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TREATMENT OF INFLAMMATORY SKIN DISEASE
CROSS REFERENCE TO RELATED APPLICATION
[0001] This application claims benefit of U.S. Provisional Patent Application Serial No. 61/880,522,
filed September 20, 2013, the contents of which are herein incorporated by reference in their entirety.
TECHNICAL FIELD
[0002] The technical field relates to the compositions and methods for the treatment of
inflammatory skin diseases. The field also relates to screening assays for agents the treatment of
inflammatory skin diseases.
BACKGROUND
[0003] Various skin conditions are associated with increased T cell activation and abnormal antigen
presentation in the dermis and epidermis. For example, in contact allergic dermatitis, activation of
intracutaneous T-cells is observed. It is known that skin from patients exhibiting atopic dermatitis
contains an increased number of Langerhans cells. In psoriatic skin, there is an increased number of
antigen presenting cells, composed of both Langerhans cells and non-Langerhans cell Class I1 MHC-
bearing antigen presenting cells.
[0004] T cells play a major role in the immune response by interacting with target and antigen
presenting cells. For example, T cell-mediated killing of target cells is a multi-step process involving,
initially, adhesion of cytolytic T cells (the effector cells) to target cells. Also, helper T cells help initiate
the immune response by adhesion to antigen presenting cells.
[0005] These interactions of T cells with target and antigen presenting cells are highly specific and
depend on the recognition of an antigen on the surface of a target or antigen presenting cell by one of the
many specific antigen receptors on the surface of T cells.
[0006] One way in which T cells are activated is by binding of their antigen specific T cell receptors
to peptide-MHC complexes on the surface of antigen presenting cells such as macrophages. T cell
activation stimulates proliferation and differentiation of two types of functional T cells: helper cells,
which promote the proliferation and maturation of antibody-producing B lymphocytes, and killer cells,
which lyse target cells.
[0007] CD1 proteins are a family of transmembrane glycoproteins that mediate the presentation of
lipid and glycolipid antigens of self or microbial origin to T cells in a manner similar to MHC Class 1
molecules. CD1a molecules are found primarily on Langerhans cells, which are the major dendritic
antigen-presenting cells in the skin.
SUMMARY

[0008] The methods, compositions, and assays described herein are based, in part, on the discovery
that CD1a mediates inflammation related to certain conditions such as urushiol exposure (e.g., poison
oak, poison ivy, and poison sumac), psoriasis and atopic dermatitis. Further, the inventors have
discovered that inhibitors of CD1a are effective to therapeutically treat or prevent these and other

inflammatory skin diseases.
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[0009] One aspect provided herein relates to a method for treating or preventing an inflammatory
skin disease, the method comprising: administering a therapeutically effective amount of an inhibitor of
CD1a to a subject having an inflammatory skin disease, thereby treating or preventing the inflammatory
skin diseases.

[0010] In one embodiment of this aspect and all other aspects described herein, the inhibitor of
CD1a inhibits CD1a expression and/or activity.

[0011] In another embodiment of this aspect and all other aspects described herein, the inhibitor of
CD1a expression is an RNA interference molecule or a small molecule.

[0012] In another embodiment of this aspect and all other aspects described herein, the inhibitor of
CD1a activity is a small molecule, an antibody or fragment thereof, or a peptide.

[0013] In one embodiment of this aspect and all other aspects described herein, the inhibitor of
CDla is a human binding molecule against CD1a as described in U.S. Patent No. 7,968,092, the contents
are incorporated here in reference in its entirety.

[0014] In another embodiment of this aspect and all other aspects described herein, the
inflammatory skin disease is a T-cell mediated skin disease or disorder.

[0015] In another embodiment of this aspect and all other aspects described herein, the
inflammatory skin disease is urushiol-induced contact dermatitis.

[0016] In another embodiment of this aspect and all other aspects described herein, the
inflammatory skin disease is psoriasis and/or atopic dermatitis.

[0017] In another embodiment of this aspect and all other aspects described herein, the inhibitor of
CD1a activity inhibits binding of a ligand to CD1a or CD1a-mediated antigen presenting activity.

[0018] In another embodiment of this aspect and all other aspects described herein, the ligand is
urushiol.
[0019] In another embodiment of this aspect and all other aspects described herein, the inhibitor of

CD1a activity inhibits antigen-presenting activity of a Langerhans cell.

[0020] Also provided herein in another aspect is a pharmaceutical composition for treating an
inflammatory skin disease, the composition comprising a therapeutically effective amount of an inhibitor
of CD1a and a pharmaceutically acceptable carrier.

[0021] In another embodiment of this aspect and all other aspects described herein, the inhibitor of
CDla s selected from the group consisting of: an RNA interference molecule, a small molecule, a
peptide, and an antibody or fragment thereof.

[0022] In one embodiment of this aspect and all other aspects described herein, the composition
comprises an inhibitor of CD1a that is a human binding molecule against CD1a as described in U.S.
Patent No. 7,968,092, the contents are incorporated here in reference in its entirety.

[0023] In another embodiment of this aspect and all other aspects described herein, the composition
is formulated for systemic delivery.

[0024] In another embodiment of this aspect and all other aspects described herein, the composition

is formulated for topical delivery.
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[0025] Another aspect provided herein relates to a method for screening a candidate agent for
treating an inflammatory skin disease, the method comprising: (a) contacting a Langerhans cell or
population of Langerhans cells with an agent, (b) measuring expression and/or activity of CD1a in the
cell or population of cells, wherein a decrease in expression and/or activity of CD1a indicates that the
agent is a candidate agent for the treatment of an inflammatory skin disease.

[0026] In one embodiment of this aspect and all other aspects described herein, the candidate agent
is selected from the group consisting of: an RNA interference molecule, a small molecule, a peptide, and
an antibody or fragment thereof.
[0027] Also provided herein, in another aspect, is an assay comprising: (a) contacting a population
of Langerhans cells with a candidate agent, (b) contacting the cells of step (a) with a labeled CD1a
ligand, (c) measuring the intensity of the signal from the bound, detectable ligand, (d) comparing the
measured intensity of the signal with a reference value and if the measured intensity is decreased relative
to the reference value, (e) identifying the candidate agent as an inhibitor of CD1a expression and/or
activity in the cell.
[0028] In one embodiment of this aspect and all other aspects described herein, the CD1a ligand is
urushiol.
[0029] Another aspect provided herein relates to an inhibitor of CD1a for use in the treatment or
prevention of an inflammatory skin disease.
[0030] Also provided herein, in another aspect, is a use of an inhibitor of CD1a for the manufacture
of a medicament for the treatment or prevention of an inflammatory skin disease.

BRIEF DESCRIPTION OF THE FIGURES
[0031] FIGs. 1A-1B show the interaction between CD1a and urushiol and the concept of the
immune response to poison ivy.
[0032] FIG. 1A is a schematic depicting an exemplary interaction between urushiol and CD1a on
the surface of a Langerhans cell and the immune response to poison ivy.
[0033] FIG. 1B shows that urushiol interacts as a ligand with a CD1a monomer in an in vitro plate-
bound assay.
[0034] FIGs. 2A-2D shows the effect of urushiol on inflammation in CD1a-transgenic mice.
[0035] FIG. 2A shows an exemplary experimental protocol for treating CD 1a-transgenic mice with
urushiol.
[0036] FIG. 2B shows the degree of ear swelling in wild-type B6 and CD1a-transgenic mice treated
with urushiol as shown in FIG. 2A.
[0037] FIG. 2C shows inflammatory granulocytes in the ears of urushiol-challenged mice.
[0038] FIG. 2D shows T-cell subsets in ears of urushiol-challenged mice.
[0039] FIGs. 3A-3D show a CDla-mediated cytokine profile in urushiol-induced dermatitis.
[0040] FIG. 3A shows IL-17A and IFN-y in urushiol-induced dermatitis.
[0041] FIG. 3B shows IL-17A CD4+ T-cell subsets in urushiol-induced dermatitis.

[0042] FIG. 3C shows IL-17A cytokine and IL-22 in urushiol-induced dermatitis.
3
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[0043] FIG. 3D shows IL-17A/IL-22 CD4+ T-cell subsets in urushiol-induced dermatitis.
[0044] FIGs. 4A-4D show the reductive effect of an anti-CD1a blocking antibody in urushiol-
treated mice.
[0045] FIG. 4A shows data indicating that blocking CD1a abrogates skin inflammation.
[0046] FIG. 4B shows data indicating that inhibition of CD1a decreases neutrophil infiltration.
[0047] FIG. 4C shows data from CD1la-expressing cells in the ear and indicates that anti-CD1a
depletes Langerhans cells in skin.
[0048] FIG. 4D shows data indicating that anti-CD1a treatment reduces IL-17A-producing CD4 T
cells.
[0049] FIGs. 5A-5C show the contribution of CD1a in psoriasis.
[0050] FIG. 5A shows that CD1a regulates the immune response to imiquimod (IMQ) as a model of
psoriasis.
[0051] FIG. 5B shows that the psoriatic immune response is dependent on CD1a.
[0052] FIG. 5C shows that CD1a mediates a Th17-type response in psoriasis.
[0053] FIGs. 6A-6C show the reductive effect of anti-CD1a treatment in a psoriasis model.
[0054] FIG. 6A shows the effect of anti-CD1a treatment on the degree of ear swelling in a mouse
model of psoriasis.
[0055] FIG. 6B shows that CD1a therapy reduces T-cell infiltration in skin.
[0056] FIG. 6C shows that treatment with anti-CD1a abrogates Th17 phenotype in a psoriasis
model.
[0057] FIGs. 7A-7D show that CD1a suppresses the immune response to 2, 4,-dinitro-1-
fluorobenzene (DNFB).
[0058] FIG. 7A shows a schematic diagram depicting an exemplary experimental protocol for
assessing response to DNFB in wildtype or CD1a-transgenic mice.
[0059] FIG. 7B shows the degree of ear swelling in wildtype and CD la-transgenic mice treated
with DNFB.
[0060] FIG. 7C shows data indicating that the immune response to DNFB is decreased in CD1a-
transgenic mice.
[0061] FIG. 7D shows data indicating that CD1a modulates the generation of IFN-y-producing CD8
T cells in response to haptens (DNFB).
[0062] FIGs. 8A-8B show that CD1a mainly facilitates the expansion of CD4 T cells.
[0063] FIG. 8A shows the increased in CD8+ and CD4+ markers in CD1a transgenic mice exposed
to urushiol.
[0064] FIG. 8B shows the number of CD8+ and CD4+ T cells in CD1a transgenic mice exposed to
urushiol.
[0065] FIG. 9A-9B show that skin inflammation after MC903 application is aggravated in the
presence of CD1a. The vitamin D3 analogue MC903 was used to induce atopic dermatitis-like symptoms

in mice.
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[0066] FIG. 9A shows increased ear swelling in CD1a-transgenic mice that is abrogated by anti-
CD1a injection. For CD1a blocking, 200ug of anti-CD1a Ab was intraperitoneally injected into CD1a-
transgenic mice every other day (-1, +1, +3, +5, and +7 days before and after MC903 treatment).

[0067] FIG. 9B shows reduction of CD11b+Gr-1+ inflammatory granulocytes in inflamed ear
tissues by anti-CD1a Ab injection. For CD1a blocking, 200ug of anti-CD1a Ab was intraperitoneally
injected into CD1a-transgenic mice every other day (-1, +1, +3, +5, and +7 days before and after MC903
treatment).

DETAILED DESCRIPTION
[0068] The methods and assays described herein are based, in part, on the discovery that the
molecule CD1a expressed on Langerhans cells in the skin participates in the generation of inflammatory
skin diseases. Without wishing to be bound by theory, CD1a mediates an inflammatory T-cell response
that is characterized by the prominent production of cytokines like IL-17. This forms the basis for a
therapeutic treatment to target CD1a with specific antibodies, small molecule inhibitors, or RNAi to
prevent, treat or even cure skin disease.
Definitions
[0069] As used herein, the terms "treat," "treatment,” "treating,”" or “‘amelioration” refer to
therapeutic treatments, wherein the object is to reverse, alleviate, ameliorate, inhibit, slow down or stop
the progression or severity of a condition associated with, a disease or disorder. The term “treating”
includes reducing or alleviating at least one adverse effect or symptom of a condition, disease or disorder
associated with an inflammatory skin disorder. Treatment is generally “effective” if one or more
symptoms or clinical markers are reduced. Alternatively, treatment is “effective” if the progression of a
disease is reduced or halted. That is, “treatment” includes not just the improvement of symptoms or
markers, but can also include a cessation or at least slowing of progress or worsening of symptoms that
would be expected in absence of treatment. Beneficial or desired clinical results include, but are not
limited to, alleviation of one or more symptom(s) of an inflammatory skin disease, diminishment of
extent of the inflammatory skin disease, stabilized (i.e., not worsening) state of the inflammatory skin
disease, delay or slowing of progression of the disease, amelioration or palliation of the inflammatory
skin disease state, and remission (whether partial or total), whether detectable or undetectable. The term
"treatment” of a disease also includes providing relief from the symptoms or side-effects of the disease
(including palliative treatment).
[0070] In one embodiment, as used herein, the term "prevention” or “preventing” when used in the
context of a subject refers to stopping, hindering, and/or slowing down the development of an immune
disease and symptoms associated with the inflammatory skin disease.
[0071] As used herein, the term “therapeutically effective amount” means that amount necessary, at
least partly, to attain the desired effect, or to delay the onset of, inhibit the progression of, or halt
altogether, the onset or progression of the particular disease or disorder being treated (¢.g., an
inflammatory skin disease). Such amounts will depend, of course, on the particular condition being

treated, the severity of the condition and individual patient parameters including age, physical condition,
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size, weight and concurrent treatment. These factors are well known to those of ordinary skill in the art
and can be addressed with no more than routine experimentation. In some embodiments, a maximum
dose of a therapeutic agent is used, that is, the highest safe dose according to sound medical judgment. It
will be understood by those of ordinary skill in the art, however, that a lower dose or tolerable dose can
be administered for medical reasons, psychological reasons or for virtually any other reason.

[0072] In one embodiment, a therapeutically effective amount of a pharmaceutical formulation, or a
composition described herein for a method of treating an inflammatory skin disease is an amount of
sufficient to reduce the level of at least one symptom of the inflammatory skin disease (e.g., pain,
inflammation, itchiness, redness, pus, cytokine production, etc.) as compared to the level in the absence
of the compound, the combination of compounds, the pharmaceutical composition/formulation or the
composition. In other embodiments, the amount of the composition administered is preferably safe and
sufficient to treat, delay the development of an inflammatory skin disease, and/or delay onset of the
disease. In some embodiments, the amount can thus cure or result in amelioration of the symptoms of an
inflammatory skin disease, slow the course of the disease, slow or inhibit a symptom of the disease, or
slow or inhibit the establishment or development of secondary symptoms of the inflammatory skin
disease. For example, an effective amount of a composition described herein inhibits further pain and/or
inflammation associated with an inflammatory skin disease, cause a reduction in or even completely
inhibit pain and/or inflammation associated with an inflammatory skin disease, even initiate complete
regression of the disease, and reduce clinical symptoms associated with the inflammatory skin disease. In
one embodiment, an effective amount for treating or ameliorating a disorder, disease, or medical
condition is an amount sufficient to result in a reduction or complete removal of the symptoms of the
disorder, disease, or medical condition. The effective amount of a given therapeutic agent will vary with
factors such as the nature of the agent, the route of administration, the size and species of the animal to
receive the therapeutic agent, and the purpose of the administration. Thus, it is not possible or prudent to
specify an exact "therapeutically effective amount.” However, for any given case, an appropriate
"effective amount” can be determined by a skilled artisan according to established methods in the art
using only routine experimentation.

