wheater’s Functional Histology, 3 Edition, Churchill

Livingstone, 1996: Chapter 9).

Alopecia arcata

[B3869] Alopecia areata {AA) is one of the most prevalent astoimmune diseases, affecting
approximately 4.6 million people in the US alone, incloding males and females across all
ethnic groups, with a lifetime risk of 1.7% (1) In AA, autotmnnity develops against the hair
follicle, resulting in non-scarring hair loss that can begin as patches, which can coalesce and
progress to cover the entire scalp (alopecia totalis, AT} or eventually the entire body
{(alopecia universalis, AU)Y (FIG. 1). AA was first described by Cornelins Celsus in 30 AD,
using the term "ophiasis”, which means "snake”, due to the sinuous path of hair loss as it
spread slowly across the scalp. Hippocrates first used the Greek word ‘alopelaa’ (fox
mange), the modern day term "alopecia areata”™ was first used by Sagvages in his Nosologica

Medica, published in 1760 in Lyons, France.

18674} Curiously, AA preferentially affects pigmented hair follicles in the anagen
{growth) phasc of the hair cycle, and when the hair regrows in patches of AA, it frequently
grows back white or colorless. The phenomenon of “sudden whitening of the hair’ is
therefore ascribed to AA with an acute onset, and has been documented throughout history as
having affected several prominent individuals at times of profound grief, stress or fear (2).
Examples include Shahjahan, who upon the death of his wife in 1631 cxperienced acute
whitening of his hair, and in his grief built the Taj Mahal in her honor.  Sir Thomas More,
author of Uopia, who on the eve of his execution in 1535 was said to have become “white in
both beard and haty”. The sudden whitening of the hair is believed to result from an acute

attack vupon the pigmented hair follicles, leaving behind the white hairs unscathed.

18671} Several clinical aspects of AA remain unexplained but can hold important clucs
toward understanding pathogenesis. AA attacks hairs only around the base of the hair
follicles, which are surrounded by dense clusters of lymphoceytes, resulting in the
pathognomic ‘swarm of bees” appearance on histelogy. Based on these observations, it is

postulated that a signal(s) in the pigmented, anagen hair follicle is emitted which mvokes an
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acute or chronic mmune response against the lower end of the haw follicle, leading to hair
cyele perturbation, acute hair shedding, hair shaft anomalies and hair breakage. Despite these
dramatic perturbations in the hair follicle, there is ne permanent organ destruction and the

possibility of hair regrowth remains if immuone privilege can be restored.

(6672} Throughout history, AA has been considered at times to be a neurclogical
disease brought on by stress or anxigty, or as a result of an infectious agent, or even hormonal
dysfunction. The concept of a genctically-determined autommunce mechanism as the basis
for AA emerged during the 207 century from multiple fines of ovidence. AA hair folficles
exhibit an inymune intiltrate with activated Th, Te and NK cells (3, 4) and there 1s a shift
from a suppressive (Th2) to an autoimmune (Thi) cytokine response. The humamized model
of AA, which imvolves transfor of AA patient scalp onto immune-deficient SCID mice
illustrates the autoinymune nature of the discase, since transfer of donor T-cells causes hair
loss only when co-cultured with hair follicle or buman melanoma homogenate (5, 6).
Regulatory T cells which serve to maintain tmmune tolerance are observed in lower nombers
in AA tissue (7), and transfer of these cells to C3H/Hel mice leads to resistance to AA (8).
Although AA has long been considered exclusively as a T-cell mediated disease, in recent
years, an additional mechanism of disease has been postulated. The hair follicle is defined as
one of a select fow immune privileged sites in the body, characterized by the presence of
extracchiular matrix barriers to impede tomune cell tratficking, lack of antigen presenting
cells, and mhibition of NK cell activity via the local production of immuanosuppressive
factors and reduced levels of MHC class T expression {9}, Thus, the notion of a ‘collapse of
imnnme privitege’ has also been invoked as part of the mechaniso by which AA can arise.
Support for a genetic basis for AA comes from multiple Hines of evidence, including the
ohserved heritability in first degree relatives (10, 1), twin studies (12}, and most recently,

from the results of family-based linkage studies (13).

Hyperivichosis

6873} Body inherited hypertrichoses are rare haman disorders characterized by
excessive hair growth that do not depend on androgen stimulation. They are mdependent of
age, gender, and ethnicity (P 1), Hypertrichosis are often associated with additional anomalics
including gingival hvperplasia, deathess, cardiomegaly, and bone abnormalities (P2).
Without being bound by theory, inherited hypertrichoses represent examples of atavisms, or

recurrence of an ancestral phenotype, where the genes that promote a full coat of hair in other
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mammals and were silenced throughout evolution have become “reactivated” in human

hypertrichosis, invoking vousual genetic mechanisms to explain their occurrence (P3, P4).

13074} Hypertrichosis syndromes fall under the larger umbrella of eciodermal
dysplasias, which are characterized by abnormal development of the hatr, skin, nails, tecth
and/or ecerine glands, While these appendages vary greatly in their shape and function, they
share several common developmental features, namely, formation through a series of
interactions between the epithelia and adjacent mesenchyme during embryogenesis.
Tnterestingly, many additional ancinalies arc associated with hypertrichosis. Members of the
X-linked hypertrichosis family identified also exhibit dental anomalies and deathess.
Muoreover, generalized hypertrichosis terminalis is often associated with gingival hyperplasia;
Canty syndrome is additionally characterized by skeletal dysplasia and cardiomegaly; and
Ambras syndrome patients commonly present with tacial dysmorphoelogics and bone
abnormalities. Despite the wide range phenotypes of these syndromes, the causative

mechanism(s) underlying human hypertrichoses remain unknown.

Tregiment of Haiy Growth Disorders

16675} This invention provides for the discovery that an inhibitor of FGF I3 can be used
for the treatment of hair loss disorders. Non-limiting examples of hair loss disorders inchude:
androgenctic alopecia, Alopecia arcata, telogen effluvium, alopecia arcata, alopecia totalis,
and alopecia universalis. Androgenetic alopecia {also called anrogenic alopecia in women) is
a common form of Agir-loss o both men and women resulting n hair thinning and baldness
of the scalp. For example, alopecia arcata (AA), typically begins with patches of hair-loss on
the scalp or other parts of the body. I AA is not treated or is not responsive to the
treatments, then baldness in the affected area can vesult (e.g., alopecia totalis). Alopecia
totalis {AT) as well as alopecia universalis (AU are severe forms of alopecia areata {AA).
AU is the most severe forn of alopecia arcata. See, e.g., Cho ot all (2012} J Korean Med Sci,

27 799-802.

18676} An aspeet of the invention encompasses a method of treating a hair-loss disorder
in a mammalian subject in need thercot, the method comprising administering to the subject
an inhibitor of FGF13. In one embediment, the hair-loss disorder comprises androgenstic
alopecia, telogen cfflovium, alopecia arcata, tinga capitis, alopecia totalis, hypotrichosis,

hereditary hypotrichosis simplex, or alopecia universalis. In one embodiment, the method
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further comprises the step (b) determining whether the inhibitor administered induced hair
growth in the subject afflicted with a hair loss disorder as compared to the subject’s hair
growth prior fo treatment with the inhibitor. Iun one crubodiment, the inhibitor corprises an
antibody that specifically binds to a protein comprising SEQ IDNO: 1, 3,5, 7,9, or 11, In
another embodiment, the inhibitor is an antisense RNA that specifically inhibits expression of
the gene that encodes the FGF13 protein; a siRNA that specifically targets the gene that
cncodes the FGF13 protein, or a small molecule. In one embodiment, the siRNA 15 directed
to a human nucleic acid sequence comprising SEQ IDNO: 2,4, 6, 8, 16, or 12, In another
embodiment, the siRNA directed to a FGF13 gene cormprises any one of the sequences listed

in Table 1.

18677} Another aspect of the invention encompasses a method for inducing hair growth in
& subject, the method comprising administering to the subject an effective amount of an
inhibitor of FGF13, thereby controlling hair growth in the subject. In one embodiment, the
subject is afflicted with a hair-loss disorder. In another embodiment, the hair-foss disorder
comprises androgenetic alopecia, telogen effluvium, alopecia arcata, tinea capitis, alopecia
totalis, hypotrichosis, hereditary hypotrichosis simplex, or alopecia universalis. Inone
embodiment, the method further comprises the step (b) determining whether the imhibitor
administered induced bair growth in the subject afflicted with a hair loss disorder as
compared to the subject’s hatr growth prior to treatment with the inhibuior. Tn one
embodiment, the inhibitor comprises an antibody that specifically binds to a protein
comprising SEQ D NO: 1,3, 5,7, 9, or 11, In ancther crabodiment, the inhibitor is an
antisense RNA that specitically inhibits expression of the gene that encodes the FGFI13
protein; a siRNA that specifically targets the gene that encodes the FGF13 protein, or a small
molecule. In one embodiment, the siRNA is directed t0 a human nucleic acid sequence
comprising SEQ ID NG: 2, 4, 6, 8, 10, or 12, In another embodiment, the siRNA directed to

& FGF13 gene is any one of the sequences Hsted in Table 1.

Treatment of Hair Growth Disorders

18678} Another aspect of the invention encompasses a method of treating a hair-growth
disorder in & mammalian subject 1 need thereof, the methed comprising admindstering to the
subject an activator of FGF13. fn one embodiment, the hair-growth disorder comprises X-
linked hypertrichosis, generalized hypertrichosis terminalis with or without gingival

hyperplasia, autosomal recessive hypertrichosis, Cantu syndrome, Ambras type
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hypertrichosis and antosomal recessive trichomegaly. In one embodiment, the activatoris a
polypeptide comprising SEQ IDNO: 1, 3,5, 7,9, or 11, or a fragment thercof; or 2

peptidomimetic comprising SEQ IDNO: 1, 3,5,7, 9, or 1L,

18679] Another aspect of the invention encompasses a method for reducing hair growth in
a subject, the method comprising adminmistering to the subject an effective amount of an
activator of FGF13, thereby controlling hair growth in the sabject. In one embodiment, the
subject is afflicted with a bair-growth disorder. in one embodiment, the bair-growth disorder
comprises X-lnked hypertrichosts, generalized hyperirichosis terminalis with or without
gingival hyperplasia, autosomal recessive hypertrichosis, Cantu syndrome, Ambras type
hypertrichosis and autosomal recessive trichomegaly. In another embodiment, the method
further comprises the step (b} determining whether the activator administered reduced hair
growth in the subject atflicted with a hair-growth disorder as compared to the subject’s hair
growth prior to treatment with the activator. In one embodiment, the activatoris a
polypeptide comprising SEQ IDNO: 1, 3,5, 7,9, or 11, or a fragment thercof; or 2

peptidomimetic comprising SEQ IDNO: 1, 3,5,7, 9, or 1L,

18086} Another aspect of the invention encompasses a method for reducing hair growth in
& subject, the method comprising administering to the subject an effective amount of 2

FGF3 protein, thereby controlling hair growth 1o the subject. In one embodiment, the
subject is afflicted with a bair-growth disorder. in one embodiment, the bair-growth disorder
comprises X-lnked hypertrichosts, generalized hyperirichosis terminalis with or without
gingival hyperplasia, autosomal recessive hypertrichosis, Cantu syndrome, Ambras type
hypertrichosis and autosomal recessive trichomegaly. In another embodiment, the method
further comprises the step (b} determining whether the FGF13 protein administered redoced
hair growth in the subjeet afflicted with a hair-growth disorder as compared to the subject’s

hair growth prior to treatment with the protein.

Treatment of Hair Disprders

18681} Another aspect of the invention encompasses a method of treating a hair disorder
in a mammalian subject in need thercof, the method comprising administering to the subject a
compound that modulates the expression of FGF13. In one embodiment, the hair disorder is
a hair-logs disorder. In one embodiment, the hair-loss disorder comprises androgenctic

alopecia, telogen cffluvinm, alopecia arcata, tinca capitis, alopecia totalis, hypotrichosis,
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hereditary hypotrichosis simplex, or alopecia universalis. In another embodiment, the hair
disorder is 8 hair-growth disorder. In one embodiment, the hair-growth disorder comprises
X-linked hypertrichosis, generalized hypertrichosis terminalis with or without gingival
hyperplasia, autosomal recessive hypertrichosis, Canta syndrome, Ambras type
hypertrichosis and autosomal recessive trichomegaly. In one embodiment, the method
further comprises the step (b} determining whether the compound administered induced hair
growth in the subject afflicted with a hair loss disorder as corapared to the subject’s hatr
growth prior to treatment with the compovnd.  In another embodiment, the method further
comprises the step (b} determining whether the compound administered reduced hair growth
in the subject afflicted with a bair-growth disorder as compared to the subject’s hair growth

prior to freatment with the compound.

16082} In a further embodiment, the administering comprises a subcutancous, intra-
muscular, infra-peritoneal, or intravenous injection; an infusion; oral, nasal, or topical
delivery: or a combination thereof. In some cmbodiments, the administering occurs daily,

weekly, twice weekly, mouthly, twice monthly, or yearly.

DNA and Aming Acid Manipulation Methods and Purification Thereof

{88831  The practice of aspects of the present invention can employ, wnless otherwise
indicated, conventional techniques of cell biology, cell culture, molecular biclogy, transgenic
biology, microbiology, recombinant DNA, and immunoclogy, which are within the skill of the

art. Such techmiques are explained fully in the literatore. See, ¢.g., Molecular Cloning A

Laboratory Manual, 3 Ed., ed. by Sambrook (2001), Fritsch and Maniatis (Cold Spring
DNA Cloning, Volumes Land U (D, N, Glover ed., 1985);
Oligonucleotide Svnthesis (M. 1. Gait ed., 1984); Mullis et al. 1.8, Pat. No: 4,683,195,

Harbor Laboratory Press: 1989);

MNacleic Acid Hybridization (B. D. Hames & 5. J. Higgins eds. 1984); Transcription and

Freshney, Alan R, Liss, Inc., 1987); hmmobibized Cells and Enzymes (IRL Press, 1986); B,

Perbal, A Practical Guide To Molecular Cloning (1984); the series, Methods In Enzymolegy

{Academic Press, Inc., N.Y.}, specifically, Metheds In Enzvmelogy, Vols. 154 and 155 (W

ct al. eds.); Gene Transfer Vectors For Mammalbian Cells (). H. Miller and M. P. Calos eds.,

1987, Cold Spring Harbor Laboratory); Inmunochemical Methods In Cell And Molecular
Biology (Caner and Walker, eds., Academic Press, London, 1987); Handbook Of
Experimaental Immuncleogy, Volumes 11V (D, M, Weir and C. C. Blackwell, eds., 1986);

S
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Manipulating the Mouse Embryo, (Cold Spring Harbor Laboratory Press, Cold Spring

Harbor, N.Y., 1986). All patents, patent applications and references cited hercin are

incorporated by reference in their entiretics.

1684} One skilled in the art can obtain a protein i several ways, which include, but are
not hmited to, isolating the protein via biochemical means ov expressing a nucleonde

sequence encoding the protein of nterest by genctic engineering methods.

[BBRS] A protein is encoded by a nucleic acid (ncluding, for example, genomic DNA,
complementary BNA (¢DNA), synthetic DNA, as well as any form of corvesponding RNA}.
For example, it can be encoded by a recombinant nucleic acid of 3 gene. The proteins of the
invention can be obtained from various sources and can be produced according to various
techniques known in the art. For example, a nucleic acid that encodes a protein can be
obtaincd by screening DNA libraries, or by amplification from a natural source. A profein
can be a fragment or portion thercof. The nucleic acids encoding a protein can be produced
via recombinant DNA technology and such recombinant nucleic acids can be prepared by
conventional technigues, including chemical synthesis, genetic enginecring, enzymatic
technigues, or a combination thercof. For example, a FGF 13 protein is the polypeptide
encaoded by the nucleic acid having the nucleotide sequence shown in SEQ ID NG 2. An

exanple of a FGF13 polypeptide has the amino acid sequence shown in SEQ ID NO: 1.

[B886] The FOF13 protein is encoded by the FGF13 gene thaving Gene [D aceession
no. 2258} is a member of the fibroblast growth factor (FGF) family. FOF family members
possess broad mitogenic and cell survival activities, and are involved in a variety of
hiclogical precesses, mchuding embryonic development, cell growth, morphogenesis, tissue

repair, tumor growth, and mvasion.

[BOR7] The polypeptide sequence of human FOFI3 (ranseript variant 1) 1s depicted in

SEQ D NG: 1. The mucleotide sequence of luoman FGE13 {transeript variant 1) is shown in

SEQ D NG: 2. Sequence information related to FGF13 (transcript variani 1) is accessibie in
public databases by GenBank Accession numbers NP_004105.1 {protein) and NM_004114

{mucleic acid).

[B088] SEQ D NO: s the human wild type amino acid sequence corresponding to

FGF13 isoform 1 (residues 1-245):



WO 2013/149191

[G08%]

ROQERQARERE
TRLYSRQG
LYTSELD

AAHFLPKPLY

o
[whwl

) ID
CKFKESVEEN

VAMYKEPSLH

PSKGKTSCRK
FTKbF“CTYl
YYVTYSSMIY
DLTEFSRSGSE

PCT/US2013/034683

NKLNVFORVK
LIFNLIPVGLR
ROQOQSGRGWY
GTPTKEREVS

dus

LFGSKKRRRR
VVATQGVQTK
LGLNKEGE
GVLNGGKSMS

SEQ D NO: 2 §s the human wild type nucleotide sequence corresponding 1o

FGF13 {transcript variant 1) (nocleotides 1-2705), wherein the underscored bolded “ATG”

denotes the beginning of the open reading frame:
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[3856] The polypeptide sequence of human FOFI3 (ranseript variant 23 1s depicted in

SEQ D NO: 3. The nucleotide sequence of human FOF 13 (transcript variant 2) is shown in

SEQ D NO: 4. Sequence information related to FGF 13 (transcript variant 2} is accessible in

public databascs by GenBank Accession numbers NP_001132972 (protein) and

NM 001139500 (nuocleic acid).

[8091] SEQ D NO: 3 s the human wild type amino acid sequence corresponding to

FGF13 isoform 2 (residues 1-255):

1 MSGKVTEKPKE
&l KQOVRHKENTE
121 vy
igl
241

3
Yy

NEKEGEIM

NGGKSMS

AARFLPKPLE 1

KCHEIFCCPL
LENLIFVGLR
RQOOQSGRGWY

GTPTKSRSVS

18921 SEQ 1D NO: 4 is the human wild type nucleotide sequence corresponding to

FGF13 (transcript variand 2) (nucleotides 1-2340), wherein the underscored bolded “ATG

denotes the beginning of the open reading frame:

s
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1321 aatccasaag tatttcacag ca ct
1381 o acaattgttc tt Cé
1441 tgtegyggea aacaaaa

1501 tt acgcttgatt cacatgtact
1561 tt caatggttct attgactttt t =
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1861 tcttgtgtaa tgtggaactg tgatgttgtc ttthbgtgttg
1921 aaatgtctta tatgagtott cctgtcattyg Latttggcac
1981 tgtacaagga . ctggtitttec caaca tatatt
2041 J?aaqtg+tt taggtttooe gatctt cabtatctgiti
101 btuqua+aﬁ tatgtaagat Lttqtqﬂatt

gcatggaaga
161 cataattgt

ghtccaaasy atgtacagge =
aaaagtitgtt st tgttotatac
tratbcaaayg aaaaaaaasa aaaaaaaaaa

[6893] The polypeptide sequence of human FGFI3 (transeript variant 3) is depicted in
SEQ ID NO: 5. The nucleotide sequence of lumman FGF13 (transeript variant 3) 1s shown in
SEQ ID NO: 6. Sequence information related to FGF I3 (transcript variant 3) 1s aceessible in
public databases by GenBank Accession mumbers NP_001132973 {protein) and
NM_001139501 (nucleic acid).

[8054] SEQ D NO: 5 is the human wild type amine acid sequence corresponding to

FGF13 isoform 3 (vesidues 1-226):

1 MLRODSIQSA ELKKKESPFR AKCHEIFCCP LKQVHHEKENT EPEEPQLKGI VTKLYSR

61 HLQLOADGTI DGTKDEDSTY TLFNLIPVGL RVVHIUu Qf KLYLAMNSEG YLYTSEL
121 ECRFKESVEE NYYVTYSSMI YROXC MEKGNHEVERNK PAAHFLPEPL
181 KVAMYRKEPSL HDLTEFSRSG SGTE SHNEST

[8095] SEQ D NO: 6 is the human wild type nucleotide sequence corresponding to
FGF13 {(transcript variant 3) (nocleotides 1-2450), wherein the underscored bolded “ATG”

denotes the beginning of the open reading frame:

agttctttagy aage :aaﬂcgacag 2
agggaga agye ag\gg
tcegee Ly
ccaagtce C at
gggat g tgaccaagcec ca
ttcte g bttgectget gt
ctige L bgad cea k£
cocece ta cattatgtta cg: gatt
aaga G L tcgtgctaag tgtcacgaaa
caagt G 1 cacagagccy ga Joctc
. aage aca J:cgﬁ ctavcacttg C cagy
L cg C atg aggac t ctca
1 tcoctgtyggy Q tee aagy tacttqggcaa
781 tgaacagtga cttg cgy aact aaattcaaag
841 aatcagtgtt ttat ca cagcagcagt
901 caggccgagy teta aca ggcaaccaty
961 itgaagaagaa tgoa C > gccatgtaca
10821 aggagccatc tgcacgat ggagt tcotcoccgatce aCk
1081 agagcagaag tgtctotggce Gacy gaggcaaatc aat
1141 cgtagccagt gagggcas ct gtaacagaac G<
1201 aattcttcta Lo tcaaatttgt T
1261 acaggcagag tagaccttot ac
1321 cattatttag tgoccaageat Ladatﬂtuaq
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1381 agsaggactyg
1441 tatttcacag
1501 acaattgttc
1561 tgtcggggea
1621 acgcttgatt
1481 caatggttct
1741 cfﬂaatfagc
1801 tttehttttt
1861 tgc taﬂa%o
1821 thcaap'gt
1581

2041

2101

2161 &
2221 aagthtgggtt
2281 aasaatctgt
2341 aabagtf“ 3

(0096
SEQ IDNO: 7
SEQ 1D NO: 8.

Lcatgatcte

ctggttt

1uaagtf9tf
catte aaad

PCT/US2013/034683

1%y
O

tt

goatt
agttttctgt
ceaaatacgo
aaaaadasaa

public databases by GenBank Accession mumbers NP_001132970 {protein) and
NM_ 001139498 (nucleic acid).

6897}

FGF13 isoform 4 (vesidues 1-199):

1 MSGEVTKPKE
61 VGLRVVAIQG
121 ROGWYLGLRNRE

181 RBVSE

LNGG

[G098]
FGF13

SEQ D NO:

EKDASKEPQL
VOTKLYLAMN
GETMERGNHVE

KSMEHNEST

8 is the human wild tvpe nucleotide sequen

denotes the beginning of the open reading frame:

L gtggctcetot
ctcocgagggy

121 agocgatgggg
181 thgeegecct
241 cgaacotitgt
301 aaagatgctt
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caggeageygy
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tggqtck
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1 aLﬂLLabqﬂp

The polypeptide sequence of human FGFI3 (transeript variant 4) is depicted in
The mucleotide sequence of wmman FGF13 (transeript variant 4) 1s shown n

Sequence information related to FGF 13 (transcript variant 4) 1s accessible in

ROQOSG

REGSCETPTES

TYTLENLIFP

ce corresponding 1o

{(transcript variant 4) (nucleotides 1-2172), wherein the underscored bolded “ATG”
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The polypeptide sequence of human FGF13 (transcript variant

SEQ D NO: 9. The mucleotide sequence of human FGFI3

. a

T
»acatgaa
. gt

» gqeaccgaata a

L A

ggaccccaac
satgaate
tgoetgt
tttaccaaac
atactaaagc
actaastctg
ataatccaaa
atgtaaaaga
gcttasatgt
tgttttctat
atttctgaaa
fﬁaagct
aattgtitt

tq,uqtactt
t

aaaaaatt
tgttgtygg
tgt

acttqctact

tgcatggaa
“tcn Caattg
tgtgca

\

caagagcaga
aacgtageea
tgaattcttc
aaacaggcay
cccattattt
agagaaggac
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ta
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gcqtec*gaa
e ud(}(j([(

tbdeC&udd
tctatchgec
tgtgcataag
tctecatgate
ctgatcaaaa
caaacaaaac
fatgtgaatt
ctettttett
tttgeagtae
ctcaagy
tagattte

ct D
ct

a.c

3
o
1

o Qg GO
9]

tattqgt

ctitaat

actgtg

tgtaty ti
gactgy [ofe
gctaqgqy ca
agagtt ga
agtggac g
tttacs

U
W0

s depicted in

{(transcript variant 5} is shown in

SEQ ID NO: 10, Sequence information related to FOF I3 (franscript variant S) 1s accessible

i public databases by GenBank Accession numbers NP_001132974 (protein) and
NM_ 001139502 (nucleic acid).

681640

00161

SEQ ID NG: ¢ is the human wild type amino acid sgquence corresponding to

FGF13 isoform § {residues 1-226):

MLRQDSIQSA

ELKKKES
DGTEDEDSTY
NYYVTY

PFR

S5M

. HDLTEFSREG

e

i
s
o
AN
G 03
-
jus]
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=
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c

3 U
1t

(GRS
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s

wn

SR oM
R @}

10O

EPEEPQLKGI VTKLYSRQGY
KLVLAMNSho YLYTSELFTE

MT

MEGNHVKEKNK PAAHFLPKPL
SHNEST

FGF13 (transcript variant 5) (nucleotides 1-2093), wherein the underscored bolded “ATG”

denotes the beginning of the open reading frame:

el
1zl
igl
241
301
36l
421
481

catgtaacat
agtggaactt
attccatcca
aaatcttctyg «
ctcagcettaa
aggcggatqgg

caatgaacas
aagaatcagt

cct

goc
ttaaag:
aagcaagtac
accaagcta;
ggcaccaasay
. gtggtggeta
> ttgtacacct
tattatgtga

t

o]

~~d
5

1 atgaqupaa

toccaaggagt
cggaactttt

] OLqLQaQQLp

~0quagch
ttgragetyge
ctgtttaacc
ctgtacttgy

or:Ye] tgcaaattca
aatgatatac cgtcagoage
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EYelelsidels

Jaacaa

ctgggtctga
g y
gatctecacsg

agagatcaty aaaggcaacao

a accact

N G O
O O b

P N SO PR R

gggacee

72 ggcgt [eF

78 > agtgagggcs aaagasaggyqg

A a

ol S 1o

901 caaacaggca Jga cat :f LC ag

861 coocattatt gaatgce cattttagig aactaaatct
10621 gagagaa ctcacc tttggggat gatastccaa
1081 aagtattt atttge caagaa aatgtaaaag
1141 caaaac attaac tgcttaaatg
1201 totgtie t tettogettg vk a
1261 btggoe - geoaactttat " a
1321 ctt a atcaaccaaa ol
138 acagtgttct tgtggtttga c -t
14471 gtattctgg tcaagttatt gt 2T
1201 toay & o ti aaat
1561 tgtat tattgttgty
1621 tg tgtt ttgttaaaat
1681 Jta gtca cacatgaata
1741 T agact azaca acatatatta tacttgctac
1801 tggaaaagtg tttaagactt agcta tage cttoatatet ot atgga
1861 ageaagtitgg gttcttggea tagagt atgtaa gatttigtge attcataatt
1%21 gttaaasaatc tgtgttccaa aagtgg agcatgtaca tttte tgtcctgtac
1981 aczaaasagtt tasaaaaghtt gttt tgttgttgte & T
2041 aaactcttta tattcattca aaga aaaaaaaa

[60162] The polypeptide sequence of human FGFI3 {(transcript variant 6} is depicted in
SEQ D NO: 11, The nucleotide sequence of human FGF13 (transcript variant 6} is shown in
SEQ ID NO: 12, Sequence information related to FGFI3 (franscript variant 6) 1s accessible
i public databases by GenBank Accession numbers NP_378668 {(protein) and NM_ 033642

{nucleic acid).

