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ferential expression to create one or more gene expression signature
lists; and storing the one or more gene expression signature lists on at
least one computer readable medium.
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METHOD OF GENERATING A HYPERPIGMENTATION CONDITION GENE
EXPRESSION SIGNATURE

BACKGROUND OF THE INVENTION

Skin pigment irregularities are common across ethnic and racial groups and are often
considered cosmetically disfiguring. Disorders of pigment production and distribution occur as a
function of intensity and duration of UV radiation exposure, life style habits, chronological age,
endocrine functioning and disease state and are found ubiquitously in older populations. Hence
there is a widespread demand for skin pigment modifying, skin lightening and skin tone

enhancing products for the cosmetic market.

The color of normal human skin is due primarily to varying amounts and distribution of
melanin, hemoglobin, and carotenoids. Of these pigments, melanin is of primary significance to
cosmetic skin treatment protocols. Melanin is produced by specialized cells in the skin called
melanocytes through a complicated series of chemical and enzymatic reactions, mainly involving
the copper and manganese containing enzyme tyrosinase. Once synthesized, the melanin
granules are packaged into melanosomes and transferred via the cellular dendrites (extensions) of
the melanocyte to the surrounding keratinocytes, the most abundant cell type in the epidermis.
The rate of melanin synthesis, and the subsequent transfer of melanin by melanocytes via their
dendrites, appears to be influenced by ultraviolet light exposure. Melanosomes transferred to
the outer layer of the skin are responsible for the darkening of the skin, with the degree of
darkening being associated with skin type, sun exposure, and/or certain dermatological

conditions.

Two types of melanin are present in human skin: (1) eumelanin, which is the dark brown-
black pigment found in most skin, hair, and eyes, and whose production is stimulated by
exposure to ultraviolet light, and (2) pheomelanin, which is a yellow-orange pigment found
mainly in the skin of very fair- skinned people, particularly those with red hair. The perceived
color of skin is determined by the ratio of eumelanins to pheomelanins, and to a smaller extent

on blood within the dermis.

The pigmentation pathway has been elucidated in detail. Summarily, melanin forms
through a series of oxidative reactions involving the amino acid tyrosine in the presence of the

enzyme tyrosinase. Tyrosinase converts tyrosine to dihydroxyphenylalanine (DOPA) and then to
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dopaquinone. Subsequently, dopaquinone is converted to dopachrome through auto-oxidation,
and finally to dihydroxyindole or dihydroxyindole-2-carboxylic acid (DHICA), which
polymerize to form eumelanin. The latter reactions occur in the presence of dopachrome
tautomerase and DHICA oxidase. In the presence of sulfur-containing cysteine or glutathione,
dopaquinone is converted to cysteinyl DOPA or glutathione DOPA; subsequently, pheomelanin

is formed.

A variety of skin hyperpigmentation disorders are known and etiology is diverse,
overlapping in many cases, and often not fully understood. For example, melanosis or melasma
is a condition characterized by the development of sharply demarcated blotchy, brown spots
usually in a symmetric distribution over the cheeks, forehead, and sometimes on the upper lip
and neck. This condition frequently occurs during pregnancy (melasma gravidarum or “mask of
pregnancy”’), and at menopause. Also, this condition is frequently found among those taking oral
contraceptives, and is occasionally found among nonpregnant women who are not taking oral
contraceptives, and sometimes among men. A pattern of similar facial hyperpigmentation is
associated with a chronic liver disease called chloasma. A common condition associated with
aging skin is the development of dark spots sometimes referred to as “age spots™ or “liver spots.”
Other forms of hyperpigmentation can be caused by UV irradiation, in particular UVB radiation
which up-regulates the production of tyrosinase resulting in skin “tanning,” or may result from a
genetic predisposition for the condition, or may come about in association with a skin

inflammatory event or during the course of wound healing.

Vitiligo is a form of hypopigmentation in which cutaneous melanocytes are either ablated
or fail to produce sufficient pigment. Ideally treatment would restore lost pigmentation in
vitiligo-affected skin, but this approach has met with little success via topical interventions and
formulations. Although cosmetic camouflage with dihydroxyacetone sunless-tanning lotions
provides some darkening of hypo-pigmented areas, it also tends to darken surrounding normal
skin, substantially maintaining the undesirable contrast. Hence, a more favored cosmetic
approach is to reduce the normal pigmentation of the unaffected skin to reduce contrast and

produce a tone evening effect.

Several proven targets for pigmentation control are known, but these have generally been
derived from an understanding of the pigmentation process. Hydroquinone (parahydroxy-
benzene), for example, is a widely used skin lightening agent that is known to provide a

satisfactory cosmetic result, however its use strictly for cosmetic purposes is discouraged due to
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its association with a variety of disorders, including diabetes, hypertension, ochronosis,
periorbitary dyschromia, infectious dermatosis, contact eczema, extended dermatophytosis, and
necrotizing cellulites (see, e.g., Raynaud E. et al., Ann Dermatol Venereol 128(6-7):720-724,
2001). Hydroquinone has also shown genotoxic and mutagenic activities (see, e.g., Jagetia G. C.
et al, Toxicol Lett 121(1):15-20, 2001). Due to concerns over toxicity and carcinogenic effects,
the United States limits treatment solutions to a 2% or lower concentration and the FDA has
proposed a ban on all over-the-counter preparations, while hydroquinone is currently banned in

Europe as a skin lightening or depigmenting agent.

Kojic acid, Azelaic acid and certain-hydroxy acids such as glycolic acid, have
demonstrated skin-lightening effects, but reports of localized irritation and inflammation are
common. The prenylated flavonol artocarpin has shown some efficacy for skin-lightening in the
context of ultraviolet-induced skin pigmentation (Shimizu K. et al., Planta Med 68(1):79-81,
2002).

Recently, a more detailed genomic and proteomic understanding of melanogenesis, the
melanocyte, melanocyte-keratinocyte interaction, and the melanocyte-fibroblast interaction has
revealed potentially hundreds of proteins and other effectors involved in the pigmentation
process and in the etiology of hyperpigmentation disorders, which may provide additional
targets. There is a need in the cosmetic arts both for generating potential skin lightening agents
and for effective and efficient screening methods for identifying putative skin active agents with

efficacy and safety in the cosmetic treatment of hyperpigmentation and pigmentation disorders.

Traditionally scientists have focused on the development and provision of safe and
effective topical compositions formulated to lighten skin and such an approach has been useful
for treating localized epidermal hyperpigmentation and for masking areas of skin
hypopigmentation. There remains a need, however, for safe and effective agents capable of

delivery through topical application to reduce the degree of skin pigmentation in both contexts.

Skin pigmentation and the broader cosmetic concept of skin tone, are therefore highly
complex conditions with multiple and overlapping etiologies, which manifest in part as a
function of individual predisposition, and which therefore pose a significant treatment challenge.
There is a need in the art for methods of identifying potential skin pigment modifying agents,
and in particular skin-lightening agents, and for evaluating the efficacy of putative skin active

agents using screening methods that are substantially independent of mechanism of action or
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etiology of the pigment condition. The present investigators therefore undertook an investigation
into the application of a relatively new technology known as “connectivity mapping” to the
search for new skin-active agents with efficacy in the treatment of hyperpigmentation disorders

and related skin conditions.

Connectivity mapping is a well-known hypothesis generating and testing tool having
successful application in the fields of operations research, telecommunications, and more
recently in pharmaceutical drug discovery. The undertaking and completion of the Human
Genome Project, and the parallel development of very high throughput high-density DNA
microarray technologies enabling rapid and simultaneous quantization of cellular mRNA
expression levels, resulted in the generation of an enormous genetic database. At the same time,
the search for new pharmaceutical actives via in silico methods such as molecular modeling and
docking studies stimulated the generation of vast libraries of potential small molecule actives.
The amount of information linking disease to genetic profile, genetic profile to drugs, and
disease to drugs grew exponentially, and application of connectivity mapping as a hypothesis

testing tool in the medicinal sciences ripened.

The general notion that functionality could be accurately determined for previously
uncharacterized genes, and that potential targets of drug agents could be identified by mapping
connections in a data base of gene expression profiles for drug-treated cells, was spearheaded in
2000 with publication of a seminal paper by T.R. Hughes et al. [“Functional discovery via a
compendium of expression profiles” Cell 102, 109-126 (2000)], followed shortly thereafter with
the launch of The Connectivity Map (-map Project by Justin Lamb and researchers at MIT
(“Connectivity Map: Gene Expression Signatures to Connect Small Molecules, Genes, and
Disease”, Science, Vol 313, 2006.) In 2006, Lamb’s group began publishing a detailed synopsis
of the mechanics of C-map construction and installments of the reference collection of gene
expression profiles used to create the first generation C-map and the initiation of an on-going
large scale community C-map project, which is available under the “supporting materials”

hyperlink at http://www.sciencemag.org/content/313/5795/1929/suppl/DCI1.

The basic paradigm of predicting novel relationships between disease, disease phenotype,
and drugs employed to modify the disease phenotype, by comparison to known relationships has
been practiced for centuries as an intuitive science by medical clinicians. Modern connectivity
mapping, with its rigorous mathematical underpinnings and aided by modern computational

power, has resulted in confirmed medical successes with identification of new agents for the
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treatment of various diseases including cancer. Nonetheless, certain limiting presumptions
challenge application of C-map with respect to diseases of polygenic origin or syndromic
conditions characterized by diverse and often apparently unrelated cellular phenotypic
manifestations. According to Lamb, the challenge to constructing a useful C-map is in the
selection of input reference data which permit generation of clinically salient and useful output
upon query. Por the drug-related C-map of Lamb, strong associations comprise the reference

associations, and strong associations are the desired output identified as hits.

Noting the benefit of high-throughput, high density profiling platforms which permit
automated amplification, labeling hybridization and scanning of 96 samples in parallel a day,
Lamb nonetheless cautioned: “[e]ven this much firepower is insufficient to enable the analysis of
every one of the estimated 200 different cell types exposed to every known perturbagen at every
possible concentration for every possible duration...compromises are therefore required” (page
54, column 3, last paragraph). Lamb, however, took the position that cell type did not ultimately
matter, and confined his C-map to data from a very small number of established cell lines out of
efficiency and standardization concerns. Theoretically this leads to heightened potential for in
vitro to in vivo mismatch, and limits output information to the context of a particular cell line. If

one accepts the Lamb precept that cell line does not matter then this limitation may be benign.

However, agents suitable as pharmaceutical agents and agents suitable as cosmetic agents
are categorically distinct, with the former defining agents selected for specificity and which are
intended to have measurable effects on structure and function of the body, while the latter are
selected for effect on appearance and may not affect structure and function of the body to a
measurable degree. Cosmetic agents tend to be substantially non-specific with respect to effect
on cellular phenotype, and administration to the body is generally limited to application on or

close to the body surface.

In constructing C-maps relating to pharmaceutical agents, Lamb stresses that particular
difficulty may be encountered if reference connections are extremely sensitive and at the same
time difficult to detect (weak), and LLamb adopted compromises aimed at minimizing numerous,
diffuse associations. Since the regulatory scheme for drug products requires high degrees of
specificity between a purported drug agent and disease state, and modulation of disease by
impacting a single protein with a minimum of tangential associations is desired in development
of pharmaceutical actives, the Lamb C-map is well-suited for screening for potential

pharmaceutical agents despite the Lamb compromises.
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The connectivity mapping protocols of LLamb would not be predicted, however, to have
utility for hypothesis testing/generating in the field of cosmetics or for a primarily cosmetic
disorder where symptoms may be diffuse, systemic and relatively mild. In complete
contravention of the goal of pharmaceutical active discovery, cosmetic formulators seek agents
or compositions of agents capable of modulating multiple targets and having effects across
complex phenotypes and conditions. Further, the phenotypic impact of a cosmetic agent must be
relatively low by definition, so that the agent avoids being subject to the regulatory scheme for
pharmaceutical actives. Nonetheless, the impact must be perceptible to the consumer and
preferably empirically confirmable by scientific methods. Gene transcription/expression profiles
for cosmetic conditions are generally diffuse, comprising many genes with low to moderate fold
differentials. Cosmetic agents, therefore, provide more diverse and less acute effects on cellular
phenotype and generate the sort of associations expressly taught by Lamb as unsuitable for

generating connectivity maps useful for confident hypothesis testing.

Successful identification of skin lightening agents has proven to be difficult due to the
multi-cellular, multi-factorial processes involved in etiology of the hyperpigmentation condition
itself. Conventional in vitro studies of biological responses to potential skin-lightening agents
can be hindered by the complex or weakly detectable responses typically induced and/or caused
by the putative skin active or potential skin active agents. Such weak responses arise, in part,
due to the great number of genes and gene products involved, and the fact that skin-active and
cosmetic agents may affect multiple genes in multiple ways. Moreover, the degree of bioactivity

of cosmetic agents may differ for each gene and be difficult to quantify.

The value of a connectivity map approach to discover functional connections among
cosmetic phenotypes such as hyperpigmented skin, gene expression perturbation, and cosmetic
agent action is counter-indicated by the progenors of the drug-based C-map. The relevant
phenotypes are very complex, the genetic perturbations are numerous and weak, and cosmetic
agent action is likewise diffuse and by definition, relatively weak. It is unclear whether
statistically valid data may be generated from cosmetic C-maps and it is further unclear whether

a cell line exists which may provide salient or detectable cosmetic data.

SUMMARY OF THE INVENTION

Accordingly, the present inventors have developed a C-map approach that surprisingly

enables discovery of skin tone agents having efficacy for disorders of skin pigmentation.
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The present inventors discovered that useful connectivity maps could be developed from
cosmetic active — cellular phenotype — gene expression data associations in particular with
respect to hyperpigmentation actives and cosmetic agents, despite the highly diffuse, systemic
and low-level effects these sorts of actives generally engender. Although the Lamb team
asserted that results should be substantially independent of cell-type, the present inventors
surprisingly discovered that selection of cell line affects the utility of the C-map for hypothesis
generating and testing relating to skin pigmentation actives and treatment of hyperpigmentation
disorders. In particular, keratinocyte cells, rather than melanocyte or melanoma cells, exhibited
a more robust transcriptional profile when treated with skin-lightening agents, and there was
little to no thematic overlap between cell types treated with the same benchmark skin active

agent (shown in Example 8).

Accordingly, the present invention provides novel methods, systems and models useful
for generating potential new skin-active agents efficacious for the treatment of skin conditions
such as hyperpigmentation. Through careful selection of cell type, and by generation of a
reference collection of gene-expression profiles for known skin-active agents and recognized
skin disorders, the present inventors were surprisingly able to create connectivity map
architecture useful for testing and generating hypotheses about skin-active agents and

hyperpigmentation skin disorders.

The present invention provides embodiments which broadly include methods and systems
for determining relationships between a skin condition/disorder of interest and one or more skin-
active agents, one or more genes associated with the skin disorder condition, and physiological
themes implicated by the skin condition and/or affected by a skin-active agent. The inventive
methods may be used to identify skin-active agents without detailed knowledge of the
mechanisms of biological processes associated with a skin disorder or condition of interest, all of

the genes associated with such a condition, or the cell types associated with such a condition.

One aspect of the invention provides methods for constructing a data architecture for use
in identifying connections between perturbagens and genes associated with skin tone,
comprising: (a) providing a gene expression profile for a control human cell, wherein the
control cell is from a human cell line selected from the group consisting of keratinocyte,
fibroblast, melanocyte and melanoma cell lines; (b) generating a gene expression profile for a
human cell exposed to at least one perturbagen, wherein the cell is selected from the same cell

line as the control cell; (¢) identifying genes differentially expressed in response to the at least
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one perturbagen by comparing the gene expression profiles of (a) and (b); (d) creating an
ordered list comprising identifiers representing the differentially expressed genes, wherein the
identifiers are ordered according to the differential expression of the genes; (e) storing the
ordered list as an instance on at least one computer readable medium, wherein the instance is a
keratinocyte, fibroblast melanocyte or melanoma instance according to the selection in (a); and
(f) constructing a data architecture of stored instances by repeating (a) through (e), wherein the
at least one perturbagen of step (a) is different qualitatively or quantitatively for each instance.
In specific embodiments each instance is repeated twice in C-map testing. Example 4 illustrates
generating a benchmark skin tone agent signature using fibroblasts to create signatures and using

keratinocytes to create signatures.

The data architecture may be mined to identify relationships between perturbagens,
genotypes and phenotypes and may also be used as an in silico tool for generating new actives
with potential efficacy for treatment of a cosmetic condition. The data architecture may be
implemented for this purpose through the use of a query, which is an input to the C-map wherein
the output is based on connectivity scores to the query. In one embodiment, a method for
implementing the data architecture to identify at least one putative skin active agent having
potential efficacy in treating a skin pigmentation condition is provided. The method comprises
querying the data architecture with a pigmentation-relevant gene expression signature, wherein
querying comprises comparing the pigmentation-relevant gene expression signature to each
stored cell instance, and further wherein the pigmentation-relevant expression signature
represents genes differentially expressed in cells derived from skin affected with a skin
hyperpigmentation condition or genes differentially expressed in cells treated with at least one
benchmark skin active agent having known efficacy in treating a skin hyperpigmentation
condition. Cell instances are derived from a keratinocyte, fibroblast, melanocyte or melanoma
cell line and the pigmentation-relevant gene expression signature is derived from a
corresponding cell line. Example 1 illustrates development of a hyperpigmentation condition

expression signature.

Other embodiments are direct to methods for generating a hyperpigmentation condition
gene expression signature for use in identifying connections between perturbagens and genes
associated with a skin pigmentation condition. Methods comprise: (a) providing a gene
expression profile for a reference sample of human skin cells not affected with a pigmentation
condition; (b) generating a gene expression profile for at least one sample of human skin cells

from a subject exhibiting the hyperpigmentation condition, (c) comparing the expression
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profiles of (a) and (b) to determine a gene expression signature comprising a set of genes
differentially expressed in (a) and (b); (d) assigning an identifier to each gene constituting the
gene expression signature and ordering the identifiers according to the direction of differential
expression to create one or more gene expression signature lists; and (e) storing the one or more

gene expression signature lists on at least one computer readable medium.

Another embodiment provides methods for generating a benchmark skin pigmentation-
modifying gene expression signature for use in identifying connections between perturbagens
and genes associated with a skin pigmentation condition, the method comprising: (a)
generating a gene expression profile for a human skin cell sample treated with at least one
benchmark skin pigmentation modifying agent, wherein the benchmark skin pigmentation
modifying agent is suspended in a vehicle composition, (b) generating a gene expression profile
for a human skin cell sample treated with the vehicle composition; (c) comparing the expression
profiles of (a) and (b) to determine a gene expression signature comprising a set of genes
differentially expressed in (a) and (b); (d) assigning an identifier to each gene constituting the
gene expression signature and ordering the identifiers according to the direction of differential
expression to create one or more gene expression signature lists; and (e) storing the one or more
gene expression signature lists on at least one computer readable medium. Gene expression
signatures and immobilized arrays of probes corresponding to the genes constituting the

inventive signatures are also provided.

In some aspects a single benchmark skin active agent may be used to generate a
benchmark signature (see Example 2) and in other aspects a composite signature may be
generated by treating a cell sample with more than one agent (see Examples 3, 6, and 7). A
composite signature can be added in two ways: cells can be treated with each agent separately,
the signature can be generated by comparing regulated genes from all agents (together), looking
for genes regulated in the same direction by all agents; secondarily, agents can be mixed together
prior to treatment of cells. In another embodiment, a composite benchmark signature may be
generated for a skin-lightening agent (Example 2), and another generated for a skin darkening
agent. The signature for the skin-lightening agent may be further tweaked by eliminating any
gene from the signature that also appears in the signature of the skin-darkening agent, regulated
in the same direction, or vice versa. The inventors discovered that such composite signatures are
particularly useful for mining C-map for agents capable of modifying skin pigment in the desired

direction.
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Systems for identifying connections between perturbagens and genes associated with a
skin hyperpigmentation condition are also provided. The systems comprise: (a) at least one
computer readable medium having stored thereon a plurality of instances, and a skin
hyperpigmentation-relevant gene expression signature, wherein the instances and the gene
expression signature are derived from one of a human keratinocyte cell, a human fibroblast cell,
a human melanocyte cell, or a human melanoma cell, wherein each instance comprises an
instance list of rank-ordered identifiers of differentially expressed genes, and wherein the
hyperpigmentation-relevant gene expression signature comprises one or more gene expression
signature lists of identifiers representing differentially expressed genes associated with a
hyperpigmentation condition or differentially expressed genes associated with a benchmark skin-
lightening agent; (b) a programmable computer comprising computer-readable instructions that
cause the programmable computer to execute one or more of the following: (i) accessing the
plurality of instances and a hyperpigmentation-relevant gene expression signature stored on the
computer readable medium; (ii) comparing the hyperpigmentation-relevant gene expression
signature to the plurality of the instances, wherein the comparison comprises comparing each
identifier in the gene expression signature list with the position of the same identifier in the
instance list for each of the plurality of instances; and (iii) assigning a connectivity score to each

of the plurality of instances.