[0073] The terms “decrease”, “reduced”, “reduction”, or “inhibit™ are all used herein to mean a

29 6.

decrease by a statistically significant amount. In some embodiments, “reduce,” “reduction” or “decrease”
or “inhibit” typically means a decrease by at least 10% as compared to a reference level (e.g., the absence
of a given treatment) and can include, for example, a decrease by at least about 10%, at least about 20%,
at least about 25%, at least about 30%, at least about 35%, at least about 40%, at least about 45%, at least
about 50%, at least about 55%, at least about 60%, at least about 65%, at least about 70%, at least about
75%, at least about 80%, at least about 85%, at least about 90%, at least about 95%, at least about 98%, at
least about 99% , or more. As used herein, “reduction” or “inhibition” does not encompass a complete
inhibition or reduction as compared to a reference level. “Complete inhibition” is a 100% inhibition as

compared to a reference level. A decrease can be preferably down to a level accepted as within the range

of normal for an individual without a given disorder.
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[0074] The terms “increased” ,“increase” or “enhance” or “activate” are all used herein to generally
mean an increase by a statically significant amount; for the avoidance of any doubt, the terms
“increased”, “increase” or “enhance” or “activate" means an increase of at least 10% as compared to a
reference level, for example an increase of at least about 20%, or at least about 30%, or at least about
40%, or at least about 50%, or at least about 60%, or at least about 70%, or at least about 80%, or at least
about 90% or up to and including a 100% increase or any increase between 10-100% as compared to a
reference level, or at least about a 2-fold, or at least about a 3-fold, or at least about a 4-fold, or at least
about a 5-fold or at least about a 10-fold increase, at least about a 20-fold increase, at least about a 50-
fold increase, at least about a 100-fold increase, at least about a 1000-fold increase or more as compared
to a reference level.

[0075] The term “statistically significant” or “significantly” refers to statistical significance and
generally means a two standard deviation (2SD) below normal, or lower.. The term refers to statistical
evidence that there is a difference. It is defined as the probability of making a decision to reject the null
hypothesis when the null hypothesis is actually true. The decision is often made using the p-value.
[0076] As used herein, the term “candidate agent” refers to a composition anticipated to reduce at
least one symptom of an inflammatory skin disease by at least 10%, for example, a candidate agent can
inhibit the interaction of CD1a with ligand, or can otherwise reduce the degree of inflammation, lesion
size, appearance etc. of an inflammatory skin disease. Candidate agents can then be tested using the
screening assays described herein using primary Langerhans cells to determine if the candidate agent can
reproducibly cause a desired outcome and thereby be useful as an inhibitor of CD1a or a treatment for
inflammatory skin disease in a subject.
[0077] A “nucleic acid", as described herein, can be RNA or DNA, and can be single or double
stranded, and can be selected, for example, from a group including: nucleic acid encoding a protein of
interest, oligonucleotides, nucleic acid analogues, for example peptide- nucleic acid (PNA), pseudo-
complementary PNA (pc-PNA), locked nucleic acid (LNA) etc. Such nucleic acid sequences include, for
example, but are not limited to, nucleic acid sequence encoding proteins, for example that act as
transcriptional repressors, antisense molecules, ribozymes, small inhibitory nucleic acid sequences, for
example but are not limited to RNA1, shRNAI, siRNA, micro RNAi (mRNAi), antisense oligonucleotides
etc.
[0078] As used herein, the term "vector” refers to a nucleic acid molecule capable of transporting
another nucleic acid to which it has been linked. One type of vector is a "plasmid", which refers to a
circular double stranded DNA loop into which additional nucleic acid segments can be ligated. Another
type of vector is a viral vector, wherein additional nucleic acid segments can be ligated into the viral
genome. Certain vectors are capable of autonomous replication in a host cell into which they are
introduced (e.g., bacterial vectors having a bacterial origin of replication and episomal mammalian
vectors). Other vectors (e.g., non-episomal mammalian vectors) are integrated into the genome of a host
cell upon introduction into the host cell, and thereby are replicated along with the host genome.
Moreover, certain vectors are capable of directing the expression of genes to which they are operatively
7
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linked. Such vectors are referred to herein as “recombinant expression vectors”, or more simply
"expression vectors." In general, expression vectors of utility in recombinant DNA techniques are often
in the form of plasmids. In the present specification, "plasmid” and "vector” can be used interchangeably
as the plasmid is the most commonly used form of vector. However, the invention is intended to include
such other forms of expression vectors, such as viral vectors (e.g., replication defective retroviruses,
lentiviruses, adenoviruses and adeno-associated viruses), which serve equivalent functions. In one
embodiment, lentiviruses are used to deliver one or more siRNA molecule of the present invention to a
cell.

[0079] Within an expression vector, "operably linked" is intended to mean that the nucleotide
sequence of interest is linked to the regulatory sequence(s) in a manner which allows for expression of
the nucleotide sequence (e.g., in an in vitro transcription/translation system or in a target cell when the
vector is introduced into the target cell). The term "regulatory sequence” is intended to include
promoters, enhancers and other expression control elements (e.g., polyadenylation signals). Such
regulatory sequences are described, for example, in Goeddel; Gene Expression Technology: Methods in
Enzymology 185, Academic Press, San Diego, CA (1990). Regulatory sequences include those which
direct constitutive expression of a nucleotide sequence in many types of host cell and those which direct
expression of the nucleotide sequence only in certain host cells (e.g., tissue-specific regulatory
sequences). Furthermore, the RNA interfering agents can be delivered by way of a vector comprising a
regulatory sequence to direct synthesis of the siRNAs of the invention at specific intervals, or over a
specific time period. It will be appreciated by those skilled in the art that the design of the expression
vector can depend on such factors as the choice of the target cell, the level of expression of siRNA
desired, and the like.

[0080] The expression vectors of the invention can be introduced into target cells to thereby produce
siRNA molecules of the present invention. In one embodiment, a DNA template, e.g., a DNA template
encoding the siRNA molecule directed against CD1a, can be ligated into an expression vector under the
control of RNA polymerase III (Pol I1I), and delivered to a target cell. Pol 111 directs the synthesis of
small, noncoding transcripts which 3 ends are defined by termination within a stretch of 4-5 thymidines.
Accordingly, DNA templates can be used to synthesize, in vivo, both sense and antisense strands of
siRNAs which effect RNAi (Sui, et al. (2002) PNAS 99(8):5515).

[0081] The term "pharmaceutically acceptable” refers to compounds and compositions which can be
administered to mammals without undue toxicity. The term “pharmaceutically acceptable carriers”
excludes tissue culture medium. Exemplary pharmaceutically acceptable salts include but are not limited
to mineral acid salts such as hydrochlorides, hydrobromides, phosphates, sulfates, and the like, and the
salts of organic acids such as acetates, propionates, malonates, benzoates, and the like.

[0082] As used herein, the term “comprising” means that other elements can also be present in
addition to the defined elements presented. The use of “comprising” indicates inclusion rather than

limitation.
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[0083] As used herein the term "consisting essentially of" refers to those elements required for a
given embodiment. The term permits the presence of additional elements that do not materially affect the
basic and novel or functional characteristic(s) of that embodiment of the invention.

[0084] The term "consisting of" refers to compositions, methods, and respective components thereof
as described herein, which are exclusive of any element not recited in that description of the embodiment.
[0085] Further, unless otherwise required by context, singular terms shall include pluralities and
plural terms shall include the singular.

[0086] Other than in the operating examples, or where otherwise indicated, all numbers expressing
quantities of ingredients or reaction conditions used herein should be understood as modified in all
instances by the term “about.” The term “about” when used in connection with percentages can mean
+1%.

[0087] It should be understood that this invention is not limited to the particular methodology,
protocols, and reagents, etc., described herein and as such can vary. The terminology used herein is for
the purpose of describing particular embodiments only, and is not intended to limit the scope of the
present invention, which is defined solely by the claims.

CDla

[0088] CD1 proteins are a family of transmembrane glycoproteins that mediate the presentation of
lipid and glycolipid antigens of self or microbial origin to T cells in a manner similar to MHC Class [
molecules. CD1a molecules are found primarily on Langerhans cells, which are the major dendritic
antigen-presenting cells in the skin.

[0089] The CD1 proteins are typically expressed on the surfaces of dendritic cells, monocytes, and
thymocytes. The family of CD1 molecules is homologous to MHC-I and also functions in antigen
presentation (Brigl, M. & Brenner, M.B. Annu. Rev. Immunol. 22, 817-890 (2004)). In contrast to peptide
presentation by MHC, CD1 proteins present lipid antigens to T cells (Cohen, N.R ef al. Adv. Immunol.
102, 1-94 (2009)). Based on sequence homology, CD1 molecules are segregated in group 1 (CDla-c) and
group 2 (CD1d). Whereas CD1d stimulates the invariant population of NKT cells, group 1 CD1
molecules activate polyclonal T lymphocytes with a diverse T cell receptor (TCR) repertoire (Bendelac,
A, et al. Annu. Rev. Immunol. 25, 297-336 (2007), Strominger,J.L. J. Immunol. 184, 3303-3305 (2010)).
TCR diversity is also reflected in the functional mode of activation, with NKT cells responding like
innate-like lymphocytes and group 1 CD1-restricted T cells rather behaving like T cells of the adaptive
immune system (Cohen, N.R ef al. Adv. Immunol. 102, 1-94 (2009), Darmoise, A. et al. Immunity. 33,
216-228 (2010)). Whereas CD1d and NKT cells are present in all mammalian organisms, CD1a-c are
mainly expressed in humans and lack in mice. Thus, analysis of group 1 CD1-restricted T cells is limited
to in vitro experiments with patient-derived lymphocytes from peripheral blood. Consequently, definition
of the in vivo functions of those cells remains elusive.

[0090] However, the described functions of group 1 CD1-restricted T cells indicate that they have
an important role in human immunology (Brigl, M. & Brenner, M.B. Annu. Rev. Immunol. 22, 817-890

(2004)). Accordingly, CD1a, b, and ¢ molecules can present exogenous lipid antigens from pathogens
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such as Mycobacterium tuberculosis to subsequently activate T cells in infection (Cohen, N.R ef al. Adv.
Immunol. 102, 1-94 (2009)). In addition, T cells recognize self-lipids displayed by CD1a-c, indicating
their potential autoreactivity (Moody, D.B. Adv. Immunol. 89, 87-139 (2006)). Indeed, previous studies
demonstrated that T cells reactive with CD1a are highly abundant in peripheral blood and represent a
physiologic component of the human T cell population (de Jong, A. et al. Nat. Immunol. 11, 1102-1109
(2010), de Lalla, C. et al. Eur. J. Immunol. 41, 602-610 (2011)). Notably, these CD1a-autoreactive T
cells expressed skin homing receptors and predominantly produced the cytokine IL-22, which is involved
in skin homeostasis and inflammation (Duhen, T., et al. Nat. Immunol. 10, 857-863 (2009)).
Additionally, IL-22-producing T cells were stimulated by Langerhans cells (Fujita, H. et al. Proc. Natl.
Acad. Sci. U. S. A 106, 21795-21800 (2009)), which represent potent antigen-presenting cells (APCs) in
human skin and, as a hallmark, abundantly express CD1a (Hunger, R.E. et al. J. Clin. Invest 113, 701-
708 (2004), Pena-Cruz,V., et al. J. Invest Dermatol. 121, 517-521 (2003)).

Inflammatory Skin Disease

[0091] The skin is a large and vital organ that functions as mechanical, biochemical, and
immunological barrier to protect the organism from damage (Perera, G.K., et al. Annu. Rev. Pathol.
(2012)). Human skin consists of several layers including the outer epidermis and the dermis below that
separates it from the subcutancous tissue. The epidermis mainly consists of epithelial cells termed
keratinocytes that give rise to the cornified layer on top. Langerhans cells, the epidermal APCs, are
located in the basal layer close to the basement membrane (Fujita, H. et al. Proc. Natl. Acad. Sci. U. S. A
106, 21795-21800 (2009)). The dermis consists of connective tissue containing blood vessels, dermal
dendritic cells (DCs), and T cells. Human skin contains 1-2 million T lymphocytes per cm” in the steady-
state, and thus, the skin is a large immunological organ (Clark, R.A. et al. J. Immunol. 176, 4431-4439
(2006)).

[0092] Various skin conditions are associated with increased T cell activation and abnormal antigen
presentation in the dermis and epidermis (Cooper, Curr. Probl. Dermatol. eds. van Vloten et al., 19, pp.
69-80 at pp. 73, 74, 76 (1990)). For example, in contact allergic dermatitis, activation of intracutaneous
T-cells is observed. It is known that skin from patients exhibiting atopic dermatitis contains an increased
number of Langerhans cells (Cooper, supra). In psoriatic skin, there is an increased number of antigen
presenting cells, composed of both Langerhans cells and non-Langerhans cell Class I1 MHC-bearing
antigen presenting cells (Cooper, supra).

[0093] Dysregulation of skin homeostasis can lead to inflammation such as in psoriasis and atopic
dermatitis (Perera, G.K., et al. Annu. Rev. Pathol. (2012)). Psoriasis is known as T cell-mediated chronic
relapsing skin inflammation that represents an important public health problem with a prevalence of ~5%
in the U.S. It macroscopically presents with classical skin lesions, including elevation, erythema, and
scaling. Histologically, psoriatic skin is characterized by thickening of the epidermis (acanthosis),
epidermal extensions into the dermis (papillomatosis), and a differentiation defect of keratinocytes
leading to a nucleated cornified layer (parakeratosis) (Perera, G.K., et al. Annu. Rev. Pathol. (2012)).

Cellular infiltrate in psoriatic skin consists of CD8 T cells in the epidermis and mainly CD4 T cells in the
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dermis. Seminal work by Nestle and colleagues demonstrated that pre-psoriatic (healthy) skin from
psoriasis patients transplanted onto immunodeficient mice spontancously developed psoriasis (Boyman,
O. ctal. J. Exp. Med. 199, 731-736 (2004)). In this context, skin-resident passenger T cells were
responsible for generating inflammatory disease (Boyman, O. et al. J. Exp. Med. 199, 731-736 (2004)).
[0094] The methods and compositions described herein are useful to prevent or treat mammalian
(e.g., human) skin conditions characterized by increased T cell activation and abnormal antigen
presentation in the dermis and epidermis, by administering inhibitors of CD1a expression or activity.
The methods and compositions described herein are contemplated for both therapeutic treatment of
inflammatory skin disease and for prophylaxis of inflammatory skin disease. Essentially any
inflammatory skin disease comprising CD1a-mediated inflammation can be treated using the methods
and assays described herein.

