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METHODS FOR TREATING HAIR LOSS BISORDERS

[B081] This application claims the benefit of and priority to U.S. Provisional Patent
Application No, 61/617,225, filed on March 29, 2012, and U.S. Provisional Patent
Application No. 61/645,499, filed on May 10, 2012, the contents of each which are hereby

meorporated by reference in their entireties.

18007} All patents, patent applications and publications cited hercin are herchy
meorporated by reference n their entivety. The disclosures of these publications in their

entireties are hereby wcorporated by reference tnto this application.

{8063} 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.
GOVERNMENT INTERESTS

18004} This fovention was made with government support under Grant Nos.
ROITARS6016 and R2IARO61881 awarded by the National Institutes of Health/ National
Institute of Arthritis and Muscaloskeletal and Skin Discases. The Government has certain

rights in the invention.
BACKGROUND OF THE INVENTION

[B085] Alopecia Areata (AA) is one of the most highly prevalent autoimmmine diseases
affecting over § million individuals in the US, and as many as 140 million woridwide AA
leads to hair loss due to the collapse of immune privilege of the hair follicke and subsequent
autoimmune destruction. AA 1s a skin disease which leads to hair loss on the scalp and
clsewhere. 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 rationally targeted therapeutics have not been developed. The genetic basis of AA is
targely unknown. Its psychological impact on affected patients is devastating, particelarly in

children.
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SUMMARY OF THE INVENTION

[8086] An aspect of the invention encompasses a method of treating a hair-loss disorder
in a mammalian subject in need thereof, the method comprising administering to the subject
an inhibitor of a protein tyrosine kinase (PTK) involved in cytokine signaling. In one
embodiment, the inhibitor is a Jak3 inlubitor. In one embodiment, the inhibitor 18 tofacitinib
{CP690550). In another embodiment, the hair-loss disorder comprises androgenetic alopecia,
telogen effiuvium, alopecia arcata, tinca capitis, alopecia totalis, hypotrichosis, hereditary
hypotrichosis simplex, or alopecia voiversalis. o one crubodiment, the method further
comprises determining whether the inhibitor administered induced hair growth in the subject
afflicted with a hair loss disorder as compared to the sabject’s hair growth prior to treatment
with the inhibitor. In one embodiment, the inhibitor is an antibody that specifically binds to a
Jak3 protein or a fragment thereof; an antisense RNA or antisense DNA that decroases
expression of the gene that encodes the Jak3 protein; an antisense RNA or antisense DNA
that decrcasces expression of the Jak3 protein; a siRNA that specifically targets the Jak3 gene;
a stoall molecule; or a combination thereof. In one embodiment, the small molecule is Janex
P{WHI-PI31), PF-956980, WHI-P154, tofacitinib (CP620550), VX-509, JAKS Inlubitor IV,
NSC114792, or R348, In some embodiments, the antibody specifically binds to a protein
comprising SEQ ID NO: 1. In another embodiment, the siRNA is directed to a huiman
nucleic acid sequence comprising SEQ 1D NO: 2. 1n some emsboediments, the siRNA directed
to a Jak3 gene is any one of the sequences Hsted in Table 1. In a further embodiment, the
administering comprises a subcutancous, intra-muscular, intra-peritoneal, or infravenous
injection; an infusion; oral, nasal, or topical delivery; or a combination thercof. Insome
embodiments, the administering occurs daily, weekly, twice weckly, monthly, twice monthly,
or yearly., In some embodiments, the Jak3 inhibitor s administered 1 time per weelk, 2 times
per woek, 3 times per week, 4 times per week, § times per week, 6 times per week, 7 times
per week, 8 times per week, 9 times per week, 10 times per week, 9 times per week, 10 times
per week, 11 fimes per week, 12 times per week, 13 times per week, or 14 times per week. In
other embodiments, the subjeet is administered the Jak3 inhibitor for at least 1 weck, at least
2 weeks, at least 3 wecks, at least 4 weceks, at least § weeks, at least 6 wecks, at least 8 weeks,
at least 12 wecks, or at least 16 weeks. In some embodiments, the method further comprises
administering a Jak1/2 inhibitor to the subject. In further embodiments, administering the
Jak1/2 inhibitor is conducted simultancously with the administering of the Jak3 inhibitor.

Yet in other embodiments, adroinistering the Jak1/2 inhibitor s conducted sequentially in any
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order with the administering of the Jak3 inhibitor. In some embodiments, the Jakl/2 inhibitor
is INCB (18424, GLPG0634, AG490, CYT387, SB1S1S, LY 3009104 (Baricitinib;
INCB2RO30), AZD1480, TGI01348, BMS-911543, or CEP-701.

18667 An aspect of the invention provides for a method for inducing hair growth in a
subject where the method comprises administering to the subject an effective amount of an
imhibitor of 8 protein tyrosine kinase (PTR) involved in cytokine signaling. Inone
embodiment, the inhibitor is a Jak3 inhibitor. In one embodiment, the inhibitor is tofacitinib
{(CP6Y0550). In another embodiment, the hair-loss diserder comprises androgenctic alopecia,
telogen effluviom, alopecia areata, tinea capitis, alopecia totalis, hypotrichosis, hereditary
hypotrichosis simplex, or alopecia universalis. In one embodiment, the method fixther
comprises determining whether the inhibitor adoinistered indoced hair growth in the subject
afflicted with & hair loss disorder as compared to the subject’s hair growth prior to treatment
with the inhibitor. In one embodiment, the inhibitor is an antibody that specifically binds to a
Jak3 protein or a fragment thereof; an antisense RNA or antisense DNA that decreases
expression of the gene that encodes the Jak3 protein; an antisense RNA or antisense DNA
that decreases expression of the Jak3 protein; a siRNA that specifically targets the Jak3 gene;
a small melecule; or a combination thereof. In one embodiment, the small molecule is Janex
1 (WHI-P131), PF-956980, WHI-P154, tofacitinib (CP690550), VX-509, JAKS Inhibitor IV,
NSC114792, or R348, In some cmmbodiments, the antibody specifically binds to a protein
comprising SEQ ID NO: 1. In another embodiment, the siRNA is directed to a human
nucleic acid scquence comprising SEQ 1D NO: 2. In some embodiments, the siRNA dirccted
te a Jak3 gene is any one of the scquences listed in Table 1. In 2 further embodiment, the
administering comprises a subcutaneous, intra-muscular, intra-peritoneal, or intravenous
mjection; an infusion; oral, nasal, or topical delivery; or a combination thereof. In some
embodiments, the administering occurs daily, weekly, twice weekly, monthly, twice monthly,
or yearly. In some embodiments, the Jak3 inhibitor is aduunistered 1 time por week, 2 times
per week, 3 times per week, 4 times per week, 5 times per week, 6 times per week, 7 times
per week, B times per week, ¥ times per week, 10 times per week, 9 fimes per week, 1{ times
per week, 11 times per weck, 12 times per week, 13 times per week, or 14 times per week. In
other embodiments, the subject is administered the Jak3 mhibitor for at least 1 week, at least
2 weeks, at least 3 weeks, at least 4 weeks, at least 5 weeks, at least 6 weeks, at least 8 weeks,
at lcast 12 weeks, or at least 16 woeks. In some embodiments, the method further comprises

administering a Jak 1/2 wdibittor to the subject. In further erobodiments, adovnistering the

-3 .
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Jak1/2 tnhibitor is conducted simultaneously with the administering of the Jak3 inhibitor.

Yet in other embodiments, administering the Jak1/2 mhibitor is conducted sequentially in any
order with the administering of the Jak3 inhibitor. In some embodiments, the Jak1/2 inhibitor
18 INCB 018424, GLPGO634, AG490, CYT3R7, SBI518, LY3009104 (Baricitinib;
INCB280SG), TG101348, BMS-911543, or CEP-701.

BRIEF DESCRIPTION OF THE FIGURES

[6888] FiG. 1 shows that treatment of mice with the Jak3 inhibitor (tofacitinib; CP-

69055 prevents alopecia arcata {AA )L

16609} FIG. 2 shows treatment related elimination of dermal T cell infiltrates and
mflammatory biomarkers by mmnunostaining (FIG. 2ZA) and by flow cytometry (FIG, 2B).
CDE+ NKG2D+ T cells, which represent up to 25% of dermal cells in AA sk, are
completely eliminated with treatment. The flow cytometry is of single cell suspensions from
the skin. The cells in the right upper quadrant are not chserved in normal healthy mice and
arc COS+NKGZD+ effector T cells. COS+NKGZD+ effector T cells are found in alopecic
mice atter skin grafting. Mice treated with the JAKS inhibitor do not develep alopecia and

their skin is devoid of these cells.

{B8010] FIG. 3 are graphs that show treatment elimination of IFN-y producing “NK-type”
CD8 T cells in cutancons LN, and loss of eirculating IFN-inducible chemokines. The bar
graphs in the loft pavel show intracelhular flow cytometry of PMA/lono stimulated LN celis
from individually freated and untreated mice stained for CORNKGZA/C/D/EIFNy., Two

mice per group are shown.

{B8011] FIG. 4 15 a ribbon diagram that shows C3H/Hel graft recipients were treated with
a JAK?3 inhibitor (right panel), or PBS. RNA was extracted from skin harvested at weeks 6
(w6 and 13 (w13) following treatment and also from mice that had undergone sham surgery

and subsequently interrogated by microarray analysis.

{8612} FI1G. 8 shows photographs of mice before (top pancl) and afier topical treatment

(9 days (middle panel} and 30 days (bottom panel)) with cream only.

[8613) I, 6 shows photographs of mice before (top panel) and after topical treatment

(9 days (middle panel) and 36 days (bottom panel)) with the Jak3 inhibitor, tofacitinib.
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{8014} FIG, 7 shows photographs of mice before (top panel) and after a control infosion

{5 wecks {middic panel) and 19 wecks (bottom panel)) without the jak3 inhibitor, tofacitinib.

[B88415] Fifs. 8 shows photographs of mice before (top panel) and after a pump infusion (5

wecks (middle panel) and 10 weeks (bottom panel)) with the Jak3 inhibitor, tofacitinib.

{6816} F1G. 9 shows treatment related elimination of dermal T cell infiltrates and
nflammatory biomarkers by flow cytometry. The flow cytometry is of lymph node cells.
The cells in the right upper guadrant are not observed in normal healthy mice and represent
CDE+NKG2D+ effector T cells. CDE+NKG2D+ effector T cells are found in alopecic mice
after skin grafiing., Alopecic mice treated with the JAKS inhibitor exhibit hair regrowth and

their fymph nodes are devoid of these cells.

18017} FIG. 18 shows that NKG2D “stress figands™ are upregulated i the hair follicle,

and demonsirates the shared pathogenesis in human and mouse.

18018} FEG. 11 is a photomicrograph of an immunestain showing that CD8™ NKG2D™ T
cells infiltrate the haiv follicle, and demonstrates the shared pathogencsis o lwmman and

mouse,

[8819] FIG. 12 shows flow cytometric analysis that shows that NKG2D' CD8' T cells
arc the dominant infiltrating cells, and demousiraics the shared pathogenesis in human and

mouse. {e.g., see Clark, et al,, (2006} .J frnvest Dermatol. 126(5):1059-70, reporting a method

for isolating T cell crawlouts from the skin).

{B020] FIG. 13 shows that comparative franscriptomics veveals a shared IFN response

signature, and demonstrates shared pathogencsis in human and mouse.

18021} FIG. 14 shows plots depicting that CDRNKG2D+ Cytotoxic T Cells are TFN-

gamma producing cells bearing NK-type receptors,

{8023} FIG. 18 shows that NK Type CD8 T cells are required for T Cell transfer of

Alopecia Arcata.

8623} FIG, 16 shows pre-clinical studies using systemic JAK inhibttors in the C3H-Hel
mouse model of alopecia arcata (for example, see O'Shea, fmmunity. 2012 Apr

20;36(4):542-50).
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186241 FIG, 17 shows the resulis of pre-clinical studies with systemic delivery of JAKS

imhibitor {tofacitinib}, and tofacitinib treatment prevents Alopecia Arcata.

8025} FIG. 18 is a diagram depicting different examples of targeted therapies for

alopecia arcata. These topical therapies can be used to reverse the established disease.

{8026} FI1G. 19 shows pre-clinical studies with topical delivery of JAKS inhibitor
(tofacitinib). Topical treatment using JAKS inhibitor resulis inreversal of long-standing AA
(2-3 months duration). Before treatment, all mice had hair loss for 2-3 months. Control mice
were applied with cream daily. Mice treated with the JAKS inhibitor, Tofacitnib, were

treated daily with a topical cream containing 0.5% Tofacitnib.
{8027} FIG. 28 shows a summary of pre-clinical studics in alopecia C3H/Hel mice.

[B028] FIG. 21 shows the prevention of AA with systemic treatment with a JAKS3
nhibitor given at the time of skin grafting. All reagents are started at time of graft

(prevention). JAKS3 inhibitor (CP690550) was delivered using Alzet osmofic moini-punps

(28-day pumps, Model 2004) implanted subcutancously, 10 mg/kg/day or vehicle (PEG300).

[B029] FIG. 22 shows photomicrographs depicting that treatment with Jak3 inhibitor

tofacitinib normalizes inflammatory infilirate.

18034] FIG. 23A shows the apregulation of NKG2D1 in the hair follicle of C3H/Hel
alopecic mice. Immunofluorescence staining of NKG2ZD ligands (H6() in the hair follicle

innet root sheath {marked by K71).

{8831} FI{s. 23B shows the cellular phenotype and fimetion of CD8 NKG2DY eytotoxic
T fymphocytes in AA niice. Tmmuncfluorescence staining of CD8 NKG2D cells in hair

follicles of CSTRL/6, healthy C3H/Hel and C3H/Hel AA mice.

8032 FIG, 23¢C shows the celtular phenotype and fanction of CD8 NKG2D' cytotoxic
T lymphocytes in AA mice. Striking cutaneocus lymphadenopathy and celhularity in C3H/Hel

mice that developed AA.

{8033} FIG. 23D shows the cellular phenotype and fimetion of CD8 NEKG2D' cytotoxic
T lymphocytes in AA mice. Plots show the frequency of CDS'NKG2ZD' T cells from skin

and skin-draining lymeph nodes in alopecic mice vs. ungrafied mice.

-6 -
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{8034} FIG. 23F shows the cellolar phenotype and function of CD8 NKG2D" eytotoxic
T lymphocytes in AA mice. Plots shows the immunophenotype of CD8 NKGID' T cells in

cutancous fyoph nodes in CIH/Hel alopecic mice.

18435} FEG. 23F shows the cellular phenotype and function of CDE'NKG2D' cytotexic
T bymphocytes in AA niice. Graphs demonstrate that CD8 NKG2D' T cells isolated from
AA mice cutangous LNs kill Rae-1 expressing dermal sheath cells grown from C3H/Hel hair

follicles in an NKG2D-dependent manner.

[8836] FIG. 23G shows the cellular phenotype and function of CD8 NKG2ZD' eytotoxic
T lymphocytes in AA mice. RNAseg was performed on CDE+NKG2D+ and CDE+NKGZD-
T celis sort purified fromm AA cutancous lyoph nodes. Transcripts upregulated in
CDR+NKGZD+ T cells were compared with CTL gene expression and NK cell gene
expression in the literature®?, and overlapping gene signatures are displayed in this Venn

Diagran.

18037} FI{s. 23H shows the cellular phenotype and function of (D8 'NKG2ZD' eytotoxic
T Iymphocytes in AA mice. C3H/He mice were injected subcutancously with 2x10° cells
from tour different populations. Hair loss developed in recipicnts after either injection of
total LN cells or (DS 'NKG2D' T cells alone (5 out of 5 mice per group), whereas mice
receiving CDE& NKG2ZE T cells or LN cells depleted of NKG2D+ cells did not develop

alopecia (0 out of 5 mice per group). ***p value=<(.001.

{8038} FI1G. 24A shows transcriptional profiling of buman and mouse AA skin that
reveals evidence for IFNy, eytotoxic T cells and the 1115 pathway as coniral o disease
pathogenesis, inviting therapeutic targeting using Jak inhibitors. FIG. 24A 15 a Venn diagram
showing overlap of gene hist from whole alopecic C3H/Hel mouse skin (compared with
unaffected C3H/Hel skin) with IFNy-induced gene expression™ and CDS and NK cell gene
signatures from ImmGen consortium publications™® (Top panel). Representative list of
differcntially expressed genes among homan AA and C3H/Hed AA reoveals shared
mflammatory pathways, in particular IFNy pathway genes, genes representative of CD¥

effectors, and a striking 1L-15 pathway signature (Bottom panel).

18039} FIGS. 248-D show effect of treatment with a Jak3 inhibitor (JAK31), FIG. 24B,
JAKS: (tofacitinib) inhibits [L-15-induced Stat3 activation in T cells. FIG. 24C, JAK 3

~3
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inhibits IL-15-induced LAK cell cytotoxic function. FEG. 24D, JAKS: inhibits IL-15-induced

LAK cell Granzyrae B expression and IFNy production.

18044] FYG. 25A shows targeting CDE NEG2D eytotoxic T lymphocytes with JAK3i
prevents the onset of alopecia in grafted C3H/Hel mice. C3H/Hel grafted mice were treated
systemically from the time of grafting. The onset of alopecia 15 mhibited by JAK34,
tofacitimib treatment. The durability of disease prevention was demonstrated by treatment

withdrawal for an additional 12 weeks after treatment withdrawal.

18041} FIG. 258 shows targeting CD8 NKG2ZD' eytotoxic T lymphocytes with JAK 3
prevents the onset of alopecia tn grafted C3H/Hel mice. C3H/HeJ grafted mice were treated
systemically from the time of grafting. The onset of alopecia is inhibited by JAK3],

tofacituub treatment.

16042} FIG. 25C shows targeting CDE NKG2D eytotoxic T lymphocytes with JAK3
prevents the onset of alopecia in grafted C3H/Hel mice. The frequency of CDS NEG2ZD' T
cells in skin and cutancous lymph nodes of JAK31 treated mice were significantly decreased

compared to conirel mice. ***p value=<(0.001.

8043} FIG. 25D shows targeting CD8 NKG2ZD cytotoxic T fymphocytes with JAK3i
prevents the onset of alepecia in grafted C3H/Hel mice. Immunchistochemical staining of
skin biopsies showed that the expression of CD4, CD&, MHC class 1 and I in skin are

significantly decreased in JAK31 treated mice compared to control mice.

[8044] FIG, 258 shows targeting CD8 NKG2D' eytotoxic T lymphocytes with JAK3i
prevents the onset of alopecia in grafted C3H/Hel mice. ALADIN score {a summary statistic
of expression of IFN signature and CTL signature genes) from JAK3i treated mice showed
normalization. For gene expression studies, mice grafied with autologous health skin were

mchided as sham-operated controls.

[B045] FIG, 25F shows targeting CDS NEKG2D eytotoxic T lymphocytes with JAK31
prevents the onset of alopecia in grafted C3H/Hel mice. GEDI results of JAKS: treated mice

showed reduction in CTL and IFN signatures,

[6046] FiG. 26A shows reversal of gstablished AA with topical small molecule inhibitor

of the downstream cffector kinase JAK3. Three-to-five per group of mice with long-standing
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AA (at least 12 weeks after grafting) were treated topically on the dorsal back with 0.5%
JAKSI, tofacitinih or (top panels) vebicle alone {Aquaphor) by daily application for 12
weeks. A full coat of hatr emerged in the JAK 31 treated mice by 7 weeks of treatment and
further developed by 12 weeks. The durability of hair regrowth was measured for an

additional 8 weeks after treatment withdrawal with no evidence of disease recurrence.

{6847} FIiG, 2B shows reversal of established AA with topical small molecale inhibitor
of the downstream cffector kinase JAK3. The graph depicts a time course of hair regrowth

mdex shown as weeks after freatment.

[63848] Fifz. 26C shows reversal of established AA with topical small molecule inhibitor
of the downstream effector kinase, JAK3. The plots depict the frequency of CDE NKGZD'T
cells in the skin of JAK3i-treated mice was significantly decreased compared to control

mice, *p value=<(.03, **p valoe =<{.01, n.s.=not significant.

[6849] FIG. 26D shows reversal of established AA with topical small molecule inhibitor
of the downstream effector kinase, JAK3, hnmunohistochemical staining of skin biopsics

shows treatroend-related loss of expression of CD4, CDE, MHC class T and U markers.

[6056] FiG. 26E shows roversal of established AA with topical small molecule inhibitor
of the downstream effector kinase, JAR3. The ALADIN score shows treatmment-related loss

ot CTL and IFN signatores.

166511 FIG. 26F shows reversal of cstablished AA with topical small molecule inhibitor
of the downstream ctfector kinase, JAK3. GEDI analysis shows territories of gene expression

with treatmeunt-related reversal of pathogenic signatures.

[8052] FIG. 27 A shows that Rae-1 is upregulated in the AA HF. Immunostaining of
lestonal using & pan-Rac-1 antibody in C3H/Hel alopecic mice, unaffected C3H/Hed mice

and C37BL6 mice.

[6853] FiG. 27B shows that HG6O and Rae-1 are overexpressed in AA. NKG2DL RNA
gxpression in alopecic lesional skin from C3H/HelJ mice compared with non-lesional skin
from pnaffecied C3H/MHel mice. RT-PCR data from ¢cDNA from 3 mice are shown and

represented as relative fold-induction.
HRHIRE ) FiG, 27C shows that CD4 T cells are infrequent in AA lesional skin: Flow

-9
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cytometric evaluation of lesional alopecic skin. Quantitation of CD4 and CDE Teells as a

creeniage of total gated CD3' or CD45" cells,
& P

[8055] FIG. 27D shows that effector memory immunophenotype of CD8 NKG2D' T
cells are similar in lesional skin and in the cutancous draining lymiph node. Gated
CDRalpha NKG2D' T cells are displayed for CD8beta, NKG2D, NKG2A/C/E, CD44,
CD103 and CD62L expression.

{6036 FIG. 28 15 a network map of differentially expressed upregulated genes in CD3+
CDE+NKG2D+ LN cells ve. CDE+NEKG2D- cells. String.db was used to create a biclogical
nteraction score matrix with the differentially expressed genes. The network map was
created using cytoscape; only biological interactions >(1.75 were used. Nodes represend
genes, and edges represent biological interactions as derived from string. db. Node size is

proportional to fold change, and edge width is proportional to biclogical interaction.

18857} FiG. 29 shows validation of mouse RNA expression studies. To determine the
expression signature of C3H/Hel mouse skin affected with alopecia arcata, lesional skin was
wsolated from three affected fomale mice and three unaffected aged-matched controls. Total
and small RNAs were isolated from whole skin and biotin-labeled cRNA was generated
through in vifro transeription, followed by hybridization to the Affymetrix Mouse 430 2.0
(Genechip. Data analysis was done as outlined in the Methods, FIG, 29A is a heatmap
depicting the significantly and differentially expressed genes between C3H/Hel affected and
wnaffected skin. FEG. 28B shows validation by gRT-PCR of several selected mnmune-related
genes from this list whose expression levels are significanily upreguiated in AA lesional skin
compared to unattected skin, where cach bar represents the average fold change of three

mdependent experiments. UA = umaffected; AA = affected.

{8858 FIG. 38A shows systemic freatment of AA mice with JAKS nhibitor. C3H/He
mice with long-standing alopecia areata were treated with tofacitinib with Alzet osmotic
mini-pumps (pumps, mode! 2004, Drarect Corporation) implanted subcutancously on the back
of cach mouse to deliver vehicle {poly{cthylenc glycol) (PEG)300) or vehicle containing
JAR1 tofacitingb (Abmwole) at 15 mg/kg/day for 12 wks. Alopecia areata reversal was

complete on both the back and belly,

FEHESHH FiG. 38B shows systemic treatment of AA mice with JAKS inhibitor. Flow

cytometric apalysis of skin and cutancous lymph node populations shows elimination of the

- 16 -



WO 2013/149194 PCT/US2013/034688

CD8 NKG2ZD' T cell population in treated mice (03 per group).

{8068 FIG. 38C shows systemic treatment of AA mice with JAK3 inhibitor.
Immunostaining of skin from mice treated with tofactinib or placebo demonstrates

elimination of CD¥ infiltration and MHC 1 and U upregulation in tofacitinib treated mice.

{8061} FIG. 31 depicts JAK-STAT signaliogin normal hair follicke development. To
analyze the status of the JAK-STAT signaling pathway during 2 normal hair cycle, mRNA
was collected from skin of three mice at postnatal days 17, 23, 29, 33, Samples represent the
telogen to anagen transition as evident in the photomicrographs of H&E stains from these
time points. Day 17= carly tclogen; day 23 = late telogen; day 29 = carly anagen; day 33 =
full anagen. ¢DNA was made and probed on JAK-STAT gPCR arrays. JAK-STAT signaling

is up  telogen and down in anagen (see FIG. 32).

[B8063] FIG. 32 15 a heat map showing a hierarchical claster analysis. mRNA isolated
from mwouse skin at cach time point (217, 23, 29, 33) were probed on JAK-STAT gPCR
array. Red= induced, Green=repressed. Shown are all genes of the array. Several clusters
of genes are evident that arc upregulated in both telogen time pouds (d17 and d23), or

apregulated i both anagen time points (d29 and d33).

[8063] FIG. 334 13 a heat map showing a hierarchical cluster analysis. The figare shows
averages of 3 biological replicates/ time point. The Contrel group: D17 (Telogen); Group 1
D23 (telogen); Group 2: D29 (anagen); and Group 3: D33 (anagen). JAKIL and 3 arc
upregulated in telogen group (red in control group and Group 1), Expression of JAK-STAT

signaling pathway components is up in telogen and down in anagen.

[8064] FIG. 33B is a heat map showing a hicrarchical cluster analysis. The figure shows
averages of 3 biological replicates/ time point. The Contrel group: D17 (Telogen); Group I
D23 (telogen); Group 2: D29 (anagen); and Group 3: D33 (anagen). Stai 1/2/3/5 are
upregulated in telogen (red in control group and group 1), Expression of JAK-STAT

signaling pathway components is up in telogen and down in anagen.

{B065] FIG. 34 15 a heat map (top) showing a cluster analysis. The Control group: DI7
(Telogen); Group 1: D23 {telogen); Group 2: D29 (anagen); and Group 3: D33 (anagen).
Potential ligands for JAK STAT or targets for JAK31: OSM, 1L.6st (GP130), 1L-4, IL-2Rg,

CSFIR, and others upregulated in telogen sanmples.
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{8866} FIG, 38 shows summaries of genes upregulated in telogen as well as
downregulated in telogen. The Control group: D17 (Telogen); Group 1: D23 {ielogeny;
Group 2: D29 {anagen); and Group 3: D33 (anagen). CRP, a well-defined geve upregulated

by JAK/STAT signaling, s strikingly increased in telogen.

18067] FIG. 36 are photomicrographs showing JAK-STAT in hair follicle development:
Embryonic development. Stat 3 and Stat 5 were identified to be differentially expressed
between telogen and anagen. To examine the pattem of cxpression in embryonic
evelopment, the activated {phosphorylated) forms of these proteins were stained. As shown,
P-5tat 3 is expressed m epithelial layers during early stages of development and then can be
faintly seen in the dermal papilla. P-StatS expression appears later, at E16.5, in scattered

dermal cells and becomes pronounced in the dermal condensate by E18.5.

[8068] FI1G. 37 are photomicrographs showing JAK-STAT in hair follicle development:
post-natal development. P-Stat3 is expressed in the basal layers of the epidermis and upper
epithclial layers of the follicle during neonatal skin development. Expression can also be
detected in the dermal papilla, most obhviously during telogen (B17). P-StatS is highly
expressed in the dermal papilia in all stage of the bair cycle. In telogen, cxpression of P-Statd

maybe limited to a subset of DP cells, closest to the K15+ bulge (D17, bottom).

{8069} FiG. 38 are photomicrographs showing the ¢ffect of a JAK-STAT inhibitor on the
hair cyele of normal mice: Induction of anagen. Inhibition of the JAK-STAT pathway during
telogen (by application of a JAK inhibitor) results in carly onset of anagen. 7-8 weeks old
animals in telogen were treated with controls or JAK STAT inhibitors. MNegative {vehicle
alone; Left Panel) and positive (SAG = sonic hedgehog agonist; Middle panel) controls show
that DMSO treatment alone does not induce anagen, while treatment with sonic hedgehog
agonist results in early (4-7 days post treatment) indaction of anagen, as expected. Right:
Treatment with the Jak 3 inhibitor Tofacitinib (10mg/md.) results in marked induction of
anagen after 2 weeks or 3 weeks of treatment compared to vehicle treated mice which remaim

m telogen.

186741 FIG. 39 are photomicrographs showing effects of drug eatment on keratinocyte
proliferation in vive. Tofacitinib does not appear to cause hyperpoliferation of the epidermis.
Top: Krt6, s marker of keratinocyte proliferation typically expressed in the inner root sheath

of the follicle. Bottom: the effects of drug treatment on proliferation of the follicle. In
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tofacitinib treatead skin, proliferation in the secondary germ occurs later, indicating that

Tofacitinib can induce anagen,

{8471} FIG. 48 arc plots showing JAK-STAT in hair cycle: a drug treatment in mice.
Quantification of number and thickness of hair follicles in skin treated with the Jak3
mhibitor, Tofacitinib, and a Jak1/2 inhibitor Ruxolitimib, as compared to plucked skin and
vehicle-treated (DMS(). Both the numbers of foilicles as well as the thickness of follicles is

greater in drug treated skin than in vehicle freated mice.

{88731 FIG. 41 are photomicrographs showing the effect of Jak inhibitors on human hair
follicle morphogenesis: drug treatments of human fetal scalp. Homan cmbryonic scalp at 20
weeks was obtained and treated in vitro with 30mg/ml. of the Jak3 inhibitor, Tofacitinib, or
vehicle alone. Skin was barvested and sectioned and assessed for hair follicle morphology.
Hairs in treated skin appear more advanced in the first anagen of morphogenesis compared to

DMSO wreated scalp.

{6873] Fifz. 42 shows topical treatment with a JAK inhibitor. Seven-week-old normal
C37BL/6 mice were shaved in telogen and treated with 196 Jak3 inhibitor {Tofacitinib; Right
panel), 1.5mg/ml fsopropyl unoprostone (Latisse; Middle Right pane!), 100uM SAQG (shh
agonist; Middle Left panel), or DMSO as vehicle (Left Panel) by daily application for 3
weeks. Effect is durable out to a little more than 1 month at the time the image was taken.
Right half of each mwouse was administered topical drug, left half of each mouse was treated

with DMSCO alone.

18074) FIG. 43 are photomicrographs of Ki67 staining (green) showing marked
proliferation in the telogen hair follicle in Tofucitinib and SAQ treated skin, compared to

vehicle, indicative of the start of Anagen.
PETAILED DESCRIPTION OF THE INVERTION

{8675} The mvention provides for methods of treating a hair loss disorder {¢.g., Alopecia
Arcata (AA), a common auwtcimmunc form of hair loss) with an inhibitor of Jak3. Clinical
research in AA has lagged behind its move heavily investigated “sister” autoimmune discases
1 which this gene has been imphicated (e.g., rheumatoid arthritis (RA), type 1 diabetes
meliitus (T1D), multiple sclerosis (MS)). The invention provides for therapeutics previously

untested in A A, that can inform one about the clinical relevance of Jak3 related pathways in
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AA and related diseases.

Abbreviations and Definitions

18876} The singular forms “a”, “an”™ and “the” inchide plural reference unless the context
clearly dictates otherwise.
{8877} As used herein the term “about” 15 used herein to mean approximately, roughly,

around, or in the region of. When the term “about” 1s used in conjunction with 3 numerical
range, it modifics that range by extending the boundariecs above and below the numerical
values set forth. In general, the term “about”™ is used herein to modity 2 sumerical value

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

Oyerview of the Inteeument and Hair Cells

18478} The integument (or skin) is the largest organ of the body and 15 a highly complex
organ covering the external surface of the body. It merges, at various body openings, with
the mucous membranes of the alimentary and other canals. The integument performs a
number of cssential functions such as maintaining a constant jnternal cnvironment 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 biclogic agents on
deeper tissues. Skin is elastic and except for a few arcas such as the soles, palms, and ears, it
1§ loosely attached to the underiying tissue. It also varies in thickness from 0.5 mm (G.02
meches) on the evelids (“thin skin’) to 4 mm (0.17 inches) or more on the palms and soles

{“thick skin”} (Ross MH, Histology: A text and atlas, 3 cdition, Williams and Wilkins,

1995: Chapter 14; Burkitt HG, et o/, Wheater’s Functional Histology, 3 Edition, Churchiil

Livingstone, 1996 Chapter 9).

18679] The skin is composed of two layers: a) the epidermis and b) the dermis. The
epidermis is the outer layer, which i1s comparatively thin (0.1 mm). [t is several cells thick
and is composed of S layers: the stratum germinativum, stratiom spinosum, stratum
granulosum, siratum locidum (which is limited to thick skin), and the stratum coroeum. The
outermost epidermal layer (the stratum corneum) consists of dead cells that are constantly
shed from the surface and replaced from below by a single, basal layer of cells, calied the
stratum gorminativam. The epidermis is composed predominantly of keratinocytes, which

make up over 959 of the ccll population. Keratinocytes of the basal layer (stratum
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germinativam) are constantly dividing, and daughter cells subsequently move apwards and
outwards, where they undergo a period of differentiation, and are eventually sioughed off
from the surface. The remaining cell population of the epiderods meludes dendritic cells such
as Langerhans cells and melanocytes. The epidermis is essentially celhilar and non-vascular,
containing little extracellular matrix except for the layer of collagen and other proteins

bencath the basal layer of keratinocytes (Ross MH, Histologv: A text and atles 3 edition,

Williams and Wilkins, 1993: Chapter 14; Burkitt HG, ef ¢/, _Wheater’s Functional Histology

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

[68886] The dermis 1s the inner layer of the skin and 1s composed of a network of
collagenous extracellular material, blood vessels, nerves, and elastic fibers, Within the
dermis arc hair follicles with their associated scbaceous glands {collectively known as the
pilosebaceous unit) and sweat glands, The interface between the epidermis and the derous is
extremely irregular and uneven, except in thin skin.  Beneath the basal epidermal cells along
the epidermal-dermal interface, the specialized extracellular matrix is organized into a

distinet structure caled the basement membrane (Ross MH, Histology: A text and atlas, 3

edition, Williams and Wiltking, 1995: Chapter 14; Burkitt HG, ef o/, Wheater’s Functional

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

16881} The mammalian hair fiber is composed of kevatinized cells and develops from the
hair follicle. The hair follicle is a peg of tissue derived from a downgrowth of the epidermis,
which lies immediately underoeath 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
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 1s a loose layer of connective tissuc), and into the fat or adipose layer (Ross MH,

Histology: A text and atlas, 3 edition, Williams and Wilking, 1995 Chapter 14; Burkatt HG,

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

8682} At the base of an active hair follicle lies the hair bulb. The bulb consists of a body
of dermal cells, known as the dermal papilla, contained in an inverted cup of epidermal cells
known as the epidermal matrix. Irrespective of follicle type, the germinative 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 exterpally around all of the hair mairix epidermal
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layers as a thin covering of tissue. The lowermost portion of the dermal sheath then
continues as a sleeve or tube for the length of the follicle (Ross MH, Histologyv: A textand

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

e

Functional Histology, 3 Edition, Churchill Livingstone, 1996: Chapter 9},
g ! }

18083] 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, 8 sequential exchange of information between these two layers supports a
complex series of morphogenetic processes, which results in the formation of adult follicle
structures. However, in contrast to general skin dermal and epidermal cells, certain hawr
follicle cell populations, following maturity, retain their embryonic-type interactive,
inductive, and biosyuthetic 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 interactive communication, which is vital for

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

[B084] The hair fiber is produced at the base of an active follicle at a very rapid rate. For
example, foilicles produce hair fibers at a rate 0.4 mum per day in the human scalp and up to
1.5 mm per day in the rat vibrissa or whiskers, which means that cell proliferation in the
follicle epidermis ranks amongst the fastest in adult tissucs (Malkinson FD and JT Keam, fnf
J Dermatol 1978, 17:536-551). Hair grows in cycles. 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
resting or quicscent phase of the ¢cyvcle, which accounts for about 103-14% of the hair follicles.

The cyele's fength varies on different parts of the body.

{6085} Hair foilicle formation and cycling s controlled by a balance of inhibitory and
stimulatory signals. The signaling cues are potentiated by growth factors that are members of
the TGFB-BMP family. A promyinent antagonist of the members of the TGFR-BMP family is
follistatin, Follistatin is a secreted protein that inhibits the action of various BMPs (such as
BMP-2, -4, -7, and ~11) and activios by binding to said proteins, and purportedly plays a role
in the development of the hair follicle (Makamura M, et al,, F4SER J, 2003, 17(3):497-9;
Patel K fntf J Biochem Cell Bio, 1998, 30:1087-93; Ueno N, et al., PNAS, 1987, 84:8282-586;
Nakamura T, et al., Nature, 1990, 247:836-8; femura S, et al., PNAS, 19958, 77:649-52;
Famsod A, et al., Mech Dev, 1997, 63:39-50; Gamer LW, et al., Doy Biel, 1999, 208:222-32).
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8036} The deeply embedded end bulb, where local dermal-epidermal interactions drive
active fiber growth, is the sigualing center of the hair follicle comprising a cluster of
mesenchymal ceols, called the dermal papilia (DP). This same region is also central to the
tissue remodeling and developmental changes mvolved m the hair fiber’s or appendage’s
precise alternation between growth and regression phases. The DP, a key player in these
activities, appears to orchestrate the compliex program of differentiation that characterizes
hair fiber formation from the prunitive gernunative epidermal cell source (Oliver RF, J Soc
Cosmet Chem, 1971, 22:741-755; Oliver RF and CA Jshoda, Bivlogy of Wool and Hair (eds
Roger et al ), 1971, Cambridge University Press:51-67; Reynolds AJ and CA Jshoda,

Development, 1992, 115:587-593; Revnolds Ad, et al., J fuvest Dermatol, 1993, 101:634-38).

{88871 The lowermost dermal sheath (D3} arises below the basal stalk of the papilla,
from where it curves outwards and upwards.  This dermal sheath then externally encases the
layers of the epidermal hair matrix as a thin layer of tissue and continues upward for the
length of the follicle. The epidermaliy-derived outer root sheath (ORS) also continucs for the
length of the follicle, which Hes immediately intemal to the dermal sheath in between the two
layers, and forms a specialized basement membrane termed the glassy membrane. The outer
root sheath constitutes little more than an epidermal monolayer in the lower follicle, but
becomes increasingly thickened as it approaches the surface. The inuer root sheath (IRS)
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 nnermost portion that touches the
hair shaft. The IRS cuticle iayer is a single cell thick and is located adjacent {o the hair fiber.
1t closely interdigitates with the bair fibor cuticle layer. The Huxley layer can comprise up to
four cell layers. The IRS Henley layer is the single cell tayer that vuns adjacent to the ORS

fayer (Ross MH, Histology: A text and atles, 3" edition, Williams and W itking, 1995

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

Livingstone, 1996: Chapter 9.

Alopecia areata

[3888] Alopecia arcata {AA} is one of the most prevalent autoimmune diseases, affecting
approximately 4.6 million people in the US alone, including males and fomales across all
cthnic groups, with a Bfetime risk of 1.7% (1} In AA, astotmmunity develops against the hair
follicle, resulting n 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

-1
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{alopecia universalis, AU}, AA was first described by Cornelius Celsus in 30 A.D., using the
term “ophiasis,” which means "snake", due to the sinucus path of hair loss as it spread slowly
across the scalp. Hippocrates first used the Greek word “alopekia’ (fox mange), the modern

day term "alopecia aveata” was first used by Sauvages in his Nosologica Medica, published in

1760 1 Lyons, France.