A computer readable medium aspect is also disclosed wherein a data architecture
comprising a first digital file is stored in a spreadsheet file format, a word processing file format,
or a database file format suitable to be read by a respective spreadsheet, word processing, or
database computer program, the first digital file comprising data arranged to provide one or more
gene expression signature lists comprising a plurality of identifiers when read by the respective
spreadsheet, word processing, or database computer program; and wherein each identifier is
selected from the group consisting of a microarray probe set ID, a human gene name, a human
gene symbol, and combinations thereof representing a gene set forth in any of Tables B through
P wherein each of the one or more gene expression signature lists comprises between about 10

and about 400 identifiers. Instructions for reading the digital file may be included.

These and additional objects, embodiments, and aspects of the invention will become

apparent by reference to the Figures and Detailed Description below.
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BRIEF DESCRIPTION OF THE FIGURES
Figure 1 sets forth pigmentation control targets and some benchmark skin active agents

as depicted in Table A.

Figure 2 sets forth identifiers for the genes constituting a gene expression signature for
hyperpigmented skin. Table B sets forth identifiers for the 200 most significantly up-regulated

genes and Table C sets forth identifiers for the 200 most significantly down-regulated genes.

Figure 3 is a schematic illustration of a computer system suitable for use with the present

invention;

Figure 4 is a schematic illustration of an instance associated with a computer readable

medium of the computer system of Figure 3;

Figure 5 is a schematic illustration of a programmable computer suitable for use with the

present invention;
Figure 6 is a schematic illustration of an exemplary system for generating an instance;

Figure 7 is a schematic illustration of a comparison between a gene expression signature

and an instance, wherein there is a positive correlation between the lists;

Figure 8 is a schematic illustration of a comparison between a gene expression signature

and an instance, wherein there is a negative correlation between the lists; and

Figure 9 is a schematic illustration of a comparison between a gene expression signature

and an instance, wherein there is a neutral correlation between the lists.

Figure 10 sets forth identifiers as shown in Table D, Hexamidine Benchmark Signature;

100 up-regulated.

Figure 11 sets forth identifiers as shown in Table E, Hexamidine Benchmark Signature;

100 top down-regulated.

Figure 12 sets forth identifiers as shown in Table I, NAG Benchmark Signature; 39

significantly up-regulated.

Figure 13 sets forth identifiers as shown in Table G, NAG Benchmark Signature, most

significantly down-regulated.

Figure 14 sets forth identifiers as shown in Table H, Niacinamide Benchmark Signature,

100 top up-regulated.
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Figure 15 sets forth identifiers as shown in Table I, Niacinamide Benchmark Signature,

100 top down-regulated.

Figure 16 sets forth identifiers as shown in Table J, Sepiwhite Benchmark Signature; 100

top up-regulated.

Figure 17 sets forth identifiers as shown in Table K, Sepiwhite Benchmark Signature;

100 top down-regulated.

Figure 18 sets forth identifiers as shown in Table L, Composite “Skin Tone” Benchmark

Signature; approximately 40 up-regulated + 58 down-regulated.

Figure 19 sets forth identifiers as shown in Table M, RA benchmark signature in tKC cell

— 200 upregulated.

Figure 20 sets forth identifiers as shown in Table N, RA benchmark signature in tKC,

200 down-regulated.

Figure 21 sets forth identifiers as shown in Table O, RA Benchmark Signature in BJ

fibroblasts, 200 up-regulated.

Figure 22 sets forth identifiers as shown in Table P, RA Benchmark Signature in BJ
fibroblast, 200 down-regulated.

Figure 23 sets in Table Q, Average C-map scores for some representative potential skin

lightening agents with the Retinoic Acid Keratinocyte RA_200 Signature.

Figure 24 Shows Table R, showing a comparison of the predictiveness of different C-map
signatures for predicting the activity of compounds in the mouse B16 melanoma cell

melanogenesis assay.

Figure 25, Shows Table S, with data outlining the responsiveness of tert Keratinocytes,

melanocytes, and melanoma cells to skin tone benchmarks.

DETAILED DESCRIPTION OF THE INVENTION

The present invention will now be described with occasional reference to the specific
embodiments of the invention. This invention may, however, be embodied in different forms
and should not be construed as limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be thorough and complete, and to fully

convey the scope of the invention to those skilled in the art.
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Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
pertains. The terminology used in the description of the invention herein is for describing
particular embodiments only and is not intended to be limiting of the invention. As used in the

description of the invention and the appended claims, the singular forms “a,” “an,” and “the” are

intended to include the plural forms as well, unless the context clearly indicates otherwise.

As used interchangeably herein, the terms "connectivity map" and "C-map" refer broadly
to devices, systems, articles of manufacture, and methodologies for identifying relationships
between cellular phenotypes or cosmetic conditions, gene expression, and perturbagens, such as

cosmetic actives.

As used herein, the term "cosmetic agent” means any substance, as well as any
component thereof, which may be rubbed, poured, sprinkled, sprayed, introduced into, or
otherwise applied to a mammalian body or any part thereof. Cosmetic agents may include
substances that are Generally Recognized as Safe (GRAS) by the US Food and Drug
Administration, food additives, and materials used in non-cosmetic consumer products including
over--the-counter medications. In some embodiments, cosmetic agents may be incorporated in a
cosmetic composition comprising a dermatologically acceptable carrier suitable for topical
application to skin. A cosmetic agent includes, but is not limited to, (i) chemicals, compounds,
small or large molecules, extracts, formulations, or combinations thereof that are known to
induce or cause at least one effect (positive or negative) on skin tissue; (ii) chemicals,
compounds, small molecules, extracts, formulations, or combinations thereof that are known to
induce or cause at least one effect (positive or negative) on skin tissue and are discovered, using
the provided methods and systems, to induce or cause at least one previously unknown effect
(positive or negative) on the skin tissue; and (iii) chemicals, compounds, small molecules,
extracts, formulations, or combinations thereof that are not known have an effect on skin tissue
and are discovered, using the provided methods and systems, to induce or cause an effect on skin

tissue.

Some examples of cosmetic agents or cosmetically actionable materials can be found in:
the PubChem database associated with the National Institutes of Health, USA
(http://pubchem.ncbi.nlm.nih. gov); the Ingredient Database of the Personal Care Products
Council (http://online. personalcarecouncil.org/jsp/Home.jsp); and the 2010 International

Cosmetic Ingredient Dictionary and Handbook, 13™ Edition, published by The Personal Care
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Products Council; the EU Cosmetic Ingredients and Substances list; the Japan Cosmetic
Ingredients List; the Personal Care Products Council, the SkinDeep database (URL:
http://www.cosmeticsdatabase.com); the FDA Approved Excipients List; the FDA OTC List; the
Japan Quasi Drug List; the US FDA Everything Added to Food database; EU Food Additive list;
Japan Existing Food Additives, Flavor GRAS list; US FDA Select Committee on GRAS
Substances; US Household Products Database; the Global New Products Database (GNPD)
Personal Care, Health Care, Food/Drink/Pet and Household database (URL:

http://www.gnpd.com); and from suppliers of cosmetic ingredients and botanicals.

Other non-limiting examples of cosmetic agents include botanicals (which may be
derived from one or more of a root, stem bark, leaf, seed or fruit of a plant). Some botanicals
may be extracted from a plant biomass (e.g., root, stem, bark, leaf, etc.) using one more solvents.
Botanicals may comprise a complex mixture of compounds and lack a distinct active ingredient.
Another category of cosmetic agents are vitamin compounds and derivatives and combinations
thereof, such as a vitamin B3 compound, a vitamin B5 compound, a vitamin B6 compound, a
vitamin B9 compound, a vitamin A compound, a vitamin C compound, a vitamin E compound,
and derivatives and combinations thereof (e.g., retinol, retinyl esters, niacinamide, folic acid,
panethenol, ascorbic acid, tocopherol, and tocopherol acetate). Other non-limiting examples of
cosmetic agents include sugar amines, phytosterols, hexamidine, hydroxy acids, ceramides,

amino acids, and polyols.

Non-limiting examples of agents herein utilized are described in detail below, such as
for vitamin B3 compounds, N-acyl amino acid compounds, and retinoid compounds. In some

embodiments, the vitamin B compound is a B3 compound having the formula:

@R

N

wherein R is - CONH» (i.e., niacinamide), - COOH (i.e., nicotinic acid) or - CH20H (i.e.,
nicotinyl alcohol); derivatives thereof; and salts of any of the foregoing. EFxemplary
derivatives include nicotinic acid esters, including non-vasodilating esters of nicotinic acid
(e.g., tocopheryl nicotinate, myristyl nicotinate). FExamples of suitable vitamin Bs; compounds
are well known in the art and are commercially available from a number of sources (e.g., the

Sigma Chemical Company, ICN Biomedicals, Inc., and Aldrich Chemical Company).



WO 2013/148808 PCT/US2013/034055

15

Some embodiments of the compositions of the present invention comprise a safe and
effective amount of one or more N-acyl amino acid compounds. The amino acid can be one of
any of the amino acids known in the art. The N-acyl amino acid compounds of the present
invention correspond to the formula:

0 H

R'CNH— ¢ — coon

5 R

wherein R can be a hydrogen, alkyl (substituted or unsubstituted, branched or straight chain), or
a combination of alkyl and aromatic groups. A list of possible side chains of amino acids known
in the art are described in Stryer, Biochemistry, 1981, published by W.H. Freeman and Company.
R! can be C; to Cs30, saturated or unsaturated, straight or branched, substituted or unsubstituted

10 alkyls; substituted or unsubstituted aromatic groups; or mixtures thereof.

Preferably, the N-acyl amino acid compound is selected from the group consisting of N-
acyl Phenylalanine, N-acyl Tyrosine, their isomers, their salts, and derivatives thereof. The
amino acid can be the D or L isomer or a mixture thereof. N-acyl Phenylalanine corresponds to

the following formula:

15 X

wherein R ! can be C; to Csp, saturated or unsaturated, straight or branched, substituted or

unsubstituted alkyls; substituted or unsubstituted aromatic groups; or mixtures thereof.
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N-acyl Tyrosine corresponds to the following formula:

O H

R!CNH— C — CcOOH

H
wherein R ! can be C; to Csp, saturated or unsaturated, straight or branched, substituted or
unsubstituted alkyls; substituted or unsubstituted aromatic groups; or mixtures thereof.

A particularly useful compound in the present invention is N-undecylenoyl-L-
phenylalanine. This agent belongs to the broad class of N-acyl Phenylalanine derivatives, with its
acyl group being a C11 mono-unsaturated fatty acid moiety and the amino acid being the L-

isomer of phenylalanine. N-undecylenoyl-L-phenylalanine corresponds to the following formula:

0 H
CH,=——= CH — (CH,)sCNH— C — COOH

CH,

\

X

As used herein, N-undecylenoyl-L-phenylalanine is commercially available under the tradename

Sepiwhite® from SEPPIC, France.

Some embodiments of the present invention include retinoid compounds. As used herein,
"Retinoid Compounds” include all natural and/or synthetic analogs of Vitamin A or retinol-like
compounds which possess the biological activity of Vitamin A in the skin as well as the

geometric isomers and stereoisomers of these compounds. The Retinoid Compound includes, but
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is not limited to, retinol, retinol esters (e.g., C, -Cy alkyl esters of retinol, including retinyl
palmitate, retinyl acetate, retinyl proprionate), retinal, and/or retinoic acid (including all-trans
retinoic acid and/or 13-cis-retinoic acid). In some embodiments, the Retinoid Compound is
retinoic acid. These compounds are well known in the art and are commercially available from a
number of sources, e.g., Sigma Chemical Company (St. Louis, Mo.), and Boerhinger Mannheim
(Indianapolis, Ind.). Other Retinoid Compounds which may be useful herein are described in
U.S. Pat. No. 4,677,120, issued Jun. 30, 1987 to Parish et al.; U.S. Pat. No. 4,885,311, issued
Dec. 5, 1989 to Parish et al.; U.S. Pat. No. 5,049,584, issued Sep. 17, 1991 to Purcell et al.; U.S.
Pat. No. 5,124,356, issued Jun. 23, 1992 to Purcell et al.; and Reissue 34,075, issued Sep. 22,
1992 to Purcell et al.

As used herein, the term "putative skin active agent" means a cosmetic agent as herein
defined that has shown promise through preliminary screens as effecting a specific change in
skin biology related to pigmentation but that has not yet been tested for effectiveness through the
methods herein described for constructing a data architecture for use in identifying connections

between perturbagens and genes associated with skin tone, comprising

As used herein, the term “skin-active agent” is a subset of cosmetic agents as defined
herein and includes generally any substance, as well as any component thereof, intended to be
applied to the skin for the purpose of effectuating a treatment of an undesirable skin condition or
disorder, or for achieving a desirable skin status. Examples relating to skin tone include skin
pigmentation disorders, including disorders of hyperpigmentation, such as ephelides (freckles),
lentigines including age spots (solar lentigos), post-inflammatory hyperpigmentation, Café au lait
macules, Addisons disease and other systemic disease effects, hemochromatosis, melasma (mask
of pregnancy and other hormonal related pigment disorders) and acanthosis nigricans, as well as
phototoxia and medicinal-induced alternations in pigmentation. Examples of disorders of
hypopigmentation include Vitiligo and skin trauma-related ablation of melanocytes in
circumscribed areas. In some case a cosmetic consumer merely desires a change in pigmentation
status of skin as determined by some cultural standard, such as skin lightening among some dark

skinned people and skin darkening or tanning among some light skinned people.

Although the term “skin tone” is most often thought of with respect to skin pigmentation
and evenness of coloration, “skin tone” may also include other characteristics of skin that
contribute to a consumer perception of overall tone. For example, pore size and distribution, and

skin texture are also generally considered attributes of overall skin tone.
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Categorical examples of skin-active agents include skin pigment modifying agents,
steroidal anti-inflammatory agents, non-steroidal anti-inflammatory agents, pediculocides,
sensates, enzymes, vitamins, hair growth actives, sunscreens, and combinations thereof.

Cosmetic compositions according to the instant invention may contain skin-active agents.

Many processes and proteins are known to be involved in the pigmentary process; there is
a wide array of targets against which to screen for pigmentation control agents. Among the
many targets are inhibitors of melanocyte stimulation (e.g., antioxidants, anti-inflammatory
agents), cell receptor antagonists (e.g., alpha-MSH antagonists), inhibitors of melanin synthesis
enzymes (e.g., tyrosinase, TRP-1, TRP-2), inhibitors of melanosome transport within the
melanocyte and transfer to the keratinocyte (e.g., PAR-2 antagonists), and activators of melanin

degradation within the keratinocyte.

Skin active agents which modify skin pigmentation are known in the art. Certain
substances may only be considered cosmetic in severely reduced concentrations since there are
side effects which suggest undesirable systemic activity beyond the cosmetic concern being
addressed. These include hydroquinone, trans-retinoic acid, and corticosteroids. Generally, a
classic target for cosmetic formulation is inhibition of tyrosinase, the first enzyme in the
conversion of tyrosine to melanin. A wide array of compounds, such as kojic acid, arbutin,
ascorbic acid, ellagic acid, sulthydryl compounds, and resorcinols, are effective tyrosinase
inhibitors, as is a more recently discussed deoxy-arbutin. However, since several of these
materials also have other effects, it is difficult to directly connect a specific mechanism to the
observed effect on pigmentation. Table A provides a short list of the many known targets and a

few agents effective against them.

Generally, a “benchmark skin active agent” refers to any chemical, compound,
environmental factor, small or large molecule, extract, formulation, or combinations thereof that
is known to induce or cause a superior effect (positive or negative) on skin tissue. In accordance
with the present invention, agents having known efficacy in either skin-lightening or skin

darkening contexts are also herein referred to as “Benchmark Agents.”

Non-limiting examples of benchmark skin active agents are set forth in Table A, along

with the corresponding theorized pigmentation control target.

Newer benchmark skin active agents include niacinamide and glucosamine (in particular,
its derivative N-acetyl glucosamine [NAG]), which have recently been shown to be effective in

reducing melanin production in culture. In vitro, glucosamine reduces production of melanin by
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inhibiting activation of tyrosinase, while niacinamide inhibits melanosome transfer from
melanocytes to keratinocytes. Cosmetic moisturizer formulations containing niacinamide alone
are effective in reducing the appearance of hyperpigmented spots in vivo and the addition of
NAG to the formula yields greater effectiveness. Another benchmark pigmentation control agent
is N-undecylenoyl-L-phenylalanine, which has been reported to inhibit biding of alpha-MSH to
the melanocyte in vitro and is effective as a component of cosmetic moisturizer formulations in

clinical testing.

The terms "gene expression signature," and "gene-expression signature" refer to a
rationally derived list, or plurality of lists, of genes representative of a skin tissue condition or a
skin agent. In specific contexts, the skin agent may be a benchmark skin active agent or a
potential skin agent. Thus, the gene expression signature may serve as a proxy for a phenotype
of interest for skin tissue. A gene expression signature may comprise genes whose expression,
relative to a normal or control state, is increased (up-regulated), whose expression is decreased
(down-regulated), and combinations thereof. Generally, a gene expression signature for a
modified cellular phenotype may be described as a set of genes differentially expressed in the
modified cellular phenotype compared to the cellular phenotype. A gene expression signature
can be derived from various sources of data, including but not limited to, from in vitro testing, in
vivo testing and combinations thereof. In some embodiments, a gene expression signature may
comprise a first list representative of a plurality of up-regulated genes of the condition of interest
and a second list representative of a plurality of down-regulated genes of the condition of

interest.

As used herein, the term “query” refers to data that is used as an input to a Connectivity
Map and against which a plurality of instances are compared. A query may include a gene
expression signature associated with a skin condition such as age spots, or may include a gene
expression signature derived from a physiological process associated with a skin condition. A C-
map may be queried with perturbagens, gene expression signatures, skin disorders, thematic
signatures, or any data feature or combination of data features or associations that comprise the

data architecture.

The term "instance," as used herein, refers to data from a gene expression profiling
experiment in which skin cells are dosed with a perturbagen. In some embodiments, the data
comprises a list of identifiers representing the genes that are part of the gene expression profiling

experiment. The identifiers may include gene names, gene symbols; microarray probe set IDs,
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or any other identifier. In some embodiments, an instance may comprise data from a microarray
experiment and comprises a list of probe set IDs of the microarray ordered by their extent of
differential expression relative to a control. The data may also comprise metadata, including but
not limited to data relating to one or more of the perturbagen, the gene expression profiling test

conditions, the skin cells, and the microarray.

The term "perturbagen,” as used herein, means anything used as a challenge in a gene
expression profiling experiment to generate gene expression data for use in the present
invention. In some embodiments, the perturbagen is applied to human cells and the gene
expression data derived from the gene expression profiling experiment may be stored as an
instance in a data architecture. Human cells in accordance with the invention may be
keratinocyte, melanocyte, fibroblast, or melanoma cells. Any substance, chemical, compound,
active, natural product, extract, drug [e.g. Sigma-Aldrich LOPAC (Library of Pharmacologically
Active Compounds) collection], small molecule, and combinations thereof used as to generate
gene expression data can be a perturbagen. A perturbagen can also be any other stimulus used to
generate differential gene expression data. Dor example, a perturbagen may also be UV

radiation, heat, osmotic stress, pH, a microbe, a virus, and small interfering RNA. A perturbagen

may be, but is not required to be, any cosmetic agent.

The term “dermatologically acceptable,” as used herein, means that the compositions or

components described are suitable for use in contact with human skin tissue.