[0095] As used herein, the term “inflammatory skin disease” refers to a skin condition accompanied
by inflammation that is mediated, in part, by T-cells. Non-limiting examples of inflammatory skin
diseases include psoriasis, psoriasis guttata, inverse psoriasis, pustular psoriasis, psoriatic erythroderma,
acute febrile neutrophilic dermatosis, eczema, xerotic eczema, dyshidrotic eczema, vesicular palmar
eczema, acne vulgaris, atopic dermatitis, contact dermatitis, allergic contact dermatitis, dermatomyositis,
exfoliative dermatitis, hand eczema, pompholyx, rosacea, rosacea due to sarcoidosis, rosacea due to
scleroderma, rosacea due to Sweet syndrome, rosacea due to systemic lupus erythematosus, rosacea due
to urticaria, rosacea due to herpetic pain, Sweet's disease, neutrophilic hydrodenitis, sterile pustule, drug
rash, seborrheic dermatitis, pityriasis rosea, Kikuchi's disease of the skin, pruritic urticarial papules and
plaques of pregnancy, Stevens-Johnson syndrome and toxic epidermal necrolysis, tattoo reaction, Wells
syndrome (eosinophilic cellulitis), reactive arthritis (Reiter syndrome), bowel-associated dermatosis-
arthritis syndrome, rheumatoid neutrophilic dermatosis, neutrophilic eccrine hidradenitis, neutrophilic
skin disease of dorsum of hand, balanitis circumscripta plasmacellularis, balanoposthitis, Behcet's
disease, erythema annulare centrifugum, erythema dyschromicum perstans, erythema multiforme,
granuloma annulare, dermatitis of hand, lichen nitidus, lichen planus, lichen sclerosus et atrophicus,
lichen simplex chronicus, lichen spinulosus, nummular dermatitis, pyoderma gangrenosum, sarcoidosis,
subkeratinous pustular dermatosis, urticaria, transient acantholytic dermatosis, urushiol-induced contact
dermatitis, and the like.

[0096] In one embodiment, the inflammatory skin disease is urushiol-induced contact dermatitis,
which can be caused by exposure to plants of the Toxicodendron family (e.g., poison oak, poison ivy,
poison sumac), members of the Anacardiaceae family (e.g., (mango, Rengas tree, Burmese lacquer tree,
India marking nut tree, and the shell of the cashew nut) or Ginkgo biloba.

[0097] In another embodiment, the inflammatory skin disease is psoriasis.

Urushiol-induced contact dermatitis

[0098] Approximately 350,000 to 500,000 Americans suffer from rashes resulting from urushiol
exposure every year. In particular, the genus Toxicodendron species (e.g., Western and Eastern poison

oak 7. diversilobum, poison ivy T. radicans, and poison sumac or dogwood 7. vernix) are distributed
11



WO 2015/042110 PCT/US2014/056021
widely across North America. Other sources of urushiol include poison wood (in Florida and the
Bahamas), and the sap (kiurushi) of the Asian lacquer tree ( Toxicodendron verniciflua) used as a varnish
in Japanese lacquer ware, and cashew nut shells. (See, for example, Tucker and Swan (1998) NEJM,
339(4): 235.)

[0099] Reaction to urushiol is an immunological response to the bio-oxidized form of urushiol (the
ortho-quinone). Approximately 50-70% of the U.S. population is either allergic to urushiol, or will
become allergic to it upon sensitization by repeated exposure. Symptoms of allergic contact dermatitis
from urushiol exposure (often referred to as Rhus dermatitis) vary from a mild annoyance to weeks of
irritation and pain. Occasionally, exposure can lead to nephropathy and even to fatal systemic
anaphylaxis.

[0100] The best treatment to date is to avoid contact with urushiol. There are many recommended
methods to remove urushiol after recent contact, including water, soapy water, organic solvents, and a
variety of commercially available solubilizing mixtures including TECHNU, IVYCLEANSE, ALL-
STOP, ZANFEL (comprising fatty acid, alcohol, and the surfactant sodium lauroyl sarcosinate), and even
DIAL ultra-dishwashing soap. Pharmacological treatment of the contact dermatitis usually involves a

course of topical and/or enteric treatments with hydrocortisones, B-methasone, and other similar

corticosteroids.
Psoriasis
[0101] Psoriasis is an inflammatory skin condition characterized by frequent episodes of redness,

itching, and thick, dry, silvery scales on the skin. Psoriasis comprises lesions that can involve primary
and secondary alterations in epidermal proliferation, inflammatory responses of the skin, and an
expression of regulatory molecules such as lymphokines and inflammatory factors. Psoriatic skin is
morphologically characterized by an increased turnover of epidermal cells, thickened epidermis,
abnormal keratinization, inflammatory cell infiltrates into the epidermis and polymorphonuclear
leukocyte and lymphocyte infiltration into the epidermis layer. Psoriasis can also involve fingernails or
toenails, which frequently exhibit pitting, separation of the nail, thickening, and to discoloration.
Psoriasis is often associated with other inflammatory disorders, for example arthritis, including
rheumatoid arthritis, inflammatory bowel disease (IBD), and Crohn's disease.

[0102] Evidence of psoriasis is most commonly seen on the trunk, elbows, knees, scalp, skin folds,
or fingernails, but it may affect any or all parts of the skin. Normally, it takes about a month for new skin
cells to move up from the lower layers to the surface. In psoriasis, this process takes only a few days,
resulting in a build-up of dead skin cells and formation of thick scales. Symptoms of psoriasis include:
skin patches, that are dry or red, covered with silvery scales, raised patches of skin, accompanied by red
borders, that can crack and become painful, and that are usually located on the elbows, knees, trunk,
scalp, and hands; skin lesions, including pustules, cracking of the skin, and skin redness; joint pain or

aching which can be associated with of arthritis, ¢.g., psoriatic arthritis.
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[0103] A diagnosis of psoriasis is usually based on the appearance of the skin. Additionally a skin
biopsy, or scraping and culture of skin patches may be needed to rule out other skin disorders. An x-ray
can be used to check for psoriatic arthritis if joint pain is present and persistent.

[0104] Severity of psoriasis can be determined according to standard clinical definitions. For
example, the Psoriasis Area and Severity Index (PASI) is used by dermatologists to assess psoriasis
disease intensity. This index is based on the quantitative assessment of three typical signs of psoriatic
lesions: erythema, infiltration, and desquamation, combined with the skin surface area involvement.
Since its development in 1978, this instrument has been used throughout the world by clinical
investigators (Fredriksson T, Petersson U: Severe psoriasis--oral therapy with a new retinoid.
Dermatologica 1978; 157: 238-41). PASI is indicated as PASI 50 (a 50 percent improvement in PASI
from baseline), PASI 75 (a 75 percent improvement in PASI from baseline), PASI 90 (a 90 percent
improvement in PASI from baseline), and PASI 100 (a 100 percent improvement in PASI from baseline).
[0105] The Physicians Global Assessment (PGA) is used to assess psoriasis activity and follow
clinical response to treatment. It is a six-point score that summarizes the overall quality (erythema,
scaling and thickness) and extent of plaques relative to the baseline assessment. A patient's response is
rated as worse, poor (0-24%), fair (25-49%), good (50-74%), excellent (75-99%), or cleared (100%) (van
der Kerkhof P. The psoriasis area and severity index and alternative approaches for the assessment of
severity: persisting areas of confusion. Br J Dermatol 1997; 137:661-662).

[0106] Another measure of improvement in the disease state of a subject having psoriasis includes
clinical responses, such as the Dermatology Life Quality Index (DLQI) or the Minimum Clinically
Important Difference (MCID).

Atopic Dermatitis

[0107] Atopic Dermatitis (AD) is another chronic inflammatory skin disease with a prevalence of 5-
20% in children and ~11% in the total population of the US. The cardinal symptoms include pruritus
(itch) and xerosis (dry skin). In addition, patients show erythema and development of vesicles. In the
chronic phase, epidermal thickening leads to lichenification mainly of flexural sites. The etiology of AD
is unknown, and historically pathogenesis was explained by atopy (hence the name), which is
characterized by IgE and Th2 cell-mediated allergic inflammation. However, most cases of AD are not
associated with the atopic complex, including allergic rhinitis and asthma. Current opinion rather
explains the generation of AD by an underlying defect in epidermal barrier function that leads to
exposure to skin irritants inducing subsequent inflammation. In the acute phase, a predominant Th2 cell
infiltrate influences inflammation. However, in the chronic phase of AD, Thl cells as well as [L-17-
producing cells are involved in the inflammatory response. Additionally, IL-22 facilitates keratinocyte
proliferation and promotes epidermal thickening. Treatment of AD is largely symptomatic and is based
on emollients against xerosis and corticosteroids to suppress inflammation. Biologics for therapy of AD
are currently not available.

Alternative indications
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[0108] Mastocytosis: Mastocytosis is the uncontrolled amplification of mast cells. Mastocytosis is
an orphan disease with fewer than 200,000 cases diagnosed each year in the United States. Mast cells are
known to express c-kit and IgE receptors, and further contain inflammatory mediators such as histamine.
[0109] Mast cell degranulation causes allergic symptoms either locally (e.g., Urticaria pigmentosa)
or systemically (e.g., affecting organs such as the gut). Mastocytosis is associated with skin lesions,
allergic reactions, shock and enterocolitis, among others. The present treatment is symptomatic using
medications such as antihistamines.

[0110] It has been shown that mast cells in mastocytosis express CD1a. Thus, it is also contemplated
herein that mastocytosis can be treated using the methods and compositions described herein. Two
CD1a-based therapeutic options are contemplated: (i) depletion of “neoplastic” mast cells using anti-
CD1a antibody (normal mast cells are CD1a-negative and remain “untouched”), and (ii) blocking of
CDla-mediated T cell responses that provide growth signals for mast cells, using a small molecule
inhibitor of CD1a.

[0111] Histiocytosis: Langerhans cell histiocytosis (LCH) is defined as the abnormal expansion of
Langerhans cells, and has an incidence of approximately 1 in 200,000. There are three known clinical
forms including (i) unifocal (Eosinophilic granuloma), (ii) multifocal (Hand-Schueller-Christian), and
(ii1) multisystem (Abt-Letterer-Siwe). Histiocytosis primarily affects the bone causing painful bone
swelling and fractures, however it is also associated with skin lesions, lung inflammation, and endocrine
disorders (e.g., diabetes insipidus). Current treatment for histiocytosis includes corticosteroids and
chemotherapy.

[0112] Contemplated herein is the treatment of histiocytosis using the CD1a-based therapies
described herein including, but not limited to, (i) depletion of neoplastic Langerhans cells using an anti-
CD1a antibody, and (ii) small molecule inhibitor targeting CD1a to block CD1a-restricted inflammation.
[0113] Sarcoidosis: Sarcoidosis is a chronic inflammatory disease mainly affecting the lung. It has
an incidence of 10-20 in 100,000 in the United States. Sarcoidosis comprises inflammation characterized
by granuloma formation. The signs and symptoms of sarcoidosis include, but are not limited to, lung
granuloma, lymphadenopathy, and skin lesions (e.g., erythema nodosum). Current therapies include
corticosteroids and chemotherapy.

[0114] Sarcoidosis is known to be associated with psoriasis, and can develop as a secondary disease.
Thus, the methods and compositions described herein are also contemplated for use in the treatment of
sarcoidosis.

Antibodies

[0115] In one embodiment, a therapeutic antibody that binds to e¢.g., CD1a is used herein in the
prophylaxis or treatment of an inflammatory skin disease.

[0116] An “antibody” that can be used according to the methods described herein includes complete
immunoglobulins, antigen binding fragments of immunoglobulins, as well as antigen binding proteins
that comprise antigen binding domains of immunoglobulins. Antigen binding fragments of

immunoglobulins include, for example, Fab, Fab’, F(ab”)2, scFv and dAbs. Modified antibody formats
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have been developed which retain binding specificity, but have other characteristics that may be
desirable, including for example, bispecificity, multivalence (more than two binding sites), and compact
size (e.g., binding domains alone). Single chain antibodies lack some or all of the constant domains of the
whole antibodies from which they are derived. Therefore, they can overcome some of the problems
associated with the use of whole antibodies. For example, single-chain antibodies tend to be free of
certain undesired interactions between heavy-chain constant regions and other biological molecules.
Additionally, single-chain antibodies are considerably smaller than whole antibodies and can have greater
permeability than whole antibodies, allowing single-chain antibodies to localize and bind to target
antigen-binding sites more efficiently. Furthermore, the relatively small size of single-chain antibodies
makes them less likely to provoke an unwanted immune response in a recipient than whole antibodies.
Multiple single chain antibodies, each single chain having one VH and one VL domain covalently linked
by a first peptide linker, can be covalently linked by at least one or more peptide linker to form
multivalent single chain antibodies, which can be monospecific or multispecific. Each chain of a
multivalent single chain antibody includes a variable light chain fragment and a variable heavy chain
fragment, and is linked by a peptide linker to at least one other chain. The peptide linker is composed of
at least fifteen amino acid residues. The maximum number of linker amino acid residues is approximately
one hundred. Two single chain antibodies can be combined to form a diabody, also known as a bivalent
dimer. Diabodies have two chains and two binding sites, and can be monospecific or bispecific. Each
chain of the diabody includes a VH domain connected to a VL domain. The domains are connected with
linkers that are short enough to prevent pairing between domains on the same chain, thus driving the
pairing between complementary domains on different chains to recreate the two antigen-binding sites.
Three single chain antibodies can be combined to form triabodies, also known as trivalent trimers.
Triabodies are constructed with the amino acid terminus of a VL or VH domain directly fused to the
carboxyl terminus of a VL or VH domain, i.e., without any linker sequence. The triabody has three Fv
heads with the polypeptides arranged in a cyclic, head-to-tail fashion. A possible conformation of the
triabody is planar with the three binding sites located in a plane at an angle of 120 degrees from one
another. Triabodies can be monospecific, bispecific or trispecific. Thus, antibodies useful in the methods
described herein include, but are not limited to, naturally occurring antibodies, bivalent fragments such as
(Fab")2, monovalent fragments such as Fab, single chain antibodies, single chain Fv (scFv), single
domain antibodies, multivalent single chain antibodies, diabodies, triabodies, and the like that bind
specifically with an antigen.
[0117] Antibodies can also be raised against a polypeptide or portion of a polypeptide by methods
known to those skilled in the art. Antibodies are readily raised in animals such as rabbits or mice by
immunization with the gene product, or a fragment thereof. Immunized mice are particularly useful for
providing sources of B cells for the manufacture of hybridomas, which in turn are cultured to produce
large quantities of monoclonal antibodies. Antibody manufacture methods are described in detail, for

example, in Harlow et al., 1988. While both polyclonal and monoclonal antibodies can be used in the
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methods described herein, it is preferred that a monoclonal antibody is used where conditions require
increased specificity for a particular protein.