{6089} Curiously, AA preferentially affects pigmented hair follicles in the anagen
{growth} phase of the hair cycle, and when the hair regrows in paiches of AA, i frequently
grows hack white or celotless. The phenomenon of “sudden whitening of the hatr’ 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 inclade Shahjahan, who upon the death of his wife in 1631 experienced acute
whitening of his hatr, and in his grief built the Taj Mahal in her honor.  Sir Thomas More,
author of Utopia, who on the eve of his exccution in 1535 was said to have become “white in
both beard and hair’. The sudden whitening of the hair is believed to result from an acute

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

8096} Several clinical aspects of AA remain unexplained but can hold important cloes
toward understanding pathogenesis. AA attacks hawrs ounly arcund the base of the hair
follicles, which are surrounded by dense clusters of lymphocytes, resulting in the
pathognomic ‘swarm of bees” appearance on histology. Based on these observations, it is
postulated that a signal(s) in the pigmonted, anagen bair follicle 1s emitted which invokes an
acute or chronic immune response against the lower end of the hair follicle, leading to hair
cycle pertorbation, acute hair shedding, hair shaft anomalies and hair breakage. Despite these
dramatic perturbations in the hair folficle, there is no permancnt organ destruction and the

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

18691} Throughout history, AA has been considered at times to be a neurological
disease brought on by stress or anxiety, or as a result of an infectious agent, or even hormonal
dysfunction. The concept of a genetically-determined avtoimmune mechanism as the basis
for AA emerged during the 20% century from multiple lnes of evidence. AA hair follicies
exhibit an immune mfiltrate with activated Th, Tc and NK cells (3, 4) and there is a shift
from a suppressive {Th?) to an astoinmnune (Thi) eyvtokine response. The humanized model
of AA, which involves transfer of AA patient scalp onlo immume-deficient SCID mice

illustrates the autoimmune nature of the disease, since transfer of donor T-cells causes hair
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Ioss only when co-cuitured with hair follicle or human melanoma homogenate (5, 6),
Reguiatory T cells which serve to maintain immunce tolerance are observed in lower nombers
in AA tissue (7), and transfer of these cells 1o C3H/Hel mice leads to resgistance 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
extracetular matrix barriers to ipede mowmne cell trafficking, lack of antigen presenting
cells, and inhibition of NK cell activity via the local production of immunosuppressive
factors and reduced levels of MHC class 1 expression (%), Thus, the notion of a “collapse of
immmune privitege’ has also been nvoked as part of the mechanisma by which AA can arise.
Support for a genetic basis for AA comes from multiple lines of evidence, including the
ohserved heritability in first degree relatives (10, 11), twin studies (12}, and most recently,

from the results of our family-based linkage studies (13}

Treatment of Hair Loss Disorders

{8093} This tnvention provides for the discovery that a known therapeutic, for example
an inhibitor of a protein tyrosine kinase (PTK) involved in cytoking signaling, such as Jak 3,
can be used for the treatment of hair loss disorders. Non-limiting examples of hair loss
disorders inclade: androgenectic alopecia, Alopecia arcata, telogen effluviam, alopecia areata,
alopecia totalis, and alopecia universalis. For example, androgenctic alopecia (also called
anrogenic alopecia in worsen) is a common form of Agir-loss in both men and women
resulting in 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. If AA is not
treated or is not responsive to the treatments, then baldaess in the affected area can resolt
(e.g., alopecia totalis), Alopecia totalis (AT) as well as alopecia universalis (Al) are severe
forms of alopecia arcata (AA). AU is the most severe form of alopecia areata. See, e.g., Cho

et al. (2012} J Korean Med Sci, 27: 799-802.

[B893] An aspect of the invention encompasses a method of treating a hair-loss disorder
in a mammalian subject in need thereof, the method comprising administering to the subject
an inhibitor of a profein tyrosine kinase (FTK) jnvolved in cytekine signaling. To some

embodiments, the Jak3 inhibitor, is an antibody that specifically binds to a Jak3 proteinora
fragment thereof, an antisense RNA or antisense DINA that decreases expression of the gene

that cncodes the Jak3 protein; an antiscuse RNA or antiscnse DNA that decreases expression

- 19 -



WO 2013/149194 PCT/US2013/034688

of the Jak3 protein; a siRNA that specifically targets the Jak3 gene: a small molecule; or a
combination thereof. In one embodiment, the inhibitor is a Jak3 inhibitor. In a further
embodiment, the inhibitor is tofacitinib (CP6R0550). In a further embodiment, the small
molecule is Janex 1 (WHI-P131), PF-05S6980, WHI-P154, VX-509, JAK3 Inhibitor IV,
NSC114792, or R348, In another embodiment, the hair-loss disorder comprises androgenetic
alopecia, telogen effluvium, alopecia arcata, tinea capitis, alopecia totalis, hypotrichosis,

hereditary hypotrichosis simpiex, or alopecia universalis,

18094 An aspect of the invention provides for a method for inducing hair growth ina
subject where the method comprises administering to the subject an effective amount of an
mhibitor of a protein tyrosine kinase (PTK) tnvolved in cyickine signaling. In some
embodiments, the Jak3 inhibitor, is an antibody that specifically binds to a Jak3 proteinora
fragment theroof; an antisense RNA or antisense DNA that decreases expression of the gene
that encodes the Jak3 protein; an antisense RNA or antisense DNA that decreases expression
of the Jak3 protein: a siRNA that specifically targets the Jak3 genc: a small molecule; or 3
combination thereof. In one embodiment, the ivhibitor s a Jak3 wnhibitor. 1n a further
embodiment, the inhibitor is tofacitinib (CP6%0550). In a further embodiment, the small
molecule is Japex 1 (WHI-PI31), PF-956980, WHI-P154, VX509, JAK3 Inhibitor IV,
NSC114792, or R348, In another embodiment, the hair-loss disorder comprises androgenctic
alopecia, telogen effluvium, alopecia arcata, tinea capitis, alopecia totalis, hypotrichosis,

hereditary hypotrichosis simplex, or alopecia universalis.

[B095] An aspect of the invention encompasses a method of treating a hair-loss disorder
n a mammalian sebject in need thereof, the method comprising administering to the soebject 2
Jak3 iphibitor. In one embodiment, the inhibitor is an antibody or antibody fragment that is
directed to SEQ D NO: 1. In another embodiment, the hair-loss disorder conmprises
androgenetic alopecia, telogen effluvium, alopecia areata, tinea capitis, alopecia totalis,

hypotrichosis, hereditary hypotrichosis simplex, or alopecia universalis

{8096} An aspect of the invention provides for a method for inducing hair growth ina
subject where the method comprises administering o the subject an effective amount of a
Jak3 inhibitor, thereby controlling hatr growth in the subject. Tn one ecrobodiment, the
mhibitor comprises an antibody that specifically binds to a protein comprising SEQ 1D NO:
1. In some embodiments, the subject is afflicted with a hair-loss disorder. In other

cmbodiments, the hair-loss disorder comprises androgenetic alopecia, telogen efffuvium,

-3 -

E&AV



WO 2013/149194 PCT/US2013/034688

alopecia arcata, tinea capitis, alopecia totalis, hypotrichosis, hereditary hypotrichosis simplex,

or alopecia universalis.

{8897} This invention provides for the discovery that a number human genes have been
identitied as a cohort of gones involved in telogon-to-anagen transition of the hair cycle (c.g,
Telogen-to-Anagen Hair Cycle (TAHC) gene). These genes were identified as being
apregulated in the telogen phase of the hair cycle, and can be correlated with the presence of
a hair loss disorder in 3 subject. These genes, now that they have been identified, can be used
for a varicty of useful methods; for exarnple, they can be used to determine whether a subject
has susceptibility to a hair-loss disorder, such as Alopecia Areata (AA). The genes identified
as part of this telogen-to-anagen fransition hair cycle cohort or group (Le., “TAHC genes”)
inclade CSFIR {Gene 1D Accession No. 1436), FCER2 (Gene 1D Accession No. 22083,
ENGRI {(Gene U Accession No. 3459), 120 (Gene 1D Accession No. 30604), 0OAST (Gene
1D Accession No. 4938), PTPRC {(Gene [ Accession No. 5788}, CEBPE {Gene ID
Accession Mo, 1052), CRP {Gene 1D Accession No. 1401), ILZRA (Gene ID Accession No.
3559}, 114 (Gene 1 Accession No. 3565), 1L6ST (Gene 1D Accession No. 3572), INSR
{(Gene 1D Accession No. 36433, JAKS {Gene 1D Accession No. 3718), NR3CH {(Gene ID
Accession No. 29083, OSM (Gene 1D Accession No, 5008), PTPN1T (Gene 1D Accession
No. 57813, SOCS3 (Gene 1D Accession No., 9021), STATSA (Gene 1D Accession Ne. 6776},
STATSE {Gene I Accession Mo, 6777), CCND1 {Gene 1D Accession No. 593), F2 (Gene
1D Accession No. 21473, LRG1 (Gene 1D Accession No, 116844), PRLR (Gene D
Accession No. 5618), MPL (Gene 1D Accession No. 4352), and JUNB (Geoe 1D Accession
No. 3726).

[B6498] In one embodiment, the invention cncompasses a method for detecting the
presence of or a predisposition to a bair-loss disorder in a human subject where the method
comprises obtaming a biclogical sample from a human subject; and detecting whether or not
there is an altcration in the level of expression of an mRNA or a protein encoded by a TAHC
gene in the subjoct as compared to the lovel of expression in a subject not afflicted with s
hair-loss disorder. In on embodiment, the detecting comprises determining whether mRNA
expression or protein expression of the TAHC gene is increased or decreased as compared to
expression in @ normal sample. In another embodiment, the detecting comprises determining
m the sample whether expression of at least 2 TAHC proteins, at least 3 TAHC proteins, at

least 4 TAHC proteins, at least 5 TAHC proteins, at least 6 TAHC proteins, at least 6 TAHC



WO 2013/149194 PCT/US2013/034688

proteins, at least 7 TAHC proteins, or at least 8 TAHC proteins is increased or decreased as
compared to expression in a3 normal sample. In some embodiments, the detecting comprises
determining in the sample whether expression of at feast 2 TAHC mRNAs, at least 3 TAHC
mRNAS, at least 4 TAHC mRNAg, at least § TAHC mRNAs, at least 6 TAHC mRNAg, at
icast 6 TAHC mRNAs, at least 7 TAHC mRNAs, or at least 8 TAHC mRNASs is increased or
decreased as compared to expression in a normal sample, In one embediment, an increase in
the cxpression of at least 2 TAHC genes, at least 3 TAHC geues, at least 4 TAHC genes, at
least S TAHC genes, at least 6 TAHC genes, at least 7 TAHC genes, or at least 8 TAHC
genes indicates a predisposition o or presence of a hair-loss disorder in the subject. In
another emebodinent, a decrease in the oxpression of at teast 2 TAHC genes, at least 3 TAHC
genes, at feast 4 TAHC genes, at least § TAHC genes, at least 6 TAHC genes, at least 7
TAHC genes, or at least 8 TAHC genes indicates a predisposition o or presence of a hair-
ioss disorder in the subject. In one embodiment, the mRNA expression or proiein expression
level in the subject is about 5-fold increased, about 10-fold increased, about 15-fold
mereased, about 20-fold increased, abowut 25-fold increased, about 30-fold increased, about
35-fold increased, about 40-fold increased, about 45-fold increased, about 50-fold increased,
about 35-fold increased, about 60-fold mmercased, about 65-fold increased, about 7(-fold
mcreased, about 75-fold increased, about 80-fold increased, about 83-fold increased, abowt
S0-fold increased, about 95-fold increased, or is 100-fold increased, as compared to that in
the normal sample. In some embodiments, the he mRNA expression or proiein expression
level in the subject is at least about 100-fold increased, at least about 200-fold increased, at
icast about 300-fold increased, at least about 400-fold increased, or is at least about S00-fold
increased, as compared to that in the normal sample. Io further embodiments, the mRNA
expression ot protein expression ievel of the TAHC gene in the subject is about 3-fold to
about 70-fold increased, as compared to that in the normal sample. In other embodiments,
the mRNA or protein expression level of the TAHC gene in the subject is about 5-fold to
about 90-fold increasced, as compared to that in the normal sample. In one embodiment, the
mRNA expression or protein expression level in the subject is about 5-fold decreased, sbout
13-fold decreased, about 15-fold decreased, abowut 2{3-fold decreased, about 25-fold
decreased, about 30-fold decrcased, about 35-fold decreased, about 40-fold decreased, about
45-fold decreased, about 50-fold decreased, about 55-fold decreased, about 60-fold
decreased, about 65-fold decreased, about 70-fold decrcased, about 75-fold decreased, about
3(-fold decreased, about 85-fold decreased, about 90-fold decreased, about 95-fold

decreased, or is 106-fold decreased, as compared to that in the normal sample. In some
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embodiments, the mRNA expression or protein expression level in the subject is at least
about 100-fold decreased, as compared to that in the normal sample, In some embodiments,
the mRMNA or protein expression level of the TAHC gene in the subject is about 5-fold to
about 70-fold decreased, as compared to that in the normal sample. In vet other embodiments,
the mRNA or protein expression level of the TAHC gene in the subject is about 5-fold to
about 90-fold decreased, as compared to that in the normal sample. In further embodiments,
the detecting comprises gene sequencing, selective hybridization, sclective amplification,
gene expression analysis, or a combination thereof. In another embodiment, the hair-loss
disorder comprises androgenctic alopecia, alopecia arcata, telogen effluviem, alopecia totalis,
hypotrichosis, hereditary hypotrichosis simoplex, or alopecia universalis. In one embodirsent,
the TAHC gene 1s CSFIR, FCER2, IFNGRI, 1120, OAS|, PTPRC, CEBPD, CRP, ILZRA,
114, TL6ST, INSR, JAK3, NR3C1, OSM, PTPN1I, S0CS3, STATSA, STATSB, CONDH,
F2, LRG1, PRLER, MPL, or JUNB. In ancother embodiment, the TAHC genc is CRP.

Biagnosis

[B099] The invention provides methods to diagnose whether or not a subject is
susceptible to or has a hair loss disorder. The diagnostic methods, in onc cmbodiment, are
based on monitoring the expression of TAHC genes, such as CSFIR, FCERZ, IFNGR1, 1120,
OAS], PTPRC, CERPD, CRP, ILZRA, [L4, [L6ST, INSR, JAK3, NR3CT, OSM, PTPNI,
SOCS3, STATSA, STATSB, CCNDI, F2, LRGI, PRLR, MPL, or JUNB, in a subjoct, for
cxample whether they are increased or decreased as compared to a normal sample.  As used
herein, the term “diagnosis” includes the detection, typing, monttoring, dosing, comparison,
at various stages, including early, pre-symptomatic stages, and late stages, in adolts and
children. Diagnosis can include the asscssment of a predisposition or risk of development,
the prognosis, ot the characterization of a subject to define most appropriate treatment

{pharmacogenetics).

{80188] The mvention provides diagnostic methods to determine whether an individual is
at risk of develeping a hair-loss disorder, or suffers from a hair-loss disorder, wherein the
discase results from an alieration in the expression of TAHC genes. In one embodiment, a
method of detecting the presence of or a predisposition to a hair-loss disorder in a subject is
provided. The sabject can be a humman or a child thereof. The method can comprise detectimg
in a sample from the subject whether or not there is an alteration in the level of expression of

a protein encoded by @ TAHC gone in the subject as compared to the level of expression in a

2
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subject not afflicted with 2 hair-loss disorder. In one embodiment, the detecting can comprise
determining whether mRNA expression of the TAHC is increased or decreased. For
example, in a microarray assay, one can look for differential expression of a TAHC gene.
Amny expression of a TAHC gene that is either 2X higher or 2X lower than TAHC expression
expression observed for a subject not afflicted with a hair-loss disorder {(as indicated by a
fluorescent read-out) is deemed not normal, and worthy of further nvestigation. The
detecting can also comprise deteroining in the sample whether expression of at least 2 TAHC
proteins, at least 3 TAHC proteins, at least 4 TAHC proteins, at lgast § TAHC proteins, at
least 6 TAHC proteins, at least 6 TAHC proteins, at icast 7 TAHC proteins, or at least &
TAHC proteins 1s increased or decreased. The presence of such an alteration is indicative of

the presence or predisposition to a hair-loss disorder.

198181 The presence of an alieration in a TAHC gene in the sample is detected through
the genotyping of a sample, for example via gene sequencing, selective hybridization,
amplification, gene expression analysis, or a combination thercof. 1o one embodiment, the
sample can comprise blood, serum, sputum, lacrimal seerctions, scmen, vaginal secretions,
feral tissue, skin tissue, epithehial tissue, muscle tissue, ammiotic fluid, or a combinanon

thereof

{66182}  The mvention provides for a diagnostic kit used to determine whether a sample
from: a subject cxhibits increased expression of at least 2 or more TAHC genes. In one
cembodiment, the kit conprising # nucleic acid primer that specifically bybridizes to one or
more TAHC genes. The invention also provides for a diagnostic kit used to determine
whether a sample from a subject exhibits a predisposition to a hair-loss disorder in a homan
subject. In further embodiments, the TAHC gene is CSFIR, FCERZ, IFNGRI, IL20, OAST,
PTPRC, CEBPD, CRP, HLZRA, TL4, IL6ST, INSR, JAK3, NR3CH, OSM, PTPNI11, SOCS3,
STATSA, STATSE, CONDI, F2, LRGI, PRLR, MPL, or JUNB. In another embodiment,
the hair-loss disorder comprises androgenetic alopecia, alopecia areata, telogen effluvivm,

alopecia totalis, hypotrichosis, bereditary hypotrichosis simplex, or alopecia universalis.

DNA and Amino Acid Manipulation Methods and Purification Theveof

1881831 The practice of aspects of the present mnvention can cmploy, unless otherwise
indicated, conventional techniques of cell biology, cell culture, molecular bioclogy, transgenic

biology, microbiology, recombinant DNA, and mmmunology, which are within the skill of the
4%7“ 9 &TS 5 Lot
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art. Such techniques are explained fully in the Hterature. See, e.g., Molecular Cloning A

Laboratory Manual, 3™ Ed., ed. by Sambrock (2001), Fritsch and Maniatis (Cold Spring
Harbor Laboratory Press: 1989 DNA Cloning, Volumes 1 and 1 (D, N Glover ed., 1985;
Cligonucleotide Svnthesis (M. 1. Gait ed., 1984); Mullis et al. VLS, Pat. No: 4,683,195;

Nueleic Acid Hybridization (B. D. Hames & S. 1. Higgins eds. 1984); Transcription and

Freshney, Alan R, Liss, Toc., 1987); Inugnobilized Cells and Enz

s (IRE Press, 1986); B.

Perbal, A Practical Guide To Molecular Cloning {1984); the series, Methods In Enzyvmology

{Academic Press, Inc., N.Y.), specifically, Methods In Enzvmology, Vols. 154 and 155 (Wu

et al. eds.}; Gene Transfor Vectars For Mammahian Cells (4. H. Miller and M. P. Calos eds.,

1987, Cold Spring Harbor Laboratory); Immunoechenyeal Methods In Cell And Molecular

Biology (Caner and Walker, eds., Academic Press, London, 1987); Handbook Of
Experimental Immunology, Vohmes -1V (B M. Weir and C. C. Blackwell, eds., 1986};

Manipulating the Mouse Enbryg, (Cold Spring Harbor Laboratory Press, Cold Spring

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

mcorporated by reference in their entiveties.

881841 Ome skilled in the art can obtain a protein in several ways, which inchude, but are
not Hmited to, isolating the protein via biochemical means or expressing a nuclootide

sequence encoding the protein of interest by genetic enginecring methods.

180165] A protein is encoded by a nucleic acid (inchluding, for examnple, genomic DNA,
complementary DNA (¢DNA), synthetic DNA, as well as any form of corresponding RNA).
For example, it can be encoded by a recombinant nucleic acid of a gene. The proteins of the
invention can be obtained from various sources and can be produced according to various
techniques known 1o the art. For exaraple, a nucleic acid that encodes a protein can be
obtained by screening DNA bbraries, or by amplification from a natural source. A protein
can be a fragment or portion thereof. The nucleic acids encoding a protein can be produced
via recombinant DNA techuology and such recombinant nucleic acids can be prepared by
conventional techniques, including chemical synthesis, genetic engineering, enzymatic
techniques, or a combination thereof. For example, a Jak 3 protein is the polypeptide
encoded by the nucleic acid having the nucleotide sequence shown in SEQ ID NG: 2. An

exanple of a Jak 3 polypeptide has the amino acid sequence shown in SEQ D NO: L
180186} The polypeptide sequence of human Jak 3 is depicted in SEQ IDNG: 1. The
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nucleotide sequence of human Jak 3
related to Jak 3 is accessible in public

{for protein) and NM_ 00021

PCT/US2013/034688

is shown in SEQ ID NO: 2. Sequence information
databases by GenBank Accession numbers NP_{(00206

5 (for nucleic acid). JAKS is a downstream signaling pariner of

the 1L-2 receptor common gamma chain, which 1s shared with the 1L-2, -4, -7, -9, 15, and -

21 receptors.

2

188187} SEQ ID NO: 1 is the buman wild type amino acid sequence corresponding to

Jak3 {(residues 1 - 1124):
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[60168] SEQ D NO: 2 s the human wild type nucleotide sequence corresponding 1o

Jak3 (nuclectides 1-5449), wherein the underscored bolded “ATG” denotes the beginming of

the open reading frame:
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108L tttagaggec Jgctgccoga ggctotgtcg ttogtggaog
1141 ctactteocygg actceccagea cttettetge -aggtc
1201 gotgetggay agcagtgrﬁa : actctggact
1261 caagctcaag ctectatgtt CtLng"qC goecececagye
1321 ctttgacagce c cttggtcecctg attataaggy
1381 ctgcctcatc g gttggcctca geecgacccca
144 jecagtett :

4
TG

fof chr geacyg tagatggggt

[
2P e

15¢ graghy: acctgategt
1561 tccag C cccaatacca
1621 gctgagt cat ac c atgagaacct
1681 gggccatggy tocttca ac g tggatgggga
1741 ggccecgaaag acagaggtgo t 2 a actgcatgga
1801 gteoattecty gaagcageyga Je ; y :g taccggeatce tegtgcetyget
1881 ccacggecqghbg tgcatggotg ga catggtgcag gaatttgtac acctgggggc
1921 catagacatg tatctgcgaa a cca cctggtge gccagetgga agetagcaggt
1981 ggtc ag ctggcctacyg ¢ ta tctgg a icoctge ccecatggeaa
2041 tgtce ce cggaaggtgs t co ggagy C gagee cgeccettoat
2101 caag agt gaccct cge bgtgt c tca

2161 gatcccctgg sfslele cg ggagyg T tgga

2221 caagtggggc .Cgge ga agtgt tgee

2281 cctggat cctget Lt ttatg tgeco

2341 igtggaca gag acagt cogt

2401 ciectto cgay ata acta

2461 ~ctcagac ccca acctc atgg

2521 ctatgcee tgoca cgagy C acat

2581 gggcaag ggcaa gctgt ofo tagg

2641 agghace ctggt JTage ge agea gga
27401 tcagcegy gagat acty gt gat C g tcaagtatcy
2761 tgtcage tatgg ag cctyg ctg gtecatggagt acctgeccag
2821 ctgottyg cgoys ca cogoe cge ctegatgcecea gocgectoct
2881 ctattco tegea at ggag tg ggctecocgoe getgegtgea
2941 ccgecgacctyg googe gt ggaga g gcecacacgtca agatcege
3001 ctteggecta go ga caaac ¢ tacgtggtcece go

32081 ccagageccce at cga cqg gacaacatct tctc

3121 gtcagacgtce f cct tc ttcacctact gog

3181 ct a : ggat gt gagegggaty to

241 gaqgyg Ly cegygogectoe ctgec

3301 agctgtyg ageccacagqy accggeeatc
3361 ggacat gc ggaagccggy gotgtgagac
3421 ¢ Jggcaa cC ctgte Lt catagcteoct
3481 grwcgcrgac ctctggatta tetgtt gt gtgaccttag geoocggaget
3541 gecectotet gggcctcaga ggccttatga ot ta cttcaggaac acceccatga
3601 ¢ ctg tagaatagoece tgitggeootiti geaatitbgtt
2681 a tca gtggggetct ctgagtceccty goccsaaagaa
3721 tc thtcoccaacce cttaagoect ggececotga
3781 attt tttttatittt tatttittatt tttgagacas
3841 gtgce agtqg ga gtgcaa
3901 tcag cc gattac
3961 qucaﬁﬁ C ol ta Ctcacca
4021 tggcca Ja Gaac taacc =t cctececcasay
4081 fgtfgcaa,a ataggcoatga gocactgoac -ttt atttattatt
4141 agagacagga tctitgectacg ttgceccagge ctectgggeh
4201 tcotgeoctta toctectaaa tagotgggac agtttitgagt
4261 atttccaatg gggacattcae tgtagetttt ttottttgas
4321 gotoctgtege ccaggotgga gtacagtgge ctcactgcaa
4381 ctgggthtcac accattctoh cgcecteagec gtag ctggsactac
44471 ggctaatittbt ttgtatttit agtagagacyg gggttitcacce
4501 catctcoctga ccteogtgate tgeccegtcete ggocteccaa
4561 gagccactge goeccggoect catgtagett taaatgtatg
4621 tctectgttte totggaggaa gccaaggaca agagcaqtfq
4681 tttaggggayg cecgtgtate tetttgggat cctgaaaqggy
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47471 C cagtccaccoe taatggtatce tgagtgboct agggcettcecagy
4301 gaccctittcect gtectcecacee tacaagggac
4861 g: cttttcacyge aatcaagygga aggaaaggca
4921 agggas q t cagagtaagy aggttaagay
4981 ggagcctaca ghttt o tgtgacagty ggcaagttec
5041 tgggtctcag G tcagagetta ccocecttgget
5101 aactttctga t groaggttaag cttctgcetge
5161 ctgcaaagct o ttggaaaact atccate
5221 ccagctacca —c atatacccce actactacty
5281 ctteccteoca o ctggggaagt gtectgtgtec
5341 cctgacctca C tgaggcectca gtacagagay
5401 atgtttgttg 1t ggas ¢ ZEEE: i

{88189}  Protein variants can include amino acid sequence modifications. For example,
amino acid sequence modifications fall mte one or more of three classes: substitutional,
msertional or deletional variants. Insertions can mclade amino and/or carboxyl terminal
fusions as well as intrasequence insertions of single or multiple aming acid residuces.
Insertions ordinarily will be smaller insertions than those of amino or carboxyl termnal
fusions, for example, on the order of one 1o four residaes. Deletions are characterized by the
removal of one or more amine acid residues from the protein sequence. These variants
ordinarily are prepared by site-specific motagenesis of nucleotides in the DNA encoding the
protein, thereby producing DNA encoding the vadiant, and thereafter expressing the DNA in

recombinant cell culture.

[88118]  Nucleic acid sequences comprising a gene, such as a Jak3 gene, that encodes a
polypeptide can be synthesized, in whele or in part, using chemical methods known in the art,
Alternatively, a polypeptide, such as Jak3, can be produced using chemical methods to
synthesize its amino acid sequence, such as by divect peptide synthesis using solid-phase
techniques. Protein synthesis can either be performed using manual techmiques or by
automation. Automated synthesis can be achieved, for example, using Applied Biosystems
431 A Peptide Synthesizer (Perkin Elmer). Optionally, fragments of Jak3 polypeptides can be
separately syuthesized and combined using chemical raethods to produce a full-length

molecule,

188111} As used herein, a “Jak3 molecule” can be a nucleic acid which encodes s
polypeptide that exhibits Jak3 activity, or a polypeptide or peptidomimetic that exhibits Jak3
activity., For example, a Jak3 molecule can include the human Jak3 protein {e.g., having the
aming acid sequence shown in SEQ 1D NO: 1), or a variant thereof, such as a fragment

thereof, that exhibits Jak3 activity. Jak3 activity can encompass signaling events by way of
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type I cytokine receptors {e.g., 1L-2, IL-4, IL-7, IL-9, IL-15, IL-21) that use the common
gamma chain {yc). For example, Jak3 activity can be a signal transduced in response to s

activation via tyrosine phosphorylation by intericukin receptors.

196112]  The nucleic acid can be any type of nucleic acid, including genomic DNA,
complementary DNA (¢cDNA), synthetic or semi-synthetic DNA, as well as any form of
corresponding RNA. For example, a Jak3 molecule can comprise a recombinant nucleic acid
encoding human Jak3 protein. In one embodiment, a Jak3 molecule can comprise a non-
naturally occurring mucleic acid created artificially (such as by assembling, cutting, ligating
or amplifymg sequences). A Jak3 molecule can be double-stranded. A Jak3 molecule can be
single-stranded. The Iak3 molecules of the invention can be obtained from various sources
and can be produced according to various technigues koown in the art. For cxample, a
nucleic acid that is a Jak3 molecule can be obtained by screening DNA Librarvies, or by
amplification from a natural source. The Jak3 molecales can be produced via recombinant
DNA technology and such recombinant nucleic acids can be prepared by conventional
techniques, inchuding chernical synthesis, genetic engineering, enzymatic techniques, or a
combination thereof. Non-limiting examples of a Jak3 molecule that is a nucleic acid, is the
nucleic acid comprising SEQ ID NO: 2. Ancther example of a Jak3 molecule 1s 8 fragmont
of a nucleic acid comprising the sequence shown in SEQ 1D NO: 2, wherein the fragment
exhibits Jak3 activity. A Jak3 mwolecule of this invention also encompasses variants of the
human nucleic acid encoding the Jak3 protein, or variants of the human Jak3 proteins that
cxhibit Jak3 activity. A Jak3 molecuole can also include a fragment of the human Jak3 nucleic
acid which encodes a polypeptide that exhibits Jak3 activity. A Jak3 molecule can

encompass a fragment of the lunman Jak3 protein that exhibits Jak3 activity.

1801131 A Jak3 molecule can also cncompass Jak3 ortholog genes, which are genes
conserved among different biclogical specics such as humans, dogs, cats, mice, and rats, that
encode proteins (for example, homologs (including splice variants), mutants, and derivatives)
having biologically equivalent fonctions as the human-derived protein (such as a Jak3
protein). Jak3 orthelogs include any marmmalian ortholog of Jak3 mclusive of the ortholog n
humens and other primates, experimental mammals (such as mice, rats, hamsiers and guinea
pigs), manumals of commercial significance {such as horses, cows, camels, pigs and sheep),
and also companion mammals (such as domestic animals, ¢.g., rabbits, forrets, dogs, and

cats}.
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{80114} The Jak 3 variants can comprise, for instance, naturally-occurring variants due to
allclic variations between individuals {¢.g., polymorphisms), mutated alleles related o
alopecia areats, or aliernative sphicing forms. In one crubodiment, a Jak3 molecule s a
nucleie acid variant of the nucleic acid having the sequence shown in SEQ D NO: 2, wherein
the variant has 8 nuclestide sequence wdentity to SEQ ID NQG: 2 of about 65%, about 75%,
about 853%, about 90%, about 91%, about 92%, about 93%, about 94%, about 95%, about
96%, about B7%, about 98%, or about 99% with SEQ ID NO: 2. In ong embodiment, a Jak3
molecole encompasses any portion of about 8 consecutive nucleotides of SEQIDNO: 2. In
one embodiment, the fragment can comprise about 15 mucleotides, about 20 nucleotides, or
about 30 nucleotides of SEQ 1D NO: 2. Fragments inchade all possible nucleotide lengths
between about R and 100 nucleotides, for example, lengths between about 15 and 1060, or

between about 20 and 100.

{88115} The invention further provides for nucleic acids that are complomentary to a
nucleic acid encoding a Jak3 protein. Such complementary nucleic acids can comprise
nucleic acid sequences, which hybridize 1o a nucleic acid sequence encoding a Jak3 protein
vnder stringent hybridization conditions. Non-limiting examples of stringent hybridization
conditions include temperatares 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 conditions can be adjusted
by the skilled artisan via moditving the temperature, salinity and/or the concentration of other

reagents such as SDS or SSC.

{88116]  In one embodiment, a Jak3 molecule comprises a protein or polypeptide encoded
by a Jak3 nucleic acid sequence, such as the sequence shown ta SEQ 1D NO: L. In another
embodiment, the polypeptide can be madified, such as by glycosylations and/or acetylations
and/or chemical reaction or coupling, and can countain one or several non-natural or synthetic
amino acids. An example of a Jak3 molecule 1s the polypeptide having the amino acid
sequence shown in SEQ ID NQ: 1. In another embodiment, a Jak3 molecule canbe a
fragment of a Jak3 protein. For cxample, the Jak3 molecule can cncompass any portion of
about 3 consecutive amino acids of SEQ D NO: 1. The fragment can comprise about 10
amino acids, a least about 20 amine acids, about 30 amino acids, about 40 amino acids, a
fcast about 50 amino acids, about 60 amine acids, or about 75 amino acids of SEQ 1D NO: L.
Fragments inchade all possible amino acid lengths between about § and 100 about amino

acids, for example, lengths between about 10 and 100 amino acids, between about 15 and 100
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aming acids, between about 20 and 100 amino acids, between about 35 and 100 amino acids,
ctween about 40 and 100 amino acids, between about 50 and 100 amino acids, between
about 70 and 100 amino acids, between about 75 and 100 amino acids, or between about 80

and 100 amino acids.

1861171  In certain embodiments, the Jak3 molecule includes variants of the human Jak3
protein (comprising the aming acid sequence shown in SEQ 1D NO: 1), Such vaniants can
inciude those having at least from about 46% to about 50% ideuntity to SEQ ID NG: 1, or
having at least from about 50.1% to about 55% identity to SEQ 1D NQO: 1, or baving at least
from about 55.1% to about 60% identity to SEQ ID NO: 1, or having from about 60.1% to
about 65% identity to SEQ 1D NO: |, or having from about 65.1% to about 70% identity to
SEQ 1D NO: 1, or having at lgast from about 7(.1% to about 75% identity to SEQ D NO: |,
or having at least from about 75,196 to about 80% identity to SEQ 1D NG: 1, or having at
least from about 83.1% to about 85% identity to SEQ ID NO: 1, or having at least from about
85.1% to about 90% identity to SEQ ID NO: 1, or having at least from about 90.1% to about
03% 1dentity to SEQ 1D NO: 1, or having at least fron about 95.1% to about 97% tdentity to

SEQ D NO: 1, or having at least from about 97.1% to about 9996 identity to SEQ D NO: 1.

[90118]  Technigues for making substitution vuatations at predetermined sites in DNA
having a known sequence are well known, for example M 13 primer nustagencsis and PCR
mutagenesis. Aming acid substibutions can be single residues, but can ocour at a mumber of
different locations at once. In one non-limiting embodiment, insertions can be on the order of
about from | to about 10 anuno acid residues, while deletions can range from about | to
about 30 residucs. Deletions or tusertions can be made in adjacent pairs (for example, a
deletion of about 2 residues or tnsertion of about 2 residues). Substitutions, deletions,
msertions, 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 prodoce secondary mRNA structure. Substitutional variants
are those in which at least one residue has been removed and a different residue inserted in its

place.

[96119]  Substantial changes in function or immnunclogical identity are made by selecting
residues that differ more significantly in thetr effect on maintaining (a) the structure of the
polypeptide backbone in the area of the substitution, for example as a sheet or helical

conformation, (b} the charge or hydrophobicity of the molecule at the target site or (¢} the

(]
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bull of the side chain. The substitutions that can produce the greatest changes in the protein
propertics will be those in which (&) a hydrophilic residue, ¢.g. seryl or throonyl, is
substituted for {or by) a hydrophobic residue, ¢.g. leucyl, isoleucyl, phenylalanyl, valvl or
alanyl; (b) a cysteine or proling 1 substituted for {or by} any other residue; (¢) a residue
having an electropositive side chain, e.g., tysyl, arginyl, or histidyl, 1s substituted for {or by}
an clectronegative residue, ¢.g., ghitamyl or aspartyl; or {d) a residue having a bulky side
chain, ¢.g., phenylalaning, s substituted for (or by) one not baving a side chain, ¢.g., glycine,

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

{B0128]  There can be minor variations 1n the amino acid sequences of SEQ [ NO:1, The
variations in the amino acid sequence can be when the sequence maintains about 30%, about
4%, about 50%, about 6(%, about 70%, about 75%, about 80%, about 90%, about 95%, or
about 99% identity to SEQ 1D NO: 1. For example, conservative amino acid replacements
can be utilized. Conservative replacements are those that take place within a family of aming
acids that are related in their side chains, wherein the interchangeability of residues have

sipular side chains.

{88121} Genetically encoded amino acids are generally divided into families: (1} acidic
amino acids are aspartate, glitamate; (2) basic amino acids are lysing, arginine, listiding; (3)
non-polar aminoe acids are alanine, valine, leucine, isoleucine, proline, phenylalanine,
methionine, tryptophan, and (4) vacharged polar amino acids are glycine, asparagine,
ghitaming, cysieing, sering, threoning, tyrosine. The hydrophilic arsino acids include argining,
asparagine, aspartate, glutamine, glutamate, histidine, lysine, serine, and threonine. The
hydrophobic amine acids include alamine, cysteing, isoleucing, leucine, methionine,
phenyialanine, proline, tryptophan, tyrosine and valine. Other families of amine acids inchude
(i) a group of amino acids having aliphatic-hydroxyl side chains, such as sevine and
threonine; (11) a group of amino acids having amide-containing side chains, such as
asparagine and glotamine; (111) a groop of amino acids having aliphatic side chains such as
ghyeine, alaning, valing, leucine, and isoleucing; {iv) a group of amino acids having aromatic
side chains, such as phenylalanine, tyrosine, and tryptophan; and (v} a group of amino acids
having sulfor-containing side chains, such as cysieine and methionine. Useful conservative
amino acids substitution groups are: valine-leucine-isoleucine, phenylalanine-tyrosing,

lysine-arginine, alanine valine, glutamic-aspartic, and asparagine-gluitamine.

{80122} For cxample, the replacement of one amino acid residue with ancther that is
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biclogically and/or chemically similar is known to those skilled in the art as a conservative
substitution. For example, a conservative substitution would be replacing onc hydrophobic
residue for another, or one polar residue for ancther. The substitutions foclude combinations
such as, for example, Gly, Ala; Val, He, Leu; Asp, Glu; Asn, Gln; Ser, Thr; Lys, Arg; and
Phe, Tyr. Substitutional or deletional mutagenesis can be cmployed to insert sites for N-
glycosylation (Asn-X-Tht/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 accomphished for example by deleting one of the basic residaes or

substituting one by ghitaminyl or histidyl residues.

{81231  In another embodiment, the Jak3 molecule encompasses a peptidomimetic which
exhibits Jak3 activity. A peptidomimetic is 3 small protein-like chain designed to mimic a
peptide that can arise from modification of an existing peptide in order to protect that
muolecole from enzyme degradation and ncrease its stability, and/or alter the molecule’s
propertics {¢.g., modifications that change the molecule’s stability or biological activity).
These moedifications involve changes to the peptide that canunot occur vaturally (such as
altered backbones and the incorporation of non-natural amino acids). Drug-like compounds
can be developed from exasting 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 functional domain {(c.g., binding metif or active site). These peptide

rametics include recombinantly or chemically modified peptides.

{80124}  In one embodiment, a Jak3 molecule comprising SEQ 1D NG: 1, variants of such,
or fragments thereof, can be modified to produce peptide mimetics by replacement of one or
more naturally occurring side chaios of the 20 genetically encoded amino acids {or D amino
acids) with other side chains. This can occur, for instance, with groups such as alkyl, lower
alkyl, eyclic 4-, 5-, 6-, to 7-membered alkyl, amide, amide lower alkyl, amide di(lower alkyl),
lower alkoxy, hydroxy, carboxy and the lower ester derivatives thereof, and with 4, 5-, 6+, {0
7-membered heterocyciics. For example, proline analogs can be made in which the ring size
of the proline residue is changed from 5 members to 4, 6, or 7 members. Cyelic groups can
be saturated or unsaturated, and if unsaturated, can be aromatic or non-aromatic.
Heterocyelic groups can contain one or more nitrogen, oxygen, and/or sulphor heteroatoms.
Examples of such groups include the furazanyl, furyl, imidazolidiny! inmidazolyl,

mmidazolinyl, isothiazolyl, isoxazolyl, morpholinyl (e.g. morpholino), oxazolyl, piperazinyl
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{c.g. 1-piperazinyl), piperidyl {e.g. 1-piperidyl, piperiding), pyranyl, pyrazinyl, pyrazolidinyl,
pyrazolinyl, pyrazolyl, pyridazinyl, pyridyl, pyrimidiny], pyrrolidiny {c.g. 1-pyrrolidinyi},
pyrrelinyl, pyrrolyl, thiadiazolyl, thiazolyl, thienyl, thiomorpholiny] (c.g. thiomorphoeling),
and triazolyl. These heterocyclic groups can be substituted or unsubstituted. Where a grogp
1s substituted, the substituent can be alkyl, alkoxy, halogen, oxygen, or substituted or
unsubstituted phenyl, Peptidomimetics can also have amino acid residues that have been
chemically modified by phosphorylation, sulfonation, biotinylation, or the addition or
removal of other moieties. For example, peptidomimetics can be designed and directed to

aming acid sequences encoded by a Jak3 molecule comprising SEQ 1D NO: L

{81281 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 o 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. Peptidemimetic compounds can be syathetic compounds having a
three-dimensional structure (i.e. a peptide motif) based upon the three-dimensional structure
ot 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 oftcn the same as or greater than the activity of the native
peptide on which the mimetic s modeled. Peptidomimetic compounds can have additional
characteristics that enhance their therapeutic application, such as increased cell permeability,

greater affinty and/or avidity and prolonged biclogical halt-lite. Peptidomimetic design

7}

trategics 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).