[8¢183] SEQ ID NO: 11 is the human wild type amino acid sequence corresponding to
FGF13 isoform 6 {residues 1-192):

1 MALLRKSYSE
51 IQGVUTKLYL
121 NKEGEIMKGN

181 NGGKSMSHINE

OLKGIVTKL

MMNSEGYLYT
5

SROGYHLQL QADG DEDSTYTLFN LIPVGLRVVA
ELFTPECKE KESVFENYYV TYSSMIYROQ QSGRGWYLGL
™

LPKPLEVAM YXEPSLHDLT EFSRSGSGTP TKSREVSGVL

i

T {0

E
L300
HVEKEKNKPAAH

P
»
ST

[68164] SEQ D NO: 12 is the human wild type nucleotide sequence corresponding to

NER)

FGF13 {transcript variant 6) (nucleotides 1-196R), wherein the underscored bolded “ATG

denotes the beginning of the open reading frame:

L aaactttectco
6l ggtaggac
121 cttaagggta
i81 a
241

tctgotecaa astgtagacag caattgtcectg
agagcecteag
getgcaggcy
taacctcate

cttggcaaty

(=3
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aacagtgagyg gatacttgta
tcagtgtttg aaaattatta
ggocge

ﬂtqrjhgﬂaa

ct
ot
9}
Y O
Yo
0

W
[COI
oW
YR

o

s
e B g iite}

1

O 0GR

gggt tcatgaaagy catgtyg
4 aagaagaaca ac tgaaaqg gtacaaqg
541 gagccatcac tgco cocaaccaay
501 tg tcte tgaatcaacy
86l [stetet tgctgttgaa
721 ttecitbtctago agt . ccaaacaaac
781 aggcagaght cact gaccttctta tecatccatac taaagoccca
841 ttatttagat tge ccaagcattt tagtgaacta satctgagag
301 aaggactgcce azaa ctatactttg gcqrtqafaa tccaaaagta
961 tttcacagceca ctac cteteccace cac
1021 aatigttctt ¢ caaaacaaaa ttaact ule]
1081 tcggggecaas < tgtcttcottg gettgatgtt c
1141 gecttgattca ¢ atagtgcaac tttatgattt z
1201 atggttctat ¢ o ofs a tccaaatcaa ccaaatt
1281 gaattggett < Lei ] T tgyg ttte
1221 totibbtttt bbtttttaga tthgbggtat ag tta
1381 cgtagaaatt gagttgtatt gtcaacccca gtcagtaaag aga
1441 tcaagtgtag atttctctta { ttg tgtatcatgt a
1501 ttgtgtaaag acaggaactg gt gtt
1581 atgtcttatce tgtatatgta C gte
1621 tacaaggaat btgttaagact i sCot caacs :
1481 aagtgtttas gacttagcta q_ttccat_ taga . atqqadqaa%
1741 g Jgttct tggeatagag ttgcatgata tgta tgtgcat tra taattgttaa
1801 a-a“ctgtgt tccaaaagts gacatagcat gtac ttttctgtee tgtgcacaaa
1861 as tta atatthgttg ttgt atacgeac cgaataaact
1821 aaaaaaaaaa aaaa aaaaadaaa
(331854 Protein Variants: Protein variants can include amino acid sequence

modifications. For example, amine acid sequence modifications fall into one or more of
three classes: substitutional, insertional or deletional variants. Insertions can inchude amino
and/or carboxyl terminal fusions as well as intrasequence insertions of single or multiple
amino acid residues. Insertions ordinarily will be smaller insertions than those of amino or
carboxy! terminal fissions, for example, on the order of one to four residues. Deletions are
characterized by the removal of one or more amino acid residues from the protein sequence.
These variants ordinarily are prepared by site-specific mutagenesis of nucleotides in the DNA
encoding the protein, thereby producing DNA encoding the variant, and thereafter expressing

the DNA in recombinant cell culture,

801486} Mucleic acid sequences comprising a gene, such as a FGF13 gene, that encodes
a polypeptide can be synthesized, in whole or in part, using chemical methods konown in the
art. Alternatively, a polypeptide, such as FGF 13, can be produced using chemical methods to
synthesize its amino acid sequence, such as by direct peptide synthesis using solid-phase
technigues. Protein synthesis can either be performed using manaal techniques or by

automation. Automated synthesis can be achieved, for example, using Applied Biosystems

-39
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431 A Peptide Synthesizer (Perkin Elmer). Optionally, fragments of FGEF13 polypeptides can
be separately synthesized and combined using chemical methods to produce a full-length

molecule,

166167] The nucleic acid can be any type of nucleic acid, inchluding genomic DNA,
complementary DNA (¢DNA), synthetic or semi-synthetic DNA as well as any form of
corresponding RNA. For example, a FOF 13 molecule can comprise a recombinant nucleic
acid encoding human FGF13 protein. in onc embodiment, a FGF 13 molecule can comprise 2
non-naturally occurring nucleic acid created artificially (such as by asscrabling, cutting,
higating or amphifying sequences). A FOF13 molecule can be double-stranded. A FGF13
molecule can be single-stranded. The FGF13 molecules of the invention can be obtained
from various sources and can be produced according to various technigues known in the art.
For example, a nucleic acid that 15 a FGF 13 molecule can be obtained by screening DNA
librarics, or by amplification from a natural source. The FGFI3 molecules can be produced
via recombinant DNA technoclogy and such recombinant nucleic acids can be prepared by
conventional techniques, focluding chemical synthesis, genctic enginecring, enzymatic
techniques, or 4 combination thercof. Non-Hmiting examples of a FGF I3 molecule thatis a
nucleie acid, is the nucleic acid comprising SEQ ID NO: 2. Another example of a FGF13
molecule is a fragment of a nucleic acid comprising the sequence shown in SEQ 1D NO: 2,
wherein the fragmeunt exhibits FOF13 activity. A FGF13 molecule of this invention also
encompasses variants of the human nucleie acid encoding the FOF13 protein, or variants of
the human FGF13 proteins that exhibit FGF13 activity. A FGF13 molecule can alse include
a fragment of the human FGF13 nucleic acid which encodes a polypeptide that exhibits
FGFiI3 activity. A FGF13 molecule can encompass & fragment of the human FGF 13 protein

that exhibits FGF13 activity.

186108] A FGF13 molecule can also encompass FGF13 ortholog gencs, which are genes
conserved among different biological species such as humans, dogs, cats, mice, and rats, that
encode proteins {for example, homologs (inclading splice variants), ravtants, and derivatives)
having biclogically equivalent fomctions as the lnmman-derived protein (such as a FGF13
proteiny. FGOF13 orthologs tnclade any mammalian ortholog of FGF13 tnclusive of the
orthoiog n humans and other primates, experimental manumals (such as mice, rats, hamsters
and guinea pigs), mammals of commercial significance (such as horses, cows, camels, pigs

and sheep), and also companion mammals (such as domestic animals, ¢.g., rabbits, ferrets,
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dogs, and cats).

(881694 The FGF13 variants can comprise, for instance, naturally-occurring variants due
to allelic variations between individuals {¢.g., polymorphisms}, mutated alleles related to
alopecia arcata, or alternative splicing forms. Inone embodiment, a FGF13 molecule 5 2
nucleic acid variant of the mucleic acid having the sequence shown in SEQ ID NG: 2, 4, 6, 8,
19, or 12, wherein the variant has a nucleotide sequence identity to SEQ IDNO: 2,4, 6, 8,
10, or 12 of about 65%, about 75%, about 85%, about 9%, about 91%, about 92%, about
3%, about 94%, about 95%, about 96%, about 97%, about 98%, or about 99% with SEQ ID
NQG: 2,4, 6,8, 14, or 12, In one embodiment, a FGF 13 molecule encompasses any portion of
about 8 consecutive nucleotides of SEQ ID NG: 2,4, 6,8, 10, or 12, In onc embodiment, the
fragment can comprise about 15 nucleotides, about 2{ mucleotides, or about 30 nuclentides of
SEQIDNO: 2,4, 6,8, 10, or 12, Fragments include all possible nucleotide fengths between
about 8 and 100 nucleotides, for example, lengths between about 15 and 100, or between

about 20 and 100.

30118 The invention further provides for nucleic acids that are complementary to a
nucleic acid encoding a FGF13 protein. Such complomentary nucleic acids can comprise
nucleie acid sequences, which bybridize to a mucleic acid sequence encoding a FGF13 protein
under stringent hybridization conditions. Non-limiting examples of stringent hybridization
conditions include temperatures above 30°C, above 35°C, in excess of 42°C, and/or salinity
of less than about 500 mM, or less than 200 mM. Hybridization condifions can be adjusted
by the skilled artisan via modifying the temperanure, salinity and/or the concentration of other

reagents such as SDS or S8C.

801113 In one embodiment, a FGF13 molecule comprises a protein or polypeptide
encoded by a FGF13 nucleic acid sequence, such as the sequence shown in SEQ ID NO: 1, 3,
5,7.9, or 11. In another cmbodiment, the polypeptide can be modified, such as by
glycosylations and/or acetylations and/or chemical reaction or coupling, and can contain one
or several non-natwal or synthetic amino acids. An example of a FGF 13 molecule is the
polypeptide baving the amino acid sequence shown in SEQIDNG: 1,3, 5,7, 9, or 1. In
another embodiment, a FGF13 molecule can be a fragment of a FGF13 protein. For example,
the FGF13 molccule can encompass any portion of about 8 consecutive amino acids of SEQ
IDNG:1,3,5,7,9, or 1. The fragment can comprise about 10 amino acids, a least about 20

amino acids, about 30 amino acids, about 40 amine acids, a lcast about 5 amino acids, about
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60 aming acids, or about 75 amino acids of SEQID NG: 1,3,5,7, 9, or 11, Fragments
inchude all possible amino acid lengths between about 8 and 100 about amino acids, for
example, lengths between about 10 and 100 amino acids, between about 15 and 160 amino
acids, between about 20 and 100 anmino acids, between about 35 and 100 aming acids,
between about 40 and 100 amino acids, between about 5O and 100 amino acids, between
about 70 and 100 amino acids, between about 75 and 100 amine acids, or between about 80

and 100 amuno acids.

(801124 In certain embodiments, the FGF13 molecule includes variants of the human
FGF13 protein (comprising the aminoe acid sequence shown m SEQ IDNO: 1, 3,5, 7,9, or
11). Such variants can mehude those having at least from about 46% to about 50% identity to
SEQIDNG: 1,3,5,7,9, or 11, or having at least from about 50.1% to about 55% ideniity to
SEQID NG 1,3,5,7,9, or 11, or baving at least from about 55.1% 10 about 60% identity to
SEQIDNG:1,3,5,7,9, or 11, or having from about 60.1% to about 65% identity to SEQ
IBDNG:1,3,5, 7,9, or 11, or having from about 65.1% to about 70% identity to SEQ ID NO:
1,3,5,7,9,0or 11, or having at least frony about 70.1% to about 75% identity to SEQ 1D NO:
1,3,5, 7,9, or 11, or having at least from about 75.1% to about 80% identity to SEQ D NO:

5,7, 9, or 11, or having at least from about 80.1% to about 85% identity to SEQ ID NO:
, 5, 7,9, or 11, or having at least from about 85.1% to about 90% identity to SEQ D NO:

5,7, 9, or 11, or having at least from about 90.1% to about 95% identity to SEQ 113 NO:
1,3,5,7,9, or 11, or having at least from about 95.1% to about 97% identity to SEQ D NQO:
1,3,5,7,

3,5, 7,9, or 11, or having at least from about §7.1% to about 99% identity to SEQ ID NO:
1,3,5,7,9, 01 11,

#6113} Techuigues for making substitution mutations at predetermined sites in DNA
having 2 known sequence are well known, for example M13 primer nutagenesis and PCR
mutagenesis. Amino acid substitutions can be single residues, but can occur at a number of
different locations at once. In one non-limiting emabodiment, insertions can be on the order of
about from 1 to about 10 aming acid residucs, while deletions can range from sbout 1 to
about 30 residucs. Deletions or insertions can be made in adjacent paivs (for example, a
deletion of about 2 residues or insertion of about 2 residues). Substitutions, deletions,
inscrtions, or any combination thereof can be combined to arrive at a final construct. The
mutations cannot place the sequence out of reading frame and should not create

complementary regions that can produce secondary mRNA structure. Substitutional variants
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are those in which at least one residue has been removed and a different residue inserted in its

place.

68114} Substantial changes in function or immunoclogical identity are made by selecting
residues that differ more significantly in thetr effect on maintaining (a) the structure of the
polvpeptide backbone in the area of the substitution, for example as a shect or hehcal
conformation, (b} the charge or hydrophobicity of the molecule at the target site or {c) the
bulk of the side chain. The substitutions that can produce the greatest changes in the protein
propertics will be those in which {(a) a hydrophilic residue, ¢.g. seryl or threonyl, is
substituted for (or by) a hydrophobic residue, e.g. leucyl, isoleucyl, phenylalanyi, valyl or
alanyl; (b) a cysteine or proling is substituted for {or by} any other residue; (¢} a residue
having an electropositive side chain, ¢.g., bysyl, arginyl, or histidyl, is substituted for {or by}
an clectronegative residue, €.g., ghitamyl or aspartyl; or {d) a residue having a bulky side
chain, e.g., phenylalanine, is substituted for (or by} one not having a side chain, e.g., glycine,

in this case, (¢) by increasing the number of sites for sulfation and/or glycosylation.

681151  Minor variations in the amino acid sequences of proteins are provided by the
present invention. The variations in the amino acid sequence can be when the sequence
maintains about 30%, about 40%, about 50%, about 60%, about 70%, about 75%, about 80%,
about 90%, about 93%, or about 99% identity 1o SEQ IDNG: 1,3,5,7, 9, or 11, For
example, conservative amino acid replacements can be utilized. Counservative replacements
are those that take place within a fanily of amine acids that arc related in their side chains,

wheremn the interchangeability of residues have similar side chains.
o &

1668116}  Genetically encoded amino acids are generally divided into families: (1} acidic
amino acids ave aspartate, glutamate; (2) basic amino acids are lysine, arginine, histidine; (3)
non-polar amino acids are alanine, valing, leucine, isoleucine, proline, phenylalanine,
methionine, tryptophan, and (4) vncharged polar amino acids are glycine, asparagine,
glutamine, cysteine, serine, threonine, tyrosine. The hydrophilic amino acids include arginine,
asparagineg, aspartate, glutamine, glutamate, histidine, lysing, serine, and threonine. The
hydrophobic amino acids include alanine, cysicing, isoleucing, leucine, methioning,
phenyilalaning, proline, tryptophan, fyrosine and valine. Other families of amino acids include
(i} a group of amino acids having aliphatic-hydroxyl side chains, such as serine and
threonine; (11} a group of amino acids having amide-containing side chains, such as

asparagine and glutamine; (iii) a group of amingo acids having aliphatic side chains such as

t
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glveine, alanine, valine, leucine, and isoleucineg; (iv) a group of amine acids having aromatic
side chains, such as phenylalanine, tyrosine, and tryptophan; and (v) a group of amine acids

having sulfir-containing side chains, such as cysteine and methionine. Usctul conservative

amino acids substitution groups are: valine-leucine-isoleucine, phenylalanine-tyrosine,

lysine-arginine, alanine valine, ghutamic-aspartic, and asparagine-glutamine.

[80137] For example, the replacement of one amine acid residue with another that is
biclogically and/or chemically similar is known to those skilled in the art as 3 conservative
substitution. For exaraple, a conservative substitution would be replacing one hydrophobic
residue for another, or one polar residue for another. The substitutions include combinations
such as, for example, Gly, Ala; Val Ile, Leo; Asp, Glu; Asn, Gln; Ser, Thr; Lys, Arg: and
Phe, Tyr. Substitutional or deletional mutagenesis can be employed to insert sites for N-
glycosylation (Asn-X-Thr/Ser) or O-glycosylation {Ser or Thr). Deletions of cysteine or
other labile residues also can be desirable. Deletions or substitutions of potential proteolysis
sites, e.g. Arg, is accomplished for example by deleting one of the basic residues or

substituting one by glutaminy! or histidyl residues.

#6188}  In another embodiment, the FGF13 molecule encompasses a peptidomimetic
which exhibits FGF13 activity. A peptidomimetic is a soall protein-like chain designed to
mimic a peptide that can arise from moditication of an existing peptide in order to protect that
molecule from enzyme degradation and increase its stability, and/or alter the molecuic’s
propertics {(¢.g., modifications that change the moelecule’s stability or biological activity).
These modifications involve changes to the peptide that canmot occur natarally (such as

N

altered backbones and the incorporation of non-natural amine acids). Drug-like compounds
can be developed from existing peptides. A peptidomimetic can be a peptide, partial peptide,
or non-peptide molecule that mimics the tertiary binding structure or activity of a selected
native peptide or protein fumctional domain (e.g., binding motif or active site). These peptide

mimetics include recombinantly or chemically modified peptides,

[#013%]  In one embodiment, a FGF13 molecule comprising SEQIDNG: 1,3,5,7, 9, or
11, varianis of such, or fragments thereof, can be modified to produce peptide mimetics by
replacement of one or more naturally occurring side chains of the 20 genetically encoded
amino acids {or D amino acids) with other side chains. This can occur, for instance, with
grovps such as allkyl, lower alkyl, eyclic 4-, S-, 6-, to 7T-membered alkyl, amide, amide lower

alkyl, amide di(fower alkyl), lower alkoxy, hydroxy, carboxy and the lower ester derivatives
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thereof, and with 4, 5-, 6-, to 7-membered heterocyclics. For example, proline analogs can be
made in which the ring size of the proline residue is changed from § members to 4, 6, 0r 7
members, Cyclic groups can be saturated or unsaturated, and f unsaturated, can be aromatic
or non-aromatic. Heterocyelic groups can contain one or more nitrogen, oxygen, and/or
sulphur heteroatoms. Examples of such groups inchude the furazanyl, ifuryl, imidazolidingd
imidazolyl, imidazolinyl, isothiazolyl, isoxazclyl, morpholiny! {e.g. morpholing), oxazolyl,
piperazinyl {e.g. 1-piperazinyl), piperidyl (e.g. 1-piperidyl, piperidine), pyranyl, pyrazinyl,
pyrazolidinyl, pyrazolinyl, pyrazolyl, pyridazinyl, pyridyl, pyrimidinyl, pyrolidinyl (e.g. 1-
pyrrolidinyl), pyrroliny, pyrrolyl, thiadiazolyl, thiazolyl, thienyl, thiomorpheolinyl {c.g.
thiomorpholine}, and triazolyl. These beterocyelic groups can be substituted or vosubstituted.
Where a group is substituted, the substituent can be alkyl, alkoxy, halogen, oxygen, or
substituted or unsubstituted phenyl. Peptidomimetics can also have amino acid residves that
have been chemically modified by phosphorylation, sulfonation, biotinyfation, or the addition
or removal of other meicties. For example, peptidonrimetics can be designed and directed to
amino acid sequences encoded by a FGF 13 molecule comprising SEQIDNG: 1,3,5,7, 9, or

11

681281 A variety of technigues are available for constructing peptide mimetics with the
same or similar desired biclogical activity as the corresponding native but with more
favorable activity than the peptide with respect to solubility, stability, and/or susceptibility to
hydrolysis or proteolysis (see, e.g., Morgan & Gainor, Ann. Rep. Med Chem. 24,243-252,
1989). Certain peptidomimetic compounds are based upon the amine acid sequence of the
peptides of the invention. Peptidomimetic compounds can be synthetic compounds having a
three-dimensional structure (Z.e. a peptide motif) based upon the three-dimensional structure
of a sclected peptide. The peptide motif provides the peptidomimetic compound with the
desired biological activity, wherein the binding activity of the mimetic compound is not
substantially reduced, and is ofien the same as or greater than the activity of the native
peptide on which the mimetic is modeled. Peptidomimetic compounds can have additional
characteristics that enhance their therapeustic application, such as increased cell permeability,
greater affinity and/or avidity and prolonged biological half-life. Peptidomimetic design
strategies are readily available in the art (see, e.g., Ripka & Rich (1998) Curr. Op. Chem.
Biol. 2:441-452; Hrubyet al. (1997} Curr. Op. Chem. Biol. 1:114-119; Hraby & Balse, (2000}
Curr, Med, Chem. 9:945-970),
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{80121} Bacterial and Yeast Expression Svstems. In bacterial systems, a number of

expression vectors can be selected. For example, when a large quantity of a protein encoded
by a gene, such as FGF13, 1s needed for the induction of antibodics, vectors which direct high
level expression of proteins that are veadily purified can be used. Non-Hmiting examples of
such vectors include multifimctional £, ¢cofi cloning and expression vectors such as
BLUESCRIPT (Stratagene). piN vectors or pGEX vectors (Promega, Madison, Wis. ) also
can be used to express foreign polypeptide molecules as fusion proteins with glutathione S-
transferase (GST). In general, such fusion proteins are soluble and can sasily be purified
from lysed cells by adsorption to glutathione-agarose beads followed by ehution in the
presence of free glatathione. Proteins made in such systems can be designed to inclade
heparin, thrombin, or factor Xa protease cleavage sites so that the cloned polypeptide of

interest can be released from the GST moiety at will,

[80122] Plant and Insect Expression Systems. I plant expression vectors are used, the

expression of sequences encoding a FGF13 protein can be driven by any of a number of
promoters. For example, viral promoters such as the 35S and 198 promoters of CaMV can be
used alone or in combination with the omega leader sequence from TMV. Alternatively, plant
promoters such as the small subunit of RUBISCO or heat shock promoters, can be ased.
These constructs can be introduced into plant cells by direct DNA transformation or by

pathogen-mediated transfection.

[B8123]  Awn insect systern also can be used to express the FGF13 protein. For example, in
one such system Autographa californica nuclear polvhedrosis virus {AcNPV)isused as a
vector 1o express foreign genes in Spodopiera frugiperda cells or in Trichoplusia larvae.
Sequences encoding s polypeptide of FGF13 can be cloned into a non-essential region of the
vitas, such as the polvhedrin gene, and placed under control of the polyhedrin promoter.
Successful insertion of nucleie acid sequences, such as a sequence corresponding to a gene,
such as a FOF13 gene, will render the polyhedrin gene inactive and produce recombinant
virus lacking coat protein. The recombinant viruses can then be used to infect S, frugiperda

cells or Frichoplusia larvae in which the protein or a variant thereof can be expressed.

180124] Maounalian Expression Systems. An expression vecior can include a nucleotide

sequence that encodes a FGF13 polypeptide linked 1o at least one regulatory sequence ina
manner allowing expression of the nuclectide sequence in a host cell. A number of viral-

based expression systems can be used to express 2 FGF13 protein or a variant thereof in
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mammalian host cells. For exarmple, if an adenovirus is used as an expression vector,
sequences encoding a protein can be ligated inio an adenovirgs transcription/translation
complex comprising the late promoter and tripartite leader sequence. Insertion info a non-
essential E1 or E3 region of the viral genome can be used to obtain a viable virus which
expresses a FGF 13 protein in infected host cells. Transcription enhancers, such as the Rous
sarcoma virus (RSY) enhancer, can also be used to increase expression in marmmalian host

cells,

[80125] Regulatory sequences are well known in the art, and can be selected to direct the
expression of a protein or polypeptide of interest in an appropriate host cell as described n

Goeddel, Gene Expression Technologyv: Methods in Envyvmology 185, Academic Press, San

Drego, Calif. (1990). Non-hmiting examples of regolatory sequences inciude:
polyadenylation signals, promoters {such as CMV, ASV, V40, or other viral promoters such
as those derived from bovine papilloma, polyoma, and Adenovirus 2 virases (Fiers, et al,,
1973, Nawre 273:113; Hager GL, et al,, Curr Opin Genet Dev, 2002, 12(2:137-41

enthancers, and other expression countrol clements.

{68126} Enhancer regions, which arc those sequences found upstream or downsiream of
the promoter region in nov-coding DNA regions, are also known in the art to be taportant in
optimizing expression. If needed, origins of replication from viral sources can be employed,
such as if a prokaryotic host is utilized for infroduction of plasmid DNA. Heowever, in

cukaryotic organisius, chromosome infegration is a conumon mechanisi for DNA replication.

#6127}  For stable transfection of mammalian cells, a small fraction of cells can integrate
ntroduced DINA into their genomes. The expression vector and transfection method utilized
can be factors that contribute 10 a successful integration event. For stable amplification and
expression of a desired protein, a voctor containing PNA encoding a protein of interest is
stably integrated into the genome of eukaryotic cells (for example mammalian cells, such as
cells from the end bulb of the hair follicle), resulting in the stable expression of transtected
genes. An exogenous nucleic acid sequence can be introduced toto a cell (suchas a
mammalian cell, cither a primary or secondary cell) by homologous recombination as
disclosed in U.S, Patent 5,641,670, the contents of which are herein incorporated by

reference.

[G8128] A gene that encodes a selectable roarker (for example, resistance to antibiotics or

3
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drugs, such as ampicillin, neomyein, G418, and hygromycin} can be introdoced into host
cells along with the gene of interest in order to identify and select clones that stably express a
gene encoding a protein of tnterest. The gene encoding 2 selectable marker can be introduced
mto a host cell on the same plasmid as the gene of interest or can be introduced on a separate
plasmid. Cells containing the gene of interest can be identified by drog selection wherein
ceils that have incorporated the selectable marker gene will survive in the presence of the
drug. Cells that have not jncorporated the gene for the sciectable marker die. Surviving cells
can then be screened for the production of the desired protein molecule (for example, a

protein encoded by a gene, such as FGF13),

Cell Transfection

[8012%] A eukaryotic expression vector can be used to transfect cells tn order to produce
proteins encoded by nucleotide sequences of the vector. Mammalian cells (such as isolated
cells from the hair bulb; for example dermal sheath cells and dermal papilia cells) can contain
an expression vector (for example, one that contains a gene encoding a FGF13 protein or
polypeptide) via introducing the expression vector nto an appropriate host cell via methods

known in the art,

[68138] A host cell strain can be chosen for its ability to modulate the expression of the
ins¢ried sequences or to process the expressed polypeptide encoded by a gene, such as a
FGF13 gene, in the desived fashion. Such modifications of the polypeptide include, but are
not limited to, acetylation, carboxylation, glycosylation, phosphorylation, hpidation, and
acylation. Post-translational processing which cleaves a “prepro”™ form of the polypeptide
also can be used to facilitate correct insertion, folding and/or fimction. Different host cells
which have specific cellalar machinery and characteristic mechanisms for post-translational
activities {e.g., CHO, Hela, MDICE, HEK 293, and WI38), are available from the American
Type Colture Collection {ATCC; 10801 University Boulevard, Manassas, Va. 20110-2209}

and can be chosen to ensure the correct modification and processing of the foreign protein,

16131} An cxogenous nucleie acid can be infreduced tate a cell via a variety of
techniques known in the art, such as Hpofection, microinjection, calcium phosphate or
calcium chloride precipitation, DEAE-dextran-mediated transfection, or electroporation.
Electroporation is carried out at approximate voltage and capacitance to result in eniry of the

DNA constract{s) into cells of interest {such as cclls of the end bulb of a hair follicle, for
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example dermal papilla cells or dermal sheath cells). Other transfection methods also include
modified calcium phosphate precipitation, polybrene precipitation, lipesome fusion, and

receptor-mediated gene delivery,

166132} Cells that will be genetically enginecred can be primary and secondary celis
obtained from various tissues, and mclude cell types which can be maintained and propagated
n culture. Non-limiting examples of primary and secondary cells inchude epithelial cells (for
example, dermal papilla cells, hair follicle cells, inner root sheath cells, outer root sheath
cells, sebaccous gland cells, epidermal matrix cells), neural cells, endothelial cells, ghal cells,
fibroblasts, muscle cells {such as myoblasts) keratinocytes, formed elements of the blood

{e.g., lymphocytes, bone marrow cells), and precuarsors of these somatic cell types.

[80133] Vertebrate tissue can be obtained by methods known to one skilled in the art, such
a punch biopsy or other surgical methods of obtaining a tissue source of the primary cell type
of interest. In one embodument, a punch biopsy or removal can be used to obtain a source of
keratinocytes, fibroblasts, endothehal cells, or mesenchymal cells (for example, hair folhicle
cells or dermal papilla cells). In another esnbodiment, removal of a hair follicle can be ased
to obtain a source of fibroblasts, keratinceytes, endothehial cells, or mesenchymal cells (for
example, hair follicle cells or dermal papilla cells). A mixture of primary cells can be
obtained from the tissue, using methods veadily practiced in the art, such as explanting or
enzymatic digestion (for cxamples using enzymes such as pronase, irypsin, coliagenase,
clastase dispase, and chymotrypsin). Biopsy methods have also been described in United
States Patent No. 7,419,661 and PCT application publication W(/2001/0328440, and are

hereby each incorporated by reference in their entircties.

[668134]  Primary cells can be acquired from the individual to whom the genetically
engineered primary or secondary cells are administered. However, primary cells can also be
obtained from a donor, other than the recipient, of the same species. The cells can also be
obtained from another species (for example, rabbit, cat, mouse, rat, sheep, goat, dog, horse,
cow, bird, or pig}. Primary cells can also inclade cells from an isolated vertebrate tissoe
source grown attached to a tissue culture substrate {(for example, flask or dish) or grownina
suspension; cells prosent in an explant devived from tissue; both of the aforementioned cell
types plated for the first time; and cell culture suspensions derived from these plated cells.
Secondary cells can be plated primnary cells that are removed from the colture sobstrate and

replated, or passaged, in addition to cells from the subsequent passages. Secondary cells can
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be passaged one or more times. These primary or secondary cells can contain expression
vectors baving a gene that cncodes a protein of interest {for cxample, a FGF 13 protein or

polypeptide).

Cell Culturing

[88135]  Various culturing parameiers can be used with respect to the host celi being
cultured. Appropriate culture conditions for manumalian cells are well known in the ant
{Cloveland WL, et al,, J Immunc! Methods, 1983, 56(2): 221-234) or can be determined by
the skilled artisan (see, for example, Ammal Cell Culture: A Practical Approach 2nd Ed.,

Rickwood, D, and Hames, B. B., eds. (Oxford University Press: New York, 1992)). Cell

culturing conditions can vary according to the type of host celi selected. Commmercially
available medium can be utilized. Non-limiting examples of medium inclade, for example,
Minimal Essential Mediom (MEM, Sigma, St. Louis, Mao.); Dulbecco’s Modified Eagles
Medium (DMEM, Sigma); Ham's F10 Medium (Sigrea); HyClone cell culture medivm
{(HyClone, Logan, Utah); RPMI-1640 Medium (Sigma); and chemically-defined (CD) media,
which are formulated for varicus cell types, ¢.g., CO-CHO Mediom (Jnvitrogen, Carlsbad,

Calif)).

