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FIG. 1A

(57) Abstract: Methods and systems for determ-
ining functional relationships between a skin-act-
ive agent and a skin condition of interest, and
methods and systems for identifying cosmetic
agents effective for treatment of dandruft, as well
as the use of agents identified by such methods
and systems for the preparation of cosmetic com-
positions, personal care products, or both are
provided. Methods for developing in vitro mod-
els of skin disease and models for specific skin
diseases are also provided.
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SYSTEMS, MODELS AND METHODS FOR IDENTIFYING AND
EVALUATING SKIN-ACTIVE AGENTS EFFECTIVE FOR TREATING
DANDRUFF/SEBORRHEIC DERMATITIS

BACKGROUND OF THE INVENTION

Dandruff, alternatively referred to in the literature as ptyriasis simplex, furfuracea
or capitis, is a skin disorder characterized by flaking, itching and microinflammation. By
definition, dandruff is confined to the scalp, and it is experienced by about half of the
adult population irrespective of ethnicity and gender. Dandruff has conventionally been
considered trivial from a medical standpoint, but represents a persistent cosmetic

concern.

Dandruff is considered to be a form of seborrheic dermatitis, which may be found
in other locations on the body. Scalp scaling, which is present in both disorders, is not the
clinical distinguishing feature. Rather, inflammation and presence of lesions outside the
scalp exclude the diagnosis of dandruff. Generally, dandruff is considered the mildest
form of seborrheic dermatitis from a clinical perspective since inflammation is minimal
and typically subclinical. In fact, as recently as a decade ago the dandruff condition was
thought to be non-inflammatory. The term “dandruff” is also used to describe the
symptomatic scale itself, which has conventionally been considered as subject to
cosmetic management. Response to currently available cosmetic treatments, however, is
often transient. In contrast, seborrheic dermatitis is a more inflammatory disease and
medical treatment is often undertaken to clear the disease, although cosmetics may also

demonstrate some efficacy in reducing symptoms.

Dandruff scale comprises a cluster of corneocytes which have retained a large
degree of cohesion with one another and which become detached as such from the
surface of the stratum corneum. The size and degree of scaling is inconsistent across the
region of the scalp and as a function of time. One hypothesis of dandruff formation
relates to a suppression of the lipases responsible for proper shedding of corneocytes at
the skin surface.

The pathogenesis of dandruff is complex, and appears to be the result of
interactions between scalp skin, cutaneous microflora and the cutaneous immune system.

The key clinical features of dandruff include flaking and itch, and although much
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descriptive work has been done, the precise underlying events that provoke these
symptoms are incompletely understood. Dandruff is considered to have multiple
sometimes overlapping causes with numerous pathogenic pathways and complex
mechanisms. A microbial flora is implicated in the most common forms of dandruff.
Generally, a healthy normal scalp is known to harbor many microbes reaching a density

2

of 10* to 10° organisms per mm- and including, for example, Staphylococci,

Propionibacterium spp. and Malassezia spp.

The theory that dandruff is fundamentally a Malassezia-based disorder remains
prevalent. However, as the clinical evidence implicating Malassezia in dandruff
conditions and seborrheic dermatitis has accumulated over time, it has been observed that
results obtained from quantitative methods used to count yeasts are inconsistent and do
not correlate. For example, no relationship has been found between severity of symptoms
and fungal count. It is hypothesized that only yeasts that are tightly bound to the skin
correlate to the dandruff condition. Further perplexing however is that quantitative
microbiological assessments fail to implicate a role specifically for yeast. Some
investigators attribute this to a failure to note the relationship between dandruff and
particular species of Malassezia. Regardless of the inability to account for the
inconsistent empirical observations, controlling yeast of the genus Malassezia has
heretofore been the most successful dandruff management strategy. Application of
antifungal-based antidandruff shampoos generally results in lessening or disappearing
itch after only a few applications. A problem with this strategy remains in that although
anti-fungal management results in a decrease in the yeasts, complete eradication is rarely
achieved. Scale production reduces in parallel to microbe reduction, yet within 2 to 3
- weeks of ceasing treatment, dandruff recurs and Malassezia populations increase to their
pre-treatment levels.

Close inspection reveals that the Malassezia yeasts appear in scattered clumps
restricted in distribution over some corneocytes but not others. It has been hypothesized
that dandruff represents a failure of a normal immune response by .the specific
keratinocytes where Malassezia yeasts are found. Other investigators note that
Malassezia have antigenic and pro-inflammatory properties stimulating both the innate
and acquired immune responses. Anti-inflammatory drugs such as dermocorticoids have
proven efficacy, particularly in severe dandruff. Nonetheless, providing an anti-fungal

active remains the conventional treatment of choice.
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A further confounding problem in determining the causative basis of dandruff is
the mode of action of the anti-fungal agents themselves. Most of the known actives such
as zinc pyrithione (ZPT), a biocide widely recognized as an effective anti-fungal agent in
shampoo formulations, are substantially insoluble in water so that sustained contact time
with the scalp is very brief. Many investigators therefore posit that the anti-fungal agents
exhibit efficacy through some ancillary mode of action including some direct biological
effects on epidermal cells.