[0118] Useful monoclonal antibodies and fragments can be derived from any species (including
humans) or can be formed as chimeric proteins which employ sequences from more than one species.
Human monoclonal antibodies or "humanized" murine antibodies are also used in accordance with the
methods and assays described herein. For example, a murine monoclonal antibody can be "humanized"
by genetically recombining the nucleotide sequence encoding the murine Fv region (i.e., containing the
antigen binding sites) or the complementarity determining regions thereof with the nucleotide sequence
encoding a human constant domain region and an Fc region. Humanized targeting moieties are
recognized to decrease the immunoreactivity of the antibody or polypeptide in the host recipient,
permitting an increase in the half-life and a reduction of the possibly of adverse immune reactions. The
murine monoclonal antibodies should preferably be employed in humanized form. Antigen binding
activity is determined by the sequences and conformation of the amino acids of the six complementarity
determining regions (CDRs) that are located (three each) on the light and heavy chains of the variable
portion (Fv) of the antibody. The 25-kDa single-chain Fv (scFv) molecule is composed of a variable
region (VL) of the light chain and a variable region (VH) of the heavy chain joined via a short peptide
spacer sequence. Techniques have been developed to display scFv molecules on the surface of
filamentous phage that contain the gene for the scFv. scFv molecules with a broad range of antigenic-
specificities can be present in a single large pool of scFv-phage library.

[0119] Chimeric antibodies are immunoglobin molecules characterized by two or more segments or
portions derived from different animal species. Generally, the variable region of the chimeric antibody is
derived from a non-human mammalian antibody, such as a murine monoclonal antibody, and the
immunoglobulin constant region is derived from a human immunoglobulin molecule. In some
embodiments, both regions and the combination have low immunogenicity as routinely determined.
[0120] In one embodiment, the inhibitor of CD1a is a human binding molecule against CD1a as
described in U.S. Patent No. 7,968,092, the contents are incorporated here in reference in its entirety.
[0121] In one embodiment, the inhibitor of CD1a is a monoclonal antibody that binds to human
CD1a as described in U.S. Patent No. 7,968,092, wherein the monoclonal antibody comprises a heavy
chain variable region and a light chain variable region.

[0122] In one embodiment, the inhibitor of CD1a is a monoclonal antibody that binds to human
CDla as described in U.S. Patent No. 7,968,092 is an 1gG1.

[0123] In one embodiment, the inhibitor of CD1a is a monoclonal antibody that binds to human
CD1a as described in U.S. Patent No. 7,968,092 has cytotoxic activity against a CDla-expressing cell.
Nucleic Acid Inhibitors of CD1a Expression

[0124] A powerful approach for inhibiting the expression of selected target polypeptides is through
the use of RNA interference agents. RNA interference (RNA1) uses small interfering RNA (siRNA)
duplexes that target the messenger RNA encoding the target polypeptide for selective degradation.

siRNA-dependent post-transcriptional silencing of gene expression involves cleaving the target
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messenger RNA molecule at a site guided by the siRNA. “RNA interference ( RNAi)" is an evolutionally
conserved process whereby the expression or introduction of RNA of a sequence that is identical or
highly similar to a target gene results in the sequence specific degradation or specific post-transcriptional
gene silencing (PTGS) of messenger RNA (mRNA) transcribed from that targeted gene (see Coburn, G.
and Cullen, B. (2002) J. of Virology 76(18):9225), thereby inhibiting expression of the target gene. In
one embodiment, the RNA is double stranded RNA (dsRNA). This process has been described in plants,
invertebrates, and mammalian cells. In nature, RNAI is initiated by the dsRNA-specific endonuclease
Dicer, which promotes processive cleavage of long dsRNA into double-stranded fragments termed
siRNAs. siRNAs are incorporated into a protein complex (termed “RNA induced silencing complex," or
“RISC") that recognizes and cleaves target mRNAs. RNAI can also be initiated by introducing nucleic
acid molecules, e.g., synthetic siRNAs or RNA interfering agents, to inhibit or silence the expression of
target genes. As used herein, “inhibition of target gene expression” includes any decrease in expression
or protein activity or level of the target gene or protein encoded by the target gene as compared to a
situation wherein no RNA interference has been induced. The decrease will be of at least 10%, 20%,
30%, 40%, 50%, 60%, 70%, 80%, 90%, 95% or 99% or more as compared to the expression of a target
gene or the activity or level of the protein encoded by a target gene which has not been targeted by an
RNA interfering agent.

[0125] The terms “RNA interference agent" and “RNA interference"” as they are used herein are
intended to encompass those forms of gene silencing mediated by double-stranded RNA, regardless of
whether the RNA interfering agent comprises an siRNA, miRNA, shRNA or other double-stranded RNA
molecule. “Short interfering RNA" (siRNA), also referred to herein as “small interfering RNA" is
defined as an RNA agent which functions to inhibit expression of a target gene, e.g., by RNAi. An
siRNA can be chemically synthesized, can be produced by in vitro transcription, or can be produced
within a host cell. In one embodiment, siRNA is a double stranded RNA (dsRNA) molecule of about 15
to about 40 nucleotides in length, preferably about 15 to about 28 nucleotides, more preferably about 19
to about 25 nucleotides in length, and more preferably about 19, 20, 21, 22, or 23 nucleotides in length,
and can contain a 3° and/or 5’ overhang on each strand having a length of about 0, 1, 2, 3,4, or 5
nucleotides. The length of the overhang is independent between the two strands, i.c., the length of the
overhang on one strand is not dependent on the length of the overhang on the second strand. Preferably
the siRNA is capable of promoting RNA interference through degradation or specific post-transcriptional
gene silencing (PTGS) of the target messenger RNA (mRNA).
[0126] siRNAs also include small hairpin (also called stem loop) RNAs (shRNAs). In one
embodiment, these ShRNAs are composed of a short (e.g., about 19 to about 25 nucleotide) antisense
strand, followed by a nucleotide loop of about 5 to about 9 nucleotides, and the analogous sense strand.
Alternatively, the sense strand can precede the nucleotide loop structure and the antisense strand can
follow. These shRNAs can be contained in plasmids, retroviruses, and lentiviruses and expressed from,
for example, the pol 111 U6 promoter, or another promoter ( see, ¢.g., Stewart, et al. (2003) RNA
Apr;9(4):493-501, incorporated by reference herein in its entirety). The target gene or sequence of the
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RNA interfering agent can be a cellular gene or genomic sequence, e.g. the CD1a sequence. An siRNA
can be substantially homologous to the target gene or genomic sequence, or a fragment thereof. As used
in this context, the term “homologous” is defined as being substantially identical, sufficiently
complementary, or similar to the target mRNA, or a fragment thereof, to effect RNA interference of the
target. In addition to native RNA molecules, RNA suitable for inhibiting or interfering with the
expression of a target sequence include RNA derivatives and analogs. Preferably, the siRNA is identical
to its target. The siRNA preferably targets only one sequence. Each of the RNA interfering agents, such
as siRNAs, can be screened for potential off-target effects by, for example, expression profiling. Such
methods are known to one skilled in the art and are described, for example, in Jackson et al. Nature
Biotechnology 6:635-637, 2003. In addition to expression profiling, one can also screen the potential
target sequences for similar sequences in the sequence databases to identify potential sequences which
can have off-target effects. For example, according to Jackson et al. (Id.), 15, or perhaps as few as 11
contiguous nucleotides, of sequence identity are sufficient to direct silencing of non-targeted transcripts.
Therefore, one can initially screen the proposed siRNAs to avoid potential off-target silencing using the
sequence identity analysis by any known sequence comparison methods, such as BLAST. siRNA
sequences are chosen to maximize the uptake of the antisense (guide) strand of the siRNA into RISC and
thereby maximize the ability of RISC to target human GGT mRNA for degradation. This can be
accomplished by scanning for sequences that have the lowest free energy of binding at the 5’-terminus of
the antisense strand. The lower free energy leads to an enhancement of the unwinding of the 5°- end of
the antisense strand of the siRNA duplex, thereby ensuring that the antisense strand will be taken up by
RISC and direct the sequence-specific cleavage of the mRNA. siRNA molecules need not be limited to
those molecules containing only RNA, but, for example, further encompasses chemically modified
nucleotides and non-nucleotides, and also include molecules wherein a ribose sugar molecule is
substituted for another sugar molecule or a molecule which performs a similar function. Moreover, a non-
natural linkage between nucleotide residues can be used, such as a phosphorothioate linkage. The RNA
strand can be derivatized with a reactive functional group of a reporter group, such as a fluorophore.
Particularly useful derivatives are modified at a terminus or termini of an RNA strand, typically the 3’
terminus of the sense strand. For example, the 2°-hydroxyl at the 3” terminus can be readily and
selectively derivatizes with a variety of groups. Other useful RNA derivatives incorporate nucleotides
having modified carbohydrate moieties, such as 2°Q-alkylated residues or 2°-O-methyl ribosyl
derivatives and 2’-O-fluoro ribosyl derivatives. The RNA bases can also be modified. Any modified base
useful for inhibiting or interfering with the expression of a target sequence can be used. For example,
halogenated bases, such as 5-bromouracil and 5-iodouracil can be incorporated. The bases can also be
alkylated, for example, 7-methylguanosine can be incorporated in place of a guanosine residue. Non-
natural bases that yield successful inhibition can also be incorporated. The most preferred siRNA
modifications include 2’-deoxy-2’-fluorouridine or locked nucleic acid (LAN) nucleotides and RNA
duplexes containing either phosphodiester or varying numbers of phosphorothioate linkages. Such

modifications are known to one skilled in the art and are described, for example, in Braasch ¢t al.,
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Biochemistry, 42: 7967-7975, 2003. Most of the useful modifications to the siRNA molecules can be
introduced using chemistries established for antisense oligonucleotide technology. Preferably, the
modifications involve minimal 2’-O-methyl modification, preferably excluding such modification.
Modifications also preferably exclude modifications of the free 5°-hydroxyl groups of the siRNA.

[0127] In a preferred embodiment, the RNA interference agent is delivered or administered in a
pharmaceutically acceptable carrier. Additional carrier agents, such as liposomes, can be added to the
pharmaceutically acceptable carrier. In another embodiment, the RNA interference agent is delivered by
a vector encoding small hairpin RNA (shRNA) in a pharmaceutically acceptable carrier to the cells in an
organ of an individual. The shRNA is converted by the cells after transcription into siRNA capable of
targeting, for example, CDla.
[0128] In one embodiment, the vector is a regulatable vector, such as a tetracycline inducible vector.
Methods described, for example, in Wang et al. Proc. Natl. Acad. Sci. 100: 5103-5106, using pTet-On
vectors (BD Biosciences Clontech, Palo Alto, CA) can be used. In one embodiment, the RNA
interference agents used in the methods described herein are taken up actively by cells in vivo following
intravenous injection, e.g., hydrodynamic injection, without the use of a vector, illustrating efficient in
vivo delivery of the RNA interfering agents. One method to deliver the siRNAs is by topical
administration in an appropriate pharmaceutically acceptable carrier. Other strategies for delivery of the
RNA interference agents, e.g., the siRNAs or shRNAs used in the methods of the invention, can also be
employed, such as, for example, delivery by a vector, ¢.g., a plasmid or viral vector, e.g., a lentiviral
vector. Such vectors can be used as described, for example, in Xiao-Feng Qin et al. Proc. Natl. Acad. Sci.
U.S.A., 100: 183-188. Other delivery methods include delivery of the RNA interfering agents, e.g., the
siRNAs or shRNAs of the invention, using a basic peptide by conjugating or mixing the RNA interfering
agent with a basic peptide, e.g., a fragment of a TAT peptide, mixing with cationic lipids or formulating
into particles. The RNA interference agents, e.g., the siRNAs targeting CD1a mRNA, can be delivered
singly, or in combination with other RNA interference agents, ¢.g., siRNAs, such as, for example siRNAs
directed to other cellular genes. siRNAs can also be administered in combination with other
pharmaceutical agents which are used to treat or prevent diseases or disorders comprising inflammation
of the skin. Synthetic siRNA molecules, including shRNA molecules, can be obtained using a number of
techniques known to those of skill in the art. For example, the siRNA molecule can be chemically
synthesized or recombinantly produced using methods known in the art, such as using appropriately
protected ribonucleoside phosphoramidites and a conventional DNA/RNA synthesizer (see, e.g.,
Elbashir, S.M. et al. (2001) Nature 411:494-498; Elbashir, S.M., W. Lendeckel and T. Tuschl (2001)
Genes & Development 15:188-200; Harborth, J. et al . (2001) J. Cell Science 114:4557-4565; Masters,
J.R. etal. (2001) Proc. Natl. Acad. Sci., USA 98:8012-8017; and Tuschl, T. et al . (1999) Genes &
Development 13:3191-3197). Alternatively, several commercial RNA synthesis suppliers are available
including, but not limited to, Proligo (Hamburg, Germany), Dharmacon Research (Lafayette, CO, USA),
Pierce Chemical (part of Perbio Science , Rockford, IL , USA), Glen Research (Sterling, VA, USA),
ChemGenes (Ashland, MA, USA), and Cruachem (Glasgow, UK). As such, siRNA molecules are not
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overly difficult to synthesize and are readily provided in a quality suitable for RNA1. In addition,
dsRNAs can be expressed as stem loop structures encoded by plasmid vectors, retroviruses and
lentiviruses (Paddison, P.J. et al. (2002) Genes Dev. 16:948-958; McManus, M.T. et al. (2002) RNA
8:842-850; Paul, C.P. et al. (2002) Nat. Biotechnol. 20:505-508; Miyagishi, M. et al. (2002) Nat.
Biotechnol. 20:497-500; Sui, G. et al. (2002) Proc. Natl. Acad. Sci., USA 99:5515-5520; Brummelkamp,
T. et al. (2002) Cancer Cell 2:243; Lee, N.S., et al. (2002) Nat. Biotechnol. 20:500-505; Yu, J.Y., et al.
(2002) Proc. Natl. Acad. Sci., USA 99:6047-6052; Zeng, Y., et al. (2002) Mol. Cell 9:1327-1333;
Rubinson, D.A., et al. (2003) Nat. Genet. 33:401-406; Stewart, S.A., et al. (2003) RNA 9:493-501).
These vectors generally have a pollll promoter upstream of the dSRNA and can express sense and
antisense RNA strands separately and/or as a hairpin structure. Within cells, Dicer processes the short
hairpin RNA (shRNA) into effective siRNA. The targeted region of the siRNA molecule of the present
invention can be selected from a given target gene sequence, ¢.g., a CD1a coding sequence, beginning
from about 25 to 50 nucleotides, from about 50 to 75 nucleotides, or from about 75 to 100 nucleotides
downstream of the start codon. Nucleotide sequences can contain 5 or 3> UTRs and regions nearby the
start codon. One method of designing a siRNA molecule of the present invention involves identifying the
23 nucleotide sequence motif AA(N19)TT (where N can be any nucleotide) and selecting hits with at
least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70% or 75% G/C content. The “TT" portion of
the sequence is optional. Alternatively, if no such sequence is found, the search can be extended using the
motif NA(N21), where N can be any nucleotide. In this situation, the 3” end of the sense siRNA can be
converted to TT to allow for the generation of a symmetric duplex with respect to the sequence
composition of the sense and antisense 3’ overhangs. The antisense siRNA molecule can then be
synthesized as the complement to nucleotide positions 1 to 21 of the 23 nucleotide sequence motif. The
use of symmetric 3’ TT overhangs can be advantageous to ensure that the small interfering
ribonucleoprotein particles (siRNPs) are formed with approximately equal ratios of sense and antisense
target RNA-cleaving siRNPs (Elbashir et al., (2001) supra and Elbashir et al., 2001 supra). Analysis of
sequence databases, including but not limited to the NCBI, BLAST, Derwent and GenSeq as well as
commercially available oligosynthesis companies such as Oligoengine®, can also be used to select
siRNA sequences against EST libraries to ensure that only one gene is targeted.