[68136]  The cell culture media can be suppleomented as pecessary with supplementary
components or ingredients, including optional components, in appropriate concentrations of
amoumts, as necessary or desired. Cell colture medium solustions provide at least one
component from one or more of the following categories: {1} an energy source, usoally in the
form of a carbohydrate such as glucose; (2) all cssential amino acids, and usually the basic sct
of twenty amino acids plus cysteine; (3) vitamins and/or other organic compounds requited at
fow concentrations; (4} free fatty acids or hipids, for example linoleic acid; and (5) trace
clements, where trace clements are defined as imorganic compounds or naturally ocourring

clements that can be reguired at very low concentrations, usually in the micromolar range.

168137}  The medium also can be supplemented electively with one or more components
from any of the following categories: {1} salts, for exarple, magnesium, calciom, and
phosphate; (2} hormones and other growth factors such as, serum, insulin, transferrin, and
epidermal growth factor; (3) protein and tissue hydrolysates, for example peptone or peptone
mixtures which can be obtained from purified gelatin, plant material, or animal byproducts;

{4) nucleosides and bases such as, adenosine, thymidine, and hypoxanthine; (5} buffers, such
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as HEPES; (6) antibiotics, sach as gentamycin or ampicilling (7) cell protective agents, for
example pluronic polyel; and (8) galactose. In one embodiment, soluble factors can be added

to the culturing medium.

[#0138] The mammalian celi culture that can be used with the present invention is
prepared in 8 medim suitable for the type of cell being cultured. In one embodiment, the
cell colture medium can be any one of those previously discussed (for example, MEM) that is
supplemented with serum from a mammalian source (for example, fetal bovine seram (FBS)).
In another erubodiment, the medium can be a conditioned medium to sustain the growth of
epithelial cells or cells obtained from the hair bulb of @ hair follicle (such as dermal papilia
cells or dermal sheath cells). For example, epithelial cells can be cultured according to
Barngs and Mather in Animal Cell Culture Methods (Academic Press, 1998), which is hereby
incorporated by reference in its entirety. In a further enbodimend, epithelial cells or hair
follicle cells can be transfected with DNA vectors containing genes that encode a polypeptide
or protein of interest {for example, a2 FGF13 protein or polypeptide). In other embodiments
of the invention, cells arc grown 1o a suspension culture {(for cxample, a three-dimensional
culture such as a hanging drop cultare) in the presence of an effective amount of enzyme,
wherein the enzyme substrate is an extracellular matrix molecule in the suspension colture.
For example, the enzyme can be a hyaluronidase. Epithelial celis or hair follicle cells can be
cultivated according o methods practiced in the art, for example, as thoese described in ULS.

Patent No. 7,785,876, or as described by Harris in Handbook in Practical Animal Cell

Biclogy: Epithelial Cell Culture (Cambridge Univ. Press, Great Britain; 1996; see Chapter §),

which are each herchy incorporated by reference.

1#0139] A suspension culture is a type of culture wherein cells, or aggregates of cells (such
as aggregates of DP colls), multiply while suspended in liquid mediunt A suspension culture
comprising mammabian cells can be used for the maintenance of cell types that do not adhere
or io enable cells to manifest specific cellular characteristics that are not seen in the adherent
form. Some types of suspension cultures can include three-dimensional cultures or a hanging
drop culture. A hanging-drop culture is a culiure in which the material to be caltivated is
noculated into a drop of fhad attached to a flat surface (such as a coverglass, glass slide,
Petri dish, flask, and the like), and can be inverted over a hollow surface. Cells in a hanging
drop can aggregate toward the hanging center of a drop as a result of gravity. However,

according to the methods of the invention, cells cultured n the presence of a protein that
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degrades the extracelular matrin (such as collagenase, chondroitinase, hyahuonidase, and the
like} will become more compact and aggregated within the hanging drop culture, for
degradation of the ECM will allow cells 1o become closer 1o proximity o one another since
less of the ECM will be present. See also ULS. Patent Publication No. US 2010-0303767 A,

which is incorporated by reference.

[681408] Cells obtained from the hair balb of a hair follicle {(sach as dermal papilla cells or
dermal sheath cells) can be cultured as a single, homogenous population (for example,
comprising DP cells) in a hanging drop culture so as 1o gencrate an aggregate of DP cells,
Cells can also be cultured as a heterogeneous population (for example, comprising DP and
D5 cells) in a hanging drop culture so as to gencrate a chimeric aggregate of DF and DS
cells. Epithelial cells can be cultured as a monolayer to confluency as practiced in the art.
Such culturing methods can be carried out essentially according to methods described in
Chapter 8 of the Handbook in Practical Animal Cell Biology: Epithelial Cell Culture
{Cambridge Univ. Press, Great Britain; 1996); Underhill CB, J fnvest Dermatol, 1993,

Cell Culture Methods (Acadenic Press, 1998), which are all hereby incorporated by

reference in their entireties.

1668141}  Three-dimensional cultures can be formed from agar (such as Gey’s Agar),
hydrogels (such as matrigel, agarose, and the like; Lee et al,, (2004) Riomaierials 25: 2461-
24663 or polymers that are cross-linked. These polymers can comprise nataral polyrers and
their derivatives, synthetic polymers and their derivatives, or a combination thereot. Natuval
polymers can be apionic polymers, cationic polymers, amphipathic polymers, or neutral
polymers. Non-limiting examples of anionic polymers can include hyaluronic acid, alginic
acid (alginate}, carageenan, chondroitin sulfate, dextran sulfate, and pectin. Somce examples
of cationic polymers, include but are not himited to, chitosan or polylysine. (Peppas et al.,
(2006} ddv Mater. 18: 1345-60; Hoffman, A. S., (2002} Adv Drug Deliv Rev. 43: 3-12;
Hoffman, A. 5., (2001) Ann NY Acad Sci 944: 62-73). Exanples of amphipathic polymers
can include, but are not Himited to collagen, gelatin, fibrin, and carboxymethy! chitin. Non-
Hmiting examples of neutral polymers can inciude dextran, agarose, or pullulan. (Peppas ot
al., (2006) Adv Mater. 18: 1345-60; Hotfman, A. 5., (2002} ddv Drug Deliv Rev. 43: 3-12;
Hoffman, A, 8., (2001) dun NY dcad Sci 944 62-73).

{60142}  Cells suitable for culturing according to methods of the invention can harbor
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imtrochiced expression vectors, such as plasmids. The expression vector constructs can be
introduced via transformation, microinjection, transfection, lipofection, electroporation, or
infection. The expression vectors can contain coding sequences, or portions thereof,

encoding the proteins for expression and production. Expression vectors containing

2]

equences encoding the produced proteins and polypeptides, as well as the appropriate
transcriptional and translational control elements, can be generated using methods well
known to and practiced by those skilled in the art. These methods jnclude synthetic
techniques, i vifro recombinant DNA techniqoes, and 77 vive genetic recombination which

are described in J. Sambrook et al., 2001, Molecular Cloning, A Laboratory Manual, Cold

Spring Harbor Press, Plainview, N.Y. and in F. M. Auvsubel et al,, 1989, Current Protocoels in

Molecular Biology, John Wiley & Sons, New York, N.Y.

Obtaining and Purifving Polypeptides

(681431 A polypeptide molecule encoded by a gene, such as 2 FGF13 gene, or a variant
thereof, can be obtained by purification from human cells expressing a protein or polypeptide
encoded by a FOF13 gene via in vitro or in vivo expression of a nocleic acid sequence

encoding a FGF 13 protein or polypeptide; or by direct chemical synthesis.

[80144] Detecting Polvpeptide Expression. Host cells which contain a nucleic acid

encoding a FGF13 protein or polypeptide, and which subscquently express a protein enceded
by a FGF 13 gene, can be identified by various procedures known to those of skill in the art.
These procedures inchude, but are not limited to, DNA-DNA or DNA-RNA hybridizations
and protein bioassay or immunoassay techniques which include membrane, sofution, or chip-
hased technologics for the detection and/or guantification of nucleic acid or protein. For
example, the presence of a nucleic acid encoding a FGF13 protein or polypeptide can be
detected by DNA-DNA or DNA-RNA hybridization or amplification using probes or
fragments of nucleic acids encoding a FGF13 protein or polypeptide. In one embodiment, a
fragment of a mueleic acid of a FGF 13 gene can encompass any portion of about §
consecutive nucleotides of SEQ ID NG: 2, 4, 6, 8, 10, or 12, In another embodiment, the
fragment can comprise about 10 consccutive nucleotides, about 1§ consecutive nucleotides,
about 20 consecutive nucleotides, or about 30 consecutive nucleotides of SEQ ID NO: 2, 4, 6,
&, 16, or 12. Fragments can include all possible nucleotide lengths between about 8 and
about 100 nucleotides, for example, lengths between about 1S and about 100 nucleotides, or

between about 2{ and about 100 nucleotides. Nucleic acid amplification-based assays
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imvolve the use of oligonucleotides selected from sequences encoding a polypeptide encoded
by a FGF13 gene to detect transformants which contain 2 nucleic acid encoding a FGF13

protein or pelypeptide.

1#01458]  Protocols for detecting and measuring the expression of a polypeptide encoded by
& gene, such as a FGF13 gene, using cither polyclonal or monoclonal antibodies specific for
the polypeptide are well established. Non-hmiting examples inclade enzyme-linked
immunosorbent assay (ELISA), radioimmunoassay (RIA), and fluorescence activated cell
sorting {FACS). A two-site, monocional-based tonunocassay using monoclonal antibodies
reactive to two non-interfering epitopes on a polypeptide encoded by a gene, such as a FGF13

gene, can be used, or a competitive binding assay can be emploved.

[68146] Labeling and conjugation techniques are known by those skilled n the art and can
be used in various nucleic acid and amino acid assays. Methods for producing labeled
hybridization or PCR probes for detecting sequences related to vucleic acid sequences
encoding a protein, such as FGF13, inchude, but are not Iimited to, oligolabehing, mck
transiation, end-labeling, or PCR amplification using a labeled nucleotide. Alternatively,
nucleic acid sequences encoding a polypeptide encoeded by a gene, such as a FGF13 gene, can
be cloned into a vector for the production of an mBNA probe. Such vectors are known in the
art, are commercially available, and can be used to synthesize RNA probes in vitro by
addition of labeled nucleotides and an appropriate RNA polymerase such as T7, T3, or SP6.
These procedures can be conducted using a varicty of comamercially available ks
{Amersham Pharmacia Biotech, Promega, and US Biochemical). Suitable reporter molecules
or labels which can be used for ease of detection mchude radionuclides, enzymes, and
fluorcscent, chemiluminescent, or chromogenic agents, as well as substrates, cofactors,

inhibitors, and/or reagnetic particles.

(84147} Expression and Purification of Polvpeptides. Host cells transformed with a

nucleic acid sequence encoding a polypeptide, such as FGF13, can be cultured vnder
conditions suitable for the expression and recovery of the protein from cell culture. The
polypeptide produced by a transformed cell can be seoreted or contained intracelludarly
depending on the sequence and/or the vector used. Expression vectors containing a nucleic
acid sequence encoding a polypeptide, such as FGF I3, can be designed to contain signal
sequences which direct secretion of soluble polypeptide molecules enceded by 8 gene, such

as a FGF13 gene, or a variant thereof, through a prokaryotic or eukaryotic cell membrane or
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which direct the membranc insertion of membrane-bound a polypeptide molecule encoded by

a FGF13 gene or a variant thercof.

1#0148]  Other constructions can also be used to join 2 gene sequence encoding 3 FGF13
polypeptide to a nucleotide sequence encoding a polypeptide domain which will facilitate
puritication of soluble proteins.  Such purification facilitating domains fnclude, but are not
hmited to, metal chelating peptides sach as histidine-tryptophan modules that allow
purification on imunobilized metals, protein A domains that aliow purification on
immobilized immunoeglobulin, and the domain utilized in the FLAGS extension/affinity
purification system (Jmoumex Corp,, Seattle, Wash.). Inchiding cleavable linker sequences
{i.e., those specific for Factor Xa or enterokinase (Invitrogen, San Dicgo, Calif.}) between the
purification domain and a polypeptide encoded by a FGF13 gene also can be used to facilitate
purification. One such expression vector provides for expression of a fusion protein
containing a polypeptide encoded by a FGF13 gene and 6 histidine residues preceding a
thioredoxin or an enterokinase cleavage site. The histidine residues facilitate purification by
immobilized moctal ion atfinity chromatography, while the enterokinase cleavage site

provides a means for purifying the polypeptide encoded by a FGF13 gene.

180149] A FGF13 polypeptide can be purified from any human or non-human cell which
expresses the polypeptide, including those which have been transtected with expression
constructs that express a FGF13 protein. A purified FGF 13 protein can be separated from
other compounds which normally associate with a protein enceded by a FGF 13 gene in the
cell, such as certain proteins, carbohydrates, or lipids, using methods practiced n the art,
Nou-limiting methods include size exclusion chromatography, ammonium sulfate
fractionation, ion exchange chromatography, affinity chromatography, and preparative gel

clectrophoresis.

{68158 Chemical Svnthesis. Nucleic acid sequences comprising a gone, such as a FGF13

gene, that encodes a polypeptide can be synthesized, in whole or in part, using chemical
methods known in the art. Altematively, a polypeptide, such as FGF13, can be produced
using chemical methods to synthesize its amine acid sequence, such as by direct peptide
synthesis using solid-phase techniques. Protein synthesis can cither be performed using
manual techniques or by automation.  Automated synthesis can be achieved, for example,
using Applied Biosystems 431A Peptide Synthesizer (Perkin Ehmer). Optionally, fragments

of FGF 13 polypeptides can be separately synthesized and combined using chemical methods
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to produoce a full-fength molecule. In one embodiment, a fragment of a nucleic acid sequence
that comprises a FGF13 gene can encompass any portion of about & consecutive nucleotides
of REQ D NO: 2, 4, 6, 8, 10, or 12, In one embodiment, the fragment can comprise about 10
nucleotides, about 15 nucleotides, about 20 nucleotides, or about 30 nucleotides of SEQ ID
NQG: 2,4, 6,8, 18, or 12, Fragments include all possible nucleotide lengths between about 8
and about 100 nucleotides, for exampie, lengths between about 15 and about 100 nucleotides,

ar between about 20 and about 100 nucleotides.

[G8153] A FGFI3 fragment can be a fragment of 2 protein, such as FGF13. For example,
the FGFI3 fragment can encompass any portion of about § consecutive amino acids of SEQ
IBNO: 1, 3,5,7,9, or 11, The fragment can comprise about 10 consecutive amino acids,
about 2{ consecutive aming acids, about 30 consecutive amino acids, about 40 consecutive
amino acids, a least about 530 consecutive amino acids, about 60 consecutive amino acids,
about 70 consecutive amino acids, or about 75 consecutive amino acids of SEQ ID NG: 1, 3,
5,7,9, or 11, Fragmeuts include all possible amino acid lengths between about 8 and 100
about anxine acids, for example, lengths between about 10 and about 160 amivo acids,
between about 15 and about 100 amino acids, between about 20 and about 100 amino acids,
between about 35 and about 100 amino acids, between about 40 and about 100 amino acids,
between about 50 and about 100 amino acids, between about 70 and about 100 amino acids,
between about 75 and about 100 anuno acids, or between about 80 and about 100 anmino

acids.

{88152 A synthetic peptide can be substantially purified via high performance bquid
chromatography (HPLC). The composition of a synthetic polypeptide of FGF13 can be
confirmed by amino acid analysis or sequencing. Additionally, any portion of an amino acid
sequence comprising a proicin encoded by a FGF13 gene can be altered during divect
synthesis and/or combined using chemical methods with sequences from other proteins to

produce a variant polypeptide or a fusion protein,

Fdentifving FGFI3 Mpdulating Compounds

1668153}  The invention provides methods for identifying compounds which can be used for
controlling and/or regulating hair growth (for example, hair density) in a subject. Since the
invention has provided the identification of the genc listed hercin as a gene associated with a

bair foss disorder, the invention also provides methods for identifiving compounds that
s ) pod
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modulate the expression or activity of a gene and/or protein of FGF13. In addition, the
invention provides methods for identifying compounds which can be used for the treatment
of a hair loss disorder. The invention also provides methods for identifying compounds
which can be used for the treatment of hypotrichosis (for example, hereditary hypotrichosis
simplex (HHS)). Non-limiting examples of hair loss disorders include: androgenetic
alopecia, Alopecia arcata, telogen effiuvium, alopecia areata, alopecia totalis, and alopecia
universalis. The invention also provides methods for identifying compounds which can be
used for the treatment of a hair growth disorder. The tnvention also provides methods for
identifying compounds which can be used for the treatment of hypertrichosis (for example,
X-linked hypertrichosis). Non-luniting examples of bair growth disorders include X-linked
hypertrichosis, generalized hypertrichosis tevminalis with or without gingival hyperplasia,
autosemal recessive hypertrichosis, Canty syndrome, Ambras type hypertrichosis and
autosomal recessive trichomegaly. The methods can comprise the identification of test
compounds or agends (e.g., peptides (such as antitbodies or fragments thercof), small
molccules, nucleic acids (such as siRNA or antisense RNA}, or other agents) that can bind to
a polypeptide molecule encoded by a FGF13 gene and/or have a stimulatory or inhibitory
effect on the biological activity of a protein enceded by a FGF13 gene or its expression, and
subsequently deternmining whether these compounds can regulate hair growth in a subject or
can have an cffect on symptoms associated with the hair loss disorders or hair growth

disorders in an in vivo assay {i.c., cxamining an increase or reduction in hair growth).

[80154]  As used herein, 3 “FGF13 medulating compound™ refers to a compound that
interacts with a FGF13 gene or a FGF13 protein or polypeptide and modulates its activity
and/or its expression. The compound can either increase the activity or expression of a
protein encoded by a FGF13 gene. The compound can be a FGF13 agonist (e.g., a FGF13
activator). In one embodiment, the FGF13 activator is a polypeptide comprising SEQ iD
NGO 1L 3,5,7,9, or 11, or a fragiment thereof; or a peptidomimetic comprising SEQ H3 NO:
1,3,5,7,9, or 11, Conversely, the compound can decrease the activity or expression ofa
protein encoded by a FGF13 gene. The compound can be a FOF13 agonist or a FGFI3
antagonist (¢.g., a FGF13 inhibitor). Some non-limiting examples of FGF13 modulating
compounds include peptides (such as peptide fragments comprising a polypeptide encoded by
a FGF13 gene, or antibodics or fragments thereof), small molecules, and nucleic acids (such
as SIRNA or antisensg RNA specific for a nucieic acid comprising a FGF13 gene). Agonists

of a FGF13 protein can be molecules which, when bound to a FGF13 protein, increase or
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prolong the activity of the FGF13 protein. FGF13 agonists include, but are not limited o,
proteins, nucleic acids, small molecules, or any other molecule which activates a FGF13
protein. Antagonists of a FGF13 protein can be nwolecunles which, when bound to a FGF13
protein decrease the amount or the duration of the activity of the FGF 13 protein.  Antagonists
nclude proteins, nucleic acids, antibodies, small melecules, or any other meolecule which

decrease the activity of a FGF13 protein.

[80155] The term “modulate,” as it appears herein, refers to a change in the activity or
expression of a gene or protein of FGF13. For example, modulation can cause an increase or
a decrease n protein activity, binding characteristics, or any other biclogical, functional, or

mmmunological properties of a FGF13 protein.

[68186] In one embodiment, a FGF13 modulating compound can be a peptide fragment of
a FOF13 proicin that binds to the protein. For example, the FGF13 polypeptide can
encompass any portion of about 8 conseccutive aprine acids of SEQ IDNO: 1,3,5, 7,9, or
11, The fragment can comprise about 10 consecutive amino acids, about 20 consecutive
amino acids, aboot 30 consecutive amino acids, about 40 consecutive amino acids, about 50
consecutive amino acids, about 60 consecutive amino acids, or about 75 consecutive aming
acids of SEQ ID NO: 1,3,5, 7,9, or 11, Fragments include all possible amino acid lengths
between and inclading about 8 and about 100 amino acids, for example, lengths between
about 10 and about 100 amino acids, between about 15 and about 100 amino acids, between
about 20 and about 100 anyino acids, between about 35 and about 100 amino acids, between
about 40 and about 100 anino acids, between about 50 and about 100 amino acids, between
about 70 and about 100 amino acids, between about 75 and about 100 amino acids, or
between about 80 and about 100 aming acids. These peptide fragments can be obtained
comnercially or synthesized via liquid phase or solid phase synthesis methods (Atherton et

al., (1989) Solid Phase Peptide Svnthesis; a Practical Approach. 1RL Press, Oxford, England).

The FGF13 peptide fragments can be isolated from 2 natural sowree, genctically engincered,

or chemically prepared. These methods are well known in the art.

{68157} A FGF13 modulating compound can be a protein, such as an sntibody
(monoclonal, polyclonal, humanized, chimeric, or fully human), or a binding fragment
thereot, directed against a polypeptide encoded by a FGF13 gene. An antibody fragment can
be a form of an antibody other than the full-length form and inclades portions or components

that exist within full-length antibodies, in addition to antibody fragments that have been
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enginecred. Antibody fragments can inchide, but are not Hmited to, single chain Fv {scFv),
diabodies, Fv, and (Fab"),, triabodies, Fe, Fab, CDR1, CDR2, CDR3, combinations of CDR's,
variable regions, tetrabodies, bifunctional hybrid antibodies, framework regions, constant

regions, and the like {see, Maynard et al, (2000} 4un. Rev. Biomed. Eng. 2:339-76; Hudson
{1998} Curr. Opin. Biotechnol 9:395-402). Antibodies can be obtained commercially,
custom generated, or synthesized against an antigen of interest according to methods
cstablished in the art (see Roland E. Kontermann and Stefan Dithel (editors), Antibody

Engineering, Vol 1 & IE (2010) 2™ ed., Springer; Antony S, Dimitrov (editor), Therapeutic

Antibodies: Methods and Protocols (Methods in Melecular Biclogyy, (2009}, Humans Pregs;

Benny Lo (oditor) Antibody Engineering: Methods and Protocols (Methods in Molecular

Biology), (2004) Humana Press, each of which are hereby incorporated by reference in their
entirgties). For example, antibodies directed to FGF13 can be obtained commercially from
Abcam, Santa Cruz Biotechnology, Abgent, R&D Systems, Novus Biologicals, eic. Human
antibodies directed to cither FGF13 (such as monoclonal, humanized, or chimeric antibodics)
can be useful antibody therapeutics for use in humans.  {n one embodiment, an antibody or

binding fragment thereof is directed against SEQ IDNO: 1,3,5,7,9, or 1L,

[B#0158] Inhibition of RNA encoding a polypeptide encoded by a FGF13 gene can
effectively modulate the expression of 3 FGF 13 gene from which the RNA is transcribed.
Inhibitors are selected from the group comprising: sSIRNA; interfering RNA or RNAj;
dsRNA; RNA Polymerase [ transcribed DNASs; ribozymes; and antisense nucleie acids,

which can be RNA, DNA, or an artificial nucleic acid.

(30159 Antisense oligonucleotides, inchiding antisense BNA, RNA, and DNA/RNA
molecules, act to directly block the translation of mRNA by binding to targeted mRNA and
preventing protein translation. For example, antisense oligomucieotides of about 15 bases and
complementary to unique regions of the DNA sequence encoding a polypeptide encoded by a
FGF13 gene can be synthesized, e.g., by conventional phosphodiester techniques (Dallas ot
al., (2006) Med. Sci. Monit 12(4)RAG67-74; Kalota ot al., (20006} Handb. Exp. Pharmacol.
173:173-96; Lutzelburger et al., (2006) Handb. Exp. Pharmacol 173:243-59). Antisense
nucleotide sequences include, but are not Hmited to: morpholinos, 2'-G-methyl
polymicleotides, BNA, RNA and the like. In onc cmbodiment, the FGF13 antisense
oligonucleotide comprises CACCACCACCGCTTCTTTTGCTGC (SEQ I NO: 21).

[80168] siRNA comprises 3 double stranded structure containing from about 15 to about
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50 base pairs, for example from about 21 to about 25 base pairs, and having a nucleotide
sequence identical or nearly identical to an cxpressed target gene or RNA within the cell.
The siRNA comprisc a sense RNA strand and a complementary antisense RNA strand
anncaled together by standard Watson-Crick base-pairing interactions. The sense strand
comprises a nucleic acid sequence which is substantially identical to 8 nucleic acid sequence
contained within the target miRNA moelecule. “Substantially identical” to a target sequence
contained within the target mRNA refers to a nucieic acid sequence that differs from the
target sequence by about 3% or less. The sense and antisense strands of the siRNA can
comprise two complementary, single-stranded RNA molecules, or can comprise a single
molecule in which two complementary portions are base-paired and are covalently linked by
a single-stranded “hairpin” arca. See also, McMnaus and Sharp (2002) Nat Rev Genetics,
3:737-47, and Sen and Blau (2006) FASES /., 20:1293-99, the entire disclosures of which are

herein incorporaied by reference.

{8161} The siRNA can be altered RNA that differs from naterally-occurring RNA by
the addition, deletion, substitution and/or alteration of one or more nucleotides. Such
alterations can include addition of non-nucleotide material, such as 1o the end(s) of the
siRNA or te one or more internal mucicotides of the siBNA, or meodifications that make the
siRNA resistant to nuclease digestion, or the substitution of one or more nucleotides in the
siRNA with deoxyribo-nucleotides. Oue or both strands of the siRINA can alse comprisc a 3
overhang. As used herein, a 3' overhang refers to at least one unpaired nucleotide extending

5

from the 3'-end of 3 duplexed RNA strand. For example, the siRNA can comprise at least one
3" overhang of from 1 te about 6 nucleotides (which includes ribonucleotides or
deoxyribonucieotides) in length, or from 1 to about 5 nucleotides in length, or from 1 to about
4 nucleotides in length, or from about 2 to about 4 nucleotides in length. For example, each
strand of the siRNA can comprise 3’ overhangs of dithymidyliic acid (“TT™) or diwridylic acid

(m”).

{68162} siRNA can be produced chemically or biologically, or can be expressed from a
recombinant plasmid or viral vector (for example, see U.S. Patent No. 7,294,504 and U.S.
Pateni No. 7,422 896, the entive disclosures of which are herein incorporated by reference).
Exenplary methods for producing and testing dsRNA or siRNA maolecules are described in
U.5. Patent Application Publication No. 2002/0173478 to Gowirtz, U.S. Patent No. 8,071,559
to Hanvon et al., UK, Patent No. 7,674,895 to Reich ot al., and in U8, Patent No. 7,148,342
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to Tolentino et al., the entire disclosures of which cach are hereby incorporated by reference.

[80163]  In one embodiment, an sIRNA directed to 8 human nucleic acid sequence
comprising a FGF13 gone can be gencrated against SEQ IDNG: 2,4, 6,8, 10, or 12, In
another embodiment, an siRNA directed to a human nucicic acid sequence comprising a

FGFI3 gene can comprise any one of the sequences listed in Table 1.
[88164] In another embodiment, the siRNA directed to FGF13 is listed in Table 1.

Table 1. siRNA SEQUENCES for FGFI3

SEQ ID NO:

13 GAACAAAGAAGGAGAGATC
14 CAGCTTAAGGGTATAGTTA
13 ACAAAGAAGGAGAGATCAT
16 GCAACCATGTGAAGAAGAA
17 GAACAAGCCTGCAGCTCAT
1% GCACTTACACTCTOTTITAA

19 GAGAGATCATGAAAGGCAA
20 TGAAAGTGGCCATGTACAA

{38165  RNA polymerase 1IT transcribed DNAs contain promoters, such as the U6
promoter. These DNAs can be transcribed to prodoce small hairpin RNAs in the cell that can
function as siRNA or lincar RINAs that can function as antisense RNA. The FGF13
modalating compound can contain ribomaucleotides, deoxyribonucleotides, synthetic
nucleotides, or any suitable combination such that the target RNA and/or gene is inhibited.

In addition, these forms of nucleic acid can be single, double, triple, or quadruple stranded.
{(sce for exanple Bass (2001) Nature, 411:428-429; Elbashir et al., (2001) Nature, 411:4%4
498; LIS, Patent No. 6,509,154; and PCT Publication Nos. W 00/(344885, WO (1/036646,
WO 99/032619, WO 0(/01846, W 01/0290S8, WO 00/44914).

[68166] A FGFI3 modulating compound can be a small molecule that binds to a FGF13
protein and disrapts its function, or conversely, enhances its function. Small molecules are
diverse group of synthetic and natural substances generally having low molecular weights.
They can be isolated from natural sources (for example, plants, fungi, microbes and the like),
arc obtained commercially and/or available as libraries or collections, or synthesized.

Candidate small molecules that moduiate a FGF13 protein can be identified via in sifico

G
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screening or high-through-put (HTP) screening of combinatorial libraries. Most conventional
pharmaccuticals, such as aspirin, pepicillin, and many chemotherapeutics, are small
molecules, can be obtained commercially, can be chemically synthesized, or can be obtained
from random or combinatorial Hbraries as described below (Werner et al., (2006) Brigf Funct.

Genomic Proteomic 5(1):32-6).