Scaling conditions similar to dandruff may occur with desquamation of the scalp
following excessive exposure to sunlight where intercorneocyte cohesion is also affected,
as well as in minor chronic irritation of the scalp. Further, over-brushing, over-
shampooing, certain cosmetic hair products, and irritation from airborne substances may
cause scaling. Other non-fungal causes include use of sebum-derived products, sunlight
activation of follicular-photosensitizing agents such as porphyrins, and some neuro-
immune conditions. Psychological stress is also widely considered to exacerbate
dandruff.

Sebum has been found to be a prerequisite for dandruff, but not a sufficient factor
per se. Many people who complain about oily scalp have no dandruff, while successful
treatment of dandruff often leads to an increased coating of the hair shafts by sebum.
Epidermal lipids exhibit differences across the dandruff condition both in quantity and
- quality. In particular, it has been demonstrated that the three main classes of stratum
corneum lipids, i.e. ceramides, free fatty acids and cholesterol, display diminished
content in dandruff-affected relative to healthy scalp skin.

Dandruff severity ranges from mild and discrete to severe and pervasive among
affected individuals. Amount of scalp hair is a factor, although amounts of dandruff on
the scalp and on hair are not always correlated. Products used to treat dandruff have been
observed to suppress androgenic alopecia, and ketoconazole has been reported to
stimulate hair growth in mice, among many other effects.

Dandruff, therefore, represents a reactive response of the epidermis of the scalp to
various stimuli, some of which may be external and some of which may be internal, in.
combination with an individual predisposition, and its etiological complexity makes it a
treatment challenge. There is a persistent need in the art for methods of identifying
potential anti-dandruff agents and for evaluating the efficacy of putative agents having
efficacy substantially independent of mechanism of action or etiology of the dandruff
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condition. The present investigators therefore undertook an investigation into the
application of “connectivity mapping” to the search for new skin-active agents with
efficacy in the treatment of dandruff 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 quantification of
cellular mRNA expression levels, resulted in the generation of an enormous amount of
gene expression data. 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 gene expression profiles, gene expression profiles 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 treatment of various diseases including cancer.
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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. For 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,” Lamb, J. (2007) “The Connectivity Map:
a new tool for biomedical research” Nat. Rev. Cancer 7, 54-60, (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 effect
structure and function of the body to a measurable degree. Cosmetic agents tend to be
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 is encountered if reference connections are extremely sensitive and at
the same time difficult to detect (weak), and Lamb 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-
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map is well-suited for screening for potential pharmaceutical agents despite the noted

compromises.

The connectivity mapping protocols of Lamb would not be predicted, therefore, to
have utility for hypothesis testing/generating in the field. of cosmetics. Cosmetic
formulators seek agents or compositions of agents capable of modulating multiple targets
and having effects across complex phenotypes and conditions. Further, the phenotypic
impAact 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 agénts, 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.

Nonetheless, contrary to the teachings of Lamb and the prior art in general, the
present inventors surprisingly discovered that useful connectivity maps could be
developed from cosmetic active — cellular phenotype — gene expression data associations
in particular with respect to skin-care actives and cosmetic agents, despite the highly
diffuse, systemic and low-level effects these sorts of actives generally engender. Further,
contrary to assertions by the Lamb team that results should be substantially independent
of cell-type, the present invention is based in part on the surprising discovery that
selection of human epidermal keratinocyte cells as the relevant cell line resulted in
construction of connectivity maps particularly useful for hypothesis generating and-
testing relating to skin-active égents and cosmetic agents useful in the treatment of
dandruff.

As noted above, the dandruff condition is particularly complex and its etiology is
not fully understood. The present investigators therefore made a novel adaptation to the
C-map paradigm that has proven to be particularly useful in identifying agents with
potential efficacy in certain skin diseases, including dandruff. Although gene expression
signatures are determined for the skin condition, the gene expression signature is further
analyzed to determine an implicated biological process pattern which is used to derive a
physiological thematic expression signature. The theme signature is then used to query -
the C-map data base to generate a skin-active agent output where highly negative
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connectivity to the skin condition thematic expression signature predicts efficacy for
treatment of the skin condition. To the best knowledge of the present investigators,
application of connectivity mapping to target a multi-factored, poorly delineated and low-
level “disease” condition such as dandruff, by identifying agents through the use of
physiological theme expression signatures has not been attempted previously.

The "present investigators further discovered that a well-designed connectivity
map may provide insights into the pathogenesis of the skin condition and the mechanism
of action of benchmark actives. By application of C-map, the present inventors
surprisingly discovered, for example, modes of action for anti-fungal -agents that are
independent of anti-fungal properties. Further, by conducting the transcriptional profiling
analyses as part of the C-map process, the present inventors surprisingly discovered that
by inspecting a gene expression signature for biological proceés themes, in vitro models
of disease states could be constructed with a surprisingly high fidelity to the clinical
disease state with respect to response of the gene expression profile to specific skin-active
agents.