[0129] siRNA sequences to target CD1a can also be obtained commercially from e.g.,
INVITROGEN™, THERMO SCIENTIFIC™, ORIGENE™, among others.

Delivery of RNA Interfering Agents

[0130] Methods of delivering RNA interference agents, e.g., an siRNA, or vectors containing an
RNA interference agent, to the target cells, e.g., Langerhans cells, skin cells, or other desired target cells,
for uptake include topical administration or injection of a composition containing the RNA interference
agent, e.g., an siRNA, or directly contacting the cell, e.g., a Langerhans cell, with a composition
comprising an RNA interference agent, e.g., an siRNA. In another embodiment, RNA interference agent,
¢.g., an siRNA can be injected directly into any blood vessel, such as vein, artery, venule or arteriole, via,

e.g., hydrodynamic injection or catheterization. Administration can be by a single injection or by two or
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more injections. The RNA interference agent is delivered in a pharmaceutically acceptable carrier. One
or more RNA interference agents can be used simultaneously. In one embodiment, a single siRNA that
targets human CD1a is used. In one embodiment, specific cells are targeted with RNA interference,
limiting potential side effects of RNA interference caused by non-specific targeting of RNA interference.
The method can use, for example, a complex or a fusion molecule comprising a cell targeting moiety and
an RNA interference binding moiety that is used to deliver RNA interference effectively into cells. For
example, an antibody-protamine fusion protein when mixed with siRNA, binds siRNA and selectively
delivers the siRNA into cells expressing an antigen recognized by the antibody, resulting in silencing of
gene expression only in those cells that express the antigen. The siRNA or RNA interference-inducing
molecule binding moiety is a protein or a nucleic acid binding domain or fragment of a protein, and the
binding moiety is fused to a portion of the targeting moiety. The location of the targeting moiety can be
cither in the carboxyl-terminal or amino-terminal end of the construct or in the middle of the fusion
protein. A viral-mediated delivery mechanism can also be employed to deliver siRNAs to cells in vitro
and in vivo as described in Xia, H. et al. (2002) Nat Biotechnol 20(10):1006). Plasmid- or viral-mediated
delivery mechanisms of shRNA can also be employed to deliver shRNAs to cells in vitro and in vivo as
described in Rubinson, D.A., et al. ((2003) Nat. Genet. 33:401-406) and Stewart, S.A., et al. ((2003)
RNA 9:493-501). The RNA interference agents, ¢.g., the siRNAs or shRNAs, can be introduced along
with components that perform one or more of the following activities: enhance uptake of the RNA
interfering agents, e.g., siRNA, by the cell, e.g., lymphocytes or other cells, inhibit annealing of single
strands, stabilize single strands, or otherwise facilitate delivery to the target cell and increase inhibition of
the target gene, e.g., CD1a. The dose of the particular RNA interfering agent will be in an amount
necessary to effect RNA interference, e.g., post translational gene silencing (PTGS), of the particular
target gene, thereby leading to inhibition of target gene expression or inhibition of activity or level of the
protein encoded by the target gene.

Small Molecule Inhibition of CD1a activity or expression
[0131] As used herein, the term “small molecule” refers to a chemical agent including, but not
limited to, peptides, peptidomimetics, amino acids, amino acid analogs, polynucleotides, polynucleotide
analogs, aptamers, nucleotides, nucleotide analogs, organic or inorganic compounds (i.e., including
heteroorganic and organometallic compounds) having a molecular weight less than about 10,000 grams
per mole, organic or inorganic compounds having a molecular weight less than about 5,000 grams per
mole, organic or inorganic compounds having a molecular weight less than about 1,000 grams per mole,
organic or inorganic compounds having a molecular weight less than about 500 grams per mole, and
salts, esters, and other pharmaceutically acceptable forms of such compounds.
[0132] Essentially any small molecule inhibitor of CD1a expression and/or activity can be used in
the treatment of an inflammatory skin disease using the methods described herein. Screening assays are
provided herein for identifying candidate small molecule agents that inhibit CD1a expression and/or
activity.
Dosage and Administration
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[0133] In one aspect, the methods described herein provide a method for treating an inflammatory
skin disease (e.g., urushiol-induced contact dermatitis, psoriasis, among others) in a subject. In one
embodiment, the subject can be a mammal. In another embodiment, the mammal can be a human,
although the approach is effective with respect to all mammals. The method comprises administering to
the subject an effective amount of a pharmaceutical composition comprising an inhibitor that binds
CDl1a, in a pharmaceutically acceptable carrier. In some embodiments, the inhibitor of CD1a comprises a
binding protein, such as an antibody or a peptide. In other embodiments, the inhibitor of CD1a comprises
a small molecule or an RNA interference molecule (e.g., siRNA, shRNA etc).

[0134] The dosage range for the agent depends upon the potency, and includes amounts large
enough to produce the desired effect, e.g., immune response modulation. The dosage should not be so
large as to cause unacceptable adverse side effects. Generally, the dosage will vary with the type of
inhibitor (e.g., an antibody or fragment, small molecule, siRNA, etc.), and with the age, condition, and
sex of the patient. The dosage can be determined by one of skill in the art and can also be adjusted by the
individual physician in the event of any complication. Typically, the dosage ranges from 0.001mg/kg
body weight to 5 g/kg body weight. In some embodiments, the dosage range is from 0.001 mg/kg body
weight to 1g/kg body weight, from 0.001 mg/kg body weight to 0.5 g/kg body weight, from 0.001 mg/kg
body weight to 0.1 g/kg body weight, from 0.001 mg/kg body weight to 50 mg/kg body weight, from
0.001 mg/kg body weight to 25 mg/kg body weight, from 0.001 mg/kg body weight to 10 mg/kg body
weight, from 0.001 mg/kg body weight to 5 mg/kg body weight, from 0.001 mg/kg body weight to 1
mg/kg body weight, from 0.001 mg/kg body weight to 0.1 mg/kg body weight, from 0.001 mg/kg body
weight to 0.005 mg/kg body weight. Alternatively, in some embodiments the dosage range is from 0.1
g/kg body weight to 5 g/kg body weight, from 0.5 g/kg body weight to 5 g/kg body weight, from 1 g/kg
body weight to 5 g/kg body weight, from 1.5 g/kg body weight to 5 g/kg body weight, from 2 g/kg body
weight to 5 g/kg body weight, from 2.5 g/kg body weight to 5 g/kg body weight, from 3 g/kg body
weight to 5 g/kg body weight, from 3.5 g/kg body weight to 5 g/kg body weight, from 4 g/kg body
weight to 5 g/kg body weight, from 4.5 g/kg body weight to 5 g/kg body weight, from 4.8 g/kg body
weight to 5 g/kg body weight. In one embodiment, the dose range is from 5 0g/kg body weight to
300g/kg body weight. Alternatively, the dose range will be titrated to maintain serum levels between
S50g/mL and 300g/mL.

[0135] Administration of the doses recited above can be repeated for a limited period of time. In
some embodiments, the doses are given once a day, or multiple times a day, for example but not limited
to three times a day. In a preferred embodiment, the doses recited above are administered daily for
several weeks or months. The duration of treatment depends upon the subject’s clinical progress and
responsiveness to therapy. Continuous, relatively low maintenance doses are contemplated after an initial
higher therapeutic dose.

[0136] A therapeutically effective amount is an amount of an agent that is sufficient to produce a
statistically significant, measurable change in immune response (see “Efficacy Measurement” below).

Such effective amounts can be gauged in clinical trials as well as animal studies for a given agent.
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[0137] Agents useful in the methods and compositions described herein can be administered
topically, intravenously (by bolus or continuous infusion), orally, by inhalation, intraperitoneally,
intramuscularly, subcutaneously, intracavity, and can be delivered by peristaltic means, if desired, or by
other means known by those skilled in the art. In one embodiment it is preferred that the agents for the
methods described herein are administered directly to a lesion (e.g., during surgery or by direct injection).
The agent can be administered systemically, if so desired.

[0138] Therapeutic compositions containing at least one agent can be conventionally administered
in a unit dose. The term "unit dose” when used in reference to a therapeutic composition refers to
physically discrete units suitable as unitary dosage for the subject, each unit containing a predetermined
quantity of active material calculated to produce the desired therapeutic effect in association with the
required physiologically acceptable diluent, i.e., carrier, or vehicle.

[0139] The compositions are administered in a manner compatible with the dosage formulation, and
in a therapeutically effective amount. The quantity to be administered and timing depends on the subject
to be treated, capacity of the subject's system to utilize the active ingredient, and degree of therapeutic
effect desired. An agent can be targeted by means of a targeting moiety, such as e.g., an antibody or
targeted liposome technology. In some embodiments, an agent can be targeted to a tissue by using
bispecific antibodies, for example produced by chemical linkage of an anti-ligand antibody (Ab) and an
Ab directed toward a specific target. To avoid the limitations of chemical conjugates, molecular
conjugates of antibodies can be used for production of recombinant bispecific single-chain Abs directing
ligands and/or chimeric inhibitors at cell surface molecules. The addition of an antibody to an agent
permits the agent to accumulate additively at the desired target site (e.g., lesion). Antibody-based or non-
antibody-based targeting moieties can be employed to deliver a ligand or the inhibitor to a target site.
Preferably, a natural binding agent for an unregulated or disease associated antigen is used for this
purpose.

[0140] Precise amounts of active ingredient required to be administered depend on the judgment of
the practitioner and are particular to each individual. However, suitable dosage ranges for systemic
application are disclosed herein and depend on the route of administration. Suitable regimes for
administration are also variable, but are typified by an initial administration followed by repeated doses
at one or more intervals by a subsequent injection or other administration. Alternatively, continuous
intravenous infusion sufficient to maintain concentrations in the blood in the ranges specified for in vivo
therapies are contemplated.

Pharmaceutical Compositions

[0141] The present invention includes, but is not limited to, therapeutic compositions useful for
practicing the therapeutic methods described herein. Therapeutic compositions contain a physiologically
tolerable carrier together with an active agent as described herein, dissolved or dispersed therein as an
active ingredient. In a preferred embodiment, the therapeutic composition is not immunogenic when
administered to a mammal or human patient for therapeutic purposes. As used herein, the terms

"non

, "physiologically tolerable" and grammatical variations thereof, as they
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refer to compositions, carriers, diluents and reagents, are used interchangeably and represent that the
materials are capable of administration to or upon a mammal without the production of undesirable
physiological effects such as nausea, dizziness, gastric upset and the like. A pharmaceutically acceptable
carrier will not promote the raising of an immune response to an agent with which it is admixed, unless
so desired. The preparation of a pharmacological composition that contains active ingredients dissolved
or dispersed therein is well understood in the art and need not be limited based on formulation. Typically
such compositions are prepared as injectable either as liquid solutions or suspensions, however, solid
forms suitable for solution, or suspensions, in liquid prior to use can also be prepared. The preparation
can also be emulsified or presented as a liposome composition. The active ingredient can be mixed with
excipients which are pharmaceutically acceptable and compatible with the active ingredient and in
amounts suitable for use in the therapeutic methods described herein. Suitable excipients include, for
example, water, saline, dextrose, glycerol, ethanol or the like and combinations thereof. In addition, if
desired, the composition can contain minor amounts of auxiliary substances such as wetting or
emulsifying agents, pH buffering agents and the like which enhance the effectiveness of the active
ingredient. The therapeutic composition of the present invention can include pharmaceutically acceptable
salts of the components therein. Pharmaceutically acceptable salts include the acid addition salts (formed
with the free amino groups of the polypeptide) that are formed with inorganic acids such as, for example,
hydrochloric or phosphoric acids, or such organic acids as acetic, tartaric, mandelic and the like. Salts
formed with the free carboxyl groups can also be derived from inorganic bases such as, for example,
sodium, potassium, ammonium, calcium or ferric hydroxides, and such organic bases as isopropylamine,
trimethylamine, 2-ethylamino ethanol, histidine, procaine and the like. Physiologically tolerable carriers
are well known in the art. Exemplary liquid carriers are sterile aqueous solutions that contain no materials
in addition to the active ingredients and water, or contain a buffer such as sodium phosphate at
physiological pH value, physiological saline or both, such as phosphate-buffered saline. Still further,
aqueous carriers can contain more than one buffer salt, as well as salts such as sodium and potassium
chlorides, dextrose, polyethylene glycol and other solutes. Liquid compositions can also contain liquid
phases in addition to and to the exclusion of water. Exemplary of such additional liquid phases are
glycerin, vegetable oils such as cottonseed oil, and water-oil emulsions. The amount of an active agent
used in the methods described herein that will be effective in the treatment of a particular disorder or
condition will depend on the nature of the disorder or condition, and can be determined by standard
clinical techniques.

[0142] In one embodiment, the composition comprises an inhibitor of CD1a that is a human binding
molecule against CD1a as described in U.S. Patent No. 7,968,092.

[0143] In one embodiment, the composition comprises an inhibitor of CD1a that is a monoclonal
antibody that binds to human CD1a as described in U.S. Patent No. 7,968,092, wherein the monoclonal
antibody comprises a heavy chain variable region and a light chain variable region.

[0144] In one embodiment, the composition comprises an inhibitor of CD1a that is an IgG1

monoclonal antibody that binds to human CD1a as described in U.S. Patent No. 7,968,092.
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[0145] In one embodiment, the composition comprises an inhibitor of CD1a that is a monoclonal
antibody that binds to human CD1a that has cytotoxic activity against a CD1a-expressing cell as
described in U.S. Patent No. 7,968,092.