Cell Transfection

[80126] A sukaryotic expression vector can be used to transfect cells in order to produce
proteins encoded by nucleotide sequences of the vector. Mammalian cells {such as isolated
cells from the haw bulb; for example dermal sheath cells and dermal papilla cells) can contain
an expression vector (for example, one that contains a gene encoding a Jak3 protein or
polypeptide) via introducing the expression vector into an appropriate host cell via methods

known in the art.

]
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1881277 A host cell strain can be chosen for its ability to modulate the expression of the
imseried sequences or to process the expressed polypeptide encoded by a gene, such as a Jak3
gene, in the desired fashion. Such modifications of the polypeptide include, but are not
himited to, acetylation, carboxylation, glycosylation, phosphorylation, lipidation, and
acylation. Post-translational processing which cleaves a “prepro”™ form of the polypeptide
also can be used to facilitate correct insertion, folding and/or function. Different host cells
which have specific celiular machinery and characteristic mechanisms for post-transiational
activities {e.g., CHO, Hela, MDCK, HEK293, and WI38), are available from the American
Type Cultore Collection {ATCC; 10801 University Boulevard, Manassas, Va. 20118-2209)

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

1801281  An exogenous nucleic acid can be introduced into a ceolf via a varicty of
techniques known fo the art, such as lipotection, microingection, calcium phosphate or
calcium chloride precipitation, DEAE-dextran-mediated transfection, or electroporation.
Electroporation is carried out at approximate voliage and capacitance to result in eniry of the
DNA construct{s) into cells of tnterest {such as cells of the end bulb of a hair follicle, for
example dermal papilia cells or dermal sheath cells). OGther transfection methods also melude
modified caleivm phosphate precipitation, polybrene precipitation, liposome fusion, and

receptor-mediated gene delivery.

861297 Cells that will be genctically engineered can be primary and secondary cells
obtained from varicus tissues, and include cell types which car be maintained and propagated
m culture. Non-limiting examples of primary and secondary cells include epithelial cells {for
gxample, dermal papilla cells, hair follicle cells, inner root sheath cells, outer root sheath
cells, sebaceous gland cells, epidermal matrix cells), neural cells, endothelial cells, ghial cells,
fibroblasts, muscle cells (such as myoblasts) keratinocytes, formed elements of the bleod

{e.g., lymphocvies, bone marrow cells), and precursors of these somatic cell types.

[BO138]  Vertebrate fissue can be obtained by methods known to one skilled in the art, such
a punch biopsy or other surgical methods of obtaining a tissue soarce of the primary cell type
of interest. In one embodiment, a punch biopsy or removal can be used to oblain a source of
keratinocytes, fibroblasts, endothelial cells, or mesenchymal cells (for example, hatr follicle
cells or devmal papilla cells). In another embodiment, removal of a hair follicle can be used
i obtain a source of fibroblasts, keratinocyies, endothelial cells, or mesenchymal cells (for

cxample, hair follicle cells or dermal papilla cells). A mixture of primary celis can be
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obtained from the tissue, using methods readily practiced in the art, such as explanting or
enzymatic digestion (for examples using enzymes such as pronase, trypsin, collagenase,
clastase dispase, and chymotrypsin). Biepsy methods have also been described in United
States Patent No. 7,419,661 and PCT application pubbication W(/2001/032840, and ave

hereby each incorporated by reference in their entireties.

{88131}  Primary cells can be acquired from the individual to whom the genctically
engineered primary or secondary cells are administered. However, primary celis can also be
obtained from a donor, other than the recipient, of the same specics. The cells can also be
obtained from anocther species (for example, rabbit, cat, mouse, vat, sheep, goat, dog, horse,
cow, bird, or pig). Primary cells can also include cells from an isolated vertebrate tissoe
source grown atiached to a tissue culture substrate (for example, flask or dish) or grown ina
suspension; cells present in an explant derived 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 primary cells that are removed from the colture substrate and
replated, or passaged, in addition to cells from the subsequent passages. Sccondary cells can
be passaged one or more times. These primary or secondary cells can contain expression
vectors having a gene that encodes a protein of interest (for example, a Jak3 protem or

polypeptide).
Cofl Calturing

{88132 Various culturing parameters can be used with respect to the host cell being
cultured. Appropriate culture conditions for mammalian cells are well known in the art
(Cleveland WL, ot al., J fmmunol Merhods, 1983, 56(2): 221-234) or can be determined by
the skilled artisan (see, for example, Animal Cell Culture: A Practical Approach Znd BEd.,

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

culturing conditions can vary according to the type of host cell selected. Commercially
available medium can be utilized. Non-limiting examples of medivm inchade, for example,
Minimal Essential Mediim (MEM, Sigma, St. Louis, Mo.); Dulbecco's Modified Eagles
Medium (DMEM, Sigma); Ham's F10 Medivm (Sigma); HyClone cell culture medium
(HyClone, Logan, Utah); RPMI-1640 Medium (Sigma); and chemically-defined (CD) media,
which are formulated for various cell types, e.g., CD-CHO Medium (Invitrogen, Carlsbad,

Calif.),

t
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1881331  The cell culture media can be supplemented as necessary with supplementary
components or ingredients, including optional components, in appropriate concentrations or
amounts, as necessary ot desired. Cell culture medinm solations provide at least one
component from one or more of the following categories: (1) an energy source, usually in the
form of a carbohydrate such as glucose; (2) all essential amino acids, and usually the basic set
of twenty amino acids plos cysteine; {3) vitamins and/or other organic compounds required at
low concentrations; (4} free fatty acids or lipids, for example hinoleic acid; and (5} trace
clements, where trace clements are defined as morganic compounds or naturally ocaunring

ciements that can be required at very low concentrations, usually in the micromolar range.

{81341  The mediom also can be supplemented electively with one or more components
from any of the following categories: {1} salts, for example, magnesium, caleivm, 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 purificd gelatin, plant material, or animal byproducts;
{4) nucleosides and bases such as, adenosine, thymidine, and hypoxanthine; {5) buffers, such
as HEPES; (6) antibiotics, such as gentamycin or ampicilling (7) cell protective agents, for
example pluronic polyol; and (8) galactose. In one embodiment, soluble factors can be added

to the culturing medium.

80135} The mammalian cell culture that can be used with the present invention is
prepared in a medivm suitable for the type of cell being culured. In one embodiment, the
cell culture medivm can be any one of those previously discussed (for example, MEM) that 1s
supplemented with serum from a mammalian source {for example, fetal bovine serum (FBS)).
In another embodiment, the medium can be a conditioned medium to sustain the growth of
epithelial cells or cells obtained from the hatr bulb of a hair follicle (such as dermal papilla
cells or devmal sheath cellsy. For example, epithelial cells can be cultured according to
Barnes and Mather in Animal Cell Culture Methods (Academic Press, 1998%), which is herchy
imcorporated by reference in its entirety. In a further emubodiment, epithelial cells or hair
follicle cells can be transfected with DNA vectors containing genes that encode a polypeptide
or protein of interest (for example, a Jak3 protein or polypeptide). In other embodiments of
the invention, cells are grown in a suspension culiure (for example, a three-dimensional
culture such as a banging drop culture} in the presence of an effective amount of enzyme,

wherein the enzyme substrate is an extracellular matrix molecule in the suspension culture.
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For example, the enzyme can be a hyaluronidase. Epithelial cells or hair follicle cells can be
cultivated according to methods practiced in the art, for example, as those described in ULS.
Patent No. 7,785,876, or as described by Harris in Handbook in Practical Animal Cell

Biology: Epithebal Cell Culture (Cambridge Univ. Press, Great Britain; 1996; see Chapter 8),

which are each hereby incorporated by reference.

[88136] A suspension culture is a type of culture wherein cells, or aggregates of cells (such
as aggregates of DP cells), multiply while suspended in ligquid medium. A suspension culiure
comprising mammalian cells can be used for the maintenance of cell types that do not adhere
of to enable cells to manitest specific cellular characteristics that are not seen in the adherent
form. Some types of suspension caltures can include three-dimensional coltures or a hanging
drop coltore. A hanging-drop colture is a culture in which the material {0 be cultivated is
wmoculated into a drop of fiuid 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 raethods of the invention, cells cultured io the presence of a protein that
degrades the extracellular matrix (such as coliagenase, chondroitinase, hyaluronidase, and the
like) will become more compact and aggregated within the hanging drop culture, for
degradation of the ECM will allow cells to become closer in proximity to one another since
less of the ECM will be present. See also U.S. Patont Publication No. US 2010-0303767 Al,

which is incorporated by reference.

{88137 Cells obtained from the hair buib of a hair follicle (such as dermal papilla cells or
dermal sheath cells) can be cultured as a single, homogenous popelation (for example,
comprising DP cells) in a hanging drop culture so as to gencrate an aggregate of DP cells.
Celis can also be cultured as a heterogeneous population (for example, comprising DP and
DS cells) in a hangmg drop culture so as to generate a chimeric aggregate of DP and DS
cells. Epithelial cells can be coltured 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 Amimal Cel] Biology: Epithelial Cell Culture
(Cambridge Univ. Press, Great Britain; 1996); Underhill CB, J Invest Dermatol, 1993,
101{6):820-6); in Armsirong and Armstrong, {1990 J Cell Biol 110:1439-55; or in Animal
Cell Culture Methods {Academic Press, 199%), which are all bereby incorporated by

reference in their entireties.
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[80138] Three-dimensional cultures can be formed from agar (such as Gey’s Agar),
hydrogels {such as matrigel, agarose, and the like; Lee ot al, (2004) Biomaterials 25: 2461-
2466) or polymers that arc cross-linked. These polymers can comprise natural polymers and
their derivatives, synthetic polymers and their derivatives, or a combination thercof. Natural
polymers can be anionic pelymers, cationic polymers, amphipathic polymers, or neutral
polymers. Non-limiting exampies of antonic polymers can include hyaloronic acid, algivic
acid (alginate), carageenan, chondrottin sulfate, dextran sulfate, and pectin. Some examples
of cationic polymers, include but are not limited to, chitosan or polylysine. (Peppas et al.,
{2006) Adv Mater. 18: 1345-60; Hotfman, A. 8., (2002} ddv Drug Deliv Rev. 43: 3-12;
Hoffman, A. 8., (2001) Aun NY Acad 5ci 944 62-73). Examples of amphipathic polymers
can include, but are not limited to collagen, gelatin, fibrin, and carboxymethyl chitin. Non-
timiting examples of neutral polymers can include dextran, agarose, or pulludan. (Peppas et
al., (2006) Adv Mater. 18: 1345-60; Hottman, A. S., (2002) Addv Drug Deliv Rev. 43: 3-12;
Hotfman, A. 8., (2001 dnn NY 4cad Sci 944 62-73).

18081397 Cells suitable for culturing according to methods of the mvention can harbor
miroduced expression vectors, such as plasmids. The expression vector consiructs can be
mtroduced via transformation, microinjection, transfection, lipofection, electroporation, or
infection. The oxpression vectors can contain coding sequences, or portions thereof,
encoding the proteins for expression and production. Expression vectors containing
sequences encoding the produced proteins and polypeptides, as well as the appropriate
ranscriptional and translational conirol elemenis, can be gencrated using methods well
known to and practiced by those skilled 1o the art. These methods include synthetic
techniques, in vitro recombinant DNA techniques, and in vive genctic 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. Ausubel ot al., 1989, Current Protocols in

Melecular Biglogy, John Wiley & Sons, New York, N.Y.

Jak3 Modulating Compounds

[88148]  As used berein, & “Jak3 modulating compound” refers to a compound that
mteracts with a Jak3 gene or a Jak3 protein or polypeptide and modulates its activity and/or
its expression. The compound can either increase the activily or expression of a protein
encoded by a Jak3 gene. Conversely, the compound can decrease the activity or expression

of a protein encoded by a Jak3 gene. The compound can be a Jak3 agonist or a Jak3

t
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antagonist {¢.g., a Jak3 inhibitor). Some noon-limiting examples of Jak3 modulating
compounds include peptides (such as peptide fragments comprising a pelypeptide encoded by
a Jak3 gene, or antibodics or fragments thereof), small molecules, and nucleic acids (such as
siRNA or antisense RNA specific for a nucleie acid comprising 8 Jak3 gene). Agonists of 4
Jak3 protein can be molecules which, when bound to a Jak3 protein, increase or prolong the
activity of the Jak3 protein. Jak3 agonists include, but are not limited to, proteins, nucleic
acids, small molecules, or any other molecule which activates a Jak3 protein. Antagoenists of
a Jak3 protein can be molecules which, when bound to a Jak3 protein decrease the amount or
the duration of the activity of the Jak3 protein. Antagonists include proteins, nucleic acids,
antibodies, small moelecules, or auy othor molecule which decrease the activity of a Jak3

protein.

180141} The torm “modulate,” as it appears herein, refers to a change in the activity or
expression of a gene or protein of Jak3. For example, modulation can cause an increass or a
decrease in protein activity, binding characteristics, or any other biclogical, functional, or

immmmolegical propertics of a Jak3 protein.

1801421  In one embodiment, a Jak3 modulating compound can be a peptide fragment of a
Jak3 protein that binds to the protein. For example, the Jak3 polypeptide can cucompass any
portion of about 8 consecutive amino acids of SEQ 1D NO: 1. The fragment can comprise
about 10 consecutive amino acids, about 20 consecutive amino acids, about 30 consecutive
amino acids, about 40 consecutive amino acids, about 50 consecutive aming acids, about 60
consecutive aming acids, or about 75 consecutive aming acids of SEQ 1D NO: 1. Fragments
mclade all possible amino acid lengths between and including aboot 8 and about 100 aming
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 amino acids, between about 35
and about 100 amino acids, between about 44 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 between about 80 and about 100 amino acids. These peptide
fragments can be obtained commercially or synthesized via Hquid phase or solid phase

synthesis methods (Atherton et al, (1989) Solid Phase Peptide Synthesis: a Practical

Approach. IRL Press, Oxford, England). The Jak3 peptide fragments can be isolated from a
natural source, genetically enginecred, or chemically prepared. These methods are well

knowrn in the art.
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1881431 A Jak3 modulating compound can be a protein, such as an antibody {(monoclonal,
polyclonal, bumanized, chimeric, or fully human), or a binding fragment thereof, directed
against a polypeptide encoded by a Jak3 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 antibodics, in addition to antibody fragments that have been enginecred. Antibody
fragments can inchude, but are not limited to, single chain Fv {scFv), diabodics, Fv, and
{(Fab'), triabodies, Fe, Fab, CDR, CDRZ, CDR3, combinations of CDRs, variable regions,
teirabodies, bifunctional hybrid antibodies, framework regions, constant regions, and the like
{see, Maynard et al,, (2000} Ann. Rev. Riomed. Eng. 2:339-76; Hudson (1998} Curr, Opin.
Biotechnol. 9:395-402). Antibodics can be obtained commercially, custom generated, or
synthesized against an antigen of ntercst according to methods established in the art (see

s Engineering, Vol 1 & H (2010)

Reland E, Kontermann and Stefan Diibel (editors), Antibed

2% ed., Springer; Antony S. Dimiteov (editor), Therapeutic Antibodies: Methods and

Protocols (Methods in Molecular Biglogy), (2009), Humana Press; Benny Lo {editor)

Antibody Engineering: Methods and Protocels (Methods in Molecular Biology), (2004}

Humana Press, each of which are hereby incorporated by reference in their entireties). For
example, antibodies directed to Jak3 can be obtained commercially from Abcam, Santa Cruz
Biotechnology, Abgent, R&D Systems, Novus Biologicals, etc. Human antibodies divecte
to either Jak3 (such as monoclonal, humanized, or chimeric antibodies) can be usefid
antibody therapeutics for use in humans.  In one embodiment, an antibody or binding

fragment thereof is ditected against SEQ 1D NO: 1L

80144] Inhibition of RNA encoding a polypeoptide cocoded by a Jak3 gene can
etfectively modulate the expression of a Jak3 genc from which the RNA 1s transcribed.
Inhibitors are selected from the group comprising: sIRNA; interfering RNA or RNAI;
dsRINA; RNA Polymerase HI transcribed DINAS; ribozymes; and antisense nucleic acids,

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

{88145} Antisense oligonucleotides, including antisense DNA, RNA| and DNA/RNA
molecules, act to direetly block the translation of mRNA by binding 1o targeted mRNA and
preventing protein translation. For example, antisense oligonoclestides of about 15 bases and
complementary to unigue regions of the DNA sequence encoding a polypeptide encoded by a
Jak3 geune can be syothesized, ¢.g., by convendional phosphodiester technigues (Dallas et al,,

{2006) Med. Sci. Monit 12{4:RA67-74; Kalota et al., (2006} Handb. Exp. Fharmacol.
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173:173-96; Lutzelburger et al., (2006) Handb, Exp. Pharmacol. 173:243-59). Antisense
nucleotide sequences include, but are not limited fo: morpholinos, 2'-O-methyi
polynucleotides, DNA, RNA and the ke, In one embodiment, the sutisense oligonucleotide

for Jak3 comprises TOCCATGAGTGCAACTTGCCTAGC (SEQ 1D NO: 3).

{80146] siRNA comprises a double stranded structure containing from about 15 to about
50 base pairs, for example from about 21 to about 25 base pairs, and having a nucleotide
sequence identical or nearly identical to an expressed target gene or RNA within the cell.
The siRNA comprise a sense RNA strand and a complementary antiscnse RNA strand
anncaled together by standard Watson-Crick base-pairing interactions. The sense strand
comprises a nocleic acid sequence which is substantially identical to a nucleic acid sequence
contained within the target miRNA molecule. “Substantially identical” to a target sequence
contained within the target mRNA refers to a nucleic 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 RINA molecules, or can comprise a single
molecule in which two complomentary portions are base-patred and are covalently linked by
a single-stranded “hairpin” arca. See also, McMnpaus and Sharp (2002} Nat Rev Genetics,
3:737-47, and Sen and Blau (2006) FASES J., 20:1293-99, the entire disclosures of which are

herein incorporated by reforence.

186147} The siRNA can be altered RNA that differs from naturally-occcurring RNA by
the addition, deletion, substitution and/or alieration of one or more nucleotides. Such
alterations can include addition of non-nucleotide material, such as to the end(s) of the
siRNA or to one or more internal nucleotides of the siRNA, or modifications that make the
siRNA resistant to nuclease digestion, or the substitution of one or more nucleotides in the
siRNA with deoxyribo-nucleotides. One or both strands of the siRNA can also comprise a 3’
overhang. As used herein, a 3' overhang refers to at least one unpaired nucleotide extending
from the 3'-end of a duplexed RNA strand. For example, the siRMNA can comprise at least one
3" overhang of from 1 to about 6 nucleotides {which includes ribonucleotides o
deoxyribonucleotides) 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 dithymidylic acid ("TT7) or divmdylic acid

{"ou™).
{80148} siRNA can be produced chemically or biologically, or can be expressed from a
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recombinant plasmid or viral vector (for example, see U.S. Patent No. 7,294,504 and U.S.
Patent No. 7,422,896, the entire disclosures of which are herein incorporated by reference).
Exemplary methods for producing and testing dsRNA or siRNA molecules are described in
U.S. Patent Application Publication No. 2002/0173478 to Gewirtz, U.S. Patent No. 8,071,559
to Hannon et al., U.5. Patent No. 7,674,895 to Reich et al,, and in U.S. Patent No. 7,148,342

to Tolenting ot al., the entire disclosures of which each are hereby incorporated by reference.

1801491  In one embodiment, an siRNA directed to a2 human nucleic acid sequence
comprising a Jak3 gene can be generated against any one of SEQ 1D NOS: 2. In another
embodiment, an siBNA directed to a human nucleic acid sequence comprising a Jak3 gene

can comprise any one of the sequences listed in Table 1.
861587 In another embodiment, the siRNA directed to Jak3 is listed in Table 1.

Table 1. siRNA SEQUENCES for Jak3
SEQ 1D NO:
4 TCAACTATCTGGAGGACAA
5 AGACAGAGGTGCTGCTGAA

& GGTCCTTCACCAAGATTTA
7 CCTGGATCCTGCTAAGAAA
8 CGATCTTCCGAGGAGAGACA
9 GGACAGACAACCAGATTTT
16 GGAAGCTGCAGGTGGTCAA
i1 CCCAATACCAGCTGAGTCA

881517 RNA polymerase [H transcribed DNAs contain promoters, such as the U6
promoter. These DNAs can be transeribed to produce small hairpin RNAs in the cell that can
function as SIRNA ¢r lincar RNAg that can function as antisense RNA. The Jak3 modolating
compound can contain ribonucleotides, deoxyribonucieotides, synthetic nucleotides, or any
suitable combination such that the target RNA and/or gene is inhibited. fn addition, these
forms of nucleic acid can be single, double, riple, or quadruple stranded. (see for example
Bass (2001) Nawre, 411:428-429; Elbashir ot al., (2001) Najure, 411:494 4938; U.S. Patent
No. 6,509,154; and PCT Publication Nos. W 00/044895, WO 01/036646, WO 99/032619,
WO /01846, WO 017029058, WO 00/44914).

1981827 A Jak3 modulating compound can be a small molecule that binds to a Jak3 protein
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and disrupts its fonction, or conversely, enhances its fonction. Small molecules are a diverse
group of synthetic and natural subsiances gencrally having low molecular weights. They can
be solated from natural sources (for example, plants, fungi, microbes and the like), are
obtained comimercially and/or available as libraries or collections, or synthesized. Candidate
small molecules that modulate a Jak3 protein can be identified via in silice screening or high-
through-put (HTP) screening of combinatorial librarics according to methods established in
the a1t (e.g., see Potyrailo et al,, (2011) 4GS Comb Sci. 13(6):579-633; Mensch ¢t al., (2009)
J Pharm Sci. 98(12):4429-68; Schnur (2008) Curr Opin Drug Discov Devel. 11{3):375-80;
and Jhoti (2007} Ernst Schering Found Symp Proc. (3):169-85, cach of which arc hereby
ncorporated by reference io their entiretics.) Most conventional pharmaceuticals, such as
aspirin, penicillin, and many chemotherapeutics, are small molecules, can be obtained
commereially, can be chemically synthesized, or can be obtained from random or
combinatorial librarics as described below (see, ¢.g., Werner et al., (2006} Brief Funct,

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

[80153]  JAKS inhibitors are currently in clinical trials in humans for the treatment of acute
kidney transplant vejection and rheumatoid arthritis, Non-himiting examples of Jak3
mhibitors include: Janex 1 (WHI-P131} (Changelian et al,, (2008) Blood, 111{4):2155-7);
Uckun ey al., {1999} Clin Cancer Res. S{10):2954-62; Uckun et al,, (2010}
Arzneimitiefforschung. 60{41218-25), PF-956980 (Sigma Product # PZ0O151 (St Louis, MO,

Changelian et al,, (2008} Rivod, 111{4):2155-7), WHI-P154 (Calbiocheom Product # 420104~

¥

SMG (San Dicgo, CA, http//www.emdbioscicnces.cony); Changelian ot al., (2008) Blood,
111{4):2155-7y, VX-889 (oral from Vertex Pharmaceuticals, Cambridge MA; Fleischmann et
al. (2011) Arithritis Rheum, 63:1LB3; Fleischmam et al, (2012) Curr Opin Rieumaiol Feb
18, PMID: 22357358), JAKS Inhibitor IV (£M-39923) Calbiochem Product # 420121~
10MG (San Diego, CA, hitp/fwww.emdbiosciences.com, WOI998022103), NSC114792
(Kim et al., 2010} Mol Cancer. 2010, 9:36), tofacitinib (CP6%94558) (Changelian et al,,
(2008) Blood, 111{4:2155-7; Vijayakrishnan et al. (2011} Trends Pharmaco! Sci. 32(1):25-
34; Fleischmann et al, (2012) Curr Opin Rheumatol Fob 18, PMID: 22357358, and R348
(topical and oral from Rigel Pharmaceuticals, San Francisco CA; Deuse et al., (2008)
Transplantation. 85{(61:885-92; Vijayakrishnan ¢t al. (201 1) Trends Pharmacol Sci. 32(1):25-

34), cach of the refercnces of which are incorporated by reference in their entireties.
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[80154] Structures of JAKZ inhibitors useful for the nvention include a) Janex 1, oral and
topical; by PF-956984, iv. infusion; ¢} WHI-P154; d) ZM-39923; o) NSC114792; §)

tofacitinib (CP6S0550), oral.

&
NSC114792 L
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[86155]  Non-hmiting examples of JAK inhibtors {for exarmple, Type Fand Type 1T Jak
Inhibitors) are discussed in O'Shea and Plenge (bmmumnity, 2012 Apr 20;36(4):542-50),
LaFave and Levine (Trends Pharmaco! Sci. 2012 Nov;33(111:574-82), Kontzias et al, (Curr
Opin Pharmacol. 2012 Aug;12{(41:464-70), Norman (Expert Opin Ther Pat. 2012
Oct;22(103:1233-49), and Wilson {Expert Opin Ther Pat. 2010 May;20(5):609-23), cach of

which are hercby incorporated by reference in their endiretics.

180156] Knowledge of the primary sequence of a molecule of interest, such as a
polypeptide encoded by a Jak3 gene, and the similarity of that sequence with proteins of
known function, can provide information as to the inhibitors or antagonists of the protein of
imterest in addition to agonists. Identification and screening of agonists and antagonists is
further facilitated by detormining structural features of the profein, e.g., using X-ray
crystallography, neutron diffraction, nuclear magnetic vesonance spectrometry, and other
techniques for structure determination. These techniques provide for the rational design or

identification of agonists and antagonists.

1861571  Test compounds, such as Jak3 moedulating compounds, can be screened from large
librarics of synthetic or natural compounds (see Alicea-Veldzquez and Boggon (2011) Curr
Dvug Targets, 12(4):546-55; Wang et al,, (2007) Curr Med Chem, 14(23:133-55; Mamnhold
(2006} Curr Top Med Chem, 6 (10):1031-47; and Hensen (2006) Curr Med Chem 13{4):361-
76). Numerous means are cwrrently used for random and directed syuthesis of saccharide,
peptide, and nucleic acid based compounds. Synthetic compound libraries are commercially
available from Maybridge Chemical Co. (Trevillet, Comwall, UK}, AMRI (Albany, NY),
ChemBridge (San Drego, CA}, and MicroSource {Gaylordsville, CT). A rare chemical
library 1s available from Aldrich (Milwaukee, Wis.). Alternatively, librarics of natural
compounds in the form of bacterial, fungal, plaot and animal extracts are available from e.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 cheneal, physical, and biochemical means (Blondelle et al.,
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(1996) Tib Tech 14:60).

[B08188]  Methods for preparing Hibraries of molecules are well known in the art and many
fibraries are commercially available. Libraries of interest in the invention include peptide
Libraries, rendomized oligonucicotide Hibraries, synthetic organic combinatorial libraries, and
the hke. Degenerate peptide libraries can be readily prepared in solution, in immobilized
form as bacterial flagella peptide display Bibraries or as phage display libraries. Peptide
ligands can be selected from combinatorial libraries of peptides containing at least one amino
acid. Librarics can be synthesized of peptoids and von-peptide synthetic moieties. Such
Libraries can further be synthesized which contain non-peptide synthetic moieties, which are
less subject to enzymatic degradation compared to their naturally-occwrring counterparts. For
example, librarics can also inchude, but are not limited to, peptide-on-plasmid librarics,
synthetic small molecule librarics, aptamer hibrarics, in vitro translation-based libraries,
polysome libraries, synthetic peptide libraries, neurotransmitter hbraries, and chemical

librarics.

[8818%]  Examples of chemieally synthesized libraries are deseribed in Fodor et al,, (1991)
Science 251.767-773; Houghten ¢t al,, (1991) Nature 354:84-46; Lam et al, (1991) Nature
354:82-84; Medynski, (1994) RioTechnology 12:709-710; Gallop et al,, (1994) 1. Medicinal
Chemistry 37(9):1233-1251; Ohlmeyer et al, (1993) Proc. Natl Acad. Sci. US4 90:10922-
10926; Hrb et al., (1994) Proc. Natl. dcad Sci. USA 91:11422-11426; Houghten et al,, (1992
Biotechnigues 13:412; Jayawickreme ot al,, (1994) Proc. Natl. dcad. Sci. USA 91:1614-1618;
Salmon et al., (1993) Proc. Natl Acad. Sci. USA 96:11708-11712; PCT Publication No. WO
93/020(242, dated Gct. 14, 1993; and Brenner et al, {1992) Proc. Natl. Acad. Sci. US4
89:5381-5383.

{88168} Examples of phage display hbraries are described in Scott et al., (1990) Science
249:386-39(; Devlin et al., (1990} Science, 249:404-406; Christian, et al., (1992} J. Mol
Biol 227T711-718; Lenstra, (1992} J. fmmunol, Meth, 152:149-157; Kay et al,, (1993) Gene
128:59-65; and PCT Publication No. WO 94/018318.

188161} In vifro translation-based Hibraries include but are not hinyted to those deseribed in
PCT Publication No. WO 921/005058; and Mattheakis et al., (1994} Proc. Nutl Acad. Sci.
54 91:9022-9026.

1801621  As used herein, the torm “hgand source” can be any compound library described
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herein, or tissge extract prepared from various organs in an organism’s system, that can be
used to screen for compounds that would act as an agouist or antagonist of a Jak3 protein.
Screening compound libraries listed herein (also see U.S. Patent No. 7,884,189, which is
hereby meorporated by reference 1n its enfirety), n combination with in vive animal studies,
functional and signaling assays described below can be used to identify Jak3 modulating

compounds that regulate hair growth or treat bair loss disorders.

{86163} Screening the libraries can be accomplished by any variety of commonly known
methods, See, for example, the following references, which disclose sereening of peptide
Libraries: Parmley and Smith, (1989) ddv. Exp. Med. Biol. 251:215-218; Scott and Smith,
(1990) Science 249:386-3940; Fowlkes et al., (1992} BioTechnigues 13:422-427; Oldenburg ot
al, (1992) Proc. Natl. dcad. Sci. USA 89:5393-3307; Yu et al,, {1994} (efi 76:933-945;
Staudt et al,, (1988) Science 241:577-580; Bock et al., {1992) Nature 355:564-5606; Tuerk ot
al, (1992) Proc. Natl. Acad. Sci. US4 89:698R-6992; Ellington ot al., (1992) Nafure 355:850-
852; U.S. Patent Nos. 5,096,815, 5,223,409, and 5,198,346, all to Ladner ¢t al.; Rebar et al,,
{1993) Science 263:671-673; and PCT Publication No. WO 94/018318.

180164}  Small molecule combinatorial libraries can also be gencrated and screened. A
combinatorial library of small organic compounds is a collection of clogely related analogs
that differ from each other in one or more points of diversity and are synthesized by organic
techniques using multi-step processes. Combinatorial Hbrarics include a vast nomboer of
small organic compounds. One type of combinatorial library is prepared by means of parallel
synthesis methods to produce a compound arrgy. A compound array can be a collection of
compooands identifiable by their spatial addresses in Cartesian coordinates and arranged such
that each compound bas a common molecular core and one or more variable structural
diversity clements. The compounds in such a compound array are produced in parallel in
separate reaction vessels, with each compound identified and tracked by its spatial address.
Examples of parallel synthesis mixtires and parallel synthesis methods are provided in U.S.
Ser. No. 08/177,497, filed Jan. 5, 1994 and its corresponding PCT Publication No, WO
05/018972, as well as ULS. Pat. No. 5,712,171 and its corresponding PCT Publication No.

WO 96/022529, which are each herchy incorporated by reference in their entireties.

[86165)  In one non-limiting example, non-peptide hbraries, such as a benzodiarepine
Hibrary (sce e.g., Bunin st al, (1994) Proc. Natl Acad Sci. USA 91:4708-4712), can be

screened. Peptoid libraries, such as that described by Simon et al, (1992) Froc. Nail, Acad.
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Sei. USA 89:9367-9371, can also be used. Another example of a library that can be used, n
which the amide functionalities in peptides have been permethylated to generate a chemically
transformed combinatorial library, is described by Ostresh ot al. (1994), Proc. Natf. Acad.

Sci. US4 91:11138-42,

[88166] Computer modeling and searching technologies permit the identification of
compovnds, or the improvement of already identificd compounds, that can modulate the
cxpression or activity of a Jak3 protein. Having identified such a compound or composition,
the active sites or regions of a Jak3 protein can be subseguently wdentified via examining the
sites to which the compounds bind. These sites can be Hgand binding sites and can be
dentified 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 corapound or composition with its natural ligand. In the latter
case, chemical or X-ray crystallographic methods can be used to find the active site by

finding where on the factor the complexed ligand is found.

{88187 The three dimensional geometric structure of a site, for example that of a
polypeptide encoded by 3 Jak3 gene, can be determined by known methods in the art, such as
X-ray crystallography, which can determine a comaplete molecular structure. Solid or biguid
phase NMR can be used to determine certain intramolecular distances. Any other
experimenial method of structure determination can be used to obtain partial or complete
georaeiric structures. The geemetric structures can be maeasured with a complexed ligand,

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

[98168]  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 noveo
constroction of macromolecular structures such as peptides that bind to a molecule. See, for

cxample, Kenneth . Shea (1994) Moelecular Iprinting of Svanthetic Network Polvimers; The

De Nove synthesis of Macromolecular Binding and Catalvtic Sttes, TRIP 2(5); Mosbach,

(1994) Trends in Biochem. Sci., 19(9); and Wolff, G., in Polymeric Reagents and Catalvsts

(Ford, W. T., Ed.} ACS Symposium Series No. 308, pp 186-230, American Chemical Socicty
{19%6). Oue method for preparing mintics of a Jak3 modulating compound involves the steps
of: ) polymerization of fimctional monomers around a known substrate (the template) that
exhibits a desired activity: (1) removal of the template molecule; and then (i)

polymerization of a second class of monomers in, the void left by the template, to provide a
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new molecule which exhibits one or more desived properties 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, carbobydrates,
glycoproteins, steroids, lipids, and other biologically active materials can also be prepared.
This method is useful for designing a wide variety of biclogical mimics that are more stable
than their natural counterparts, because they are prepared by the free radical polymerization
of functional monomers, resulting in a compound with a non-biodegradable backbone. Other
methods for designing such molecules include for example drug design based on structure
activity relationships, which require the synthesis and evaluation of a number of compounds

and molecular modeling,

Screeniug Assavs

{86169} A Jak3 modulating compound can be a compound that affects the activity and/or
expression of a Jak3 protein in vive and/or in vitro. Jak3 meodulating compounds can be
agonists and antagonists of a Jak3 protein, and can be compounds that exert their effect on
the activity of a Jak3 protein via the expression, via post-iranslational modifications, or by

other means.

188178}  Test compounds or agents which bind to a Jak3 protein, and/or have a stimulatory
or inhibitory cffect on the activity or the expression of 8 Jak3 protein, can be identified by
two types of assays: () cell-based assays which utilize cells expressing a Jak3 protein or a
variant thereof on the cell surface; or (b) cell-free assays, which can make use of isolated
Jak3 proteins. These assays can ciaploy a biologically active fragment of a Jak3 protein, full-
length proteins, or a fusion protein which includes afl ot a portion of a pelypeptide encoded
by a Jak3 gene. A Jak3 protein can be obtained from any suitable manmmalian species (e.g.,
human, rat, chick, xenopus, equine, boving or murine). The assay can be a binding assay
comprising direct or indirect measurcment of the binding of a test compound. The assay can
also be an activity assay comprising direct or indirect measurement of the activity of a Jak3
protein. The assay can also be an expression assay comprising divect or indirect measurement
of the expression of Jak3 mRNA nucleic acid sequences or a protein encoded by a Jak3 gene.
The various screcning assays can be combined with an in vive assay comprising measuring
the effect of the test compound on the symptoms of a hair loss disorder or discase n a subject
{for example, androgenetic alopecia, alopecia arcata, alopecia totalis, or alopecia universalis),

or even hypotrichosis.
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88171}  Anin vive assay can also comprise assessing the effect of a test compound on
regulating hair growth in known mammalian models that display defective or aberrant hair
growth phenotypes or ammals that contain mutations in the open reading frame (ORF) of
nucleie acid sequences comprising a Jak3 gene that affects hair growth regulation or hair
density. In one embodiment, controlling hair growth can comprise an indoction of hair
growth or density in the subject. Here, the compound’s effect in regulating hair growth can
be observed either visually via examining the organism’s physical hair growth or loss, ot by

assessing protein or mRNA expression using methods known in the art.

[88172)  Assays for screening test compounds that bind to or modulate the activity of 2
Jak3 protein can also be carried out. The test compound can be obtained by any suitable
means, such as from conventional compound librarics. Determining the ability of the test
compound to bind to 2 membranc-bound form of the Jak3 protein 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 Jak3 protein can be measured by detecting the labeled
compound in 2 complex. For example, the test corapound can be labeled with “H, ¢, 78, or
By gither directly or indivectly, and the radioisotope can be subsequently detected by direct
covnting of radiocrmmission or by scintillation counting. Alternatively, the test compound
can be enzymatically labeled with, for example, horseradish peroxidase, alkaline
phosphatase, ot fuciferase, and the enzymatic label detected by determination of conversion

of an appropriate substrate to product.

{81731 Cell-based assays can comprise contacting a cell expressing Jak3 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 Jak3 molecule can be
accomplished by any method suitable for measuring the activity of such a molecule, such as
monitoring downstream sigpaling events (e.g., Thoma et al. (2011).7 Med Chem. 54(1):284-
8; Flanagan (2010} J Med Chem. 53{24):8468-84; Lin ot al,, (2010) Arthritis Rheum.
62(8):2283-93; Kim et al., (2010} Mol Cancer. 9:36; Malabarba et al. (1995} .J Biol Chem.
270{161:9630-7; JAK3 Kinase Enzyme Systems (Product Nos. V3441 and V3701, available
from Promega (http://www promega.comy/products/cell-signaling/protein--kinases-and-
kinase--assays/nonreceptor-tyrosine-kinase-cnzyme-systerns/jak3-kinase-enzyme-system/),

cach of which arc incorporated by reference in their entiveties).
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{88174} A Jak3 protein or the target of a Jak3 protein can be immobilized to facilitate the
separation of complexed from uncomplexed forms of one or both of the proteins. Binding of
a test conpound to a Jak3 protein or a variant thereof, or interaction of a Jak3 protein with a
target molecule in the presence and absence of a test compound, can be accomplished in any
vessel suitable for containing the reactants. Examples of such vessels inclade microtiter
plates, test tubes, and micro-centrifuge tubes. In one embodiment, a fusion protein can be
provided which adds a doraain that allows one or both of the proteins o be bound to a matrix
{for example, ghitathione-S-transferase (GST) fusion proteins or ghutathione-S-transferase
fusion proteins can be adsorbed onto glutathione sepharose beads (Sigma Chemical; St

Louis, Mo.) or glutathione derivatized nicrotiter plates).

1B80178] A Jak3 protein, or a variant thereof, can also be immohilized via being bound to a
solid support. Non-liotting examples of suitable solid supports include glass or plastic
slides, tissue culture plates, microtiter wells, tubes, silicon chips, or particles such as beads
{imcluding, but not imited to, latex, polysiyrenc, or glass beads). Any method known in the
art can be used to attach a polypeptide (or polymucieotide) corresponding to Jak3 or 2 variant
thereof, or test compound to a solid support, including use of covalent and non-covalent

linkages, or passive absorption.

{881761  The expression of a Jak3 protein can also be monitored. For example, regulators
of the expression of a Jak3 profein can be identified via contacting a celi with a test
compound and deterouning the expression of a protein encoded by a Jak3 gene or Jak3
mRNA nucleic acid sequences in the cell. The expression level of a protemn encoded by 4
Jak3 gene or Jak3 mRNA nucleic acid sequences in the cell in the presence of the test
compound is 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 2
Jak3 protein based on this comparison. For example, when expression of a protein encoded
by a Jak3 gene or Jak3 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 13 identificd as a stimulator/enhancer of expression of 4 protein encoded by a Jak3
gene or Jak3 mRNA nucleic acid sequences in the cell. The test compound can be said to be

g Jak3 modulating compound {such as an agonist).