Successful identification of anti-dandruff agents has proven to be difficult due to
the multi-cellular, multi-factorial prbcesses involved in etiology of the dandruff condition
itself. Conventional in vitro studies of biological responses to potential anti-dandruff
agents can be hindered by the complex or weakly detectable responses typically induced
and/or caused by the putative or potential agents. Such weak responses arise, in part, due
to the great number of genes and gene products involved, and 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 aged skin, gene expression perturbation, and
cosmetic agent action is counter-indicated by the progenitors 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
was considered unlikely that statistically valid data could be generated from cosmetic C-
maps and it was unclear whether a cell line existed which could provide salient or
detectable cosmetic data.
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SUMMARY OF THE INVENTION

Surprisingly, the present inventors have developed a C-map approach to the
discovery of skin-active agents having efficacy for particular skin disorders such as
dandruff, and which may also be useful for revealing insights into the pathogenesis of the
disease and mechanism of action of selected agents.

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 dandruff. 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, along with determination of physiological théme expression
signatures, the present inventors were surprisingly able to create a connectivity map
architecture useful for testing and generating hypotheses about skin-active agents and
skin disorders. The present investigators further applied the novel connectivity map
protocol to develop an in vitro model of a skin disorder which may be used to test
putative or potential skin-active agents and/or to investigate the functional mechanism of

a known active.

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.

According to one embodiment of the invention, a method for constructing a data
architecture for use in identifyihg connections between perturbagens and genes associated
with one or more skin conditions is provided. The method comprises: (a) providing a
gene expression profile for a control human epidermal keratinocyte cell; (b) generating a
gene expression profile for a human epidermal keratinocyte cell exposed to at least one
perturbagen; (c) identifying genes differentially expressed in response to the at least 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 a keratinocyte instance on at least one computer readable
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medium; and (f) constructing a data architecture of stored keratinocyte instances by
repeating (a) through (e), wherein the at least one perturbagen of step (a) is different for
each keratinocyte instance. According to another embodiment, a method for generating a
gene expression signature for use in identifying connections between perturbagens and
genes associat_ed with a dandruff condition is provided. The method comprises: (a)
providing a gene expression profile for a reference sample of human scalp skin cells; (b)
generating a gene expression profile for at least one sample of human scalp skin cells
from. a subject exhibiting a dandruff condition, (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.

The inventive data architecture may be provided on a computer readable medium.

The computer readable medium comprises a first digital file 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 identified as regulated in the
gene expression signature, and wherein the gene éxpression signature list comprises
between about 50 and about 600 identifiers.

A further embodiment is directed to a method for identifying a skin-active agent
having predictable efficacy in treatment of a skin condition. The method comprises: a.
determining a gene expression signature for the skin condition wherein the gene
expression signature comprises genes significantly up- and down-regulated in a skin
sample affected with the skin condition when compared to skin not affected with the skin
condition; b. determining a thematic expression signature for the skin condition by
‘mapping the gene expression signature on a biological processes grid, such as the Gene
Ontology, to determine one or more regulated processes, wherein a theme expression
signature reflects statistical clustering of the regulated processes; c. providing a
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connectivity map data architecture according to the invention; d. querying the
connectivity map with the thematic expression signature determined in (b) to generate an
output of skin-active agents; and e. rank-ordering the output by connectivity score
wherein a negative connectivity score predicts efficacy of a skin-active agent for the
treatment of the skin condition.

In vitro models of a skin disease and methods for constructing them are also
disclosed. The models are useful for evaluating clinical efficacy of proposed therapeutic
agents in treatment of the skin disease. The method comprises: a. determining a gene
expression signature for the disease state wherein the gene expression signature
comprises genes significantly up and down regulated in the disease; b. conducting a
biological process analysis of the regulated genes to identify biological processes
implicated by the regulated genes; c. treating a skin culture to simulate the biological
processes identified in (b); d. confirming validity of the in vitro model of the skin disease
by determining the gene expression signature for the treated skin culture and assessing
the degree to which it mimics the gene signature determined in (a).

In other aspects, the invention provides inventive gene expression signatures
which may exist tangibly in various forms known in the art. For example, a gene
expression signature may exist as a set of immobilized oligonucleotides wherein each
oligonucleotide uniquely hybridizes to a nucleotide sequence identifying a region of a
gene in the signature. It is understood that the “genes set forth” in a table refers to gene
identifiers designating the genes, and that a gene expression signature as set forth herein
is set forth according to a gene identifier.

These and additional objects, embodiments, and aspects of the invention will
become apparent by reference to the Figures and Detailed Description below.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1A and Figure 1B sets forth the genes constituting two different gene
expression signatures for dandruff-affected skin. Table B includes the 70 most
significantly up- and down-regulafed genes as the dandruff gene expression signature,
and Table A sets forth the most significantly up- and down-regulated genes in the gene
clusters (Lipid Metabolism and Immune Function) defining a thematic profile for
dandruff.
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Figure 2 is a schematic illustration of a computer system suitable for use with the

present invention;

Figure 3 is a schematic illustration of an instance associated with a computer
readable medium of the computer system of Figure 2;

Figure 4 is a schematic illustration of a programmable computer suitable for use

with the present invention;

Figure 5 is a schematic illustration of an exemplary system for generating an

instance;

Figure 6 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 7 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 8 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 9 includes a table showing a broad-pattern physiological theme gene -
expression pattern for Dandruff vs. non-dandruff. '

Figure 10 depicts a heat map showing differential gene expression and theme
analysis for dandruff versus non-dandruff affected skin.

Figure 11 depicts a heat map of the average normalized expression values of the
significantly regulated genes in dandruff-involved, dandruff uninvolved and normal scalp '

skin versus biological processes in Gene Ontology.