Efficacy measurement

[0146] The efficacy of a given treatment for an inflammatory skin disease (e.g., urushiol-induced
contact dermatitis, psoriasis, among others) can be determined by the skilled clinician. However, a
treatment is considered “effective treatment," as the term is used herein, if any one or all of the signs or
symptoms of the immune disease is/are altered in a beneficial manner, other clinically accepted
symptoms or markers of disease are improved, or even ameliorated, e.g., by at least 10% following
treatment with an agent that comprises an inhibitor that binds CD1a or interferes with CD1a antigen-
presenting activity. Efficacy can also be measured by failure of an individual to worsen as assessed by
stabilization of the immune disease, hospitalization or need for medical interventions (i.¢., progression of
the disease is halted or at least slowed). Methods of measuring these indicators are known to those of
skill in the art and/or described herein. Treatment includes any treatment of a disease in an individual or
an animal (some non-limiting examples include a human, or a mammal) and includes: (1) inhibiting the
disease, e.g., arresting, or slowing progression of the immune disease; or (2) relieving the disease, e.g.,
causing regression of symptoms; and (3) preventing or reducing the likelihood of the development of the
inflammatory skin disease, or preventing secondary diseases/disorders associated with the inflammatory
disease (e.g., scarring, secondary bacterial infections such as Staphylococcus aureus, etc).

[0147] An effective amount for the treatment of a disease means that amount which, when
administered to a mammal in need thereof, is sufficient to result in effective treatment as that term is
defined herein, for that disease. Efficacy of an agent can be determined by assessing physical indicators
of the inflammatory skin disease, such as e.g., redness, pain, inflammation, size of lesions, degree of
oozing or pus formation, itchiness, etc.

Screening Assays

[0148] Screening assays as contemplated herein can be used to identify modulators, i.e., candidate
or test compounds or agents (e.g., peptides, antibodies, peptidomimetics, small molecules (organic or
inorganic) or other drugs) which modulate CD1a expression and/or activity. These assays are designed to
identify compounds, for example, that interfere with the interaction of CD1a with a ligand such as
urushiol or that prevent T-cell activation by CDl1a.

[0149] The term "candidate agent"” is used herein to mean any agent that is being examined for
ability to modulate the interaction of CD1a with a ligand. Although the method generally is used as a
screening assay to identify previously unknown molecules that can act as a therapeutic agent, the
screening described herein can also be used to confirm that an agent known to have such activity, in fact
has the activity, for example, in standardizing the activity of the therapeutic agent. A candidate agent can
be any type of molecule, including, for example, a peptide, a peptidomimetic, a polynucleotide, or a
small organic molecule, that one wishes to examine for the ability to modulate a desired activity, such as,

for example, reducing CD1a expression and/or activity. It will be recognized that the methods described
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herein are readily adaptable to a high throughput format and, therefore, the methods are convenient for
screening a plurality of test agents either serially or in parallel. The plurality of test agents can be, for
example, a library of test agents produced by a combinatorial method library of test agents. Methods for
preparing a combinatorial library of molecules that can be tested for therapeutic activity are well known
in the art and include, for example, methods of making a phage display library of peptides, which can be
constrained peptides (see, for example, U.S. Pat. Nos. 5,622,699; 5,206,347; Scott and Smith, Science
249:386-390, 1992; Markland et al., Gene 109:1319, 1991; each of which is incorporated herein by
reference in their entireties); a peptide library (U.S. Pat. No. 5,264,563, which is incorporated herein by
reference); a peptidomimetic library (Blondelle et al., Trends Anal. Chem. 14:8392, 1995; a nucleic acid
library (O'Connell et al., supra, 1996; Tuerk and Gold, supra, 1990; Gold et al., slpra, 1995; each of
which is incorporated herein by reference in their entireties); an oligosaccharide library (York et al.,
Carb. Res., 285:99128, 1996; Liang et al., Science, 274:1520-1522, 1996; Ding ¢t al., Adv. Expt. Med.
Biol., 376:261-269, 1995; each of which is incorporated herein by reference in their entireties); a
lipoprotein library (de Kruif'et al., FEBS Lett., 399:232-236, 1996, which is incorporated herein by
reference in their entireties); a glycoprotein or glycolipid library (Karaoglu et al., J. Cell Biol., 130:567-
577, 1995, which is incorporated herein by reference); or a chemical library containing, for example,
drugs or other pharmaceutical agents (Gordon et al., J. Med. Chem., 37:1385-1401, 1994; Ecker and
Crooke, Bio/Technology, 13:351-360, 1995; each of which is incorporated herein by reference in their
entireties).

[0150] Accordingly, the term "agent” as used herein means any compound or substance such as, but
not limited to, a small molecule, nucleic acid, polypeptide, peptide, drug, ion, etc. An "agent" can be any
chemical, entity or moiety, including without limitation synthetic and naturally-occurring proteinaceous
and non-proteinaceous entities. In some embodiments, an agent is nucleic acid, nucleic acid analogues,
proteins, antibodies, peptides, aptamers, oligomer of nucleic acids, amino acids, or carbohydrates
including without limitation proteins, oligonucleotides, ribozymes, DNAzymes, glycoproteins, siRNAs,
lipoproteins, aptamers, and modifications and combinations thereof etc. In some embodiments, the
nucleic acid is DNA or RNA, and nucleic acid analogues, for example can be PNA, pcPNA and LNA. A
nucleic acid may be single or double stranded, and can be selected from a group comprising; nucleic acid
encoding a protein of interest, oligonucleotides, PNA, etc. Such nucleic acid sequences include, for
example, but not limited to, nucleic acid sequence encoding proteins that act as transcriptional repressors,
antisense molecules, ribozymes, small inhibitory nucleic acid sequences, for example but not limited to
RNAI, shRNAi, siRNA, micro RNAi (mRNAIi), antisense oligonucleotides etc. A protein and/or peptide
agent or fragment thereof, can be any protein of interest, for example, but not limited to; mutated
proteins; therapeutic proteins; truncated proteins, wherein the protein is normally absent or expressed at
lower levels in the cell. Proteins of interest can be selected from a group comprising; mutated proteins,
genetically engineered proteins, peptides, synthetic peptides, recombinant proteins, chimeric proteins,
antibodies, humanized proteins, humanized antibodies, chimeric antibodies, modified proteins and

fragments thereof.
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[0151] A candidate agent also includes any chemical, entity or moiety, including without limitation
synthetic and naturally-occurring non-proteinaceous entities. In certain embodiments, the candidate agent
is a small molecule having a chemical moiety. Such chemical moieties can include, for example,
unsubstituted or substituted alkyl, aromatic, or heterocyclyl moieties and typically include at least an
amine, carbonyl, hydroxyl or carboxyl group, frequently at least two of the functional chemical groups,
including macrolides, leptomycins and related natural products or analogues thereof. Candidate agents
can be known to have a desired activity and/or property, or can be selected from a library of diverse
compounds. Also included as candidate agents are pharmacologically active drugs, genetically active
molecules, etc. Such candidate agents of interest include, for example, chemotherapeutic agents,
hormones or hormone antagonists, growth factors or recombinant growth factors and fragments and
variants thereof. Exemplary of pharmaceutical agents suitable for use with the screening methods
described herein are those described in, "The Pharmacological Basis of Therapeutics,” Goodman and
Gilman, McGraw-Hill, New York, N.Y., (1996), Ninth edition, under the sections: Water, Salts and lons;
Drugs Affecting Renal Function and Electrolyte Metabolism; Drugs Affecting Gastrointestinal Function;
Chemotherapy of Microbial Diseases; Chemotherapy of Neoplastic Diseases; Drugs Acting on Blood-
Forming organs; Hormones and Hormone Antagonists; Vitamins, Dermatology; and Toxicology, all of
which are incorporated herein by reference in their entireties. Also included are toxins, and biological and
chemical warfare agents, for example see Somani, S. M. (Ed.), "Chemical Warfare Agents," Academic
Press, New York, 1992), the contents of which is herein incorporated in its entirety by reference.
Candidate agents, such as chemical compounds, can be obtained from a wide variety of sources including
libraries of synthetic or natural compounds, such as small molecule compounds. For example, numerous
means are available for random and directed synthesis of a wide variety of organic compounds, including
biomolecules, including expression of randomized oligonucleotides and oligopeptides. Alternatively,
libraries of natural compounds in the form of bacterial, fungal, plant and animal extracts are available or
readily produced. Additionally, natural or synthetically produced libraries and compounds are readily
modified through conventional chemical, physical and biochemical means, and may be used to produce
combinatorial libraries. Known pharmacological agents may be subjected to directed or random chemical
modifications, such as acylation, alkylation, esterification, amidification, etc. to produce structural
analogs. Synthetic chemistry transformations and protecting group methodologies (protection and
deprotection) useful in synthesizing the candidate compounds for use in the screening methods described
herein are known in the art and include, for example, those such as described in R. Larock (1989)
Comprehensive Organic Transformations, VCH Publishers; T. W. Greene and P. G. M. Wuts, Protective
Groups in Organic Synthesis, 2nd ed., John Wiley and Sons (1991); L. Fieser and M. Fieser, Fieser and
Fieser's Reagents for Organic Synthesis, John Wiley and Sons (1994); and L. Paquette, ed., Encyclopedia
of Reagents for Organic Synthesis, John Wiley and Sons (1995), and subsequent editions thereof, the
contents of each of which are herein incorporated in their entireties by reference. Examples of methods
for the synthesis of molecular libraries can be found in the art, for example in: DeWitt et al. (1993) Proc.

Natl. Acad. Sci. U.S.A. 90:6909; Erb et al. (1994) Proc. Natl. Acad. Sci. USA 91:11422; Zuckermann et
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al. (1994) J. Med. Chem. 37:2678; Cho et al. (1993) Science 261:1303; Carrell et al. (1994) Angew.
Chem. Int. Ed. Engl. 33:2059; Carell et al (1994) Angew. Chem. Int. Ed. Engl. 33:2061; and Gallop et al.
(1994) J. Med. Chem. 37:1233, the contents of each of which are herein incorporated in their entireties by
reference. Libraries of candidate agents can also, in some embodiments, be presented in solution (e.g.
Houghten (1992), Biotechniques 13:412-421), or on beads (Lam (1991), Nature 354:82-84), chips (Fodor
(1993) Nature 364:555-556), bacteria (Ladner, U.S. Pat. No. 5,223,409), spores (Ladner U.S. Pat. No.
5,223,409), plasmids (Cull et al. (1992) Proc Natl Acad Sci USA 89:1865-1869) or on phage (Scott and
Smith (1990) Science 249:386-390; Devlin (1990) Science 249:404-406; Cwirla et al. (1990) Proc. Natl.
Acad. Sci. 87:6378-6382; Felici (1991) J. Mol. Biol. 222:301-310; Ladner supra.), the contents of each of
which are herein incorporated in their entireties by reference. The test compounds or candidate agents
can be obtained using any of the numerous approaches in combinatorial library methods known in the art,
including: biological libraries; spatially addressable parallel solid phase or solution phase libraries;
synthetic library methods requiring deconvolution; the “one-bead one-compound’ library method; and
synthetic library methods using affinity chromatography selection. The biological library approach is
limited to peptide libraries, while the other four approaches are applicable to peptide, non-peptide
oligomer or small molecule libraries of compounds (Lam, K. S. (1997) Anticancer Drug Des. 12:145).
Examples of methods for the synthesis of molecular libraries can be found in the art, for example in:
DeWitt et al. (1993) Proc. Natl. Acad. Sci. U.S.A. 90:6909; Erb et al. (1994) Proc. Natl. Acad. Sci. USA
91:11422; Zuckermann et al. (1994). J. Med. Chem. 37:2678; Cho et al. (1993) Science 261:1303;
Carrell et al. (1994) Angew. Chem. Int. Ed. Engl. 33:2059; Carell et al. (1994) Angew. Chem. Int. Ed.
Engl. 33:2061; and in Gallop et al. (1994) J. Med. Chem. 37:1233. Libraries of compounds can be
presented in solution (e.g., Houghten (1992) Biotechniques 13:412-421), or on beads (Lam (1991) Nature
354:82-84), chips (Fodor (1993) Nature 364:555-556), bacteria (Ladner U.S. Pat. No. 5,223,409), spores
(Ladner U.S. Pat. No. '409), plasmids (Cull et al. (1992) Proc Natl Acad Sci USA 89:1865-1869) or on
phage (Scott and Smith (1990) Science 249:386-390); (Devlin (1990) Science 249:404-406); (Cwirla et
al. (1990) Proc. Natl. Acad. Sci. 87:6378-6382); (Felici (1991) J. Mol. Biol. 222:301-310); (Ladner
supra.). The methods described herein further pertain to novel agents identified by the above-described
screening assays. With regard to intervention, any treatments which modulate CD1a expression and/or
activity should be considered as candidates for human therapeutic intervention.
[0152] In one embodiment, an assay is a cell-based assay comprising contacting a skin cell (e.g.,
Langerhans cell(s)) in culture with a candidate agent and determining the ability of the candidate agent to
modulate (e.g., induce or inhibit) antigen presenting activity, CD1a ligand binding activity or T-cell
activation.
[0153] In one embodiment, the screening assay is an in vitro assay designed to measure the degree
of molecular interaction between CD1a and lipid ligands. Recombinant CD1a molecules are coupled to a
detectable moiety and incubated with a known lipid ligand (e.g., sulfatide) in the presence or absence of
one or more candidate agents. The detectable moiety permits one to measure whether a candidate agent is

able to inhibit the interaction between CD1a and its ligand. As used herein, the term "reporter moiety” or
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"detectable moiety"” refers to a molecule, or moiety of a molecule, capable of producing a detectable
signal such as e.g., fluorescence, chemiluminescence, a colorimetric signal etc.

[0154] Alternatively, in another embodiment, the screening assay uses a label-free technology such
as “bio-layer interferometry,” which is an optical analytical technique that analyzes the interference
pattern of white light reflected from two surfaces: a layer of immobilized protein on the biosensor tip,
and an internal reference layer. Any change in the number of molecules bound to the biosensor tip causes
a shift in the interference pattern that can be measured in real-time. The binding between a ligand
immobilized on the biosensor tip surface and an analyte in solution produces an increase in optical
thickness at the biosensor tip, which results in a wavelength shift, AX , which is a direct measure of the
change in thickness of the biological layer. Interactions are measured in real time, providing the ability to
monitor binding specificity, rates of association and dissociation, or concentration, with precision and
accuracy. Bio-layer interferometric systems are available commercially from ¢.g., FORTEBIO. The
OCTET system from FORTEBIO permits one to measure sensitive and specific binding curves that
reflect the moleculare interaction between recombinant CD1a and a lipid ligand (e.g., sulfatide), in the
presence or absence of one or more (e.g., a plurality) of candidate agents.

[0155] In another embodiment, the screening assay uses a label-free technology such as “surface
plasmon resonance.” Surface plasmon resonance," as used herein, refers to the physical phenomenon in
which incident light is converted strongly into electron currents at the metal surface for planar surfaces,
and the term “localized surface plasmon resonance (LSPR)” can also be used for surface plasmon
resonance of nanometer-sized structures. The oscillating currents produce strong electric fields in the
(non-conducting) ambient medium near the surface of the metal. The electric fields, in turn, induce
electric polarization in the ambient medium. Electric polarization is well known to cause the emission of
light at wavelengths characteristic of the medium, i.e., the “Raman wavelengths.” Additional background
information regarding this phenomenon may be found in Surface Enhanced Raman Scattering, ed. Chang
& Furtak, Plenum Press, NY (1982), the entire disclosure of which is incorporated herein by reference.
As used herein, the term “Raman scattering” is intended to encompass all related physical phenomena
where an optical wave interacts with the polarizability of the material, such as Brillouin scattering or
polariton scattering.