As used herein, the term “computer readable medium” refers to any electronic storage
medium and includes but is not limited to any volatile, nonvolatile, removable, and non-
removable media implemented in any method or technology for storage of information such as
computer readable instructions, data and data structures, digital files, software programs and
applications, or other digital information. Computer readable media includes, but are not limited
to, application-specific integrated circuit (ASIC), a compact disk (CD), a digital versatile disk
(DVD), a random access memory (RAM), a synchronous RAM (SRAM), a dynamic RAM
(DRAM), a synchronous DRAM (SDRAM), double data rate SDRAM (DDR SDRAM), a direct
RAM bus RAM (DRRAM), a read only memory (ROM), a programmable read only memory
(PROM), an electronically erasable programmable read only memory (EEPROM), a disk, a
carrier wave, and a memory stick. Examples of volatile memory include, but are not limited to,
random access memory (RAM), synchronous RAM (SRAM), dynamic RAM (DRAM),
synchronous DRAM (SDRAM), double data rate SDRAM (DDR SDRAM), and direct RAM bus
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RAM (DRRAM). Examples of non-volatile memory include, but are not limited to, read only
memory (ROM), programmable read only memory (PROM), erasable programmable read only
memory (EPROM), and electrically erasable programmable read only memory (EEPROM). A
memory can store processes and/or data. Still other computer readable media include any
suitable disk media, including but not limited to, magnetic disk drives, floppy disk drives, tape
drives, Zip drives, flash memory cards, memory sticks, compact disk ROM (CD-ROM), CD
recordable drive (CD-R drive), CD rewriteable drive (CD-RW drive), and digital versatile ROM
drive (DVD ROM).

As used herein, the terms "software" and “software application” refer to one or more
computer readable and/or executable instructions that cause a computing device or other
electronic device to perform functions, actions, and/or behave in a desired manner. The
instructions may be embodied in one or more various forms like routines, algorithms, modules,
libraries, methods, and/or programs. Software may be implemented in a variety of executable
and/or loadable forms and can be located in one computer component and/or distributed between
two or more communicating, co-operating, and/or parallel processing computer components and
thus can be loaded and/or executed in serial, parallel, and other manners. Software can be stored
on one or more computer readable medium and may implement, in whole or part, the methods

and functionalities of the present invention.

As used herein, the term “hyperpigmentation gene expression signature” refers to a gene

expression signature derived from gene expression profiling of a hyperpigmentation condition.

As used herein, the term “connectivity score” refers to a derived value representing the

degree to which an instance correlates to a query.

As used herein, the term “data architecture” refers generally to one or more digital data
structures comprising an organized collection of data. In some embodiments, the digital data
structures can be stored as a digital file (e.g., a spreadsheet file, a text file, a word processing file,
a database file, etc.) on a computer readable medium. In some embodiments, the data
architecture is provided in the form of a database that may be managed by a database
management system (DBMS) that is be used to access, organize, and select data (e.g., instances

and gene expression signatures) stored in a database.

As used herein, the terms “gene expression profiling” and “gene expression profiling
experiment” refer to the measurement of the expression of multiple genes in a biological sample

using any suitable profiling technology. For example, the mRNA expression of thousands of
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genes may be determined using microarray techniques. Other emerging technologies that may
be used include RNA-Seq or whole transcriptome sequencing using NextGen sequencing

techniques.

As used herein, the term “microarray” refers broadly to any ordered array of nucleic
acids, oligonucleotides, proteins, small molecules, large molecules, and/or combinations thereof
on a substrate that enables gene expression profiling of a biological sample. Non-limiting
examples of microarrays are available from Affymetrix, Inc.; Agilent Technologies, Inc.;

[lumina, Inc.; GE Healthcare, Inc.; Applied Biosystems, Inc.; Beckman Coulter, Inc.; etc.

Unless otherwise indicated, all numbers expressing quantities of ingredients, properties
such as molecular weight, reaction conditions, and so forth as used in the specification and
claims are to be understood as being modified in all instances by the term “about”. Additionally,
the disclosure of any ranges in the specification and claims are to be understood as including the
range itself and also anything subsumed therein, as well as endpoints. All numeric ranges are
inclusive of narrower ranges; delineated upper and lower range limits are interchangeable to
create further ranges not explicitly delineated. Unless otherwise indicated, the numerical
properties set forth in the specification and claims are approximations that may vary depending
on the desired properties sought to be obtained in embodiments of the present invention.
Notwithstanding that numerical ranges and parameters setting forth the broad scope of the
invention are approximations, the numerical values set forth in the specific examples are reported
as precisely as possible. Any numerical values, however, inherently contain certain errors

necessarily resulting from error found in their respective measurements.

In accordance with one aspect of the present invention, provided are devices, systems and
methods for implementing a connectivity map utilizing one or more query signatures associated
with a pigmentation or pigmentation-related condition. The query signatures may be derived in
variety of ways. In some embodiments, the query signatures may be gene expression signatures
derived from gene expression profiling of full thickness skin biopsies of skin exhibiting a skin
condition of interest compared to a control. The gene expression profiling can be carried out
using any suitable technology, including but not limited to microarray analysis or NextGen
sequencing. An example of a gene expression signature includes a hyperpigmentation gene
expression signature, an example of which is described more fully hereafter. A query signature
may be derived from transcriptional profiling of a keratinocyte, fibroblast, melanocyte, or

melanoma cell line exposed to benchmark skin-active agents such as skin-lightening agents. In
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other embodiments, the query signature may be a benchmark gene expression signature wherein
a skin-lightening benchmark signature is further refined by comparing it to a skin-darkening
benchmark signature and genes having similar directional regulation are eliminated. In further
embodiments a cell is treated with more than one benchmark skin active agent to derive a
benchmark composite signature, and in specific embodiments, the cell is treated with a plurality
of benchmark skin active agents wherein the selected agents include those acting from different
mechanisms known to underpin skin pigmentation. In other specific embodiments a general
benchmark skin tone signature may be generated by treating a cell with a plurality of benchmark
skin active agents including agents comprising benchmark skin active agents for skin
pigmentation, skin pore size and distribution, and/or skin texture. These query signatures may
be used singularly or in combination. In specific embodiments a composite signature has been
shown to provide advantages in predicting gene changes for chemicals affecting tone versus

signatures from single chemicals.

In accordance with another aspect of the present invention, provided are devices,
systems, and methods for implementing a connectivity map utilizing one or more instances
derived from a perturbagen, such as a cosmetic agent, exposed to an epidermal or dermal cell
line, including for example keratinocyte, fibroblast, melanocyte and melanoma cells. Instances
from more complex cell culture systems may also be used, such as skin organotypic cultures
containing the targeted cell or ex vivo human skin. Instances from a plurality of cell lines may be

used with the present invention.

In accordance with yet another aspect of the present invention, provided are devices,
systems and methods for identification of relationships between a skin condition, e.g. skin
hyperpigmentation condition query signature and a plurality of instances, where the query
signature may be a gene expression signature or a physiological theme expression signature. For
example, it may be possible to ascertain perturbagens that give rise to a statistically significant
activity on a statistically significant number of genes associated with a skin condition of interest,
leading to the identification of new cosmetic agents for treating the skin condition or new uses of

known cosmetic agents.
L. Systems and Devices

Referring to FIGS. 3, 5 and 6, some examples of systems and devices in accordance with
the present invention for use in identifying relationships between perturbagens, skin

pigmentation conditions, and genes associated with the skin pigmentation condition will now be
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described. System 10 comprises one or more of computing devices 12, 14, a computer readable

medium 16 associated with the computing device 12, and communication network 18.

The computer readable medium 16, which may be provided as a hard disk drive,
comprises a digital file 20, such as a database file, comprising a plurality of instances 22, 24, and
26 stored in a data structure associated with the digital file 20. The plurality of instances may be
stored in relational tables and indexes or in other types of computer readable media. The
instances 22, 24, and 26 may also be distributed across a plurality of digital files, a single digital

file 20 being described herein however for simplicity.

The digital file 20 can be provided in wide variety of formats, including but not limited to
a word processing file format (e.g., Microsoft Word), a spreadsheet file format (e.g., Microsoft
Excel), and a database file format. Some common examples of suitable file formats include, but
are not limited to, those associated with file extensions such as *.xIs, *.xId, *.xlk, *.x1I, *.xIt,
* xlxs, *.dif, *.db, *.dbf, *.accdb, *.mdb, *.mdf, *.cdb, *.fdb, *.csv, *sql, *.xml, *.doc, *.txt,

*1tf, *.log, *.docx, *.ans, *.pages, *.wps, etc.

Referring to FIG. 4, in some embodiments the instance 22 may comprise an ordered
listing of microarray probe set IDs, wherein the value of N is equal to the total number of probes
on the microarray used in analysis. Common microarrays include Affymetrix GeneChips and
Mlumina BeadChips, both of which comprise probe sets and custom probe sets. To generate the
reference gene profiles according to the invention, preferred chips are those designed for
profiling the human genome. Examples of Affymetrix chips with utility in the instant invention
include model Human Genome HG-U133 Plus 2.0 and HG-U219. A specific Affymetrix chip
employed by the instant investigators is HG-U133A2.0, however it will be understood by a
person or ordinary skill in the art that any chip or microarray, regardless of proprietary origin, is
suitable so long as the probe sets of the chips used to construct a data architecture according to

the invention are substantially similar.

Instances derived from microarray analyses utilizing Affymetrix GeneChips may
comprise an ordered listing of gene probe set IDs where the list comprises 22,000+ IDs. The
ordered listing may be stored in a data structure of the digital file 20 and the data arranged so
that, when the digital file is read by the software application 28, a plurality of character strings
are reproduced representing the ordered listing of probe set IDs. While it is preferred that each
instance comprise a full list of the probe set IDs, it is contemplated that one or more of the

instances may comprise less than all of the probe set IDs of a microarray. It is also
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contemplated that the instances may include other data in addition to or in place of the ordered
listing of probe set IDs. For example, an ordered listing of equivalent gene names and/or gene
symbols may be substituted for the ordered listing of probe set IDs. Additional data may be
stored with an instance and/or the digital file 20. In some embodiments, the additional data is
referred to as metadata and can include one or more of cell line identification, batch number,
exposure duration, and other empirical data, as well as any other descriptive material associated
with an instance ID. The ordered list may also comprise a numeric value associated with each

identifier that represents the ranked position of that identifier in the ordered list.

Referring again to FIGS. 3, 4 and 5, the computer readable medium 16 may also have a
second digital file 30 stored thereon. The second digital file 30 comprises one or more lists 32 of
microarray probe set IDs associated with one or more pigmentation-relevant gene expression
signatures. The listing 32 of microarray probe set IDs typically comprises a much smaller list of
probe set IDs than the instances of the first digital file 20. In some embodiments, the list
comprises between 2 and 1000 probe set IDs. In other embodiments the list comprises greater
than 10, 50, 100, 200, or 300 and/or less than about 800, 600, or about 400 probe set IDs. The
listing 32 of probe set IDs of the second digital file 30 comprises a list of probe set IDs
representing up, and/or down-regulated genes selected to represent a skin tone condition of
interest. In some embodiments, a first list may represent the up-regulated genes and a second list
may represent the down-regulated genes of the gene expression signature. The listing(s) may be
stored in a data structure of the digital file 30 and the data arranged so that, when the digital file
is read by the software application 28, a plurality of character strings are reproduced representing
the list of probe set IDs. Instead of probe set IDs, equivalent gene names and/or gene symbols
(or another nomenclature) may be substituted for a list of probe set IDs. Additional data may be
stored with the gene expression signature and/or the digital file 30 and this is commonly referred
to as metadata, which may include any associated information, for example, cell line or sample
source, and microarray identification. Examples of listings of probe set IDs for a skin
hyperpigmentation gene expression signature, specifically wherein the skin hyperpigmentation
condition is age spots, is set forth in Figure 2, Tables B (the 200 most up-regulated genes) and C
(the 200 most down-regulated genes in a skin hyperpigmentation gene expression signature). In
some embodiments, one or more skin hyperpigmentation condition gene expression signatures
may be stored in a plurality of digital files and/or stored on a plurality of computer readable

media. In other embodiments, a plurality of gene expression signatures (e.g., 32, 34) may be
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stored in the same digital file (e.g., 30) or stored in the same digital file or database that

comprises the instances 22, 24, and 26.

As previously described, the data stored in the first and second digital files may be stored
in a wide variety of data structures and/or formats. In some embodiments, the data is stored in
one or more searchable databases, such as free databases, commercial databases, or a company's
internal proprietary database. The database may be provided or structured according to any
model known in the art, such as for example and without limitation, a flat model, a hierarchical
model, a network model, a relational model, a dimensional model, or an object-oriented model.
In some embodiments, at least one searchable database is a company's internal proprietary
database. A user of the system 10 may use a graphical user interface associated with a database
management system to access and retrieve data from the one or more databases or other data
sources to which the system is operably connected. In some embodiments, the first digital file 20
is provided in the form of a first database and the second digital file 30 is provided in the form of
a second database. In other embodiments, the first and second digital files may be combined and

provided in the form of a single file.

In some embodiments, the first digital file 20 may include data that is transmitted across
the communication network 18 from a digital file 36 stored on the computer readable medium
38. In one embodiment, the first digital file 20 may comprise gene expression data obtained
from a cell line (e.g., a fibroblast cell line and/or a keratinocyte cell line) as well as data from the
digital file 36, such as gene expression data from other cell lines or cell types, gene expression
signatures, perturbagen information, clinical trial data, scientific literature, chemical databases,
pharmaceutical databases, and other such data and metadata. The digital file 36 may be provided
in the form of a database, including but not limited to Sigma-Aldrich LOPAC collection, Broad
Institute C-MAP collection, GEO collection, and Chemical Abstracts Service (CAS) databases.

The computer readable medium 16 (or another computer readable media, such as 16) may
also have stored thereon one or more digital files 28 comprising computer readable instructions
or software for reading, writing to, or otherwise managing and/or accessing the digital files 20,
30. The computer readable medium 16 may also comprise software or computer readable and/or
executable instructions that cause the computing device 12 to perform one or more steps of the
methods of the present invention, including for example and without limitation, the step(s)
associated with comparing a gene expression signature stored in digital file 30 to instances 22,

24, and 26 stored in digital file 20. In some embodiments, the one or more digital files 28 may
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form part of a database management system for managing the digital files 20, 28. Non-limiting
examples of database management systems are described in United States Patent Serial Nos.

4,967,341 and 5,297,279.

The computer readable medium 16 may form part of or otherwise be connected to the
computing device 12. The computing device 12 can be provided in a wide variety of forms,
including but not limited to any general or special purpose computer such as a server, a desktop
computer, a laptop computer, a tower computer, a microcomputer, a mini computer, and a
mainframe computer. While various computing devices may be suitable for use with the
present invention, a generic computing device 12 is illustrated in FIG. 5. The computing device
12 may comprise one or more components selected from a processor 40, system memory 42, and
a system bus 44. The system bus 44 provides an interface for system components including but
not limited to the system memory 42 and processor 40. The system bus 36 can be any of several
types of bus structures that may further interconnect to a memory bus (with or without a memory
controller), a peripheral bus, and a local bus using any of a variety of commercially available bus
architectures. Examples of a local bus include an industrial standard architecture (ISA) bus, a
microchannel architecture (MSA) bus, an extended ISA (EISA) bus, a peripheral component
interconnect (PCI) bus, a universal serial (USB) bus, and a small computer systems interface
(SCSI) bus. The processor 40 may be selected from any suitable processor, including but not
limited to, dual microprocessor and other multi-processor architectures. The processor executes

a set of stored instructions associated with one or more program applications or software.

The system memory 42 can include non-volatile memory 46 (e.g., read only memory
(ROM), erasable programmable read only memory (EPROM), electrically erasable
programmable read only memory (FEPROM), etc.) and/or volatile memory 48 (e.g., random
access memory (RAM)). A basic input/output system (BIOS) can be stored in the non-volatile
memory 38, and can include the basic routines that help to transfer information between
elements within the computing device 12. The volatile memory 48 can also include a high-speed

RAM such as static RAM for caching data.

The computing device 12 may further include a storage 44, which may comprise, for
example, an internal hard disk drive [HDD,e.g., enhanced integrated drive electronics (EIDE) or
serial advanced technology attachment (SATA)] for storage. The computing device 12 may
further include an optical disk drive 46 (e.g., for reading a CD-ROM or DVD-ROM 48). The

drives and associated computer-readable media provide non-volatile storage of data, data
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structures and the data architecture of the present invention, computer-executable instructions,
and so forth. For the computing device 12, the drives and media accommodate the storage of
any data in a suitable digital format. Although the description of computer-readable media
above refers to an HDD and optical media such as a CD-ROM or DVD-ROM, it should be
appreciated by those skilled in the art that other types of media which are readable by a
computer, such as Zip disks, magnetic cassettes, flash memory cards, cartridges, and the like
may also be used, and further, that any such media may contain computer-executable instructions

for performing the methods of the present invention.

A number of software applications can be stored on the drives 44 and volatile memory
48, including an operating system and one or more software applications, which implement, in
whole or part, the functionality and/or methods described herein. It is to be appreciated that the
embodiments can be implemented with various commercially available operating systems or
combinations of operating systems. The central processing unit 40, in conjunction with the
software applications in the volatile memory 48, may serve as a control system for the computing

device 12 that is configured to, or adapted to, implement the functionality described herein.

A user may be able to enter commands and information into the computing device 12
through one or more wired or wireless input devices 50, for example, a keyboard, a pointing
device, such as a mouse (not illustrated), or a touch screen. These and other input devices are
often connected to the central processing unit 40 through an input device interface 52 that is
coupled to the system bus 44 but can be connected by other interfaces, such as a parallel port, an
IEEE 1394 serial port, a game port, a universal serial bus (USB) port, an IR interface, etc. The
computing device 12 may drive a separate or integral display device 54, which may also be

connected to the system bus 44 via an interface, such as a video port 56.

The computing devices 12, 14 may operate in a networked environment across network
18 using a wired and/or wireless network communications interface 58. The network interface
port 58 can facilitate wired and/or wireless communications. The network interface port can be
part of a network interface card, network interface controller (NIC), network adapter, or LAN
adapter. The communication network 18 can be a wide area network (WAN) such as the
Internet, or a local area network (LAN). The communication network 18 can comprise a fiber
optic network, a twisted-pair network, a TI/El line-based network or other links of the T-carrier/E
carrier protocol, or a wireless local area or wide area network (operating through multiple

protocols such as ultra-mobile band (UMB), long term evolution (LLTE), etc.). Additionally,
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communication network 18 can comprise base stations for wireless communications, which
include transceivers, associated electronic devices for modulation/demodulation, and switches
and ports to connect to a backbone network for backhaul communication such as in the case of

packet-switched communications.
II. Methods for Creating a Plurality of Instances

In some embodiments, the methods of the present invention may comprise populating at
least the first digital file 20 with a plurality of instances (e.g., 22, 24, 26) comprising data derived
from a plurality of gene expression profiling experiments, wherein one or more of the
experiments comprise exposing, for example, keratinocyte cells (or other skin cells such as
human skin equivalent cultures or ex vivo cultured human skin) to at least one perturbagen. For
simplicity of discussion, the gene expression profiling discussed hereafter will be in the context

of a microarray experiment.