(881671 Kuowledge of the primary sequence of a molecuale of interest, such as a
polypeptide encoded by a FGF13 gene, and the similarity of that scquence with proteins of
kunown function, can provide information as to the inhibitors or antagonists of the protein of
mterest in addition to agonists. dentification and screcning of agonists and antagonists is
further facilitated by determining structural features of the protein, e.g., using X-ray
crystallography, neutron diffraction, nuclear maguetic resonance spectrometry, and other
techniques for structure determination. These techmigques provide for the rational desigo or

identification of agonists and antagonists.

[80168] Test compounds, such as FGF13 modulating compounds, can be screened from
large libraries of synthetic or nataral compounds (see Wang et al,, (2007) Curr Med Chem,
14(2):133-55; Mannbold (2006} Curr Top Med Chem, 6 (13):1031-47; and Hensen {2006}
Curr Med Chem 13(4):361-763. Numercus means are currently used for random and directed
synthesis of saccharide, peptide, and nucleic acid based compounds. Synthetic compound
librarics are commercially available from Maybridge Chemical Co. (Trevillet, Cornwali,
UKD, AMRI {Albany, NY), ChemBridge (San Diego, CA), and MicroSource {Gaylordsville,
CT). A rare chemical library 15 available from Aldrich (Mibwaukee, Wis.). Alternatively,
libraries of natural compoumnds in the form of bacterial, fungal, plant and animal extracts are
available from c.g. Pan Laboratories (Bothell, Wash.) or MycoSearch (N.C.), or are readily
producible. Additionally, natural and synthetically produced libraries and compounds are
readily modified through conventional chemical, physical, and biochemical means (Blondelic

et al, (1996) Tib Tech 14:60).

(881681  Methods for preparing hibrarics of molecules are well known in the art and many
tibraries are commercially available. Librarics of interest in the invention include peptide
fibrarics, randomized oligonuciecotide Bbraries, synthetic organic combinatorial libraries, and
the like. Degenerate peptide Hibraries can be readily prepared in solution, in immobilized
form as bacternial flagella peptide display libraries or as phage display libraries. Peptide

ligands can be selected from combinatorial libraries of peptides containing at least one aming
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acid. Libraries can be synthesized of peptoids and non-peptide synthetic moieties. Such
librarics can further be synthesized which contain non-peptide synthetic moicties, which are
less subject to enzymatic degradation compared to their naturally-occurring counterparts. For
example, hibraries can also include, but are not limited to, peptide-on-plasmid libraries,
synthetic small molecule librarics, aptamer libraries, in vitro translation-based libraries,
polysome librarics, synthetic peptide librarics, neurotransmitter librarics, and cherical

libraries.

(681761  Examples of chemically synthesized libraries are described in Fodor et al., (1991)
Science 251:767-773; Houghten et al,, (1991) Naage 354:84-86; Lam ct al., (1991) Naure
354:82-84; Medynski, (1994) BioTechnology 12:709-710; Gallop et al, (1994) J. Medicinal
Chemisiry 37(93:1233-12351; Ohlmeyer et al, (1993) Proc. Na#l, Acad. Sci, US4 90:10922-
10926; Erb et al, (1994) Proc. Natl. Acad. Sci. US4 91:11422-11426; Houghten ct al,, (1992)
Rivtechimigues 13:412; Jayawickreme et al,, (1994) Proc. Natl Acad. Sci. US4 91:1614-1618;
Salmon et al., {1993} Froc. Nat#l. dead. Sci. USA 9(:11708-11712; PCT Publication No. W0
03/020242, dated Oct. 14, 1993; and Brenmer et al,, (1992) Proc. Naitl. dead. Sci. US4
89:5381-5383.

16171} Examples of phage display hbraries are described in Scott ot al., (1990) Science
249:386-390; Deviin et al,, (1990) Science, 249:404-406; Christian, et al,, (1992} J. Mol
Biol 227:711-718; Lenstra, (1992) 1 fmmunol Meth. 152:149-157; Kay et al,, (1993} Gene
128:59-65; and PCT Publication No. WO 94/108318.

186172}  In vitro translation-based librarics include but are not limited to those described in
PCT Publication No, WO 91/005058; and Mattheakis et al,, (1994) Proc. Natl. Acad. Sci.
US4 91:9022-9026.

881731  As used herein, the term “ligand source” can be any compound hibrary deseribed
herein, or tissue extract prepared from various organs in an organism’s system, that can be
used to screen for compounds that would act as an agonist or antagonist of a FGF13 protein.
Screening compound libraries listed herein {also see U.S. Patent No. 7,884,189, which is
hereby incorporated by reference in its entirety], in combmation with /» vive animal stadies,
functional and signaling assays described below can be used to identify FGF 13 modulating

compounds that regulate hair growth or treat hair loss disorders.

[68174]  Screening the libraries can be accomplished by any variety of commonty known
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methods. See, for example, the following references, which disclose screening of peptide
librarics: Parmley and Smith, (1989) Addv. Exp. Med. Biol 251:215-218; Scott and Smith,
{1990 Science 249:386-390; Fowlkes et al, (1992} BioTechnigues 13:422-427; Cldenburg ot
al., (1992) Proc. Natl. Acad. Sci. US4 89:5393-5397; Yu et al, (1994) Cell 76:933-945;
Staudt et al., (1988} Science 241:577-580; Bock et al,, (1992) Nature 355:564-566; Tuerk ¢t
al., (1992) FProc. Natl dcad. Sci. US4 89:6988-6992; Ellington ot al, (1992) Najure 355:850-
852 1U.S. Patent Nos. 5,006,815, 5,223,409, and 5,198,346, all to Ladner et al.; Rebar et al,,

{1993} Science 263:671-673; and PCT Publication No. WO 94/0183 18,

[80175]  Small molecule combinatorial Hbraries can also be generated and screened. A
combinatorial library of small organic compounds is a collection of closely related analogs
that differ from cach other in one or more points of diversity and are synthesized by organic
techuniques using mulbti-step processes. Combinatorial Hbraries include a vast number of
small organic compounds. One type of combinatorial library is prepared by means of parallel
synthesis methods to produce a compound array. A compound array can be a collection of
compounds identifiable by their spatial addresses in Cartesian coordinates and arvanged such
that each compound has a common molecular core and one or more variable stractural
diversity elements. The compounds in such a compound array are produced in paraliel in
separate reaction vessels, with cach compound identified and tracked by its spatial address.
Examples of parallel synthesis mixtures and paralie] synthesis methods are provided in ULS.
Ser. No., 08/177,497, filed Jan. 5, 1994 and its corresponding PCT Publication No, WO
O5/018972, as well as U.S. Pat. No. 5,712,171 and its corresponding PCT Publication No.

WO 96/G22529, which are cach hereby incorporated by reference i their entireties.

#8176}  In onc non-limiting example, non-peptide hbrarics, such as a benzodiazepine
fibrary (scc e.g., Bunin ot al., (1994) Proc. Natl. Acad. Sci. USA 91:4708-4712), can be
screened. Peptoid Hibraries, such as that described by Simon et al,, (1992} Proc. Natl Acad.
Sei. US4 89:9367-9371, can also be used. Another example of a library that can be used, n
which the amide functionalitics in peptides have been permethylated to generate a chemically
transformed combinatorial hibrary, is described by Ostresh et al. (1994), Proc. Nadl. dcad.

Sci. USA 91:11138-11142.

1661777 Computer modeling and scarching technologies permit the identification of
compounds, or the improvement of already identified compounds, that can moduate the

expression or activity of a FGF13 protein. Having identified such a compound or
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composition, the active sites or regions of a FGF 13 protein can be subsequently identified via
examining the sites to which the compounds bind. These sites can be ligand binding sites and
can be identified using methods known in the art including, for example, from the amino acid
sequences of peptides, from the nucleotide sequences of nucleic acids, or from study of
complexes of the relevant compound or composition with its natural Hgand. In the latter
case, chemical or X-ray crystaliographic methods can be used to find the active sitc by

finding where on the factor the complexed ligand 15 found.

[80178] The three dimensional goometric structure of a site, for example that of a
polypeptide encoded by a FGF13 gene, can be determined by known methods in the art, such
as X-ray crystallography, which can determine a complete molecudar structure. Sohid or
fiquid phase NMR can be used fo detormine certain intramolecular distances. Any other
experimental method of structure determination can be used 10 obtain partial or complete
geometrie structures. The geometric structures can be measured with a complexed ligand,

natoral or artificial, which can increase the accuracy of the active site structure determined.

881781  Other methods for preparing or identifying peptides that bind to a target are
known in the art. Molecular imprinting, for instance, can be used for the de novo
construction of macromolecular structures such as peptides that bind to a molecule. See, for

example, Kemneth J. Shea, Molgcular mprinting of Svnthetic Network Polvmers: The De

MNovgo synthesis of Macromolecular Binding and Catalytic Sites, TRIP Vol, 2, No. 5, May

1994; Muosbach, (1994} Trends in Biochem. Sci., 19}, and WulfY, G., in Polymeric Reagents

and Catalvsts (Ford, W. T., Ed.) ACS Symposium Series No. 308, pp 186-23(, American
Chemical Society (1986). One method for preparing mimics of a FGF 13 modulating
compound imvolves the steps of: (i} polymerization of functional monomers arcund a known
substrate (the tonplate) that exhibits & desired activity; (iD) removal of the template molecule;
and then (it1) polymerization of a second class of monomers in, the void left by the template,
to provide a new molecule which exhibits one or more desired propertics which are similar to
that of the template. In addition to preparing peptides in this manner other binding molecules
such as polysaccharides, nucleosides, drugs, nucleoproteins, Hpoproteins, carbohydrates,
glycoproteins, steroids, lipids, and other biologically active materials can also be prepared.
This method is usefud for designing a wide variety of biclogical mimics that arc more stable
than their nataral counterparts, because they are prepared by the free radical polymerization

of functional monomers, resulting n & compound with a nonbiodegradable backbone. Gther
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methods for designing such molecules mchide for example drag design based on structure
activity relationships, which require the synthesis and cvaluation of 2 number of compounds

and molecular modeling.

Screening Assays

{60186} FGE13 Modelating Compounds. A FGF13 modulating compound can bea

compound that affects the activity and/or expression of a FGF 13 protein in vive and/or in
vitro. FGF13 modulating compounds can be agonists and antagonists of a FGF 13 protein,
and can be compounds that exert their effect on the activity of a FGF 13 protein via the

expression, via posi-translational modifications, or by other means.

[60181] Test compounds or agents which bind to a FGF13 proiein, and/or have a
stimulatory or inhibitory effect on the activity or the expression of a FGF13 protein, can be
wlentified by two types of assays: (a) cell-based assays which utilize cells expressing a
FGF13 protein or a variant thereof on the cell surface; or (b) cell-free assays, which can make
use of isolated FGF 13 proteins. These assays can crapioy a biologically active fragment of a
FGF13 protein, full-length proteins, or a fusion protein which meludes all or a portionof a
polypeptide encoded by a FGF13 gene. A FGF13 protein can be obtained from any suitable
mammalian species {e.g., human, rat, chick, xenopus, equine, boving or muuring). The assay
can be a binding assay comprising direct or indirect measurement of the binding of a test
compound. The assay can also be an activity assay comprising divect or indirect
measurement of the activity of a FGF13 protein. The assay can also be an expression assay
comprising direct or indirect measurement of the expression of FGF13 mRNA nucleie acid
sequences ot a protein encoded by a FGF13 gene. The various screening assays can be
combined with an in vive assay comprising measuring the cffect of the test compound on the
symptoms of a hair loss disorder or discase in a subject (for example, androgenetic alopecia,
afopecia arcata, alopecia totalis, or alopecia universalis), hair growth disorder (for example,

hypertrichosis), or even hypotrichosis.

18182}  Anin vivo assay can also comprise assessing the effect of a test compound on

regulating hair growth in known mammalian models that display defective or sberrant hair
growth phenotypes or mammals that contain mutations in the open reading frame (ORF) of
nucleic acid sequences comprising 8 FGF13 gene that affects hair growth regulation or hair

density. In one embodiment, controlling hair growth can comprise an mduction of hair
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growth or density in the subject. Here, the compound’s effect in regulating hair growth can
be observed either visually via examining the organisin’s physical hair growth or loss, or by

assessing profein or mRNA cxpression using metheds known in the art.

166183} Assays for screcning test compounds that bind to or modulate the activity of a
FGFI3 protein can also be carried out. The test compound can be obtained by any suttable
means, such as from conventional compound libraries. Determining the ability of the test
compound to bind (0 a membrane-bound form of the FGF13 proicin can be accomplished via
coupling the test compound with a radioisotope or enzymatic label such that binding of the
test compound to the cell expressing a FGF13 protein can be measured by detecting the
labeled compoand in a complex. For example, the test compound can be labeled with “H,
M, 8, or L either directly or indirectly, and the radicisotope can be subsequently
detected by direct counting of radiccromission or by scintillation counting.  Alternatively, the
test compound can be enzymatically labeled with, for example, horseradish peroxidase,
alkaline phosphatase, or luciferase, and the enzymatic label detected by determination of

conversion of an appropriate subsirate to product.

{68184} Ccil-based assays can comprise contacting a cell expressing FGF13 with a test
agent and determining the ability of the test agent to modulate (such as increase or decrease)
the activity or the expression of the membrane-bound molecule. Determining the ability of
the test agent to modulate the activity of the membrane-bound FGF13 molecule can be
accoroplished by any method suitable for measuring the activity of such a molecule, such as
monitoring downstream signaling events {e.g., Youetal, Ann N 'Y Acad Sci. 2008
Dec;1150:300-10; Posadas et al., Expert Rev Clin el 2009 Jan;5(1):9-17; Korhonen et
al., Basic Clin Pharmacol Toxicol. 2009 Apr; 104(41:276-84; Vital et al., Ther Clin Risgk
Manag. 2006 Dec;2(43:365-75; Malek and Castro, Immumity. 2010 Aug 27;33(2):153-65;
Cheng et al., Tnmmuonol Rev. 2011 May;241(11:63-76; Lanier, Nat Immunol. 2008
May;%($1:495-502; Lowell, Cold Spring Harb Perspect Biol 2011 Mar 1;3(3). pit: a002352;
Mocsai et al., Nat Rev Ivmunol. 2010 Jun;10(6):387-402; Bradshaw, Cell Signal. 2010
Aug:22{8%:1175-84; Ivanenkov et al., Mini Rev Med Chem, 2011 Jan; 11{1):55-78; Himpe ot
al., Biofactors, 2009 Jan-Feb:35(11:76-81, each of which are incorporated by reference in

their entireties).

[68185] A FGFI3 protein or the target of a FGF 13 protein can be mmmohilized to facilitate

the separation of complexed from uncomplexed forms of one or both of the proteins. Binding
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of a test compound to a FGF 13 protein or a variant thereof, or interaction of a FGF13 protein
with a target molecule in the presence and absence of a tost compound, can be accomplished
in any vessel suitable for containing the reactants. Exanples of such vessels mchude
microtiter plates, test tubes, and micro-centrifuge tubes. In one embodiment, a fusion protem
can be provided which adds a domain that allows one or both of the proteins to be bouvnd to a
matrix (for example, ghutathione-S-transferase (GST) fusion proteins or glutathione-5-
transterase fusion proteins can be adsorbed oo ghutathione sephbarose beads (Sigma

Chemical; 8t. Louis, Mo.} or glutathione derivatized microtiter plates).

[80186] A FGFI3 protein, or a variant thereof, can also be immobilized via being bound to
a solid support. Non-limiting examples of saitable solid supports inclode glass or plastic
slides, tissue culture plates, microtiter wells, tubes, silicon chips, or particles such as beads
(including, but not hmited to, latex, polystyrene, or glass beads). Any method known in the
art can be used to attach a polypeptide {or polynocleotide) corresponding to FGFI3 or a
variant thereof, or test compound to a solid support, including use of covalent and non-

covalent linkages, or passive absorption.

{68187}  The expression of a FGF13 protein can also be monitored. For example,
regulators of the expression of a FGF13 protein can be identified via contacting a cell with a
test compound and determining the expression of a protein encoded by a FGF13 gene or
FGF13 mRNA mucleic acid sequences in the cell. The expression level of a protein encoded
by a FGF13 gene or FGF13 oRNA nucleic acid sequences in the cell in the presence of the
test compound 1s compared to the protein or mRNA expression level in the absence of the test
compound. The test compound can then be identified as a regulator of the expression of a
FGF13 protein based on this comparison. For example, when expression of a protein
encoded by a FGF13 gene or FGF13 mRNA nucleic acid sequences in the cell is statistically
or significantly greater in the presence of the test compound than in its absence, the test
compound 18 identified as a stimuolator/enhancer of expression of 8 protein encoded by a
FGF13 gene or FGF13 mRNA nucleic acid sequences in the cell. The test compound can be

said to be a FOF 13 modulating compound {such as an agonist).

[B6188]  Alternatively, wheo expression of a protein encoded by a2 FGF13 gene or FGFI3
mRNA nucleic acid sequences in the cell 18 statistically or significantly less in the presence of
the test compound than 1n 1ts absence, the compound 13 identified as an inhibitor of the

expression of a protein encoded by a FGF13 gene or FGF13 mRNA nucieic acid sequences in
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the cell. The test compound can also be said to be a FOF13 modelating compound (such as
an antagonist). The expression level of a protein encoded by a FGF13 gene or FGFI13 mRNA
nucleic acid sequences i the cell in celis can be determined by methods proviously

described.

[8618%] For binding assays, the test compound can be a small molecule which binds to and
occupies the binding site of a polypeptide encoded by a FGF13 gene, or a variant thereof.
This can make the ligand binding site inaccessible to substrate such that normal biclogical
activity is prevented. Examples of such small molecules fnclude, but are not limited to, small
peptides or peptide-like molecules. In binding assays, cither the test compound or a
polypeptide encoded by a FGF13 gone can comprise a detectable label, such as a fluorescent,
radicisotopic, chemiluminescend, or enzymatic label {for example, atkaline phosphatase,
horseradish perexidase, or luciferase). Detection of a test compound which is bound to a
polypeptide encoded by a FGF13 gene can then be determined via direct coumting of
radicemmission, by scintillation counting, or by determining conversion of an appropriate

subsirate to a deotectable product.

168190} Detormining the ability of a test compound o bind to a FGF13 protein also can be
accomplished using real-time Biamolecular Inferaction Analysis (BIA) [McConmnell et al,,
1992, Science 257, 1906-1912; Siolander, Urbanicrky, 1991, 4nal, Chem. 63, 2338-2345].
BIA is a technology for studying biospecific interactions in real fime, without labeling any of
the interactants (for example, BlA-corg™). Changes in the optical phenomenon surface
plasmon resonance (SPR) can be used as an indication of real-time reactions between

biological molecules.
o

[668191]  To identify other proteins which bind to or interact with a FGF13 protein and
modulate its activity, a polypeptide encoded by a FGF13 gene can be used as a bait protein in
a two-hybrid assay or three-hybrid assay {Szabo ¢t al,, 1995, Curr. Opin. Struct. Riol. 5, 699-
705; UK. Pat. No. 5,283 317}, according to methods practiced in the art. The two-hybrid
system is based on the modular nature of most trapscription factors, which consist of

separable DNA-binding and activation domains.

[68192] Functional Assays. Test compounds can be tested for the ability to increase or

decrease the activity of a FGF13 protein, or a variant thereof. Activity can be measured after

contacting a purified FGF 13 protein, 2 cell membrane preparation, or an intact cell with a test

S
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compound. A test compound that decreases the activity of a FGF13 protein by about 10%,
about 20%, about 30%, about 40%. about 50%, about 60%, about 70%, about 75%, about
§0%, about 90%, about 95% or 100% is identified as a potential agent for decreasing the
activity of a FGFI3 protein, for example an antagonist. A test comnpound that increases the
activity of a FGF13 protein by about 10%, about 20%, about 309, about 40%, about 509%,
about 6(%, about 70%, about 75%, about 80%, about 90%, about 95% or 100% is identificd

as a potential agent for increasing the activity of a FGF13 protein, for example an agonist.

Treatment and Prevention

168193} The invention also provides a method for treating or preventing & hair-loss
disorder in a subject. In one crbodiment, the method comprises detecting the preseuce of an
alteration it a FGFI3 gene in a sample from the subject, the presence of the alteration being
indicative of a hatr-loss disorder, or the predisposition to a hair-loss disorder, and,
administering to the subject in need a therapentic treatment against a hair-loss disorder. The
therapeutic treatment can be a drag administration (for example, a pharmaceutical
composition comprising a siRNA directed to a FGF13 nucleic acid). In one embodiment, the
therapeutic molecule to be administered comprises a polypeptide encoded by a FGF13 gene,
comprising about 75%, about 80%, about 85%, about 90%, about 93%, about 95%, about
7%, about 98%, about 59%, or 100% of the amino acid sequence of SEQ IDNG: 1, 3,5, 7,
9, or 11, and cxhibits the function of decreasing expression of a protein encoded by a FGFI3
gene. This can restore the capacity to initiate hair growth in cells derived from bair follicles
or skin. In another ermbodiment, the therapeutic molecule to be admimstered comprises a
nucleie acid sequence comprising a FGF13 gene that encodes a polypeptide, comprising
about 75%, about 80%, about 83%, about 90%, about 93%, about 95%, about 97%, about
G8%, about 99%, or 100% of the nucleic acid sequence of SEQ IDNO: 2, 4,6, 8, 10, or 12,
and encodes a polypeptide with the fumction of decreasing expression of a protein encoded by
a FOF13 gene, thus restoring the capacity to initiate hair growth in cells derived from hair

follicle cells or skin.

#0194} The alteration can be determined at the level of the DNA, RNA, or polypeptide.
Optionally, detection can be determiuned by performing an eligenucieotide Hgation assay, a
confirmation based assay, a hybridization assay, a sequencing assay, an allele-specific
amplification assay, a microsequencing assay, a melting curve analysis, a denaturing high

performance liguid chromatography (DHPLC) assay {for example, see Jones et al, {2000)
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Hom Genet., 106(6):663-R), or a combination thereof. In another embodiment, the detection
is performed by sequencing all or part of a FGF13 gene or by selective hybridization or
amplification of all or part of a FGF13 gene. A FGF13 gene specific amplification can be

carried out before the alieration identification step.

-

[668198)  An alteration in a chromosome region occupied by a FGF13 gene can be any form
of muitation(s), deletion(s), rearrangement(s} and/or insertions in the coding and/or non-
coding region of the iocus, alone or in various combination(s). Mutations can inclade point
owifations. Ionsertions can encompass the addition of one or several residues in a coding ot
non-coding portion of the gene locus. Insertions can comprise an addition of between | and
50 base pairs in the gene locus. Deletions can encompass any region of ong, two or more
residues in a coding or non-coding portion of the gene locus, such as from two residues up to
the entire gene or locus. Deletions can affect smaller regions, such as domains (introuns) or
repeated sequences or fragments of less than about 50 consecutive base pairs, althoogh larger
delctions can cccur as well. Rearrangement includes inversion of sequences. The alteration
in a chromoseme region occupicd by a FGF13 gene can result in amino acid substitutions,
RNA sphicing or processing, product fnstability, the creation of stop codons, frame-shift
mutations, and/or truncated polypeptide production. The alteration can result in the
production of a polypeptide encoded by a FGF 13 gene with altered function, stability,
targeting or structure. The alieration can also cause a reduction, or even an increase in
protein gxpression. In gne embodiment, the alteration in the chromosome region occupied by
a FF13 gene can comprise a point mutation, a deletion, or an nsertion in a FGF13 gene or
corresponding expression product. In another embodiment, the alieration can be a deletion or
partial deletion of a FOF13 gene. The alteration can be deternyined at the level of the DNA|

RNA, or polypeptide.

1668196}  In another embodiment, the method can comprise detecting the presence of altered
RNA expression. Altered RNA expression inchides the presence of an altered RNA
sequence, the presence of an altered RINA splicing or processing, or the presence of an altered
quantity of RNA. These can be detected by various techniques known in the art, including
sequencing all or part of the RNA or by selective hybridization or selective amplification of
all or part of the RNA. In a further embodiment, the method can comprise detecting the
presence of altered cxpression of a polypeptide encoded by a FGF13 gene. Aliored

polypeptide expression includes the presence of an altered polypeptide sequence, the
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presence of an altered quantity of polypeptide, or the presence of an altered tissue
distribution. These can be detected by various techniques known in the art, including by

sequencing and/or binding to specific Hgands (such as antibodies).

[806197] Varous techniques known in the art can be used to detect or quantify altered gene
or RNA expression ov nucleic acid sequences, which include, but are not limited to,
hybridization, sequencing, amplification, and/or binding to specific ligands {such as
antibodics). Other suitable methods include allele-specific oligonuclootide (ASD),
oligonucleotide ligation, alicle-specific amplification, Southern blot (for DNAs), Northern
blot (for RNAs), single-stranded conformation analysis (SSCA), 3, pulsed-field gel
electrophoresis (PFGE}, isoclectric focusing, floorescent in situ hybridization (FISH), gel
migration, clamped denaturing gel electrophoresis, denaturing HPLC, melting curve analysis,
heteroduplex analysis, RNase protection, cherrical or enzymatic mismatch cleavage, ELISA,
radio-immunocassays (RIA) and immono-enzymatic assays {(IEMA). In one embodiment, the
detecting comprises using a northern blot; real time PCR and primers directed to SEQ 1D
NO: 2, 4, 6, 8, 10, or 12; a ribonuclease protoction assay; a hybridization, amplification, or
sequencing technique to distinguish SEQ 1D NG: 2, 4, 6, 8, 19, or 12; or a combination

thereof.

[668198]  Some of these approaches (such as 3SCA and constant gradient gel
clectrophoresis (CGGE)) are based on a change 1o electrophoretic mobility of the nucleic
acids, as a result of the presence of an altered sequence. According to these techniques, the
altered sequence 1s visualized by a shift in mobility on gels. The fragments can then be
seqaenced to confirm the alteration. Some other approaches are based on specific
hybridization between nucleic acids from the subject and a probe specific for wild type or
altcred gene or RNA. The probe can be in suspeunsion or tnmobilized on a substrate. The
probe can be labeled to facilitate detection of hybrids. Some of these approaches are suited
for assessing a polypeptide sequence or expression level, such as Northern blot, ELISA and
RIA. These latter require the use of a ligand specific for the polypeptide, for example, the

use of a specific antibody.

180199]  Sequencing. Sequencing can be carried out using techniques well known in the
art, using automatic sequencers. The sequencing can be performed on the complete FGFI3
gene or on specific domains thereof, such as those known or suspected to carry deleterious

mutations or other alterations.
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[80288]  Awmplification. Amplification is based on the formation of specific hybrids
between complementary nucleic acid sequences that serve to initiate nucleic acid
reproduction. Amplification can be performed according to various techniques known o the
art, such as by polymerase chain reaction (PCR), Higase chain reaction (LCR), strand
displacement amplification {(SDA) and nucleie acid sequence based amplification (NASBA).
These techniques can be performed using commercially available reagents and protocols.
Useful techniques in the art encompass real-time PCR, allele-specific PCR, or PCR based
single-strand conformational polymorphism (SSCP). Amplification usually requires the use
of specific nucleic acid primers, to initiaic the reaction. MNucleic acid primers useful for
anplifying sequences from a FGF13 gene or locus are able to specifically hybridize with a
portion of a FGF13 gene locus that flank a target region of the locus, wherein the target
region is altered in certain subjects having a hair-loss disorder. In one embodiment,
amplification can comprisc using forward and reverse PUR primers comprising nucicotide
sequences of SHQ 1D NO: 2,4, 6, 8, 10, or 12, Noun-lmiting amplification methods include,
2., polymerase chain reaction, PCR (PCR Protocols, A Guide To Methods And

Applications, ed. Innis, Academic Press, N.Y., 1990 and PCR Strategics, 1995, ed. Innis,
Acadentic Press, Inc., N.Y.); Higase chain reaction (LCR) (Wu (1989) Genomics 4:560;
Landegren (1988) Science 241:1077; Barringer (1990} Gene 89:117); transcription
amplification (Kwoh (1989) FNAS 86:1173); and, self-sustained sequence replication
{Guatelli ( 1990) PNAS 87:1874); @ Beta replicase amplification (Smith (1997 .7 {lin,
Microbinl. 35:1477-1491), automated Q-beta replicase amplification assay (Burg (1996) Mo/
Cell. Probes 10:257-271) and other RNA polymerase mediated technigques {¢.g., NASBA,
Cangene, Mississauga, Ountario; see also Berger {1987) Methods Enzymol. 152:307-316; U.S.
Pat. Nos. 4,683,195 and 4,683,202; and Scoknanan (1995} Hiotechnology 13:563-564). All

the references stated above are incorporated by reference in their entireties.

166261}  The mvention provides for a nucleie acid primer, wherein the primer can be
complementary to and hybridize specifically to a portion of a FGF13 coding sequence (e.g.,
gene or RNA} altered in certain subjects having a hair-loss disorder. Primers of the invention
can be specific for altered sequences in a FGF 13 gene or RNA. By using such primers, the
detection of an amplification prodact indicates the presence of an alteration in a FOF13 gene
or the absence of such gene. Primers can also be used to identify single nucleotide
polymorphisms {SNPs) located in or around a FGF13 gene locus; SNPs can comprise 8 single

nucleotide change, or a cluster of SNPs in and around a FGF13 gene. Hxamples of primers of
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this invention can be single-stranded nocleie acid molecules of about § to 60 nucleotides in
length, or about 8 to about 25 nucleotides in length. The sequence can be derived directly
from the sequence of a FGF13 gone. Perfect comaplementarity s useful to ensure high
specificity; however, certain mismatch can be tolerated. For example, a nucleic acid primer
or a pair of nucleic acid primers as described above can be used in a method for detecting the

presence of or a predigposition to a hair-loss disorder in a subject.