881777  Alternatively, when expression of a protein encoded by a Jak3 gene or Jak3

mRNA nucleic acid sequences in the cell is statistically or significantly less in the presence of
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the test compound than in its absence, the compound is identified as an inhibitor of the
expression of a protein encoded by a Jak3 gene or Jak3 mRNA nucleic acid sequences in the
cell. The test compound can alse be said 1o be a Jak3 modulating conpound (such as an
antagonist). The expression level of a protein encoded by a Jak3 gene or Jak3 mRNA nucleic

acid sequences in the cell in cells can be determined by methods previously deseribed.

[80178] For binding assays, the test compound can be a small molecule which binds to and
occupics the binding site of a polypeptide encoded by a Jak3 gene, or a variant thercof. This
can make the ligand binding site inaccessible to substrate such that normal biological activity
1s prevented. Examples of such small molecules inchade, but are not hmited to, small
peptides or peptide-Hike molecules. In binding assays, cither the test compound or a
polypeptide encoded by 3 Jak3 geone can comprise e detectable label, such as a fluoresceont,
radioisotopic, chemiluminescent, or enzymatic label (for example, alkaline phosphatase,
horseradish peroxidase, or luciferase). Detection of a test compound which is bound o a
polypeptide encoded by a Jak3 gene can then be determined via direct counting of
radiocmmission, by scintillation counting, or by determrining conversion of an appropriate

substrate to a detectable product.

{86179 Determining the ability of a test compound 1o bind to a Jak3 protein also can be
accomplished using real-time Biamolecular Interaction Analysis (BIA) (McConnell et al,,
1992 | Science 257, 1906-1912; Siolander, Urbaniczky, 1991 Anal Chem. 63, 2338-23435),
BIA is a technology for studying biospecific interactions in real tirae, without labeling any of
the interactants (for example, BlA-core™), Changes in the optical phenomenon surface
plasmon resonance (SPR) can be used as an indication of real-time reactions between

biclogical molecules.

[88188] To identify other proteins which bind to or interact with a Jak3 protein and
modulate its activity, a polypeptide encoded by a Jak3 gene can be used as a bait protein in a
two-hybrid assay or three-hybrid assay (Szabo et al., 1995 | Curr. Opin. Struct. Biol 5, 699-
705; 1.5, Pat. No. §,283,317), according to methods practiced in the art. The two-hybrid
system is based on the modular nature of most transcription factors, which consist of

separable DNA-binding and activation domains.

186181} Fuoctional Assavs. Test compounds can be tested for the ability to increase or

decrease the activity of a Jak3 protein, or a variant thereof. Activity can be measured after

)
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contacting a porified Jak3 protein, a cell membrane preparation, or an intact cell with a test
compound. A tost compound that decreases the activity of a Jak3 protein by about 10%,
about 20%, about 30%, about 40%, about 50%, about 60%, about 70%, about 75%, about
3%, about 90%, about 93% or 100% is identified as a potential agent for decreasing the
activity of a Jak3 protein, for example an antagonist. A test compound that increases the
activity of a Jak3 protein by about 10%, about 209, about 30%, about 40%, about 50%,
about 60%, about 70%, about 75%, about 80%, about 90%, about 95% or 100% is identified

as a potential agent for increasing the activity of a Jak3 protein, for example an agonist.

Treatment and Prevention

[90182]  The mvention also provides a method for treating or preventing a bair-loss
disorder in a subject. In one embodiment, the method comprises detecting the presence of an
alicration in a Jak3 gene in a sample from the subject, the presence of the alteration being
ndicative of a hair-loss disorder, or the predisposition 1o a hair-loss disorder, and,
administering to the subject in need a therapeutic treatiment against a hair-loss disorder. The
therapeutic treatment can be a drug administration {(for example, a pharmaceutical
composition comprising a siRNA dirccted to a Jak3 nucleic acid). In one embodiment, the
therapeutic molecule to be administered conprises a polypeptide encoded by a Jak3 gene,
compﬁsing about 75%, about 80%, about §5%, about 9096, about 93%, about 95%, sbout
7%, about 98%, about 99%, or 100% of the amino acid sequence of SEQ ID NG: 1, and
exhibits the function of decreasing expression of a protein encoded by a Jak3 gene. This can
restore the capacity to initiate hair growth in cells derived from hair follicles or skin. In
another embodiment, the therapeutic molecule to be administered comprises a nucleie acid
sequence comprising a Jak3 gene that encodes a polypeptide, comprising about 75%, about
Ri¥%, about 85%, about 90%, about 3%, about 95%, about 7%, about 98%;, about 99%, or
100% of the nucleie acid sequence of SEQ 1D NG: 2, and encodes a polypeptide with the
fonction of decreasing expression of a protein encoded by a Jak3 gene, thus restoring the

capacity to initiaic hair growth in cells derived from hair follicle cells or skin.

[80183] The presence of an alteration in a gene cncoding a Jak3 molecule in the sample
can be detected through the genotyping of a sample, for example via gene sequencing,
selective hybridization, amplification, gene expression analysis, or a combination thereof. In
one embodiment, the sample can comprise blood, plasma, senem, sputum, lacrimal secretigns,

semen, vaginal secretions, skin tissue, muscle tissue, amniotic fhuid, or a combination thereo
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[80184] The altcration can be determined at the level of the DNA, RNA, or polypeptide,
Optionally, detection can be determined by performing an ofigonucicotide ligation assay, a
confirmation based assay, a hybridization assay, a scquencing assay, an allele-specific
amplification assay, a microsequencing assay, 8 mehing curve analysis, a denaturing high
performance liguid chromatography (DHPLC) assay {for exampie, see Jones et al, (2000)
Hum Genet., 106(6):663-8), or a combination thereof, In another embodiment, the detection
18 performed by sequencing all or part of a Jak3 gene or by selective hybridization or
amplification of all or part of a Jak3 gene. A Jak3 gene specific amplification can be carried

out before the alteration identification step.

{88188  An alteration in a chromosome region occupied by a Jak3 gene can be any form of
mutation{s), deletion(s), rearrangement(s) and/or insertions in the coding and/or non-coding
region of the locus, alone or in various combination(s). Mutations can include point
mutations. Insertions can encompass the addition of one or several residues in a coding or
non-coding portion of the gene locus. Insertions can comprise an addition of between 1 and
30 base pairs in the gene locus, Deletions can enconpass any region of one, two o1 nore
residues 1n a coding or non-coding portion of the gene locus, such as from two residues up to
the entive gene or locus. Deletions can affect smaller regions, such as domains (introns) or
repeated sequences or fragments of iess than about 50 consecutive basc pairs, although larger
deletions can occur as well, Rearrangement includes jnversion of sequences. The alteration
in a chromosome region occupied by a Jak3 gene can result in amino acid substitations, RNA
splicing or processing, product instability, the creation of stop codons, frame-shift mtations,
and/or truncated polypeptide production. The alteration can result in the production of a
polypeptide encoded by a Jak3 gene with altered fimction, stability, targeting or stracture.
The alteration can alse cause a reduction, or even an increase in profein expression. In one
embodiment, the alteration in the chromosome region cccupicd by a Jak3 genc can comprise
a point nwtation, & deletion, or an insertion 1 a Jak3 gene or corresponding exprossion
product. In another embodiment, the alteration can be a deletion or partial deletion of a Jak3

gene. The alteration can be determined at the level of the DNA, RNA, or polypeptide.

[88186]  In another embodiment, the method can comprise detecting the presence of altered
RNA cxpression. Altored RNA expression includes the presence of an aliered RNA
sequence, the presence of an altered RNA splicing or processing, or the presence of an altered

quantity of RNA. These can be detected by various techniques known in the art, inchuding
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sequencing all or part of the RNA or by selective hybridization or selective amplification of
ail or part of the RNA. In a further embodiment, the method can comprise detecting the
presence of altered expression of a polypeptide encoded by a Jak3 gene. Altered polypeptide
expression includes the presence of an altered polypeptide sequence, the presence of an
altered quantity of polypeptide, or the presence of an altered tissue distribution. These can be
detected by various technigues known in the art, including by sequencing and/or binding to

specific Hgands (such as antibodies, ¢.g., directed to Jak3).

IB8187]  Various fechunigues known in the art can be used to detect or quantify altered gene
or RNA expression or nucleie acid sequences, which include, but are not limited to,
hybridization, sequencing, amplification, and/or binding to specific ligands (such as
antibodies). Other suitable methods include allele-specific oligonucieotide (ASQ),
cligorucleotide ligation, allele-specific amplification, Southern blot (for DNAs), Northern
blot (for RNAs), single-stranded conformation analysis (SSCA), ), pulsed-ficld gel
clectrophoresis { PFGE), isoclectric focusing, fluorescent in situ hybridization (FiSH), gel
migration, clamped denaturing gel clectrophorests, denaturing HPLC, melting curve analysis,
heteroduplex analysis, RNase protection, chemical or enzymatic mismatch cleavage, ELISA,
radio-immumoassays (RIA) and immumo-enzymatic assays (IEMA). In one embodiment, the
detecting comprises using a northern blot; real time PCR and primers directed to SEQ iD
NQ: 2; aribonuclease protection assay; & hybridization, anplification, or scquencing

technique to distinguish SEQ ID NG: 2; or a combination thereof.

[BO18B]  Some of these approaches (such as SSCA and constant gradient gel
electrophoresis {COGE)) are based on a change in electrophoretic mobility of the nucleic
acids, as a result of the presence of an altered sequence. According to these techniques, the
altered sequence is visualized by a shift i mobility on gels. The fragmenis can then be
sequenced 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
aliered gene or RNA. The probe can be in suspension or immobilized on a substrate. The
probe can be labeled 1o facilitate detection of hybrids. Some of these approaches are suited
for assessing a polypeptide sequence or expression level, such as Northern blot, ELISA, and
IA. These latter require the use of a Higand specific for the polypeptide, for exanple, the
use of a specific antibody. In one embodiment, the antibody is divected to 2 Jak3 molecule

comprising SEQ 1D NO: 1.
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[8018%] Scquencing. Sequencing can be carried out osing techniques well known in the
art, using automatic sequencers. The sequencing can be performed on the complete Jak3
gene ot on specific domains thereof, such as those known or suspected to carry deleterious

mutations or other alterations.

{66198 Amplification. Amplification is based on the formation of specific hybrids
between complementary nueleie acid seqoences that serve to initiate nucleic acid
reproduction. Amplification can be performed according to various technigues known in the
art, such as by polymerase chain reaction (PCR), ligase chain reaction (LCR), strand
displacement amphification (SDA) and nuacleic 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 initiate the reaction. MNocleic acid primers useful for
amplifying sequences from a Jak3 gene or locus are able to specifically hybridize with a
portion of a Jak3 gene locus that flank a target region of the locus, wherein the target region
1s altered in certain subjects having a hair-loss disorder. In one embodiment, amplification
can comprise using forward and reverse PCR primers comprising nucleotide sequences of
SEG 1D NO: 2. Non-limiting amplification methods include, e.g., polymerase chain reaction,

PCR (PCR Protocols, A Guide To Methods And Applications, ed. fnnis, Academic Press,

N.Y., 1996 and PCR Strategies, 1995, ed. Innis, Academic Press, Inc., N.Y.); ligase chain
reaction (LOR) (Wu (1989) Genomics 4:560; Landegren (1948) Science 241:1077; Barringer
(1990) Gene 89:117); transcription amplification (Kwoh (1989) PNVAS 86:1173); and, sclf-
sustained sequence replication (Guatelh (1990) PNAS R7:1874); O Beta replicase
amplification (Smith (1997) J. Clin, Microbiol 35:1477-1491), automated (-beta replicase
amplification assay (Burg (1996) Mol (ell. Probes 10:257-271) and other RNA polymerase
mediated techniques {c.g., NASBA, Cangene, Mississauga, Ontario; see afso Berger (1987)
Merthods Enzymol. 152:307-316; U.S. Pat. Nos. 4,683,195 and 4,683,202; and Sooknanan
{1995} Bivtechnology 13:563-564). All the references stated above are incorporated by

reference in their entireties.

{88191}  The invention provides for a nucleic acid primer, wherein the primer can be
complementary to and hybridize specifically to a portion of a Jak3 coding sequence {c.g.,

gene or RNA) aliered i certain subjects having a hair-loss disorder. Primers of the invention

~
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can be specific for altered sequences in a Jak3 gene or RNA. By using such primers, the
detection of an amplification product indicates the presence of an alteration in a Jak3 gene or
the absence of such gene. Primers can also be used to identify single nucleotide
polymorphisms {SNPs) located in or around a Jak3 gene locus; SNPs can comprise a single
nucleotide change, or a closter of SNPs in and around a Jak3 gene. Examples of primers of
this jnvention can be single-stranded nucleic acid molecules of about 5 to 60 nucleotides in
length, or about § to about 25 nucleotides n length. The sequence can be derived directly
from the sequence of a Jak3 gene. Perfect complementarity is 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 predisposition to a hair-loss disorder in a subject.

1801921  Sclective Hybridization. Hybridization detection methods are based on the

formation of specific hybrids between complementary nucleic acid sequences that serve to
ctect nucleic acid sequence alteration(s). A detection technigue involves the use of a nucieic
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 or imumobilized on a sabstrate or
support { for example, as n nucleie acid array or chips technologies). The probe can be
fabeled to facilitate detection of hybrids. For cxample, a sample from the subject can be
contacted with a nucleic acid probe specific for a2 wild type Jak3 gene or an altered Jak3 gene,
and the formation of a hybrid can be subsequently assessed. In one embodiment, the method
comprises contacting simultancously the samplic with a set of probes that ave specific,
respectively, for a wild type Jak3 gene and for various altered forms thereof. Thus, it is
possible to detect directly the presence of various forms of alterations in a Jak3 gene in the

sample. Also, varicus samples from various subjects can be treated in parallel

1861931  According to the invention, a probe can be a polynuclectide sequence which is
complementary to and can specifically hybridize with a (target portion of a) Jak3 gene or
RNA, and that is suitable for detecting polynucieotide polymorphisms associated with alleles
of'a Jak3 gene (or genes) which predispose to or are associated with a hair-loss disorder.
Usefud probes are those that are complementary to a Jak3 gene, RNA, or target portion
thereof. Probes can comprise single-stranded nucleic acids of between 8 to 1000 nucleotides
i fength, for instance between 10 and 800, between 15 and 700, or between 20 and 500,

Longer probes can be used as well. A useful probe of the invention is a single stranded
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nucleic acid molecule of between 8 to 500 nacleotides in length, which can specifically
hybridize to a region of a Jak3 gene or RINA that carries an alteration. For example, the

probe can be directed to a chromosome region occupied by a Jak3 gene.

198194]  The sequence of the probes can be devived from the sequences of a Jak3 gene and
RNA as provided herein. Nucleotide substitutions can be performed, as well as chemical
modifications of the probe. Such chemical modifications can be accomplished to increase the
stability of hybrids (c.g., intercalating groups) or to label the probe. Some exampies of labels
nclude, without linitation, radioactivity, fluorescence, luminescence, and enzymatic

labeling.

[98195] A guide to the hybridization of nucleic acids is found in e.g., Sambrook, ed,,

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

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

Ine., MNew York, 2001; Laboratory Techmigues In Biochemistrty And Molecular Biology:

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

Tiissen, ed. Elsevier, N.Y ., 1993,

Specific Livand Binding

[88196]  As indicated herein, alteration in a chromosome region occupied by a Jak3 genc or
alteration n expression of a Jak3 gene, can also be detected by screening for akeration(s) ina
sequence or expression level of a polypeptide encoded by a Jak3 gene. Different types of
higands can be used, such as specific antibodies. 1o onc embodiment, the sample is contacted
with an antibody specific for a polypeptide encoded by a Jak3 gene and the formation of an
e complex is subsequently determined. Various methods for detecting an immune
complex can be used, such as ELISA, radioimmunoassays (RIA) and immune-enzymatic
assays (IEMA}. In one embodiment, levels are measured by ELISA using an antibody
directed to SEQ ID NO: 1; western blot using an antibody directed to SEQ 1D NO: §; mass
spactroscopy, isocleciric focusing, or electrophoresis-based techniques targeting epitopes of

SEQ 1D NO: 1; or a combination thereof,

{86197} For cxample, an antibody can be a polyclonal antibody, a monoclonal antibody, as
well as fragments or derivatives thercot having substantially the same antigen specificity.
Fragments inchude Fab, Fab'2, or CDR regions. Derivatives inclode single-chain antibodies,

humanized antibodies, or poly-functional antibodies. An antibody specific for a polypeptide

t
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encoded by a Jak3 gene can be an antibody that selectively binds such a polypeptide, namely,
an antibody raised against a polypeptide encoded by a Jak3 gene or an epitope-containing
fragroent thereof. Although noun-specific binding towards other antigens can occur, binding to
the target polypeptide occurs with a higher affimity and can be reliably discriminated from
non-specific binding. In one embodiment, the method can comprise contacting a sample
from the subjoct with an antibody specific for a wild type or an altered form of a polypeptide
encoded by a Jak3 gene, and deteroining 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 Jak3 gene. In one embodiment, the sampie can be
condacted simubtancously, or in parallel, or sequentially, with various antibodies specific for
different forms of a polypeptide encoded by a Jak3 gene, such as a wild type and various

altered forms thereof

Gene Therapy and Protein Replacement Methods

{80188} Delivery of nucleic acids into viable cells can be effected ex vivo, n situ, or in
vivo by use of vectors, such as viral vectors (e.g., lentivirus, adenovirys, adeno-associated
virgs, or a retrovirus), or ex vivo by use of physical BNA transfor methods {e.g., Hposomes or
cheraical treatments). Non-lioiting techniques suttable for the transfer of nucleic acid into
mammabian cells /n vitro include the use of iposomes, electroporation, microinjection, cell
fusion, DEAE-dextran, and the caicium phosphate precipitation method (See, for example,
Anderson, Narure, 392(6679): 25 (1998)). Introduction of a nucleic acid or a gone encoding
a polypeptide of the invention can also be accomplished with extrachromosomal substrates
(transient expression} or artificial chromosomes (stable expression). Cells can also be
cultered ex vivo in the presence of therapeutic compositions of the present invention io order
to profiferate or to produce a desired offect on or activity in such cells. Treated cells can then

be introchiced 1n vivo for therapeutic purposes.

[B8018%]  Nucleic acids can be inserted into vectors and used as gene therapy vectors, A
number of virases have been used as gene transfer vectors, including papovaviruses, ¢.g.,
SV40 {Madzalk ¢t al,, (1992} .7 Gen Virel. 73( Pt 6):1533-6), adenovirus (Berkoer (1992) Curr
Top Microhiol tmmunol 158:39-66; Berkner (1988} Biotechnigues, 6(71:616-29; Gorzigha
and Kapikian (1992} .0 Virol 66(71:4407-12; Quantin et al,, (1992} Proc Natl dead Sci U'S A.
RUY(TY.2581-4; Rosenteld et al,, (1992) Cell, 68(1):143-55; Wilkinson et al., (1992} Nucleic
Acids Res. 20(91:2233-9; Stratford-Perricaudet ot al, (1990} Hum Gene Ther. 1{33:241-56),
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vaccinia virus {Moss (1992} Curr Opin Rivtechnol. 3(5):518-22), adeno-associated virus
{Muzyczka, (1992} Curr Top Microbiol fmmunol. 158:97-129; Ohi et al., {(1990) Gene
89(23:279-82), herposviruses including HSV and EBV (Margoiskee (1992) Curr Top
Microbiol Immunol. 158:67-95; Johmson et al,, (1992) Brain Res Mol Brain Res 12{1-3).95-
102; Fink et al, (1992) Hum Gene Ther. 3(11:11-9; Breakeficld and Geller (1987) Mo/
Neurobiol. 1{4):339-71; Frease ot al., (1990} Bicchem Pharmacol. 40{101:2189-99}, and
retrovituses of avian {Bandyopadbyay and Temin (1984) Mol Cell Biol. 4(41:749-54;
Petropoulos ot al., (1992) .7 Virel 66(6):3391-7), murine (Miller et al. (1992) Mo! Cell Rinl.
12(7%:3262-72; Miller et al., (1945) J Virol 55(3%:521-6; Sorge ot al., (1984) Mol Cell Riol.
4(931730-7; Mann and Baltimore (1985) J Virol. 54(21:401-7; Miller et al., (1988} J Virol.
62(111:4337-45), and human origin (Shimada et al,, (1990 J Clin Invest. 88(3):1043-7;
Helseth et al, (1990)J Virol 64(12):6314-8; ?age et al., (1990) J Virol 64(11:5270-6;
Buchschacher and Panganiban (1992) .7 Virel, 66{53:2731-9).

862887 Noun-limiting cxamples of in vive gene transfer techmiques inchude transfection
with viral {¢.g., retroviral) vectors (see ULS. Pat. No. 5,252,479, which is incorporated by
reference in its entirety) and viral coat protein-hiposome mediated transfection (Dzau ot al,,
(1993} Tremds in Biotechnology 11:205-210), mcorporated entirely by reference). For
example, naked DNA vaccines arc generally known in the art; see Brower, (1998) Nature
Riotechnology, 16:1304-1305, which s incorporated by reference in its entirety. Gene
therapy vectors can be delivered to a subject by, for example, intravenous injection, local
administration (see, ¢.g., U.S. Pat. No. 5,328 470) or by stereotactic injection (see, ¢.g., Chen,
ct al., (1994) Proc. Natl. Acad. Sci. USA 91:3054-3057). The pharmaceutical preparation of
the gene therapy vector can include the gene therapy vector in an acceptable diluent, or can
comprise a slow release matrix in which the gene delivery vehicle is imbedded.
Aliernatively, where the complete gene delivery vector can be produced intact from
recornabinant cells, e.g., retroviral vectors, the pharmaceutical preparation can include one or

more cells that produce the gene delivery system.

[88281]  Forreviews of gene therapy protocols and methods see Anderson et al. (1992)
Science 256:808-813; U.S. 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 1.5, Application Publication Nos. 2002/0077313
and 2002/060069, which are all hereby incorporated by reference in their cutitetics. For an

example of gene therapy treatment in humans sec Porter et al, NEJA 2011 365:725-733 and
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Kalos et al. Sci. Transl Med 2011, 201 3(95):95. For additional reviews of gene therapy
technology, see Friedmann (1989) Science, 244:1275-1281%; Verma, Scientific American: 64-
84 (19903; Miller (1992) Nature, 357: 455-460; Kikuchi ot al. (2008) 7 Dermatol Sci.
S002):87-98; Isaka et al. (2007) Expert Opin Drug Deliv. 4(5)3561-71; Jager et al.(2007) Curr
Gene Ther, T(4):272-83; Wachler ¢t al.(Z007) Nat Rev Genet, B(8):573-87; Jensen et al.
(2007 Ann Med. 39(21:108-15; Herweijer ct al. (2007) Gene Ther, 14(2):99-107; Eliyahu ot
al. (2005) Molecules 10(11:34-64; and Altaras ot al. (2003} ddv Biochem Eng Biotechnol.

89:193-260, all of which are hereby tncorporated by reference in their entireties.

Protein Delivery Methods

180282]  Protein replacement therapy can increase the amount of protein by exogenously
mtroducing wild-type or biologically functional protein by way of infosion. A replacement
polypeptide can be synthesized according to known chemical techniques or can be produced
and purified via known molecular biological techunigues. Protein replacement therapy has
been developed for various disorders. For example, a wild-type protein can be puritied from
a recombinant cellular expression system (e.g., mammalian cells or insect ¢ells, see U.S. Pat.
No. 5,580,757 to Desnick et al.; U.S. Pat. Nos. 6,395,884 and 6,458,574 to Selden et al.; U5,
Pat. No. 6,461,609 to Calhoun et al.; U5, Pat. No. 6,210,666 to Miyamura ¢t al.; U.S. Pat,
MNo. 6,083,725 to Selden et al.; UK. Pat. No. 6,451,600 to Rasmussen et al.; U8, Pat. No.
5,236,838 to Rasmussen et al. and ULS. Pat. No. 5,879,680 to Ginns ot al.}, human placenta,
or animal milk (see U.S. Pat. No. 6,188,045 to Reuser ot al), or other sources known inthe
art. After the infusion, the exogenous protein can be taken up by tissues through non-specific

or receptor-mediated mechanism,

8062831 A polypeptide encoded by a Jak3 gene or a Jak3 modulating compound can also
be delivered in a controlled release system. For example, the polypeptide and molecule can

¢ administered using intravenous infusion, an impianiable osmotic pump, & transdermal
patch, hposomes, or other modes of adnunistration. In one embodiment, a pump can be used
{(see Sefton (1987) Biomed. Eng. 14:201; Buchwald et al. (1980} Surgery 88:507; Saudek et
al. (198 N, Engd J. Med. 321:574). In ancother embodiment, polymeric materials can be

used {see Medical Applications of Controlled Release, Langer and Wise {eds.), CRC Pres,,

Boca Raton, Fla. (1974); Controlled Drug Bicavailability, Drug Product Design and

Performance, Smolen and Bali (eds.), Wiley, New York (1984); Ranger and Peppas, (1983)

4. Macromol, Sci. Rev. Macromol, Chem. 23.61; see alse Levy ot al. (1983) Science 228:190;
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During et al. (1989) Ann. Newrol 25.351; Howard et al. (1989) .7, Newrosurg. 71:105). Inyet
another embodiment, a controlled release sysiem can be placed in procdmity of the
therapeutic target thus requiring only a fraction of the systemic dose {see, ¢.g., Goodson, in

Medical Applications of Controlled Release, supra, vol. 2, pp. 115-138 (1984)). Cther

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

1533).
Enhibitors

{82841  Cytokines are produced to activate neighboring cells to communicate danger
signals to one another and spread and amplity the inflammatory response. Over the years, it
was learned how to both neutralize these cytokines with blocking antibodics and inhibit their
signaling in responding cells by small molecule protein tyrosine kinase inhibitors FDA
approved drugs exist for both approaches. Whenever possible, topical small molecule
formulations that should improve efficacy will be pursued while imiting systemic toxicity
(improved therapeutic indexes) encouraging chinical evaluation in AA of other small

molecule inhibitors in the biopharmaceotical pipeline,

[86285)  To block signaling of cytokine receptors, topical and/or oral JAK3 inhibitors as
described herein {e.g., tofacitinib (CP690550), R348 and VX-509), which have demonstrated

preliminary safety and efficacy in patients with RA, can be used.

{88286] The inhibitors can comprise peptides (such as antibodies or fragments thereof),
soall molecules, nucleic acids (such as sSiRNA or antisense RNAJ, or other agenis) that can
bind to a polypeptide molecule encoded by a gene of interest and/or molecules that have an

imhibitory effect on the biological activity of a protein of interest or #ts expression.

802871  As used herein, a “Jak 3 inhibitor” can be a compound that toteracts with a Jak 3
gene, or a Jak 3 protein or polypeptide, and inhibits its activity and/or its expression. The
compound can decrease the activity or expression of a protein encoded by Jak 3. Inone

embodiment, a Jak3 inhibitor can be a Jak3 modulating compound.

[808288]  In one embodiment, a Jak 3 imhibitor can be a peptide fragment that binds a
protein comprising SEQ 1D NO: 1. For example, the fragment can encompass any portion of
about 8 consecutive amino acids of SEQ [ NO: 1. The fragment can comprise about 10

consecutive amino acids, about 20 consecutive amino acids, about 30 consecutive amino
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acids, about 40 consecutive amino acids, about 50 consecutive amino acids, about 60
consecutive aming acids, or about 75 consecutive amine acids of SEQ ID NQO: 1. Fragmenis
nchude all possible amino acid lengths between and including about 8 and about 100 amine
acids, for example, lengths between about 10 and about 100 amino acids, between about 15
and about 100 amino acids, between abowt 20 and about 100 amine acids, between about 35
and about 100 amino acids, between about 40 and about 100 aming acids, between about 50

7
7

and about 100 amino acids, between about 70 and about 100 anuno acids, between about 75
and about 100 amino acids, or between about 80 and about 100 amino acids. These peptide
fragments can be obtained commercially or synthesized via Hauid phase or solid phase

synthesis moethods (Atherton ef al, (1989 Solid Phase Peptide Synthesis: a Practical

Approach. IRL Press, Oxford, England).

1902897  An inhibitor of the jnvention can be a profefn, such as an antibody (monoclonal,
polyclonal, humanized, chimeric, or fully human), or a binding fragment thereof, directed
against a polypeptide encoded by SEQ 1D NO: 1. An antibody fragment can be a form of an
antibody other than the full-length form and inclades portions or components that cxist within
full-length antibodics, in addition to antibody fragments that have been enginecred. Antibody
fragments can inchude, but are not imited to, single chain Fv (s¢Fv), diabodies, Fv, and
(Fab™),, triabodies, Fe, Fab, COR1, CDR2, COR3, combinations of CDR’s, variable regions,
tetrabodies, bifunctional hybrid antibodies, framework regions, counstant regions, and the like
{see, Maynard et al., (2000} 4un. Rev. Biomed. Eng. 2:339-76; Hudson (1998} Curr. Opin.
Biotechnol. 9:395-402). Antibodics can be obtained commercially, cusiom generated, or
synthesized against an antigon of interest according o methods established in the art {see

Roland E. Kontermann and Stefan Ditbel (editors), Antibody Engincering, Vol 1 & 11, (2010)

2™ ¢d., Springer; Antony S. Dimitrov (editor), Therapeutic Antibodies: Methods and

Protocols (Methods in Molecular Biology), (2009), Humana Press; Benny Lo (editor)

Antibody Engineering: Methods and Protocols (Methods in Molecular Biology), (2004)

Humana Press, cach of which are hereby mmcorporated by reference in their entiretics).

{B0218]  An inhibttor of the invention can also be a small molecule that binds to a protein
and disrapts its function. Small molecules are a diverse group of synthetic and natural
substances generally having low molecular weights. They can be isclated from natural
sources {for example, plants, fungi, microbes and the like), are obtained commercially and/or

available as Hbraries or collections, or synthesized. Candidate small molecules that modulate
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a protein can be identified via in siflico screening or mgh-through-put (HTP} screening of
combinatorial libraries. Most conventional pharmaceuticals, such as agpirin, penicillin, and
many chemaotherapeutics, are small molecules, can be obtained conmuercially, can be
chemically synthesized, or can be obtained from random or combinatorial hbraries {Werner
et al., (2006} Brief Funct. Genomic Froteomic 5{1):32-6). Insome embodiments, the agent
is 3 small molecule that binds, interacts, or associates with a target protein or RNA. Sucha
small molecule can be an organic molecule that, when the target is an intracellular target, is
capable of penetrating the lipid bilayer of a cell to interact with the target. Small molecules
imchude, but are not limited to, toxins, chelating agents, metals, and metalioid compounds,
Small molecules can be attached or conjugated to & targeting agend so as to specifically guide

the small melecule to a particular cell.

902117 Jak3 proteins and Jak3 modulating compounds of the invendion can be
administered to the subject once (e.g., as a single injection or deposition). Alternatively, Jak3
proteins and Jak3 modulating compounds can be adminisiered once or twice daily to a subject
in need thercef for a period of from about two to about twenty-cight days, or from about
seven to about ten days. Jak3 proteins and Jak3 modulating compounds can also be
administered once or twice daily to a subject foraperiodof §,2,3,4,5,6,7, 8,9, 10, 11, 12

times per year, or a combination thercof,

180212} Furthermore, Jak3 proteins and Jak3 modulating compounds of the invention can
¢ co-adnvinistrated with another therapeutic. In some cmbodiments, the Jak3 modulating
compound (e.g., a Jak3 inhibitor) can be co-adminstered with a Jak1/Jak?2 mhibitor (e.g., 2
Jak1/Jak? small molecule inhibitor, a therapeutic antibody directed to Jaki, a therapeutic
antibody directed to JakZ, an siRNA directed to Jaki, or an siRNA direcied to Jak2). Non-
hmiting cxamples of Jak1/Jak?2 small molecule inhibitors include: AG498 (Caceres-Cortes,
(2008) duticancer Agenis Med Chem. 8(7y:717-22); CY'T3I87 (Pardanam et al,, (2009)
Leukemia 23(8):1441-5; Monaghan et al,, (201 1) Leukemia. 25(12):1891-9); SBI518
{William ot al., (2011} J Med Chem. 54(131:4638-58; Hart et al., (2011} Leukemia.
250113 1751-9); LY 3009164 (Baricitinib; INCB2RO50) (Incyte and Lilly); TG161348(
Wernig et al., (2008} Cancer Ceil. 13(43:311-20; Pardanani et al., 2011 J Clin Onceol.
29(7Y.749-96); INUB818424 (Incyte; Shietal, (201 1) 7 Clin Pharmacel. $1(12):1644-547;
CEP-T781 (Cephalon; Hexner et al., (2008) Blood. 111{12):5663-71); GLPGH634
{Galapagos; see hitp://www glpg.com/index.php/randd/pipeline/glpg634-ra/y;, CYT3I8T (Y M
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Biosciences; Pardanami (2009} Leukemia. 23(8):1441-5); AZD1480 (Seileckehem, Houston
TX; Scuio et al., (2011} Leukemia, 25(3):538-50); and BMS-911543 (Purandare ot al,, (2012)
Leukemia. 26{23:280-8}, cach of the references of which are incorporated by reference in
thewr entireties, In one embodiment, inhibition of JAK T also provides 3 mode of inhibiting

JAKS3 {e.g., see Haan et al, (2011) Chem Bind. 1&(31:314-23}.

186213] JAKL/2 small melecule inhibitors in clinical development include a)
INCBO18424, topical and oral; 5 nM activity (Incyte); by CEP-701 {Cephalon); and ¢)
TG101348,

i

{88214}  Where a dosage regimen comprises muldtiple administrations, the effective amount
ot the Jak3 proteins and Jak3 modulating compounds administered to the subject can

comprise the total amount of genc product administered over the entire dosage regimen.

[80215] Jak3 proteins and Jak3 modulating compounds (e.g., a Jak3 inhibitor) can be
administered to a subject by any means suitable for delivering the Jak3 protetus and Jak3
modidating compounds to cells of the subject, such as the dermis, epidermis, dermal papilla
cells, or hatr follicle cells. For example, Jak3 proteins and Jak3 meodulating compounds can
be administered by methods suitable to transfect cells. Transfection methods for eukaryotic
cells are well known in the art, and include direct ijection of the mucleic acid into the
nucleus or promuclens of a cell; electroporation; liposome transter or transfer mediated by
Lipophilic materials; receptor mediated nucleic acid delivery, bioballistic or particle

acceleration: calcium phosphate precipitation, and transfection mediated by viral veciors.

[88216] For example, in the preseni methods, the Jak3 protein or Jak3 modulating
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compound (e.g., 2 Jak3 siRNA) can be administered to the subject cither as RNA| in
conjunciion with a delivery reagent, or as a nucleic acid {e.g., a recombinant plasmid or viral
veeter) comprising sequences which expresses the gene product. Suitable delivery reagenis
for administration of Jak3 or Jak3 globulin modulating compound include the Mirus Transit
TKO lipophilic reagent; ipofectin; hipofectamine; cellfecting or polycations (e.g., polylysine),

or liposomes.

1862177 A therapeutically effective dose of Jak3 or a Jak3 modulating compound can
depend upon a number of factors known to those or ordinary skill 1n the art. The dose(s) of
Jak3 or a Jak3 modulating compound can vary, for example, depending upon the identity,
size, and condition of the subject or sample being treated, further depending upon the route
by which the composition is to be administered, if applicable, and the effect which the
practitioner desires the Jak3 or a Jak3 modulating compound to bave upon the nucleic acid or

polypeptide of the invention. These amounts can be readily determined by a skilled artisan.

{80218}  The compositions of this invention can be formulated and adnyinistered 1o reduce
the symiptoms associated with a hair-loss disorder by any means that prodoces contact of the
active ingredient with the agent’s site of action in the body of a subject, such as a human or
animal {e.g., a dog, cat, or horse). They can be administered by any conventional means
available for use in conjunction with pharmaceuticals, either as individual therapeuntic active
ingredients or in a combination of therapeutic active ingredients. They can be administered
alone, but arc generally administered with a pharmaceutical carrier selected on the basis of

the chosen route of administration and standard pharmaceutical practice.

1902197 A therapeutically cffective dose of Jak3 modulating compounds can depend upon
a number of factors known to those or ordinary skill in the art. The dose(s) of the Jak3
modolating compounds can vary, for example, depending upon the identity, size, and
condition of the subject or sample being treated, further depending upon the route by which
the composition is to be administered, if applicable, and the effect which the practitioner
desires the Jak3 modulating compounds to have upon the muecleic acid or polypeptide of the
wvention. These amounts can be readily determined by a skilled artisan. Any of the
therapeutic applications described herein can be applied to any subject in need of such
therapy, including, for example, a mammal such as a dog, a cat, a cow, a horse, a rabbit, a

monkey, 8 pig, a sheep, 8 goat, or a human.
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[80228] Pharmaceutical compositions for use in accordance with the invention can be
formulated in conventional manner using one or more physiologically acceptable carriers or
excipionts. The therapeutic compositions of the nvention can be formulated for & variety of
routes of administration, including systemic and topical or localized administration.
Technigues and formolations generally can be found in Remington’s The Science and
Practice of Pharmacy, 20" ed. Lippincott Williams & Witkins,, Philadelphia, PA (2000), the

entire disclosure of which is herein jncorporated by reference. For systemic administration,
an injection s useful, including ntramuscular, intravenous, intraperitoneal, and
subcutancous. For injection, the therapeutic compositions of the invention can be formulated
in Hquid solutions, for example in physiologically compatible buffers such as Haunk's solution
ot Ringer's solution. In addition, the therapeutic compositions can be formulated i solid
form and redissolved or suspended immediately prior {6 use. Lyophilized forms are also
included. Pharmaceutical compositions of the present invention are characterized as being at
least sterile and pyrogen-free. These pharmaceutical formulations inchude formulations for

human and veterinary use.

[88221)  According to the invention, a pharmaceutically aceeptable carrier can comprise
any and all solvents, dispersion media, coatings, antibacterial and antifungal agents, isstonic
and absorption delaying ageunts, and the like, 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 incorporated into the compositions.

{82221  The mvention also provides for a kit that comprises a pharmaceutically
acceptable carrier and a Jak3 modulating compound identified using the screening assays of
the invention packaged with instructions for use. For modulators that are antagonists of the
activity of a Jak3 protein, or which reduce the expression of a Jak3 protein, the instructions
would speeify use of the pharmaceutical composition for promoting the loss of hair on the

body surface of a mammal (for example, arms, legs, bikini area, facce).

{88223}  For Jak3 modulating compounds that are agonists of the activity of a Jak3 protein
or increase the expression of one or more proteins encoded by Jak3 genes, the instructions
would specify use of the pharmaceutical composition for regulating hair growth. In one
embodiment, the instructions would specity use of the pharmaceutical composition for the

treatment of hair loss disorders.
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186224} A pharmaceutical composition containing a Jak3 modulating compound can be
administered in conjunction with a pharmaceutically acceptable carrier, for any of the
therapeutic effeets discussed herein. Such pharmaceutical compositions can comprise, for
example antibodies directed to polypeptides encoded by genes comprising a Jak3 gene, or
variants thereof, or agonists and antagonists of a polypeptide encoded by a Jak3 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 i any sterile, biocompatible
pharmaceutical 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.

{88228}  Sterile injectable solutions can be prepared by incorporating the Jak3 modulating
compound (c.g., a polypeptide or antibody) in the required amount in ag appropriate solvent
with one or a combination of ingredients enumerated herein, as required, followed by filtered
sterilization. Generally, dispersions are prepared by incorporating the active compound inio a
sterile vehicle which contains a basic dispersion medium and the required other ingredicnts
from those enumerated herein. In the case of sterile powders for the preparation of sterile
mjectable solutions, examples of usefud preparation methods are vacoum drying and frecze-
drying which yields a powder of the active ingredient pius any additional desired ingredient

from a previously sterie-filtored solution thereof.

1802261  In some embodiments, the Jak3 modulating compound can be apphied via
transdermal delivery systems, which slowly releases the active compound for percutancous
absorption. Permeation enbancers can be used to facilitate transdermal penctration of the
active factors in the conditioned media. Transdermal patches are described in for example,
U.S. 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; U.5. Pat. No. 5,290,561; 1S, Pat. No. 5,254,346; U.5. Pat. No. 5,164,189; 1.5,
Pat. No. 5,163,899; U.5. Pat. No. 5,088,977; U.S. Pat. No. 5,087.240; U.5. Pat. No.