Figure 12 depicts a heat map of differential gene expression in dandruff and non-
dandruff conditions, specifically highlighting the inverse thematic relationship between

lipid metabolism and Immune/inflammation.

Figure 13 depicts a heat map of differential gene expression between dandruff-
affected, dandruff-uninvolved and non-dandruff conditions as group averages versus the

lipid metabolism and immune/inflammatory thematic clusters.

Figure 14 illustrates the differential expression of genes involved in barrier lipid
production, specifically the fatty acid synthetic pathway.

Figure 15 illustrates the differential expression of genes involved in barrier lipid
production, specifically the cholesterol synthetic pathway. '
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Figure 16 illustrates the differential expression of genes involved in barrier lipid
production, specifically the sphingolipid synthetic pathway.

Figure 17A and Figure 17B sets forth data on barrier lipid and inflammatory
biomarkers to illustrate phenotypic support for the transcriptomic findings.

Figure 18 includes a Table and summarizes the transcriptomics study design for
analysis of the mechanism of ZPT according to an inventive method.

Figure 19 depicts a heat map of ZPT treatment results demonstrating that
treatment with ZPT results in a profile shift toward healthy scalp / homeostatic

equilibrium.

Figure 20 depicts 'a heat map showing the effect of ZPT on the physmloglcal
thematlc signature for dandruff.

Figure 21A and Figure 21B illustrates that a high fidelity in vitro model of
dandruff may be constructed by treating a skin culture with a combination of IL17 and
IL.22.

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.

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 céllular phenotypes or cosmetic conditions, gene expression, and

perturbagens, such as cosmetic actives.



WO 2012/135651 PCT/US2012/031509

13

As used herein, the term "cosmetic agent” means any substance, as well as any
component thereof, intended to be rubbed, poured, sprinkled, sprayed, introduced into, or
otherwise applied to a mammalian body or any part thereof for purposes of cleansing,
. beautifying, promoting attractiveness, altering the appearance, or combinations 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 Products Council; the EU Cosmétic 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
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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 derivétives 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.

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, for example, dandruff, seborrheic dermatitis, atopic
dermatitis, rash, acne, or other condition that may be of substantially cosmetic concern.
Categorical examples of skin-active agents include anti-dandruff actives, 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.

A specific category of skin-active agent is an anti-dandruff agent. Anti-dandruff
agents known in the art include an antimicrobial anti-dandruff active, concentrations of
which within the compositions range from about 0.001% to about 5%, more preferably
from about 0.01% to about 3%, even more preferably from about 0.05% to about 1%, by
weight of the composition. Specific examples of antimicrobial anti-dandruff actives
include antifungal actives such as pyrithione salts, octopirox, ketoconazole, climbazole,
ciclopirox, terbinafine, and sulfur or sulfur-containing actives such as selenium sulfide. A
very specific example is zinc pyrithione (ZPT) at concentrations ranging from 0.005% to
2%, more preferably from about 0.005% to about 0.5%, by weight of the composition.
Selenium sulfides are antimicrobial anti-dandruffs active well known in the personal care
arts and are described, for example, in U.S. Pat. No. 2,694,668; U.S. Pat. No. 3,152,046;
U.S. Pat. No. 4,089,945; and U.S. Pat. No. 4,885,107, which disclosures are incorporated
in their entirety herein by this reference.

Pyrithione antimicrobial actives, especially 1-hydroxy-2-pyridinethione salts, are
also well-known anti-dandruff actives for use in.the scalp cosmetic compositions.
Examples of pyrithione salts are those formed from heavy metals such as zinc, tin,
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cadmium, magnesium, aluminum and zirconium. Zinc salts are particularly favored anti-
dandruff agents, especially the zinc salt of 1-hydroxy-2-pyrithione (zinc pyrithione, ZPT).
Other cations such as sodium may also be suitable. Pyrithiohe antimicrobial actives are
well known in the hair care art and are described, for example, in U.S. Pat. No.
2,809,971; U.S. Pat. No. 3,236,733; U.S. Pat. No. 3,753,196; U.S. Pat. No. 3,761,418;
U.S. Pat. No. 4,345,080; U.S. Pat. No. 4,323,683; U.S. Pat. No. 4,379,753; and U.S. Pat.
No. 4,470,982, the disclosures of which are incorporated in their entirety herein by this
reference. Other specific examples of zinc-containing skin-active agents which may be
suitable as anti-dandruff agents include zinc pyrithione, =zinc acetate, zinc
acetylmethionate, zinc aspartate, zinc borate, zinc carbonate, zinc chloride, zinc citrate,
zinc DNA, zinc formaldehyde sulfoxylate, zinc gluconate, zinc glutamate, zinc
hydrolyzed collagen, zinc lactate, zinc laurate, zinc myristate, zinc neodecanoate, zinc
palmitate, zinc PCA, zinc pentadecene tricarboxylate, zinc ricinoleate, zinc rosinate, zinc
stearate, zinc sulfate, zinc undecylenate, zinc oxide, zinc lactobionate, and combinations

thereof.