Referring to FIG. 6, one embodiment of a method of the present invention is illustrated.
The method 58 comprises exposing a keratinocyte cell to a perturbagen 64. The perturbagen may
be dissolved in a carrier, such as dimethyl sulfoxide (DMSQO). After exposure, mRNA is
extracted from the cells exposed to the perturbagen and reference cells 66 (e.g., keratinocyte
cells) which are exposed to only the carrier. The mRNA 68, 70, 72 may be reverse transcribed to
cDNA 64, 76, 78 and marked with different fluorescent dyes (e.g., red and green) if a two color
microarray analysis is to be performed. Alternatively, the samples may be prepped for a one
color microarray analysis, and further a plurality of replicates may be processed if desired. The
cDNA samples may be co-hybridized to the microarray 80 comprising a plurality of probes 82.
The microarray may comprise thousands of probes 82. In some embodiments, there are between
10,000 and 50,000 gene probes 82 present on the microarray 80. The microarray is scanned by a
scanner 84, which excites the dyes and measures the amount fluorescence. A computing device
86 may be used to analyze the raw images to determine the expression levels of a gene in the
cells 60, 62 relative to the reference cells 66. The scanner 84 may incorporate the functionality
of the computing device 86. The expression levels include: i) up-regulation [e.g., greater
binding of the test material (e.g., cDNA 74, 76) to the probe than the reference material (e.g.,
cDNA 78)], or ii) down-regulation [e.g., greater binding of the reference material (e.g., cDNA
78) to the probe than the test material (e.g., cDNA 74, 76)], iii) expressed but not differentially
[e.g., similar binding of the reference material (e.g., cDNA 78) to the probe than the test material

(e.g., cDNA 74. 76)], and iv) no detectable signal or noise. The up- and down-regulated genes
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are referred to as differentially expressed. Microarrays and microarray analysis techniques are
well known in the art, and it is contemplated that other microarray techniques may be used with
the methods, devices and systems of the present invention. For example, any suitable
commercial or non-commercial microarray technology and associated techniques may used.
Good results have been obtained with Affymetrix GeneChip® technology and Illumina
BeadChip™ technology. One illustrative technique is described in the Examples, “Generally
Applicable” methods section. However, one of skill in the art will appreciate that the present
invention is not limited to the methodology of the example and that other methods and

techniques are also contemplated to be within its scope.

In a very specific embodiment, an instance consists of the rank ordered data for all of the
probe sets on the Affymetrix HG-U133A2.0 GeneChip wherein each probe on the chip has a
unique probe set Identifier. The probe sets are rank ordered by the fold change relative to the
controls in the same C-map batch (single instance/average of controls). The probe set Identifiers

are rank-ordered to reflect the most up-regulated to the most down-regulated.

Notably, even for the non-differentially regulated genes the signal values for a particular
probe set are unlikely to be identical for the instance and control so a fold change different from
1 will be calculated that can be used for comprehensive rank ordering. In accordance with
methods disclosed by Lamb et al. (2006), data are adjusted using 2 thresholds to minimize the
effects of genes that may have very low noisy signal values, which can lead to spurious large
fold changes. The thresholding is preferably done before the rank ordering. An example for
illustrative purposes includes a process wherein a first threshold is set at 20. If the signal for a
probe set is below 20, it is adjusted to 20. Ties for ranking are broken with a second threshold
wherein the fold changes are recalculated and any values less than 2 are set to 2. For any
remaining ties the order depends on the specific sorting algorithm used but is essentially
random. The probe sets in the middle of the list do not meaningfully contribute to an actual

connectivity score.

The rank ordered data are stored as an instance. The probes may be sorted into a list
according to the level of gene expression regulation detected, wherein the list progresses from
up-regulated to marginal or no regulation to down-regulated, and this rank ordered listing of
probe IDs is stored as an instance (e.g., 22) in the first digital file 20. Referring to FIG. 4, the
data associated with an instance comprises the probe ID 80 and a value 82 representing its

ranking in the list (e.g., 1, 2, 3, 4 . . . N, where N represents the total number of probes on the



10

15

20

25

30

WO 2013/148808 PCT/US2013/034055

31

microarray). The ordered list 84 may generally comprise approximately three groupings of
probe IDs: a first grouping 86 of probe IDs associated with up-regulated genes, a second group
88 of probe IDs associated with genes with marginal regulation or no detectable signal or noise,
and a third group 90 of probe IDs associated with down-regulated genes. The most up regulated
genes are at or near the top of the list 84 and the most down-regulated genes are at or near the
bottom of the list 84. The groupings are shown for illustration, but the lists for each instance
may be continuous and the number of regulated genes will depend on the strength of the effect of
the perturbagen associated with the instance. Other arrangements within the list 84 may be
provided. For example, the probe IDs associated with the down-regulated genes may be
arranged at the top of the list 84. This instance data may also further comprise metadata such as
perturbagen identification, perturbagen concentration, cell line or sample source, and microarray

identification.

In some embodiments, one or more instances comprise at least about 1,000, 2,500, 5,000,
10,000, or 20,000 identifiers and/or less than about 30,000, 25,000, or 20,000 identifiers. In
some embodiments, the database comprises at least about 50, 100, 250, 500, or 1,000 instances
and/or less than about 50,000, 20,000, 15,000, 10,000, 7,500, 5,000, or 2,500 instances.
Replicates of an instance may be created, and the same perturbagen may be used to derive a first
instance from keratinocyte cells and a second instance from another skin cell type, such as

fibroblasts, melanocytes, melanoma or complex tissue, for example ex vivo human skin.

The present inventors have discovered that instances derived with a cell type, such as
keratinocyte cells, are more predictive than other cell types when used in combination with a
skin lightening benchmark agent expression signature derived from the same cell type. In other
words, better results are achieved if the cell type used to generate the query signature is the same
as the instance cell type. While this cell-consistency guide may appear predictable, what is
surprising is that with respect to benchmark agent signatures the present inventors surprisingly
discovered that certain benchmark skin active agents have greater predictive efficacy with certain
cell types over others. For example, as set forth in Examples 4 and 5, the present inventors
compared Retinoic Acid benchmark gene expression signatures derived from BJ fibroblast cells
and keratinocyte cells, it was surprisingly discovered that those derived from keratinocyte cells
yield better results with respect to a potential agent hit list based on connectivity with the query

signature.
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1. Methods for Deriving Hyperpigmentation Gene expression signatures

Some methods of the present invention comprise identifying a gene expression signature
that represents the up-regulated and down-regulated genes associated with a skin condition of

interest, in particular with skin tone or hyperpigmentation.

The pathogenesis of a skin pigmentation condition typically involves complex processes
involving numerous known and unknown extrinsic and intrinsic factors, as well as responses to
such factors that are subtle over a relatively short period of time but non-subtle over a longer
period of time. This is in contrast to what is typically observed in drug development and drug
screening methods, wherein a specific target, gene, or mechanism of action is of interest. Due to
the unique screening challenges associated with a skin pigmentation condition, the quality of the
gene expression signature representing the condition of interest can be important for
distinguishing between the gene expression data actually associated with a response to a

perturbagen from the background expression data.

One challenge in developing gene expression signatures for skin tone and pigmentation-
related skin disorders is that the number of genes selected needs to be adequate to reflect the
dominant and key biology but not so large as to include many genes that have achieved a level of
statistical significance by random chance and are non-informative. Thus, query signatures
should be carefully derived since the predictive value may be dependent upon the quality of the

gene expression signature.

One factor that can impact the quality of the query signature is the number of genes
included in the signature. The present inventors have found that, with respect to a cosmetic data
architecture and connectivity map, too few genes can result in a signature that is unstable with
regard to the highest scoring instances. In other words, small changes to the gene expression
signature can result in significant differences in the highest scoring instance. Conversely, too
many genes may tend to partially mask the dominant biological responses and will include a
higher fraction of genes meeting statistical cutoffs by random chance - thereby adding
undesirable noise to the signature. The inventors have found that the number of genes desirable
in a gene expression signature is also a function of the strength of the biological response
associated with the condition and/or the number of genes needed to meet minimal values (e.g., a
p-value less than about 0.05 or less than about 1.0, or in accordance with applicable statistical
principles) for statistical significance. Hence, what is considered an ideal number of genes will

vary from condition to condition. When the biology is weaker, such as is the case typically with
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cosmetic condition phenotypes, fewer genes than those which may meet the statistical requisite

for inclusion in the prior art, may be used to avoid adding noisy genes.

For example, the present inventors have determined that where gene expression profiling
analysis of a skin condition yields from between about 2,000 and 4,000 genes having a statistical
p-value of less than 0.05 and approximately 1000 genes having a p-value of less than 0.001, a
very strong biological response is indicated. A moderately strong biological response may yield
approximately 800-2000 genes have a statistical p-value of less than 0.05 combined with
approximately 400-600 genes have a p-value of less than 0.001. In these cases, a gene
expression signature comprising between about 100 and about 600 genes appears ideal. Weaker
biology may be better represented by a gene expression signature comprising fewer genes, such

as between about 20 and 100 genes.

While a gene expression signature may represent all significantly regulated genes
associated with a skin condition of interest; typically it represents a subset of such genes. The
present inventors have discovered that hyperpigmentation gene expression signatures comprising
between about 50 and about 400 genes of approximately equal numbers of up-regulated and/or
down-regulated genes are stable, reliable, and can provide predictive results. For example, a
suitable gene expression signature may have from about 100-150 genes, 250-300 genes, 300-350
genes, or 350-400 genes. In a very specific embodiment, a hyperpigmentation gene expression
signature includes the 100 most up- and down-regulated genes. However, one of skill in the art
will appreciate that gene expression signatures comprising fewer or more genes are also within
the scope of the various embodiments of the invention. For purposes of depicting a gene
expression signature, the probe set IDs associated with the genes are preferably separated into a
first list comprising the most up-regulated genes and a second list comprising the most down-

regulated, as set forth in Figure 2, Tables B and C.

Gene expression signatures may be generated from full thickness skin biopsies from skin
having the skin condition of interest compared to a control. For generation of an exemplary
hyperpigmentation gene expression signature, biopsies are taken from forearm age spots and

compared to non-affected forearm skin sampled from the same subject.

In other embodiments of the present invention, a gene expression signature may be
derived from a gene expression profiling analysis of keratinocyte, melanocyte, fibroblast or
melanoma cells treated with one or more benchmark skin-active agents, in particular a skin-

lightening agent, to represent cellular perturbations leading to improvement in the skin tissue
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condition treated with that benchmark skin active agent, wherein the signature comprises a
plurality of genes up-regulated and down-regulated by the benchmark skin active agent in cells
in vitro. As one illustrative example, microarray gene expression profile data where the
perturbagen is the known skin lightening agent Niacinamide may be analyzed using the present
invention to determine from the rank-ordered instances in the query results, the perturbagens

associated with the highest scoring instances.

A composite benchmark signature according to the invention is a signature derived from
a cell treated with more than one benchmark skin active agent (described in Examples 3, 6,
and7). The actives may be selected to reflect more than one mechanism of action in skin, or may

be selected to reflect more than one attribute of general skin tone.

In a further specific embodiment, a benchmark skin-lightening gene expression signature
is compared to a benchmark skin-darkening gene expression signature and genes not
differentially regulated between the two are eliminated from the signature intended to be the
query signature. Non-limiting examples of skin-darkening agents according to this embodiment
include alpha- melanocyte-stimulating hormone (a-MSH) and any related melanocortin 1

receptor agonists or stimulant thereof.

IV. Methods for Comparing a Plurality of Instances to One or More Pigmentation Gene

expression signatures

Referring to FIG. 7 and FIG. 8, a method for querying a plurality of instances with one or
more hyperpigmentation-relevant gene signatures will now be described. Broadly, the method
comprises querying a plurality of instances with one or more hyperpigmentation-relevant gene
signatures and applying a statistical method to determine how strongly the signature genes match
the regulated genes in an instance. Positive connectivity occurs when the genes in the up-
regulated signature list are enriched among the up-regulated genes in an instance and the genes
in the down-regulated signature list are enriched among the down-regulated genes in an instance.
On the other hand, if the up-regulated genes of the signature are predominantly found among the
down-regulated genes of the instance, and vice versa, this is scored as negative connectivity.
FIG. 7 schematically illustrates an extreme example of a positive connectivity between signature
90 and the instance 104 comprising the probe IDs 102, wherein the probe IDs of the instance are
ordered from most up-regulated to most down-regulated. In this example, the probe IDs 100
(e.g., Xj, Xu X3, Xy, Xs, X6, X7, Xg) of the gene signature 90, comprising an up list 97 and a

down list 99, have a one to one positive correspondence with the most up-regulated and down-
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regulated probe IDs 102 of the instance 104, respectively. Similarly, FIG. 8 schematically
illustrates an extreme example of a negative connectivity between signature 94 and the instance
88 comprising the probe IDs 90, wherein the probe IDs of the instance are ordered from most up-
regulated to most down-regulated. In this example, the probe IDs of the up list 93 (e.g., Xi, X»
X3, X4) correspond exactly with the most down-regulated genes of the instance 88, and the probe
IDs of the down list 95 (e.g.,Xs, X¢, X7, Xg) correspond exactly to the most up-regulated probe
IDs of the instance 88. FIG. 9 schematically illustrates an extreme example of neutral
connectivity, wherein there is no consistent enrichment of the up- and down-regulated genes of
the signature among the up- and down-regulated genes of the instance, either positive or
negative. Hence the probe IDs 106 (e.g., X1, X» X3, Xy, Xs, Xg, X7, Xg) of a gene signature 108
(comprising an up list 107 and a down list 109) are scattered with respect to rank with the probe
IDs 110 of the instance 112, wherein the probe IDs of the instance are ordered from most up-
regulated to most down-regulated. While the above embodiments illustrate process where the
gene signature comprises a both an up list and a down list representative of the most significantly
up- and down-regulated genes of a skin condition, it is contemplated that the gene signature may
comprise only an up list or a down list when the dominant biology associated with a condition of

interest shows gene regulation in predominantly one direction.

In some embodiments, the connectivity score can be a combination of an up-score and a
down score, wherein the up-score represents the correlation between the up-regulated genes of a
gene signature and an instance and the down-score represents the correlation between the down-
regulated genes of a gene signature and an instance. The up score and down score may have
values between +1 and -1. For an up score (and down score) a high positive value indicates that
the corresponding perturbagen of an instance induced the expression of the microarray probes of
the up-regulated (or down-regulated) genes of the gene signature, and a high negative value
indicates that the corresponding perturbagen associated with the instance repressed the
expression of the microarray probes of the up-regulated (or down-regulated) genes of the gene
signature. The up-score can be calculated by comparing each identifier of an up list of a gene
signature comprising the up-regulated genes (e.g., Tables B, D, F, H and lists 93, 97, and 107) to
an ordered instance list, while the down-score can be calculated by comparing each identifier of
a down list of a gene signature comprising the down-regulated genes (see, e.g., Tables C, E, G, 1
and down lists 95, 99, and 109) to an ordered instance list. In these embodiments, the gene

signature comprises the combination of the up list and the down list.
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In some embodiments, the connectivity score value may range from +2 (greatest positive
connectivity) to -2 (greatest negative connectivity), wherein the connectivity score (e.g., 101,
103, and 105) is the combination of the up score (e.g., 111, 113, 115) and the down score (e.g.,
117, 119, 121) derived by comparing each identifier of a gene signature to the identifiers of an
ordered instance list. In other embodiments the connectivity range may be between +1 and -1.
Examples of the scores are illustrated in FIGS. 7, 8 and 9 as reference numerals 101, 103, 105,
111, 113, 115, 117, 119, and 121. The strength of matching between a signature and an
instance represented by the up scores and down scores and/or the connectivity score may be
derived by one or more approaches known in the art and include, but are not limited to,
parametric and non-parametric approaches. Examples of parametric approaches include Pearson
correlation (or Pearson r) and cosine correlation. Examples of non-parametric approaches
include Spearman’s Rank (or rank-order) correlation, Kendall's Tau correlation, and the Gamma
statistic. Generally, in order to eliminate a requirement that all profiles be generated on the same
microarray platform, a non-parametric, rank-based pattern matching strategy based on the
Kolmogorov-Smirnov statistic (see M. Hollander et al. “Nonparametric Statistical Methods™;
Wiley, New York, ed. 2, 1999)(see, e.g., pp. 178-185). It is noted, however, that where all
expression profiles are derived from a single technology platform, similar results may be
obtained using conventional measures of correlation, for example, the Pearson correlation

coefficient.

In specific embodiments, the methods and systems of the present invention employ the
nonparametric, rank-based pattern-matching strategy based on the Kolmogorov-Smirnov
statistic, which has been refined for gene profiling data by Lamb’s group, commonly known in
the art as Gene Set Enrichment Analysis (GSEA) (see, e.g., Lamb et al. 2006 and Subramanian,
A. et al. (2005) Proc.Natl.Acad Sci U.S.A, 102, 15545-15550). For each instance, a down score
is calculated to reflect the match between the down-regulated genes of the query and the
instance, and an up score is calculated to reflect the correlation between the up-regulated genes
of the query and the instance. In certain embodiments the down score and up score each may
range between -1 and +1. The combination represents the strength of the overall match between

the query signature and the instance.

The combination of the up score and down score is used to calculate an overall
connectivity score for each instance, and in embodiments where up and down score ranges are
set between -1 and +1, the connectivity score ranges from -2 to +2, and represents the strength of

match between a query signature and the instance. The sign of the overall score is determined by
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whether the instance links positivity or negatively to the signature. Positive connectivity occurs
when the perturbagen associated with an instance tends to up-regulate the genes in the up list of
the signature and down-regulate the genes in the down list. Conversely, negative connectivity
occurs when the perturbagen tends to reverse the up and down signature gene expression
changes, The magnitude of the connectivity score is the sum of the absolute values of the up and
down scores when the up and down scores have different signs. A high positive connectivity
score predicts that the perturbagen will tend to induce the condition that was used to generate the
query signature, and a high negative connectivity score predicts that the perturbagen will tend to
reverse the condition associated with the query signature. A zero score is assigned where the up
and down scores have the same sign, indicating that a perturbagen did not have a consistent

impact the condition signature (e.g., up-regulating both the up and down lists).

According to Lamb er al. (2006), there is no standard for estimating statistical
significance of connections observed. Lamb teaches that the power to detect connections may be
greater for compounds with many replicates. Replicating in this context means that the same
perturbagen is profiled multiple times. Where batch to batch variation must be avoided, a
perturbagen should be profiled multiple times in each batch. However, since microarray
experiments tend to have strong batch effects it is desirable to replicate instances in different
batches (i.e., experiments) to have the highest confidence that connectivity scores are meaningful

and reproducible.

Each instance may be rank ordered according to its connectivity score to the query
signature and the resulting rank ordered list displayed to a user using any suitable software and

computer hardware allowing for visualization of data.

In some embodiments, the methods may comprise identifying from the displayed rank-
ordered list of instances (i) the one or more perturbagens associated with the instances of interest
(thereby correlating activation or inhibition of a plurality of genes listed in the query signature to
the one or more perturbagens); (ii) the differentially expressed genes associated with any
instances of interest (thereby correlating such genes with the one or more perturbagens, the skin
tissue condition of interest, or both); (iii) the cells associated with any instance of interest
(thereby correlating such cells with one or more of the differentially expressed genes, the one or
more perturbagens, and the skin tissue condition of interest); or (iv) combinations thereof. The
one or more perturbagens associated with an instance may be identified from the metadata stored

in the database for that instance. However, one of skill in the art will appreciate that perturbagen
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data for an instance may be retrievably stored in and by other means. Because the identified
perturbagens statistically correlate to activation or inhibition of genes listed in the query
signature, and because the query signature is a proxy for a skin condition of interest, e.2. a
hyperpigmentation condition, the identified perturbagens may be candidates for new cosmetic
agents, new uses of known cosmetic agents, or to validate known agents for known uses relevant

to the hyperpigmentation condition.

In some embodiments, the methods of the present invention may further comprise testing
the selected candidate cosmetic agent, using in vitro assays and/or in vivo testing, to validate the
activity of the agent and usefulness as a cosmetic agent. Any suitable in vitro test method can be
used, including those known in the art, and most preferably in vitro models developed in
accordance with the present invention. For example, MatTek human skin equivalent cultures or
other skin equivalent cultures may be treated with one or a combination of perturbagens selected
for mimicry of the skin condition of interest with respect to regulation of the genes constituting a
physiological theme pattern for the skin condition of interest. In some embodiments, evaluation
of selected agents using in vitro assays may reveal, confirm, or both, that one or more new
candidate cosmetic agents may be used in conjunction with a known cosmetic agent (or a

combination of known cosmetic agents) to regulate a skin condition of interest.