(802621  Sclective Hybridization. Hybridization detection methods are based on the

formation of specific hybrids between complementary nucleic acid sequences that serve 1o
detect nucleie acid sequence alteration(s). A detection technique nvolves the use of a nucleic
acid probe specific for wild type or altered gene or RNA, followed by the detection of the
presence of a hybrid. The probe can be in suspension of immobilized on a subsirate or
support {for example, as in nucieic acid array or chips technologies). The probe can be
labeled o facilitate detection of hybrids. For example, a sample from the subject can be
contacted with a nucleic acid probe specific for a wild type FGF13 gene or an altered FGF13
gene, and the formation of a hybrid can be subscequently assessed. In one embodimerd, the
method comprises contacting simultancously the sample with a set of probes that are specific,
respectively, for a wild type FGF13 gene and for varigus altered forms thereof. Thus, 1t s
possible to detect directly the presence of various forms of alterations ina FGF13 gene in the

saropie. Also, various samples from various subjects can be treated in parallch

[682863]  According to the invention, a probe can be a polynucleotide sequence which is
complementary to and can specifically hybridize with a (target portion of a) FGF13 gene or
RNA, and that is suttable for detecting polynacleotide polymorphisms associated with alleles
of a FGF13 gene (or genes) which predispose to or are associated with a hair-loss disorder.
Useful probes are those that are complementary to a FGF13 gene, RNA, or target portion
thercof. Probes can comprise single-stranded nucleic acids of between § to 1000 nucleotides
int length, for instance between 10 and 300, between 15 and 700, or between 20 and 500,
Longer probes can be used as well. A uscful probe of the invention is a single stranded
nucleic acid molecule of between § 1o S00 nucleotides in length, which can specifically
hybridize to a region of a FOF13 gene or RNA that carries an alteration. For example, the

probe can be directed to a chromosome region occupied by a FGF13 gene.

[80284] The sequence of the probes can be derived from the sequences of a FGF13 gene

and RNA as provided herein. Nucleotide substitetions can be performed, as well as chemical
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modifications of the probe. Such chemical modifications can be accomphlished to increase the
stability of hybrids (e.g., intercalating groups) or to label the probe. Some exampies of labels
include, without lindtation, radioactivity, fluorescence, luminescence, and enzymatic

labeling,

186285] A guide to the hybridization of nucleic acids is found in e.g., Sambrook, ed.,

Molecular Cloning: A Laboratory Manual (37 Ed.), Vols. 1-3, Cold Spring Harbor

Laboratory, 1989; Current Protocels In Molecular Biology, Ausubel, ed. John Wiley & Sons,

Inc., New York, 2001; Laboratory Techniques in Biochenustry And Molecular Biology:

Hybridization With Nucleic Acid Probes, Part I Theory and Nucleie Acid Preparation,

Tihissen, ed. Elsevier, N.Y ., 1993,

Specific Livand Binding

[38266]  As discussed herein, alteration in a chromosome region occupied by a FGF13
gene or alteration in expression of a FGF13 gene, can also be detected by screening for
alteration(s) in a sequence or expression level of a polypeptide encoded by a FGF13 gene.,
Different types of ligands can be used, such as specific antibodics. In one cmbodiment, the
sample is contacted with an antibody specific for 8 polypeptide encoded by a FGF13 gone
and the formation of an immume complex is subsequently determined. Various methods for
detecting an inumine complex can be used, such as ELISA, radicimmunoassays (RIA) and
mmmune-enzymatic assays (1EMA). In one embodiment, levels are measured by ELISA
ysing an antibody directed to SEQ ID NO: 1,3, 5,7, 9, or 11; western blot using an antibody
directed to SEQ 1D NG: 1, 3,5, 7, &, or 11; mass spectroscopy, isocleciric focusing, or
clectrophoresis-based techniques targeting epitopes of SEQIDNO: 1,3, 5,7, %, or 11 ora

combination thereof,

{38267  For example, an antibody can be a polyclonal antibody, a monoclonal antibody, as
well as fragments or derivatives thercof having substantially the same antigen specificity.
Fragments mchude Fab, Fab'Z, or CDR regions. Derivatives include single-chain antibodies,
humanized antibodies, or poly-functional antibodies. An antibody specific for a polypeptide
encoded by a FGF13 gene can be an antibody that selectively binds such a polypeptide,
namely, an antibody raised against a polypeptide encoded by a FGF 13 gene or an epitope-
containing fragment thereof Although non-specific binding towards other antigens can oceur,

binding to the target polypeptide occurs with a higher affinity and can be rehably
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discriminated from non-specific binding. In one embodiment, the method can comprise
contacting a sample from the subject with an antibody specific for a wild type or an altered
form of a polypeptide encoded by a FGF13 gene, and determining the presence of an immune
complex. Optionally, the sample can be contacted to a support coated with antibody specific
for the wild type or altered form of a polypeptide encoded by a FGF13 gene. Inone
embodiment, the sample can be contacted simultancously, or in parallc, or sequentially, with
various antibodies specific for different forms of a polypeptide encoded by a FGF13 gene,

such as a wild type and various akiered forms thersof.

{zene Therapy and Protein Replacement Meithods

1802088]  Delivery of nucleic acids into viable cells can be effected ex vivo, in sity, or in
vive by use of vectors, such as viral vectors {e.g., fentivirus, adenovirus, adeng-associated
virus, or a retrovirus}, o1 ex vivo by use of physical DNA transfer methods (e.g., liposomes or
chemical troatments). Nown-limiting technigues suitable for the transfer of nucleic acid into
mammahlian cells i vigre include the use of liposomes, electroporation, micromjection, cell
fusion, DEAE-dextran, and the caleium phosphate precipitation method {See, for example,
Anderson, (1998) Nature, 392(66791:25 (1998)). Introduction of a nucleic acid or a gene
encoding a polypeptide of the invention can alse be accomplished with extrachromosomal
substrates (transient expression) or artificial chromosomes (stable expression). Cells can also
be cultured ex vive in the presence of therapeutic compositions of the present invention in
order to proliforate or to produce # desired effect on or activity in such cells. Treated cells

can then be introduced in vivo for therapeutic purposes.

1#0289]  Nucleic acids can be inserted into veciors and used as gene theorapy vectors, A
number of viruses have been used as gene transfer vectors, including papovaviruses, e.g.,
SV40 (Madzak et al., (1992} J Gen Virol 73 Pt 63:1533-6), adenovirus {Berkner (1992} Curr
Top Microbiol mmunol 158:39-66; Berkner (198%8) Biotechniques, 6(7):616-29; Gorziglia
and Kapilian (1992} J Virel. 66(7:4407-12; Quantin et al,, (1992} Proc Nail Acad Sci U 5 4.
89 7T12581-4; Rosenfeld et al,, (1992) Cefl. 6R8(11:143-55; Wilkinson et al., (1992} Nucleic
Acids Res. 20(9):.2233-9; Stratford-Perricaudet ¢t al, (1990) Hum Gene Ther. 1(31:241-56),
vaceinia virus (Moss (1992} Curr Opin Biotechnol. 3(51:518-22), adenc-associated viras
(Muzyezka, (1992) Curr Top Microbiol Immunol. 158:97-129; Ohi et al,, (1990) Gene.
89(2):279-82), herpesviruses including HSV and EBV (Margoiskee (1992) Curr Top

Microbiol Immunol, 158:67-95; Johnson et al, (1992) Brain Res Mol Brain Res 12{1-3)%.95-
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102; Fink et al., (1992) Hum Gene Ther. 3(1):11-9; Breakefield and Geller (1987 3o/
Neurobiol. 1{4):339-71; Freesc et al., (1990) Biochem Pharmacol 40(103):2189-99}, and
retroviruses of avian {Bandyopadhyay and Tenin (1984) Mol Cell Biol. 4(4):749-54;
Petropoudos et al., (1992).J Virol 66(63:3381-7), muwine {Miller et al. (1992) Mol Cell Biol.
12(7%:3262-72; Miller et al., (1988} J Virol 55(3):521-6; Sorge et al, (1984} Mo/l Cell Biol.
4(9):1730-7; Mann and Baltimore (1985} J Virel 54(2):401-7; Miller et al., (198%) J Virel
62(111:4337-45), and buman origin (Shimada ct al., (1991)J Clin Invest. 88(3):1043-7;
Helseth et al,, (1990).J Virol 64(12):6314-%; Page et al., (1990} J Virel 64(11):5270-6;
Buchschacher and Panganiban {1992) J Virol 66{5%.2731-9}.

[#8218] Non-Hmiting examples of in vivo gene transfer techniques inclode transfection
with viral {e.g., retroviral) vectors (see U.S. Pat. No. 5,252,479, which is incorporated by
refercnce in 1ts entirety) and viral coat protein-hiposome mediated transfoction (Dzau et al.,
{1993} Trends in Biotechnology 11:205-210), incorporated entirely by reference). For
example, naked DINA vaccines arc generally known in the ari; see Brower, (1998) Nature
Bictechnology, 16:1304-1305, which is incorporated by reference in s entirety. Gene
therapy vectors can be delivered 1o a subject by, for example, intravenous injection, local
administration {see, ¢.g., U.5, Pat. No. §,328,470) or by stereotactic injection {seg, e.g., Chen,
et al., (1994} Proc. Natl. Acad. Sci. US4 91:3054-3057). The pharmaceutical preparation of
the gene therapy vector can include the geone therapy vector in an acceptable diluent, or can
comprise a slow release matrix in which the gene delivery vehicle is imbedded.
Alternatively, where the complete gone delivery vector can be produced intact from
recombinant cells, ¢.g., retroviral vectors, the pharmaceutical proparation can include one or

more cells that produce the gene debivery system.

16211} For reviews of gene therapy protocols and methods see Anderson ot al. (1992)
Seience 256:808-813; ULS. Pat. Nos. 5,252,479, 5,747,469, 6,017,524, 6,143,290, 6,410,010
6,511,847, 8,398, 968; and 8,404,653; and U.S. Application Publication Nos. 2002/0077313
and 2002/00069, which arc all hereby incorporated by reference in their entireties. For an
example of gene therapy treatment in humans see Porter et al., MEJM 20171 365:725-733 and
Kalos et al. Sci. Transi Med. 2011, 281 3(95):95. For additional reviews of gene therapy
technology, see Fricdmann (1989) Science, 244:1275-1281; Verma, Scientific American: 68-
84 (1990); Miller (1992) Nature, 357 455-460; Kikuchi ot al. (2008} J Dermaitol Sci.
SO(2):87-98; Isaka et al. (2007) Expert Opin Drug Deliv. 4(53:561-71; Jager et al.(2007) Curr

-~
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Gene Ther. 7(4):272-83; Wagehler et al (2007 Nat Rev Genet. 8{83:573-87; Jensen et al,
(2007) Ann Med. 39(2):108-15; Herweijer ct al. (Z007) Gene Ther. 14(2):99-107; Elivalu ot
al. (2005) Molecules 10(1):34-64; and Altaras et al. (2005} Adv Biochem Eng Biotechnol.

09:193-260, all of which are hereby fncorporated by reference n their entiretics.

186282}  These methods described herein are by no means ali-inchusive, and further
methods to suit the specific application 1s understood by the ordinary skilled artisan.
Moreover, the effective amount of the compositions can be further approximated through

analogy to compounds known to cxert the desired cffect.

Protein Delivery Methods

{68213} Protein replacement therapy can increase the amount of protein by exogenously
introducing wild-type or biclogically functional protein by way of infusion. A replaccment
polypeptide can be synthesized according to known chemical technigues or can be produced
and purified via known molecolar biological techniques. Protein replacement therapy has
been developed for various disorders. For example, a wild-type protein can be purified from
& recorabinant cellular expression systern (e.g., mammalian cells or insect cells-see ULS. Pat.
MNo. 5,580,757 to Desnick et al.; ULS. Pat. Nos. 6,395,884 and 6,458,574 to Selden et al.; 1S,
Pat. No. 6,461,609 to Calhoun ¢t al,; U5, Pat. No. 6,210,666 to Miyamura et al.; UK, Pat.
No. 6,083,725 to Selden et al.; U.S. Pat. No. 6,451,600 to Rasmussen ¢t al.; U.S. Pat. No.
5,236,838 to Rasmussen ot al. and U.3. Pat. No. 5,879,680 to Ginns et al}, human placents,
or animal milk (see U5, Pat. No. 6,188,045 to Reuser et al), or other sources known in the
art. After the infusion, the exogenous protein can be taken up by tissues through non-specific

o1 receptor-mediated mechanism.

[68214] A polypeptide encoded by a FGFI3 gene can also be delivered in a controlled
release system. For example, the polypeptide can be administered using intravenous
mfusion, an implantable osmotic pump, a transdermal patch, liposomes, or other modes of
administration. In one embodiment, a pump can be used (see Sefton (1987) Riomed. Eng.
14:201; Buchwald et al. (1980} Surgery 88:507; Saudek et al. (1989 N, Engl J. Med.
321:574). In another embodiment, polymeric materials can be used (see Medical

Applications of Controlled Release, Tanger and Wise (eds.), CRC Pres., Boca Raton, Fla,

{1974); Controlled Drug Bioavailabilitv, Drug Product Design and Performance, Smaolen and

Ball (eds.}, Wiley, New York (1984); Ranger and Peppas, (1983} 1. Macromol. Sci. Rev.
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Macromol. Chem. 23:61; see also Leovy et al. (1985) Science 228:190; During et al. (1989)
Ann. Newrol 25:351; Howard ¢t al. (1989} J. Newrosurg, 71:105). In yet another
embodiment, a controlied release systom can be placed in proximity of the therapeutic target

thus requiring only a fraction of the systemic dose (see, e.g., Goodson, in Medical

Applications of Controlled Release, supra, vol. 2, pp. 115-138 {1984)). Other contrglied

release systems are discussed in the review by Langer {(Science (1990 249:1527-1533)).

Pharmacentical Compositions and Administration for Therapy

[#82151 FOF13 proteins and FGF13 moduolating compounds of the invention can be
administered to the subject once (e.g., as a single injection or deposition). Alternatively,
FGF13 proteins and FGF 13 modulating compounds can be administered once or twice daily
to a sebject n need thereof for a period of from about two to about twenty-eight days, or
from about seven to about fen days. FGF 13 proteins and FGF 13 modulating compounds can
afso be administered once or twice daily 1o a subject foraperiod of 1,2, 3,4, 5,6, 7, 8, 9, 10,
11, 12 times per year, or a combination thereof. Furthermore, FGF13 proteins and FGFI3
modidating compounds of the invention can be co-administrated with another therapoutic.
Where a dosage regimen comprises mudtiple administrations, the effective amount of the
FGF13 proteins and FGF 13 modulating compounds administered to the subject can comprise

the total amount of gene product administered over the entive dosage regimen.

8021 6] FGF13 proteins and FGF 13 modulating compounds can be administered to a
subject by any means suitable for delivering the FGF13 proteins and FGF13 modulating
compounds o cells of the subject, such as the dermis, epidermis, dermal papilla cells, or hair
follicic cells. For example, FGF 13 proteins and FGF 13 modulating compoumds can be
administered by methods suitable to transfect cells. Transfection methods for eukaryotic
cells are well known in the art, and inchude direct injection of the nucleic acid into the
nucleus or promucleus of a cell; clectroporation: liposome ransfor ov fransfor mediated by
hipophilic materials; receptor mediated nucleie acid delivery, bioballistic or particle

acceleration; calcium phosphate precipitation, and transfection mediated by viral vectors.

66217} The compositions of this invention can be formulated and administered to
reduce the symptoms associated with a hair-loss disorder by any means that produces contact
of the active ingredient with the agent’s site of action i the body of a subject, suchas s

human or animal {e.g., a dog, cat, or horse). They can be administered by any conventional
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means available for use in conjunction with pharmaceuticals, either as individual therapeutic
active ingredients or in a combination of therapeutic active ingredients. They can be
administercd alone, but are gevnerally administered with a pharmaceutical carrier selected on

the basis of the chosen route of administration and standard pharmaceuatical practice.

[86218] A therapeutically effective dose of FGF13 modulating compounds can depend
upon a munber of factors known to those or ordinary skill in the art. The dose(s) of the
FGF13 moduiating compounds can vary, for example, depending upon the identity, size, and
condition of the subject or sample being treated, further depending vpon the route by which
the composition 15 to be administered, if applicable, and the effect which the practitioner
desires the FGF13 modulating compounds to have upon the nucleic acid or polypeptide of the
invention, These smounts can be readily determined by a skilled artisan. Any of the
therapeutic applications described hercin can be applied to any subject in need of such
therapy, imchuding, for example, 2 mammal such as a dog, a cat, a cow, a horse, a rabbit, a

monkey, a pig, a sheep, a goat, or a human.

[#021%] Pharmaceutical compositions for use in accordance with the invention can be
formulated in conventional manner using one or more physiologically acceptable carriers or
excipients. The therapeutic compositions of the invention can be formulated for 2 variety of
routes of administration, including systemic and topical or localized administration.

Techniques and formulations generally can be found in Remington’s The Scicnce and

Practice of Pharmacy, 20° od. Lippincott Williams & Wilkins., Philadelphia, PA (2000}, the

entire disclosure of which is herein incorporated by reference. For systemic administration,
an mjection is useful, including intramuscular, intravenous, intraperitoneal, and
subcutancous. For injection, the therapeutic compositions of the invention can be formulated
in hiquid solutions, for example in physiologically compatible buffers such as Hank's solution
or Ringer's solation. In addition, the therapeuatic compositions can be formulated 1n sohid
form and redissolved or suspended immediately prior to use. Lyophilized forms are alsg
inchuded. Pharmaceutical compositions of the present invention are characterized as being at
least sterile and pyrogen-free. These pharmaceutical formulations inchade foromlations for

human and veterinary use.

[662208]  Accordmg to the invention, a pharmaceutically acceptable carrier can comprise
any and all solvents, dispersion media, coatings, antibacterial and antifungal agents, isotonic

and absorption delaying agents, and the hike, compatible with pharmaceutical administration.
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The use of such media and agents for pharmaceutically active substances is well known in the
art. Any conventional media or agent that is compatible with the active compound can be

used. Supplementary active compounds can also be incorporated into the compositions.

16221}  The invention also provides for a kit that comprises a pharmaceutically
acceptable carrier and a FGF 13 modulating compound (for example one described herein or
one identified using the screening assays of the invention) packaged with instructions for use.
For modulators that arc antagonists of the activity of a FGF13 protein, or which reduce the
expression of a FGF13 protein, the instructions would specity use of the pharmaceutical
composition for promoting the loss of hair on the body surtace of 8 mammal (for example,

arms, fegs, bikini area, face).

{68222} For FOF13 modulating compounds that are agonists of the activity of a FGF13
protein or increase the expression of one or more proteins encoded by the FGF13 gene, the
instructions would specify use of the pharmaceutical compaosition for regulating hair growth.
In one embodiment, the instructions would specify use of the pharmaceutical composition for

the treatment of hair loss disorders.

166223} A pharmaccutical composition containing a FGF I3 modulating compound can be
administered in conjunction with a pharmaceutically acceptable carrier, for any of the
therapeutic effects discussed herein, Such pharmaceutical compositions can comprise, for
example antibodies directed to polypeptides encoded by genes comprising a FGFI3 gene, or
variants thereof, or agonists and antagonists of a polypeptide encoded by a FGF13 gene. The
compositions can be administered alone or in combination with at least one other agent, such
as a stabilizing compound, which can be administered in any sterile, biocompatible
pharmaceutical carrier including, but not limited to, saline, buffered saline, dextrose, and
water. The compositions can be administered to a paticnt alone, or in combination with other

agents, drugs or hormones.

[68224]  Sterile injectable solutions can be prepared by incorporating the FGOF13
modulating compound (e.g., 2 polypeptide or antibedy) in the required amount in an
appropriate solvent with one or a combination of ingredients enumerated herein, as required,
followed by filtered sterilization. Generally, dispersions arg prepared by incorporating the
active compound into a sierile vehicle which contains a basic dispersion medivm and the

required other ingredients from those cnumerated hevein. In the case of sterile powders for

~3
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the preparation of sterile injectable solutions, examples of usefud preparation methods are
vacoum drying and freeze-drying which yields a powder of the active ingredient plus any

additional desired ingredient from a previcusly sterile-filtered solution thereof,

[B62258]  In somoe embodiments, the FGF13 modulating compound can be applied via
transdermal delivery systems, which slowly releases the active compound for percutancous
absorption. Permeation enhancers can be used to facilitate transdermal penetration of the
active factors in the conditioned media. Transdermal patches are described in for example,
LS. Pat. No. 5,407,713; U.S. Pat. No. 5,352.456; U.S, Pat. No. 5,332,213; U.S. Pat. No.
5,336,168; LS. Pat. No. 5,290,561; U.8. Pat. No. 5,254,346; U.S. Pat. No. 5,164,189; U.S.
Pat. No. 5,163,899; 1.8, Pat. No. 5,088,977; U.5. Pat. No. 5,087,2440; 11.S. Pat. No.
5,008,11{; and U.S. Pat. No. 4,921,475,

[80226]  Various rouvtes of administration and various sitcs of cell implantation can be
utilized, such as, subcutancous or inframuscular, in order to infroduce the aggrogated
population of cells o a site of preference. Once implanted in 8 subject (such as a mouse,
rat, or human), the aggregated cells can then stimulate the formation of a hawr follicle and the
subscguent growth of a hair structure at the site of introduction. In another embodiment,
transtected celis (for example, cells expressing a protein encoded by a FGF13 gene are
implanted in a subject to promote the formation of hair follicles within the subject. In further
embodiments, the transfecied cells are cells derived from the end bulb of a hair follicle (such
as dermal papilla cells or dermal sheath cells). Aggregated cells (for example, cells grown in
a hanging drop culture} or transfected cells (for example, cells produced as described herein)
maintained for I or more passages can be introduced {or implanted) into a subject (such as a

rat, mouse, dog, cat, human, and the like).

[86227] “Subcutancous” administration can refer to administration just beneath the skin
(i.c., beneath the dermis). Generally, the subcutancous tissue is a layer of fat and connective
tissue that houses larger blood vessels and nerves. The size of this layer varies throughout the
body and from person 1o persen. The interface between the subcutancous and muscle layers

can be encompassed by subcutancous adminisiration,

[80228] This mode of administration can be feasible where the subcutancous layer is
sufficiently thin so that the factors present in the compositions can migrate or diffuse from

the locus of administration and comtact the hair follicle cells responsible for bair formation.
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Thus, where intradermal administration is utilized, the bolus of composition admimstered is

localized proximaie to the subcutancous layer.

1682297  Administration of the cell aggregates (such as DP or DS aggregaies) is not
restricted to a single route, but can encompass adudnistration by multiple routes. For
mstance, exemplary administrations by multiple routes include, among others, a combmation
of mtradermal and intranmscular administration, or intradermal and subcutaneous
administration. Multiple adminisirations can be sequential or concurrent. Other modes of

application by vultiple routes will be apparent to the skilled artisan.

1#06238]  In other embodiments, this implantation method will be a one-time treatment for
some subjects. In further embodiments of the invention, multiple cell therapy tmplantaticns
will be required. In some embodiments, the cells used for implantation will generally be
subject-specific genetically enginecred ccls. In another embodiment, cells obtained from a
different species or ancther individual of the same species can be used. Thus, using such
cells can requive administering an immunosuppressant to prevent rejection of the implanted
cells. Such methods have also been deseribed in United States Patent No. 7,419,661 and PCT

application publication WO 2{301/32840, and arc hereby incorporated by reference.

Indiibitors

[#8231]  The inhibitors can comprise peptides {such as antibodics or fragments thereof),
small molecules, nucleic acids (such as siRNA or antisense RNA), or other agenis) that can
bind to a polypeptide molecule encoded by a gene of interest and/or molecules that have an

inhibitory effect on the biological activity of & protein of interest or Us expression.

[B0232]  As used herein, a *“FGF13 inhibitor” refers t0 a compound that interacts with a
FGF13 gene or a FGF13 protein or polypeptide and mmhibits its activity and/or its expression.

The compound can decrease the activity or expression of a protein encoded by FGF13,

1662331  In one embodiment, a FGF {3 inhibitor can be a peptide fragment that binds a

protein comprising SEQ IDNG: 1,3, 5,7, 9, or 11. For example, the fragment can
encompass any portion of about 8 consecutive aming acids of SEQ IDNG: 1,3,5,7,9, 0r
11. The fragment can comprise about 10 consecutive araino acids, about 20 consccutive
anino acids, about 30 consecutive anmuno acids, about 40 consecutive amno acids, about 50

consecutive amino acids, about 60 consecutive amino acids, or about 75 consecutive aming

t
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acids of SEQ IDNO: 1,3, 5,7, 9, or 11, Fragments include all possible amino acid lengths
between and including about 8 and about 100 amino acids, for example, lengths between
about 10 and about 100 anyino acids, between about 15 and about 100 amino acids, between
about 20 and about 100 anuno acids, between about 35 and about 100 amino acids, between
about 40 and about 100 amino acids, between about 50 and about 100 amino acids, between
about 70 and about 100 amino acids, between about 75 and about 100 amino acids, or
hetween about 80 and about 100 amine acids. These peptide fragroends can be obtained
commercially or synthesized via liquid phase or solid phase synthesis methods { Atherton et

af., (1989} Solid Phase Peptide Svathesis; a Practical Approach. IRL Press, Oxford, England).

[#0234]  An inhibitor of the invention can be a protein, such as an antibody (monoclonal,
polyclonal, humanized, chimeric, or fully human), or a binding fragment thercof, directed
agatust a polypeptide encoded by SEQ ID NO: 1, 3,5, 7,9, or 11, An antibody tragment can
be a form of an antibody other than the full-length form and inclades portions or components
that exist within full-length antibodies, in addition to antibody fragments that have been
engineered. Antibody fragments can include, but are not Hoted to, single chain Fv (scFv),
diabodies, Fv, and {(Fab"), tnabodies, Fe, Fab, CDRI, CDRZ, CDR3, combinations of CDR's,
variable regions, tetrabodies, bifunctional hybrid antibodies, framework regions, constant
regions, and the like {see, Maynard ¢t al,, (2000} 4nn. Rev. Riomed, Eng. 2:339-76; Hudson
(1998) Curr. Opin. Riotechnol, 9:395-402). Autibodies can be obtained commmercially,
custom generated, or synthesized against an antigen of interest according to methods

established in the art (Janoway et al, (2001} Immuncbiology, Sth ed., Garland Publishing).

[#0235]  An inhibitor of the invention can also be a small molecule that binds {0 a protein
and disrupts its function. Small molecules are a diverse group of synthetic and natural
substances generally baving low molecular weighis. They can be isclated from natural
sources { for example, plants, fungi, microbes and the Hike), are obtained commercially and/or
available as libraries or collections, or synthesized. Candidate small molecules that modulate
a protein can be identified via in silico screening or high-through-put {HTP) screening of
combinatorial libraries. Most conventional pharmaceuticals, such as aspirin, peniciliin, and
many chemotherapeutics, are small molecules, can be obtained commercially, can be
chemically synthesized, or can be obtained from random or combinatorial libraries (Wermner
ct al., (2006) Brief Funct. Genomic Proteomic 5{(13:32-6). In some embodiments, the agent

is a small molecule that binds, interacts, or associates with 4 target protein or RNA, Sucha

t
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small molecule can be an organic molecule that, when the target s an totracellolar target, s
capable of penetrating the lipid bilayer of a cell to interact with the target. Small moiecules
include, but are not Hmited to, toxins, chelating agents, metals, and metalloid compounds.
Small molecules can be attached or conjugated to a targeting agent so as to specifically guide

the small melecule to a particolar eell.

[668236]  An inhibitor or agonist of the mvention can be incorporated nto pharmaceatical
compositions suitabie for administration, for example the inhibitor and a pharmaceutically

acceptable carrier.

[B8237]  According to the mvention, a pharmaceutically acceptable carrier can comprise
any and all solvents, disporsion media, coatings, antibacterial and antifungal agents, isotonic
and absorption delaying agents, and the hke, compatible with pharmaceutical administration.
The use of such media and agents for pharmaceutically active substances is well known in the
art. Any conventional media or agent that is compatible with the active compound can be

used. Supplementary active compounds can also be meorporated into the compositions.

1B6238]  Any of the therapeutic applications described herein can be applied to any subject
i need of such therapy, mchiding, for example, 2 mammal such as a dog, a cat, acow, a

horse, a rabbit, 8 monkey, a pig, a sheep, a goat, or 2 human,

882381 A pharmaceutical composition of the tnvention can be administered in conjunction
with a pharmaceutically acceptable carrier, for any of the therapeutic effects discussed herein.
Such pharmaceutical compositions can comprise, for example antibodies divected 1o
polvpeptides. The compositions can be administered alone or in combination with at least
one other agent, such as a stabilizing compound, which can be administered in any sterile,
biocompatibic pharmaccutical carrier including, but not limited to, saline, buffered saline,
dextrose, and water. The compositions can be administered to a patient alone, or in

combination with other agents, drugs or hormones.