5,008,110; and U.S. Pat. No. 4,921,475,

1802271 Various routes of administration and various sites of coll implantation can be
utilized, such as, subcutancous or intramuscular, in order to introduce the aggregaied
population of cells nto a site of preference. Once implanted in a sabject (such as a mouse,
rat, or human), the aggregated cells can then stimulate the formation of a hair follicle and the

subsequent growth of a hair structure at the site of introduction. In another embodiment,
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ransfected cells (for example, cells expressing a protein encoded by a Jak3 gene are
implanted in a subject to promote the formation of hair follicles within the subject. In further
cmbodiments, the transfocted cells are cells derived from the end bulb of a hair follicle (such
as dermal papilla cells or devmal sheath cells). Aggregated cells (for example, cclls grown in
a hanging drop culture) or transfected cells (for example, cells produced as described herein)
maintained for 1 or more passages can be introduced (or implanted) into a subject (such as a

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

[80228]  Subcutancous administration can vefer to administration just beneath the skin (i.e,,
bencath the dermis). Generally, the subcutancous tissue is a layer of fat and comnnective tissue
that houses larger blood vessels and nerves, The size of this laver varies throughout the body

and from person to person. The interface between the subcutancous and muscle layers can be

encompassed by subcutancous administration,

{80229]  This mode of administration can be feasible where the subcutancous layer is
sufficiently thin so that the factors present in the composttions can migrate or diffuse from
the locos of administration and contact the hair follicle cells responsible for hair formation.
Thus, where intradermal administration is utilized, the bolus of composition administered is

localized proximate to the subcutancous layer.

1862387 Aduounistration of the cell aggregates {such as DP or DS aggregates) is not
restricted to a single route, but can encornpass administration by nmultiple routes. For
mstance, exemplary administrations by multiple routes inclade, among others, a combination
of iniradermal and intramuscular administration, or intradermal and subcutancous
administration. Multiple administrations can be sequential or concurrent. Other modes of

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

{B80231]  In other embodiments, this implantation method will be a one-time weatment for
some subjects. In further embodiments of the invention, multiple cell therapy implantations
will be required. Tn some embodiments, the cells used for troplantation will generally be
subject-specific genctically engincered cells. In another embodiment, cells obtained froma
different species or another individual of the same species can be used. Thus, using such
cells can require administering an immuonosuppressant to prevent rejection of the implanted
cells. Such methods have also been described in United States Patent No. 7,419,661 and PCT

application publication WO 2001/32840, and are hereby incorporated by reference.

t
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1802321 In one embodiment, an inhibitor or agonist of the invention can be incorporated
inte pharmacecutical compositions suitable for adminisiration, for cxample the inhibitor and a

pharmaceutically acceptable carrier.

19023317 According to the invention, a pharmaceutically acceptable carvier can comprise
any and all solvents, dispersion media, coatings, antibacterial and antifimgal agents, 1sotonic
and absorption delaying agents, and the hike, compatible with pharmaceuatical admimstration.
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.

180234} A pharmaceutical composition of the fnvention 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 antibodics directed to
polypeptides. 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 stenile,
biocompatible pharmaceutical carrier including, but not Hmited to, saline, buffered saline,
dextrose, and water. The compositions can be administered to 8 paticnt alone, or in

combination with other agents, drugs or hormones.

186235} A pharmaccutical composition of the invention is formulated to be compatible
with its intended route of administration.  Examples of routes of administration include
parenieral, e.g., intravenous, intradermal, subcutancous, oral {e.g., inhalation or ingestion},
transdermal {topical), transmaucosal, and rectal administration. Solotions or suspensions used
for parenieral, intradermal, or subcutancous application can fuclude the following
components: a sterile diluent such as water for injection, saline solution, fixed oils,
polyethyiene glyeols, glycerine, propylene glycol or other synthetic solvents; antibacterial
agents such as benzyl alcohol or methyl parabens; antioxidants such as ascorbic acid or
sodium bisulfite; chelating agents such as ethylenediaminetetraacetic acid; buffers such as
acetates, citrates or phosphates and agents for the adjustment of tonicity such as sodium
chloride 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 multiple dose vials made of glass or plastic.

{80236] Pharmaceutical compositions suitable for injectable use include sterile agueous

~J
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sohutions {(where water soluble) or dispersions and stenile powders for the extemporancous
preparation of sterile imiectable solutions or dispersions. For intravenous administration,
suitable carriers include physiclogical saling, bacteriostatic water, Cremophor EM™ (BASF,
Parsippany, NI} or phosphate buffered saline (PBS). In all cases, the composition nuist be
sterile and should be thad to the extent that easy syringability exisis.  must be stable under
the conditions of manufacture and storage and st be preserved against the contaminating
action of microorganisros such as bacteria and fungi. The carrier can be a solvent or
dispersion medium containing, for example, water, ethanol, a pharmaceutically acceptable
polyol like glveerol, propylenc glyeol, liquid polyetheyiene glycol, and suitable mixtures
thercof. The proper fluidity can be maintained, for example, by the use of a coating such as
lecithin, by the maintenance of the required particle size in the case of dispersion and by the
use of surfactants. Provention of the action of microorganisms can be achieved by varicus
antibacierial and antifungal agents, for cxample, parabens, chlorobutanol, phenol, ascorbic
acid, thimerosal, and the like. In many cases, it can be usctul to include isotonic agents, for
example, sugars, polyalcohols such as mannitol, sorbitol, sedium chioride in the composition.
Prolonged absorption of the imjectable compositions can be brought about by tnchuding in the
composition an agent which delays absorption, for example, aluminum monostearate and

gelatin,

1902377 Sterile injectable solutions can be prepared by fncorporating the inhibitor {(e.g., 2
polypeptide or antibody or small molecule) or agonist of the invention in the required amount
in an appropriate solvent with one or 3 combination of ingredients enomerated herein, as
requited, followed by filtered sterilization. Generally, dispersions are prepared by
meorporating the active compound into a sterile vehicle which contains a basic dispersion
medium and the requived other ingredients from those enumerated hercin. In the case of
sterile powders for the preparation of sierile injectable solutions, examples of useful
preparation methods are vacuum drying and frecze-drying which vields a powder of the
active ingredient plus any additional desired ingredient from a previously sterile-filtered

solution thereof,

{88238  Oral compositions generally inclade an inert diluent or an edible carrier. They can
be enclosed in gelatin capsules or compressed into tablets. For the purpose of oral
therapeutic aduunistration, the active compound can be incorporated with excipients and used

m the form of tablets, troches, or capsules. Oral compositions can also be prepared using a

t
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fhiid carrier and subsequently swallowed.

{88238}  Pharmaceutically compatible binding agents, and/or adjuvant materials can be
incladed as part of the compuosition. The tablets, pills, capsules, troches and the like can
contain any of the following ingredients, or compounds of a similar nature: a binder such as
microcrystaliine cellulose, gum tragacanth ov gelatin; an excipient such as starch or lactose, a
disintegrating agent such as alginic acid, Primogel, or com starch; a lobricant such as
magoesium sicarate 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.

180248]  Systomic administration can also be by rangmucosal or transdermal roeans. For
transmucosal or transdermal administration, penetrants appropriate to the barrier to be
permeated are used in the formulation. Such penetrants are generally known in the art, and
nclude, for example, for ransmucosal administration, detergents, bile salis, and fusidic acid
derivatives. Transmucosal administration can be accomplished through the use ofnasal
sprays or suppositories. For transdermal administration, the active compounds are formulated

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

188241}  The dosage admimstered can be a therapeutically effective amount of the
composition sufficient to result in smelioration of symptoms of alopecia arcata, and can vary
depending upon known factors such as the pharmacodynamic characteristics of the active
mgredient and its mode and route of administration; age, sex, health and weight of the
recipient; nature and extent of symptoms; kind of concurrent treatment, frequency of

treatment and the effect desued.

1802421 In some embodiments, the effective amount of the administered Jak3 modulating
compound {e.g., & compound described hevein that is divected to Jak3, such as a small
molecule JAKS inhibitor) is about 0.0001 ug/kg body weight, about 0.00025 ug/kg body
weight, about 0.0005 ug'kg body weight, about 0.00075 ug/kg body weight, about (.001
ng/kg body weight, about 0.0025 ug/kg body weight, about 0.005 pg/kg body weight, about
0.0075 ug/kg body weight, about 0.01 ug/kg body weight, about 0.025 ng/kg body weight,
about 0.05 ng/kg body weight, about 0.075 pg/keg body weight, about 0.1 pg/kg body weight,
about 0.25 ug/kg body weight, about 0.5 ug/kg body weight, about 0.75 ug/kg body weight,

about 1 pg/kg body weight, about 5 pg/kg body weight, about 10 pg/kg body weight, about
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25 ug/kg body weight, about 530 ug/kg body weight, about 75 ng/kg body weight, about 100
pe/kg body weight, about 150 pg/kg body weight, about 200 ug/kg body weight, about 250
pg/kg body weight, about 300 pg/kg body weight, about 350 ng/kg body weight, about 400
ug/kg body weight, about 450 pg/kg body weight, about 500 ng/kg body weight, about 550
ug'kg body weight, about 600 pg/kg body weight, about 650 pg/ke body weight, about 700
wz/kg body weight, about 750 pg/kg body weight, about 8G0 ug/ke body weight, about 850
ug'kg body weight, about 900 pg/kg body weight, about 950 pg/ke body weight, about 1000
pe/ke body weight, about 2000 pg/ke body weight, about 3000 pe/ke body weight, about
4000 pg/ke body weight, about 5000 ug/ke body weight, about 6060 ug/kg body weight,
about 7000 pg/kg body weight, sbout 8000 pg/kg body weight, about 95000 ug/kg body

weight, or about 10,000 pg/kg body weight.

1802431  Insome embodiments, the effective amount of the administered Jak3 modulating
compovnd (e.g., a small molecule JAK3 inhibitor) is about 1 mg/kg body weight, about 1.5
mg/kg body weight, about 2 mg/kg body weight, about 2.5 mg/kg body weight, about 3
mg/kg body weight, about 3.5 mg/kg body weight, about 4 mg/kg body weight, about 4.5
mg/kg body weight, about 5 mg/kg body weight, about 5.5 mg/kg body weight, about 6
mg/kg body weight, about 6.5 mg/kg body weight, about 7 mg/kg body weight, about 7.5
mg/kg body weight, about 8 mg/kg body weight, sbout 9.5 mg/kg body weight, about 10
mg/kg body weight, about 10.5 mg/kg body weight, about 11.0 mg/kg body weight, about
11.5 mg/kg body weight, about 12 mg/kg body weight, about 12.5 mg/kg body weight, about
13 mg/kg body weight, about 13.5 mg/kg body weight, about 14 mg/kg body weight, about
14.5 mg/kg body weight, about 15 mg/kg body weight, about 15.5 mg/kg body weight, abowt
16 mg/kg body weight, about 16.5 mg/kg body weight, about 17 mg/kg body weight, about
17.5 mg/kg body weight, about 18 mg/kg body weight, about 19,5 mg/kg body weight, aboat
20 mg/kg body weight, about 21.5 mg/kg body weight, about 22 mg/kg body weight, about
22.5 mg/kg body weight, about 23 mg/kg body weight, about 23.5 mg/kg body weight, about
24 mg/kg body weight, about 24.5 mg/kg body weight, about 25 mg/kg body weight, about
25.5 mg/kg body weight, about 26 myg/kg body weight, about 26.5 mg/kg body weight, about
27 mg/kg body weight, about 27.5 mg/kg body weight, about 28 mg/kg body weight, about

29.5 mg/kg body weight, or about 30 mg/kg body weight.

180244}  In other embodiments, the administered Jak3 modulating compound (e.g., a

compound described herein that is divected to Jak3, such as a small molecule JAKS mhibitor),
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can be administered as a topical cream. In some embodiments, the effective amount of the
administered Jak3 modulating compound (such as a small molecule JAK3 inhibitor) is
present at a concentration of about 0.1%, about 1.2%, about 0.3%, about (.4%, about (.5%,
about 0.6%, abowut $.7%, about $.8%, about 8.9%, about 1.0%, about 1.1%, about 1.2%, about
1.3%, about 1.4%, about §.5%6, abouwt 1.6%6, about 1.7%, about 1.8%, about 1.9%, about
2.0%, about 2.1%, about 2.2%, about 2.3%, about 2.4%, about 2.5%, about 2.6%, about
2.7%, about 2.8%, about 2.9%, or about 3.0%. In some emodiments, the effective amount of
the administered Jak3 modulating compound (such as a small molecale JAKS inhibitor) is
present at a concentration of about 3.5%, about 4%, about 4.5%, about 5%, about 5.5%, about
6%, about 6.5%, about 7%, about 7.5%, about 8%, about 8.5%, about 9%, about 9.5%, or of

about 10%

180248]  In some embodiments, the Jak3 modulating compound {e.g., a compound
described herein that is directed to Jak3, such as a small molecule JAK3 inhibitor}, can be co-
adminisiered with a second JAK inhibitor (such as a JAK /2 imibitor). In one embodiment,
the JAK1/2 inhibitor can be administered as a topical cream. In some embodiments, the
effective amount of the admimistered small molecule JAK /2 inhibitor is present at a
concentration of abowut (.19, about .29, about 0.3%, about 0.4%, about 0.5%, about 0.6%,
about 0.7%, about (.8%, about (.99, about 1.09%, about 1.1%, about 1.2%, about 1.3%, about
1.4%, about 1.5%, about 1.6%, about 1.7%, about 1.8%, about 1.9%, about 2.0%, about

%, about 2.2%, about 2.3%, about 2.4%, about 2.5%, about 2.6%, about 2.7%, about

|3
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8%, about 2.9%, or about 3.0%. In some emodiments, the effective amount of the

administered JAK 1/2 inhibitor is present at a concentration of about 3.5%, about 4%, about

4.5%, about 3%, about 5.5%, about 6%, about 6.5%, abowut 7%, about 7.5%, about 8%, about
2 2 2

3.5%, about 9%, about 8.5%, or of about 10%.

186246}  Toxicity and therapeutic efficacy of therapeutic compositions of the present
imvention can be determined by standard pharmaceutical procedures in cell cultures or
experimental animals, ¢.g., for determining the LDsg (the dose lethal to 50% of the
population} and the EDsp (the dose therapeutically effective in 50% of the population). The
dose ratio between toxic and therapeutic effects is the therapeutic index and it can be
expressed as the ratio LDso/EDs. Therapeutic agents that exhibit large therapeutic indice

arc uscful. Therapeutic compositions that exhibit some toxic side effects can be used.
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186247} 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
mvention belongs. Exemplary methods and materials are described below, although methods
and materials similar or equavalent to those described herein can also be used m the practice

or testing of the present mvention.

{88248} Those skilled in the art will recognize, or be able to ascertain, osing no more than
routine experimentation, mumerous cquivalents to the specific substances and procedures
described herein. Such cquivalents are considered to be within the scope of this jnvention,

and are covered by the following claims.

166249] All publications and other refercnces mentioned herein are incorporated by
reference in their entirety, as if cach individeal publication or reference were specifically and
imdividually indicated to be incorporated by reference. Publications and references cited

herein arc not admitted to be prior art.
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EXAMPLES

[80258]  Examples are provided below to facilitate a more complete understanding of the
wvention. The following examples illustrate the exemplary modes of making and practicing
the invention. However, the scope of the invention is not Himited to specific embodiments
disclosed in these Examples, which are for purposes of illustration only, since alternative

methods can be atilized to obtain similar results.

EXAMPLE 1 - Meouse Transplant Model For Alopecia Areata

1802517 Alopecia areata {AA) is one of the most prevalent autoimmune discases and
manifests as nonscarring hair loss. The course of the disease is unpredictable, and there are
currently no consistently cfficacious treatments available. Although research into discase
pathogenesis and the development of targeted therapies are lacking, the creation of a mouse
transplant model with a high mcidence of disease has opened up new avenues of prechnical

experimentation.

166252}  Secveral lines of evidence support the potential efficacy of JAKS inhibitors in the
reatment of AA: (1), a recently completed genome-wide association study of AA identified a
pumber of gene-associated loct with immumneological relevance, including those for IL-2/1L-
2RA and IL-21; (2) initial findings in a prechinical mouse model suggested disruption of IL-
15/1L-15R signaling ameliorates the disease; and (3) data indicate that T cells, dependent on

1L-7 and IL-15 for survival, mediate the disease in the mouse medel and in humans,

{86253} We therefore assessed the efficacy of JAKS inhibition on the development of
alopecia in a preclinical mouse model. Alopecic C3H/Hel skin grafts were transplanted onto
wnaffected C3H/Hed mouse recipients and subsequently treated with a JAKS inhibitor
administered by osmotic pump, vehicle administered by osmotic pump, or PBS injections.
While 4/4 PBS-treated and 2/2 vehicle-pump treated mice developad alopecia by six weeks
following transplantation, (/5 mice treated with the JAKS inhibitor developed alopecia.
Microarray analysis of skin, immuonohistochemical stains of skin for T cell infiltrate, and
senum marker assessments demonstrated decreased inflammatory profiles in mice treated
with JAK3 inhibitors. In total, our findings suggest JAK3 inhibitors may be an effective

treatment in patients with AA.

~J
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EXAMPLE 2 - Tareeting the Immune Effector Response in AA

[88254]  Specific avtoimmune mechanisms underlying Alopecia Areata (AA) have
remained obscure and thercfore clinical investigation of AA has historically lagged behind

other autoimmune discases.

180255}  Identify effective, clinically relevant, therapies in mouse models of alopecia

areqta.

662567  In both human AA and in the AA mouse modcl, local hair follicle (HF) IL-
15/NKGIDL upregulation was identified as key inflammatory signals that recruit/activate
CD8" T cells, likely the critical AA mnume effectors responsible for IFN-gamma (v)
production and hair follicle (HF) cyvtotoxicity. These observations provided the rationale for

the studics (o therapeutically target the 1L-15/NKG2ZD.

{86257} It has been shown that the IL-15 pathway can be blocked using JAKS protein

tyrosine kinase inhibitors (PTKi).

{86258  Smell molecule PTEI prevents AA. 5 mice were treated systemically with

tofacitinib (CP-69055; 10 mg/kg/day within an Alzet pump). Tofacitinib is a JAK3 inhibitor
known to mhibit 1L-15 signaling in human whole blood assays. None of the treated nuce
developed alopecia areata or cutaneous ymphadenopathy, whereas untreated mice
manifesied both AA and associated cutancous lymphadenopathy {(Figure 1). Topical
delivery approaches will be pursued for AA reversal in the mouse model that has the major

benetit of an improved therapeutic index for chinical development.

180289 Nentify disease-associated 44 biomarkers and their reversal with effective

therapy in C3H mice.

{80268] Cellular, mflammatory, and molecular biomarkers have been assessed in treated
mice. Targeted therapy with tofacitinib eliminated the pathogenic CD8 NKG2D™ cells from
both the skin and the cutancous draining fymph nodes and morcover down-regulated
wmflammatory biomarkers in the skin, inchuding MHC molecules and the AA-associated IFN
signatire (Figure 2). HF NKG2DL expression was reduced althoogh not completely
climinated (e.g. H60 expression by immunostain) (Figures 2 and 3), indicating H60

upregulation as a proximal event,
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188261}  Transcriptional profiling analysis of treated vs. untreated skin shows abrogation of
the cutancous IFN-signature with treatment. These murine transcriptional profiles will be
integrated computationally with transcriptional profiles obtained from human skin biopsies
from untreated alopecic subjects to identify candidate dynamic human biomarkers that are

associated with patchy stable disease vs. progressive discase vs. alopecia universalis.

188262} Intorpretation of PTK targeted approaches. PTKY s vary greatly in their

selectivity of their target kinases. For tofacitinib, JAK sensitivity is greater for

JAK3>JAK I>>IAKY (ICs 15 28-50 oM, 140-180 oM, 1000-5000 oM, in whole blood assays,
respectively). In the weated mice, tofacitinib serum levels would be 30-40 nM, and potential
impacts will be assessed on both JAKT and 3 activity. For ruxclitinib (a JAK1/2 inhibitor),
sensitivity is JAKZ>JTAKI>FAKS (I1Cs 15 3.3 1M, 2.8 oM, and 428 nM for in viiro kinase
wmhibition, respectively). Pharmacodynanic JAK inhibition in the mouse is likely to be

transient since ruxolitinib dosing is once daily and the half-life in rodents is 3-6 hours.

[B0263] For example, a Jak3 inhibitor can exert selective inhibition activity of its JAK3
target at about 10 aM, about 15 oM, about 20 oM, about 25 nM, about 30 oM, about 35 nM,
about 40 oM, about 45 oM, about 50 nM, or at about 55 nM. A Jak3 inhibitor can also exert
selective inhibition activity of its JAK3 target at about 60 nM, about 65 1M, about 70 nM,
about 75 oM, about 8G oM, about 85 oM, about 90 oM, about 95 nM, about 100 nM, about
105 nM, about 110 oM, about 115 oM, about 120 oM, about 125 oM, about 130 nM, or at

about 135 nM.

{88264} For example, a Jak3 inhibitor can also exert inhibition activity of its JAK3 target,
while also able to promiscuously exert inhibition activity of & JAK1 target, at about 140 oM,
about 145 nM, about 150 nM, about 155 nM, about 160 nM, about 165 nM, about 170 nM,
about 175 nM, about 180 nM, about 185 M, about 190 nM, about 195 oM, about 200 oM,

about 205 oM, about 210 nM, about 215 M, about 220 oM, or at about 223 nhd

{88268}  For example, a Jak3 inhibitor can also exert inhibition activity of its JAK3 target
at about 250 nM, about 300 oM, about 350 nM, about 400 oM, about 450 oM, about 500 oM,
about 650 nM, about 700 oM, about 750 nM, about 30 nM, about 850 aM, about 900 nM, or

at about 950 nM.

[80266] For example, a Jak3 inhibitor can alse exert inhibition activity of its JAKS target,

while also able to promiscuously cxert inhibition activity of a JAKZ2 target, at about 1060 aM,
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abowt 1250 oM, about 1500 oM, about 1750 nb, about 2000 nM, abouwt 2250 oM, abouwt 2500
nM, about 2750 oM, about 3000 nM, about 3250 nM, about 3500 oM, about 3750 nM, about
4000 oM, about 4250 nM, about 4500 nM, about 4750 nM, about 5000 nM, about 5250 oM,
about 5500 nM, about 37530 oM, about 6000 nM, about 6230 nM, about 6300 nM, about 6750

nM, about 7000 nM, about 7250 nM, about 7500 nM, about 7750 nM, or at about 8000 nM.

1802671 For example, a Jak1/2 inhibitor can exert selective inhibition activity of its JAK1
and/or JAKZ target at about (1.5 oM, about 1.0 nM, about 1.5 oM, about 2.0 nM, about 2.5
nM, about 3.0 nM, about 3.5 nM, about 4.0 nM, about 4.5 nM, about 5.0 nM, about 5.5 nM,
6.0 nM, about 6.5 uM, about 7.0 nM, about 7.5 nM, about 8.0 nM, about 8.5 nM, about 9.0
nM, about 9.5 8M, or about 10.0 nM. For example, a Jak1/2 inhibitor can exert selective
nhibition activity of its JAK T and/or JAK2 target at about 1S oM, about 20 nM, about 25
nM, about 30 nM, about 35 nM, about 40 oM, about 45 oM, about 50 oM, about 55 oM,
about 60 oM, about 65 nM, about 70 nM, about 75 nM, about 580 nM, about 85 nM, about 90
oM, about 95 M, about 100 sM, about 150 oM, about 200 oM, about 250 oM, about 300

1M, about 350 aM, or at about 400 nM.

{88268}  For example, a Jaki/2 inhibitor can also exert inhibition activity of its JAK1
and/or JAK?2 target, while also able to promiscuously exert inhibition activity of a JAK3
target, at about 425 nM, about 450 oM, about 475 oM, about 500 nM, about 525 nM, about
550 nM, about 575 nM, about 600 oM, about 625 oM, about 650 oM, about 675 nM, about
700 oM, about 725 oM, about 750 oM, about 775 oM, about 800 nM, about 825 nM, about
850 nMM, about 875 nM, about 900 nMM, about 925 oM, about 930 oM, about 975 nM, or at
about G0 nbL

186269}  To activate a Jak protem target in the skin, the skin should be penetrated at about
0.5 mm, about 1mum, about 1.5 mm, about 2mm, about 2.5 mum, about 3 mm, about 3.5 mm,
or at about 4 mm. Depending on the depth of penctration, the concentration of a JAK
mhibitor, such as a JAK /2 inhibitor or a JAK3 inhibitor, can range from about 25 oM to
about S000 nM. At the higher concentration ranges, one JAK inhibitor can clicit an

nhibitory effect not only of its target but also of other JAK proteins.
1802781  Integration of Human and Mouse Gene Expression Profiles.

{82711 The ribbon plots shown in Figure 4 depict microarray data of normalized skin

expression profiles of select genes from mice treated with 13 weceks of the JAKS inhibitor

ol
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CP680S50 and PBS control. Briefly, after 13 weeks of treatment with the JAKS inhibitor,
skin was harvested and subjected to microarray analysis and compared with that of mice
treated with PBS, The data show treatment-related climination of the IFN-response
chemokines and markers of COR cytotoxic effectors. Expression arrays from mouse and
humean will be integrated to compare expression profiles and eventually response to

treatment.

EXAMPLE 3 - Svystemic treatment with JAKS

1862727 “NK-type” CDEap+ T cells are massively expanded in alopecic skin and draining
LNs, and are required for T cell mediated transter implicating this cytotoxic cell subset as the

likely pathogenic cffectors.

{882731  1L-15 is a key cytokine responsible for inducing CDS T effectors in vitro.
Moreover, 11-15 is produced by intestinal epithelial cells and is a known precipitant of CDR

cytotoxicity in cehac disease.

1802747  Alopecia areata is marked by FL-15/1L-15Ra upregulation in the buman and
murine hair follicle and implicates this cyiokine as an end-organ trigger of CDR-mediated

autoreactivity in AA.

{88275}  Systemc IL-15 blockade with a small molecule JAKS PTKi effectively prevented
alopecia arcata, climinating expansion of the pathogenic NK-type CD8 population and
ablating the inflagunatory signature in the skin. FIG. 22 shows reversal of established

disease with topical therapics.

EXAMPLE 4 — Cellular Identity of Cvistoxie T Lymphacvies in Alopecia Aveata
Defines a Thevapeutie Stratepy

186276}  Alopecia arcata (AA) is a conumon autoimmune discasce resufting in an imumune
attack on the hair follicle’. Although T colls have been implicated in the discase process, the
pathways underlying their activation had not been determined®. Prior to the GWAS study,
the genetic basis of AA was largely undefined. Unexpectedly, a region of strong association
was identified within the ULBP gene cluster on chyomosome 6g25.1, encoding activating
higands of the natoral killer cell receptor, NKG2D, which bad never before been uplicated in

an autoimmune disease. Guided by the GWAS studics smphicating NKG2D ligands

-81 -
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(NKG2DLY, here ‘NK-type” CD8+ T cells were identified as the dominant effectors, which
are both necessary and sufficient for discase induction. Global transcriptional profiling of
mouse and human AA skin revealed striking signatures indicative of a robust IFNy response

and the presence of a eytotoxic T ccll infiltrate.

1802777 Using the gratt model of C3H/Hel mouse skin to transfer AA, discase prevention
can be recapitulated when treating at the time of grafting, as well as reversal of established
disease by allowing grafted mice to first lose their hair. Systemically-administered
pharmacological mhibitors of the JAKS protein tyrosine kinases eliminated the IFN-signature
and prevented the development of AA, and topical administration reversed established
disease. Notably, these cffects were durable up to 3 mouths after cessation of therapy. These
findings ithustrate the power of GWAS studies in uncovering new disease mechanisms, which

have rapidly translated into new therapeutic opportumitics in AA.

1802781 AA s a T cell mediated autoimmune disease characterized by hair loss and,
histologically, by infiltrating T cells surrounding the hair follicle bulb, the so-called “swarm
of bees™.  Provious studies have shown that transfer of total T cells (but not B colls or sera),
can confer the disease in human xenograft models as well as the C3H/Hel mouse model®2,
However, the identity of the specific pathogenic T cell subsets in cither human or mouse AA

has not vet been defined.

1902791 Guided by a previous GWAS study, which identified ULBP3/6 as the most highly
significant non-HLA risk locus in AA (p=2x 10"}, a focus has been centerad on establishing
NKG2ZDLs as potential “danger signals” in the disease process. Upregulation of ULBP3 has
previously shown in human AA hair follicles, associated with a dense infilirate of
CDENKGID™ T eells’. Here, the role of these cells in AA mmunopathogenesis, as well as a

target for potential thevapeutic intervention, was investigated.

[90288]  To detormine the mechanistic importance of these cells in pathogenesis, the
C3H/Hel moose model of AA was ased, in which spontaneous discase develops with ~15%
ncidence between 6 and 12 months of age?, and the graft-transfor C3H model was used, in
which grafts from affected antmals can transfer disease to 100% of C3H/Hel recipionts in 8-
12 weeks time’. Lesional skin biopsies revealed that CD8'NKG2D' T cells infiltrate the
epithelial layers of the hair follicle that overexpress the NKG2DLs H60 and Rae- 1, analogoos

to the sitwation in human AA (FIG. 23A-B and FIG. 27A-B). Flow cylometric examination

t
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of the CD45 " leukocyie population in the skin identified a striking expansion of

CDS NKGIZD T cells (FIG. 23D). Other cell types, including CD4" T cells were present in
mach smaller numbers (FY1G. 27C). CIH/Hel mice exhibit striking cutancous
Iymphadenopathy (FIG. 23C) with increased total cellularity and, as noted in the skin, 2
dramatic expansion of a CD8 NKG2D' cell population not present in disease-free C3H/Hel

mice (FIG. 23C-D).

{80281} The immunophenotype of the skin-infiltrating (D8 T cells were similar to the
CDSNKG2D population found in the cutaneous lynmiph nodes: CD8ab’ effector memory T
cells (CDEM CD44™ CD62LY CD1037) bearing several NK immunoreceptors, including
CD49b and NKG2ZA/C/E (FIG. 23F and FIG. 27D). These ‘NK-type’ CD8™ T cells
expressed high levels of IFNg and exhibited NKG2D-dependent cytotoxicity against ex vive
expanded syngencic dermal sheath target colls (FIG, 23F). Geoe expression analysis of the
CD8 NKG2ZD' T cells isolated from alopecic C3H/Hel lymph node cells using RNAseq
demonstrated a transcriptional profile characteristic of effector CTLs as defined by the
founGen Consortiura®™ 2 and identified several additional “N K-specific’” transcripts (FIG,

236G and FIG. 28 and Table 2).

190282] Table 2. Differertially cxpressed genes in CO8NKG2D+ memory T cells vs.
CD] NKG2D memory T cells isolated from cutaneous yraph nodes obtained from alopecic
mice. RNAseq was performed on cRNA made isolated from flow-sorted cells (BD influx}

from total cutancous lyoph nodes from two alopecic mice.
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Meis2 2.94
Camk] 2.93
Pacsin3 2.93
Tub 2.93
Cebpd 2.93
GmSitl 2.92
Fasi 2.92
Lpcat? 2.91
MybpeZ 2.90
Syil3 2,90
H2-Eb2 2.90
Hdacll 2.89
Sic43a3 2,46
Kifi2 2.89
Bink 2.89
Atp2bd 2.88
Faim3 Z2.88
Clge 2.88
Epb4.113 2.87
Msdal 2.87
Prrsl 246
Ferla 2.86
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EH3 2.86
Prdx4 288
Adevd 2.85
Pbx3 2.85
Chmpde 2.84
Osbplla 2.84
Apbbl 2.84
Cd7%a 2.84
Slchal 2.83
Zecheld 2.83
5730416F02Rik 2.%3
Gm%199 2.82
Ermnl 2,82
Lxn 2.82
Armc? 2.82
Cr2 2,82
Ptpnld 2.81
Bellla 2.81
Sedl 2.81
Chst3 2.80
Gent? 2.40
Lyli 2.80
Ttga?2 2,79
Scnda 2,78
Cels 2.78
Marchi 2.76
Siglecg 2.76
Islr 2.76
Spib 2,76
Ndrgl 2.7§
Texls 2.78
Rgsl 2.74
S031414D 18RIk 2.74
Frmd4b 2.74
Ankrd6 2.74
Bear? 2.74
Rubdfl 2,72
Sicodal 2.72
Capg 271
H2-DMb1 2.71
Hhex 2.71
Postn 271
Myole 2.71
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113 2.70
Soat2 2.69
Caspl 2.69
{tga3 2.69
Rint 2.68
Semabdh 2.68
Ciita 2.68
Haao 2.68
Atfb 2.68
Kengl 2.67
Pik7 2.67
Kdele? 2.67
Cdi80 2.67
Rhbdl3 2.66
CdRé 2.66
Naip5 2.66
Sicl5a3 2.65
BCO13712 2.63
Cdi4 2.64
C77080 2.64
Famd3a 2.63
S100a6 2.63
Lmo2 2.63
ColkaZ 2.63
Celfs 2.63
Lhipi4 2.63
Collal 2.62
Ppap2c 2.62
Ccl3 2.62
Rasgrp3 2.62
Kihi30 2.62
Clu 2.62
Cdie 2.61
Svk 2.61
Cone7 2.61
Rasgefib 2.61
Oml1i435 2.60
Vpreb3 2.60
Lhx2 2.54
Cybb 2.58
MapkS8ip! 2.58
Hck 2,57
1110046J04Rik 2.57
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Fam5%a

Stall 2.56
Bik 2.56
HI{0 2.56
Vav3 2.56
F2:12 2.55
Hspa2 2.58
Sle2%ad 2.55
Tubbda 2.54
Arsb 2.54
Trim7 2.54
Mef2¢ 2.54
Asbl4d 2.54
2010001 MO9Rk 2.54
Ehd2 2.54
Itpripl2 2.53
fitm3 2.53
Zi941 2.53
Pax5 2.53
Cd24a 2.52
Arhgefdt 2.51
Rab30 2.51
H2-Ebl 2.50
Serpinbéa 2.50
Kynu 2.50
Kira7 248
Maf 248
Fegr2b 248
H2-Ea-ps 2.47
Crip3 2.47
Abhd4 2.47
Ferld 2.47
Foln3 2.47
Kifi5 2.46
HZ-Abl 2.46
Jazfl 2.46
Dennd5a 2.46
Hgftac 245
Rip3 2.45
9130206124 R1k 2.45
Cited? 2458
Sultdal 2,43
Gls? 244
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Cd3g 2.44
Tmeml76b 2.44
Veaml 2.44
Ptms 2.43
Tmeml54 2.43
Ccl4 2.43
Rgsi6 242
Pawr 2.42
Wdty4 2.42
Oltm1 2.42
H2-Aa 2.42
StacZ 2.41
118 240
Fami6tda 2.40
Phida3 2.39
Ctnnall 2.39
Tofsfig 2.39
Cubn 2.38
Abi2 2.38
2410004P03RIK 2.38
Trim36 2.38
Bmf 2.37
Adapl 2.36
Rarg 2.36
Tmeml3ia 2.36
Lybd 2.36
1rf5 2.35
Bhihed( 2.38
Zi608 2.34
Fami84a 2.33
Math 2.33
Coch 2.32
Gprl79 2.32
Ffarl 2.32
H2-Ob 2.32
Nav?2 232
Srpk3 2.31
Cd209 2.31
Arhgefl2 2.31
Arvef 2.31
Serpinalg 2.30
Ppple3f 2.30
Cde25¢ 2.30

- Q8 -

PCT/US2013/034688



WO 2013/149194

Tmemlsy 2.30
Atcay 2.30
Septd 2.29
Cacnale 2.29
Pixnal 226
Fzdé 2.29
Zeche24 2.29
Ttbkl 2.2%
Cd4o 2.28
Atpbvial 2.28
Gnaol 2.27
Gsg? 2.27
Dock5 2.26
T 2.26
Fbxo6 2.26
241002205 ik 2.26
Lthpd 2.25
Net?2 2.25
Celal 2.25
Nerd 2.28
Irf4 2.25
Bank1 2.24
EH2 2.23
1190002F 15Rik 2.23
Uncshb 2.23
Bspry 2.23
D17HG6856E-3 2.23
Chst? 2.23
Sicd1a3 222
Cila2b 2.22
Gas2i3 2.22
Caspd 2.22
Doxy 221
Ndrgd 2.21
Mucl 2.21
Lassh 2,21
Pls3 221
Dok3 2.20
Carhspl 2.20
Ppfibpl 2.20
Stabpl 2.20
Cish 2.20
Fdaradd 2.20
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Galnt1 2.20
Pred 2.19
Rebib2 2.19
Pik3¢2b 2.19
Ngo2 2.19
Fbxo3{ 2.8
Mki67 2,37
Prop 2.17
Ahr 2.16
CO30034L19R3k 216
Lgalsl 2.16
Gmi1110 2.15
Jup 213
Fam2{a 2.15
Sfpil 2.15
Lring 2.14
Cdkn2e 2.14
Crvbhgd 2.14
Trerfl 2.14
Dokd 2.14
Cdké 2.13
Sipr3 233
Rxra 213
Cdi63il 2.12
PwwpZb 2.12
1700017R05Rk 212
231G010M20Rk 2.42
Nek2 2.12
Lixil 2.12
Gatal Z2.11
Korc 211
Fosb 2.1
Rimkla 211
Txlnb 2.10
Smox 2.10
Tefd 210
Fed2 2.10
Cd300if 2.10
Map3ki3 2.10
Neil3 2.09
Cptn 2.09
A930038CH7Rik 2.09
Kliras 2.08

- 100 -

PCT/US2013/034688



WO 2013/149194

Cypdfig 2.08
Akaplt7h 2.08
27000810 15R#k 2.07
Peyoxil 2.07
Cd226 2.07
Aurkb 2.07
Stbgalnact 2.06
Mfgel 2.06
Stamfl 2.06
Zaghhe? 2.06
Bag? 2.05
Gprd3 2.08
DipZa 2.05
BCO64078 2.05
Siprs 2.08
Miki 2.04
Arap3 2.04
CtlaZa 2.04
Gype 2.04
Cede8Ra 2.04
Serpinbla 2.03
Fam19a3 2.03
Cdkl 2.03
Tribl 2,01
Gadd45b 2.01
Pfa2 2.01
Kirdl 2.01
TipS3itl 2.01
Cd22 2.00
Miss 2.00
Adaml9 2.00
Nosapl 2.00
Hk3 (.56
Pakl (.50
lrgel (.50
2296 0.50
il6st 0.50
(as? .49
{l6ra (.49
Cisf (.49
Lefl .49
Om4951 (.49
Gpri33 (.49
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Oifr1033 (.49
Bambi-psl .48
Gif2irdl (.48
Dxd (.48
Mami3 (.47
Plaur (.47
143 .47
Tnfrsf25 .47
Susd4 (.47
Wiikkn?2 .47
4921525009 1k (.46
Klra3 {3.46
1110032F04R 1k (.46
Cari?2 (.46
Pard6e {}.46
Sic7ad (.46
Lipt? (.46
Spais?| 0.45
Dleu? (.45
Cacnald4 {3.45
Dst (.45
Osbpld (.45
TmemiOf {3.44
49334170 13Rik (.44
Angpil? (.44
Adambb (.44
Lree® (.44
2310042E22 Rk {}.44
Lars? (.44
Ankrd55 {}.44
Lybk 0.43
Kazn (.43
Dapli $.43
Slcl6as 0.43
Uncl3a (.42
Gpril3 (.42
Siglech 0.42
(lig3 .42
Ksr? (.42
Card9 (.42
Rasipl .42
Dicl 0.41
Gm19705 (.41
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Syde2 (.41
Acinl (.41
Epx (.41
Mir5109 (.41
Gpr83 .40
Neb (.40
Sall2 .40
Fam3b (.40
Prickle? (.40
Nmed .40
Lif (.40
A2 .39
Colbad (.39
Cedelod (.39
Apollib {3.39
Plac8 (.39
Kenfl (.38
Gm 15708 (.38
WintSh (.38
Plat .38
Nmnat? (.3¥
4933440MOZRik .38
Deafl2ii .38
Nacc? (.38
She .37
Snord69 (.37
Mical3 (.37
Coxta? {3.36
Dmbtl (.36
Aldhill {1.36
Scarnad (.36
Lip3 0.35
Carll {3.35
112 0.35
Atpbvigl (.35
ClecBa {3.34
SlchaY (.34
Toni3 {3.34
Gpri2s .34
Ikzt2 (.34
Sle7all {3.33
Lmanll (.33
A430105119R1k (.33
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Eng (.32
Snoral7 .32
Griad (.32
Faotrl (.32
BC48644 (.31
DR30J046C22Rik (.31
Hs6st2 .31
Hoxa3s .31
Alpl (.30
Pgpepll .30
Adamba (.29
Hoxa3l .29
Famlioh (.28
Padil (.28
Serpinal .28
1gfbpd 0.28
Pdzkiipl G627
Fzd1 .27
4933346C10RK (.27
Foxp3 .26
Hoxab (.26
Hoxa7 (.26
Edn3 (.26
Bic (.26
Myi10 .26
Hoxal .25
Dnahe7a (.24
Mira .24
Pcdhgall G.24
Lrre3b (.23
Sicdad 0.23
Rpri3 0.23
She? 0.2
Expi (.22
Shisa?2 (.22
Gmi2709 (4,22
Fbin2 .21
Secl 3.21
{85492 0.21
Lame3 (.21
Dbx 1 .20
Atplbl 0.20
Neks (.19
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Actg? (.19
Dt (.17
Nrg2 0.17
Sostde] 0.14
Trapl 0.14
Lamal .14
Rpri2 .13
0610012HO3Rk 0.12
Lrre32 (.10
1802831  To evaluate the requirement of these ‘NK-type” CD8 T cells in discase

pathogenesis, an adoptive transfer approach was used. Cytotoxic CDENKG2D' cells
transferred alone, as well as total lymph node cells, were both able to give rise to AA in five
recipients, whereas Ivmph node populations depleted of NKG2D cells were umable to
transfer disease (FIG. 23H). Not only are ‘NK-type’ CDS'NKG2D' T cells the dominant
cell type in the dermal infiltrate, but, morcover, they arc both necessary and sufficient for T

cell mediated transter of alopecia arcata.