4

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
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 over 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 “benchmark skin agent” refers to any chemical,
compound, 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. Non-
limiting examples of benchmark skin-active agents well-known in the dandruff arts
include Zinc pyrithione (ZPT), Selenium sulfide, ketoconazole, Ciclopirox olamine and
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tar. Zinc pyrithione is commonly known as an antifungal and antibacterial agent and was
first reported in the 1930s. Zinc pyrithione is best known for its use in the treatment of
dandruff and seborrheic dermatitis. It also has antibacterial properties and is effective
against many pathogens from the streptococcus and staphylococcus class. Its other
medical applications include treatments of psoriasis, eczema, ringworm, fungus, athlete’s
foot, dry skin, atopic dermatitis, tinea, and vitiligo. Selenium sulfide is available as a 1%
and 2.5% lotion and shampoo. In some countries, the higher strength preparations require
a doctor’s prescription. The shampoo is used to treat dandruff and seborrhea of the scalp,
and the lotion is used to treat tinea versicolor, a fungal infection of the skin. Tar is a skin-
active agent known to be effective as a therapeutic treatment to control scalp itching and
flaking symptomatic of scalp psoriasis, eczema, seborrheic dermatitis and dandruff.

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 dandruff, or
may include a gene expression signature derived from a physiological process signature
determined for 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 "iristance," 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, 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 éxpression 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 "keratinous tissue,”" as used herein, refers to keratin-containing layers
disposed as the outermost protective covering of mammals which includes, but is not
-limited to, skin, hair, nails, cuticles, horns, claws, beaks, and hooves. With respect to
skin, the term refers to one or all of the dermal, hypodermal, and epidermal layers, which

includes, in part, keratinous tissue.
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As used herein, the term "dandruff’ refers to a condition of scalp marked by
excessive flaking of scalp skin and typically accompanied by itching, regardless of
etiology or pathogenic mechanism. Dandruff is distinguished from seborrheic dermatitis
by the presence of affected skin outside the scalp in seborrheic dermatitis. The term
“dandruff’ may also refer to the flake itself. |

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 keratinocyte cells
and the gene expression data derived from the gene expression profiling experiment may
be stored as an instance in a data architecture. 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 car: be a perturbagen. A perturbagen can
also be any other stimulus used to generate differential -gene expression data. For
example, a perturbagen may also be UV radiation, heat, osmotic stress, pH, a microbe, a
virus, a recombinant cytokine or growth factor, or small interfering RNA. A perturbagén
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 without undue toxicity, incompatibility, instability, allergic response, and the like.

+ 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
cbmpact 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
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RAM bus 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 erasat')le'
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 “dandruff gene.expression signature” refers to a gene

expression signature derived from gene expression profiling of a’dandruff 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.



WO 2012/135651 PCT/US2012/031509

19

. 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 genes may be determined using microarra); techniques. Other
eimerging 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.; llumina, Inc.; GE Healthcare, Inc.; Applied Biosystems, Inc.;
Beckman Coulter, Inc.; etc.

Unless otherwise indicated, all numbers expressing Yquantities 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 rahges 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 dandruff or a dandruff-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,
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including but not limited to microarray analysis or NextGen sequencing. An example of
a gene expression signature includes a specific dandruff gene expression signature, an
example of which is described more fully hereafter. A query signature may be derived
from transcriptional profiling of a keratinocyte cell line exposed to benchmark skin-active
agents such as anti-dandruff agents. In other embodiments, the query signature may be a
physiological theme expression signature derived from an analysis of statistically over-
represented Gene Ontology processes and determining statistical clustering of the
regulated genes as a function of the Gene Ontology. These query signatures may be used

singularly or in combination.

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
keratinocyte cell line. Instances from more complex cell culture systems may also be
used, such as skin organotypic cultures containing keratinocytes 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. dandruff 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.

I SyStems and Devices

Referring to FIGS. 2, 4 and 5, some examples of systems and devices in
accordance with the present invention for use in identifying relationships between
perturbagens, skin tissue/dandruff conditions, and genes associated with the skin
tissue/dandruff condition will now be 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 dfive,
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
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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
*xls, *.xld, *.xlk, *.xII, *.xIt, *xIxs, *.dif, *.db, *.dbf, *.accdb, *.mdb, *.mdf, *.cdb,
* fdb, *.csv, *sql, *.xml, *.doc, *.txt, *.rtf, *.log, *.docx, *.ans, *.pages, *.wps, etc.

Referring to FIG. 3, 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 Illumina 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. 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 contemplated that the instances may include other data in
addition to or in place of the ordered listing of probé 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
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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. 2, 3 and 4, 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 dandruff 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 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 dandruff gene expression
signature is set forth in Tables A (up-regulated and down-regulated genes clustered in a
physiological theme signature/pattern) and B (the 70 most up-regulated and 70 most
down-regulated genes in a dandruff gene expression signature). In some embodiments,
one or more skin condition/dandruff 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 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
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limitation, a flat model, a hierarchical model, a network model, a relational model, a
dimensional model, or an Objeqt-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 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
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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. 4. 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 (EEPROM), 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 volatilg 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 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
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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 (LTE), etc.). Additionally, 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.
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I1. 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. §, 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 (DMSO).
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 (é.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 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
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- 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. 3, 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 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
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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, pertufbagen 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,
15,000, 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 or complex tissue,
for example ex vivo human skin.