1662408} A pharmaccutical composition of the fuvention is formulated to be compatible
with 1is intended route of administration. Examples of rootes of administration include
parenteral, ¢.g., intravencus, intradermal, subcutancous, oral (e.g., inhalation), frangdermal
{topical), transmucosal, and vectal administration. Solutions or suspensions used for
parenteral, infradermal, or subcotaneous application can mehide the following components: a

sterile difuent such as water for injection, saline solution, fixed oils, polyethylene glycols,
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glycerine, propylene glycol or other synthetic solvents; antibacterial agents such as benzyl
alcohol or methyl parabens; antioxidants such as ascorbic acid or sodivm bisulfite; chelating
agents such as cthylencdisminetetraacetic acid; buffers such as acctates, citrates or
phosphates and agents for the adjustment of tonicity such as sodium chlonide or dextrose. pH
can be adjusted with acids or bases, such as hydrochloric acid or sodium hydroxide. The
parenteral preparation can be enclosed in ampoules, disposable syringes or mwltiple dose

vials made of glass or plastic.

[60243]  Pharmaceutical compositions suitable for injectable use include steride agqueous
solutions (where water sohuble) or dispersions and sterile powders for the extemporancous
preparation of sterile injectable solutions or dispersions. For intravencus administration,
suitable carriers include physiological saling, bacteriostatic water, Cremophor EM™ (BASF,
Parsippany, N1} or phosphate buffered saline (PBS). In all cases, the conposition must be
sterile and shoold be flaid to the extent that casy syringability exists. It must be stable under
the conditions of manutacture and storage and must be preserved against the contaminating
action of microorganisms such as bacteria and fungl. The carrier can be a solvent or
dispersion medium confaining, for example, water, ethanol, a pharmaceutically acceptable
polyol Bike glycerol, propylene glycol, liquid polyetheviene glycol, and suitable mixtures
therecof. The proper fluidity can be maintained, for example, by the usc of 8 coating such as
fecithin, by the maintenance of the required particle size o the casc of dispersion and by the
use of surfactants. Prevention of the action of microorganisms can be achicved by various
antibacterial and antifungal agents, for example, parabeus, chiorobutanol, phenol, ascorbic
acid, thimerosal, and the like. In many cases, it can be useful to include isotonic agents, for
example, sugars, polyalechols such as manmitol, sorbitol, sodivm chloride in the composition.
Prolonged absorption of the injectable compositions can be brought about by including in the
composition an agent which delays absorption, for exampie, sluminum monostearate and

gelatin,

{60242}  Sterile imjectable solutions can be prepared by incorporating the inhibitor (e.g., a
polypeptide or antibody or small molecule) or agonist of the invention i the required amount
i an appropriate solvent with one or a combination of ingredients enmumerated herein, as
required, followed by filtered stertlization. Generally, dispersions are prepared by
incorporating the active compound udo a sterile vehicle which contains a basic dispersion

medium and the required other fngredients from those enumerated herein. In the case of
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sterile powders for the preparation of sterile injectable solutions, examples of aseful
preparation methods are vacuum drying and freeze-drying which yields a powder of the
active ingredient phus any additional desived ingredient from a previously stertle-filtered

solation thereof.

166243}  Oral compositions generally include an inert diluent or an edible carrier. They can
be enclosed in gelatin capsules or compressed into tablets. For the purpose of oral
therapeutic administration, the active compound can be incorporated with excipienis and used
in the form of tablets, troches, or capsules. Oral compositions can also be prepared using a

fluid carrier and subscquently swallowed.

166244} Pharmaceutically compatible binding agents, and/or adjuvant materials can be
imchuded as part of the composition. The tablets, pills, capsules, troches and the like can
contain any of the following ingredients, or compounds of a simifar nature: a binder such as
microcrystalline cellulose, gum tragacanth or gelating an excipiont such as starch or lactose, a
disintegrating agent such as alginic acid, Primogel, ov corn starch; a lubricant such as
magnesium stearate or sterotes; a glidant such as colloidal silicon dioxide; a sweetening agent
such as sucrose or saccharin; or a flavoring agent such as peppermint, methyl salicylate, or

orange flavoring.

[80245] Systemic administration can also be by transmucosal or transdermal means. For
transmucosal or transdermal administration, penctrants appropriate to the barrier 1o be
permeated are used in the formulation. Such penctrants are generally known in the art, and
include, for example, for transmucosal administration, detergents, bile salts, and fusidic acid
derivatives. Transomacosal administration can be accomplished through the use of nasal
sprays or suppositories. For transdermal administration, the active compounds are formulated

into ointments, salves, gels, or creams as generally known in the art.

Rk

86246} Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. Exemplary mothods and materials are described below, although methods
and materials similar or equivalent to those described hevein can also be used in the practice

or testing of the present invention.
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[6682471  Those skilled in the art will recognize, or be able to ascertain, using no more than
routing experimentation, numerous equivalents to the specific substances and procedures
described herein, Such equivalents are considered to be within the scope of this fnvention,

and are covered by the followmg claims.

[80248] All publications and other references mentioned herein are incorporated by
reference in their entirety, as if cach individual publication or reference were specifically and
individually indicated to be incorporaied by reference. Publications and references cited

herein are not admitted o be prior art.

t
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EXAMPLES

[38248]  Examples are provided below to facilitate a more complete vnderstanding of the
invention. The following examples tllustrate the exemplary modes of making and practicing
the imvention. However, the scope of the invention is not Hmited to specific embodiments
disclosed in these Examples, which are for purposes of illustration only, since alternative

methods can be utilized to obtain similar results.
EXAMPLE 1

1862581 Genetic Basis of Hyvpertrichosis

[68253] Hypertrichosis is defined as excessive hair growth for a particular site of the body
or age of a patient that 15 not hormone-dependent. Hypertrichoses are characterized on the
basis of multiple criteria: cause {genetic or acquired), age of onset, extent of hair distribution
{universal or localized) and affected sites. Scveral different forms of hypertrichosis are being
studied v humans, including X-linked hypertrichosis (OMIM 307150), generalized
hypertrichosis terminalis with or without gingival hyperplasia (CGHT; OMIM 135400},
autosomal recessive hypertrichosis, Cantu syndrome (OMIM 239850), Ambras type

hypertrichosis (AS; OMIM 145701} and autosomal recessive frichomegaly (OMIM 190330).

[68252] Whereas many additional anomalies are associated with hypertrichosis, studies
have focused on a subset of disorders with congenital hypertrichosis which present with
excessive hair as the primary clinical feature. A consanguineous family from Mexico with
X-linked hypertrichosis, and three consanguincous families from Pakistan, one with
autosomal recessive hypertrichosis and two with autosomal recessive trichomegaly, bave

been identified. The genetic basis of hypertrichosis remains undefined.
1662531  The following projects will be undertaken:

e Perform linkage analysis on hypertrichosis families and search for CNVs (copy number

variations} using the SNP data from linkage
¢ Perform whole genome or whole exome sequencing to identify nustations
¢ Analyze the function of candidate genes

[88254] To date, the genes that control increased density of hair follicles or increased

ST -
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cahiber of the hair shaft remain umknown., Withowut being bound by theory, and based on the
patterns of inheritance within the families identified, the syndromes are inherited. The
genctic basis of this rare class of disorders will be detined using modern high-throughput

genomic technigues, and the function of the candidate genes identified will be defined.

1862585}  Background of Hypertrichosis

[68256]  Hypertrichosis syndromes fall under the larger umbrella of ectodermal dysplasias,
which are characterized by abnormal development of the hair, skin, nals, teeth and/or ecerine
glands. While these appendages vary greatly in their shape and fimction, they share several
cotmmon developmental features, namely, formation through a series of interactions between
the epithehia and adjacent mescnchyme during embryogenesis. Iderestingly, many additional
anomalies are associated with hypertrichosis. Members of the X-hinked hypertrichosis family
that was identified also exhibit dentsl anomalies and deafness. Moreover, generalized
bypertrichosis terodnalis is often associated with gingival hyperplasia, Cantu syndrome is
additionally characterized by skeletal dysplasia and cardiomegaly, and Ambras syndrome
patients conmonly present with facial dysmorphologics and bone abnormalitics. Despite the
wide range phenotypes of these syndromes, the causative mechanism(s) underlying human
hypertrichoses have remained clusive. A betier understanding of ectodormal structure
formation can provide critical insight on a wide range of birth defects and the myriad forms
of cctodermal dysplasias, as well as these related developmental processes. In particuiar,
without being bound by theory, new geunes and variants that regulate the formation of hawr

follicles and additional tissues throughout the body during development will be identified.

162577 A 389 kb interchromosomal insertion at chromoesome Xg27.1 has recently been
identified in a family from Mexico with X-Hinked hypertrichosis (CGH), using WGS (see
ahove). An interchromosomal insertion or interchromosomal insertional translocation is a
genomic rearrangement where part of one chromosome is intercalated into another, non-
homologous chromosome. The insertion that was identified contains a 389 kb segment of
chromosome 6p2 1.2 in the roverse orientation, as well as a 56 bp segment of chromosome
3g2 1.1 in the reverse oricntation, separated by 14 bp of unknown origin. In addition, the
insertion also contains a 6 bp sequence of unknown origin at the centromeric breakpoint, and
results in a 2 bp deletion at this junction (FIG. 2). Importantly, the insertion completely

cosegregates with the disease in this family,
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[668288] The duplication is located near a few genes, of which FGF13 is of interest because
of the known expression of FGF13 in the bulge stem celi compartment of the hair follicle
{(Kawano et al,, 2004). FGF13 levels are significantly decreased in the Mexican CGH
patients (FIG. 3). The relative quantity of FGF13 was assessed in CGH patients using the
same methods described above which showed that these patients have an approximately 4-

fold decrease in the amount of FGF13 when compared to control samples {p<0.001).

(80259 Expression of X chromosome genes surrounding insertion site

[#0268] To further characterize the effect of the chromosomal translocation on the genes
surrounding the insertion site in the X chromosome, the relative quantity of FS, MCFZ,
ATPLIC, CXorfo6, and SOX3 will be assessed according to the procedures described above.
These genes reside both downstream of the insertion (50X3) and between the insertion and
FGF13 (FIG. 2). Whether these genes arc expressed in normal scalp tissue will be examined
using standard PCR techniques. The genes expressed in scalp will then be quantified in the

CGH patients relative 1o control scalp tissue as performed for FGF13.

166261]  Immunofluorescence studies will next be conducted using antibodics specific o
those genes expressed in the hair follicle to ascertain if there are any changes i protein
levels. Following common laboratory procedures, tissues samples from the affected, carrier
and control individuals will be embedded in O.C.T. TissucTek (Sakura Torrence, CA, USA)
and a microtome cryostat will be used 1o create individoal slides containing hair follicle
sections for analysis. The sections will be triple stained with K 14, an cuter root sheath
marker; CDZ00, a bulge marker; and the selected antibody. Auntibody staining will be
visualized using appropriate secondary fluorophores. The same mmunofluorescent studics
will be performed on FGF13 expression in order to confirm the changes that are seen in at the

transcriptional level using gRT-PCR.

[#82627 Fluorescence in sitg hybridization

186263]  To confirm the msertion, flugrescence in situ hybridization (FISH) was performed
to confirm and demonstrate the insertion event at a cytogenetic level. A fluorescent probe
specific to the portion of chromosome 6 that is translocated to the X chromosome will be
used i conjunction with standard kavyotyping techmiques to visualize the translocation

during both the metaphase and interphase portions of mitosis.
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[80264] Methvlation states of FGF13 promoter

[B8265]  Bisulfite sequencing will be performed 1o determine the methylation status of
FGF13, helping to asscss the effect of the paticnts 389kb insertion on the activity of this gene.
Bisulfite sequencing analysis has been successfully performed on previous occasions (oh et
al, 2011). Briefhy, 1pg genomic DNA will be bisulfite converted using the EZ DNA
Methylation Gold Kit (Zymo Labs}. Resultant bisulfite converted DNA will be amplified
using specific primers for FGF13. Primers will be designed using MethPrimer, an online
program that detects CpG islands within the promoter and intronic regions of a gene.
Amplified products will be ligated into PCRIL, transformed, and resuitant clones will be

seqaenced to determine the methylation status within CpQ islands.

[86266] Functional studics of FGF13

{88267 In order to study the biological functions of FGF 13, mouse models can be very
useful. For example, an inducible transgenic animal expressing FOF13 in the hair follicle can
be used. Taconic (Hudson, NY, USA) has developed a mouse model with targeted mutation
of FGF13 (model # TF2342) and cryopreserved the line as sperma. This resource will be
utilized and a mouse line that lacks FGF13 will be generated in order to better understand the
effect of decreased FGF13 on the hair follicle and general development. Both embryonic and
postnatal imepoints will be taken and examined for gross developmental defects as well as
hair follicle defects. Without being bound by theory, the lack of FGF13 will be most
apparent on the amount of hair follicles that develops on the mouse, and previcus work has
demonsirated significant experience in assessing differences in hair follicle morphogenesis
(Fantauzzo et al., 2008b). Altogether the mouse model will provide a promising start for

future functional studies 1o decipher the molecular mechamism(s) behind the CGH phenotype.

[30268]  Further experiments that are planned include modalating FGF13 levels fn normal
human keratinoctyes (NHEKSs) and creating an organotypic skin culture. Modulation of
FGF13 levels in NHKSs will be achieved via transfection with a plasmid containing cither the
FGFi3 coding sequence of or shRNA specifically tailored to knockdown FGF13. NHKSs are
readily available and transfections will be pertformed using Lipfectamine 2000 (Invitrogen)
following standard procedures. These NHKs with different levels of FGF13 expression will
then be used in the organotypic skin culture system as described in Itoh et al. (20113 This

experiment is designed to assess the imapact of FGF13 on epidermal proliferation and
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stratification/differentiation and provide a greater understanding of the role of FGF13 in the

hair follicle.

EXAMPLE 2 — Linkaee Studies and Whele Gengme Sequencing (WEGS) in

Hvpertrichosis Families

(86269 A large kindred from Mexico was ascertained in which congenital universal
bypertrichosis with deafness and dental anomalics (Figure 4} 15 clearly segregating as an X-
hinked recessive trait. DNA was collected from 26 members of this family, three of whom are
obligate carriers and six of whom are affected. Haplotype analysis and linkage with
microsatellitc markers defined a 19 Mb region on the X chromosome that co-scgrogates with

the disease.

[80276]  First, CGH analysis identified a 389 kb duplication on chromosome 6. Next, 10
wdentify its location, WGS was performed on one affected male of this Mexican family using
the following methods. The DNA was prepared for sequencing according to the Hlomina
DNA sample preparation kit protocol. In brief, the DNA was randomly fragmented by
nebulization followed by end repair, addition of a single A base, adaptor ligation, gel
clectrophoresis to isolate 300 bp fragments followed by PCR amplification. Next, the size-
selected librarics were used for chuster generation on the flow cell. All prepared flow cells
were run on the THumina HiSeq using the paired-cnd module: the paired-end reads were cach

100 bp long.

[B6271]  DNA was aligned 1o the reference genome (NCBI Build 36 Enserobl release 50)
using the BWA software (version 0.4.9) (L1 and Durbin, 2009). Picard was used to remove
potential PCR duplicates via the rmduop command. SAMitools (version (.1.5¢) was used for
variant identification, using the pileup command with the —¢ option and default settings (Li et
al., 2009). The variants were then filtered using SAMtool’s variation filter with the default
settings but removing the filter for 2 maximum allowed coverage per variant by setting it to
10 million. All variants were screened for quality by only keeping those with a consensus
score and quality score of at least 20 (50 for indels) and that had at least 3 roads supporting
the variant. Heterozygous indels were also excluded if the ratio of variant reads to reference
reads was less than 0.2. The average coverage for this sample was 44.4x. Large structiral
variants were identified with the Estimation by Read Depth with SNVs (ERDS;

http//www duke.edu/~mz34/erds. htm) software.
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{88272} The genomewide identification of functional gene variants is facilitated by
SequenceVariantAnalyzer (SYA) {Ge et al,, 201 1) a suite of bicinformatics tools which
allows evaluation and prioritization of vartants that oay have a functional effect. SVA
comprises two modules, the annotation module and the biostatistical module. The annotation
modide is used to determine and filter the genomic context and potential function of the
identificd varianis. It performs three main functions: (1) determines the novelty of each
identificd variant; (2 annotates the functions of the identificd variants; (3) enables filtering of
genetic variants by gene or gene-sets, gene ontology terms, or molecular pathways. The
biostatistical module enables the comparison of the newly identified and annotated genetic
variants 1o those already identified, both from public databases and trom other sampie sets

sequenced.

162731 SV-Finder is an unpublished new program for identifying structural variamts (8Vs)
from next generation sequencing data. It utilizes moltiple alignment based approaches with
emphasis on split-read and pair-end. The main ides is that SVs with supports from more than
one approach will be given additional benefit scores; therctore stringent eriteria can be used

to filter false positive ones.

[66274]  Importantly, using these methods, a 389 kb chromosomal insertion was identified
at chromosome Xg27.1 in the Mexican family with congenital X-linked hypertrichosis {see

Example 1}.

EXAMPLE 3 - Copv Number Variation and Position Effects in Hvpertrichosis

166278) A family was recently identfied in which a position effect on the SRY-box
transcription factor SOX9 is associated with congenital hypertrichosis terminalis with mild
gingival hyperplasia {CGHT) in the affected father and son (proband). The family members
were genotyped using the Affymetrix Cytogenetics Whole-Genome 2.7M Array and a series
of four new duplications were identified within a 2.4 Mb region in chromosome 17¢24.2-
g24.3. The telomeric end of this region lies 975 kb upsiream of SOX9. Quantitative PCR
(gPCR) analysis confirmed that the proband had a 2.24-fold increase (p<0.001) in relative
copy number of one aroplicon within the region and a 1.54-fold increase (p<0.05) of a second
amplicon within the daplication region, as compared to an unaffected control individeal.
Immumaefloorescence analyses was additionally performed on a biopsy taken from the

posterior neck of the proband and 2 sample taken from the scalp of an unaffected control
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mdividual, revealing a striking decrease in SOX9 protein expression throogh the follicle

epitheliom of the patient (Figure 5).

[68276]  In addition, the DNA of a patient with sporadic Cantu syndrome was analyzed.
Using the Affymetrix Cytogenetics Whole-Genome 2.7M array, a 363 kb duplication on
chromosome 4¢26-g27 was 1dentified. The duplication region encompassed three genes,
MYOZ2, USPS3 and FABP2. Genomic copy number quantification was performed using
qPCR and confirmed the duplications in all three genes. Additionally, the expression of these
genes was exanined 1o the hair follicle and USPS3 was expressed fo the outer root sheath
layer (Figure 6). These data mdicate the association of CNVs with the pathogenesis of Canta

syndrome.

8682771 A position effect on the zine-finger transcription factor TRPST can be associated
with g third form of hypertrichosis in humans, Ambras syndrome (AS) (Fantauzzo ¢t al,,
2008). An 11.5 Mb candidate interval was examined for AS on chromosome 8q23-g24 based
on cytogenetic breakpoints i three patients. One of these patients had an inversion

~
I
i

breakpoint 7.3 Mb downstream of TRPS1. To determine the effect of the inversion on
TRPS1 transcript expression, RNA from tymphoblast cell Hnes derived from the blood of the
paticnt and an vonaffected parerd was isolated. Quantitative Real-Time PCR analysis of
multiple transcripts spanning 8¢g23-q24 revealed a striking reduction {(97.35%, p<0.0001} in

TRPS1 expression in the patient (Fantauzzo ot al., 2008).

682781  Without being bound by theory, CNVs and position effects are a genetic

mechanism of discase in at least four different forms of hypertrichosis.

EXAMPLE 4 - Whele Exome Sequence Analvsis in Consancuineous Recessive Families

882781  Whole exome sequencing in recessive hypertrichosis families will be performed.
To demonstrate familiarity with these methods in other diseases, the example described

herein is representative.

[60288] A large consanguincous family was ascertained in which peeling skin syndrome
noninflammatory type A (OMIM 270300) 15 segregating as a recessive trait. Whole-genome
genotyping was performed with a low density genotyping array on 18 family members and a
15 Mb region on chromosome 19 was identitied with strong evidence for allele sharing

among affected individuals, with a LOD score of 10.9. Because the region was well-defined,
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whole-exome sequencing on a single affected family member could be performed. A total of
3,440 variants was identified in the genome of this person, 477 of which were not present in
any public databases or a database of cthndcally-matched samples. However, only 1 of these
variants, located within the gene CHSTS, was homozygous and located within the autozygous
region. This finding was validated to be a new missense mutation with Sanger sequencing in
all members of the pedigree and demonstrated co-segregation of the variant with the trait, and

showed the impact of the routation on protein function using cnzymatic assays.

EXAMPLE 5 — Functional and Expression Analvsis of Newly Identified Disease Genes

{60281} The CHSTS gene encodes a member of the carbohydrate sulfotransterase family
of proteins, named N-acetylgalactosamine-4-O-sulfotransferase 1 {GalNAc4-ST1), which
carries out sulfation of carbohydrates. Tmmuonohistochemistry was performed on normal skin
sections with a polyclonal antibody raised against GalNAc4-ST1, and cxpression of
GalNAc4-8T1 was observed throughout the epidermais, predominantly in the graouiar and
cormified layers. In order to investigate the effect of the 229C>T homozygous mutation
{which substitites an arginine amino acid residoe by a tryptophan) on the fimetion of
GalNACc4-ST1, wild-type and muotant CHSTR cDNA constructs were first generated and
cxpressed o a keratinocyic cell Hne. Western blot analysis revealed the presence of a lower
molecular weight rmmunoreactive band m addition to the full length protein in cells
transfecied with the mutant CHSTE construct, which is not observed in cells transfected with
the wild type CHSTS construct. hromunofluorescence statning with the polyclosal GalNAc4-
ST1 antibody showed that GalNAc4-3T1 co-localizes with the Golgi apparatus, both in cells
expressing wild type and mudant recombinant GalNAc4-ST1. A colorimetric assay was also
performed for sulfated glycosaminoglycans {GAGs) quantification based on the ability of
sulfated GAGs to bind the cationic dye 1,9-dimethylmethylene blue. This method was used to
compare the total amount of suifated GAGs between cells ransfected with wild type and
mutant CHSTS constructs. Results showed decreased levels of total sulfated GAGs n cells
transfocted with the motant CHSTE construct compared to wild type, indicating loss of

function of mutant GalNAc4-8T1.

166282]  Additionaily, the function of a gene that was recently demonstrated as playing 2
pathogenic vole in hereditary leukonychia (poreclain nails or white nails, OMIM 151600) was
also similarly analyzed using whole exome sequencing. Foor familics of Pakistam origin

were identified showing featurces of hereditary levkonychia, Using Affymetrix 10K chips,
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hinkage to chromosome 3p22-p21.3 was established with a LOD score {(Z) of 5.1, Pathogenic
mutations were identified in the PLED! gene, which encodes phosphoinositide-specitic
phospholipase C delta | subunit, a key enzyme in phosphoinositide metabolism, n all four
familics. PLCD1 15 expressed in the nail matrix and determined by proteomic analysis that it
18 a component of the human nail plate. Furthermore, mutations in PLCD resulted in

reduced enzymatic activity of the protein in viire {see Kiura et al., 2011},

EXAMPLE 6 — Method of Study

(B0283] 7o perform linkage analvsiy on hvpertrichosis families and to search for CNVs

wsing the SNF data from linkage

[80284] Podigrees and power analysis for linkaoe. Gene mapping in consanguingous
familics has proven o be a powerful method for identitying autosomal recessive discase
genes. Four consanguineous families were ascertained, of which two are segregating
trichomegaly (OMIM 190330, Figure 7A and 7B), one is scgregating hyvpertrichosis (Figure
7} and one is segregating gingival hyperplasia (Figure 8), all of which are cousistent with
transmission of a recessive disecase allele. For one of the familics segregating trichomegaly
(Figure 78}, cight members were ascertained, six of whom are affected. For the second
family (Figure 7A), 18 members were ascertained, eight of whom are affected. For the
families scgregating hypertrichosis (Figure 7C) and gingival hyperplasia (Figure 8), 7
members were ascertained, 2 of whom are affected and 22 members, 12 of whom are
affected, respectively. Family based linkage studies will be performed on these pedigrees,

which have significant power for linkage.

[80285] Specifically, as has been done with success with other families, genome-wide
scans will first be performed on members of these autosomal recessive familics with
generalized hypertrichosis, trichomegaly, and gingival hyperplasia using the low density
Affymetrix 10K SNP array. Imitial analysis will inchide genome-wide autozygosity mapping
to identify regions identical by descent that are shared among affected individuals.

Parametric linkage analysis will be performed twice, once using SNP genotypes and once
using haplotypes. All tests will assume a recessive mode of inheritance with 100% penetrance
and a disease allele frequency of 3.001. Microsatellite markers spanning the regions of
autozygosity will be used to genotype members of the family and to detect key recombination

gvents.
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(66286} Genotyping using {Hlumina Human 1M Do Platform. The Human 1M Duo

beadchip will be used for the genotyping platform because of extensive experience with
Tlumina arrays. Tmportantly for this project, this platform contains both SN markers to be
used for mapping and CNV probes, which will be used for analysis of struenural variants,
COmce regions with evidence for harboring a discase allele are identified, fine mapping with
microsatellite markers will then be performed to exclude spuricus linkage peaks and narrow
the ntervals. Critical recorabination events will define minimal regions of hinkage and
candidate genes will be prioritized based on fumctional evidence and/or expression patterns in
the fiterature, These will be sequenced and mutations will be analyzed by comparison to
databascs and by excluding them as polymorphisms in the general population. These
methods have been used successfully to identify numerous new disease genes i Mendelian

disorders. (Kigru et al,, 201 1; Kuwrban et al., 2010; Shimomura ¢t al, 2010).

{68287 Statistical Apalysis for Linkage. The conumereial software package Gencspring

GT {Agilent) will be used to perform stringent quality control filtering of the data and
statistical analysis. Parametric linkage analysis will be performed on subsets of uncorrelated
SNP markers and also additionally on haplotypes that will be fnferred from the SNP data.
Autorygosity mapping will also be conducted on SNPs and haplotypes. By integrating
evidence across these statistical methods we will identify a set of regions with evidence for
harboring the discase alicle. These statistical methods for Hinkage analysis have been used
successiully as evidenced by Kurban et al. (2011} amongst other recent publications. (Kiura

et al., 2011; Kurban ot al, 2010; Wajid ot ak, 20183,

[#0288]  Analysis of Hlumina Array Data for CNVs. Several large-seale chromosomal

rearrangements, inclading translocations, have been associated with hypertrichosis
syndromes. (Kim et al., 2010; Sun et al,, 2009; Zhu et al, 2011). However, sinee no gene
distuptions have been detected at the inversion breakpoints, these findings point to a more
complex role of chromosomal architecture in the pathogenesis of hypertrichosis. In fact,
recent evidence points to an association of these syndromes with position effects sccondary to
copy number variations. Une example of this is the identification of a position effect on the
transcription factor SOX9 which is associated with COHT. A position effect is an alteration
i gene expression caused by a change in the position of 8 gene relative to its native
chromosomal surroundings. Gene expression can be affected by a varicty of mechanisios, for

exanple, disruption of transcriptional regulation in ¢is and/or modification of the surrounding
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chromatin structore. The resulting phenotype may be attributed to separation of the gene from
a tissue- or temporal-specific modifier of gene expression, such as an enhancer or repressor
clement. In the case of hypertrichoses, CNVs within the linkage regions maay help define the
molecular basis of hypertrichosis related syndromes which have unrelated and seemingly

disparate clinical features.

[6628%] The lHomina Homan 1M Duo arrays that will be used for the above linkage
analysis also contain around 60,000 CNV-targeted markers, covering regions such as
scgmental duplications, megasatellites, and regions lacking SNPs. As such, we will be able
to perform Hnkage and CNV analysis simultaneously on the same samples. The ONVs will
be compared to hundreds of controls in the HapMap data and to several controls performed in

our cytogenetics laboratory.

[80298] Confirmation and Validation of CNVs using gPCR. To confirm any duplications
or deletions identified in the CNV analysis, quantitative PCR {qPCR) analysis will be
performed using the DNA of the patients of interest as well as that of unaffected control
mdividuals, to examine the relative copy number of amplicons within the vicinity of the
anomaly. Reactions will be prepared using Power SYBR Green PCR Master Mix, 500 nM
primers and 50 ng of gepomic DNA ina 20 pl reaction volume. qPCR analysis will be
performed on an ABI 7300 machine using the following protocol: step 1: SG°C for 2 min;
step 20 95°C for 10 min; step 3: 95°C for 15 s; step 4: 60°C for 1 min; repeat steps 3 and 4 for
40 cycles. All sarples will be ron in triplicate for three independent runs and normalized
against an fnternal control, GAPDH. Results will be analyzed with ABI Relative
Cuantification Study software. Differences in relative copy munber between the patient and
an unatfected conirol individual with a p-value less than or equal to .05 will be considered

significant.
180281} To perform whole genome or whole exome sequencing 1o identify mutations

[68292] Whole exome sequencing has recently proven to be an extremely efficient method
for 1dentitying genetic lesions that cause Mendelian disecases, primarily because the vast
majority of these discases are caused by mutations in the coding regions of genes. This
experiment allows for the simuoitaneous survey of all coding regions in the genomes of family
members to catalogue all variants that are cosegregating with the discase. A battery of

bioinformatic approaches can be used to filter through vadiant lists 1o identify the causative
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gene. These methods have been successfolly used previously.