[808284]  Using comparative genomics in order to characterize the transcriptional landscape
of AA lesional skin from C3H/Hel mice as well as bumans with AA, Affymetrix profiling
was first performed of whole skin from C3H/HeJ mice with spontancous AA versus
mnaftected C3H/Hel skin (FIG, 244, top pancl and FIG, 29). In parallel, human skin was
similarly profiled from perilesional biopsics of active discase in five AA paticnts versus

normal controls (Tables 3-5).

[882851  Table 3. Differcntially expressed genes in the skin of alopecic female C3H/Hel
mice vs. skin obtained from age-matched fomale C3H/Hel mice withowut alopecia (n=3 per
Zroup).

1419762 at Ubd 135.60

1418652 at Cxcl® 74.98

1417898 a at Gzma 56.37

1419697 at Cxelld 53.33

141893} at Cxclif 37.58

14i9042 at ligpl 34.65

1418776 at Ghps 33.06

1418126 at Cels 27.95
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1419043 a at ligpl 2536
1438676 at Gbpo 25.11
1423467 at Msdadb 23.27
1453196 a at Oasl? 23.06
1419060 at (zmb 21.74
1417141 at Igtp 21.08
1435639 at 2610528A 1 IRik 20.88
1423555 a at 1fi44 2{1.58
1417292 at 1147 18.63
1425394 at BCO23105 18.43
1420549 ai Gbpl 17.81
1417793 at Irgm?2 17.25
1435906 x at Gbp? 15.15
1450033 a at Statl 14.4%
418825 at Irgml 14 46
1444078 at Cdba 14.23
1422812 at Cxerd 13.98
1427747 a at Len? 13.89
1420699 at Clec7a 13.82
1418244 at Ghp2 13.32
1450783 at 1l 13.13
1418392 a at Gbp3 12.61
1424305 at 1gj 12.53
1434380 at Gbp7 12.51
1424865 at Pyy 12.17
14223588 at Krtéb 12.07
1434046 at AA46T19T 11.98
1418S3{ at Ripd 1129
14i9709 at Stfal3 11.04
1425156 at Gbp7 10.72
1449254 at Sppl 10.61
1440481 at Statl 10.53
1449153 at Mmpl2 10.18
1424921 at Bst2 9.50
1429947 a at Zbpl 9.65
1456907 at Cxel 9.62
1421075 5 at Cyp7bl 8.74
1451777 at Ddx60 8.72
1421688 a at Cell 8.65
1421074 at Cyp7bl 5.56
1419604 at Zhpl 8.51
1419714 at CdZ74 8.41
1427102 at aifnd 8.40
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1424761 -

Familse

1419135 at Lib
1450034 ai Statl
1425832 a at Cxerd
1420915 at Stat]
1438037 at Heres
1448436 a at Irfl
1448932 at Krtlo
1435710 at Al661384
1451564 at Pampld
1452614 at Bel2ils
1417256 at Mmpi3
1447541 s at ltigae
1432026 a at Heres
1434372 at AWIL12010
1459913 at Tafsfl10
1451426 at Dhx58
1452405 x at Trav9d-3
1429570 at Mkl
1444064 at Samhdl
1451860 a at Trim30a
1453080 at Apol7a
1420380 at Cel2
1434438 at Sambhdl
1450696 at Psmb9
1451537 at Chi3li
14530165 at Sifn2
1424727 at Cerd
1421256 at Gzme
1448162 at Veami
1453913 a at Tap?
1418191 at UspiB
1425005 at Kleel
1439680 at Tafsfl10
1433935 at AUG20206
1426113 x at Travod-3
1422415 at Ang?
1460245 at Klrdl
1426971 at Uba7
1443698 at Xafl
1418131 at Samhdl
1419591 at Gsdme
1416897 at Parp9

- 107 -



WO 2013/149194

PCT/US2013/034688

1417244 a at Irf7 5.08
1449216 at figae 5.06
1448632 at Psmbi0 5.06
1439825 at D3l 5.02
1416714 at 1rf8 S.00
1425917 at H23 4.99
1447621 s at Tmem173 4.93
1425396 a at Lck 4.88
1418536 at H2-(37 4.84
1449025 at Hit3 4.75
1436648 at Tkz{3 4.75
1425947 at Ifing 4.71
1417172 at Ube2l6 4,70
1438855 x at Tnfaip2 4.70
1422962 a at Psmb8 4.69
1421186 at Cer2 4.66
1418204 s at Aifl 4.61
1421911 at Stat? 4.57
1450753 at Nkg7 4.55
1450424 a at 1118bp 4.53
1450403 at StatZ 4.52
1452565 x at LOC641050 4.44
1441054 at Apols 4.43
1449328 at Ly75 4.39
1422601 at Serpinb? 4.39
1422177 at 111 3ra2 4.39
1426170 a at Cdsb] 4.38
1460603 at Samdol 4.37
1448754 at Rbpl 4.31
1417822 at D17HG6836E-5 4.28
1435208 at Dix34 4.26
1418649 at Egin3 4.26
1422160 at H2-T24 4.23
1456064 at AlS04432 4.21
1449184 at Palyipl 4.19
1438498 at Zmyndls 4,18
1449195 5 at Cxclié 4.11
1439034 at Spn 4.18
1450678 at ligh?2 4.10
1437176 at Nire§ 4.09
1458299 ¢ at Ntkbig 4.07
1421262 at Lipg 4.06
1426039 a at Alox12¢ 4.05
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1429184

Gvind

144833{} at Lgala3bp 4.04
1436576 at FamZ6f 4.01
1453939 x at G706 3.09
1434457 at Splod 3.98
1425295 at Earll 3.97
1425065 at Oas2 3.97
1449846 at EarZ 3.97
1450582 at H2-(35 3.96
1440926 at Flhtl 3.94
1457140 5 al Rassfi0 3.81
1455500 at Ref213 3.80
1426970 a at Uba7 3.8G
1448452 at Irfy 3.88
1451673 at CdRa 3.88
1437620 at DactZ 3.56
1426774 at Parpl2 3.84
1418648 at Egin3 3.82
1437811 x at Cotll 3.78
1428428 a at 1200009106R1k 3.7
1417961 a at Trim30a 3.77
1425225 at Fegrd 3.74
1421812 at Tapbp 3.74
1451905 a at Mxl 3.72
1441752 at Ari3 3.69
1448301 s at Serpighla 3.69
1436172 at Gm20559 3.68
1418133 at Bel3 3.67
1418655 at Bdgalnil 3.66
1417821 at DI7H6S56E-3 3.66
1417171 at 1tk 3.63
1460227 al Timpl 3.61
1455161 at AT504432 3.61
1421228 at Cel7 3.60
1434905 at Nedufadl2 3.60
1460218 at Cds2 3.60
1460437 at Cyth4 3.54
1430005 a at Batf2 3.53
1450188 s at Lipg 3.53
1419698 at Cxelld 3.52
1439790 at Serpinb8 3.51
14i9413 at Cell? 3.51
1421009 at Read? 3.50
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1436838 x at Cotll 3.50
1455269 a at Corola 3.50
1422828 at Cd3d 3.49
1440866 at Eifzak? 3.47
1420437 at Idol 345
1439814 at Atp8b4 3.44
1441706 at Dscamil 3.44
1421322 a at 9 3.43
1427076 at Mpeg! 3.43
1435454 a at BCOO6779 341
1444619 x at Psmb8 3.40
1444350 at Sknld-ps 3.39
1425335 at Cdia 3.38
1450484 a at Cmpk? 3.38
1435832 at Lired 3.38
1424067 at Tcaml 3.37
1416318 at Serpinbla 3.37
1445897 s at i35 3.35
1450291 5 at Msdade 3.34
1416273 at Tnfaip2 3.34
1453304 s at Ly6e 3.33
1418770 at Cd2 3.32
1434067 at AT6G2270 3.32
1428735 at Cdoo 3.31
1424965 at Lpxn 331
1455393 at Cp 3.31
1429567 at Rassflo 3.30
1436905 x at Laptm3 3.30
1428485 at Cari2 3.28
1456211 at Nirpl 3.28
1438531 at ATI0054)21Rik 3.26
1449175 at Gpr6s 3.25
1424823 at Serpinalg 3.24
1417695 at Ptpn22 3.23
1440990 at Kif26h 3.20
1420338 at Alox1s 3.18
1419300 at Fltl 3.17
1419128 at Ttgax 3.16
1426872 at Fegbp 3.15
1425336 x at HI-K1 3.15
1448759 at 12rb 3.14
14i9178 at Cd3g 3.1
1420412 at Tutstld 3.1
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1433465 a at Al467606 3.1
1418203 at Pmaipl 3.1
1430208 at Kit42 3.09
1421628 at H18r1 3.08
1417620 at Rac2 3.08
1454850 at Theldile 3.07
1439221 s at Cd40 3.07
1438658 a at Sipr3 3.06
1426278 at i2712a 3.06
1429692 s at Gehl 3.04
1458148 at Nlre3 3.03
1440927 x at Apolllb 3.03
1436236 x at Cotll 3.03
1448940 at Trim21 3.02
1421217 a at Lgala® 3.2
1451756 at Fltl 3.01
1455048 at 1gsf3 3.01
1435560 at ltgal 3.0%
1425719 a at Nmi 2.99
1439956 at Msdathb 2.98
1436562 at Ddx58 2.98
1422632 at Ctsw 2.98
1436472 at SHno 2.98
1427013 at Car® 2.98
1449361 at ThxZ1 2.98
1426025 s at Laptm5 2.97
1438052 at A130071D04RIk 2.97
1426276 at Ifiki 2.97
1456490 at Ddx58 2.96
1416295 a at 1{2rg 2.94
1434873 a at Acapl 2.93
1456103 at Pml 2.53
1418678 at Has2 2.92
1420697 at Skci15a3 2.91
1436058 at Rsad? 2.90
1425294 at Slamiy 2.50
1459151 x at i35 2.50
14i8991 at Baki 2.89
1439068 at Erapl 2.89
1424617 at 1135 2.89
1417189 at Psme2 2.89
1451544 at Tapbpl 2.58
1419412 at Xell 2.88
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1419538 at frxd 2.88
1452592 at Mgst? 2.87
1420774 a at 4930583H14Rik 2.86
1440169 x at Ifnar? 2.86
1420499 at Gehl 2.85
1416002 x at Cotll 2.85
1423754 at Hitm3 2.84
1416542 at Erapl 2.84
1449169 at Has?2 2.83
1419608 at Cerl 2.83
1449591 ai Caspd 2.81
1436598 at Icos 2.81
1427381 at Izl 2.81
1419879 5 at Trim25 2.81
1449143 at Ripd 2.80
1449439 at Casp3 2.78
1426599 a at Slc2al 2.78
1452117 a at Fyb 2.77
1434773 a at Slc2al 2.77
1450378 at Tapbp 276
1419561 at Cel3 2.76
1427007 at Sash3 2.76
1422706 at Pmepal 276
1427892 at Myolg 2.75
1451335 at Placg 2.73
1425974 g at Trim25 272
1426600 at SleZal 2.67
1418826 at Msdatb 2.67
1430244 at 4621509117Rik 2.66
1457664 x at 2 2.65
1416564 at Sox7 2.65
1433466 ai Al467606 2.65
1425801 x at Cotll 2.64
1435945 a at Kennd 2.63
1434268 at Adar 2.63
14203583 at Lia 2.63
1418741 ai Itgb?7 2.62
1416246 a ai {Corola 2.62
1422280 at Gzmk 2.61
1421596 5 at H23 2.6(
1415834 at Duspd 2.60
1438364 x at Angéd 2.60
1439819 at AUG15263 2.60
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1451755 a at Apobecl 2.59
1416296 at 2rg 2.59
1439276 ai Adar 2.59
1417495 x at Cp 2.59
14533582 at Atplh 2.58
1437478 s at Ethd2 2.58
1434366 x at Clgb 2.58
1417185 at Lyba 2.58
1443858 at TrimiZ2¢ 2.58
1417494 g at Cp 2.58
1427746 x at HZ-K1 2.587
1423034 a ai Idra 2.56
1422005 at Eif2ak?2 2.56
14535000 at Qpros 2.56
1415803 at Cx3cll 2.55
1422782 s at Tir3 2.55
1416097 at Lrrcd 2.54
1460651 at Lat 2.53
1427325 5 at Akna 2.53
1425603 at Tmemi76a 2.49
1439395 at Tcra 2.49
1424041 s at Cls 2.49
1418718 at Cxell6 2.48
1456061 at Gimap¥ 2.47
1417056 at Psmel 2.46
1418981 at Caspl2 246
1421211 a at Ciiia 2.46
1449235 at Fasl 245
1449265 at Caspl 2.44
1424383 at Tmem5 1 2.44
1425405 a at Adar 2.43
1425902 a at Nfkb2 2.42
1452817 at Smyd3 2.42
1416871 at Adam3 2.42
1457917 at Lok 2.472
1449127 at Seiplg 242
1416514 a at Fsenl 2.42
1439773 at Ly6e 2.41
1436223 at ltgbs 241
14534268 a at Cyba 2.41
1451821 a at Spid 2.41
1444242 at SlcoZal 2.40
1415983 at Lepl 2.40
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1418293 at 2 2.34
1420671 x at Msdadc 2.39
1450534 x at H2-K1 2.39
1418077 at Trim21 2.39
1417496 at Cp 2.38
1435415 x at Marcksll 2.37
1451320 at Arhgap¥ 2.37
1427041 at BCO13712 2.36
1422139 at Plau 2.36
1441768 at 9430051 021Rik 2.35
1449455 at Hck 2.35
1421358 at HZ-M3 2.34
1436312 at tkzfl 2.34
1444632 at BCBG407TS 2.33
1450791 at Nopb 2.33
1424927 at Gliprl 2.33
1419764 at Chi3l3 2.33
1426093 at Trim34a 2.33
1420515 a at Palyrp2 2.33
1448061 at Mesrl 2.33
1418641 at Lep? 2.32
1418842 at Helsl 2.31
1434404 at Taif? 2.31
1439494 ai Slcsa% 2.3{)
1448757 at Pml 2.28
1431339 a at Efhd?2 2.28
1455581 x at Gm20559 2.28
1437132 x at Nedd9 2.27
1456307 5 at Adcy? 2.27
1422932 a ai Vavl 2.27
1450446 a at Socsi 2.27
1434068 s ai Al662270 2.26
1416069 at Ptkp 2.26
1421210 at Ciita 2.26
1437785 at Adamis? 2.25
1436230 at Gorlig 2.25
1425119 ai (aslb 2.25
1449310 at Piger? 2.25
1440721 at 5930433N17Rik 2.25
1430352 at Adamis? 2.25
1456377 x at Limd? 225
1449901 at Cdz44 2.25
1416051 at C2 2.25
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1455132 at Rasal3 2.24
1422124 a at Pipre 2.24
1448576 at 7y 2.23
1421931 at Icos 2.22
1436199 at Triml4 221
1446509 at S0 2.20
1430148 at Rabi9 2.20
1450170 x at H2-B1 219
1439736 at S¥30453J16R1k 2.19
1451567 a at 11203 219
1433520 at Semadc 2.18
1420913 at SlcoZal 2.18
1439148 a at Pid 2.18
1452544 x at H2-D1 2.18
1441600 at CO20021A13 217
1422804 at Serpinbtb 2.16
1453228 at Stald 215
1427682 a at Egr2 2.15
1428378 at Ze3havl 2.15
1430165 at Stki7h 215
1451321 a at Rbmd3 2.5
14577380 at Stalld 215
1439764 s at 1gf2bp2 214
1435913 at Bdgalntd 2.14
1449220 at Gimap3 213
1456251 x at Tspo 213
1422781 at Thi3 2.13
1423135 at Thyl 2.13
1424375 s at Gimap4 212
1428660 s at Tor3a 212
1439012 a at Dk 212
1441912 x at C2 212
1424704 at Ruonx2 211
1424953 at BCO21614 211
1431843 a at Nikbic 210
1417219 s at Tmsbl10 210
1448160 at Lepl 210
1427352 at Kit79 2.10
1419194 s at Gmfg 2.09
1460675 at Igsfy 2.9
1426568 at Sle2al 2.08
1424961 at Tapbpl 2.08
1418099 at Tufrstlb 2.08
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1422527 at

H2-DMa

2.08

1426554 a at Pgaml 2.08
1438941 x at Ampd? 2.08
1450648 s at H2Z-Abl 2.07
1440165 at Ptpre 2.07
1437724 x at Pitpnm|1 2.07
1434364 at Map3ki4 2.06
14i9537 at Tioc 2.06
1425728 at Gml2185 2.06
1455966 s at Nudi2 i 2.05
1419282 at CellZ 2.05
1420404 at Cd86 2.05
1415765 at Huormpul2 2.05
1422511 a at Ogfr 2.0
1425548 a at Lat] 2.05
1427683 at Eer? 2.05
1453757 at Hered 2.04
1435331 at Pyhind 204
1419119 at Hest 2.G3
14582289 at Robo2 2.63
1422808 s at Dock2 2.03
1437213 at Nudt?] 2.02
1429831 at Pik3ap] 2.01
1439808 at Ipcefl 2.01
1428861 at Parml 2.01
1427765 a at Terb-J 2.01
1426133 a at Mitd1l 2.00
1425016 at Ephb2 2.08
1422562 at Rrad 2.00
1418110 a at InppsSd 2.00
1420272 at Samhd] 2.00
1417928 at Pdlim4 2.00
1460220 a at Csfl 2.00
1451428 a at Acs4 2.04
1435672 at 3430612M24 1.99
1453181 x at Plserd 1.59
1428767 at Gsdmd 1.59
1436861 at 17 1.69
1437270 a at Clefl 1.99
1419202 at Cat7 1.9%
1435529 at Omid446 1.98
1419810 x at Arhgap9 1.8
1429525 s at Myolf 1.98
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1437308 s at Flr 1.98
1419676 at Mx2 1.98
1455019 x at Ckap4d 1.98
1438948 x at Tspo 1.97
1448618 at Mvp 1.97
1436365 at Zhtb7e 1.97
1418464 at Maind 1.97
1439093 at Hspadl 1.97
1435193 at AZ30050P20R1k 1.97
1439065 x at Cmli3152 1.7
1423306 ai 2010002N04R 1k 1.97
1430658 a at GedmaZ 1.7
1419469 at (nbd 1.96
1426725 5 at Ets] 1.96
1417288 at PlekhaZ 1.96
1456586 x at Mvp 1.96
1426415 a at Trim23 1.95
1437249 at Skapl 1.95
1433517 at MyeovZ 1.95
1425374 at Oas3 1.95
1425681 a at Prad 1.95
1436659 at Delkl 1.94
1446326 at ColiaZ 1.94
1435596 at Pion .54
1416492 at Cenel 1.94
1422701 at ZapT0 1.93
1435517 x at Ralb 1.93
1436902 x at Tmshi0 1.93
1425166 at Rbil 1.93
1421207 at Lif 1.93
1460134 at 9330175E14Rik 1.93
1420273 x at Samhdi 1.93
1443621 at Xafl 1.92
1425078 x at C130026121Rik 1.92
1427994 at Cd300H 1.91
1456545 at 1i18rap 1.91
1418346 at Inslé .51
1428372 at S5 1.91
1417045 at Bid 1.91
1433699 at Tnfaip3 1.91
1440275 at Runx3 1.91
1460233 at Cmtm7 1.61
1421188 at Cer? 1.90
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1427911 at Tmem173 1.90
1420653 at Tethl 1.90
1437643 at Cenpi 168
1443687 x at H2-DMb2 1.90
1440299 at E330016A19R1k 1.90
1425151 a at Noxol 1.90
1441097 at Vangil 1.8
1449988 at Gimapl 1.89
1427404 x at Gm5506 1.89
1425617 at Dhx8 1.88
1426926 at Pleg? 1.88
1424037 at Iipka 1.88
1449025 at Cxer3 1.88
1435394 5 at Rhoe 1.87
1453392 at Ttc3% 1.87
1449473 5 at Cd40 1.87
1419186 a at St8siad 1.86
1453898 x at Ske2a3 1.86
1430447 a at Laird 1.86
1418353 at Cds 1.85
1449425 at Wit 1.85
1439114 at Ddx60 1.85
1425084 at Cimap? 1.85
1425819 ai Zhib7c 1.85
1416001 a at {otil 1.84
1422704 at Gyk 1.84
1445452 at Trafl 1.84
1438852 x at Mcmb 1.84
1436423 at Thomis 1.84
1417599 at d276 1.84
1421930 at lcos 1.84
1421814 at Msn 1.83
1419132 at T2 1.83
1448568 a at Ske20al 1.83
14236072 at Trafl 1.83
1451931 x at H2-L 1.82
1456836 ai Ttk 1.82
1453129 a at Rgsl2 1.82
1426454 at Athgdib 1.82
1451385 at Famlidla 1.82
1419470 at {nb4 1.82
1435697 a at Cytip 1.82
1424214 at Parmi 1.81
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1458524 at Fnde3a 1.81
1455051 at Raf3l 1.81%
1452163 ai Etsl 1.81
1448328 at Sh3bp2 1.80
1456700 x at Marcks 1.80
1451784 x at H2-D31 1.80
1437606 at Bibdl9 1.80
1439476 at Disg? 1.848
1440878 at Runx ] 1.79
1453472 g at Stamf7 1.79
1434653 ai PtkZb 1.79
1436708 x at Mcmd 1.79
1454592 at 9430012M22Rik 1.79
1433954 at 4632419122R1k 1.78
1426315 a at 6330416G13Rik 1.78
1451289 at Delkd 1.78
1443686 at H2-DMb2 1.78
14490903 at Criam 1.78
14180590 at Plvap 1.78
1460250 at Sostdel 7
1435749 at Gda 1.77
1450269 a at Pikd 1.77
1438910 g at Stom 1.77
1437868 at Famd6a .77
1448449 at Ripk3 1.77
1424496 at 5133401 NO9Rik 1.77
1438854 x at Pitpnm | 177
1424930 s at Fam&3{ 7
1460378 a at Tes 1.77
1448914 a ai {sfl 1.76
14485659 at Casp7 1.76
1427685 a at Taipl 1.76
1428242 at Hmhal 1.76
1455975 x at Rnfl 14 1.76
1453076 at Batf3 1.76
1419125 at Ptpnl 8 1.76
1424524 at Draml 1.76
1453202 at E330016A19R1k 1.76
1428346 at Trafdi 1.76
1451987 at Arrh?2 1.76
1417790 at Dokl 1.76
1418244 at Naa2( 1.75
1416226 at Armpclb 1.75
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1438634 x at Laspl 1.75
1419209 at Cxcll 1.75
1451363 a at Dennd2d 1.75
1430622 at 4833423F 131k 1.74
1447788 s at Tapyi3 1.74
1456310 a at 2610002302 Rk 1.74
1455251 at ligal 1.74
1416750 at Sigmarl 1.74
1421838 at Akd 1.74
1417346 at Pyeard 1.74
1436958 x at Tpm3 1.74
1434069 at Prexi 1.74
1440249 at Aknadl 1.74
1442849 at Lipl 1.74
1451174 at Lrre33 1.73
1451411 at GpreSh 1.73
1460469 at Tofrsty 1.73
1452661 at Tire 1.73
1430534 at Rnased 1.73
1456028 x at Marcks 1.73
1448731 at H10ra 1.73
1418257 at SiciZa7 1.73
1420170 at Myh9 1.72
1424032 ai Hvenl 1.72
1435748 at {Gda 1.72
1451285 at Fus 1.72
1454607 s at Psat{ 1.72
1434089 at Svopo 1.71
1421525 a at Naip§ 1.71
1458415 at ClecZe 1.71
1419721 at Niacri 1.71
1453328 at 2700008G24R ik 1.71
1435337 at Tsh#3 1.71
1456011 x at Acaala 1.71
1423986 a at Shisas 1.71
1427386 at Arhgefi6 1.70
1443123 at Tanc? 1.70
1418674 at Osmr 1.70
1445568 at Ankrddd 1.70
1424552 at Casp® 170
1439261 x at Mitdl 1.70
1452428 a at BZm 1.70
1418045 at Inppl 1.70
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1441317 x at Jakmipl 170
1436589 x at Prkd?2 1.70
1437503 a at Shigas 1.70
1421578 at Ccld 1.70
1435227 at Belllb 1.70
1436177 at Plekha2 1.70
1457644 s at Cxcll 1.70
1429527 a at Plscrl 1.70
1433531 at Acsld 1.69
1420731 a at Cstp2 1.69
1438097 ai Rab20 1.69
1426239 s at Arrb2 1.69
1427182 s at DI8Erd6S3e 1.69
1435338 at Cdké 1.69
1433885 at Iggap?2 1.69
1450852 5 at F2x 1.69
1446507 at Kif24 1.69
1450456 at H21r 1.69
1418612 at Sifal 1.68
1438974 x at Pitpnm1 1.68
1439030 at Gmppb 1.68
1416619 at 463242 8N05Rik 1.68
1441880 x at Tmem {49 1.68
1448797 at Elk3 1.68
1443794 x at Nocdl 1.68
1452289 a at Rnf135 1.68
1450918 s at Sre 1.67
1420955 at Venll 1.67
1418751 at Sitl 1.67
1447568 at Gate 1.67
1460700 at Stat3 1.67
1419911 at Corolc 1.66
1452966 at Belllb 1.66
1421550 a at Trim34a 1.66
1423686 a at Prri3 1.66
1455287 at Cdko 1.66
1439422 a at FamliiZa 1.66
1416935 at Trpv2 1.66
1436183 at Z¢3havi 1.66
1451314 a at Veamd 1.66
1417300 at Smpdl3b 1.66
1419097 a at Stom 1.66
1446939 at TrimiZa 1.65
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1423411 at Rbmd7 1.65
1450355 a at Capg 1.65
1436220 at 2287 1.65
1429742 at Rebib?2 1.65
1455221 at Abcgl 1.65
1438934 x at Semada 1.65
1452836 at Lpin2 1.65
1427874 at Rnfll4 1.64
1452425 at Tnfrsfl4 1.64
1422303 g at Tnfreflg 1.64
1418396 al Gpsm3 1.64
1451462 a ai Ifnar? 1.64
1447711 x at 4933412E12 ik 1.64
14534757 5 at 2711 1.64
1424246 a at Tes 1.64
1459872 x at H2-DMa 1.64
1424304 at Tpen2 1.64
1416695 at Tspo 1.64
1451475 at Phnd] 1.64
1428727 at Cepl92 1.64
1440779 5 at SlesaY 1.63
1433451 at Cdk5ri 1.63
1450831 at H2-Bl 1.63
1458601 ai RO0447MO2R1k 1.63
1426739 at Donson 1.63
1423350 at Socss 1.63
1456467 s at Nik 1.63
1447303 x at Capg 1.63
1453201 at RagsfiQ 1.63
1438148 at {xcl3 1.63
1444197 at Rint 1.63
1428859 at Pagx 1.63
1455656 at Bila 1.63
1455080 at Ppplriéb 1.63
1424857 a at Trim34a 1.62
1450140 a at CdknZa 1.62
1438095 x at Nocdl 1.62
1460231 at Irfs 1.62
1426318 at Serpinblb 1.62
1427348 at Ze3hiZa 1.62
1451862 a at Pril 1.62
1442944 at 76555 1.62
1420635 a at Teirg] 1.62
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1435143 at EIk3 1.62
1449623 at Txnrd3 1.61
1458345 s at Colecll 1.61
1423812 g at YVoppl 1.61
1417561 at Apocl 1.61
1455818 at 4930427 A07Rik 1.60
1426757 at Ampd2 1.68
1418265 5 at Irf2 1.60
1434185 at Acaca 1.60
1437327 x at Enophl 1.60
1456240 x at Cdead 1.60
1443086 at Alcam 1.60
1442018 at Bigl 1.60
14186R6 at Gasle 1.60
1441843 s at 5230400MO3Rik 1.60
1443882 at Sle26al 1.60
1420509 at Vegfa 1.60
14395687 at Lemd3 1.60
1433169 at 5830456123k 1.60
1437451 at Heser 1.59
1436074 at Nfkbid 1.59
1437789 at Bired 1.59
1450716 at Adamts] 1.59
1438828 at Rapgeto 1.59
1453064 at Htaal 1.59
1439047 s at Reegl 1.59
1435316 at Psmab 1.59
1428484 at Osbpl3 1.59
1417627 a at Limk1 1.59
1459884 at CoxTe 1.59
1455660 at Csf2rb 1.59
1448511 at Pipreap 1.59
1440245 at Cede88b 1.59
1418387 at Traf3 1.59
1424339 at Oasl] 1.58
1416166 a at Prdx4 1.58
1427095 at Cdepl 1.58
1456288 at SkaS 1.58
1452239 at GHROSAZO50r 1.58
1449516 a at Rgs3 1.58
1424829 at AB30007P12Rik 1.58
1454402 at Zp942 1.58
1434139 at Parpl] 1.58
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1428583 at Nufip2 1.58
1451097 at Vasp 1.58
1458595 at Intu 1.58
1457550 at 95300590 14Rik 1.58
1419530 at 1i12h 1.58
1447762 x at Carl2 1.58
1417588 at Galnt3 1.58
1437052 s at Sle2a3 1.58
1435084 at C730049014Rik 1.58
1419235 s at Helb 1.57
1440147 at LgiZ 1.57
1460347 at Krtid 1.57
1452991 at Chd?2 1.57
1429758 at 170001 7B0SRk .87
1449508 at 1127ra 1.57
1416087 at Aplsl 1.57
1438673 at slcda’ 1.57
1438750 at Atrx 1.57
1423869 s at Toxnrd3 .87
1420692 at 2ra 1.57
1449227 at ChZ3h 1.57
1425241 a at Wsh] 1.57
1450387 s at Ak4 1.56
1427164 at 111 3ral 1.56
1455084 x at Shmt2 1.56
1452169 a at Dgkz 1.56
1420505 a at Strbp| 1.56
1455839 at Uggtl 1.56
1428118 at Lingol 1.56
1427539 a at Zwint 1.56
1418271 at Bhibe22 1.56
1447851 x at AtpiQa 1.56
1452837 at Lpin2 1.56
1420171 s at MyhY 1.55
1439253 x at Prelidl 1.55
1452803 at Glipr2 1.55
1456914 at Slel6ad 1.55
1448202 x at Prelidi 1.55
1452391 at Cxadr 1.55
1435595 at 181001 1O10Rk 1.55
1452903 at 6230427102Rik 1.55
1451110 at Eginl 1.55
1435564 at Neurllb 1.55
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1422486 at Mogs 1.55
1452337 at 4930427A07Rik 1.54
1459983 at ImpaZ 1.54
1432997 at S¥30462P14R1k 1.54
1457304 at DI3Erd787e 1.54
1417955 at Cede7d 1.54
1428034 a at Tafrsfo 1.54
1439455 x at Capral 1.54
1451608 a at Tspan33 1.54
1417878 at EZfl 1.54
1448854 at Akribg 1.54
1455067 at Psd4 1.53
1457410 at Arhgaps 1.53
1436848 x at fmpal 1.53
1436395 at Cardb 1.53
1436729 at Afapl 1.53
1437185 s at Tosbll 1.53
1428018 a at AF251705 1.53
1431528 at S830427D02R1k 1.53
1425760 a at Pitpnm1 1.53
1418492 at Grem?Z 1.53
1445201 at 2153 1.53
1459894 at lggap?2 1.53
1438154 x at 2610002J02R1ik 1.53
1434573 at Traf3ip3 1.53
1433739 at Nollf 1.53
1434070 at Jagl 1.52
1423826 at Noc4l 1.52
1416875 at Parvg 1.52
1447792 x at Opri74 1.52
1417128 at Plekhol 1.52
1427260 a at Tpm3 1.52
1416379 at Panx! 1.52
1437239 x at PheZ 1.52
1451415 at 181001 1010RIk 1.52
1448713 at Statd 1.52
1421937 at Dappl 1.51
1433748 at Zdhhcl8 1.51
1454350 at Intu 1.51
1429128 x at Nfkb2 1.51
1418004 a at Tmem176b 1.51
1423154 at BCO05537 1.51
1426677 at Fina 1.51
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1448600 s at Vav3 1.51
1457539 at DI0End70% 1.51
1420014 at SleoZal 151
1429247 at Anxab 1.51
1452411 at Lyred 1.51
1449619 5 at Arhgapd 1.51
1420351 at Tafrsfd 1.51
1437242 at Tilii2 1.51
1439444 x at Tmed10 1.50
1448933 at Pedhb 17 1.50
1434219 at Stim? L.50
1455428 at Fam33b 1.50
1419226 at Cdbs 1.50
1435168 at AS3GO0INO9RIk (.67
1451348 at Deptor (.67
1425411 at Arlda (.67
1428864 at Duspl 0.67
1426522 at Hadhb 0.67
1417312 at Dkk3 (.67
1418190 at Ponl (.67
1454078 a at Gallst] (.66
1425145 at Tl 0.66
1417421 at S100al .66
1460192 at Osbplia (.66
1419963 at Deptor (.66
1415743 at Hdac5 0.66
1435559 at Myob (.66
1450395 at Sle22a8 .66
1428469 a at Dizipl (.66
1429884 at SrgapZ 0.66
1450971 at Gadd45b .66
1436344 at C2ed2 (.66
1418921 at Cadm3 (.65
1421471 at Npylir (.65
1453571 at Deptor (.65
1452283 at Rassfl .65
1416268 at Eis2 (.65
1423364 a at Aldtip (.65
1453069 at Pik3ch (.65
1422838 at Kenud (.65
1433977 at Hs3st3b1 (.65
1426010 a at Epb4.113 (.65
1455029 at Kif2la (.63
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1460406 at Plst (.65
1434581 at 2410066E13R1k (.65
1422740 ai Tnfrsi21 (.65
1435396 at Stabp6 0.65
1419688 at Opeb 0.65
1418658 at FamB2b (.65
1419457 at Renef (.65
1443904 at Fads6 (.65
1425186 at Lmbrdl 0.65
1450286 at Npr3 .65
1425037 ai Fodd (.64
1437871 at Pgms (.64
1416774 at Weel (.64
1458129 at Rora 0.64
1433464 at TtcTb 0.64
1451200 at Kiflb (.64
1448320 at Stimd 0.64
1452309 at Candl 0.64
1454824 5 at Miusl 0.64
1415981 at Herpud?2 (.64
1419505 a at Ggpsl (.64
1457686 at Akapl7b 0.63
1437149 at Sledas .63
1437661 ai AUQ2Z1(92 (.63
1443906 at {dss 0.63
1451714 a at Map2k3 .63
1435693 at Mall (.63
1451563 at Eumrd (.63
1452333 at Smarcal (.63
1428835 at Myhi4 0.63
1433711 s at Sesn | (.63
1448669 ai Dkk3 (.63
1416778 at Sdpr .63
1449082 at Miap5 (.63
1425891 a at Gripl (.63
1418250 at Arldd .63
1458882 at Serpinbs (.62
1418714 at Duspé 0.62
1431216 s at Doajehd (.62
1426208 x at Plagil (.62
1425138 at Gucalb (.62
1425318 a at Tmemiiso (.62
1423176 at Tobi 0.62
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1425515 at Pik3r] (.62
1455665 at Lonrfl (.62
1426576 at Segmsi (.62
1440559 at HmgaZ-psl (.62
1417545 at Trpvd (.62
1418954 at Camkkl (.62
14247031 at Pedhz{) (.62
1454881 5 at Upk3h (.62
1419378 a ai Fxyd2 0.62
1448926 at Hoxas 0.62
1437731 ai C2ed2 (.62
1436501 at Miusl 0.61
1450110 at Adh7 (.61
1417013 at Hspb& (.61
1443969 at Irs2 (.61
1450206 at Dlel (.61
1428774 at Opeb 0.61
14220904 at Fmo? 0.61
1425321 a at Clon 0.61
1426743 at Appl2 (.61
1427645 at Dpyd (.61
1428321 at Fmdl 0.60
1431226 a at Fudcd (.60
1421848 ai Skc22as (.60
1428731 at Usps4 0.60
1456939 at Faml34h 0.60
1424408 at Lims?2 0.60
1426139 a at Cerll 0.60
1426332 a at Cldn3 (.60
1416823 a ai Osbplia 0.60
1423994 at Kiflb 0.60
1415504 at Lpi (.60
1429656 at Rhobtb1 0.60
1421158 at Cgnll (.60
1456150 at Jhdmid 0.60
1454604 s at Tspanl?2 (.59
1434307 at Tmembd (.59
1431188 a ai Toml (.59
1416926 at Trpadinpl (.59
1423447 at Clpx (.59
1451782 a at Ske29al (.59
1423174 a at Pard6b (.59
1436293 x at Hdr2 0.59
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1444073 at Maf (.59
1447462 at D7Wsul3{e (.59
1424280 at Mospdi (.59
1451270 at Dusplig (.59
1451207 at Micul (.59
1435056 at Lmo7 0.59
1437409 s at Gpri26 (.59
1436988 at Isml (.58
1420718 at Odz2 (.58
1425456 a at Map2k3 .58
1450318 a at Plry2 (.58
1436853 a ai Snca (.58
1424437 s at Abegd (.58
1426285 at Lama? 0.58
1417962 s at Ghr (.58
1455340 at DenndSh (.58
1415874 at syl (.58
1435108 at RniZ08 .58
1428240 at Nrxnld 0.58
1425906 a at Semale (.58
1454626 at Sphkap (.58
1416316 at Sic27a2 0.58
1434917 at Cobl (.57
1429778 ai Optn (.57
1436350 at Faml71b 0.57
1452207 at Cited? 0.57
1428547 at Nise (.57
1426263 at Cadmd (.57
1429036 at Otop3 (.57
1435763 at Theldlé 0.57
1420942 s at Ragss 0.57
1450974 at Timpd (.57
1434639 at Kihiz9 0.56
1421346 a at Slctab (.56
1433742 at Kankl 0.56
1435207 at Dixdel (.56
1450838 x at Rpl37 (.56
1457671 at Homer?2 (.56
1422008 a at Aqp3 (.56
1415864 at Bpgm (.56
1437181 at Peli2 (.56
1416072 at Cd34 (.56
1460514 5 at Ascl? 0.56
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1420941 at Rgas (.56
1423966 at {dosi2 .55
1435435 at Ctinbp2 (.55
1428336 at Agpatd (.55
1419458 at Ranef .55
1424567 at Tspan2 (.55
1419491 at Defbl (.55
1415465 5 at Bpgm (.55
1422667 at Krtls (.55
1417355 at Peg3 0.55
1439478 at Acot2 (.55
1450460 at Agp3 0.55
14263510 at Scepdh .55
1422996 at Acot? .55
1433454 at Abtb2 .55
1436640 x at Agpatd (.55
1453008 at Tmpl (.55
1424392 at Adhtel .54
1417332 at Rfx2 (.54
1419197 x at Hamp (.54
1429001 at Pir (.54
1438496 a at Ddx26b 0.54
1454699 at Sesnl (.54
1437217 at Ankrdé (.54
1418412 at TpdS2i1 .54
1424747 at Kiflc .54
1454646 at Tepliiz .54
1421040 a at (stal .53
1434326 x at Corolb (.53
1417027 at Trim?2 (.53
1460242 at Cdss .53
1453119 at Otudl (.53
1420688 a at Sgee (.53
1450119 at Dist (.53
1448119 at Bpgm (.53
1456481 at FEsyi3 (.53
1422168 a at Bdnf (.53
1434542 at Opt2 .52
1422905 s at Fmo? (.52
1425809 at Fabpd 0.52
1439549 at Prrg3 (.52
1448416 at Mgp (.52
1437197 at Sorbs? (.52
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1422616 at Ppap2a 0.52
1436737 a at Sorbsl (.52
1422620 5 al PpanZa (.52
1427378 at Krt75 0.52
1416779 at Sdor (.51
1451501 a at Ghr 0.51
1423506 a at Nnat (.51
1422974 at NitSe (.51
1425761 a at Nfatc1 0.51
1458268 s at 1gfhp3 (.51
1460241 a at St3gals (.50
1417028 a at Trim? (.50
1456307 at Cdhd (.50
1434156 at Rablifipd (.50
1429024 at Rbm2{ (.50
1441254 at Pard3b (.50
1419289 a at Syngrl (.50
1422112 at Cebp?2 0.50
1444559 at Phif2 (.50
1451410 a at Crip3 0.50
1420017 at Tspans (.50
1416194 at Cypdbl 0.50
1434613 at Ablim3 .49
1419706 a at Akapl2 (.49
1451762 a at Kiflb 0.49
1427371 at Abca8a (.49
1424007 at Gdfto (.49
1424155 at Fabpd (.48
1428357 at 2610019F03Ri1k (.48
1454654 at Dirc2 0.48
1456796 at Snail 0.48
1417702 a at Homt (.48
1450738 at Kif2la (.48
1422007 at Aqgp3 (.48
1417014 at Hspb# 0.47
1438422 at Lare20 0.47
1417029 a at Trim?2 (.47
1417673 at Grbld 0.47
1428471 at Sorbsi 0.47
1439117 at Clmn 0.47
1427946 s at Dpyd (.46
14148317 at Lhx2 (.46
1424367 a at Homer2 0.46
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1454691 at Nrxnl 0.46
1419082 at Serpinb2 (.46
1434651 a at Cldn3 (.46
1460569 x at Cldn3 .45
1431056 a at Lpl (.45
1443832 s at Sdpr (.45
1451701 x at Cldn3 (.45
1419490 at Faml%a5 (.45
1428792 at Beasl 0.45
1419492 s at Defbl .45
1424393 5 ai Adhfel (.44
1448978 at Ngef (.44
1429344 at 9.13FE+15 (.44
1437637 at Phitt2 (.44
1425826 a at Sorbsl (.44
1451620 at Clgl3 (.44
1450759 at Bmpd (.43
1433638 s at Hoxd?8 .43
1415996 at Txanip (.43
1448551 a at Trim2 (.43
1426981 at Pesk6 (.43
1427673 a at Semale 0.43
1451527 at Peolee? .43
1434877 al Nptxl .42
1453435 a ai Fmo?Z .42
1449621 s at Thadl (.42
1431805 a at Rhpn?2 0.42
1449824 at Prgd (.41
1416129 at Errfil (.41
1434628 a at RhpnZ 0.41
1455214 at Mitf .41
1427345 a at Sultial (.41
1418205 at Thadl .40
1419414 at Gngl3 (.40
1437840 ¢ at D2Zhgdh 0.40
1423635 at Bmip2 .40
1423679 ai 28104320 12Rik (.39
1418063 at Kera (.39
1434667 at Col8al (.39
1424649 a at Tspan3 0.39
1446498 at H20ra (.39
1441918 x at Serpinbte (.39
1415997 at Txnip 0.39
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1431833 a at Hmges?2

1418589 a at M1

1419717 at Semale

1429166 s at Clom

1435459 at Fmo?