Clinical testing can be useful to confirm putative skin-pigmentation modifying efficacy.
Clinical methods include live expert grading, chromameter, and color image capture and
analysis. A new useful clinical measurement tool in assessing effectiveness is based on the
principle of noncontact SIAscopy™, a recently described method to measure skin melanin
content and distribution. It rapidly captures facial maps of skin chromophores, permitting
determination of the content and distribution of melanin in any spot or any area of the skin.
Clinical testing on various body sites such as forearm, face, chest, and back have been reported,
and all have utility in evaluating technology. Any thoroughly controlled clinical evaluation is

expensive and therefore practicality limits testing to only the most promising candidates.
V. Hyperpigmentation Disorders

The present invention provides methods for identifying putative skin active agents for the
treatment of pigmentation conditions and disorders, and in particular those relating to
hyperpigmentation. Main factors in the development of conditions of hyperpigmentation are
exposure to certain environmental conditions and hormonal changes. In general, the number of

active melanocytes per unit area of skin decreases with age (10-20% decline per decade), and
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there are more active melanocytes in chronically sun-exposed skin than in non-exposed skin.
This increased number of active melanocytes in sun-damaged skin indicates the influence of
chronic UV exposure (e.g., on face, hands, and arms) in stimulating melanogenic activity. Since
chronic UV exposure also alters dermal fibroblast function in aging skin and since fibroblasts
appear to play a regulatory role in melanin production, dermal damage from sunlight may

contribute to the production of hyperpigmentation in exposed aging skin.

Post-inflammatory hyperpigmentation (PIH) results from inflammation of the skin and
disproportionately affects people with darker skin. Inflammation induced pigmentation is often
seen associated with acne lesions, ingrown hairs, scratches, insect bites, and surfactant damage.
As an example of the latter, exposure of human forearm skin to the harsh surfactant sodium
lauryl sulfate (SLS) under patch for a few hours will produce erythema within a day. Over the
course of 1-2 weeks after this SLS exposure, hyperpigmentation will result, particularly in darker
skin, but it will occur even in Caucasian skin. Topical treatment with anti-inflammatory agents

is known to ameliorate this. A non-limiting example is phytosterol.

Exposure of skin to sunlight is the most common cause of skin hyperpigmentation and is
increasingly believed that it is a subset of PIH caused by a post-inflammatory response to UV
damage to skin. The inflammatory response may be the result of an obvious acute inflammatory
event such as sunburn or due to repeated sub-erythemal exposures to UV. While in the latter,
there may not be visible erythema, histologically, such exposed skin has elevated inflammatory
cell content, yielding a “subclinical” inflammatory process. This explanation is supported by the
fact that topical treatment with anti-inflammatory agents immediately after UVB exposure

prevents induction of delayed tanning.

Inflammation may result in hyperpigmentation through several mechanisms. Among
them is direct stimulation of melanocytes by inflammatory mediators such as Il.-1-alpha.
Reactive oxygen species such as superoxide and nitric oxide generated in damaged skin (e.g.,
from UV exposure) or released as by-products from inflammatory cells are also known
stimulators of melanocytes. Additionally, damage induced in epidermal cells can lead to release
of endocrine inducers of pigmentation such as alpha-melanin stimulating hormone (MSH). The
resulting hyperpigmentation induced by all these effects is adaptive since it appears to provide
some measure of protection against subsequent insult since melanin is known to have both UV

absorption and reactive oxygen species scavenging capacity.
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The melanin produced during an inflammatory event also can enter the dermis where it is
engulfed by macrophages, producing “melanophages.” These cells are often retained in the
upper dermis for prolonged periods since removal of dermal melanin apparently is a very slow
process. Thus, post-inflammatory hyperpigmentation can be a very long-lived problem for the

skin.

Solar (Actinic) Lentigos are hyperpigmented spots also known as lentigines, age spots,
and liver spots. They develop as a result of chronic exposure of skin to UV radiation and occur
on sun-exposed parts of the body (in particular, the hands, arms, face, upper chest, and
shoulders). Chronic exposure of skin to UV results in chronic inflammation, such as the
epidermal endothelin cascade. The dark appearance of age spots results from excessive melanin
in the region, and may result from overproduction of melanin in the hyperactive melanocytes,
longer retention of melanin in aging epidermis due to the slower turnover of this tissue layer,
longer retention of melanin in keratinocytes within rete ridges, and dermal melanin-containing
melanophages, which have been observed histologically to lie beneath the lentigines. There is
reduced wound healing with age at least in part due to reduced clearance of materials from
dermis apparently due to vascular and lymphatic changes, so that the residence time of

melanophages in dermis may be lengthened in older populations.

Certain observations suggest that there is a change in the genetic and phenotypic
expression within an age spot as compared to cells in surrounding non-affected skin. Tor
example, within lesional lentigo skin, the rete ridges are greatly exaggerated, extending deeper
into the dermis. This deep penetration runs counter to the general observation of flattening of the
convoluted dermal-epidermal junction with aging, evidenced by the diminution of the rete
ridges. In solar lentigines, the basement membrane is also perturbed, which likely contributes to

melanin entering the dermis to result in melanophage formation.

Moreover, the expression levels of several melanogenesis-associated genes are known to
be increased in actinic lentigos. There is an accentuation of the epidermal endothelin
inflammatory cascade, together with decreased proliferation and differentiation of lesional
keratinocytes. Many of these changes appear to be permanent since these spots persist even

when further UV exposure is avoided.

While lentigos appear to be permanent, their melanin content and thus their intensity will
vary seasonally. For example, in evaluation of women with facial hyperpigmented spots in

October versus December (in Kobe, Japan or Cincinnati, Ohio, USA), there is a marked
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reduction in the size of spots over that time period, suggesting that the lack of continued
exposure to sunlight in winter leads to gradual reduction in melanin production (seasonal fading)
even in hyperpigmented spots. Additionally, in a separate examination of facial spots in March
versus May (in Cincinnati, Ohio, USA), a marked increase in the size of spots is observed,
consistent with the expected increased pigmentation due to increased sun exposure in spring

(seasonal darkening).

From a consumer appearance standpoint, hyperpigmented spots and uneven pigmentation
are important in the perception of age. In a series of studies, facial images were digitally
modified to remove all age-defining textural features (e.g., facial furrows, folds, lines, wrinkles)
leaving only pigmentation as the variable. Studies have shown that when using naive judge
evaluation and computer image analysis of the facial images, pigmentation features can

contribute to up to 20 years in perceived age of individuals.

The hyperpigmentary disorder generally referred to as melasma is not well understood. It
occurs typically as symmetrical lesions on the face, primarily in darker skin type females at
puberty or later in life. Sunlight exposure is likely a factor in the development of melasma since
it occurs on the face (a sun-exposed body site) and since the condition worsens in the summer.
Most melasma sufferers have a hypersensitivity to ultraviolet radiation, and even brief exposures
to sunlight can stimulate hyperpigmentation. There is also a hormonal component, likely
progesterone, since episodes of melasma are often associated with pregnancy and the use of
hormonal birth control. There may also be an estrogen component since estrogen receptor

expression is increased in melasma.

In melasma lesions, there is excess melanin present in both the epidermis and upper
dermis, associated with extravascular macrophages. Since there is only a slight increase in the
number of melanocytes, the abnormality appears to be in function of the skin cells, in particular,
increase expression of factors in keratinocytes, fibroblasts, and melanocytes of the involved
skin. In contrast to PIH, there is no apparent inflammatory phase involved in its development.
Additionally, there is likely a genetic compound predisposing individuals to melasma, although

the specific genetic basis for it is not defined.

The pigmentation process is complex as evidenced particularly by recent revelations from
genomic and proteomic analysis. There are approximately 1,500 gene products (proteins)
expressed in melanosomes of all developmental stages, with 600 of them being expressed at any

given time, and with 100 of them apparently unique to the melanosome. Added to this are many
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other proteins (membrane-associated, cytoskeletal, transport, etc.) involved in pigmentation in
both the melanocyte and the keratinocyte, indicating the complexity of the pigmentary process.
While the basic process (e.g., stimulation of melanocytes and conversion of tyrosine to melanin)
is well studied, there are many regulatory elements that have emerged from recent research
involved in signaling, in the transport of melanosomes within the melanocyte, and the transfer of

melanosomes to the keratinocyte.
VL. Cosmetic Compositions and Personal Care Products

Generally, skin-active agents identified for the enhancement of skin tone or for treatment
of pigment-related skin conditions may be applied in accordance with cosmetic compositions and
formulation parameters well-known in the art. Various methods of treatment, application,
regulation, or improvement may utilize the skin care compositions comprising skin-active agents

identified according to the inventive methods.

Skin hyperpigmentation as a cosmetic concern is generally treated by topical formulation
administration, so that depigmentation is restricted to hyperpigmented areas and normal skin is

left unaffected by the drug.

Because of the desirability of providing various cosmetic skin anti-aging benefits to a
consumer, it may be beneficial to incorporate test agents or compounds identified by one or more
of the screening methods described herein into a cosmetic composition suitable for topical
application to skin. That is, it may be desirable to include the test agent as an ingredient in the
cosmetic composition. In certain embodiments, the cosmetic composition may include a
dermatological acceptable carrier, the test agent, and one or more optional ingredients of the kind

commonly included in the particular cosmetic compositing being provided.

Dermatologically acceptable carriers should be safe for use in contact with human skin
tissue. Suitable carriers may include water and/or water miscible solvents. The cosmetic skin
care composition may comprise from about 1% to about 95 % by weight of water and/or water
miscible solvent. The composition may comprise from about 1%, 3%, 5%, 10%, 15%, 20%,
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 10%, 75%, 80%, or 85% to about 90%,
85%, 80%, 15%, 10%, 65%, 60%, 55%, 50%, 45%, 40%, 35%, 30%, 25%. 20%, 15%, 10% , or
5% water and/or water miscible solvents. Suitable water miscible solvents include monohydric
alcohols, dihydric alcohols, polyhydric alcohols, glycerol, glycols, polyalkylene glycols such as

polyethylene glycol, and mixtures thereof. When the skin care composition is in the form of an
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emulsion, water and/or water miscible solvents are carriers typically associated with the aqueous

phase.

Suitable carriers also include oils. The skin care composition may comprise from about
1% to about 95 % by weight of one or more oils. The composition may comprise from about
0.1%, 0.5%, 1%, 2%, 5%, 10%, 15%, 20%, 25%, 30%, 35%. 40%, 45%, 50%, 55%, 60%, 65%,
70%, 75%, 80%, 85%, or 90% to about 90%, 85%, 80%, 715%, T10%, 65%, 60%, 55%, 50%,
45%., 40%, 35%, 30%, 25%, 20%, 15%, 10%, 5%, or 3% of one or more oils. QOils may be used
to solubilize, disperse, or carry materials that are not suitable for water or water soluble solvents.
Suitable oils include silicones, hydrocarbons, esters, amides, ethers, and mixtures thereof. The

oils may be volatile or nonvolatile.

Suitable silicone oils include polysiloxanes. Commercially available polysiloxanes
include the polydimethylsiloxanes, which are also known as dimethicones, examples of which
include the DM-Fluid series from Shin-Etsu, the Vicasil® series sold by Momentive
Performance Materials Inc., and the Dow Corning® 200 series sold by Dow Corning
Corporation. Specific examples of suitable polydimethylsiloxanes include Dow Corning® 200
fluids (also sold as Xiameter® PMX-200 Silicone Fluids) having viscosities of 0.65, 1.5, 50, 100,
350, 10,000, 12,500 100,000, and 300,000 centistokes.

Suitable hydrocarbon oils include straight, branched, or cyclic alkanes and alkenes. The
chain length may be selected based on desired functional characteristics such as volatility.
Suitable volatile hydrocarbons may have between 5-20 carbon atoms or, alternately, between §-

16 carbon atoms.

Other suitable oils include esters. The suitable esters typically contained at least 10
carbon atoms. These esters include esters with hydrocarbyl chains derived from fatty acids or
alcohols (e.g., mono-esters, polyhydric alcohol esters, and di- and tri-carboxylic acid esters).
The hydrocarbyl radicals of the esters hereof may include or have covalently bonded thereto
other compatible functionalities, such as amides and alkoxy moieties (e.g., ethoxy or ether

linkages, etc.).

Other suitable oils include amides. Amides include compounds having an amide
functional group while being liquid at 25 °C and insoluble in water. Suitable amides include N-
acetyl-N-butylaminopropionate, isopropyl N-lauroylsarcosinate, and N,N,-diethyltoluamide.

Other suitable amides are disclosed in U.S. Patent No. 6,872,401.
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Other suitable oils include ethers. Suitable ethers include saturated and unsaturated fatty
ethers of a polyhydric alcohol, and alkoxylated derivatives thereof. Exemplary ethers include Cy.
20 alkyl ethers of polypropylene glycols, and di-Cg o alkyl ethers. Suitable examples of these
materials include PPG-14 butyl ether, PPG-15 stearyl ether, dioctyl ether, dodecyl octyl ether,

and mixtures thereof.

The skin care composition may comprise an emulsifier. An emulsifier is particularly
suitable when the composition is in the form of an emulsion or if immiscible materials are being
combined. The skin care composition may comprise from about 0.05%, 0.1%, 0.2%, 0.3%,
0.5%, or 1% to about 20%, 10%, 5%, 3%, 2%, or 1% emulsifier. Emulsifiers may be nonionic,
anionic or cationic. Non-limiting examples of emulsifiers are disclosed in U.S. Patent
3,755,560, U.S. Patent 4,421,769, and McCutcheon's, Emulsifiers and Detergents, 2010 Annual
Ed., published by M. C. Publishing Co.. Other suitable emulsifiers are further described in the
Personal Care Product Council's International Cosmetic Ingredient Dictionary and Handbook,

Thirteenth Edition, 2006, under the functional category of "Surfactants - Emulsifying Agents.”

Linear or branched type silicone emulsifiers may also be used. Particularly useful
polyether modified silicones include KF-6011, KF-6012, KF-6013, KF-6015, KF-6015, KF-
6017, KI-6043, KF-6028, and KF-6038 from Shin Etsu. Also particularly useful are the
polyglycerolated linear or branched siloxane emulsifiers including KF-6100, KFF-6104, and KI*-
6105 from Shin Etsu. FEmulsifiers also include emulsifying silicone elastomers. Suitable
silicone elastomers may be in the powder form, or dispersed or solubilized in solvents such as
volatile or nonvolatile silicones, or silicone compatible vehicles such as paraffinic hydrocarbons
or esters. Suitable emulsifying silicone elastomers may include at least one polyalkyl ether or

polyglycerolated unit.

Structuring agents may be used to increase viscosity, thicken, solidify, or provide solid or
crystalline structure to the skin care composition. Structuring agents are typically grouped based
on solubility, dispersibility, or phase compatibility. Examples of aqueous or water structuring
agents include polymeric agents, natural or synthetic gums, polysaccharides, and the like. In one
embodiment, the composition may comprises from about 0.0001%, 0.001%, 0.01%, 0.05%,
0.1%, 0.5%, 1%, 2%, 3%, 5% to about 25%, 20%, 10%, 7%, 5%, 4%, or 2%, by weight of the

composition, of one or more structuring agents.

Polysaccharides and gums may be suitable aqueous phase thickening agents. Suitable

classes of polymeric structuring agents include but are not limited to carboxylic acid polymers,
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polyacrylamide polymers, sulfonated polymers, high molecular weight polyalkylglycols or
polyglycerins, copolymers thereof, hydrophobically modified derivatives thereof, and mixtures
thereof. Silicone gums are another oil phase structuring agent. Another type of oily phase
structuring agent includes silicone waxes. Silicone waxes may be referred to as alkyl silicone
waxes which and are semi-solids or solids at room temperature. Other oil phase structuring
agents may be one or more natural or synthetic waxes such as animal, vegetable, or mineral

waxes.

The skin care compositions may be generally prepared by conventional methods such as
known in the art of making compositions and topical compositions. Such methods typically
involve mixing of ingredients in or more steps to a relatively uniform state, with or without
heating, cooling, application of vacuum, and the like. Typically, emulsions are prepared by first
mixing the aqueous phase materials separately from the fatty phase materials and then combining
the two phases as appropriate to yield the desired continuous phase. The compositions are
preferably prepared such as to optimize stability (physical stability, chemical stability,
photostability, etc.) and/or delivery of active materials. The composition may be provided in a
package sized to store a sufficient amount of the composition for a treatment period. The size,
shape, and design of the package may vary widely. Certain package examples are described in
USPNs D570,707; D391,162; D516,436; D535,191; D542,660; D547,193; D547,661; D558,591;
D563,221; 2009/0017080; 2007/0205226; and 2007/0040306.

EXAMPLES

The present invention will be better understood by reference to the following examples

which are offered by way of illustration not limitation.

Generally Applicable C-Map Methodology

Generating Instances
Individual experiments (referred to as batches) generally comprise 30 to 96 samples
analyzed using Affymetrix GeneChip® technology platforms, containing 6 replicates of the
vehicle control (e.g., DSMOQO), 2 replicate samples of a positive control that gives a strong
reproducible effect in the cell type used, and samples of the test material/perturbagen.

Replication of the test material is done in separate batches due to batch effects. In vitro testing
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was performed in 6-well plates to provide sufficient RNA for GeneChip® analysis (2-4 ug total
RNA yield/well).

Human telomerized keratinocytes (tKC) were obtained from the University of Texas,
Southwestern Medical Center, Dallas, TX. tKC cells were grown in EpiLife® media with 1X
Human Keratinocyte Growth Supplement (Invitrogen, Carlsbad, CA) on collagen I coated cell
culture flasks and plates (Becton Dickinson, Franklin Lakes, NJ). Keratinocytes were seeded
into 6-well plates at 20,000 cells /em® 24 hours before chemical exposure. Human skin
fibroblasts (BJ cell line from ATCC, Manassas, VA) were grown in Eagle’s Minimal Essential
Medium (ATCC) supplemented with 10% fetal bovine serum (HyClone, L.ogan, UT) in normal
cell culture flasks and plates (Corning, Lowell, MA). BJ fibroblasts were seeded into 6-well

plates at 12,000 cells/em” 24 hours before chemical exposure.

All cells were incubated at 37°C in a humidified incubator with 5% CQO,. At t=-24 hours
cells were trypsinized from T-75 flasks and plated into 6-well plates in basal growth medium. At
t=0 media was removed and replaced with the appropriate dosing solution as per the
experimental design. Dosing solutions were prepared the previous day in sterile 4 ml Falcon
snap cap tubes. Pure test materials may be prepared at a concentration of 1-200 puM, and
botanical extracts may be prepared at a concentration of 0.001 to 1% by weight of the dosing
solution. After 6 to 24 hours of chemical exposure, cells were viewed and imaged. The wells
were examined with a microscope before cell lysis and RNA isolation to evaluate for
morphologic evidence of toxicity. If morphological changes were sufficient to suggest
cytotoxicity, a lower concentration of the perturbagen was tested. Cells were then lysed with
350ul/well of RLT buffer containing B-mercaptoethanol (Qiagen, Valencia, CA), transferred to a
96-well plate, and stored at -20° C.

RNA from cell culture batches was isolated from the RLT buffer using Agencourt®
RNAdvance Tissue-Bind magnetic beads (Beckman Coulter) according to manufacturer’s
instructions. 1 ug of total RNA per sample was labeled using Ambion Message Amp™ II Biotin
Enhanced kit (Applied Biosystems Incorporated) according to manufacturer’s instructions. The
resultant biotin labeled and fragmented cRNA was hybridized to an Affymetrix HG-U133A 2.0
GeneChip®, which was then washed, stained and scanned using the protocol provided by

Affymetrix.
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Example 1

This Example illustrates use of C-map to identify connections between perturbens and
genes associated with a pigmentation condition, wherein the pigmentation condition is a
hyperpigmentation condition. Specifically an analysis of tissue from the arms of individuals
showing the hyperpigmentation condition Solar Lentigines (age spots) is compared to an analysis
of tissue from full normal controls, and an expression signature is created as herein described
through specific statistical comparisons, filtering, and sorting. The expression signature can then
be used to implement a data architecture by providing a C-map query to identify relationships

between perturbens and genes associated with a hyperpigmentation pigmentation condition.
Deriving a Hyperpigmentation Condition expression signature

RNA isolated from clinical samples was analyzed using the Affymetrix HG-U133 Plus
2.0 GeneChips, which contain 54,613 probe sets complementary to the transcripts of more than
20,000 genes. However, instances in the provided database used were derived from gene
expression profiling experiments using Affymetrix HG-U133A 2.0 GeneChips, containing
22,214 probe sets, which are a subset of those present on the Plus 2.0 GeneChip. Therefore, in
developing gene expression signatures from the clinical data, the probe sets were filtered for

those included in the HG-U133A 2.0 gene chips.