The present inventors have surprisingly discovered that instances derived from
keratinocyte cells appear to be more predictive than other cell types when used in
combination with a dandruff condition expression éignature. As described more fully
hereafter in Example 3, the present inventors compared instances derived from BJ
fibroblast cells and keratinocyte cells with a dandruff gene expression signature and
found that instances derived from the keratinocyte cells were dramatically over
represented in the highest ranking results (the higher the ranking, the more likely the
perturbagen is to have a beneficial affect upon the dandruff condition) compared to
fibroblast cells.

II1. Methods for Deriving Dandruff 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 Dandruff. The pathogenesis of Dandruff
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
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specific target, gene, or mechanism of action is of interest. Due to the unique screening
challenges associated with the dandruff 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 dandruff and
dandruff-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 the number of genes needed to meet minimal values (e.g., a p-value less
than about 0.05) for statistical signiﬁc'ance. 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 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
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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 dandruff-related gene expression signatures
comprising between about 100 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,
an unhealthy skin gene expression signature includes the 70 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 1A and Figure 1B, Table B.

~ 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
dandruff gene expression signatures, biopsies are taken from dandruff-affected scalp skin
and compared to non-dandruff affected scalp skin sampled from an anatomically
comparable site in an unaffected subject. The present investigators determined that with
respect to a subject suffering from any dandruff, even scalp skin that is free of dandruff-
lesions has a perturbed thematic profile.

In other embodiments of the present invention, a gene expression sigﬁature may
be derived from a gene expression profiling analysis' of keratinocyte cells treated with a
benchmark skin-active agent, in particular an anti-dandruff agent, to represent cellular
perturbations leading to improvement in the skin tissue condition treated with that
benchmark skin agent, wherein the signature comprises a plurality of genes up-regulated
and down-regulated by the benchmark skin agent in cells in vitro. As one illustrative
example, microarray gene expression profile data where the perturbagen is the known
anti-dandruff agen't ZPT may be analyzed using the present invention to determine a
subset of the most highly significantly regulated genes. Thus, a list of geﬁés strongly up-
regulated and strongly down-regulated in response to challenge with ZPT can be derivéd,
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and the list of genes (a proxy for the dandruff condition) can be used as a query signature
to screen for anti-dandruff agents. In another embodiment, a signature may be derived to
represent more than one aspect of the condition of interest.

In some embodiments a gene expression signature may be mapped onto a
biological process grid or Gene Ontology, to yield a physiological theme pattern. The
broadest pattern would include all themes where genes are statistically clustered. A more
circumscribed pattern might include a subset of themes populated with the strongest-
regulated genes, or a subset that is unique with respect to related disorders and therefore
may provide a tool for differential diagnosis, or a tool for screening for actives having
very precise and targeted effects. It will be clear that gene signatures derived from Gene
Ontology and thematic pattern analysis will generally include fewer genes. An
exemplary gene signature based on the lipid-immune/inflammation theme discovered by
the present investigators as particularly relevant for dandruff is set forth in Figure 1A
and Figure 1B, Table A. '

IV. Methods for Compafing a Plurality of Instances to One or More Dandruff Gene
expression signatures '

Referring to FIG. 6 and FIG. 7, a method for querying a plurality of instances
with one or more dandruff gene signatures will now be described. Broadly, the method
comprises querying a plurality of instances with one or more dandruff 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. 6 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 thi§ example, the probe IDs 100 (e.g., Xi, Xz X3,
X4, 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-
regulated probe IDs 102 of the instance 104, respectively. Similarly, FIG. 7
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
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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., X, X2 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, Xsg) correspond exactly to the most up-regulated probe IDs of the
instance 88. FIG. 8 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., X;, X, X3, X4, Xs, X6, 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 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 A, C, I and lists 93, 97, and 107) to an
ordered instance list (e.g., Tables E, F, G, H) 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 B, D, J and down lists 95, 99, and 109) to an ordered
instance list (e.g., Tables E, F, G, H). In these- embodiments, the gene signature
comprises the combination of the up list and the down list.

In some embodiments, the connectivity score value may range from +2 (greatest

positive connectivity) to -2 (greatest negative connectivity), wherein the connectivity
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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. Exarhples of the scores are illustrated in
FIGS. 6, 7 and 8 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) can be used.
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 etr 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 whether the instance links positiviiy or negatively to
the signature. Positive connectivity occurs when the perturbagen associated with an
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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 éonnectivity 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 et 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 instan'ce may be identified from the metadata stored in the database for
that instance. However, one of skill in the art will appreciate that perturbagen data for an
instance may be retrievably stored in and by other means. Because the identified
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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 tissue condition of
interest, the identified perturbagens may be candidates for new cosmetic agents, new uses
of known cosmetic agents, or to validate known agents for known uses.

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. The treated skin culture replicates the, for example, dandruff
condition where it is treated with IL17 and IL22 in accordance with the instant invention,
and perturbagens may be screened for their ability to shift the homeostatic equilibrium of
the treated skin culture toward healthy skin, as determined by transcriptional analysis.
Skin biopsy assays may also be used to evaluate candidate skin-active agents as anti-
dandruff agents. 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.
V. Methods for developing in vitro models of skin disease conditions

The present investigators discovered a novel application of C-map to derive in
vitro models of skin disease conditions and to evaluate the sufficiency of in vitro or in

vivo simulations of disease states.