1434669 at Ralgpsi

1431059 at HoxdS8

1434657 at Gls

1418595 at Phing

1434474 at Abcal

1417168 a at Usp2

1427029 at Hira3

1456805 at Cd204%b

1416225 at Adhl

1454969 at Lypd6

1456741 s at Gpmida

1442226 at Semalde

1451478 at Angptl?

1418706 at Sic38al

1436279 at Skc26a7

1460244 at Upbl

1459737 s at Tir

1419816 s at Errfil

1417765 a at Amyl

1446681 at BBORG117 (.30
1433837 at R430408CG22Rik 0.30
1454965 at Fam171b 0.29
1433596 at Dnajct (.29
1425357 a at Greml (.29
1455913 x at Tir 0.29
1433836 a at R4304080G22Rik .28
1451382 at Chacl (.28
1454608 x at Tir 0.26
1433877 at Famd6th (.26
1425281 a at Tse22d3 0.25
1451835 at H3lra (.24
1423405 at Timpd (.23
1435184 at Npr3 (.23
1437665 at H22ra2 0.22
14536512 at Pdrrnd (.22
1417788 at Sncg (.21
1460012 at Wide3 (.20
1452543 a at Seghblal 0.19

133 -



WO 2013/149194 PCT/US2013/034688

1419332 at ofl6 Q.19
1436643 x at Hamp?2 (.18
1453327 al K24 (.17
1456487 at Adeyl 0.14
1449545 at Fefig .12

[66286] Tabled Differentially expressed genes in skin from human alopecia areata vs,
skin from normal individuals. Pertlesional punch biopsies from § patients with patchy
alopecia arcata who were not undergoing iocal or systemic treatments were collected and

compared to scalp biopsies from 5 unrelated imaffected individuals.

221728 x at XIST 56.06
211696 x at HBB 13.20
204533 at CXCLIO 12.37
203915 at CXCLS 9.53
204580 at MMPIZ 4.04
235763 at SEC44A35 3.83
205488 at GAMA 3.65
223809 at RGSISY 3.54
201858 s at SRGN 333
215784 at CDIE 3.19
216714 at CCL13 3.15
232024 at GIMAP2 3.13
1555745 a at LYZ 3.09
205758 at CDSA 3.04
214059 at 15144 3.63
226736 at CHURCH 3.02
206749 at CDIB 2.96
242943 at ST8S1A4 2.94
204439 at IFH44L 2.88
210656 at EED 2.87
220122 at MCTP1 2.78
210164 at GZMB 275
206134 at ADAMBECH 270
209875 5 at SPPI 2.69
206666 _at GAME 2.68
204110 at HNMT 2.67
217147 s at TRATI 2.66
204057 at IRFE 2.64
212588 at PTPRC 2.63
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214467 at

GPROS

2.60

1554859 g at FCERIG 2.60
242557 at ZNRDI-AST 2.58
209541 at IGF1 2.58
205991 ¢ at PRRX1 2.56
228956 at UGTR 2.55
207651 at GPR171 2.54
216398 s at CCL2 2.54
211742 s at EVIZB 2.52
231879 at COLI2AT 2.52
1555827 at CCNL1 2.51
1552398 a ai CLECIZA 2.50
213797 at RSAD?Z 2.49
211559 5 at CONG2 2.47
209612 ¢ at ADHIB 245
230422 at FPR3 2.44
221978 at HILA-F 2.44
212230 at PPAP2B 2.44
210198 5 at PLPI 2.43
220334 ¢ at SAMSNI 242
203561 at FCGRZA 2.41
239345 at SLCI9AS 2.41
22760% at EPSTI 2.41
205226 at PDGEFRL 2.37
1553678 a at ITGB1 2.37
206247 at MICRB 2.37
208016 5 at AGTR1 2.36
1405 1 at CCLS 2.36
214972 at MGEAS 2.35
204774 at EVIZA 2.34
1557116 at APOLS 2.34
1558604 a at S5BP2 2.33
208894 at HLA-DRA 232
219607 s at MS4A4A 2.32
238461 at BIF4E3 2.31
222587 s at GALNTY 2.30
214617 at PRF} 2.3{)
204227 s at GLIPR1 229
205039 s at IKZF1 2.29
215073 5 at NR2EF2 2.29
220477 ¢ at TMEM23( 229
205270 s at LCP2 2.29
226757 at IEIT2 2.28
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1555229 a at C1S 2.28
1559584 a at Cl6orfs4 228
203504 s at ABCAL 2.28
202902 s at CTS8S 2.27
1552612 at CIDC428E2 227
205158 at RNASE4 2.26
203708 at PDE4R 226
206271 at TLR3 2.25
205997 5 at 115 2.24
228938 at MBP 2.24
1554712 a at GLYATL2 2.24
214279 s at NDRG2 223
205831 at 2 2.22
239364 at ETV6 2.22
206070 ¢ at EPHASZ 222
224976 at NFIA 222
229584 at LRREK?2 2.21
206693 at 1.7 2.20
1558820 a at C18orf34 2.20
213882 at TMZD1 2.20
229450 at IFIT3 2.19
203680 at PRKAR2E 2.17
210889 ¢ at FCGR2ZB 217
227458 at D274 2.17
203000 at STMNZ 2.16
226603 at SAMDYL 2.16
208885 at LCPY 2.15
222726 ¢ at EXGCS 2.15
222722 at OGN 215
1558972 s at THEMIS 2.14
204118 at D48 2.13
217649 at ZEANDS 2.13
204972 at QAS2 2142
231377 s at GBP1 2.11
228218 at LSAMP 2.11
230867 at COL6AG 2.1
229383 at I-Mar 2.11
227677 at JAK3 2.10
230391 at D4 2.09
204923 at SASH3 2.04
203416 at CD53 2.08
204116 at IL2RG 2.08
206307 s at FOXD 2.08
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206120 at CD33 2.08
204563 at SELL 2.07
225957 at CREBRE 2.07
220416 at ATPRE4 2.G7
200605 s at PREARIA 2.07
209006 5 at Clorfel 2.07
232911 at ZFPi4d 2.06
1556209 at CLEC2ZB 2.06
1555938 x at VIM 2.05
216179 at DACTI 2.05
206366 x at XCL1 2.5
235737 at TSLP 2.04
206978 at CCR2 2.04
235175 at GBP4 2.04
220868 s at SLCTALD 2.03
211676 s at IFNGRI 2.03
214887 at N4BP2L1 2.03
230206 at DOCKS 2.03
203100 5 at CDYL 2.02
203471 s at PLEK 2.02
208925 at CLENDI 2.02
202820 at AHR 2.02
231366 at FDPSLZA 2.02
204607 at HMGCS2 2.01
220199 s at AIDA 2.01
204070 at RARRES3 2.01
227870 at IGDCC4 2.01
204865 at CA3 2.01
205842 s at JAKZ 2.00
241925 x at SLCI6AT7 2.00
214533 at CMAL 2.00
209770 at BTN3AL 1.69
228543 at FAM26F 1.69
226847 at FST 1.99
210971 5 at ARNTL 1.98
204279 at PSMBY 1.98%
205291 at ILZRE 1.98
204959 at MNDA 1.98
227467 at RIDHIO 1.98
206545 at CD28 1.98
203758 at CISO 1.8
214724 at DIXBCI 1.98
216231 5 at BZM 1.%7
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210029 at

DO

1.97

206914 at CRTAM 1.97
211734 s at FCERIA 1.97
218404 at SNX10 1.96
206960 at LPAR4 1.96
202742 5 at PRKACE 1.96
213293 ¢ at TRIM22 1.96
1555778 a at POSTN 1.96
227266 s at FYB 1.96
217465 at NCKAPY 1.95
244774 at PHACTR2 1.93
232397 at SRSF3 1.94
213193 x at TRBC 1.94
216511 5 at TCFRT7L2 1.94
228534 at SCNTA 1.93
201151 s at MBNLI 1.93
242268 at CELE2 1.92
220777 at KIFI13A 1.92
205987 at CDIC 1.92
201008 ¢ at THENIP 1.92
202527 s at SMAD4 1.91
224480 s at AGPATY 1.91
223220 s at PARPSY 1.91
209960 at HGF 1.91
210057 at SMis1 1.91
203305 at F13A1 1.91
213649 at SRSF7 1.90
226392 at RASAZ 1.90
205159 at {SFZRB 1.90
213435 at SATH?Z 1.90
226743 at SEFNTL 1.80
204205 at APOBEC3G 1.90
203936 s at MMPS 1.90
223501 at TNFSF13B 1.90
212208 at MED13L, 1.89
203966 s at PPMIA 1.89
204438 at MR 1.89
235458 at HAV(CR2 1.89
207610 s af EMR2 1.89
222859 5 at DAPPI 1.89
1552628 a at HERPUD?2 1.89
221207 s at NBEA 1.88
205101 at CHTA 1.88

- 138 -



WO 2013/149194

PCT/US2013/034688

205083 at

AOX]

1.88

230023 at NSUN4 1.88
214450 at CTSW 1.88
1568752 s at RGS13 1.88
237919 at RFFL 1.88
232898 at DAR2 1.87
234975 at GSPT1 1.87
227198 at AFF3 1.87
205799 5 at SEC3AL 1.87
242974 at CD47 1.87
1555852 at LOCIN0307463 1.87
201604 s at PPPIRIZA 1.87
244455 at KONT2 1.86
210163 at CXCL1 1.86
218279 at DOCK10 1.86
203165 s at SELC33A1 1.86
222161 at NAALAD2 1.6
221724 5 at CLEC4AA 1.86
226841 at MPEGH .86
228713 at PIP4K2A 1.85
231776 at EOMES 1.55
209040 5 at PSMBS 1.85
221760 at MANIAL 1.85
215303 at DCLK1 1.85
208191 x at PSG4 1.85
228057 at DDIT4L 1.85
230364 at CHPTI 1.83
206637 at P2RY14 1.84
218806 s at VAV3 1.84
224451 x at ARHGAPY 1.84
215363 x at FOLHI 1.84
212298 at NRPI 1.84
206082 at HCPS 1.84
223271 s at CTDSPLZ 1.84
222235 5 at CSGALNACT2 1.84
237753 at IL21R 1.84
210895 5 at CDE6 1.84
201619 at PRBX3 1.84
237189 at HOXB-AS] 1.84
1552658 a at NAY3 .84
205803 s at TRPCH 1.83
208121 s at PTPRO 1.53
243357 at ALPKI 1.83
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1555746 at

227629 at PRLR
210896 s at ASPH
211671 s at NR3CH
221423 ¢ at YIPF5
204821 at BTN3A3
204951 at RHOH
219093 at PiD1
230177 at GTE2H2B
234308 s at GSDMC
204149 5 at G5TM4
221428 g at TBLIXR1
219427 at FATA
1865938 at CS50rf22
238725 at IRF1
205681 at BCLZAL
203302 at DCK
220005 at P2RY13
208671 at SERINCI1
215318 at MINOSIPI
223217 s at NFKBIZ
242172 at MEIST
214038 at CCLR
201688 5 at TPDS52
239384 at FLJ44342
214917 at PREKAAT
201720 5 at LAPTMS
1554462 a at DNAIRS
226702 at CMPEZ
208131 s at PTGIS
239297 af KIAAT456
223802 s at RBRPS
1555193 a at ZNF277
225415 at DTX3L
203932 at HILA-DMB
203324 at SH2EB3
228704 s at CLIOIN23
228094 at AMICAL
204955 at SRPX
206752 5 at DFFB
1557071 s at NUBI
204011 at SPRY?Z
210280 at MPZ

- 140 -



WO 2013/149194

PCT/US2013/034688

214855 5 at

RALGAPAL

~d

“yiva

i
227900 at CBLB 1.77
1554523 at FAMIB4A 1.77
205280 at GLRB 1.77
2282325 at PHX?2 1.77
218986 5 at DDX640 1.76
210184 at ITGAX 1.76
242900 at ALGIOB 1.76
213016 at BEX 1.76
208146 ¢ at CPVL 1.76
1556498 at FAMG6GSA 1.76
206420 at IGSF6 1.76
205660 at OASL 1.76
228700 at GLCCH 1.76
1554479 a at CARDS 1.76
210176 at TLR1 1.76
203157 s at LS 1.76
207113 s at TNF 1.76
228617 at XAF] 1.76
205907 ¢ at OMD 1.76
202411 at IFiz7 1.75
204567 s at ABCGH 1.75
200788 s at ERAP] 1.75
213426 5 at CAVZ 1.75
225980 at Cldorf43 1.75
2203560 at Cliorf21 1.75
1859265 at SKIDAT 1.753
238858 at TIFA 1.75
2103538 s at BIRC3 1.75
207957 s at PRKCH 1.75
207175 at ADIPOOQ 1.74
229866 at STK32A 1.74
216198 at ATF7IP 1.7
235228 at CCDCRSA 1.74
205821 at KIRK1 74
203387 s at TBCID 1.74
226459 at PIK3AP] 1.74
233898 s at FGFRIOPZ 1.74
220103 s at MRPSIRC 1.73
239921 at COLZBAL 1.73
227914 at XPNPEP3 1.73
203741 s at ADCY7 1.73
229431 at REXAF 1.73
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226641 at ANKRDA44 1.73
205934 at PLCLI 1.73
225975 at PCDHIE 1.73
215990 s at BCL6 1.73
201417 at SOX4 1.73
241440 at FLI30378 1.73
2319585 ¢ at HIBADH 1.72
234165 at PTGDR 1.72
219292 at THAPI 1.72
1567628 at Chyia 1.72
203434 5 at MME 1.72
211922 s at CAT 1.72
210571 s at CMAHP 1.72
206030 at ASPA 1.72
1554547 at FAMI3ZC 1.72
207977 s at DPT 1.72
219230 at TMEMIOQ 1.72
213475 s at ITGAL 1.72
227529 5 at AKAPIZ 1.72
227148 at PLEKHH? 1.72
243407 at MFSDS 1.72
223620 at GPR34 1.72
214181 x at LT 1.72
208510 5 at PPARG 1.72
235165 at PARDSE 1.71
218400 at OAS3 1.7%
228826 at BZRAPL-AST 1.71
206098 at ZBTR6 1.71
200869 at ADRAZA 1.71
1552497 a ai SLAMEGS 1.71
204614 at SERPINB2 1.71
213496 at LPPR4 1.71
244365 at FLJ41455 1.71%
225163 at FRMD4A 1.71
219528 5 at BCLIIB 1.71
220014 at PRR16 1.71
221024 5 at SLCZATD 1.71
2295823 at TMEM200C 1.71
201951 at ALCAM 1.71
222538 5 at APPLI 1.71
222791 at RSBN1 1.71
229568 at MOB3B 1.71
238449 at LOCS95101 1.70
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1555340 a at ITGRH2 1.70
217816 ¢ at PCNP 1.70
1556364 at ADAMTSS-AS2 1.70
228368 at ARHGAPZO 1.70
206187 at PTX3 1.70
242852 at LOC285147 1.70
207606 ¢ at ARHGAPI2 1.69
210425 x at GOLGAYB 1.69
224583 at COTLY 1.69
222839 ¢ at PAPOLG 1.69
1557954 at TXLNG 1.69
213289 at APOOL 1.69
22557% at POLC3 1.69
1554464 a at CRTAP 1.69
228518 at PEARI 1.69
233005 at ZNHITS 1.68
203991 5 at KIDMBSA 1.68
227857 at APMAP 1.68
241698 at RETNZ 1.68
215046 at KANSLIL 1.68
212850 s at LRP4 1.68
205098 at CCR1 1.68
204646 at DPYD 1.68
232563 at ZNF6R4 1.68
206181 at SLAME1 1.67
228167 at KIHILG 1.67
210839 5 at ENPP2 1.67
223039 ¢ at ASAP] 1.67
202957 at HCLS1 1.67
210321 at GZMH 1.67
228948 af EPHA4 1.67
223854 at PCDHBIO 1.67
229227 at ACSS3 1.67
220327 at VGLL3 1.67
1552370 at Cdorf33 1.67
238907 at ZNFTE0A 1.67
206715 at TFEC 1.67
213603 s at RAC2Z 1.67
210279 at GPR18 1.67
238520 at TRERFT 1.67
232137 at ZNF616 1.67
225769 at {OG6 1.67
235970 at LCORL 1.67
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213566 ¢ ]

216944 s at ITPR1 1.66
202983 at HLTF 1.66
220537 5 at TMEMIT76B 1.66
235226 at CDK1Y9 1.66
205839 5 at BARAP 1.66
218033 at PARPS 1.66
207277 at D209 1.66
218236 5 at PRKD3 1.66
37793 ¥ at RADSID 1.66
230403 at RFX3 1.66
225997 at MLLTIO 1.66
243664 at TXNL 1.65
229234 at ZO3HI2E 1.63
1569652 at MLLT3 1.65
201311 s at SH3BGRL 1.65
212267 at QK1 1.65
244572 at KY 1.65
1553764 a at ATUBA 1.63
207861 at CCL22 1.65
203639 s at FGFRZ 1.65
229828 at CDCT3 1.65
220146 at TLRY 1.65
241808 at ZCZHCIA 1.65
229309 at ADRB1 1.65
218614 at KIAAISSE 1.65
213415 at CLIC2 1.63
224339 s at ANGPTLI 1.65
223696 at ARSE 1.64
1566472 s at RETSAT 1.64
218197 & at OXR1 1.64
242940 x at DLX6 1.64
226932 at SSPN 1.64
34210 at D32 1.64
209555 5 at CD36 1.64
232234 at SEA2 1.64
205234 at SLCI6A4 1.64
211776 s at EPB41L3 1.64
235304 at LOCI00507486 1.64
224682 at ANKIBI .64
204719 at ABCAS 1.64
212558 at SPRY 1.64
219743 at HEYZ 1.64
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1555600 s at

APOLA

.64

215013 s at USP34 1.64
230783 at LOC283713 1.64
223595 at TMEMI33 1.64
213539 at CD3D 1.64
209357 at CITEDZ .64
218345 at TMEMI76A 1.64
2266355 at STX17 1.63
225499 at RALGAPA? 1.63
213915 at NKGT 1.63
209821 at L33 1.63
217257 at SH3BP2 1.63
214470 at KERBI 1.63
225869 at SNXZ0 1.63
217478 s at HLA-DMA 1.63
243747 at ZNF599 1.63
37145 at GNLY 1.63
200948 at NCF2 1.63
1563458 at PARVA 1.63
226508 at PHC3 1.63
206373 at ZICH 1.63
203372 5 at SOCS2 1.63
218344 ¢ at RCOR3 1.63
204174 at ALOX3SAP 1.63
212655 at ZCCHCHE 1.63
206513 at AlMZ 1.62
205486 at TESK2 1.62
207782 s at PSENI 1.62
238438 at CNOT6L 1.62
2303581 at Clorfig8é 1.62
202765 s at FBN] 1.62
1565162 5 at MGSTH 1.62
235844 at ZXSCANS 1.62
1558346 at COX17 1.62
205624 at CPA3 1.62
202579 x at HMGN4 1.62
214913 at ADAMTS3 1.62
1556069 s at HIF3A 1.62
235051 at CODCS0 1.62
236782 at SAMD3 1.62
236673 at TIFAB 1.62
233641 & at FAMISTA 1.62
225426 at PPPGC 1.62
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215310 at APC 1.61
1556277 a at PAPD4 1.61
227553 at PIK3RS5 1.61
1553718 at ZNF548 1.61
212746 s at CEPI70 1.61
219684 at RTP4 1.61
205225 at ESRI 1.61
204103 at CCLA4 1.61
205859 at LYR6 1.61
212704 at ZCCHCH 1.61
208893 s at DUSPs 1.61
206618 at ILIBR1 1.61
212502 at ADO 1.61
213160 at DOCK?2 1.61
204042 at WASKE3 1.61
203275 at IRF2 1.61
201741 x at SRSF1 1.61
219023 at APTAR 1.61
217989 at HSD1781H 1.61
203156 at AKAPI 1.61
201133 s at PIAZ 1.61
231558 at INSM1 1.60
226331 at LOCIG0506748 1.60
231779 at IRAK?Z 1.60
242680 at AVPRIA 1.60
232197 x at ARSHE 1.60
203199 5 at MTRR 1.60
235171 at LOCIG3S05501 1.60
206974 at CXCRG 1.60
1561226 at XCR1 1.60
206584 at Y96 1.60
202995 5 at FRLNI 1.60
217504 at ABCAS 1.60
207375 s at ILISRA 1.60
1559369 at C5orfdd 1.60
216250 < at LPXN 1.60
235648 at ZNF567 1.59
224797 at ARRDC3 1.59
1552670 a at PPPIR3B 1.59
223320 5 at ABCBIO 1.59
202434 ¢ at PLSCRI 1.59
209708 at MOXD] 1.59
206589 at GFI1 1.59
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222414 at

MELL3

O

R

i
223588 at THAPZ 1.59
213208 at KIAAD240 I
203153 at HIEY i
223343 at MS4AT7 1.5¢
1553996 5 at EIF4AZ .59
218666 at MS4ABA 1.59
215446 s at LOX 1.59
235160 at ATET 1.59
2284380 at MAGI2-AS3 1.59
204122 at TYROBP 1.59
228967 at ElF1 1.59
230141 at ARID4A 1.59
226366 at SHPRH 1.58
218854 at DSE 1.58
219895 at FAMTOA 1.58
226344 at ZMATI 1.58
207068 at LEP37 1.58
227025 at PPHLNI 1.58
222496 s at RBM47 1.58
219694 at FAMIOSA 1.58
205220 at HCAR3 1.58
203645 s at D163 1.58
239651 at ANAPCS 1.58
1555812 a at ARHGDIB 1.58
226908 at LRIG3 1.58
212956 at TRCIDY 1.58
228564 at TLRS 1.58
231610 at TTBK2 1.58
204176 at KLHL20 1.58
205307 s at KMO 1.58
229618 at SKX16 1.58
213596 at CASP4 1.58
208666 s at ST13 1.58
238678 at FLJ45346 1.58
219161 s at CELF 1.58
237777 s at PTPLAD] 1.58
209587 s at CD200 1.57
235155 at BDHZ 1.57
205407 at RECK 1.57
215493 x at BTN2AL 1.57
242979 at IRS1 1.57
212277 at MTMR4 1.57
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213170 at

OPX7

222279 at

HLA-F-AS1

(o]

1.57
214146 s at PPBP 1.57
210354 at IFNG 1.57
226181 at TUBE] 1.57
224600 at CGORP 1.57
206519 x a8t SIGLECS 1.57
212672 at ATM 1.57
207431 s at DEGS1 1.56
226358 at APHIB 1.56
208450 at LOALS2 1.56
212820 at DMXL2 1.56
205191 at RP2 1.56
218486 at KEF] 1.56
225931 5 at RNF213 1.56
241399 at FAMISAZ 1.56
224701 at PARPI4 1.56
205127 at PTGS] 1.56
2267959 at FGD6 1.56
227475 at FOXQ1 1.56
230413 s at APIS2 1.56
242521 at LOCIO0505812 1.56
44790 s at KIAAQ226L 1.56
204032 at BCAR3 1.56
2248635 at FAR] 1.56
221556 at CDCi14B 1.56
230158 at DPYIGL2 1.56
217915 5 at RSLZ24D1 1.56
2433740 at CAPRINI 1.56
227722 at RPSZ3 1.55
212486 s at FYN 1.55
220092 < at TRMTIL 1.55
205421 at SLC2ZA3 1.55
214070 s at ATPIOB 1.55
1556300 5 at SEMI 1.55
206170 at ADRB2 1.55
217104 at ST20 1.55
212530 at NEK?7 1.55
227226 at MRAP2 1.55
201455 & at NPEPPS 1.55
1553150 at KDMIB 1.55
202181 at KIAAD247 1.55

1.5

i

214737 at

SP1

T
o
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2058433 at

BCE

1.55
206682 at CLECI0A 1.54
236539 at PTPN22 1.54
212598 at WIFY3 1.54
226251 at ASXL2 1.54
215743 at NMT2 1.54
1559454 at LRCH3 1.54
238453 at FGFBP3 1.54
226878 at HLA-DOA 1.54
220770 s at CSorfs54 1.54
209892 at FUT4 1.54
206765 at KCNJ2 1.54
202377 at LEPROT 1.54
235450 at FBX1 4 1.54
2195899 at EiF4B 1.54
2383581 at GBPA 1.54
221231 s at Cl4orf102 1.54
212764 at ZEB1 1.54
214162 at LOC284244 1.54
227425 at REPSZ 1.53
221823 at {50rf30 1.53
227428 at GABPA 1.53
204451 at FZD1 1.53
211089 5 at NEK3 1.53
203799 at CD302 1.53
224965 at GNG2 1.53
206159 at GDFG 1.53
207181 ¢ at CASP7 1.53
1556770 a at FBXEL13 1.53
212408 at TORIAIPI 1.53
201683 at CUNTH 1.53
235520 at ZNF280C 1.53
1353906 s at FGD2 1.53
233241 at PLKISI 1.53
228728 at CPEDI 1.53
225872 at SEL35F3 1.53
229067 at SRGAPZC 1.53
209969 s at STATI 1.53
1554062 at XG 1.53
211548 5 at HPGD 1.53
215023 ¢ at PEX1 1.53
210135 s at SHOX2 1.53
215307 at ZNF529 1.53
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226326 at PCGFRS 1.53
222659 at PO 1.52
227351 at {160rfh2 1.52
202510 s at TNFAIP2 1.52
204114 at NIiD2 1.52
210355 at PTHLH 1.52
221950 at EMXZ 1.52
226884 at LRRN1 1.52
226741 at SLCIZAG 1.52
202073 at OPTN 1.52
236244 at HNRNPU 1.52
210340 s at CSF2RA 1.52
228788 at YPELI 1.52
214581 x at TNFRSF2 1.52
201422 at IFI30 1.52
204172 at CPOX 1.52
225207 at P4 1.52
205590 at RASGRPI 1.52
227210 at SEMBT?2 1.52
231975 ¢ at MIER3 1.52
212067 s at IR 1.52
202026 at SDHD 1.52
1555888 at LOC440044 1.52
219940 s at PCID2 1.52
207339 s at LTB 1.52
235537 at OCIADH 1.52
238081 at WIFY3-AS2 1.52
218769 s at ANKRAZ 1.51
212406 s at PCMTD2 1.51
235885 at P2RY12 1.51
227171 at T4 1.51
209546 5 at APOLI 1.51
204591 at CHLI 1.51
213974 at ADAMTSES 1.51
221757 at PIK3IP 1.51
220380 at ZNF235 1.51
213605 s at LOCT28093 1.51
235151 at LOC283357 1.51
239237 at LOCI00506776 1.51
219209 at IFIH1 1.51
205498 at GHR 1.51
218918 at MANICI 1.51
203097 s at RAPGEE2 1.51

- 150 -



WO 2013/149194

PCT/US2013/034688

1556116 5 at

TNPO1

1.51

239843 at RITH 1.51
228010 at PPPIRZC 1.51
209687 at CXCL12 1.51
213095 x at AR 1.51
208018 5 at HCK 1.51
211958 at IGFBPS 1.51
238923 at SPOP 1.51
234888 at CACHD 1.51
201218 at CTBP2 1.51
218311 at MAP4K3 1.51
202171 at VEZF1 1.51
229969 at SEC63 1.51
230780 at LOCT30091 1.51
1564276 at CSorf56 1.50
209168 at GPM6R 1.50
222938 x at ENPP3 1.50
205051 & at KIT 1.50
231993 at ITGRL 1.50
2219658 at MPHOSPHS 1.50
222218 s at PILRA 1.50
222577 at PDFPI 1.50
222075 s at OAZ3 0.67
1555677 5 at SMCIA (.67
223894 5 at AKTIP 0.67
218488 at EIE283 0.67
226355 at POCIA 0.67
239319 at LOCT28342 0.67
202041 s at FIBP (.67
229119 5 at ZSWIM7 0.67
212123 at TCEN3 .67
206653 at POLR3G (.67
202570 s at DLGAP4 0.66
213546 at DKFZP586114280 (.66
220021 at T™MCT 0.66
219944 at CLIP4 0.66
219693 at AGPATS {1.66
220900 at CB109 0.66
219395 at ESRP? 0.66
227844 at FMINL3 0.66
202870 s at CDCZ0 0.66
200643 at HDLBP (.66
40850 at FEBPE 0.66
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229635 at

LOCIG0305702

0.66

227414 at FAMA43A 0.66
204328 at TMCH .66
220244 at LINC0O0312 0.66
225496 s at SYTLZ 0.66
213571 5 at EIF4E2 0.66
208297 s at EVI5 0.66
208932 at PPP4AC (.66
230367 at INPPSE 0.66
222810 s at RASAL2 0.66
200601 at ACTN4 .66
210480 s at MYO6 0.66
214752 x at FLNA 0.66
213067 at MYHIO 0.66
227477 at ZMYNDIY 0.66
224898 at WDRZ6 (.66
223701 s at UsSp47 0.66
207865 s at BMPEB .66
220203 at BMPSA 0.66
206312 at GUCY2C 0.66
203727 at SEIVZL (.66
202756 5 at GPCH 0.66
213899 at METAP2 0.66
242624 at ABLIMZ {1.66
205423 at AP1B1 0.66
207321 s at ABCRY 0.66
235536 at SNORDEY 0.66
241436 at SCNNIG 0.66
213008 at FANCI (.66
201291 s at TOPZA 0.66
206034 at SERPINES .66
239196 at ANKRDZ2Z {1.66
225788 at RRP36 0.66
235086 at THBS1 (.66
204616 at UCHL3 0.66
221063 x at RNF123 0.66
203382 s at APQOE {1.66
1552314 a at EYA3 0.66
1554049 s at DCAFR 0.66
232074 at PRSS27 0.66
228936 at GERA3 0.65
205138 s at UST (.65
227060 at RELT 0.65
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205268 5 at

ADD2

(.63

213822 ¢ at UBE3B (.65
219842 at ARLIS (.65
204840 s at EEAT (.65
235948 at RIMELA (.65
208676 s at PA2GY 0.65
210020 x at CALML3 (.65
227898 s at ZFP41 (.65
200710 at ACADVL (.65
207390 ¢ at SMTN .65
218360 at AB22A (.65
204454 at LDOCE 0.65
211564 s at PDLIMA4 (.65
201911 5 at FARP (.65
214374 ¢ at PPFIBPI (.65
212374 at FEMIB (.65
208555 x at CST12 (.65
225591 at FBX{O2Z5 0.65
217933 s at LAP3 0.65
1569064 at Cllorf62 (.65
1569468 5 at EMEZ (.65
226615 at XPR1 (.65
226697 at FAMI14A (.65
235998 at RHPNI (.65
200598 s at HSPOCB1 0.65
235709 at GAS2L3 (.65
212878 5 at KLU 0.653
223005 ¢ at PTDSS2 (.65
238528 at UBR1 (.65
225955 at METRNL 0.65
202107 s at MOM2 0.65
202806 at DBENI (.65
1554333 at DNAJA4 (.65
223682 s at EIFIAD (.65
214324 at P2 (.65
202109 at ARFIP2 (.65
214337 at COPA (.65
203634 s at CPTIA 0.65
227318 at TMEMIT7ER (.65
222240 s at ISYNAT (.65
223713 ¢ at MAPGD! (.65
209912 s at APSZ1 (.65
218489 s at ALAD (.65
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227880 5 at MEMISSA (.65
223419 at FBXW9 (.65
2223248 at MASTS (.65
209848 s at PMEL (.65
219904 at ZSCANSA (.65
231928 at HES2 (.65
244889 at LOC38R214 (.65
205521 at EXOG (.65
1552296 at BESTS (.65
203722 at ALDH4AL .65
221585 at CACNGE (.65
"(32’714 s at KIAAQ391 0.65

232270 at CYort3 (.65
219084 at NS5 (.65
202356 ¢ at GTF2F1 (.65
208190 s at LSR (.64
221521 s at (GINS2 (.64
228236 at SECS2A3 .64
227217 at WNK2 0.64
238464 at FAME3A 0.64
206277 at P2RY?Z (.64
226359 at GTPRP1 (.64
1552578 a at MYO3B .64
216212 s at DECH (.64
215235 at SPTANI 0.64
221981 s at WIDRS9 .64
203263 5 at ARHGEF9 (.64
210428 s at HGS (.64
225794 s at {220rf32 (.64
226313 at Clorf35 0.64
204608 at ASL .64
230674 at LGR4 (.64
219864 at C220r{29 0.64
225301 s at MY(OSB (.64
219555 5 at CENPN (.64
219388 ¢ at ADAP2 (.64
1559399 5 ai ZCCHCIO (.64
233167 at SELO 0.64
202315 s af BCR .64
226009 at DPCH 0.64
229384 at ILDR2 0.64
223518 at DFFA (.64
1558173 a at LUZP1 (.64
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202391 at

BASPI

0.64

224987 at C6orf89 0.64
204378 at BCASH (.64
201353 s at BAZ2ZA (.64
1569689 at LOCIG0506895 .64
238594 x at DUSPR 0.64
202580 x at FOXMI 0.64
208998 at ueez (.64
1557165 ¢ at KIHLIE (.64
205164 at GCAT .64
212563 at BOPI (.64
211846 g at PVRLI 0.64
240233 at LOCIO0506714 .64
212983 at HRAS (.64
242283 at DNAHI4 0.64
2289272 at SHE (.64
202924 s at PLAGL2 (.64
208693 s at GARS .64
218874 5 at ATATI 0.64
222245 ¢ at FERILA 0.64
225193 at KIAA1967 (.64
225096 at C170rf79 (.64
202461 at EIF28B2 (.64
219916 5 at RNF39 (.64
217785 s at YKT6 0.64
202705 at CCNB2 .64
211531 x at PRBEI 0.64
2260927 at SWi5 0.64
203201 at PMM?2 (.64
209667 at CESZ 0.64
203903 s at HEPH .64
1552803 a at STMN1 (.64
205348 ¢ at DYNCHH (.64
231406 at ORALZ (.64
232203 at NED1 (.64
213467 at RNT2 .64
209495 at CEPZSO (.63
216555 at PRR14L 0.63
229494 < af PHILIDAZ (.63
231233 at KDMSB-AS (.63
242729 at TTN-AST (.63
38710 at OTUBI (.63
204256 at BELOVLG 0.63
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218619 5 at