9% 6

[0156] As used herein, “surface plasmons,” “surface plasmon polaritons,” or “plasmons” refer to the
collective oscillations of free electrons at plasmonic surfaces, such as metals. These oscillations result in
self-sustaining, surface electromagnetic waves that propagate in a direction parallel to the metal/dielectric
(or metal/vacuum) interface. Since the wave is on the boundary of the metal and the external medium (air
or water for example), these oscillations are very sensitive to any change of this boundary, such as, for
example, the adsorption of a biomolecular target to the metal surface. Subsequently, the oscillating
electrons radiate electromagnetic radiation with the same frequency as the oscillating electrons. It is this
re-radiation of light at the same incident wavelength that is referred to as “plasmon scatter.” These

oscillations can also give rise to the intense colors of solutions of plasmonic nanoparticles and/or intense

scattering. In the case of metallic plasmonic nanoparticles, excitation by light results in localized
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collective electron charge oscillations, i.e., “localized surface plasmon polaritions” (LSPRs). They
exhibit enhanced near-field amplitude at the resonance wavelength. This field is highly localized at the
nanoparticle and decays rapidly away from the plasmonic nanoparticle/dieletric interface into the
dielectric background, though far-field scattering by the particle can also enhanced by the resonance.
LSPR has very high spatial resolution at a subwavelength level, and is determined by the size of
plasmonic nanoparticles. "Plasmon absorption," as used herein, refers to the extinction of light (by
absorption and scattering) caused by metal surface plasmons. Surface plasmon resonance can be used
with the methods and assays described herein for measuring the interaction between CD1a and a ligand
that binds CD1a, in the presence or absence of a candidate agent to determine if the candidate agent
disrupts or inhibits the interaction between CD1la and its ligand.

[0157] Also contemplated herein are screening assays utilizing functional T-cell experiments. In one
embodiment, the functional T-cell experiment is performed in conjunction with at least one other
screening assay as described herein, for example, to further test a candidate agent identified through bio-
layer interferometry or surface plasmon resonance. In another embodiment, the functional T-cell
experiment is performed independently of other screening assays described herein. The functional T-cell
assay is an in vitro assay comprising CD1a-expressing antigen-presenting cells (APCs) in co-culture with
CD1la-restricted T cells. The T-cells are responsive to CD1a and any interference with the proper display
of CD1a on the cell surface of APCs hampers T-cell stimulation. The T-cell co-culture is incubated in the
presence of absence of at least one candidate agent to be tested. T-cell activation, T-cell proliferation and
cytokine production can be measured, alone or in combination, using ELISA. Specific cytokines
contemplated include, but are not limited to, IFN-y and IL-17. Inhibition of CD1a-mediated T-cell
activation indicates that candidate agent is efficacious for inhibiting CD1a-mediated inflammation.
[0158] Also contemplated herein is an in vitro screening assay utilizing CD1a-transgenic mice as
described herein. For example, inflammatory skin disease is induced using the urushiol-mediated contact
dermatitis model of psoriasis model described herein. Candidate agents are administered to the animals
and the degree of inflammatory skin disease is assessed as described herein. One of skill in the art can
design such screening assays to include dose-response curves of each candidate agent.

[0159] The screening assays described herein can be used alone, or in combination with at least one
other screening assay as described herein.

[0160] Also contemplated herein are screening kits for use in research or development of
therapeutics for the treatment of psoriasis, urushiol-mediated inflammation, or other inflammatory skin
diseases. Such kits can include one or more of the following agents: recombinant CD1a, a lipid ligand, a
CDla-expressing antigen presenting cell, a CD1a-restricted T-cell, CD1a-transgenic mouse model, a
positive control, various buffers, reagents etc., and instructions for use.

[0161] It is understood that the foregoing description and the following examples are illustrative
only and are not to be taken as limitations upon the scope of the invention. Various changes and
modifications to the disclosed embodiments, which will be apparent to those of skill in the art, may be

made without departing from the spirit and scope of the present invention. Further, all patents, patent
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applications, and publications identified are expressly incorporated herein by reference for the purpose of
describing and disclosing, for example, the methodologies described in such publications that might be
used in connection with the present invention. These publications are provided solely for their disclosure
prior to the filing date of the present application. Nothing in this regard should be construed as an
admission that the inventors are not entitled to antedate such disclosure by virtue of prior invention or for
any other reason. All statements as to the date or representation as to the contents of these documents are
based on the information available to the applicants and do not constitute any admission as to the

correctness of the dates or contents of these documents.

[0162] Some embodiments of the present invention can be defined as any of the following
paragraphs:
[1] A method for treating or preventing an inflammatory skin disease, the method comprising:

administering a therapeutically effective amount of an inhibitor of CD1a to a subject having an

inflammatory skin disease, thereby treating or preventing the inflammatory skin disease.

[2] The method of paragraph 1, wherein the inhibitor of CD1a inhibits CD1a expression and/or
activity.
[3] The method of paragraph 2, wherein the inhibitor of CD1a expression is an RNA

interference molecule or a small molecule.

[4] The method of paragraph 2, wherein the inhibitor of CD1a activity is a small molecule, an
antibody or fragment thereof, or a peptide.

[5] The method of paragraph 1, wherein the inflammatory skin disease is a T-cell mediated skin
disease or disorder.

[6] The method of paragraph 1, wherein the inflammatory skin disease is urushiol-induced

contact dermatitis.

[7] The method of paragraph 1, wherein the inflammatory skin disease is psoriasis and/or atopic
dermatitis.

[8] The method of paragraph 2 or 4, wherein the inhibitor of CD1a activity inhibits binding of a
ligand to CD1a or CD1a-mediated antigen presenting activity.

9] The method of paragraph 8, wherein the ligand is urushiol.

[10] The method of paragraph 2 or 4, wherein the inhibitor of CD1a activity inhibits antigen-

presenting activity of a Langerhans cell.
[11] A pharmaceutical composition for treating an inflammatory skin disease, the composition
comprising a therapeutically effective amount of an inhibitor of CD1a and a pharmaceutically

acceptable carrier.

[12] The composition of paragraph 11, wherein the inhibitor of CD1a is selected from the group
consisting of: an RNA interference molecule, a small molecule, a peptide, and an antibody or
fragment thereof.

[13] The composition of paragraph 11, wherein the inhibitor of CD1a inhibits CD1a expression

and/or activity.
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[14]

[15]

[16]

[17]

[18]

[19]

[20]
[21]

[22]

[23]

[24]

[25]

[26]

[27]
[28]

The composition of paragraph 13, wherein the inhibitor of CD1a expression is an RNA
interference molecule or a small molecule.

The composition of paragraph 13, wherein the inhibitor of CD1a activity is a small molecule,
an antibody or fragment thereof, or a peptide.

The composition of paragraph 11, wherein the inflammatory skin disease is a T-cell mediated
skin disease or disorder.

The composition of paragraph 11, wherein the inflammatory skin disease is urushiol-induced
contact dermatitis.

The composition of paragraph 11, wherein the inflammatory skin disease is psoriasis and/or
atopic dermatitis.

The composition of paragraph 13 or 15, wherein the inhibitor of CD1a activity inhibits
binding of a ligand to CD1a or CD1a-mediated antigen presenting activity.

The composition of paragraph 19, wherein the ligand is urushiol.

The composition of paragraph 13 or 15, wherein the inhibitor of CD1a activity inhibits
antigen-presenting activity of a Langerhans cell.

The composition of any one of paragraphs 11-21, wherein the composition is formulated for
systemic delivery.

The composition of any one of paragraphs 11-21, wherein the composition is formulated for
topical delivery.

A method for screening a candidate agent for treating an inflammatory skin disease, the
method comprising:

contacting a Langerhans cell or population of Langerhans cells with an agent,

measuring expression and/or activity of CD1a in the cell or population of cells,

wherein a decrease in expression and/or activity of CD1a indicates that the agent is a

candidate agent for the treatment of an inflammatory skin disease.

The method of paragraph 24, wherein the candidate agent is selected from the group
consisting of: an RNA interference molecule, a small molecule, a peptide, and an antibody or
fragment thereof.

An assay comprising:

a. contacting a population of Langerhans cells with a candidate agent,

b. contacting the cells of step (a) with a labeled CD1a ligand,

c. measuring the intensity of the signal from the bound, detectable ligand,

d. comparing the measured intensity of the signal with a reference value and if the
measured intensity is decreased relative to the reference value,

e. identifying the candidate agent as an inhibitor of CD1a expression and/or activity in
the cell.

The method of paragraph 26, wherein the CD1a ligand is urushiol.

An inhibitor of CD1a for use in the treatment or prevention of an inflammatory skin disease.
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[29] Use of an inhibitor of CD1a for the manufacture of a medicament for the treatment or
prevention of an inflammatory skin disease.
[30] Use of paragraphs 28 or 29, wherein the inhibitor of CD1a inhibits CD1a expression and/or
activity.
[31] Use of paragraph 30, wherein the inhibitor of CD1a expression is an RNA interference
molecule or a small molecule.
[32] Use of paragraph 30, wherein the inhibitor of CD1a activity is a small molecule, an antibody
or fragment thereof, or a peptide.
[33] Use of paragraph 30 or 32, wherein the inhibitor of CD1a activity inhibits binding of a ligand
to CD1a or CD1a-mediated antigen presenting activity.
[34] Use of paragraph 33, wherein the ligand is urushiol.
[35] Use of paragraph 30 or 32, wherein the inhibitor of CD1a activity inhibits antigen-presenting
activity of a Langerhans cell.
[36] Use of any one of paragraphs 28-35, wherein the inflammatory skin disease is a T-cell
mediated skin disease or disorder.
[37] Use of any one of paragraphs 28-36, wherein the inflammatory skin disease is urushiol-
induced contact dermatitis.
[38] Use of any one of paragraphs 28-37, wherein the inflammatory skin disease is psoriasis
and/or atopic dermatitis.
[39] Use of any one of paragraphs 28-38, wherein the inhibitor of CD1a is formulated for
systemic and/or topical delivery.
EXAMPLES
[0163] We discovered the function of the molecule CD1a expressed on Langerhans cells in the skin
in the generation of inflammatory skin diseases. These conditions include contact dermatitis to Poison
Ivy as well as psoriasis. Our research demonstrates that CD1a mediates an inflammatory T-cell response
that is characterized by the prominent production of cytokines like IL-17. Importantly, treatment with an
experimental antibody against CD1a totally abrogates skin inflammation. This forms the basis for a
therapeutic treatment to target CD1a with specific antibodies, small molecule inhibitors, or RNAi to
prevent, treat or even cure skin disease. Current treatment options for psoriasis, such as biologics
blocking cytokines, are limited due to restricted efficacy and substantial side effects. Therefore, due to
the highly specific, mechanistic nature of treatment, CD1a-based therapy has great potential to improve
outcomes of inflammatory skin diseases while minimizing side effects.
[0164] Central to our invention is the discovery that CD1a expressed on Langerhans cells is able to
mediate skin inflammation through the induction of CD1a-restricted T cells. Accordingly, T cells
stimulated by CD1a produce inflammatory cytokines such as interferon (IFN) gamma and IL-17 that
facilitate the development of inflammatory skin disease (FIG.1A). The CD1a-mediated mechanism holds
true for diverse skin diseases, including poison ivy contact dermatitis as well as psoriasis. To demonstrate

the importance of CD1a in the immune response to poison ivy, we tested first whether the poison ivy-
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derived lipid molecule called urushiol represents a ligand for CD1a. For this purpose we performed a
plate-bound binding assay, using purified urushiol and recombinant CD1a. After coating the microtiter
plates with urushiol or the known CD1a ligand sulfatide as positive control, plates were washed and
subsequently incubated with biotinylated CD1a. Following incubation with streptavidin-peroxidase and
the respective chromogenic enzyme substrate, optical density was measured indicating binding
efficiency. When compared to the positive control sulfatide, urushiol clearly showed specific binding to
CD1la (FIG. 1B). Thus, urushiol from poison ivy is a ligand for CD1a.

[0165] Next, we wanted to explore the function of CD1a in the in vivo response to urushiol.
However, CD1a is mainly expressed in humans, and absent in experimental mice. Therefore, in vivo
studies investigating CD1a function were not possible in the past. Therefore, we used mice transgenic for
human CD1a to overcome that obstacle. FIG. 2A depicts the experimental set-up to investigate the skin
immune response to poison ivy. Accordingly, CD1a-transgenic mice compared to wild-type (WT) mice
were sensitized with urushiol on the abdomen following the epicutancous route. Five days later, mice
were challenged on the ear skin, prior to harvesting of inflamed ears and draining lymph nodes 48h after
challenge. Measuring the ear thickness 2 days after urushiol challenge revealed drastically increased ear
swelling in CD1a-transgenic mice when compared to WT controls, indicating strongly amplified
inflammation in the presence of CD1a (FIG. 2B). Subsequently, we isolated the inflammatory cells from
the ears, using in vitro enzyme digestion of ear tissues, prior to staining for neutrophils and T lymphocyte
subsets. Accordingly, we stained neutrophils for the marker molecules Gr-1 and CD11b, and observed a
striking increase of neutrophil infiltration in CD1a-transgenic mice using analysis by flow cytometry
(FIG. 2C). Moreover, we analyzed the proportions of v and off T cells in the skin and found that
specifically CD4+ aff T cells expanded in urushiol-challenged skin in a CD1a-dependent fashion (FIG.
2D).

[0166] In parallel, we also determined the cytokine profile of the T cells infiltrating the inflamed
skin. Accordingly, we performed intracellular cytokine staining for IFN-y, IL-17, and 1L-22, prior to
analysis by flow cytometry. Surprisingly, poison ivy failed to induce an I[FN-y response, a cytokine
normally predominant in inflammation and delayed type hypersensitivity (DTH). By contrast, T cells
responding to urushiol challenge mainly produced the cytokines 1L-17 and IL-22 (FIGs. 3A-3D). IL-17 is
known to mediate the recruitment of neutrophils, and IL-22 acts on epithelial cells to trigger their
hyperproliferation, both cardinal features of skin inflammation.