(882831  Whole Exome or Whole Genome Sequence Analysis. The SureSelect Human All

Exon Kit (Agilent) will be used o capture the exomes of a subsct of family members. This
kit targets approximately 38 Mb of the genome in a single tube, covering 1.22% of human
genomic regions corresponding to the coding exons. Captured exons will then be subject to
patred end sequencing on an Applied Biosystems SOLID 4 next generation sequencing

systern, and reads will be aligned using the Bioscope software for SOLID.

[#0284]  Analysis of Bata from WGS and Identification of Variants. Sequence data is first

mapped into a refercnce genome based on the March 2006 uman reference sequence (hglé),
using the SHRIMP algorithm with its default parameters. SOLAD platform craploys a two-
base encoding system, where a single variation in the color space solely indicates 8
sequencing crror and two consecutive variations in the color space point o a basc change in
the nucleotide-space. o the analysis, the reads with a maxiowrn number of two color-space
mismatches that are also uniquely mapped to the reference genome will be included. An
average 90.1% of the reference genome will be covered in each sample, where the mean
depth will be 42 per base. Less restrictive filtering would increase the false-positive rate of

candidate genomic variants without improving the coverage to any great extent.

[60295]  Variant lists arc then filtered against public databascs of variants {¢.g. HapMap,
1000s Geneme Project) as well as a population-matched database that we have created from
our previous whole exome sequencing experiments. Variants that remain will then be
prioritized for validation on the basis of predicied mutational consequences and reported gene

functions.

186296] Confirmation and Validation of Sequence Variants. Sanger sequencing of PCR

amplified exons will be used to validate next-generation sequencing results. Validated
variants will then be genotyped in all family members to determine pattemns of cosegregation

<

with the disease.

1662977 Quantification of gene expression. To determine the outcome of putative position

effects, chromosomal rearrangements and CNVs on the expression levels of specific
transcripts of interest in the hair follicle, quantitative RT-PCR will be performed and gene
expression will be compared between affected and non-affected individuals., Genes will be

selected on the basis of their relashiounship with the next genetic region, for example, within,
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upstream and downstream of a CNV. In order to conduct this experiment, biopsies will be
taken from the affected arcas of hypertrichosis patients and from matching body sitc locations
of non-affected individuals, RNA will be extracted and gene expression levels will be
compared between these biopsies. gPCR analysis will be performed as described, exeept that

cDNA will be used instead of genomic DNA.
(66298} References

Fantauzzo, KA., Bazzi, H,, Jahoda, C A, Christiano, A M., Dynamic expression of the zinc-
finger transcription factor Trps during hair follicle morphogenesis and cycling. Gene Expr

Patterns. 2008b. 8: 51-7.

Fantauzzo, KA., Tadin-Strapps, M., You, Y., Mentzer, $.E., Baumeister, F A, Cianfarani,
S., Van Maldergem, L., Warburton, D, Sundberg, J.P., Christiano, A.M., A position effect on
TRPST is associated with Ambras syndrome in humans and the Koala phenotvpe in mice.

Hum Mol Genet., 2008. 17: 3539-51.

Ge, D, Ruzzo, EK., Shianna, K.V, He, M., Pelak, K., Hemzen, E.L., Need, A.C., Cirulhi,
E.T., Maia, J M., Dickson, S.P., Zhny, M., Singh, A, Allen, A.S,, Goldstein, D.B,, SVA:
software for annotating and visualizing sequenced human genomes. Bioinformatics, 2011,

27 p. 1998-2000.

Itoh, M., Kiuru, M., Cairo, M.S,, Christiano, A.M., Generation of keratinocytes from normal
and recessive dystrophic epidermolysis bullosa-induced phiripotent stem cells. Proc Natl

Acad SciU S AL, 2011, 108: 8797-802.

Kim I, Lee G, Chot JR, Kurban M, Christiano AM, Levy B, Kim JH, Ma SH, Lee KA.
Ambras syndrome in a Korgan patient with balanced pericentric inversion (8¥p11.2g24.2).

Dermatol Sci. 2010 Sep;59(3):204-6.

Kawano M, Suzuki S, Suzuki M, Oki §, Imamura T. Bulge- and basal layer-specific
expression of fibroblast growth factor-13 (FHF-2) in mouse skin. J Invest Dermatol. 2004

May;122(53:1084-90,

Kiurg M, Kurban M, ltich M, Petukhova L, Shimomura Y, Wajid M, Christiano AM.
Hereditary levkonyehia, or porcelain nails, resulting from mustations in PLCDI. Am J Hum

Gengt. 2011 Jun 10:88(6):835-44,

- 91 -



WO 2013/149191 PCT/US2013/034683

Kuorban, M., Wajid, M., Petukhova, L., Shimomura, Y., Christiano, A M., A nonsense
mutation in the HOXD 13 geoe underlics synpolydactyly with incomplete penetrance. J Hum

Genet., 2011, [Epub ashead of print].

Kurban M, Wajid M, Shimomura Y, Christiano AM. A nonscnse mutation in the SCN9A

gene in congenital insensitivity to pain. Dermatology. 2010;221(2):179-83.

Li, H. and R. Durbin, Fast and accurate short read alignment with Burrows-Wheeler

transform. Bioinformatics, 2009, 25: 1754-17640.

L4, H., Handsaker, B., Wysoker, A,, Fenoell, T, Ruan, J., Homer, N, Marth, G., Abecasis,
G., Dwrbin, R, 1000 Genome Project Data Processing Subgroup, The Sequence

Alignment/Map format and SAMtools. Bioinformatics, 2009. 25: 2078-2079.

Shimomura Y, Wajid M, Petukbova L, Kurban M, Christiano AM. Autosomal-dominant
woolly hair resulting from disruption of keratin 74 (KRT74), a potential determinant of

human haw texture. Am J Hure Genet, 2010 Apr 9;86(4):632-8.

Sun M, LAN, Dong W, Chen 7, Liu Q, Xu Y, He G, Shi Y, Li X, Hao J, Luo Y, Shang D, Lv
D, MaF, Zhang D, Hua R, Lu C, Wen Y, Cao L, Irvine AD, McLean WH, Dong (3, Wang
MR, Yul, He L, Lo WH, Zhang X. Copy-munber mutations on chromosome 17924.2-q24.3
in congenital generalized hypertrichosis terminalis with or without gingival hyperplasia. Am

T Hum Genet. 2009 Jun;84(6):807-13.

Wajid M, Kurban M, Shimonmura Y, Christiano AM. NIPAL4/ichthyinis expressed inthe
granular Jayer of human epidermis and mutated in two Pakistand families with autosomal

recessive ichthyosis. Dermatology. 2010;220(1 1:8-14.

Zhu H, Shang D, Sun M, Choi §, Liv @, Hao J, Figuera LE, Zhang F, Choy KW, Ao Y, Liu
Y, Zhang X1, Yue F, Wang MR, hn L, Patel Pi, Jing T, Zhang X, X-hnked congenital
hypertrichosis syndrome is associated with interchromosomal insertions mediated by a

human-specific palindrome near SOX3. Am J Hum Genet. 2011 Jun 10;88(6):819-26

Kawano et al, 2004, Bulge- and Basal Layer-Specific Expression of Fibroblast Growth
Factor-13 (FHF-2) in Mouse Skin, Journal of Investigative Dermatology (2004) 122, 1084
1090

-97 -



WO 2013/149191 PCT/US2013/034683

Chyama et al,, 2006, Characterization and isolation of stem cell-enriched human hair follicle

bulge cells, J Chin Invest, 2006 116:249-60.

Ohyama ct al., 2007, Gene ontology analysis of human hair follicle bulge molecular

signature. J Dermatol Sci. 2007 45:147-50.

Zhuetal, 2011, X-Hnked congenital hypertrichosis syndrome is associated with
interchromosomal insertions mediated by a humaun-specific palindrome near SOX3., Am J

Hum Genet. 2011 88:819-26.

EXAMPLE 7 — A Position Effect on FGFI3 Underiies X-Hnked Hypertrichosis

[80289%]  Hypertrichosis describes all forms of excessive hair growth for a given body
location and age of an individual that does not depend on androgen stimulation. Inhernited

hypertrichoses are very rare human disorders, with an estimated incidence of | in 1 billion.

[66836808] Position cffects have been defined nvolving the TRPST and SOX9 genes
undertying autosomal forms of hypertrichosis, however, the genes that control tncreased
density of hair follicles or caliber of the hair shaft in X-Hoked hypertrichosis remain

unknown.

[66361] DNA was analyzied from a Mexican tamily with X-linked congenital generalized
hypertrichosis (CGHY (MIM307150) as well as deafness and dental anomalics. Using whole
genome sequencing and comparative genome hybridization analysis, we identified a 389 kb
intrachromosomal insertion at an extragenic palindrome site on chromosome Xg27.1 that
completely cosegregates with the disease, and confirmed it using FISH. Among the six genes
surrounding the imsertion, FGF13 levels are significantly decreased in the patients (p<0.001)
by approximately 4-fold relative to control samples, whereas mRNA levels of the
neighboring genes remained unchanged. FGFI3 Hes ~1 Mb away from the 389 kb insertion,
thercfore, without being bound by theory, a position effect occurs as a result of the
chromosomal insertion at Xg27.1, leading to decreased FOF 13 expression. FGF13 has been
localized to the human hair follicle bulge region using in situ hybridization and the regulatory
effects of FGF13 are being determined on bulge stem cells to identify how modulation of thus

compartment results in the hypertrichosis phenotype.
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EXAMPLE 8 — A position effect on FGF13 s associated with X-linked congenital

generalized hvpertrichosis

1#0362] X linked congenital generalized hyperirichosis (CGH) (OMIM 307150} is an
extremely rare condition of hatr overgrowth on different body sites. Linkage in a large
Mexican family has been previously reported with X-linked CGH co-segregating with
deafness, dental and palaie anomalies to Xq24-27. Using SNP oligonucleotide microarray
analysis (SOMA) and whole-genome sequencing (WGS), a 389 kb interchromosomal
insertion was identified at an extragenic palindrome site at Xg27.1 that completely co-
segregates with the disease. Among the genes surrounding the insertion, FGFIZ3 mBNA
lfevels were significantly reduced in the affocted individuals and immunoefluorescence staining
revealed a striking decrease in FGF13 localization throughout the outer root sheath of
affected hair follicles. Moreover, murine Fgfl 3 expression was detected in the developing
and cycling hair follicle. Without being bound by theory, FGF 13 plays a role tn hair follicle

growth and the hair cycle.

[#83837  (Genectic defects have been identified in two forms of agtosomal dominant
congenital gencralized hypertrichosis associated with copy number variants (CNVs) on
chromosome 17¢24 and rearrangements on chromosomes 3, 7, and 8 (P5-P7). A position
effect on the zine finger transcription factor TRPSV 1s associated with Ambras syndrome
congenital hypertrichosts, which was recapitulated in the koala (Koa) mouse hypertrichosis
model (P8}, Likewise, a position effect on SOXY is associated with congenital generalized
hypertrichosis terminalis (P9). Withowut being bound by theory, position effects, instances in
which a change in gene expression results from altering the location of a gene relative to its
native chromosomal position (P 10), are mechanisms that can contribute to inherited

hypertrichoses (P8).

[80344]  In this example, the genetic mechanism is discussed that is associated with X-
tinked congenital generalived hypertrichosis in a family where finkage to chromosome Xq24-
27 that was previously reported (P11}, A large interchromosomal insertion was identified
that leads to decreased expression of a distant gene, FGF /3, which is expressed in the hair
follicie, providing evidence to support a position cffect as the underlying genetic basis of X-

linked hypertrichosis.
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[66385] Results and Discussion

[80386] A large kandred from Mexico was ascertained with X-linked congenital
generalized hypertrichosis (CGH) (OMIM 307150) co-segregating with deafness, dental, and
palate anomalics (FIGS. 48-D, FIGS, 90-D, FIG. 21-22) (P11). Affected males have
approximately three times the number of normal hairs on the scalp and exhibit excessive
growth of highly pigmented terminal hairs (medullated) on the scalp, back, shoulders, chest,
arms, legs as well as on the face (FIGS, 48-D, FIGS, 9C-5, FIG. 21, whereas hemizygous

carrier females have mild hypertrichosis unitormly distributed across the body (FIG. 22).

168387}  Histological analysis of atfected hair follicles using hematoxyiin and cosin
staining confirmed that the hairs are of the terminal type, since they arc medullated,
pigmented and penetrate deep within the dermis (FIG, 238, B, Affected individaals have an
increased density in the number of hair follicles as well as a transformation from vellus (fine,
non-medullated, onpigmented) to torminal hair follicles on multipie body sites, which cause
an excessive hair overgrowth phenotype. Morphometric analysis of affected hair follicles
revealed a widened dermal papilla (3-fold increase; p = 0.0000343), matrix (1.9-fuld
increase; p = 0.0000642), and hair shaft (1.25-fold increase; p = 0.036} in hair follicles from

three affected mdividuals compared to controls (FIG., 23A,C; FIG. 28).

[60388]  In provious work on this family, linkage analysis was performed, which defined a
19 Mb region on Xq24-27 that spans approximately 82 genes and completely co-segregates
with the disease (P11). Sequencing the coding exons of every gene in the interval proved
unsuccessful in identifying the mutation. To identify the genetic defect, SNP oligonucleotide
microarray analysis (SOMA) was next performed using the Affymetrix Cytogenetics Whole-
Genome 2.7M array, which revealed a 386 kb duplication of chromosome 6p21.2 (FIG.
24A4). The insertion was then visualized at the cytogenetic level using fluorescence in sifu
hybridization (FISH) with two noun-overlapping BAC probes spanning the chromosome
6p21.2 duplication, which revealed a third signal for chromosome 6 present on the X
chromosome (FIG. 248-C). To identify the insertion breakpoints as well as its content,
whole-genome sequencing (WGS) was performed, which revealed a large imterchromosomal
insertion at an extragenic palindromic sequence on chromosome Xg27.1, consisting of a 386
kb duplication of chromosome 6p21.2 and 56 bp of chromosome 3g21.1 in the reverse
orientation, scparated by 14 bp of unknown origin (FIG. 254-8). This complex insertion

leads (o a two base-pair deletion within the Xq27.1 palindromic site and contains sequences
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from two genes on chromosome 6p21.2 (DA4AMZ and KiF6) and one gene from chromosoms
3q21.2 (FAMI1624), none of which have reported functions in the skin or hair follicle. To
confirm that the insertion co-segregated with the discase phenotype, PCR amplification of the
centromeric and telomeric breakpoint junctions on genomic DNA from control, carrier, and
affected Individuals was used, which revealed junction bands present only in affected and
carrier individuals, whereas DNA from countrols produced an amplicon represeniative of an

unaffected X chromosome (FIG. 25C-In,

[G8389  To gain insight into whether the insertion at Xg27.1 affects X-chromosome
mactivation in female carmiers, as skewed X inactivation is a phenomenon reported n several
X-linked disorders (P12, P13), the XCT assay was performed and did not observe significant

skewing {=80%}) in four cut of five carriers {Table 2 and Materials and Methods).

[80318] Table 2. X chromosome inactivation experiment in XELH female carriers.

11-2 Female carrier 43%

I1-9 Female carrier 81%

1i-1 Female carrier 57%

1i-6 Female carrier 62%
Hi-i1 Female carrier 74%

11-8 Female non-affected Non-informative
II1-R Female non-affected Non-informative

[60311] Importantly, two other recenily reported families with X-linked congenital
gencralized hypertrichosis contain linkage to chromosome Xg24-27, consistent with these
findings, in which one family contains a 300 kb interchromosomal insertion from
chromosome 4q31.2, and the other family contains a 125 kb interchromosomal insertion from
chromosome 5g35.3 (P14) (FIG. 29). Interestingly, the insertion events in all three families
occur at the same human-specific extragenic palindrome sequence at Xg27.1, indicating that
the presence of the msertion (rather than its content) may be responsible for the excessive

hair overgrowth phenotype by disruption of the chromosomal architectore in the region.
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[80312] Despite the identification of different insertions in these three cases, their tmpact
on the expression of the surrounding genes has not been thoroughly investigated. Therefore,
the expression of several neighboring genes was analyzed using quantitative RT-PCR (gRT-
PCR) on RNA isolated from control, carrier and affected skin biopsies. Unexpectedly,
FGFI3 levels were significantly reduced in affected mndividuals by approximately 4-fold (p =
{(.0007) relative to conirols and observed a clear dosage effect when comparing levels
hetween carrier and affected individuals (FIG. 264-8). To verify that the change in FGFI3
expression observed in affected skin biopsies was not due to differences in the number of hair
follicie cells present, FGF 3 cxpression was normalized to that of KRT7 4, which marks the
outer root sheath and basal layer of the epidermis, and FGF I3 evels were dramatically

reduced (13.1-fold; p = 0.00006) n affected hawr follicle cells (F¥G. 26().

16313} Importantly, the mRNA levels of additional neighboring genes were not
significantly changed, and SOX3 and Crorf86 expression levels were undetectable in control
and affected individuals (FIG. 264). To further examine the expression lovels of the genes
surrounding the 389 kb insertion, RNA sequencing (RNA-seq) was performed on RNA from
the skin of one control and one aftected mdividual, which verified the decrease in FGF/3
expression {§-fold; p = 0.012) and rovealed that the expression levels of most of the genes in
the surrounding region over a distance of ~3 Mb on either side of the insertion were not

significantly changed (Table 3 and Maverials and Methods).

[60314] Table 3. Differential cxpression of genes ~3 Mb on either side of the 38% kb
msertion at Xg27.1 by RNA-seqg

chrX:136476011-

ZIC3 136481925 NO N.D. N.I3. 0.213
chrX:137524557-
LOCI58696 137527465 NO N.D. N.D. (.139

C IS NIE S
MIRSO4 38114851 NO N.D. N.D. 1.000

LOCIGO129  chrXi13754139%9-
662 138114851 NO N.B. NI, 1.87E-Q5
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Pseudogene  chrX:138356643-
(SRESATPT) 138358798 YES 1.562 -4.770 {(.005
chrX:13844(560-
Fo 138473283 NG N N.I, .023
chrX:138491595-
MCF2 1385618047 YES (4.320 -1.376 (.501
chrX:138636170-
ATPI1C 138742113 YES {(5.184 -1.201 (.663
chrX: 138433972~
MIRSGS 138834056 NO N.D. N.D. 1.000
chrX: 138865549
CXorf66 138875343 NG N.B. N.D. 1.000
Insertion at
chrX:139,336,583
chrX:139412%17-
SOX3 139414891 NO N.D. N.D. 1.000
RPI- chrX: 139619589
177G6.2 139624662 NGO N.D. NI 0.677
chrX:139693090-
CDR1 139694389 YES {.567 -1.763 (.387
cherX:139836002-
MIR320D2 139436050 NO N.D. N.D. 1.000
chrX: 139924426
SPANXEI 139925542 NO N.D. N.D. 1.000
chrX: 140097596~
LDOCH 140008976 YES .382 -1.465 (.484
chrX:140163261-
SPANXC 140164312 NO N.D. N.D. 1.000
chrX:1404183508- ND
SPANXAL 140865735 NG N B 1.060
chrX:140418508- ND
SPANXAZ 140865735 NGO N.D. B 1960
SPANXAZ- chrX: 1404 18508-
OT1 140565735 NO N, N.D. $4.079
chrX:140613233- N
SPANXD 140614321 NO N.D. e 1.000
cheX: 140613233 N3
SPANXE 140614321 NGO N.D. e 1.000
chrX 140753767 -
MAGEC3 140813284 NO N.D. N.D, {(.159
chrX:140819307- ND
MAGECH 140824453 NO N.D. S 1.000
chrX:141117793- ND
MAGEC? 141120742 NG N B 1.060
SPANXN4G chrX:141941369- NG N.D. N.D, 1.000
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141949732
* A = affected; U = unaffected; In = natural logarithm; N.D. = not detectable

[B08315]  The expression of miR-504, intronic to FGFI3, was reduced by approximately
1.5-fold i the carrier and affected individuals by qRT-PCR (p = 0.0121) (FIG. 264). FGFI3
18 not a predicted target gene of miR-S04, vet there are several predicted targets with known
roles in hair follicle development and cycling whose expression levels were altered in X-
finked hyperirichosis, detected by RNA-seq (Vable 4 and Marerials and Methods). While
these changes in gene expression may simply reflect a difference in the number of hair
follicie cells present, without being bound by theory, the reduction of FGFI3-miR-504
transcripts cither directly or indirectly leads to increased expression of some of these

downstream genes.

166316]  Table 4. viR-504 predicted target genes ditferentially cupressed in XILH by
RMNAseq.

BATF2 chr11:64511902-64521003 . -3.707 0.601 0.008
FZDY chi7:72486044-724R8386 34.025 -3.527 1.80E-C5 G.000
TEM4 chr3:44881101-44031002 31.450 -3.448 0.002 0.015
NPTX1 chr17:76055227-760064929 30.048 ~3.403 3.92E-09 2.918-07
CRTAM chr11:122214464-122248557 26.236 -3.267 0.003 0.022
HTRY chr10:824380555-82807851 22,499 -3.113 0.000 0.002
UBASH3B  chrl11:122031607-122190387 21.882 ~3.080 2.47E-08 1.40E-06
FUTS chir12:5818838-5821551 19.225 -2.958 2.68E-05 0.001
ATPBES chri®1733073-1763270 18.705 -2.929 2.83E-08 1.67E-06
MEDGAT chrf:37708261-37773744 18.793 -2.821 8.90E-07 2.79E-05
FJX1 chr11:35506310-35508007 11.675 ~2.457 5.67E-06 0.000
KIF21B chri:182205136-120250451 11.648 -2.455 8.60E-13 8.76E-11
MET chr7:116039604-11822567¢ 10.868 -2.387 1.44E-06 5.17E-05
TPS3RK chr20:445 1286844751683 10.417 ~2.343 4.26E-05 0.001
MALL chr2: 110188735-1102331432 10.377 -2.340 1.09E-05 0.000
ILER chr1:152844292-152708550 10.381 -2.338 1.08E-08 7.38E-07
STCH chr8:23765378-23768265 10.269 -2.32¢9 1.30E-05 0.000
HAS3 chr16:67606867-67723024 9.828 ~2.285 1.78E-08 1.13E-08
S100ATA chri:151655623-151862325 8.701 -2.183 3.68E-05 0.001
MTHFDZ chr2:74279197-74205032 8.430 -2.132 2.00E-06 5.26E-05
CDCP1 chr3:45098772-45162918 8.277 ~2.413 5.62E-05 0.001
EXOSCE chr16:68841634-68843334 8.037 -2.084 0.000 0.002
TNFRSFe chr1:7888517-7925812 8.020 -2.082 0.004 0.030
P2RY 11 chr19:10077698-1008150¢9 7.800 -2.054 0.000 0.002
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LPCATI
LIF
FNO1
BYSL
TRIBS
PCDH1O0
BCATH
CNO
cyiB
ZFAT
3TK40
SPREDZ
FUTZ
IPPK
PXN
CD8s
ABLZ
KELHL21
FSCN1
RUNX1
RRAGC
SERTAD
8BP2
ZNF2864
DNMBP
PLEKHM1
PORGH
MBP
PLCDS
SLOTAT
GMEB2
LRRC8A
KCNK1
NUDT1S
LYEK
SMURF1
GPER
RRASZ2
CRTC3
MAPKAP
K2
ZBTB24
NRF1
DIAPH1
PAPDS
DHX33
PVR
TGFBRA
GAS7
ILIRAP
CTDPY
VEGFA
ONOT4

chr5:15145841-1577076
chr22:28066441-28072798
chr2:68238508-68256585
chiB:41906042-42008762
chr20:308307-326203
chr4:134288019-134332182
chrl2:24854224-24983880
chr4:6768742-6770288
chr17:72035024-72053053
chr8:1355650212-135794474
chi1:36577811-36624072
chr2:85321488-85513160
chr1@:53881039-53801003
chr8:84089460-04472368
chriZ:118123476-118187957
chr3:123250888-123322678
chrt:177335084-177465442
chr1:6573370-6585516
chr?:5528961-5612813
chr2 1:35081967-35343465
chr1:30077605-32007027
chr19:45620248-45823772
chr22:29420792-28633811
chri9:62394679-62426026
chr1Gr101625323-101752668
chr17:40862048-40823929
chr20:28005418-30003544
chrl8:72819776-72973762
chr17:40544533-40565417
chr13:28081550-28067825
chr20:61689308-61728825
chr2:130884211-130720138
chr1:231816372-231874881
chr13:47508703-47510283
chr8:143778530-143805383
chr7:98462003-08579679
chr?7:1003148-1144419
chr11:14255041-14342628
chr15:88674201-88289581

chr1:204024987-204974253

chir6:10838280411-100011133
chr7:128038790-128184158
chrd:140874771-140978806
chr168:48744329-48826720
chr17:5284855-5313104
chri2:49838937-49861268
chr:100807232-100058294
chr17:97546850-10042583
chr3191714533-1818567880
chr18:75540788-75615488
chr:43845923-43862201
chir7:134687088-134845415

8.850
5.907
5708
5.581
5.357
5.247
5.228
5216
5.210
5.123
5118
5,105
5.053
5.052
5.027
4.985
4.983
4 835
4.730
4.697
4.695
4.853
4.581
4.558
4414
4.300
4.288
4.182
4.160
4.158
4.037
4004
3.958
3.438
3.871
3.837
3.558

3.484
3.342
3.334
3.312
3.180
3.083
2.872
2.854
2.703
2.832
2.594
2.430
2.220

-1.883
-1.938
-1.885
~1.776
~1.742
-1.721
-1.678
-1.658
-1.654
-1.652
-1.651
-1.634
-1.633
-1.630
-1.820
-1.620
-1.615
-1.806
-1.602
-1.578
-1.554
-1.547
-1.547
-1.838
-1.522
-1.517
-1.485
-1.459
-1.451
-1.428
-1.425
-1.425
-1.386
-1.387
-1.376
-1.371
-1.354
-1.281
-1.270

-1.242
-1.207
-1.204
-1.187
-1.151
-1.128
-1.055
-1.04¢
-0.804
-.968
-0.953
-0.812
-0.798

0.000
0.000
0.000
0.001
0.001
0.005
0.001
0.003
0.005

5.57E-08
0.002

9.36E-05
0.000
0.002
5.16E-08
0.001
9.74E-13
0.007
0.004
2.14E-05
0.002
0.003
0.005
0.004
0.003
2.80E-05
0.007
3.75E-05
0.005
0.007
0.007
0.000
0.006
0.008
0.001
0.002
0.008
0.000
0.001

0.005
0.008
0.006
0.001
0.008
0.003
0.001
0.008
0.008
0.002
0.007
0.000
0.004

0.003
0.003
0.005
0.008
0.010
0.033
0.010
0.023
0.035
4.52E-06
0.018
0.002
0.005
0.015
2.80E-08
0.007
1.43E-10
0.044
0.031
0.001
0.020
0.022
0.033
0.028
0.023
0.001
0.042
G.001
0.033
0.043
0.041
0.008
0.039
0.048
0.008
0.018
0.047
0.002
0.010

0.035
0.047
0.038
G.011
0.045
0.022
0.008
0.048
0.038
0.015
0.044
0.005
0.028
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883171 FGFI31s aplausible candidate gene to be the target of the position effect, since
its expression was previously detected in the hair follicle bulge, which is the stem cell
compartment of the hair follicle (P15, P16). However, it was unclear whether these were the
only FGFI 3-expressing cells in the human hair follicle or whether expression was more
widespread. Using in siti hybridization and immmmofhiorescence staining on hair follicles in
the growth stage of the hair cyele, anagen, expression of FGF13 was detected in the outer
root sheath within the middle and upper portions of the human hatr tellicle (FIG. 260-E).
FGF13 expression was also observed in the trichilemma, or outer root sheath compartment of
the club hair during the resting stage of the hair cycle, telogen, by mmumofluorescence
staining (F¥G. 268, In anagen hairs, FGF13 localizes to the ORS where KRT14 s
expressed, and also localizes to the corapanion layer that separates the outer from inner root
sheath, as evidenced by overlapping expression with KRT75 (companion layer marker) (FIG.
38A4-8). However, FGF13 did not localize to the bulge region of the anagen human hair
follicle, which was observed through co-staining with CD200, a well-characterized bulge

marker (FIG. 300

[B68318]  To gain jusight into which cells exhubited decreased FGFI3 levels, FGF13
mmmumoefluorescence staining was performed on control, carrier and atfected hair foilicles,
and a decrease in the mtensity of expression and number of FGF 13-positive cells was
observed throughout the outer root sheath of atfected anagen follicies compared with controls
and carriers (FIG. 274, (). Morcover, a comparison of affected and carrier telogen follicles
revealed a decrease in expression throughout the affected hair follicle, recapitulating the

dosage effect observed at the mRNA level (F1G. 25E).

[80319]  To further investigate the selective decrease of FGFI3 expression in affected
keratinocyies, gRT-PCR was performed on keratinocytes and fibroblasts coltured from
control, carvier, and affected skin biopsies, and observed a significant decrease in FGF/3
expression in affected keratinocytes by 6.7-fold (p=0.0188) (FIG, 23D), but not the
fibroblasts. Consistent with previous obscrvations, findings localize the defect to the

keratinocyte compartment.