SUV39HI

(.63

1557136 at ATPI3A4 0.63
242722 at LMO7 (.63
1569044 at CDCAZIBPG 0.63
1553226 at LINC000S2 0.63
1552386 at CRorfd7 0.63
219752 at RASALIL 0.63
213096 at TMCC2 (.63
209679 5 at SMAGP 0.63
224227 s at BDPY 0.63
204879 at PDPN (.63
203235 at THOPT 0.63
220482 s at SERGEF .63
205864 at SLC7A4 (.63
205796 at TCPIILI 0.63
229405 at KIF7 (.63
205375 at MBF] 0.63
228587 at HAMS3G .63
1553211 at ANKFN] 0.63
227437 at LOC160506668 0.63
225682 s at POLR3H (.63
232327 x at STARD1O 0.63
219722 < at GDhPD3 0.63
225751 at RBM17 {0.63
223346 at VPSIg 0.63
208637 x at ACTNI .63
204958 at PLK3 (.63
207525 s at GIPC1 0.63
201797 s at VARS (.63
2028 5 at E2F1 0.62
205145 s at MYLS .62
205436 s at H2AFX (.62
203668 at MAN2CH (.62
229581 at ELFNI (.62
55065 at MARK4 (.62
228933 at Clort74 0.62
218257 s at UGGTL (.62
238909 at S100A10 0.62
235461 at TET2 (.62
220308 at CCDCIo 0.62
205547 s at TAGLN 0.62
223919 at TPS3AIPE (.62
230104 s at TPpP 0.62
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35852 at TON2 .62
1564231 at IFT80 (.62
38340 at HIPIR (.62
219785 5 at FBX0O31 0.62
226828 s at HEYL (.62
210081 at AGER (.62
227283 at EFR3B (.62
221779 at MICALLI (.62
2158714 s at SMARCA4 0.62
229004 at ADAMTSI1S (.62
238703 at FAMZOTA (.62
204284 at PPPIR3C 0.62
217080 s at HOMER?2 0.62
213270 at MPP2 (.62
222622 at PGP (.62
1554469 at ZBTB44 (.62
1552755 at CO0rfoo 0.62
231230 at KONK 10 0.62
1568617 a at CAMSATPS (.62
226373 at SEFXN3 (.62
220620 at CRCTI (.62
1353023 a at NOXS 0.62
238028 at Coorti32 (.62
212570 at ENDODI (.62
1569787 at RFTNI 0.62
204745 x at MTIG 0.62
230847 at WRNIPT (.62
227744 g at HNRNPD 0.61
223078 s at TMOD3 (.61
205592 at SLLC4AL 0.61
201149 s at TIMP3 (.61
210065 5 at UPKIB (.61
203612 at BYSL (.61
240288 at KONRG (.61
227672 at CRarf73 0.61
210689 at CLDN14 (.61
1554804 a at CLDWNIG (.61
31846 at RHOD 0.61
214687 s at NEATT 0.61
222783 5 at SMOC] (.61
227069 at CUX1 (.61
243362 s at LEF1-AS81 (.61
215471 s at MAF7 0.61
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1552618 at X6 (.61
214073 at CTTN (.61
221389 at PLA2G2E (.61
218376 s at MICALL 0.61
225317 at ACBDG (.61
200611 5 at WDR1 (.61
235683 at SESN3 (.61
206315 at CRLF1 (.61
230092 at UBXN10 0.61
2209583 ¢ at MTMRIZ (.61
210357 5 at SMOX (.61
203004 s at MEF2D 0.61
205214 at STK17B (.61
209945 5 at GSK3B (.61
238625 at Clorfl68 (.61
212154 at SDC2 (.61
229854 at OBSCN 0.61
228274 at SDSE (.61
1863796 5 at EARSZ 0.61
222671 ¢ at JMID4 (.61
219844 at C10orf118 (.60
212810 s at SLLCIA4 0.60
208922 at BRAP (.60
219271 at GAINTI4 (.6{
222227 s at HOMER3 0.60
205918 at SECAA3Z 0.60
210600 5 at TP5313 (.60
1554038 at LARPIB 0.60
239061 at TPRXL (.60
200720 s at ACTRIA 0.60
218961 s at PNKP 0.60
210624 s at ILVBL (.60
202525 at PRSSE 0.60
233208 x at {PSF2 (.60
204736 5 at CSPG4 0.60
202005 at STi4 (.60
1558281 a at TMERMIE4A (.6{
239263 at LOCI00506813 0.60
218960 at TMPRSS4 0.60
201516 at SRM (.60
239174 at LOCI03S05912 0.60
210021 s at CCNO (.60
217150 s at NF2 0.60
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201861 5 at

LRRFIPI

Q.60

216976 at HOOK1 0.60
212834 at DDXS2 .60
37408 at MRC?Z 0.60
218906 x at KLC2 0.60
225068 at GOLGATB Q.60
1554095 at REBM33 0.60
238636 at CACNALIC (.60
1560068 a at LOCT29870 0.60
237169 at TNC 0.60
218872 at TESC (.60
65635 at ENGASE 0.60
229084 at OUNTN4 0.60
1558050 at EIF2835 Q.60
206828 at TXK 0.60
239707 at SLCSALG (.60
208627 s at EZR 0.60
214763 at ACOTH 0.60
208002 5 at ACOTT Q.59
217930 s at TOLLIP 0.59
219194 at SEMA4G (.59
204857 at MADIL] (.59
209037 s at EHDI 0.59
219806 s at Cllorf7s (.59
1553672 at ENAH 0.59
1556308 at PRRT3 (.59
203367 at DUSP14 Q.59
224097 s at F1IR 0.59
1554701 a at TBCIDI6 (.59
232069 at KIF26A 0.59
228515 at 090784 (.59
216804 s at PDLIMS .59
226584 s at FAMII0A 0.59
227506 at SLCI6AS (.59
202198 5 at MTMR3 (.59
226661 at CDCAZ 0.59
219529 at CLIC3 (.59
228900 at SPECCH 0.59
211702 s at USP32 0.59
225249 at SPPL2B Q.59
225160 x at MDM2 0.59
203027 s at MVD (.59
222435 5 at UBE2IT 0.59
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223471 at

RAB3IP

Q.59

232304 at LOCI00133160 0.59
214838 at SEFT2D2 (.59
228176 at SiPR3 0.59
200924 < at SLCIAZ 0.59
222874 5 at CLN3 Q.59
206858 s at HOXC6 0.59
229275 at IGFNT (.59
217924 at Chorfiis 0.59
228303 at GALNTG 0.59
214490 at ARSF .58
228996 at RC3HI1 (.58
203287 at LAD1 .58
219229 at SLCO3A1 (.58
1553352 x at ERVW-1 .58
227174 at WDR72 (.58
231609 at Cl0orf82 0.58
1570156 s at FMNT (.58
228235 at MGCI6121 0.58
209442 x at ANK3 .58
212915 at PDZRN3 (.58
229715 at NCR3LGH 0.58
204657 s at SHB .58
233123 at SLC40A1 (.58
201050 at PLD3 (.58
1553785 at RASGEFIB .58
228360 at LYPDGB (.58
1554821 a at ZBED] .58
203842 s at MAPRE3 (.58
1555783 x at POLC? (.58
205872 x at PERE4ADIP (.58
212807 s at SORTI .58
205406 s at SPAL7 .58
235095 at CCDC64B (.58
203707 at ZNF263 0.58
237981 at CMYAS .58
237423 at RSPO4 .58
243955 at LOC388828 0.57
216222 < at MYO10 0.57
230976 at AKS Q.57
225258 at FBLIMI 0.57
206044 s at BRAF (.57
226535 at TGRS 0.57
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202402 5 at

CARS

Q.57

215547 at TSC22D2 0.57
201043 5 at ANP3ZA (.57
205948 at PTPRT 0.57
223461 at TBCID7 0.57
1853710 at FAMZI5A 0.57
212686 at PPMIH 0.57
239568 at FEJ31485 (.57
202275 at GEPD 0.57
211538 s at HSPA2 0.57
202895 s at SIRPA (.57
204556 s at DZiP1 0.57
214433 & at SELENBP 0.57
206472 5 at TLE3 Q.57
220193 at SH3D21 0.57
230144 at GRIA3 (.57
204420 at FOSLI 0.57
234925 at LOCT32275 .57
200906 5 at PALLD (.56
228929 at SPSB4 0.56
209588 s at EPHB2 (.56
213793 5 at HOMER] (.56
218876 at TPPP3 0.56
213385 at CHN2 .56
223468 s at RGMA 0.56
217966 s at FAMIZ9A 0.56
213607 x at NADK (.56
204734 at RIMB33 0.56
203160 s at RNFS (.56
220163 at CAMK2NI 0.56
243209 at KONO4 .56
213358 at SOGAZ .56
213030 s at PLXNAZ 0.56
226187 at DS (.56
224008 5 at KONK7 (.56
236263 at SHH 0.55
229518 at FAM46B .55
201481 s at PYGB 0.55
208653 s at D164 0.55
228720 at SORCS2 (.55
236275 at KRBAL 0.55
210402 at KCNH (.55
219554 at RHCG 0.55
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236926 at TBXI (.55
207144 s at CITED] 0.55
209696 at FEP] (.55
206758 at EDNZ 0.55
219478 at WEFDCH 0.55
223575 at KIAA1549 0.55
228486 at SEC44A1 0.55
206046 at ADAMZ3 (.54
229897 at EP400NL (.54
220245 at SLCA5A2 0.54
228473 at MSX1 (.54
211071 s at MLLTH (.54
222027 at NUCKS] .54
206623 at PDEGA 0.54
220317 at LRAT (.54
215729 s at VGLL] (.54
219511 s at SNCAIP 0.54
229909 at BAGALNTS .54
230498 at MCHR] 0.54
230469 at RTKN2Z (.54
209438 at PHEKAZ (.54
36829 at PERI (.54
228262 at MAPTD2 (.54
217395 at MT4 (.54
203827 at WIPH 0.53
33767 at NEFH (.53
209698 at CCHCRI (.53
237899 at LOC100506374 0.53
223427 s at EPB411L4B (.53
200744 s at GNBI 0.53
204157 s at SIK3 .53
215779 s at HISTIH2ZBG {3.53
1553388 at FAM26D 0.53
221031 s at APOLDI (.53
222871 at KLHDCRA (.53
235479 at CPEB2 0.53
1552496 a at {OBL (.53
231371 at TDRDIO 0.53
220795 & at BEGAIN .53
234978 at SLC36A4 (.53
206132 at MCC 0.52
230087 at PRIMAL (.52
221114 at AMBN 0.52
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206912 at FOXEL (.52
225142 at JHDMID (.52
229160 at MUMILT (.52
229596 at AMIDHD 0.52
212479 < at RMNDSA (.52
242660 at Cl0orfli2 (.52
210048 at NAPG (.52
1555007 s at WDR6GH (.52
207192 at DNASEIL2 0.51
205125 at PLCDI (.51
204682 at LTBP2 (.51
203650 at PROCR 0.51
240024 at SECI4E2 (.51
220011 at AUNIP 0.51
208399 ¢ at EDN3 (.51
203184 at FBNZ (.51
1569852 at CT7orf33 0.51
204105 s at NRCAM (.51
203021 at SLPY (.51
206306 at RYR3 (.51
211782 at IDS (.51
232067 at FAXC 0.50
216665 ¢ at TITY2 (.50
210236 at PPFIAT (.50
222774 g at NETO2 (.50
223720 at SPINKT (.49
239136 at LOCT28978 (.49
206994 at C3T4 (.49
219250 s at FLRT3 (.49
1553539 at KRT74 0.49
224762 at SERINC? (.49
210221 at CHRNAZ (.49
220289 ¢ at AIMIL (.49
218834 s at TMEMI32A (.49
227482 at ADCK 0.49
222277 at CIQTNF9BE-ASI .48
200790 at ODCH (.48
224293 at TTTY 10 0.48
226698 at FCHSDI (.48
232682 at MREG (.48
214168 ¢ at TP (.48
226899 at UNC5B (.48
204351 at S100p 0.47
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209591 5 at

BMP7

Q.47

226473 at CBX2 0.47
236651 at KALRN (.47
208701 at APLP2 0.47
237466 s at HHIP (.47
214357 at Clorflos Q.47
228977 at LOC729680 0.47
1552560 at LRRC1S 0.47
223991 5 at GALNTZ 0.47
205534 at PCDH7Y (.47
231867 at QDZz2 (.47
1557321 a at CAPN14 (.46
208613 & at FENB 0.46
218980 at FHOD3 0.46
203304 at BAMBI (.46
207703 at NLGN4Y (.46
206196 5 at RUNDC3A 0.46
215253 s at RLCANT (.46
205376 at INPP4R (.46
214636 at CALCB 0.46
213913 s at TRCID30 (.46
233586 5 at KLK1Z (.46
213556 at PINLYF (.45
207213 s at UsSP2 {3.45
227450 at ERPZ7 0.45
203921 at CHST? (.45
208250 5 at DMBTI (.45
224412 s at TRPMSG 0.45
206774 at FRMPDR (.45
214313 s at EIF5B 0.44
227650 at HIPA14 0.44
1562247 al LOC286058 (.44
202208 s at ARLAC (.44
217276 x at SERHEZ (.44
1553494 at TDH .44
213774 & at PPPIRZ .44
220624 s at ELFS {3.43
239913 at SLCI0A4 .43
207147 at DEX2 .43
219946 x_at MYHI14 .43
244764 at HERCS6 0.43
236255 at PLEEHG4R (.43
219463 at LAMPS (.43
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RAB3B

0.43

Py
242138 at DLX1 (.43
204903 x at ATGARB (.43
206882 at SLLIAS (.43
200343 at EFHDI (.43
239252 at ATGOR (.43
221416 at PLAZGIF (.42
227736 at {10099 (.42
1553829 at CYPIB1-AST 0.42
224279 < at CABYR 0.42
215785 5 at CYFIP2 0.42
221627 at TRIMIO 0.42
205290 s at BMP2 0.42
223739 at PADI 0.42
2031340 ¢ at KIFsC (.42
2323555 at {CREBS (.42
220067 at SPTBNS 0.41
210311 at FGES 0.41
155867 a at FOXNI 0.41
231875 at KIiF21A 0.40
220129 at SOHLHZ (.40
209800 at KRT16 0.40
1552807 a at SIGLECIO (.40
210335 at ASSF9 (.40
213713 g at GLB1L2 0.40
1556533 at Cl170rf52 .39
242329 at LOC4G1317 (.39
209859 at TRIMS (.39
229730 at SMTNL2 (.39
239572 at GJA3 0.39
241985 af IMY .38
215711 5 at WEEL (.38
206604 at OVOLI (.38
214226 at PRSSS53 (.37
205724 at PRPI 0.37
225809 at PARMI .36
227764 at LYPD6 (.36
218935 at EHD3 0.36
219655 at ATPBAZ (.36
231778 at DILX3 (.36
202376 at SERPINA3Z (.36
222015 at {CSNKI1E (.36
220984 s at SLCO5AL (.35
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224262 at HR (.35
206375 s at HSPB3 0.35
237225 at ZFY-AS1 (.35
226877 at RFX2 0.35
202752 x at SLCTAS 0.35
210948 5 at LEF] 0.35
208216 at DLX4 (.34
229823 at RIMSZ (.34
214983 at TTTY 1S (.34
237003 at BEST3 0.34
205637 s at SH3GL3 (.34
1555019 at CDHR1 (.34
205555 & at MSX2 .33
228975 at 5P6 0.33
214576 at KRT36 0.33
204720 s at DKAJCS (.33
217031 at KRT&4 0.32
218266 s at NCS1 (.32
219612 5 at FGG (.31
219301 s at CNTNAPZ 0.31
233301 at OXCT12 0.31
211429 5 at SERPINAT 0.31
219832 & at HOXC13 0.31
232684 at ZNFS503-A51 (.30
222878 5 at gTuB2 0.30
220090 at CRENN 0.30
206279 at PREY 0.30
222351 at PPPZRIB 0.30
206423 at ANGPTL7Y (.29
209981 at C3pC2 0.29
205374 at SLN (.28
243445 at BNC2 (.28
206004 at TGM3 27
240967 at KRTAP19-3 (.26
229158 at WNK4 0.26
207065 at KRY75 0.26
220635 at PSORSIC2Z (.26
228705 at CAPN12 0.25
1556410 a at KRTAPID-] (.24
229030 at CAPNSE 0.24
214517 at KRTAPS-Y (.24
209921 at SLCTAL (.23
210087 at ABCA4 0.23
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206677 at

KRT31

s

23
230760 at ZFY (.23
230720 at RNFIg2 0.22
1564435 a at KRT72 0.22
237507 at KRT73 (.21
208092 5 at FAM4SA 0.21
234683 at KRTAP4-6 (.21
234635 at KRTAP4-1 (.21
233640 x at KRTAPG-4 0.20
205713 s at COMP (.20
233681 at KRTAP3-3 (.20
216810 at KRTAP4.7 0.19
234639 x at KRTAPS-8 0.19
234631 at KRTAP4-R 0.19
206965 at KRT34 (.19
224269 at KRTAP4-12 (.18
208483 x at KRT33A 0.18
211149 a Uty 0.18
211029 x at FGFE13 (.18
234772 ¢ at KRTAPZ-2 0.17
234678 at KRTAP4-3 (.17
1564803 at KRTAPII-1 0.17
233534 at KRTAP3-2 0.17
22976 s at KRTAPI-1 0.17
234684 5 at KRTAP4-4 0.17
1554398 at LYG2 0.17
206224 at CSTH 0.17
208532 x at KRTAPS-¥ 0.17
1561330 at DSG4 (.16
207146 at KRT32 0.16
242301 at CBLNZ 0.16
234880 x at KRTAPIL-3 (.16
234691 at KRTAPZ-1 0.16
234679 at KRTAPO-3 (.16
234680 at KRTAPI7-1 0.15
206027 at S100A3 (.15
1555775 a at ZAR] (.15
234633 at KRTAP4-11 0.15
234637 at KRTAP4-5 0.14
220779 at PADI3 0.14
1555673 at KRTAP2-3 (.14
220972 s at KRTAPS-9 0.14
234671 at KRTAPS-Z 0.13
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232887 at PIRT (.13
2076740 at KRT&3 0.13
233537 at KRTAP3-1 (.13
221297 at GPROSD 0.12
233158 at KRT182 .12
237853 x at KRTAPIO-12 0.12
2182740 at CHACI 0.12
1562629 a at KRT40 (.11
207787 at KRT33B 0.11
228492 at USP9Y 0.11
1564560 at KRTAP7-1 0.11
207457 s at LY&G6D g.11
213711 at KRT8 0.10
216921 5 at KRT35 Q.10
1560897 a at KRTAPIg-11 (.10
1564974 at KRTAPS-1 (.09
207669 at KRT83 0.0
207063 at NCRNADJOISS .08
232618 at TXLNGZP Q.07
205000 at DDX3Y 0.05
206700 s at KDMSE 0.04
201909 at RPS4Y1 0.64
204409 s at EIFIAY 0.04
208331 at BPY2 (.43

By comparing the corresponding lists of genes identified as differentially

expressed to cach other (FIG. 244, bottom panch), three striking gene expression signatures

were uncovered in this analysis. First, many of the upregulated genes in alopecic skin of both

species were IFN-response genes, including the IFN-inducible chemokines CXCL 9,10 and

11 (FIG. 24A, FIG. 29). Secondly, several key CTL-specific transcripts were identified,
ncluding CDEA and granzymes A and B (FIG, 24A).

160288]

In turn, using CTL effectors, the small molecule JAK3 inhibitor, tofacitinib

(JAK3>JAK 1>>JAK2 selectivity Y, was shown to block IL-15 triggered pSTATS activation

(FIG, 248}, and inhibit CTL effector fimetions, including dermal sheath cell cytotoxicity

(FIG. 240), and granzyroe B/AFNy production (FI{. 241). Thus, hair follicle production of

1L.-15 provides a cytokine axis that can be interrupiled pharmacologically by inhibiting its

signaling in tomune effectors,
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[8828%9] Next, it was determined whether the effects of IL-15 blockade could be
recapitulated by intervening downstream using small molecule inhibitors of JAKS, Using
tofacitinib, systemic administration of JAKS31(FIG, 25) treatment prevented the development
of AA and the expansion of CDE NKG2D™ T cells in all grafted recipients. Skin of mice
treated with the protein tyrosine kinase inhibitor (PTKi) showed no histological signs of
Activity [ndex) transcriptional signature and Gene Expression Dynamic Index (GEDD

analysis in all mice (FIG. 25).

[B028¢]  To evaluate the efficacy of JAKS1 in the clinical context of A A, it was determined
whether systemic JAK31 treatment could reverse established disease by initiating therapy 7
weeks after grafiing, a time point at which all mice had developed extensive AA.

lroportantly, systeouc therapy induced hair regrowth all over the body, and hikewise
climinated the expansion of CDR'NKG2D' T cells and reversed histological markers of

discasc {FI1G. 38}, an cffect that persisted 2-3 mounths after the cessation of treatment.

[882911  Finally, to test a more clinically convenient route of delivery, it was determined
whether topical administration of PTKis could reverse long-standing alopecia arcats with
stmilar kinetics as systemic delivery. In established disease, topical tofacitinib, was highly
effective m reversing disease in treated lesions (applied to back skin), and complete hair
regrowth was obscrved within 12 weeks following topical therapy (FIG. 26A-B). Topical
therapy was associated with the disappearance of CDS'NKG2D' T cells in the treated skin
(FIG. 26C) and the reversal of histological markers of disease (FIG. 261), as well as the
normalization of the ALADIN transcriptional signatre (FIG. 26E), and the GEDI index in
all treated mice (FIG. 26F). Notably, untreated arcas on the abdomen remained alopecic
(FIG. 26A, middle panels), demonstrating that topical therapy was locally effective and
therapeutic effects were not the result of systemic absorption. Further, these effects were

dorable 2-3 months after the cessation of treatment (FIG. 264, right panels).

8062921 Taken together, the data identify CDR'NKG2ZD' T cells as the immune cellular
effectors responsible for sutoimmune attack of the hair follicle and provide support for a

model of AA pathogenesis.

86293} Importantly, these common mechanistic underpinnings were first revealed by in

the GWAS study, which placed AA squarely among this group of allicd autoimmune discases
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mvelving NKGZ2DL mediated recruitment of CDR T cell effectors, including type 1
diabetes™, celiac discase®® and rhoumatoid arthritis?®. These pathways can be interrapted
by small molecule inhibitors of the 1L.-15 downstream effector JAK kinases, the latter boing
particularly appealing as a topical therapeutic approach m this cutaneous disease. FDA-
approved JAK mnhibitors were used to show the therapeutic effect, arguing for clinieal

evafuation in AA with these compounds or other JAK PTKis in clinical development™

186294}  Ina very short time since the GWAS findings, not only have the specific subset
of cytotoxic T cells that give rise to AA been identified, but they have successfully targeted
them for elimination using clinically velevant, rational therapies selected on the basis of our
mechanistic studies. The findings iHustrate the power of GWAS studies in uncovering new
discase pathways, and, coupled with translational approaches™, have rapidly opened a new

and unexpected avenue for interverdion in AA.
1802957  Methods

168296]  DMice. 7-10 week old female C57BL6 and C3H/Hel mice {Jacksen Laboratories,

Bar Harbor, ME) were used and maiutained vnder specific patbogen-tree conditions.

862977 'Transfer of Alopecia Areata using grafted C3H/Hed skin, Normal-haired
C3H/Hel mice were grafted at 8 weeks of age (during the second telogen) with skin from a
C3H/Hel mouse that developed AA spontancously, as described previcusiy?. In brief, mice
spontancously affected with AA were euthanized, full thickness skin grafis of approximately
2 em in diameter were reraoved and grafted to normal-haired C3H/Hel mice. Hair loss

typically began at around 4-6 weeks after grafting,

[88298]  Flow cytometric analysis of skin and cutaneous lymph nodes. Tomakea
single cell suspension of mouse skin, fat was removed from the overlying skin in cold PBS
and then incubated in collagenase type 1 {2 mg/md in PBS) at 32°C for 75 minutes. After
digestion the skin was minced in RPMT/10% fetal bovine serum, filtered through a 70mM
cell strainer, and centrifuged at 1100g for 5 minutes. The pellet was resuspended in
RPMI/11% fetal bovine serum, filtered throogh a 40mM cell strainer and spun at 400g for
Smins. The pellet was resuspended in FACs buffer (PBS/5% BSA), BAPT to gate on five
cells and staining antibodies (histed in Supplemental Data). Cutaneous lymph nodes were
pooled minced in RPMI, fikkered through a 40mM cell strainer, centrifoged at 400g for §

minuies stained and analysed on a BD LSR I flow cytometer.
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186299} Transfer of T cell populations into recipient C3H/Hed mice. For positive
selection of T cell populations, lymph node cells were obtained from § C3H/Hel alopecic
mice, stained with anti-CD4, anti-CD8, and anti-NKG2D antibodies, then sorted (BD Influx)
to obtain two fractions: CD8 NKG2D T cells, and CDE NEG2DY T cells. Three to five 7-
week-old C3H/Hel mice per group were injected subcutaneously with two million sorted
cells of each population. For negatively selected populations, NKG2D' cells were depleted
by incubating total tymph node cells from 3 alopecic C3H/Hel moice with biotinylated anti-
NKG2ZD (CXS) and then with streptavidin-conjugated beads (Miltenyi) prior to removal ona
Miltenyi magoetic columun. Five million cells {cither CDE/NKG2D-depleted or total lymph
node celis) were suspended in 100ui PBS and transferred nto cach of 5 mice by

subcutancous injection.

180380¢] Prevention and Treatment Studies. For prevention studies, mice were treatment
begiuning the day of grafting (n=5-10 mice per group). For JAK31 expertments: mice were
implanted subcutancously with Alzet osmotic mint-pumps (pumps, model 2004, Durect
Corporation) on the back of cach mouse to deliver vehicle (poly{cthylenc giyeol} (PEG)300)

ot vehicle containing the JAK31 tofacitinib (Abmole) at 15 mg/kg/day for 12 weeks.

1903817 For topical treatment studies, grafted mice with long-standing AA (more than 8
weeks) were treated once daily for 12 weeks to affected skin on the dorsal back with vehicle
{ Aquaphor} or vehicle containing the JAK3 inhibitor {0.5% ointment). Full-thickoess skin
biopsies were excised from the dorsal surface of cach mousce at interim time points, and skin
samples were either snap frozen in liguid nitrogen for RNA extraction or snap frozen in OCT
for immuonostaiming.  Hair statos was examined twice weekly and hair growth index

30
calculated as described™.

{66382} Immunehistochemistry and immunafluorescence. 8 mM acetone-fixed frozen
mouse skin sections were air-dried and stained overnight with anti-mouse Abs (sce below) at
4°C i a moist chamber, Human hair follicles were microdissected and embedded in OCT

compoand prior to sectioning and staining (sce below).

1803831  Primary dermal sheath and lymphokine-activated killer (LAK) cell culture
Dermal sheath (D3} cells were isolated from microdissected mouse vibrissa follicles and
cultured in 20% FBS DMEM with Sng/mi mmurine FGF (Pepro Tech). LAK cells were

generated from splenocytes plated at 4x10° in 6-well plates with 50nM JAK3i (tofacitinib) or
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S50ng/ml murine IL-15 plas S0nM JAK 34, and incabated at 37°C in a 5% CO; incubator for

96 hours.

188384}  In vitre cytotoxicity assays. Determination of specific killing of target celis was
performed using CFSE-labeled 15 cols at targets mixed with different ratios of effector cells
meubated for S hours at 37°C 5% CO2 with or without neutralizing rat anti-mouse NKG2ZD
antibody (20ug/ml) (Biolegend, CXS§). Specific lysis of DS cells was determined flow

14

cytometrically by measuring cell death of CFSE+ DS cells using Annexin V/7-AAD.

[80385] Gene expression analysis in human and mouse skin and T cells. Total RNA
was isclated using the miRNeasy Mimi Kit ((Qiagen Inc., Valencia, CA, USA) with on-
coluron DNA digestion using the RNase-free DNase set ((QHagen, Toc.). For RNAseq analysis
CD3+CD8+CDA44+NK G2 D+ and CE3+ CD8+CD44+NKG2D- cells were flow-sorted from
tymph nodes of alopecic C3H/HeJ mice. RNA was extracted as above and prepared for RNA-
seq using the TruSeq RNA Sample Prep Kit v2. Samples were sequenced on the HiSeq 2000
sequencer (Hlumina, San Diego, CA) for 50 cycles. RNA-Seq files were demultiplexed by

the Rockefelier University Genomics Core Facility.

180386} For global transcriptional profiling in mouse skin, total extracted RNA was
processed osing the 37 IVT Express Kit from Affymetriz. Resubting biotinylated ¢cDNA
samples were hybridized to the Mouse Genome 430 2.0 gene chips and subsequently washed,
stained with streptavidin-phycoerythrin, and scanned on an HP GeneAsray Scanner (Hewlett-

Packard Company, Palo Alto, CA}.

1866387} For human AA samples, perilesional punch biopsies from 5 patients with patchy
alopecia arcata who were not undergoing local or systemic treatments were collected and

compared to scalp biopsies from § unrelated vnmaffected individuals.

{88388} Extracied total RNA were reverse transcribed and amplificd using the Ovation
RNA Amplification V2 kit (NuGEN Techunologics, Inc., San Carles, CA). Aowplified cDNA
was biotinylated with the Encore Biotin Module (NuGEN Technologics) and then hybridized

to the U133A Plus 2.0 gene chips.

[8838%]  Antibodies used for flow cytometry and immunsstaining. Flow cytometric
anafysis used the following anti-mouse antibodies: CD3 (17AZ, Ebioscience), CD4 {GK 1.5,

BD), CD80 (53-6.7, BDY), CDRa (YTS156.7.7, Biolegend), NKGZD (CX5, Ebioscience),
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NKGZA/C/E (clone 2045, Ebioscience), CDé4 (IM7, BD), CD4S (30-F11, BD), CD4%
(x5, BD), CD6ZE (MEL-14, BD), CD6Y (H1.2F3, BD)y, CDI03 (2E7, cBioscience), IFNy
(XMG1.2, Ebioscience), Granzyme B (NGZB, cBioscicenee), Rae-1 (186107, R&D).

803184} For immunchistochemical studies of mouse skin, 8 uM methanol-fixed frozen
skin sections were stained with primary rat antibodies (Biolegend) including: anti-CDD4 (clone
RM4-5), anti-CD8 {clone 53-6.7), Biotin anti-MHC class 1 {clone 36-7.5), anti-MHC class 1
(clone M35/114.15.2). Biotinylated goat anti-rat g (Life Technologies) was used as
secondary antibody. For immunofluorescence studics anti-HSE0 (R&D, clone 205326), anti-
Pan Rae-1{R&D, clone 186107), anti-NKG2D (R&D clone 191004), andi-K71 (Abcam)
primary antibody were used in immunofluorescence. Alexa Fluor 488 or Alexa Floor 504-
conjugated goat anti-Rat, donkey anti-Rabbit or donkey anti-Goat antibody was used as

secondary antibody {Life Technologics).

{88311} Human haeir follicles were microdissected and embedded in OCT compound prior
1o scctioning and staining. 8 uM methanol-fixed frozen sections were stained with CDR
(SCBT, CR/1448) followed by staining with Alexa Fluor 488 or Alexa Fluor 594-conjugated
secondary antibody {Life Technologies). All images were captured with an SDRC Zeiss

Exciter Confocal Microscope.

[88312] Statistical Analvsis and Quality Control of Gene Expression Sisnatures

[80313] RNA-Seq analysis, Samples were sequenced on the HiSeq 2000 sequencer
{Itlamina, San Diego, CA) for 50 cycles. RNA-Seq files were demultiplexed by the
Rockefeller University Genomics Core Facility. Quality control of the sample fastg files was
performed using fastqe™. TopHat™ was used to map transcripts to the UCSC mm¥
reference genome from iGenome. The RefSeq gene annotation packaged with this iGenome
version of the UCSC mumY were used. The htseg-count utility from the HTSeq package was
used to convert TopHat bam files 1o counts that could be used as nput for downstream
analysis of differential expression with edgeR™. Absent genes were removed and 2
pseudocount of 1 was added in order to aveid division by zere in downstream analysis.
EdgeR was used to identify differentially expressed genes using a matched pairs design with

three biological rephicates.
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{80314} DMicroarray Analysis.

B0318]  Quality Control, Preprocessing. For the mouse ¢DNA samples were hybridized

to the Mouse Genome 430 2.0 gene chips and subsequently washed, stained with
streptavidin-phyceerythrin, and scanned on an HP GencArray Scanner (Hewlett-Packard
Company, Palo Alte, CA). For the human, amplified cDNA was hybridized to the U133A

2.0 gene chips.

[88316)  Quality control was performed using the affyanalysisQC package from

http:/farravanalysis.org/. AffyanalysisQC uses R/BioConductor packages: afty, atfycomp,

affypdnn, affyPLM, affyQCReport, Array Tools, bioDistm biomaRy, simpleatly, yvageatfty to
perform QC within a single script. RMA normalization™ was performed on cach
experimental group separately. Batch effect correction using ComBat was required for the

prevention experiments.

{83177 Microarray preprocessing was performed using BioConductor in R.
Preprocessing of the three experiments, 1) spontancous AA mice vs. normal mice, 2)
prevention mice with three treatments vs placebo and sham-operated mice, and 3) treatment
mice for two freatments vs. placebo were performed separately using the same pipeline. In
addition to the preprocessing that was done for the mouse skin samples, Harshlight was used

to correct for image defects for the human skin samples.
186318] Identification of Gene Signatures,

- . Y . N . . ~ E N ~ S3
80319]  Unsupervised analysis. Hierarchical clustering was performed using Cluster™ on

the 363 genes from the human 5x5 and 583 genes from the spontancous mouse 3x3 in order
that met the threshold abs{logRC) > 1, unadjusted p-value <= 0.05. Genes were first selected
that met the threshold logFC > 1, and unadjusted p-value <= §.05.Genes were median
centered and normalized. Spearman rank corrclation was used as the similarity measure and
average Hnkage was used to perform row {genes) and columm (sample) clustering.
Visualization of the hierarchical clusters was performed with java TreeView ™. Gene
Expression Dynamic Index (GEDT) analysis was used to visualize how “metagenes”
identificd with a self organizing map algorithm vary across samples™ . Metagenes are
chasters of genes that show similar expression patterns across samples and that arc assigned to
a single pixel in 8 two dimensional grid. Neighboring pixels demonstrate similar expression

patterns to ong another.
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180328}  Supervised analysis. Initial analysis of differential gene expression was
N , s S8
performed on the spontancous mouse 3x3 and the human 5x5 data sets using limma™. A

threshold of 1.5 fold change and unadjusted p-value of 0.05.

1903217 RT-PCR Validation. Predicted differentially expressed genes o human and
mouse were confirmed using RT-PCR. First-strand ¢DN A was synthesized using a ratio of
2:1 random primers: Oligo (d7) primer and SuperScript HI RT (Invitrogen) according to the
manufacturer’s instructions. gRT-PCR was performed on an ABI 7300 machine and analyzed
with ABI Relative Quantification Study software (Applied Biosysterss, Foster City, CA,
USA}. Primers were designed according to ABI guidelines and all reactions were performed
using Fower SYBR Green PCR Master Mix (Applied Biosystems), 250 oM primers
(Invitrogen) and 20 ng ¢DNA i a 20uL reaction volume. Primer sequences are provided in

Table §.

(883221 Table 5. RT-PCR Primers for mouse mRNA validation studies.

Mouse RT-PCR
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¥ Commercial Solarnis real-time PCR system primers and probe sets AX-047904-01, AAX-
(347854-01, AX-(47833-01, AX-049954-01, AX-042357-01 and AX-040917-00 (Thermo
Scientific) were used for PCR of Rae-1a, Rae-1b, Rag-1¢, Rag-1d, Rae-le and GAPDH.

Results are expressed as 'fold increase’ in mRNA expression.

[803231  Table 6. RT-PCR Primers for human mRNA validation studies.

Human RT-PCR

198324}  The following PCR protocol was used: step 1: 56°C for 2 vun; step 2: 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 cyeles. All
samples were run in quadruplicate for three independent runs and normalized against an

endogenous indernal control as indicated.

188328}  ALADIN scores. The IFN and CTL signatures were used to develop a bivariate
score statistic. Individual signature IFN and CTL scores were determined following
procedures used in human SLE™ . The sets of genes selected to comprise our IFN and
CTL signatures were CD8A, GZMB, and ICOS for the CTL signature, and CXCLY,
CXCLI0, CXCL11, STATE, and MX1 for the IFN signature, The scores for the prevention
mice were calculated inrelation to the sham mice; whereas, the scores for the topical

treatment experiments were calculated relative to all the samples at week zero.
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EXAMPLE 5 - Effect of JAKS inhibitor on the induction of hair growth

1883277  The JAK-STAT signaling pathway has been implicated in several developmental
processes, and most recently in stem cell maintenance, activation and differeniiation. In the
course of the inventor’s topical treatment studies using JAES m the C3H/Hel AA mouse
model, it was noticed that the hairs that regrew did so with two siriling features that were

different from systemic administration: 1) hair regrowth was very rapid; and 2) the hair coat
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was darkly pigmented.  Withowt being bound by theory, in addition to the JAKS inhibitor
ciiminating pathogenic T cells from the skin, the JAKS inhibitor also has a direct effect on

the hatr follicle itsclf, for example, via an anagen-promoting effect.

190328} The dynamics of the JAK-STA'T signaling pathway were first interrogated using 2
targeted RT-PCR array containing readouts of JAK-STAT signaling (FIG. 32), and
compared gene expression between the telogen vs. anagen stages of the normal hair cycle

(FIGS. 32-3%).

[883287  This data revealed that many components of JAK-STAT signaling were
upregulated in telogen and downregulated in anagen phase of the normal hair cycle,
mdicating that in the context of the hair cycle, JAK-STAT signaling can be associated with

maintaining stem cell quicscence in telogen (FIG. 38).

[88338]  To test whether inhabition of JAK-STAT signaling could therefore trigger the
telogen-to-anagen fransition, a topical JAKS inhibitor was applied o test whether anagen

could be induced in normal mouse skin in telogen.

180331] Indeed, topical admimistration of a JAK3 inhibitor resulted in a striking anagen
induction in mouse skin in telogen, compared to vehicle alone. This was associated with
marked proliferation of keratinocyte matrix cells, and the induction and growth of robust

pigmented anagen hairs after 1-2 wecks (see FIGS. 38-43 ).

{66332}  This observation was compared to a positive control SAG {(sonic hedgehog
agonist) which is known to have the same effect, and the JAK3 inhibitor was comparable in

its effect on anagen induction (FIGS, 38, 42, 43).

1883331 Without being bound by theory, these findings indicate that blockade of JAK-
STAT signaling in telogen maimics in part the moelocular events of anagen inttiation, and can
be a usefidd therapeutic agent for hair growth, using topical JAK mhibitors to induce telogen

hairs to re-enter anagen.
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What is ¢laimed:

b

wh

A method of treating s hair-loss disorder in a mammalian subject in need

therecof, the method comprising:
{(a) administering to the subject a Jak3 inhibitor,
thereby treating the bair-loss disorder.
A method for inducing hair growth in a subject, the method comprising:
{(a) administering to the subject an effective amount of a Jak3 inhibitor,
thereby inducing hair growth n the subject.

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

disorder.

The method of claim | or 3, wherein the hair-loss disorder comprises
androgenctic alopecia, telogen efftuvium, alopecia areata, tinea capitis,
alopecia totalis, hypotrichosis, hereditary hypotrichosis siaplex, or alopecia

universalis.

The method of claim | or 2, further comprising determining whether the
inhibitor administered induced hair growth in the subject as compared to the

sabject’s hair growth prior to treatment with the imhibitor.

The method of claim 3, wherein the subject is afflicted with a hair loss

disorder.

The method of claim 1 or 2, wherein the inhibitor is an antibody that
specifically binds to a Jak3 protein or a fragment thereof, an antisense RNA or
andisense DINA that decreases expression of the gene that encodes the Jak3
protein; an antisense RNA or antisense DNA that decreases expression of the
Jak3 protein; a siRNA that specifically targets the Jal3 gene; a small molecole

that specifically binds to a Jak3 protein; or a combination thereof.

The method of claim 1 or 2, wherein the Jak3 inhibitor is tofacitinib

- 181 -
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(CPEOOSSH).

9. The method of claim 7, wherein the small molecule is Janex 1 (WHI-P131),
PE-95698(), WHI-P154, tofacitinib {CP690550), VX-509, JAKS Inhibitor 1V,
NSC114792, or R348,

10.  The method of claim 7, wherein the antibody specifically binds to a protein

comprising SEQ 1D NO: 1.

i1 The method of claim 7, wherein the siRNA is directed to a human nucleic acid

secquence comprising SEQ 1D NO: 2,

12, The method of claim 7, wherein the siRNA directed to a Jak3 gene is any one

of the sequences histed in Table 1.

13. The method of claim 1 or 2, wherein the administering compriscs a
subcutancous, intra-muscular, intra-peritoneal, or intravenous injection; an

infusion; oral, nassl, or topical delivery; or a combination thereof

14. The method of claim 1 or 2, wherein the Jak3 inhibitor is administered T time
per week, 2 times per week, 3 times per week, 4 times per week, § imes per
week, 6 times per week, 7 times per week, 8 times per week, Y times per week,
10 times per week, 9 times per week, 10 times per week, 1 times per weck,

12 times per week, 13 times per week, or 14 times per week.

15, The method of claim 1 or 2, wherein the subject is administered the Jak3
inhibitor for at least 1 week, at least 2 weeks, at least 3 wecks, at lcast 4
wecks, at feast 5 wecks, at feast 6 wecks, at least 8 wecks, at least 12 weeks, or

at Jeast 16 weeks.

16.  The method of claim 1 or 2 further comprising administering a Jak1/2

inhibitor to the subject.

-
~

The method of claim 16, wherem administering the Jak1/2 mhibitor is

conducted simultancously with the administering of the Jak3 inhibitor.
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i8.

19.

The method of claim 16, whereln administering the Jak1/2 inhibitor is
conducted sequentially o any ovder with the administering of the Jak3

inhibitor.

The method of claim 16, whercin the Jaki/2 inhibitor is INCE (018424,
GLPGOG34, AG490, CYT387, SBIS1R, LY3000104, TG101348, BMS-
911543, or CEP-701.
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