A statistical analysis of the microarray data is performed to derive a plurality of
hyperpigmentation gene expression signatures which may comprise a statistically relevant
number of the up-regulated and down-regulated genes. In certain embodiments a
hyperpigmentation gene expression signature includes between 10 and 400 up-regulated and/or
between 10 and 400 down-regulated genes. In more specific embodiments a hyperpigmentation
gene expression signature includes the 50 most statistically relevant up-regulated genes alone or
in combination with the 50 most statistically relevant down-regulated genes. Regulation is

determined in comparison to gene expression in normal cells.

a. Filtering based on Absent/Margin/Present Calls. This filter creates a list of
potential genes for inclusion in the gene expression signature. For example, a suitable
filter may be that at least 50% of the samples in one treatment group must have a Present
call for each probe set. Present calls are derived from processing the raw GeneChip data
and provide evidence that the gene transcript complementary to a probe set that is
actually expressed in the biological sample. The probes that are absent from all samples

are likely to be just noisy measurements. This step is important to filter out probe sets
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that do not contribute meaningful data to the signature. For hyperpigmentation gene
expression signatures, the data was filtered for probe sets with at least 50% Present calls

provided by the Affymetrix MAS 5 software.

b. Filtering According to a Statistical Measure. For example, a suitable statistical
measure may be p-values from a t-test, ANOVA, correlation coefficient, or other model-
based analysis. As one example, p-values may be chosen as the statistical measure and a
cutoff value of p=0.05 may be chosen. Limiting the signature list to genes that meet
some reasonable cutoff for statistical significance compared to an appropriate control is
important to allow selection of genes that are characteristic of the biological state of
interest. This is preferable to using a fold change value, which does not take into account
the noise around the measurements. The t-statistic was used to select the probe sets in the
signatures because it is signed and provides an indication of the directionality of the gene

expression changes (i.e. up- or down-regulated) as well as statistical significance.

C. Sorting the Probe Sets. All the probe sets are sorted into sets of up-regulated and
down-regulated sets using the statistical measure. For example, if a t-test was used to
compute p-values, the values (positive and negative) of the t-statistic are used to sort the
list since p-values are always positive. The sorted t-statistics will place the sets with the
most significant p-values at the top and bottom of the list with the non-significant ones

near the middle.

d. Creation of the Gene expression signature. Using the filtered and sorted list
created, a suitable number of probe sets from the top and bottom are selected to create a
gene expression signature that preferably has approximately the same number of sets
chosen from the top as chosen from the bottom. For example, the gene expression
signature created may have at least about 10, 50, 70, 100, 200, or 300 and/or less than
about 800, 600, 400 or about 100 genes corresponding to a probe set on the chip. The
number of probe sets approximately corresponds to the number of genes, but a single
gene may be represented by more than one probe set. It is understood that the phrase
“number of genes” as used herein, corresponds generally with the phrase “number of

probe sets.”

An exemplary Hyperpigmentation Condition Signature according to the invention is

provided, wherein the hyperpigmentation condition is Solar Lentigines (Age Spots). Data is

generated from an arm age spot genomics study, full spot tissue vs. full normal tissue
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comparison. Probe selection method for up-regulated probes: 1. mean expression value of spot
tissue>200, 2. ratio of present call of spot tissue chips >=50%, 3. probe is significantly up
regulated, p<0.05, 4. top 50, 100 and 200 probes ranked by p values, are selected respectively.
Three signatures are generated using top up and down regulated probes cut at 50, 100 and 200,
respectively. C-Map hit evaluation: hits are selected based on their average weight from three
signatures. Probe selection method for down-regulated probes: 1. mean expression value
of normal tissue>200, 2. ratio of present call of normal tissue chips >=50%, 3. probe is
significantly down regulated, p<0.05, 4. Top 50, 100 and 200 probes ranked by p values, are

selected respectively. The illustrative signature is set forth as FIG. 2, Tables B and C.
Example 2

This Example provides support for the use of benchmark signatures in a C-map query to
generate putative agents. The Example specifically outlines generation of a benchmark skin
pigmentation-modifying gene expression signature. As described herein, the benchmark skin
pigmentation-modifying gene expression signature was generated using methods such as filtering
as described in Example 1. More specifically, Hexamidine, N-acetyl glucosamine, Niacinamide,
or SEPIWHITE (Sepiwhite is the purported tradename of the agent known as undecylenoyl
phenylalanine) are applied as described below to tert-Keratinocyte cells to generate the

benchmark skin pigmentation-modifying gene expression signature.
A. Hexamidine (hex).

A tert-Keratinocyte (tKC) cell line is used to conduct the genomics study with an Affy
U133A chip. (a) Probe selection method for up-regulated probes: 1. mean expression value of
hex treated >200, 2. ratio of present calls of hex treated chips >=50%, 3. up regulated by hex,
but down regulated by MSH (a skin darkening agent), 4. hex treated p<0.05, top 100 probes
ranked by p value; (b) Probe selection method for down regulated probes, 1. mean expression
value of DMSO control >200, 2. ratio of present calls of DMSO control chips >=50%, 3. down-
regulated by hex, but up-regulated by MSH (a skin darkening agent), 4. hex treated p<0.05, top
100 probes ranked by p value. The illustrative signatures are set forth as FIGS. 10 and 11,
Tables D and E, respectively.

B. N-acetyl-glucosamine (NAG).

tKC cell line, Affy U133A chip; Probe selection method for up-regulated probes: 1. mean
expression value of NAG treated>200, 2. ratio of present calls of NAG treated chips >=50%, 3.
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up regulated by NAG, but down regulated by MSH (a skin darkening agent), 4. NAG treated
p<0.05, 39 probes are selected. Probe selection method for down- regulated probes: 1. mean
expression value of DMSO control >200, 2. ratio of present calls of DMSO control chips
>=50%, 3. down regulated by NAG, but up regulated by MSH (a skin darkening agent), 4. NAG
treated p<0.05, 43 probes are selected. The illustrative signatures are set forth as FIGS. 12 and

13, Tables I and G, respectively.
C. Niacinamide.

The Niainamide signature was generated by filtering analogous to that used for
hexamidine or NAG was used. The illustrative signatures are set forth as FIGS. 14 and 15,

Tables H and I, respectively.
D. Sepiwhite.

The Sepiwhite signature was generated by filtering analogous to that used for hexamidine or
NAG was used. The illustrative signatures are set forth as FIGS. 16 and 17, Tables J and K,

respectively.
Example 3

This Example illustrates use of C-map and the generation of a signature as described in
Example 2; however Example 3 outlines development of a composite “skin tone” signature
where Niacinaminde, Sepiwhite, NAG, and Hexamidine are used together to generate a
signature. This Example illustrates generation of an exemplary composite “skin tone” Signature
comprised of four benchmark skin-lightening agents: Niacinamide, Sepiwhite, NAG, and
Hexamidine. Chips Used for Signature Generation: DMSO control chips used for Signature
generation: Conditions for Signature Generation: 1. a probe must have 10% present call among
Control chips or BenchMark chips, 2. The average signal for an up-regulated probe on the
treated chip must be >200, 3. The average signal for a down-regulated probe on the control chip
must be >200, 4. A probe must be up or down-regulated cross all benchmark chips. Table
Headers: Average signal of all control chips, Avgl’C, AvgSignalTreated: Average signal of all
treated chips, Average fold change, AvgSignalControl. The illustrative signature is set forth as

FIG. 18, Table L.

This Example supports embodiments outlining how a composite signature may be
generated by treating a cell sample with more than one agent. As indicated earlier, a composite

signature can be added in two ways: cells can be treated with each agent separately, the signature
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can be generated by comparing regulated genes from all agents (together), looking for genes
regulated in the same direction by all agents; secondarily, agents can be mixed together prior to
treatment of cells. In another embodiment, a composite benchmark signature may be generated
for a skin-lightening agent, and another generated for a skin darkening agent. The signature for
the skin-lightening agent may be further tweaked by eliminating any gene from the signature that
also appears in the signature of the skin-darkening agent, regulated in the same direction, or vice
versa. The inventors discovered that such composite signatures are particularly useful for mining

C-map for agents capable of modifying skin pigment in the desired direction.
Example 4

This Example illustrates use of C-map and the generation of a signature. More
specifically, the signature was generated through application of Retinoic acid to fibroblasts and
keratinocytes. This Example illustrates a method for generating a benchmark skin tone agent
signature according to the invention in each of two different cell types for comparison of the C-
map hit evaluations, wherein the benchmark skin active agent is Retinoic acid (“RA”) and the

cell types are (a) fibroblast, and (b) keratinocyte.

(a) Tert-keratinocytes (tKC) RA Signatures. Cells were treated with 1 uM tRA for 6 hr, tested in
triplicate, with triplicate DMSO controls, and analyzed on HG-U133A GeneChips; Signatures
were generated like for BJ fibroblasts, below; the signature KC_RA_200 consists of 100 most
significant up- and 100 most significant down-regulated probe sets; the signature KC_RA_400

consists of 200 most significant up- and 200 most significant down-regulated probe sets.

(b) Fibroblast RA Signatures. The selected cell type is BJ fibroblast. Cells were treated with 1
uM tRA for 6 hr, tested in triplicate, with triplicate DMSO controls, and analyzed on HG-U133A
GeneChips. Present calls >0 for naive, DMSO and RA (9 samples total). Mean signal >=200 for
DMSO OR RA samples t-test p<0.05; Filtered for minimum fold change up or down of 1.2;
Used log fold change to establish directionality and sorted up and down lists by t-test p value.
The signature BJ_RA_200 consists of 100 most significant up- and 100 most significant down-
regulated probe sets; The signature BJ_RA_400 consists of 200 most significant up- and 200
most significant down-regulated probe sets. The illustrative signatures are set forth as Figures

19, 20, 21, AND 22, Tables M, N, O and P respectively.
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Example 5

This example summarizes representative potential skin-lightening agents and C-map
query results for the benchmark skin active agent all-trans-retinoic acid according to the
invention. C-map was queried using the Retinoic Acid / Keratinocyte 200 benchmark signature.
The average C-map scores for the top scoring known skin lightening agents are tabled. Retinoic
acid had the highest score of the materials tested because it was used to generate the signature.
The data shown are for teleomerized human keratinocytes (tKC). Average CMap scores for
some skin lightening agents with the Retinoic Acid Keratinocyte RA_200 Signature are shown in

Figure 23, Table Q.
Example 6

This Example provides evidence of the advantages of using composite signatures and
illustrates clinical affirmation of the C-map model for predicting efficacy of skin-lightening
agents. This Example supports embodiments related to composite signatures (as described at the
end of Example 3). An illustrative “Skin Tone” Signature developed from a genomics study
using a composite skin-lightening benchmark agent signature is derived from Niacinamide,
Hexamidine, Sepiwhite, and NAG. The signature is used to query C-map and generate a list of
potential skin-lightening agents. A top hit, Chlorhexidine Diactate (CD) is entered into clinical
testing for confirmation of efficacy. The control for clinical efficacy is a 5% Niacinamide + 1%

Sepiwhite formulation in the control vehicle.

Primary endpoints are changes in color spot area fraction (image analysis) and melanin
spot area fraction (NC2) from baseline. Secondary endpoints are changes from baseline in
L*a*b (color image analysis), mean melanin gray scale (NC2), and melanin evenness (NC2).
Texture area fraction and pore area fraction are also evaluated to explore impact on other aspects
relating to overall skin tone. Statistical significant superiority to the vehicle at one of these time
points is a project success criteria. Statistically significant superiority to the high efficacy

benchmark skin active agent to vehicle performance is the clinical success criteria.

Study Design: The experimental protocol included a 9-week (1-week preconditioning &
3-week treatment), randomized, double-blind, round robin, vehicle-controlled, split-face tone
benefit study. The subject population included 330 Chinese females, 25-55 years old with
hyperpigmented spots. 318 subjects completed the entire study. Pre-conditioning was achieved
with application of Nature Science Deep Purify cleanser and study-specific moisturizer for a

week. Olay Complete SPEF 15 UV Moisturizing Lotion is concomitantly used during pre-
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conditioning and treatment. 0.5 g each test product per half-face (forehead to jaw line; ~4
mg/cmz) is dosed 2x a day (morning/evening). Color SAF and treatment area , Melanin SAF,
gray scale, evenness by NC2, and additional measurement of Fine Lines and Wrinkle and
Texture are by REAL 3.01A. Data collection points include baseline, and ends of weeks 4, 6 and
8. The tested hypothesis is that there is no difference in clinical endpoint versus the benchmark
composition treatment. Study site is Kuntai Clinical Center, Beijing, China and study time frame

is February 2010 (pre-conditioning) to April 2010.

0.05% Chlorhexidine Diacetate in SC-99 vehicle (7% glycerin) was a top connectivity hit
using the tone composite benchmark signature query set forth as Example 3 and is tested for
clinical efficacy with respect to four different tone criteria against a known high efficacy

benchmark composition of 5% Niacinamide and 1% Sepiwhite in SC-99 vehicle.
Results:

According to the spot area fraction color test: 0.05% CD showed significantly fewer
spots when compared to vehicle at week 8. In the spot area fraction NC2 test, CD showed a
significantly reduced fraction when compared to the vehicle at both weeks 6 and 8. In the NC2
Melanin evenness test, CD demonstrated superiority to the vehicle at weeks 6 and 8, and with
respect to Basal skin tone, CD demonstrated superiority at week 8. Surprisingly, CD also
demonstrated superior efficacy in the Pore area and Texture area fractions when compared to the
vehicle at week 8, suggesting that it is a good candidate for overall skin tone and texture

enhancement.
Example 7

This Example provides support for the unexpected effectiveness of composite signature
use with the C-map technology, with this Example illustrating a comparison of expression
signature efficacy in predicting inhibitors; specifically, from 33 various chemicals identified as
melanogenesis inhibitors in the mouse B16 melanoma cell assay (FIG. 24, Table R). The
composite signature was unexpectedly more effective at identifying inhibitors than any of the
individual signatures (such as for Niacinamide, NAG, Hexamidine, or Sepiwhite). For this
analysis C-map hits were defined as materials occurring in the top 200 instances (from the same
pool of 2266 instances) with a score 20.30. Result Summary of correctly predicted
melanogenesis inhibitors: Composite signature: 20, Niacinamide: 1, NAG: 1, Hexamidine: 2, and
Sepiwhite: 9. The C-map scores shown in Table R are average scores across the instances of the

chemicals. A maximum positive C-map score is 2.0 indicating perfect positive connectivity.
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The individual materials do not show perfectly high scores linking to themselves because of
replicate variability, which is more evident for materials with relatively weak effects on gene
expression. Surprisingly, for this set of materials the composite signature in 3 of 4 cases gave
better scores with the benchmark materials than the individual benchmark signatures. 'The
process of generating the benchmark signature may select for the most consistently regulated

probe sets, which may account for this result.

As indicated in Example 3, this Example (7) supports embodiments outlining how a
composite signature may be generated by treating a cell sample with more than one agent. As
indicated earlier, a composite signature can be added in two ways: cells can be treated with each
agent separately, the signature can be generated by comparing regulated genes from all agents
(together), looking for genes regulated in the same direction by all agents; secondarily, agents
can be mixed together prior to treatment of cells. In another embodiment, a composite
benchmark signature may be generated for a skin-lightening agent, and another generated for a
skin darkening agent. The signature for the skin-lightening agent may be further tweaked by
eliminating any gene from the signature that also appears in the signature of the skin-darkening
agent, regulated in the same direction, or vice versa. The inventors discovered that such
composite signatures are particularly useful for mining C-map for agents capable of modifying

skin pigment in the desired direction.
Example 8§

This Example provides support to illustrate that it is believed that keratinocyte cells,
rather than melanocyte or melanoma cells, have exhibited a more robust transcriptional profile
when treated with skin-lightening agents. Keratinocytes have been preliminarily shown to be
easier to grow than melanocytes and have increased responsiveness such that keratinocytes may
be able to be used to detect active chemicals over a wider range of concentrations than testing
with melanocytes. More specifically, in this Example, six skin tone benchmark materials were
applied to each of three cell types (tert-keratinocytes, melanocyes, and melanoma cells), and with
four of six tested materials tert-keratinocytes showed the greatest response (as indicated in FIG.
25, Table S which shows that with four of the six tested materials, the number of probe sets with
significant P-values compared to DMSO controls was greatest for tert-keratinocytes). As can be
seen in Table S, The six tested skin tone benchmark materials included: Haxamidine

diisothionate, Myo-inositol, N-acetyl-glucosamine, NDP-MSH, Niacinamide, and Sepiwhite.
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For completeness, details of the exact types of melanocytes and melanoma cells, as well as the

cell culturing conditions and result analysis are provided herein below.

HEMn primary neonatal medium pigment melanocytes were obtained from Invitrogen,
Carlsbad, CA and were cultured in Medium 254 from Invitrogen. HBL melanoma cells were
obtained from the Laboratory of Oncology and Experimental Surgery, Institut Bordet,
Universite” Libre de Bruxelles, Belgium and were cultured in F-10 Nutrient Mixture (Ham) from
Invitrogen supplemented with 10% fetal bovine serum (HyClone, Logan, UT). Human
telomerized keratinocytes (tert-keratinocytes) were obtained from the University of Texas,
Southwestern Medical Center, Dallas, TX and were grown in EpiLife® media with 1X Human
Keratinocyte Growth Supplement (Invitrogen). All cells were incubated at 37° C in a humidified

incubator with 5% CO2.

Cells were seeded into 6-well plates a 24 hours before chemical exposure, and the skin
tone benchmark chemicals listed in the table below were added to culture medium dissolved in
DMSO. The final concentration of DMSO was 0.1%, and cells treated just with DMSO served
as controls. After 6 hours of chemical exposure cells were then lysed with 350 ul/well of RL'T
buffer containing B-mercaptoethanol (Qiagen, Valencia, CA), transferred to a 96-well plate, and
stored at -20° C. RNA from cell culture batches was isolated from the RLT buffer using
Agencourt® RNAdvance Tissue-Bind magnetic beads (Beckman-Coulter, Brea CA 92821)
according to manufacturer’s instructions. 1 ug of total RNA per sample was labeled using
Ambion Message Amp™ II Biotin Enhanced kit (Life Technologies, Grand Island, NY 14072)
according to manufacturer’s instructions. The resultant biotin labeled and fragmented cRNA was
hybridized to an Affymetrix HG-U133A 2.0 GeneChip®, which was then washed, stained and

scanned using the protocol provided by Affymetrix.

Regarding the results and analysis of the testing: Two sample t-tests were performed on
each treatment to compare with the DMSO control. The number of probe sets with significant p-
values (<0.05) are summarized in the table below. Each GeneChip® contains 22215 probes sets.
Using a significance level of 0.05, 1111 probe sets (95% confidence interval of 1047 to 1174) are
expected to be significant by chance alone. This estimate is somewhat conservative since there

may be multiple probe sets for the same gene.

In summary, the tert-keratinocytes were generally the most responsive cells to the skin
tone benchmark materials. There were more significantly regulated probe sets for 4/6 skin tone

benchmark materials in the tert-keratinocytes compared to either HeMnMP melanocytes or HBL
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melanoma cells. 'The tert-keratinocytes have an additional advantage over the second most
responsive cells, HeMnMP melanocytes, in that they grow substantially faster and are more

practical cell line for routine screening.

Every document cited herein is hereby incorporated herein by reference in its entirety
unless expressly excluded or otherwise limited. The citation of any document is not an
admission that it is prior art with respect to any invention disclosed or claimed herein or that it
alone, or in any combination with any other reference or references, teaches, suggests or
discloses any such invention. Further, to the extent any meaning or definition of a term in this
document conflicts with any meaning or definition of the same term in a document incorporated

by reference, the meaning or definition assigned to that term in this document shall govern.

The values disclosed herein are not to be understood as being strictly limited to the exact
numerical values recited. Instead, unless otherwise specified, each such value is intended to

mean both the recited value and a functionally equivalent range surrounding that value.

The present invention should not be considered limited to the specific examples described
herein, but rather should be understood to cover all aspects of the invention. Various
modifications, equivalent processes, as well as numerous structures and devices to which the
present invention may be applicable will be readily apparent to those of skill in the art. Those
skilled in the art will understand that various changes may be made without departing from the
scope of the invention, which is not to be considered limited to what is described in the

specification.
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CLAIMS

What is claimed is:

A method of generating a gene expression signature for use in identifying connections
between perturbagens and genes associated with a skin pigmentation condition, the
method comprising:

(a) generating a gene expression profile for a human skin cell sample treated with at
least one benchmark skin pigmentation modifying agent, wherein the benchmark
skin pigmentation modifying agent is suspended in a vehicle composition.