[0167] Based on our findings that CD1a promotes skin inflammation, we next aimed at developing a
therapeutic strategy to target CD1a in order to abrogate skin disease. To this end, we used an
experimental blocking antibody to CD1a for intraperitoneal injection of mice. The treatment schedule
included five injections of 100pg anti-CD1a starting one day prior to sensitization with urushiol and
followed by injections every other day until challenge and tissue harvest. When measuring ear swelling
as indicator of inflammation, we observed a striking reduction in ear thickness upon treatment with CD1a
blocking antibody (FIG. 4A). This therapeutic impact on skin inflammation corresponded to the

markedly reduced infiltration of neutrophils, as reflected by the reduced population of Gr-1+ CD11b+
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cells in anti-CD1a-treated mice measured by flow cytometry (FIG. 4B). To control for the efficiency of
antibody treatment, we stained ear cells for CD1a, the crucial surface marker of Langerhans cells. Flow
cytometrical analysis revealed that anti-CD1a treatment allowed for the efficient depletion of the CD1a+
cell population (FIG. 4C). Moreover, we investigated the impact of anti-CD1a treatment on the
abundance of IL-17-producing CD4 T cells (also called Th17 cells). The frequency of Th17 cells was
drastically increased in CD1a-transgenic mice challenged with urushiol. However, anti-CD1a treatment
reduced the abundance of Th17 cells as well as their cytokine production to the levels seen in WT control
animals (FIG. 4D). Taken together, we provide the proof of principle that anti-CD 1a therapy abrogates
skin inflammation.
[0168] Notably, the Th17 cell phenotype that we observed in urushiol-induced contact dermatitis
resembles the inflammatory process described in psoriasis. Therefore, we subsequently investigated
whether CD1a also plays an important role in psoriasis. For this purpose, we used a well-established
model applying the small molecule imiquimod (IMQ) to the skin of mice, which induces psoriasis-like
pathology after 3-6 days of daily administration. Strikingly, CD1a-transgenic mice responded with
extensive ear swelling when compared to WT controls (FIG. 5A). When analyzing the infiltrating
leukocyte subsets in the ear performing flow cytometry, we observed a dramatic increase in Gr-1+
CD11b+ neutrophils as well as off T cells in the skin of CD1a-transgenic mice (FIG. 5B). Furthermore,
the inflammatory T cells mainly consisted of CD4 T cells producing IL-17 and IL-22 (FIG. 5C). These
findings demonstrate that CD1a also plays an important role in psoriasis-like pathology, and that the
immunological phenotype observed in CD1a-transgenic mice corresponds to what is known in psoriasis
patients.
[0169] In order to test whether anti-CD1a therapy is able to abrogate skin inflammation in psoriasis,
we performed IMQ treatment of mice and administered anti-CD 1a antibody in parallel as described
above. Ear swelling as a measure of inflammation was totally abrogated upon treatment of CD1a-
transgenic mice with anti-CD1a antibody (FIG. 6A). Correspondingly, the expansion of CD4+ off T cells
in the skin was reduced to background levels as measured by flow cytometry (FIG. 6B). Of note, anti-
CD1a therapy blocked the infiltration of IL-17 producing CD4 T cells. To conclude, we demonstrate that
CD1a-based therapy abrogates a Th17 cell phenotype and inflammatory skin disease such as psoriasis.
[0170] Finally, we wanted to examine whether CD1a-transgenic mice are generally prone to
increased inflammatory responses. To this end, we treated mice with the well-established hapten DNFB
(dinitrofluorobenzene). FIG. 7A depicts the skin sensitization and challenge schedule used for DNFB and
urushiol application. Surprisingly, in contrast to poison ivy challenge, CD1a-transgenic mice responded
with less inflammation to DNFB as indicated by reduction in ear swelling (FIG. 7B). Congruently,
although urushiol amplified neutrophil infiltration in CD1a-transgenic mice, the abundance of
inflammatory granulocytes was strikingly reduced in response to DNFB as measured by flow cytometry
(FIG. 7C). 1t is well known that haptens like DNFB induce a prominent IFN-y response, as we observed
in WT mice (FIG. 7D). However, T cell-derived IFN-y was significantly reduced in CD1a-transgenic

animals, and the cytokine response was rather biased towards IL-17 (FIG. 7D). In conclusion, these data
35



WO 2015/042110 PCT/US2014/056021
show that CD1a-transgenic mice are not characterized by a general increase in inflammatory responses to
a variety of triggers. By contrast, the classical delayed type hypersensitivity (DTH) response to DNFB
was rather decreased in the presence of CD1a. This underlines the specific nature of CD1a function in
urushiol-induced contact dermatitis and psoriasis.

[0171] Moreover, the T cell infiltration in the skin was predominantly mediated by CD4 T cells in
response to poison ivy (FIG. 8). This is in contrast to the known phenomena of CD8 T cell participation
in DTH to substances like DNFB, and shows again that CD la-mediated skin inflammation represents a
distinct mechanism beyond known allergic pathways.

[0172] Furthermore, we extended the scope of possible indications for a CD1a-based drug by testing
the role of CD1a in atopic dermatitis (AD). Accordingly, we treated CD1a-transgenic mice with
calcipotriol (MC903), a well-established mouse model for AD. Notably, CD1a strikingly increased skin
inflammation, and treatment with a CD1a-blocking antibody reduced inflammatory skin disease in this
AD model.

[0173] Atopic dermatitis is an inflammatory skin disease characterized by itchy and relapsing
eczematous skin lesions. It affects approximately 30% of children and 10% of adults, costing up to $3.8
billion annually in the United States. The cause of atopic dermatitis remains unclear, and there is no cure
available. Recently, it has been reported that IL-22-producing CD4 T cells are associated with initiation
and progression of atopic dermatitis. Therefore, it is worthwhile to test whether anti-CD1a therapy can be
extended to atopic dermatitis. For this purpose, we set up a mouse model of atopic dermatitis applying
MC903 (calcipotriol, Vitamin D analogue) daily on the ears of experimental mice, which triggers atopic
dermatitis-like skin inflammation characterized by red, scaly, and eczematous lesions. Inflammation
indicated by ear swelling and Gr1+CD11b+ granulocyte infiltration was significantly amplified in CD1a-
transgenic mice when compared to WT B6 controls. Furthermore, anti-CD1a Ab injection suppressed ear
swelling and granulocyte infiltration in CD1a-transgenic mice. These results suggest that CD1a promotes
skin inflammation in an atopic dermatitis model, and thus could represent a novel therapeutic target for
future treatment of atopic dermatitis.

[0174] The inventors tested the contribution of CD1a presence in MC903-induced atopic dermatitis.
The vitamin D3 analogue MC903 was used to induce AD-like symptoms in wild-type (WT-B6) mice,
CD1a transgenic mice, and CD1a transgenic mice that were treated with an anti-CD1a Ab. For CD1a
blocking, 200ug of anti-CD 1a Ab was intraperitoneally injected into CDla-transgenic mice every other
day (-1, +1, +3, +5, and +7 days before and after MC903 treatment). FIGS. 9A and 9B show that skin
inflammation after MC903 application is aggravated in the presence of CD1a. FIG. 9A shows increased
car swelling in CD1a-transgenic mice that is abrogated by anti-CD1a injection. FIG. 9B shows reduction
of CD11b+Gr-1+ inflammatory granulocytes in inflamed ear tissues by anti-CD1a Ab injection.
Translational studies using T cells from psoriasis patients:

[0175] In order to investigate whether CD1a-based therapy can work in the human system, we will
demonstrate the activation of CD1a-restricted T cells in psoriasis patients. Moreover, we will aim at

blocking the inflammatory T cell response from psoriasis patients using an anti-CD1a antibody. These
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experiments will confirm that CD1a plays an important role in psoriasis patients, and that targeting of
CD1a is a vital option for CD1a-based drug development against human disease. For this purpose,
peripheral blood from patients suffering from moderate to severe psoriasis as well as healthy donors will
be used for these tests. The T cells are isolated from the blood and subsequently co-cultured with antigen
presenting cells (APCs) expressing CD1a. After incubation of APCs with T cells, cell culture
supernatants are analyzed for the amount of inflammatory cytokines such as IFN-vy, IL-17, and IL-22
using ELISA. In parallel, co-cultures will be treated with an anti-CD1a antibody to block CD1a-mediated
T cell stimulation. We predict that CD1a-restricted T cells expand in psoriasis patients since they are
important effectors of the inflammatory response. Accordingly, we predict that cytokine responses of T
cells from psoriasis patients will be increased compared to healthy donors. We further predict that CD1a
blocking will abrogate inflammatory T cell responses derived from psoriasis patients. These experiments
will provide confirmation of that CD1a is a vital target for treatment of inflammatory skin diseases in
humans, similar to our results observed in mice.

Exemplary Screening Assays

[0176] Provided herein are exemplary screening assays contemplated for use with the methods and
assays described herein. Modifications to the screening assays described herein are well within the skill
set of one of ordinary skill in the art and are contemplated herein.

[0177] In order to develop a small molecule inhibitor against CD1a, a CD1a binding assay as a
platform can be used to test potential inhibitors from a chemical compound library. For this purpose we
have already established a read-out using the OCTET machine (from FORTEBIO) to measure the
molecular interaction between CD1a and lipid ligands with high sensitivity. The measurement principle
of the OCTET is based on a technology called Bio-Layer Interferometry (BLI), which is able to
determine kinetics between two binding partners comparable to surface plasmon resonance (BIACORE).
However, the great advantage of the OCTET is its straightforward assay set-up, and that it is amenable to
high throughput screening using a 384-well plate format. Accordingly, we use recombinant CD1a
molecules coupled to a biosensor, prior to incubation with the known lipid ligand sulfatide. This
experimental set-up yields sensitive and specific binding curves that reflect the molecular interaction
between CD1a and sulfatide. In a next step, use pools of small organic molecules derived from a
chemical compound library are tested by adding them to the CD1a-sulfatide binding assay. Subsequently,
one can measure whether a small molecule candidate is able to inhibit the interaction between CD1a and
its ligand.

[0178] Once small molecule candidates that block binding of CD1a to its ligand are identified, one
can determine whether these inhibitors are also able to prevent T cell activation by CD1a. To this end, we
can perform functional T cell experiments in vitro, using CD1a-expresing antigen-presenting cells
(APCs) in co-culture with CD1a-restricted T cells. Of note, the T cells used are responsive to CD1a, and
any interference with the proper display of CD1a on the cell surface of APCs hampers T cell stimulation.
Subsequently, T cell co-cultures are incubated with the small molecule inhibitors from the primary

screen. As indicators of T cell activation, T cell proliferation and cytokine production are measured by
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ELISA, including IFN-y and IL-17. A potent small molecule inhibitor will likely totally abrogate CD1a-
mediated T cell activation. This secondary screen is designed to identify a small molecule inhibitor that is
also capable of shutting down T cell responses which drive the development of inflammatory skin
disease.

[0179] In a third step, the potent inhibitors identified in the secondary screen are tested in vivo,
using the CD1a-transgenic mice described herein. For this purpose, inflammatory skin disease is induced
using our models of urushiol-mediated contact dermatitis as well as psoriasis. Accordingly, candidate
inhibitors testing a variety of application schedules are administered to determine their ability to abrogate
inflammatory skin disease. The small molecules with the highest potency in vivo can be tested further for

toxicity and safety towards clinical development.
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CLAIMS

We claim:

1. A method for treating or preventing an inflammatory skin disease, the method comprising:
administering a therapeutically effective amount of an inhibitor of CD1a to a subject having an
inflammatory skin disease, thereby treating or preventing the inflammatory skin disease.

2. The method of claim 1, wherein the inhibitor of CD1a inhibits CD1a expression and/or activity.

3. The method of claim 2, wherein the inhibitor of CD1a expression is an RNA interference
molecule or a small molecule.

4. The method of claim 2, wherein the inhibitor of CD1a activity is a small molecule, an antibody
or fragment thereof, or a peptide.

5. The method of claim 1, wherein the inflammatory skin disease is a T-cell mediated skin disease

or disorder.

6. The method of claim 1, wherein the inflammatory skin disease is urushiol-induced contact
dermatitis.

7. The method of claim 1, wherein the inflammatory skin disease is psoriasis and/or atopic
dermatitis.

8. The method of claim 2 or 4, wherein the inhibitor of CD1a activity inhibits binding of a ligand to

CD1la or CDla-mediated antigen presenting activity.

9. The method of claim 8, wherein the ligand is urushiol.

10. The method of claim 2 or 4, wherein the inhibitor of CD1a activity inhibits antigen-presenting
activity of a Langerhans cell.

11. A pharmaceutical composition for treating an inflammatory skin disease, the composition
comprising a therapeutically effective amount of an inhibitor of CD1a and a pharmaceutically
acceptable carrier.

12. The composition of claim 11, wherein the inhibitor of CD1a is selected from the group consisting

of: an RNA interference molecule, a small molecule, a peptide, and an antibody or fragment

thereof.

13. The composition of claim 11, wherein the composition is formulated for systemic delivery.

14. The composition of claim 11, wherein the composition is formulated for topical delivery.

15. A method for screening a candidate agent for treating an inflammatory skin disease, the method
comprising:

a. contacting a Langerhans cell or population of Langerhans cells with an agent,
b. measuring expression and/or activity of CD1a in the cell or population of cells,
1. wherein a decrease in expression and/or activity of CD1a indicates that the agent

is a candidate agent for the treatment of an inflammatory skin disease.

16. The method of claim 15, wherein the candidate agent is selected from the group consisting of: an

RNA interference molecule, a small molecule, a peptide, and an antibody or fragment thereof.
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17.

18.
19.
20.

21.
22.

23.

24.

25.
26.

27.

28.

29.

30.

WO 2015/042110 PCT/US2014/056021

An assay comprising:

a. contacting a population of Langerhans cells with a candidate agent,

b. contacting the cells of step (a) with a labeled CD1a ligand,

c. measuring the intensity of the signal from the bound, detectable ligand,

d. comparing the measured intensity of the signal with a reference value and if the

measured intensity is decreased relative to the reference value,
e. identifying the candidate agent as an inhibitor of CD1a expression and/or activity in the
cell.

The method of claim 17, wherein the CD1a ligand is urushiol.
An inhibitor of CD1a for use in the treatment or prevention of an inflammatory skin disease.
Use of an inhibitor of CD1a for the manufacture of a medicament for the treatment or prevention
of an inflammatory skin disease.
Use of claims 19 or 20, wherein the inhibitor of CD1a inhibits CD1a expression and/or activity.
Use of claim 21, wherein the inhibitor of CD1a expression is an RNA interference molecule or a
small molecule.
Use of claim 21, wherein the inhibitor of CD1a activity is a small molecule, an antibody or
fragment thereof, or a peptide.
Use of claim 23, wherein the inhibitor of CD1a activity inhibits binding of a ligand to CD1a or
CDla-mediated antigen presenting activity.
Use of claim 24, wherein the ligand is urushiol.
Use of claim 23, wherein the inhibitor of CD1a activity inhibits antigen-presenting activity of a
Langerhans cell.
Use of any one of claims 19-26, wherein the inflammatory skin disease is a T-cell mediated skin
disease or disorder.
Use of any one of claims 19-26, wherein the inflammatory skin disease is urushiol-induced
contact dermatitis.
Use of any one of claims 19-26, wherein the inflammatory skin disease is psoriasis and/or atopic
dermatitis.
Use of any one of claims 19-29, wherein the inhibitor of CD1a is formulated for systemic and/or

topical delivery.
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