A great challenge in the identification of new therapeutics is the development of
in vitro models that are predictive of clinical efficacy. Because no animal models of the -
dandruff condition are available, there is a need for a model with high fidelity to the
internal disease state so that it recapitulates the key features of dandruff lesional skin in
vivo. The challenge of developing a good in vitro model for skin conditions such as
dandruff is complicated by the fact that the events that trigger the development of
dandruff are poorly understood. Transcriptomic profiling work in dandruff lesional skin
has provided many new clues, chief ambng them evidence for a Th-17 driven
inflammatory process. Without fully understanding how such a process is initiated in
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vivo, the present inventors surprisingly discovered that it is possible to simulate such a
cascade in vitro by administering to skin cultures the key proinflammatory cytokines
produced by Th-17 cells, IL-17A and IL-22.

Hence, it is possible to create an inflammatory milieu that resembles dandruff
lesional skin. Indeed, investigation revealed that within four days of administration of
human recombinant IL-22 and IL-17A into the culture medium of human 3-dimensional
organotypic cultures, hyperplasia was produced, differentiation marker expression (e.g.
K1/K10, S100A7) was perturbed, and secretion of IL-8 increased. All of these endpoints
are features of dandruff lesional skin, and all substances that possess anti-dandruff
activity in vivo are capable of blocking these responses in the novel in vitro model.
These substances include selenium sulfide, ZPT, ketoconazole, clobetasol propionate and
the iron chelator 1,10-phenanthroline.

The in vitro disease simulation according to the invention produces a pattern of
gene expression that strongly resembles dandruff lesional skin. Affymetrix U133A Plus
2 microarrays were used to evaluate the gene expression profile elicited by exposure of
organotypic human skin cultures to a variety of proinflammatory cytokines individually
and in combination, as set forth in Figure 21A and Figure 21B. Analysis of Gene
Ontology themes showed that the combination of IL-17A and IL-22 produces a thematic
profile that closely resembles that of dandruff lesional skin, while other cytokines
produced thematic profiles that were significantly different. Crucially, connectivity
mapping exercises using gene expression signatures derived from dandruff lesional skin
(e.g. "lipid-immune"” and "dandruff” as set forth in Figure 1A and F iguré 1B) show that
this in vitro cytokine simulation produces linkages that are among the most strongly
positively linked of all in the internal database which consists of ~5000 instances. This
strongly supports that the simulation is producing a gene expression pattern that

resembles the disease condition.

Connectivity mapping could be used to evaluate the sufficiency of other in vitro
or even in vivo disease models in animals, including transgenic animals (knockout,
knock-in, etc.). The present investigators have demonstrated that by developing gene
expression signatures from a disease state, it is possible using connectivity mapping to
interrogate how closely a given disease model mimics the disease state. By manipulating
model conditions to most closely approximate a disease state, predictivity of therapeutic
efficacy is expected to be dramatically improved.
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VI. Compositions and Personal Care Products

Generally, skin-active agents identified for the treatment of dandruff or dandruff-
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. The composition may be applied as
part of routine hygiene relating to the hair and scalp and may be formulated as shampoos,
conditioners, hair sprays, creams, ointments and the like. The composition may be
applied to the scalp to treat dandruff or symptoms of dandruff present in other skin
disorders. '

U.S. Patent Nos. 7,101,889; 5,624,666; 6,451,300, 6,974,569, and 7,001,594 are
non-limiting examples of US patents comprising guidance on compositions, formulations,
vehicles, administration, and other aspects relating to personal care products comprising
anti-dandruff agents formulated for the treatment of dandruff. The entire disclosures of
these patents are incorporated herein by this reference.

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., DMSO), 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 was performed in 6-well plates to provide sufficient RNA
for GeneChip® analysis (2-4 ug total RNA yleld/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 /cm?® 24 hours before
chemical exposure. Human skin fibroblasts (BJ cell line from ATCC, Manassas VA)
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were grown in Eagle’s Minimal Essential Medium (ATCC) supplemented with 10% fetal
bovine serum (HyClone, Logan, UT) in normal cell culture flasks and plates (Corning,
Lowell, MA). BJ fibroblasts were seeded into 6-well plates at 12,000 cells/cm? 24 hours
before chemical exposure.

All cells were incubated at 37°C in a humidified incubator with 5% CO,. Att= -
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 pM, 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 miéroscope 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 pg 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.

Example 1
Deriving a Dandruff expression signature

The samples were analyzed on 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.
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A statistical analysis of the microarray data was performed to derive a plurality of
dandruff gene expression signatures which may comprise a statistically relevant number
of the up-regulated and down-regulated genes. In certain embodiments a dandruff gene
expression signature includes between 10 and 400 up-regulated and/or between 10 and
400 down-regulated genes. In more specific embodiments a dandruff gene expression
signature includes the 70 most statistically relevant up-regulated genes alone or in
combination with the 70 most statistically relevant down-regulated genes. Regulation is
determined in comparison to gene expression in normal dandruff-unaffected skin on non-
dandruff subjects. |

a. 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 s€lection 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.

b. 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.

c. 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 most genes are represented by more than one probe set. It is
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understood that the phrase “number of genes” as used herein, corresponds
generally with the phrase “number of probe sets.”