(b) generating a gene expression profile for a human skin cell sample treated with the
vehicle composition;

(c) comparing the expression profiles of (a) and (b) to determine a gene expression
signature comprising a set of genes differentially expressed in (a) and (b);

(d) assigning an identifier to each gene constituting the gene expression signature and
ordering the identifiers according to the direction of differential expression to
create one or more gene expression signature lists; and

(e) storing the one or more gene expression signature lists on at least one computer

readable medium.

2. The method of claim 1, wherein the human skin cells derive from an epidermal or a

dermal skin layer and are selected from the group consisting of keratinocyte, fibroblast,

melanoma and melanocyte cells.

The method of claim 2, wherein the benchmark skin pigment modifying agent comprises
an agent selected from the group consisting of a melanocyte stimulation inhibitor, an anti-
inflammatory agent, an alpha-MSH pigment induction antagonist, a melanophage dermal
residence time suppressor, a melanin synthesis-associated enzyme inhibitor, a
melanosome transport inhibitor, a vitamin B3 compound, hexamidine diisothionate, Myo-
inositol, N-acetyl-glucosamine (NAG), NDP-MSH, an N-acyl amino acid compound, a

retinoid compound, hexyldecanol, hydroquinone and combinations thereof.

The method of claim 3, wherein the skin cell is a keratinocyte and the signature
comprises genes associated with the identifiers set forth in at least one Table selected

from the group consisting of Table D, E, F, G, H, I, M, and N.
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The method of claim 4, wherein the benchmark skin lightening agent is a vitamin B3
compound, the skin cell is a keratinocyte cell, and the signature comprises genes
associated with the identifiers set forth in Table H or Table I.

The method of claim 4, wherein the benchmark skin lightening agent is Hexamidine
diisothionate, the skin cell is a keratinocyte cell, and the signature comprises genes

associated with the identifiers set forth in Table D or Table E.

The method of claim 4, wherein the benchmark skin lightening agent is N-acetyl-
glucosamine, the skin cell is a keratinocyte cell, and the signature comprises genes

associated with the identifiers set forth in Table F or Table G.

The method of claim 4, wherein the benchmark skin lightening agent is an N-acyl amino
acid compound, the skin cell is a keratinocyte cell, and the signature comprises genes

associated with the identifiers set forth in Table J or Table K.

The method of claim 4, wherein the benchmark skin lightening agent is a retinoid
compound, the skin cell is a keratinocyte, and the signature comprises genes associated

with the identifiers set forth in Table M or Table N.

The method of claim 3, wherein the benchmark skin lightening agent is a retinoid
compound and the skin cell is a fibroblast cell, and the signature comprises genes

associated with the identifiers set forth in Table O or Table P.

The method of claim 3, wherein the at least one benchmark skin modifying agent
comprises a skin lightening agent selected from the group consisting of a vitamin B3
compound, an N-acyl amino acid compound, N-Acetyl Glucosamine and Hexamidine,

and the signature comprises identifiers set forth in Table L.

The method of any preceding claim, wherein the benchmark skin pigmentation modifying

agent comprises a skin lightening agent, the method further comprising:

(a)(2) through (e)(2) repeating steps (a) through (e) except that the benchmark skin

modifying agent comprises a skin darkening agent; and

(a) comparing the gene expression signature list from (e)(2) to the gene expression
signature list from (e) and eliminating from the gene expression signature list
from (e) any identifier corresponding to a gene appearing on the (e)(2) list and

having the same direction of differential expression as the gene on the (e) list.
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13. The method of any preceding claim, wherein the skin pigmentation condition has an
etiology associated with one or more of activation of melanocyte stimulation,
inflammation, activation of alpha-MSH pigment induction, increased melanophage
dermal residence time, activation of an enzyme involved in a melanin synthesis pathway,

5 and activation of melanosome transport.

14. The method of claim 1, wherein the skin pigmentation condition is solar lentigines, and
the generated gene expression signature comprises genes associated with the identifiers

set forth in Table B and Table C.

15. An immobilized array of oligonucleotides which hybridize to the genes constituting the

10 gene expression signature of any preceding claim.
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FIG. 1: Table A
Pigmentation control targets and some Benchmark Agents

%Pigmentation Control Target :Effective Agent Examples

‘Examples

Tyrosinase inhibition Hydroquinone, resorcinols, kojic acid, arbutin, deoxy-arbutin,
: :ascorbic acid (vitamin C)
TyrosmasecopperchelatlonEllaglcacld,kopcacld
Inhibition of tyrosinase Glucosamine, N-acetyl glucosamine, tunicamycin

%Aglycosylation

éInhibit binding of alpha-MSH to EN—undecylenoyl—phenylalanine
‘melanocyte

Retinoid (trans-retinoic acid, retinol and its esters,
retinaldehyde)

EHydrocortisone, phytosterol, glycyrrhetinic acid, tranexamic
:acid, chamomile extract

Retln01ds,SallcyllcaC1d,alpha—hydroxyac1ds,alpha—ketoac1ds,
:adenosine monophosphate :
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FIG. 2: TABLES B and C

Table B
Age Spot Signature; top 200 up-regulated

tegrator complex subunit 9

peptidyl-peptidase 3
ET translocation (myeloid leukemia-associated)

'UG0651E06

lysosomal trafficking regulator
‘mitochondrial ribosomal protein .34

icell division cycle 42 (GTP binding protein, 25kDa)

‘TAF10 RNA polymerase II, TATA box binding protein (TBP)-
iassociated factor, 30kDa
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M_000466:0.00610

Efumarylacetoacetate hydrolase domain containing 2A A723370 0.0062 :

‘pyruvate dehydrogenase (lipoamide) alpha 1

iintegrin, beta 1 (fibronectin receptor, beta polypeptide, antigen
i{CD29 includes MDF2, MSK12)

NADH dehydrogenase (ubiquinone) 1 beta subcomplex, 8, 19kDa

Esolute carrier family 2 (facilitated glucose/fructose transporter),
imember 5

M_0012360.00661
M_005484:0.00681:

igolgi associated, gamma adaptin ear containing, ARF binding
iprotein 1

inatriuretic peptide receptor C/guanylate cyclase C (atrionatriuretic
‘peptide receptor C)
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ityrosine 3-monooxygenase/tryptophan 5-monooxygenase
‘activation protein, zeta polypeptide

M_0147260.01015
M_014949:0.01017:

isema domain, immunoglobulin domain (Ig), short basic domain,
isecreted, (semaphorin) 3F

210941 _at iprotocadherin 7
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nc finger protein 43
NDP dipeptidase 2 (metallopeptidase M20 family)

: imicrotubule associated monoxygenase, calponin and LIM domain
218 ‘containing 1

208 ‘PTK2 protein tyrosine kinase 2

2207 iengrailed homeobox 2

210
204
01

Egolgi associated, gamma adaptin ear containing, ARF binding
iprotein 1

‘splicing factor, arginine/serine-rich 14
eptidylprolyl isomerase G (cyclophilin G)
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atrix metallopeptidase 14 (membrane-inserted)

lamin B, beta (actin binding protein 278)

iphosphoribosylglycinamide formyltransferase,
iphosphoribosylglycinamide synthetase,
phosphoribosylaminoimidazole synthetase

ansmembrane protein 165

ipseudouridylate synthase 7 homolog (S. cerevisiae)

ichromosome 14 open reading frame 138

:SH2 domain containing 3A
icell division cycle 2-like 2 (PITSLRE proteins)

214 ‘motor neuron and pancreas homeobox 1
202 KIAA0317

EHeterogeneous nuclear ribonucleoprotein D (AU-rich element
‘RN A binding protein 1, 37kDa)

isolute carrier family 11 (proton-coupled divalent metal ion
itransporters), member 2
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thine decarboxylase antizyme 1

‘thrombospondin 2

terleukin enhancer binding factor 3, 90kDa

Table C
op 200 down-regulated

M_012323 0.00006
87078  0.00011;
M_000697 0.00013:

-ray repair complementing defective repair in Chinese hamster
ells 5 (double-strand-break rejoining; Ku autoantigen, 80kDa)
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AST kinase domains 2

AS guanyl releasing protein 1 (calcium and DAG-regulated)

aptor protein, phosphotyrosine interaction, PH domain and
ucine zipper containing 2

romosome 21 open reading frame 25

eptidase (mitochondrial processing) beta

yroid hormone receptor, alpha (erythroblastic leukemia viral (v-
b-a) oncogene homolog, avian)

0.00534
rostaglandin-endoperoxide synthase 1 (prostaglandin G/H :

nthase and cyclooxygenase)

uclear factor (erythroid-derived 2)-like 3

AB3 GTPase activating protein subunit 1 (catalytic)
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M_020062 0.00713
86293  0.00714

n
214

rostaglandin-endoperoxide synthase 1 (prostaglandin G/H
nthase and cyclooxygenase)

hromosome 14 open reading frame 132

iquitously-expressed transcript

BX domain containing 8

equenin homolog (Drosophila)
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hydrolipoamide S-acetyltransferase (E2 component of pyruvate
hydrogenase complex)

lute carrier family 25 (mitochondrial carrier; adenine nucleotide
anslocator), member 5

uclear factor of activated T-cells, cytoplasmic, calcineurin-
ependent 3

ucine-rich repeats and immunoglobulin-like domains 1

oagulation factor II (thrombin) receptor

AB27B, member RAS oncogene family

M_0005870.01081
F431618  0.01082.

dehyde dehydrogenase 5 family, member Al (succinate-
mialdehyde dehydrogenase)

AL1.031230 0.0111

AMP responsive element binding protein-like 2 F438056 0.01183!
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ID1 interacting protein 1 (gastrulation specific G12 homolog
ebrafish))

M_0020310.012

308857v1
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FIG. 10: Table D
Hexamidine Benchmark Signature; 100 up-regulated

hosphatidylinositol glycan anchor biosynthesis, class A
paroxysmal nocturnal hemoglobinuria)

CASPS8 and FADD-like apoptosis regulator
CD24 molecule

ctivating transcription factor 3

un oncogene

leckstrin homology domain containing, family C (with FERM
omain) member 1

U143855 0.00009:
M_001114:0.00010'

M_0053450.00011
M_005345:0.00011:

218
207
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212647 _at elated RAS viral (r-ras) oncogene homolog
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CD59 molecule, complement regulatory protein
Ras-related GTP binding C

erpin peptidase inhibitor, clade E (nexin, plasminogen activator
nhibitor type 1), member 1

[221852  0.00241:

almodulin 1 (phosphorylase kinase, delta)

KDEL (Lys-Asp-Glu-Leu) endoplasmic reticulum protein
etention receptor 3
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FIG. 11: Table E
Hexamidine Benchmark Signature; 100 top down-regulated

'BC001002
BCO05838

0.00014

0.00017:

lute carrier family 25 (mitochondrial carrier; ornithine
ansporter) member 15 INM_014252 0.00017;

BC001721
NM_016576

\BC004949
{U41813

'NM_005130
INM_012204

rotein phosphatase 1D magnesium-dependent, delta isoform NM_003620 0.00031:
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eavage and polyadenylation specific factor 6, 68kDa SAU149367

terferon, gamma-inducible protein 16 ENM_005531

2208 ual specificity phosphatase 6

?318 K506 binding protein 15, 133kDa

: I/SNF related, matrix associated, actin dependent regulator of
hromatin, subfamily a, member 5

bulin, alpha 1b 000062
AN binding protein 5 : :

eroid-lipofuscinosis, neuronal 5 :
licing factor proline/glutamine-rich (polypyrimidine tract binding
rotein associated)

eroxisomal biogenesis factor 11B

ucleoporin 98kDa

bonucleotide reductase M2 polypeptide
rostaglandin-endoperoxide synthase 1 (prostaglandin G/H synthase
nd cyclooxygenase) :

agile X mental retardation 1 0.00093:

P110 protein
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BG492602
M72709

ull-length cDNA clone CSODKO002YF13 of HeLa cells Cot 25-
ormalized of Homo sapiens (human)

ultiple inositol polyphosphate histidine phosphatase, 1 EAF084943

mylo-1, 6-glucosidase, 4-alpha-glucanotransferase (glycogen
ebranching enzyme, glycogen storage disease type III) INM_000645

acuolar protein sorting 54 homolog (S. cerevisiae) NM_016516

RNA binding motif protein 8A BG289199
D29641

INM_006796
INM_017780

INM_ 024638 | 0.00152:
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FIG. 12: Table F
NAG Benchmark Signature; 39 significantly up-regulated

C002629 0.0063
like apoptosis regulator

RNA-histidine guanylyltransferase 1-like (S. cerevisiae)

COP9 constitutive photomorphogenic homolog subunit 5
Arabidopsis)

holinergic receptor, nicotinic, gamma

hosphorylase kinase, alpha 2 (liver)
HIG1 domain family, member 2A

M-phase phosphoprotein 10 (U3 small nucleolar
ibonucleoprotein)

olute carrier family 24 (sodium/potassium/calcium exchanger),
member 1

matrix metallopeptidase 9 (gelatinase B, 92kDa gelatinase,
2kDa type IV collagenase)

AF034176 Human mRNA (Tripodis and Ragoussis) Homo
apiens cDNA clone ntcon5 contig
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FIG. 13: Table G
NAG Benchmark Signature, most significantly down-regulated

;210735 s_a icarbonic anhydrase XII
‘ rhomboid 5 homolog 1 (Drosophila)

éprotein tyrosine phosphatase, receptor type, f polypeptide
{(PTPRF), interacting protein (liprin), alpha 1

Emethylenetetrahydrofolate dehydrogenase (NADP+ dependent) 2,
‘methenyltetrahydrofolate cyclohydrolase

EPRP19/PSO4 pre-mRNA processing factor 19 homolog (S.
icerevisiae)

Ecyclin-dependent kinase 7 (MO15 homolog, Xenopus laevis, cdk-
iactivating kinase)

sserine incorporator 3
:ADAM metallopeptidase with thrombospondin type 1 motif, 1

igolgi phosphoprotein 3 (coat-protein)
PTPRF interacting protein, binding protein 1 (liprin beta 1)

201453 _x_a
212450 _at
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207524 _at isuppression of tumorigenicity 7

inc finger protein 672

AF349314 004561

éinhibitor of DNA binding 3, dominant negative helix-loop-helix
‘protein

uclear receptor subfamily 4, group A, member 2
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FIG. 14: Table H
Niacinamide Benchmark Signature, 100 top up-regulated

2201 129_at plicing factor, arginine/serine-rich 7, 35kDa M_006276 50.0000 :3
: 002492 0.00003!

369
209

DEL (Lys-Asp-Glu-Leu) endoplasmic reticulum protein
ctention receptor 3 M_006855:0.00050

207
212
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leckstrin homology domain containing, family C (with FERM
omain) member 1

hemokine (C-X-C motif) ligand 3
ansmembrane protein 4

?218 itochondrial ribosomal protein L.15

5 AF10 RNA polymerase II, TATA box binding protein (TBP)-
200 ssociated factor, 30kDa

212 hosphatidylinositol-5-phosphate 4-kinase, type II, alpha
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DSS5, regulator of cohesion maintenance, homolog A (S.

erevisiae) W991219 0.00628
43784 0.00632
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FIG. 15: Table 1
Niacinamide Benchmark Signature, 100 top down-regulated

212276_at

3219
205

EHeterogeneous nuclear ribonucleoprotein D (AU-rich element
RN A binding protein 1, 37kDa)

low density lipoprotein receptor-related protein 8, apolipoprotein
ic receptor

omboid 5 homolog 1 (Drosophila)

ppee-like 5 (Drosophila)
isolute carrier family 7, (cationic amino acid transporter, y+
isystem) member 11

sulin induced gene 1

Emethionine adenosyltransferase II, beta M_013283 §0.0001 ::
C003573  10.00019;

ESolute carrier family 2 (facilitated glucose transporter), member 3
ipseudogene 1

low density lipoprotein receptor-related protein 8, apolipoprotein
ie receptor
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isolute carrier family 7, (cationic amino acid transporter, y+
‘system) member 11

‘histone cluster 3, H2a
!ARPS6 actin-related protein 6 homolog (yeast)

3216
3219

:alpha thalassemia/mental retardation syndrome X-linked (RAD54
thomolog, S. cerevisiae)

idiazepam binding inhibitor (GABA receptor modulator, acyl-
iCoenzyme A binding protein)
ADAM metallopeptidase domain 10

213988_s_a _
210290_at izinc finger protein 174
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5 : LOVL fam y member 6, elongation of long chain fatty
210868_s (FEN1/Elo2, SUR4/Elo3-like, yeast)

iquinolinate phosphoribosyltransferase (nicotinate-nucleotide
ipyrophosphorylase (carboxylating))
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FIG. 16: Table J
Sepiwhite Benchmark Signature; 100 top up-regulated

ichloride channel, calcium activated, family member 2

IXYD domain containing ion transport regulator 3

{CD24 molecule

‘transmembrane protein 45A

finterferon-stimulated transcription factor 3, gamma 48kDa

iprotein-L-isoaspartate (D-aspartate) O-methyltransferase domain
icontaining 2

M_003483 0.00016
M_001957:0.00017.