[80328] To determine Fgf13 expression during ravirine hair follicle morphogenesis, whole-

mount and section in site hybridization was performed on E12.5-E16.5 embryos and
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obaerved strong expression in placodes (the sites of newly-forming follicles), as well as
within the dermal condensate beneath the placodes that will become the futore dermal papilla
of the hair follicle, at E14.5 within the developing whisker pad and guard hair pelage follicles
(FIG. 31A), Immunofluorescence staining of vibrissae follicles during morphogenesis at
E16.5 revealed that Fgf13 localizes to the outer root sheath, similar to the postnatal
focalization pattern of the human FGF13 protein in anagen follicles (FIG. 31B). Moreover,
mmmefluorescence staining on postoatal skin revealed that Fgfi3 localizes to the bulge,
isthimus region, and outer root sheath of the hair follicle (FIGS. 31C-D). Without being

bound by theory, Fgfl3 plays a role in regulating hair follicle growth and cycling.

{68321  In mice and in humans, five-prime alterpative sphicing of FGFI3 and usage of
different transcription start sites gencrates transcripts with distinet §7 exons referred to as 15,
1U, 1V, 1Y and 1V+1Y, where exons 2-5, encoding the conserved core region of the protein,
are common to all transeripts. Isoform-specific PCR revealed that isoforms 1S, 1V, 1Y, and
1V+1Y are expressed in human scalp skin (FIG. 32}, To gain insight into the mechanism by
which the interchromosomal insertion alters FGF 1 3 transcript levels in X-linked
hypertrichosis, the RNA-seq data was utilized to test for differentially expressed isoforms
using Caffdift {(see Materials and Methods), but differential expression was not observed
between the FGF I3 isoforms, indicating that the interchromosomal insertion disrupts the
transcription of all isoforms rather than altering the usage of & particular transcription start

site.

383221  Position effects on single genes have been reported n several other human genetic
discases associated with large chromosomal rearrangements, where the distances of the
furthest breakpoints from the target genes were as large as 1.0 Mb (SHH in preaxial
polydactyltyl 1) (P17, P18), 1.3 Mb (SUGX9 in camptomelic dysplasia) (P19, P20y and 7.3 Mb
(TRPST in Ambras syndrome) (P8). Since FGFI3 hes 1.2 Mb away from the insertion and
its expression was selectively reduced, the interchromosomal insertion at Xg27.1 separates
the gene from a tissue- or temporal-specific modifier element (such as an enbancer) required
for proper FGF 13 expression during hair follicle morphogenesis and cycling, FGFI3
expression was sclectively reduced in a tissue-specific manner, as transeript levels were

decreased 1o affected keratinocytes, but not fibroblasts.

[668323] The data indicate that FGFI3 s primanly expressed throughout the cuter root

sheath of homan hair follicles, and findings from the clinical, histological and morphometric
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analyses revealed increased width of hair follicles in X-linked hypertrichosis (FIG. 238, B;
FiG. 28). Scveral genes expressed in the outer root sheath of hair foliicles have been reported
to have non-cell antonomous effects on other compartmaents, indirectly or directly leading to
changes in hair follicle width and/or length. In the case of Dishevelled 2 (Dvi2), an effector
of Wnt3 signaling normally expressed in the cuter root sheath, precortical and precuticle cells
of the hair shaft, its overexpression in the cuter root sheath tnduces a short hair phenotype by
altering the differentiation of hair shaft precursor cells (P21}, Similarly, overcxpression of
Vegfin the outer root sheath, where it is normally expressed, induces perifollicular
vascularization of the hair follicle, resulting in accelerated hair regrowth and well as

increased size of hair shafts (P22).

1#0324]  In mousc expression studies, Fgf73 is expressed during hair follicle induction and
morphogenesis, indicating it may play an important role in these processes. Affected
mdividuals in the X-Hnked hypertrichosis family possess an increased density of haivs, thus,
dysregulation of FGF I3 levels in X-linked hypertrichosis leads to the formation of extra
hairs. Further studies using Fgf? 3-deficicnt mice would directly implicate a rele for Fgf75 in
hair follicle morphogenesis and cycling. Interestingly, Fzf7 3 expression has been
demonsirated in the dental mesenchyme and developing tooth bud (P23), an additional site of
pathology for XLH patients who have dental and palate anomalics, suggesting a potential role

for this gene in odontogenesis.

[68325]  Several FGFs and their receptors are known to play important roles in hair
regrowth. While canonical FGFs signal through their respective receptors 1o control hair
growth via stem cell activation and quiescence, FGF13 is the first non-canonical FGF to be
implicated in hair follicle morphogenesis and cycling. As FGF13 has been reported to bind
the MAPK scaffolding protein 1B2 (P24), leading to activation of a stress-induced MAPK
that hes downstream of the canonical FGF signaling pathway (P24), without being bound by
theory, FGF 13 internally modulates the transcriptional output of canonical FGF signaling to
conirol hair growth. Expression levels of several FGFs are dysregulated in X-linked

hypertrichosis (Table 8).

166326]  Table 5. FGFs with dysregulated expression levels in XLH by RNA-seq in

whole skin.
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FGFS chr4:81406765-81431105 -56.33 2.53E-08
FGF18 chr&:170778271-170817235 -11.22 3.00E-05
FGF14 chri3:101171205-101852125 -9.13 $.0004
FGF13 chrX:137541389-138114851 -7.98 0.012
FGF12 chr3:193330875-193028082 -8.09 0.008
FGFRIOP chr6:167332805-167374068 -3.37 0.007
FGFRS chr4:1764836-1780387 -3.21 6.001
FGFRZ chri(:123227833-123347062 -2.32 (.00038
FGFBRY chrd:15548289-15549461 13.58 3.70E-08

(8683277 Among these was FGFS, a known regulator of the anagen-to-catagen transition
and responsiblic for the excessive hair overgrowth phenotype in angora mice, dogs, goats, and
rabbits (P25-P283. Without being bound by theory, FGFI3 can also act as a microtubule
stabilizing protein in the hair follicle, similar to s role in neurons (P29), to regulate
additional signaling molecales active in the developing follicle. Further functional studies on

FGF13 will reveal the mechanism by which it regulates bair follicle growth and distribution.

[80328]  In this Example, a 389 kb interchromosomal tnsertion at Xg27.1 was identified
that completely co-segregates with the X-linked CGH phenotype, and among the genes
surrounding the insertion, FF 73 expression was selectively and profoundly reduced.
FGFI3 lies 1.2 Mb away from the insertion, revealing a position effect on a distant gene as a
result of the chromosomal insertion at Xg27.1. Although these large interchromosomal
insertions can mediate pathogenic effects by introducing new regulatory clements, the
presence of the insertions (rather than their content) is responsible for the hair overgrowth
phenotype since the sequences contained within each sertion are different among the
familics (P14). Moreover, these jusertions occur at an extragenic palindrome sequence and

do not disrupt the coding region of a gene in the surrounding region (FIG. 29).

166329 The density of hair follicles covering the human body is markedly reduced
compared to other primates, and as such, the excessive hair phenotype observed in hereditary
hypertrichosis is rominiscent of an atavism (P3). Various examples of atavisms involving
several body parts have been reported in mamumals, including the occurrence of complete
ulnas and fibulas in mintature horses, reptile-like corenary circulation and nyyocardial

architecture in humans, and the development of the ancestral tooth primordia in retinoic acid
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receptor-deficient mice (P30-P32). Importantly, the occurrence and prevalence of these
ancestral features is indicative of & genetic basis, particularly those invelving wnusual
mechanisms. Here, a position effect on FGFI3 in X-linked hypertrichosis is reported that
alters the spatio-temporal expression of the gene in the hair follicle. The alteved FGFI3
expression in affected hair follicles influences important downstream signaling pathways,

ultimately lcading to the terminal hair overgrowth phenotype of X-linked hypertrichosis.

(66338 Materials and Methods

(38331 Patient materials, bistological analysis, and RNA extraction. DNA was
previously coflected from 26 members of the family, three of whom are obligate carriers and
cight of whom are affected (P11). Whole skin biopsies taken from the back were then
obtained from three female carriers and three affected male individuals. Bigpsics were
divided into three separate picces for RNA extraction, celi culture (see below for details), and
OCT embedding for histological and morphometric analysis (sce below for details). Control
hair follicles from oceipital sealp biopsies as discarded tissue was obtained following hair
transplant swrgeries. RNA extraction was performed using the Qiagen RNeasy Mini Kit
following the manufacturer’s instructions. Total RNA was used for firsi-strand cDNA

synthesis, as previously described (P8).

[80332] SNP oligonuclestide microarray analysis (SOMA)} and whale-genome
sequencing (WGS), DNA from an affected individual was prepared and hybridized as per
the mamifacturers instractions on the Affymetrix Cytogenetics Whole-Uenome 2.7M array,
and data were analyzed on the Affymetrix® Chromosome Analysis Suite. WGS was
performed on one affected male of this Mexican family using the methods described below.

All coordinates reference UCSC human reference genome build hgl9,

[80333]  Cytogenetic analysis, amplification of genomic DNA, and ¢RT-PCR. FISH
analysis was performed on metaphase chromosome spreads prepared from PHA-stimudated
cultured peripheral blood cells using standard techniques. The RPCIL-11 clone 505E17
(labeled with Orange S-TAMRA dUTP) and RPCI-11 clone 150F 10 (labeled with Green 5-
Fluorescein dUTP) from Empire Genomics were used as FISH probes. Hybridization and
post-hybridization washing were performed as per the manufacturers instructions. To test co-
segregation of the insertion with the disease phenotype, 100 ng of DNA was used for PCR

amplification of the contromeric and telomeric breakpoints as well as the control region of the
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pnaffected X chromoesome {dotails listed below). Quantitative RT-PCR was performed as

previously described (P8} using the ddCT method and primers listed below.

168334}  In sifw hybridization and omuneflusrescence staining. Whole-mount in sity
hybridization was performed as previously described (P8} (soe below for details).
Inmmmothuorescence staining was performed on human control, carrier, and affected 12 ym
hair follicle sections as well as on Swiss Webster dorsal skin sections (10 pm) from postnatal

day 30 (anagen) and 50 {telogen) mice using the conditions described below.

6683351 Histological and merphometric analysis of XLH skin biopsies. Whole skin
biopsies from the affected, carrier and conirol individuals were embedded in OCT and a
microtome cryostat was used 1o create 12 pm-thick hair follicle sections. Sections were
statned with hematoxylin and cosin, permanently mounted with Permount (Thermo Fischer
Scientific), and imaged using an HRc AxioCam fitted onto an Axioplan? flucrescence
microscope {Carl Zeiss, Thornwood, NY, USA). For morphometric analysis, the length-
measuring tool in the AxioVision (release 4.8.2) program was used to calculate the distance
between two points for each of the indicated hair follicle components; the widest distance for
cach structure was uscd and the average value was taken using 2-4 measurementis per section
(with 3-6 sections per slide). Hair follicles were analyzed from one control and two affected
ndividuals, where each skin biopsy contained two hair follicles, both of which were

analyzed.

(683361 Isalation and culture of human keratinecytes and {ibrobiasts from whole-
skin biepsies. Keratinocytes and fibroblasts were grown from countrol, carrier, and affected
skin biopsies using the following protocol: skin biopsies were collected in 10% BCS in
Dulbecco’s Modified Eagle Medumm (DMEM), washed with 5 mi PBS, and then chopped
into small pieces that were transterred to 5 mi Dispase (5§ mg/ml) overnight at 4°C. Epidermis
and dermis were separated with a scalpel and the epidermis was placed into 5 ml 0.25%
trypsin-EDTA at 37°C for 30 minutes and then into 20 ml 10% FBS fn DMEM. Cells were
collected by centrifugation at 1000 RPM for 7 minutes and resuspended in epidermal
keratinocyte growth media, defined with sopplements (CnT-07; CELLaTECH). Fibroblasts
were isolated by digesting the dermis in 10 mi 8.3% collagenase for 4 hours at 37°C. Cells
were collected by centrifugation at 1200 RPM for 10 minutes, washed i 30 mi fibroblast
culture mediem (10% FBS in DMEM) twice, and then resuspended in fibroblast culture

medium.

- 106 -



WO 2013/149191 PCT/US2013/034683

{68337 Whele-genome sequencing (WGS). DNA was prepared for sequencing
according to the Hlumina DNA sample preparation kit protocol. Initially, the DNA was
randomly fragmented by nebulization followed by end repair, addition of a single A base,
adaptor Hgation, gel clectrophoresis to isolate 300 bp fragments followed by PCR
amplification. Next, the size-selected libraries were used for chuster generation on the flow
cell. All preparced flow cells were run on the Hlumina HiSeq using the paired-end module: the
patred-end reads were cach 100 bp long. DNA was aligned to the reference genome (NCBI
Build 36 Ensembl release 50) using the BWA software (version 0.4.9) (R1), Picard was used
to remove potential PCR duoplicates via the rmdup command. SAMtools (version $.1.5¢) was
used for variant identification, using the pieup command with the —¢ option and defach
settings {(R2). The variants were then filtered using SAMtool's variation filter with the default
settings but removing the filter for 2 maximum allowed coverage per variant by setting it to
10 million. All variants were screcned for quality by only keeping those with a consensus
score and quality score of at least 20 (50 for INDELs) and that had at least 3 reads supporting
the variant. Heterozygous INDELs were also excluded if the ratio of variant reads to
reference yeads was less than 0.2, The average coverage for this sample was 44.4x. Large
delctions and duplications were identificd with the Estimation by Read Depth with SNV
{(ERDS; hitp//www. duke.edu/~mz34/erds him) software. Structural variants including
nsertions and translocations were identified using SV-Finder, software developed in the
Buake Conter for Human Genome Variation that utilizes multiple alignment-based approaches

with an cruphasis on split-read and pair-cod.

[G8338] The genomewide identification of functional gene variants was facilitated by

SequenceVariantAnalyzer (SVA) (R3).

166339]  Awmplification of genomic BNA. The reaction conditions were as follows: 95°C
for 5 minutes, 94°C for 30 seconds, $53°C for 40 seconds, 6R°C for 1.5 munutes, where 35
cyeles were run with a final extension time of 10 minutes at 68°C. The primaers vsed for the
condrol reaction were: (F) TGGCATTACAAGAGTTAGCTTCTGA (SEQ IDNO: 221 (R
AATGCTTTGTAGTGGCTTTGTTTCC (SEQ 1D NO: 23), producing an amplicon of 1,911
bp (R4); the primers used for the centromeric breakpoint were: (F)
TGOGCATTACAAGAGTTAGCTTCTGA (SEQ ID NG: 24); (R)
CCTCCAGGOGTGACTAAATTTG (SEQ 1D NO: 25, producing an amplicon of 1,813 bp;

and the primers used for the telomeric breakpoint were: {F)
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AACTAGAAGGCCATTOGCTG (SEQ ID NG: 26); (R)
AATGCTTITGTAGTGGCTTTGTTTCC (SEQ 1D NO: 27), producing an amplicon of 609
bp.

[#0348]  Quantitative RT-PCR analysis. The primers used in these assays were as
follows: AFGFI3 (core) F: CAGCCGACAAGGCTACCAC (SEQ ID NQO: 28), R:
GTTCCCGAGGTGTACAAGTATCC (SEQ ID NQ: 29);, AMCF2: F:
GCAGCAGGAACTTTTGACAG (SEQ ID NO: 30y, R: GCTGGTGTGTTCCAATTCAG
(SEQ 1D NO: 31y ASOX3: F: GTTGGGACGCCTTGTTTAGC (SEQ D NO: 32y, R:
TAGCGCOAAGAAATATCAAACAG (SEQ ID NO: 33) (R4); AFO F:
GCATTCTGTGGAGGCTCTATC (SEQ 1D NO: 34), R: GCTGCATTOTAGTTGTGGTG
(SEQ 1D NO: 35y h4ATPIIC F: GGACATTTCTGGCTGCCTTTG (SEQ ID NO: 36), R
CCAGAATCGGETATCCAAG (SEQ IDNO: 37y, kK4 F:
GOGATCTTCCAGTGGGATCT (SEQ ID NG: 38), R:
GCAGTCATCCAGAGATGTGACC (SEQ ID NQO: 39); hGAPDH: F:
ATGGACACGCTCCCCTGACT (SEQ ID NO: 403, R: GAAAGGTGGGAGCCTCAGTC
{(SEQ 1D NO: 41), AFGFI 3 isoform-specific PCR was performed using the following
primers: FGFIZ-001 (15} ¥ CGAGAAATCCAACGCCTGC (SEQ IDNG: 42y, R
CACCACTCGCAGACCCACAG (SEQ IDNO: 43, FGFI3-002 (1U): F:
GTTAAGGAAGTCOTATTCAGAGC (SEQ 1D NO: 44), R:
CACCACTCGCAGACCCACAG (SEQ ID NO: 45y, FGFI3-203{IV): F:
SATGCTTCTAAGGAGCCTCAG (SEQ ID NO: 46), R: CACCACTCGCAGACCCACAG
(SEQ D NO: 47y, FGFI3-202 (1Y) Fr ACAGAGCCGGAAGAGCUTCAG (SEQ ID NO:
48), R: CACCACTCGCAGACCCACAG (SEQ ID NO: 49), FGFIZ-201, 3{1V+1¥): F:
GATGCTTCTAAGGTTCTGGAT (SEQ 1D NO: 50), R: CACCACTCGCAGACCCACAG
(SEQ 1D NO: 51).

[68341] Expression was normalized to the GAPDH housekeeping gene and compared o
the control samples. For cach assay, cDINA was used from three controls, three carriers and
three affected individuals unless indicated otherwise. For expression analysis of hsa-miR-
504 and hsa-miR-5035, the following miScript primner assays {(Qiagen) were used: Hs_miR-
504 1, Hs miR-505 1, and Hs RNUG-Z 1 miSeript (miScript PCR Control). Images were

gencrated using GraphPad Prism.
[80342] Whele-mount and section ix sify hybridization, For mouse section in situ
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hybridization, dorsal skin isolated from Swiss Webster mice at indicated time points were
harvested and embedded in OCT, where 2 microtome cryostat was used to generate 10 um
sections. For human studies, 12 pm hair follicle sections were used. The sense and antisense
riboprobes were constructed using in vitgro transcription and the DIG-labeling system
{Roche). The following primers were used and recognire the core region of the FGF/3
sequence: mfgfi3: Fr TCAAACCAAGCTGTATTTGOC (SEQ ID NG 32 ]
CTTTCAGTGGTTTGGGCAGAA (SEQ D NO: 53 AFGFIZ: F:
AGCCTCAGCTTAAGGGTATAG (SEQ IDNO: 54, R:
CAAGAACACTGTTACCTTGAGC (SEQ ID NO: 55,

[#0343] Immunofinsrescence staining on skin biopsies, Sections were fixed with
acetone at -20°C for 10 minutes, washed three times in 1X PBS, and then blocked in 1.5%
fish gelatin/1% BSA in 1X PBS at room tenperature for one hour. The rabbit anti-FGF13
antibody recognizing the C-tormivus of the protein was generously provided by Dr. Geoffiey
Pitt (Duke University) and was used at a concentration of 1:400 in 19 fish gelatin/1% BSA
in 1 X PBS. The rat anti-mouse CD200 antibody (1:100) (BD Pharmingen), guinea pig anti-
hurman K75 (1:1000) (a gift from Lutz Langbein) and rabbit anti-human K14 (1:1000)
{Covance} were diluted in 1.5% fish gelatin/i% BSA in 1X PBS. The anti-rabbit, -rat, and -
guinea pig Ig( isotype (Santa Criw Biotechnologies, CA, USA) antibodies were used as
primary controls at the same concentrations as the respective primary antibodies Hsted above.
Following PBS washes, the Alexa Fluor 488 donkey anti-rabbit 1gG (Molecular Probes,
Invitrogen), Alexa Fluor 594 donkey anti-rat 1gG (Molecular Probes, Invitrogen), and Alexa
Floor 594 goat anti-guinea pig g0 (Molecular Probes, Invitrogen) secondary antibodies were
added to the cryosections at a concentration of 1:800 in 1X PBS. Sections were mounted in
VECTASHIELD mounting medium with DAPT (Vector Laboratories, Burlingame, CA,
USA) and imaged using a LSM S laser-scanning Axioc Observer Z1 confoeal microscope
{Carl Zeiss). For human studies, Z-stack images were taken at 10X and 20X magnifications
using wdeuntical setfings and cousistent Z-stack intervals between shides. For mouse stadies,

images were taken at a 20X magnification.

[36344]  Statistical analysis. A Student’s t-test (two-tatled) was used to determine
statistical significance in quantitative RT-PCR assays with a significance level {a) of 0.05.
Three biological replicates were used in cach analysis {unless indicated otherwise) and values

represent the average of three independent experiments for the three biological replicates.
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Error bars represent the standard error of the mean.

[B8345]  Assessment of X inactivation skewing in female carriers. The HUMARA assay
was performed to determine skewing of X inactivation as previously described (RS}
Genonvc DNA from five female carriers was used for amplification of a differentially
methylated CpG site near a polymorphic region in exon | of the dndrogen Recepior (AR)
gene, and PCR products were digested with the Hpall (methylation-sensitive) and Rsal (co-
cutter, methylation-insensitive) restriction enzymes to distinguish between methylated and
nonmethylated alicles. XCI skewing peorcent was determined using the method described in

(R3).

166346] RNA sequencing in whole skin. RNA sequencing (RNA-seq) was performed on
whole skin from one control and one affected individual. Preparation of the ¢DNA library for
sequencing was performed using the TruSeq kit (umina). In brief, 100 ng total RNA
extracted from affected and control skin biopsies was purified (using polyA capture to select
for mRNAS), fragmented, and converted into single-stranded ¢cDNA using random hexamer
priming. Next, the second strand was gencrated and double-stranded ¢ DNA was purified
using bead capture. End vepair was then performed to create blunt ends, followed by
adenylation of the 37 ends (o prevent intramolecular ligation), Hgation of indexing adaptors
10 the ends of the double-stranded ¢cDNA, and envichment of DNA fragments containing
adaptor molecules using PCR. The resulting ¢cDNA library was then sent to the genomics
core facility at Rockefeller University to be sequenced on the Wumina HiSeq 2000 machine
using single-end reads ~50 bp, with an overall sequencing depth of ~135 millions reads per

sample.

=
/
/

1668347}  Reads were mapped to human reference genome (NCBI build 37.2), using
TopHat, an algorithm designed to align reads from an RNA-Seq to a reference genome based
on oxisting transcripts annotation and inferred new splice sites on the fly (R6). To estimate
the relative abundance of genes and splice isoforms, the data were then analyzed using
Cufflinks, a program that contains algorithms that cstimate transcript abundance, while
accounting for alternative splicing (R7). Fragments per kb of cxon per million fragments
mapped (FPKM) were normalized to the upper guartile. Differential expression of isoforms
was tested using Cuftdiff, a program that utilizes the Cuftlinks transcript quantification

engine to determine transcript levels in more than one condition.
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[88348]  fn sifice prediction analysis of miR-504 target genes. miR-304 target gencs
were determined using a comprehensive database, miRWalk (R8), which provides
information on predicted, validated and published miRNA target genes. We applied filters to
select target genes with a minimum seed sequence of 7 nucleotides, the longest ranscript of 2
given gene, and a p valae of 0.05 of less, which represents the strength of the prediction
through a Poisson distribution. Furthermore, target genes that appeared in three or more of
the following prediction programs were selected: TargetScan, miRanda, miRDEB, PICTARS,

miRWalk, RNA22, and DIANA-mT.
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What is claimed:

(5]

~3

A method of treating s hair-loss disorder in 2 mammalian subject in need
thereof, the method conprising administering to the subject an inhibitor of

FGF13, thereby treating hair-loss n the subject.
A method for mducing hair growth in a subject, the method comprising:

{(a) administering to the subject an effective amount of an inhibitor of

FGF13,
thereby inducing hair growth in the subject.

The method of claim 1 or 2, wherein the inhibitor comprises an antibody that

specifically binds to a protein comprising SEQ IDNO: 1,3, 5,7, 9, or 1L

The method of claim 2, wherein the subject is afflicted with 2 bair-loss

disorder.

The method of claim 1 or 4, wherein the hair-loss disorder comprises
androgenctic alopecia, telogen efftuviam, alopecia areata, tinea capitis,
alopecia totalis, hypotrichosis, hereditary hypotrichosis straplex, or alopecia

universalis.

The method of claims 1 or 2, further comprising the step (b} determining
whether the imhibitor admimistered induced hair growth in the subject as

compared to the subject’s hair growth prior to treatment with the inhibitor.

The method of claim 6, wherein the subject is affficted with a hair loss

disorder.

The method of claims 1 or 2, wherein the inhibitor comprises an antisense
RNA that specifically inhibits expression of the gene that encodes the FGF13
protein; a siIRNA that specifically targets the gene that encodes the FGF1L3
protein; or a small molecule that specifically inhibits the expression or activity

of FGF13.
The method of claim 8, wherein the siRNA is directed to a human nocleic acid
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1.

12.

14.

16,
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sequence comprising SEQIDNG: 2,4, 6,8, 13, or 12,

The method of claim &, wherein the siRNA divected to a FGFI3 gene is any

ong of the sequences listed in Table 1.

A method of treating a hair-growth disorder i a mammalian subject in need
thereof, the method comprising administering to the subject an activator of

FGF13, thereby treating the hatr growth disorder in the subject.
A method for reducing hair growth in a subject, the method comprising:

{a) administering to the subject an effective amount of an activator of

FOF13,
thereby reducing hair growth in the subject.
A method for reducing hair growth in a sobject, the method comprising:
{a}) administering to the subject an effoctive amount of a FGF13 protein,
therchy reducing hair growth in the subject.

The method of claim 12 or 13, wherein the subject is afflicted with a hair-

growth disorder.

The method of claim 14, wheremn the hair-growth disorder comprises X-linked
hypertrichosis, generalized hypertrichosis terminalis with or without gingival
hyperplasia, autosomal recessive hypertrichosis, Cantu syndrome, Ambras
type hypertrichosis, autosomal recessive trichomegaly or a8 combination

thereof

The method of claim 11 or 12, further comprising the step of (b) determining
whether the activator administered reduced hair growth o the subject as

compared to the subject’s hatr growth prior to treatment with the activator.

The method of claim 13, further comprising the step (b determining whether
the FGF 13 protein administered reduced bair growth in the subject as

compared to the subject’s hair growth prior to freatment with the proten.
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i8. The method of claim 11 or 12, wherein the activator is a polypeptide
comprising SEQIDNO: 1,3, 5,7,9, or 11, or a fragment thereof; ora

peptidomimetic comprising SEQ ID NG 1,3,5,7,9, or 11,

19. A method of treating a hair disorder in a mammalian subject in need thereof,
the method comprising administering to the subject a compound that

modidates the expression of FGF13.
24, The method of ¢latm 19, wheren the hair disorder 15 2 hair-loss disorder,

21. The method of claim 20, wherein the hair-loss disorder comprises
androgenetic alopecia, telogen effluviion, alopecia arcata, tinea capitis,

alopecia totalis, hypoirichosis, hereditary hypotrichosis simplex, or alopecia

universalis.
22, The method of claim 19, wherein the hair disorder is 8 hair-growth disorder.
23. The method of claim 22, wherein the hair-growth disorder comprises X-linked

hypertrichosis, generalized hypertrichosis terminalis with or without gingival
hyperplasia, sutosomal reccssive hypertrichosis, Cantu syndrome, Ambras

type hypertrichesis, or autosomal recessive trichomegaly,

24, The method of claim 19, wherein the method further comprises the step (b)
determining whether the compound administered induced hair growth in the
subject afflicted with a bair-loss disorder as compared to the subject’s haw

growth prior to treatment with the compound.

25. The method of claim 19, wherein the method further conprises the step (b)
determinimg whether the compound administered reduced hair growth in the
subject afflicted with a hair-growth disorder as compared to the subject’s hair

growth prior to treatment with the compound.

26. A method for determining the presence of or a predisposition to developing a

hair-growth disorder in a subject, the method comprising:
P e e
{(a) extracting a sample from a subject;
{b) detecting the presence or reduction of an FGFI3 protein in the subject
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as compared to a subject not afflicted with a hair growth disorder,
wherein the reduction of the FGF13 protein is indicative of a hair

growth disorder.

27. The method of claim 26 further comprising incubating the sample with an

agent that binds an FOFG 13 protein, or fragment thereof,

28, The method of claim 27, wherein the agent is au antibody that specifically

binds to the FGF 13 protein, or fragment thercof.

29. A method for determining the presence of or a predisposition to developing a

hair-growth disorder in a sabject, the method comprising:

{a) extracting a sample from a subject;
{b} detecting the presence or reduction of a FGF13 nucleic acid as
compared to a subject not affficted with a hair growth disorder,
wherein the reduction of the FGF13 nucleic acid is indicative of a
hair growth disorder.
34, The method of claim 29, wherein the detecting comprises using PCR and

primers divected to SEQ IDNO: 2,4, 6, 8, 10, or 12,

31 The method of claim 30, wherein the primer compises SEQ ID NG: 24, 25, 26

b

27,28, 29, 54, 55,

The method of claim 26 or 29, wherein the hair-growth disorder comprises X-

[N
N2

Hunked hypertrichosis, generalized hyperirichosis terminalis with or without
gingival hyperplasia, autosomal recessive hypertrichosis, Cantu syndrome,
Ambras type hyperirichosis, autosomal recessive trichomegaly ora

combination thereof
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