M_0180040.00019:
M_0060840.00021
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:aldehyde dehydrogenase 7 family, member Al C002515 0.0011

‘RAD54 homolog B (S. cerevisiae)

:abhydrolase domain containing 5

204 monoamine oxidase A
212 itransmembrane protein 97

imatrix metallopeptidase 9 (gelatinase B, 92kDa gelatinase,
i92kDa type IV collagenase)

201
205

iemopamil binding protein (sterol isomerase)
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iexcision repair cross-complementing rodent repair deficiency,
icomplementation group 1 (includes overlapping antisense

éacetyl-Coenzyme A acetyltransferase 2 (acetoacetyl Coenzyme
A thiolase)

étranslocase of inner mitochondrial membrane 23 homolog B
218 i(yeast)
E itranslocase of inner mitochondrial membrane 23 homolog

218 (yeast)
: ityrosine 3-monooxygenase/tryptophan 5-monooxygenase
‘activation protein, epsilon polypeptide

:Werner syndrome

218 i$100 calcium binding protein Al4
2219 ‘phenazine biosynthesis-like protein domain containing
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FIG. 17: Table K
Sepiwhite Benchmark Signature; 100 top down-regulated

iacyl-CoA thioesterase 7 M_007274:0.0000
CAAT/enhancer binding protein (C/EBP), beta

iglutamate-cysteine ligase, modifier subunit

chemokine (C-X-C motif) ligand 1 (melanoma growth
istimulating activity, alpha)

EAHAl, activator of heat shock 90kDa protein ATPase homolog 1
i(yeast) M_012111:0.00013

‘H3 histone, family 3A E869922  10.000

‘tumor-associated calcium signal transducer 1

‘cryptochrome 1 (photolyase-like)

follistatin

Ealdo-keto reductase family 1, member C1 (dihydrodiol
idehydrogenase 1; 20-alpha (3-alpha)-hydroxysteroid

idehydrogenase)
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201274 _at ‘proteasome (prosome, macropain) subunit, alpha type, 5

P >
(PTPRF), interacting protein (lipr

204
221

EATP synthase, H+ transporting, mitochondrial FO complex,
isubunit C3 (subunit 9)

AF098482  10.0081 :




WO 2013/148808 PCT/US2013/034055

41/73

‘ iprostaglandin-endoperoxide synthase 1 (prostaglandin G/H : .:
205128_x_a isynthase and cyclooxygenase) M_000962:0.00822

g iproteasome (prosome, macropain) subunit, beta type, 9 (large
204 ‘multifunctional peptidase 2)
219

204422
215
202
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FIG. 18: Table L
Composite “Skin Tone” Benchmark Signature; approximately 40 up-regulated
+ 58 down-regulated

icold shock domain protein

A

éendoplasmic reticulum
pprotein 29 NM_006817}
Eearly growth response 1

éEndothelin converting

ienzyme 1

iprogrammed cell death 4

i(neoplastic transformation ;
inhibitor)

EBMP and activin :

‘membrane-bound inhibitor

‘homolog :
(Xenopus laevis)

‘WW domain binding

iprotein 4 :

i(formin binding protein 21)

‘R3H domain containing 2

/TNF receptor-associated
factor 5

iv-rel reticuloendotheliosis
iviral oncogene homolog B,
nuclear factor of kappa '
light polypeptide :
Egene enhancer in B-cells 3
((avian) :
retinitis pigmentosa
{GTPase regulator

éras homolog gene family,
imember D

‘TP53 activated protein 1

Esolute carrier family 5 :
i(sodium iodide symporter),
imember 5 :

‘ubiquitin protein ligase E3
‘component n-recognin 4

ERibosomal protein 1.27a
J un oncogene

éGrowth arrest and DNA-
‘damage-inducible, beta
imajor histocompatibility
icomplex, class I, A

isurfactant, pulmonary-
iassociated protein B
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‘CDNA clone
IMAGE:4838699

istriatin, calmodulin binding :
iprotein 4 :
‘G protein-coupled receptor ;
172A

6
‘phosphogluconolactonase
ichromosome 13 open
rreading frame 23

Dnal (Hsp40) homolog,
‘subfamily C, member 15
RAB17, member RAS
ioncogene family
thypothetical protein

FLJ 22222

ring finger protein 39

Eleucine rich repeat

icontaining 37A

éleucine rich repeat
LRRC37A2 ‘containing 37, member A2 :

leucine rich repeat :
LRRC37A3 icontaining 37, member A3 i

HERV-H LTR-associating

'SH3 domain binding
i iglutamic acid-rich protein
H3BGRL3 ilike 3

BF969986
Ribosomal protein 1.38 AW303136

isulfotransferase family,
: icytosolic, 1A, phenol-
222 ipreferring, member 3
: isulfotransferase family,
icytosolic, 1A, phenol-
222 SULTI1A4 ipreferring, member 4
iacetylserotonin O-
365 imethyltransferase-like :
5 58 down-regulated below.
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ieukaryotic translation
initiation factor 1A, X-

eukaryotic translation
initiation factor 4E

icytochrome b5 type B
i(outer mitochondrial

{COP9 constitutive
iphotomorphogenic
thomolog subunit 5
i(Arabidopsis)
5 ‘myristoylated alanine-rich i
201 ‘protein kinase C substrate

: ichromosome 3 open
201 rreading frame 37

gsparclosteonectin, cWev
iand kazal-like domains
‘proteoglycan (testican) 2

Ereading frame 107

itripartite motif-containing

Ematernal embryonic

leucine zipper kinase

RNA binding motif protein :
{19 =
Echolinergic receptor,
mnicotinic, alpha 5

Ereceptor accessory protein
5
'SP100 nuclear antigen

isuppressor of
itumorigenicity 20
‘fascin homolog 1, actin-
‘bundling protein
((Strongylocentrotus
épurpuratus)
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211078_s

éDnaJ (Hsp40) homolog,
isubfamily C, member 8
éautism susceptibility
icandidate 2
Eubiquitin-conjugating
ienzyme E2N (UBC13
thomolog, yeast)

poly
idirected), delta 3,
‘accessory subunit
isimilar to Aspartate
laminotransferase,
imitochondrial precursor
i(Transaminase A)

i i(Glutamate oxaloacetate

OC645538 itransaminase 2)

icollagen, type XI, alpha2 U32169
‘tyrosine 3-
imonooxygenase/tryptophan
i5-monooxygenase
lactivation protein, beta
ipolypeptide

éfracture callus 1 homolog
i(rat)

échromosome 8 open
‘reading frame 33

écalcium/calmodulin- :
idependent protein kinase I
inhibitor 1 '
EATP/GTP binding protein
like 5

éeukaryotic translation
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DiGeorge syndrome
icritical region gene 8

imyoneurin

ECDKNZA interacting
CDKN2AIP iprotein

i‘chromosome 2 open
rreading frame 43

éenhancer of mRNA
idecapping 3 homolog (S.
gcerevisiae)

; Efour jointed box 1

219 i(Drosophila)

NM_022775'

: igem (nuclear organclle)

219 iassociated protein 6

: iserum/glucocorticoid
rregulated kinase family,

E(importin alpha 4)

éribonucleoprotein,
thomolog A (yeast)
iglutamate-rich WD repeat
icontaining 1

‘mediator complex subunit

échromosome 5 open
reading frame 30

ENFKB inhibitor interacting :

Esynapse defective 1, Rho
; iGTPase, homolog 1 (C.
44702_at | ielegans)
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FIG. 19: Table M

RA benchmark signature in tKC cell — 200 upregulated

1661_s_at :ACSL3
3504 _s_at :ABCAL

‘HBEGF
IL1B

ésuppressor of cytokine signaling 2

EAcyl-CoA synthetase long-chain family member 3

:Dnal (Hsp40) homolog, subfamily B, member 1
DN A-damage regulated autophagy modulator 1

‘ATPase, Na+/K+ transporting, beta 1 polypeptide

retinoic acid induced 14

aluronan synthase

ras homolog gene family, member B
EADP-ribosylation factor-like 4C

formin homology 2 domain containing 3

ssue factor pathway inhibitor 2

iinhibitor of DNA binding 1, dominant negative helix-loop-
thelix protein

apolipoprotein B mRNA editing enzyme, catalytic
polypeptide-like 3B

Log 2 Fold Change
tRA to DMSO
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null
EKruppel-like factor 6

plasminogen activator, urokinase

annexin All

zine finger protein 654

‘intercellular adhesion molecule 1

insulin-like growth factor binding protein 3

family with sequence similarity 3, member C

plasminogen activator, urokinase

meuroepithelial cell transforming 1

‘plasminogen activator, tissue
‘TNFAIP3 interacting protein 1

nal (Hsp40) homolog, subfamily A, member 1

‘BCL2-interacting killer (apoptosis-inducing)

aldehyde dehydrogenase 1 family, member A3
ADP-ribosylation factor-like 4C

neuropilin (NRP) and tolloid (TLL)-like 2

MAP kinase interacting serine/threonine kinase 2

PCT/US2013/034055

Emicrotubule associated monoxygenase, calponin and LIM
idomain containing 1

ésolute carrier family 25 (carnitine/acylcarnitine translocase),
‘member 20 :
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rras-related C3 botulinum toxin substrate 2 (rho family, small
{GTP binding protein Rac2) :

;nuclear receptor interacting protein 1
‘serine threonine kinase 39 (STE20/SPS1 homolog, yeast)

:supp;éssor"(.).f cytokiné..signé.iing 2

MBOAT2  ‘membrane bound O-acyltransferase domain containing 2

ifilamin B, beta
:ATP-binding cassette, sub-family G (WHITE), member 1

isteroid-5-alpha-reductase, alpha polypeptide 1 (3-0x0-5
ialpha-steroid delta 4-dehydrogenase alpha 1)

éexocyst complex component 7

.abhydrolase domain containing 3

ets homologous factor

leucine zipper protein 1
serine racemase

idensity-regulated protein

integrin, beta 6
‘heat shock 70kDa protein 1A

‘G protein-coupled receptor, family C, group 5, member A
peroxisome proliferator-activated receptor delta

tudor domain containing 7

mediator of DNA-damage checkpoint 1

transmembrane protein with EGF-like and two follistatin-like
idomains 1 5

:myristoylated alanine-rich protein kinase C substrate

ffamily with sequence similarity 129, member A
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I RP12
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‘protein kinase, AMP-activated, beta 1 non-catalytic subunit

Ecathepsin H

‘adenosine deaminase

nucleolar protein 12

_soiﬁte carrier"f.amily 25, member 37
Kkeratin 6B

‘tubulin, alpha la

‘acetyl-Coenzyme A carboxylase alpha

icaspase 6, apoptosis-related cysteine peptidase

:acyl-CoA synthetase long-chain family member 3

pleckstrin and Sec7 domain containing 3

SRY (sex determining region Y)-box 4

izinc finger protein 20

llow density lipoprotein-related protein 12

serpin peptidase inhibitor, clade B (ovalbumin), member 13
TP-binding cassette, sub-family G (WHITE), member 1

ipyruvate dehyrogenase phosphatase catalytic subunit 1
‘FOS-like antigen 1

:SIVAi, apébtosis-indﬁcing factor
;heat shock 70kDa protein 1A

Eneuropilin 1
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iphosphoribosyl pyrophosphate synthetase-associated protein
1

06460_at :AJ APl ;adherens junctions associated protein 1

‘formin binding protein 1-like

éserpin peptidase inhibitor, clade E (nexin, plasminogen
:activator inhibitor type 1), member 1

:RNA binding motif protein 19

‘ADP-ribosylation factor-like 4C

ypep

:N-.é.adenine-speciﬁc DNA methyltransferase 1 (putative)
‘RAB8B, member RAS oncogene family

INK3 homeobox 1
ccadherin 4, type 1, R-cadherin (retinal)

:discoidin domain receptor tyrosine kinase 1

;serpin peptidase inhibitor, clade B (ovalbumin), member 1

Ediscs, large homolog 3 (Drosophila)

Rho GTPase activating protein 8

iglutamate-ammonia ligase (glutamine synthetase)
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FIG. 20: Table N
RA benchmark signature in tKC, 200 down-regulated

l‘Gene Symbol ‘lNetAffx Title

ranscription factor AP-2 alpha (activating enhancer binding
protein 2 alpha)

ellino homolog 1 (Drosophila)

prostaglandin-endoperoxide synthase 1 (prostaglandin G/H
nthase and cyclooxygenase)
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03865_s_at

16092_s_at

09101_at

PCT/US2013/034055
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sema domain, immunoglobulin domain (Ig), short basic
domain, secreted, (semaphorin) 3F

keratin 17

protein phosphatase 1A (formerly 2C), magnesium-
dependent, alpha isoform

histone cluster 1, H2ac
muscleblind-like 2 (Drosophila)

odd-skipped related 2 (Drosophila)

solute carrier family 7 (cationic amino acid transporter, y+
system), member 8

prostaglandin-endoperoxide synthase 1 (prostaglandin G/H
synthase and cyclooxygenase)

protein tyrosine phosphatase-like (proline instead of catalytic
arginine), member b
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TAF5 RNA polyr.i.l.erase II, TATA box binding protein (TB
associated factor, 100kDa

D55 méiecule, decay accelerating factor for complement
(Cromer blood group)

01926_s_at
17312_s_at
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solute carrier family 7, (cationic amino acid transporter, y+
system) member 11

ST6 (alpha-N-acetyl-neuraminyl-2,3-beta-galactosyl-1,3)-N-
etylgalactosaminide alpha-2,6-sialyltransferase 5

CTD (carboxy-terminal domain, RNA polymerase 1II,
lypeptide A) small phosphatase-like

MAX interactor 1

1.1 cell adhesion molecule
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hanolamine kinase 1

otein phosphatase 2 (formerly 2A), regulatory subunit B",
pha
cretogranin V (7B2 protein)

AS protein activator like 2
uscleblind-like 2 (Drosophila)

sion repair cross-complementing rodent repair deficiency,
mplementation group 6
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baldo-ketomr.edué.t.ése family 1, member C2 (dihydrodiol
gﬁdehydrogenase 2; bile acid binding protein; 3-alpha
‘hydroxysteroid dehydrogenase, type III)
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FIG. 21: Table O
RA Benchmark Signature in BJ fibroblasts, 200 up-regulated

eine-rich secretory protein LCCL domain
containing 2

ansglutaminase 2 (C polypeptide, protein-
amine-gamma-glutamyltransferase)

transducin-like enhancer of split 1 (E(spl) homolog,
rosophila) :

ix (nucleoside diphosphate linked moiety X)-
pe motif 4
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205005_s_at

212093_s_at

PCT/US2013/034055

59/73

IN-myristoyltransferase 2

radykinin receptor B1

‘metallothionein 1X

uclear receptor interacting protein 1

ichromosome 5 open reading frame 13

Einterferon, gamma-inducible protein 16

imesoderm specific transcript homolog (mouse)
icullin 4B

terleukin 1, beta

keratin 18

‘cadherin 6, type 2, K-cadherin (fetal kidney) :
‘ankyrin repeat and BTB (POZ) domain containing 2

IMP metallopeptidase inhibitor 3

iamyloid beta (A4) precursor protein-binding, family

member 2

éamyloid beta (A4) precursor protein-binding, family
B, member 2

NA binding protein with multiple splicing

iwingless-type MMTYV integration site family,
imember 5A
N-acetylneuraminic acid synthase

ilysophosphatidic acid receptor 6
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18211 _s_at melanophilin

06707_x_at mily with sequence similarity 65, member B
A kinase (PRKA) anchor protein 12

01147_s_at IMP metallopeptidase inhibitor 3

hydfélase domain containiﬁé 5
dothelial PAS domain protein 1

terferon-induced protein with tetratricopeptide
peats 1

peptidase domain containing associated with muscle
generation 1 :

SEC14-like 2 (8. cerevisiae)
dehyde dehydrogenase 1 family, member Al

rpin peptidase inhibitor, clade B (ovalbumin),
member 9

myb myeloblastosis viral oncogene homolog
(avian)

dix (nucleoside diphosphate linked moiety X)-
pe motif 4
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glucuronidase, beta/ immunoglobulin lambda-like
13502_x_at lypeptide 1 pseudogene

02291_s_at

matrix Gla protein

05027_s_at
07680_x_at

03629_s_at
01148_s_at

OX11 homolog, cytochrome c oxidase assembly
otein (yeast)

RADS5S1AP1
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-ras2 Kirsten rat sarcoma viral oncogene
molog

serpin peptidase inhibitor, clade B (ovalbumin),
ember 1

wingless-type MMTYV integration site family,
ember SA

chromosome 14 open reading frame 132

RAI calcium release-activated calcium modulator

ago-nashi homolog 2, proliferation-associated
rosophila)

H3 and cysteine rich domain
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...................................................... T VR g it
, member 2 :

myloid beta (A4) precursor protein-binding, family
, member 2

endoplasmic reticulum aminopeptidase 2

TP-binding cassette, sub-family A (ABC1),
member 1

tegrin, alpha 4 (antigen CD49D, alpha 4 subunit of
LA-4 receptor) :

‘TIMP metallopeptidase inhibitor 3
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FIG. 22: Table P
RA Benchmark Signature in BJ fibroblast, 200 down-regulated

Probe set ID

olute carrier famii§ 2 (facilitated glucose transporter),
ember 14

204933_s_at
213496_at

222162 s_at
201423 _s_at

204948 _s_at
20984 1_s_at ucine rich repeat neuronal 3

215034 _s_at ansmembrane 4 1. six family member 1

215336_at
206157 _at

ansducin-like enhancer of split 4 (E(spl) homolog,
rosophila)

erve growth factor (beta polypeptide)
ardet-Biedl syndrome 4

fluenza virus NS1A binding protein
RAM domain containing 3

NA binding motif protein 5
ansmembrane 4 1. six family member 1

otassium intermediate/small conductance calcium-activated
220116_at annel, subfamily N, member 2

221696_s_at rine/threonine/tyrosine kinase 1
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ightless I homolog (Drosophila)

ucine rich repeat neuronal 3

emlin 1, cysteine knot superfamily, homolog (Xenopus
evis)

hosphodiesterase 4B, cAMP-specific (phosphodiesterase F4
unce homolog, Drosophila)

203674 _at

bp/p300-interacting transactivator, with Glu/Asp-rich
207980_s_at boxy-terminal domain, 2

215498_s_at
208727_s_at

205880 _at

212539 _at hromodomain helicase DNA binding protein 1-like
201133 _s_at raja ring finger 2

icrotubule associated monoxygenase, calponin and LIM
omain containing 1
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emlin 1, cysteine knot superfamily, homolog (Xenopus

218468 _s_at
211981 _at

hemokine (C-X-C motif) ligand 12 (stromal cell-derived
ctor 1)

205410_s_at
212081_x_at

201278_at
210879_s_at
215501_s_at

201279_s_at

hibitor of DNA binding 2, dominant negative helix-loop-
213931 _at lix protein

211040_x_at

220738_s_at
219696_at

215780_s_at ET translocation (myeloid leukemia-associated) pseudogene :
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moothelin

uanine nucleotide binding protein (G protein), beta

ms-related tyrosine kinase 1 (vascular endothelial growth
tor/vascular permeability factor receptor)

hromosome 16 open re frame 58
UN and FY VE domain containing 3

nterleukin 1 receptor, type I

BC1 domain family, member 4

inc finger protein 606
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rotein phosphatase 3 (formerly 2B), regulatory subunit B,
pha isoform

at

at

203426_s_at
200796_s_at

212364 _at

ansducin-like enhancer of split 4 (E(spl) homolog,
rosophila)

euroblastoma RAS viral (v-ras) oncogene homolog

DC42 effector protein (Rho GTPase binding) 3

ipartite motif-containing 45

olute carrier family 35, member 5

rine palmitoyltransferase, long chain base subunit 2 : :
194:214237_x_at RKC, apoptosis, WT1, regulator -0.527
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hromosome 3 open reading frame 18

rotein phosphatase 3 (formerly 2B), catalytic subunit, beta
soform

ransmembrane protein 47
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FIG. 23: Table Q

Average CMap scores for some representative potential skin-lightening agents with the Retinoic
Acid Keratinocyte RA_200 Signature

Cell Average
Chemical Line | Concentration | CMap score
All-trans retinoic acid | tKC 1 uM 1.804
Myo-inositol tKC 20 uM 1.128
Hexyldecanol tKC 0.10% 0.611
Chlorhexidine tKC 10 uM 0.54
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FIG. 24: Table R

PCT/US2013/034055

Comparison of the predictiveness of different C-map signatures for predicting the activity of
compounds in the mouse B16 melanoma cell melanogenesis assay

Average C-map Score

Chemical Type Composite | Hexamidine | NAG | Niacinamide | Sepiwhite
Sepiwhite MSH Benchmark | 1.26 0.95
Nicotinamide Benchmark | 1.17 0.75

Hexamidine diisethionate Benchmark | 0.93 0.32

N-acetyl-D-glucosamine Benchmark | 0.69 0.96

Emodin Inhibitor 0.97

chlorhexidine diacetate Inhibitor 0.9 0.33
Usnic Acid Inhibitor 0.9

resveratrol Inhibitor 0.88 0.32
Tyrphostin AG 879 Inhibitor 0.88 0.63
Nordihydroguaiaretic acid Inhibitor 0.87 0.75
from Larrea divaricata

(creosote bush)

Tergitol NP 10 Inhibitor 0.87 0.57
3,4,4-Trichlorocarbanilide Inhibitor 0.86

U-75302 Inhibitor 0.81 0.55 0.65
AA-861 Inhibitor 0.8 0.53
Boswellin CG Inhibitor 0.76

Ricinoleic acid Inhibitor 0.76

Nw-Nitro-L-arginine methyl Inhibitor 0.69

ester HCI

SB 218795 Inhibitor 0.62

chlorhexidine Inhibitor 0.45 0.43
Tetrahydrocurcumin CG Inhibitor 0.44

HYDROQUINONE Inhibitor

6-Hydroxy-1,3-benzoxathiol- | Inhibitor

2-one

6-HYDROXYINDOLE Inhibitor

Acetyl tributyl citrate Inhibitor

Berberine Chloride Inhibitor

Brij 98 Inhibitor

Copper(Il) D-gluconate Inhibitor

Oleyl alchol Inhibitor

Piroctone olamine Inhibitor

Pluronic .101 Inhibitor

Tannic acid Inhibitor

tert-BUTYL Inhibitor

HYDROQUINONE

Xymenynic acid Inhibitor
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Total Inhibitors and benchmarks 20 2 1 1 9
identified

Note: no C-map score means that the chemical was not a hit (i.e., in the top 200 instances of the corresponding
signature with a score >=0.30).
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FIG. 25;: Table S

PCT/US2013/034055

Number of probe sets with significant (<0.05) p-
values compared to DMSO controls

Skin Tone B‘enchmark Concentration Tert- HBL HeMnMP
Materials .
keratinocytes melanoma melanocytes
cells
Hexamidine 5uM 4263 1497 2359
diisothionate
Myo-inositol 20 uM 5082 960 3687
N-acetyl-glucosamine 200 uM 1034 1334 1454
NDP-MSH* 100 nM 1448 1532 1173
Niacinamide 100 uM 2198 1345 1312
Sepiwhite 10 uM 2451 883 2310
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