For dandruff, one exemplary gene expression signature includes the 70 most
significant up--and 70 most significant down-regulated probe sets determined from
comparing a dandruff-affected skin sample to a dandruff-unaffected skin sample, as set '
forth in Table B, Figure 1A and Figure 1B. Another exemplary gene expression
signature is derived from the physiological thematic signature where genes derived from
the gene cluster associated with one or more signiﬁcant themes constitute a gene
expression signature. A dandruff gene expression signature reflecting the lipid-
immune/inflammation theme signature is set forth in Table A, Figure 1A and Figure
1B.

Example 2

This example illustrates that the complex dandruff condition may be represented
by keratinocyte-based models and screening methods, and that gene expression profiles
from keratinocytes and dandruff gene expression signatures can be used to reliably screen
for candidate cosmetic agents for dandruff. The Example further illustrates the use of the
gene expression profile to determine physiological thematic signatures useful for
querying C-map to generate potential new skin-active agents and useful for screening
skin active agents for anti-dandruff efficacy. |

In accordance with methods of the invention, a broad gene expression profile for
dandruff constituting the approximately 3,700 most-regulated genes was determined from
comparing transcription data of dandruff-affected scalp skin to non-dandruff scalp skin.
By analyzing the gene expression data in terms of Gene Ontology, a physiological theme
profile is determined. This Example further illustrates that analysis of the Gene Ontology
for dandruff when compared to other dandruff-related conditions yields a highly specific
theme pattern. According to the inventive methods, skin-active agents may be screened
for potential efficacy in the treatment of dandruff by selecting agents which act to shift
the physiological theme signature toward that of healthy skin which signifies restoration
of a desired state of homeostatic equilibrium characteristic of non-affected skin. The
present investigators hypothesize that such an approach to new active discovery will yield
treatments both effective and long-lasting.

To screen for anti-dandruff agents having strong skin activity, a gene expression
signature was selected to comprise a subset of up-regulated and down-regulated genes
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representative of lipid metabolism and those representative of immune/inflammatory
response, the two physiological themes constituting the most statistically salient thematic
profile for dandruff. It is noted however that a subset of up-regulated and down-regulated
genes representative of hyperproliferation could have also been used for the gene

signature.

This signature was used to query a C-map database comprising gene expression
profiles from fibroblast and keratinocyte cell lines exposed to a large number of different
chemicals including the anti-dandruff agents ketoconazole, climbazole, clobetasol
propionate, ZPT, and selenium sulfide. Each agent was tested at several
concentrations. As shown in Table E, the highest-ranked results include clobetasol
propionate, which is known to be the most effective anti-dandruff agent which acts by
triggering strong skin activity. This result validates the effectiveness of the process. In
addition, the highest-ranked results also include the anti-fungal agents ketoconazole and
climbazole, suggesting that they may effective in treating dandruff by inducing skin
effects, as well as anti-fungal effects. Moreover, that ZPT and selenium sulfide are not in
the list of instances strongly linked to the gene signature suggests that their anti-dandruff
properties may be related to other activities not addressed by this thematic signature.

The results shown in Table E also confirm the conclusion that gene expression
profiles from keratinocyte cell lines (a proxy for the epidermis) are useful for screening
of candidate cosmetic agents for dandruff. As can be seen, the highest-ranked results are

in keratinocyte cell lines.

Table E ‘
Rank Chipid | Chemical | Cell [Concentration [Score
) o ) - 4 . |Linej 4 _
[ 1 [eSs128 Keto_10_24hr-80  |Ketoconazole [tKC [1ouM . [0.72.
[[2 [Gss128CB 10.24hr58  [Climbazole [tKC [touM 067 |
3 |GSS128_.CP_20_24hr-67 |Clobetasol  tKC  [20uM -0.65
e , : Propionate | . _
| 4 |GSS128_Keto_10_24hr-79 ) [Ketoconazole tKC ~ [toum  [-0.63
5 [GSS128_CP_10_24hr-66 Clobetasol tKC [10uM [-0.62
|Propionate , ,
[ 6 |GSS128_CB_20_24hr-60 ~ [cimbazole ftkC [20uM  [-0.61
[ 7 |GSS128_Keto_1_24hr-78 |Ketoconazole tKC  [1uM - |0.58
8 |GSS128_CP_20_24hr-68 [Clobetasol {tKC |20uM -0.57
‘|Propionate '

| 9 |Gssi128_cB_1_6hr-16 [Climbazole [tKC |1pM [-0.55
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[0 [GSS106A_cyclosporin_01_tert_keratinocytes [Cyclosporin_[IKC _[1oiM 054 |
l 11 ‘lGSS128_CP_10_24hr-65 Clobetasol ‘lth 'rouM 1‘-0.541
o \Propionate | 4
| 12 }GSS122_MCF_Cyclosporin B [Cyclosporin {[MCF7 [topM ~ 1]-0.53
[ 13 |GSS106A triac 01 tert keratinocytes ___[Triac __ {tkC_[touM 0.8 |
[ 14 |Gss128 CB 20 2ahr59 -~ [Climbazole [KC [2ouM 1053 |
| 15 _[5202764005789148112904.C05 .~ |Rosiglitazone [MCF7 [1O0uM _ {-0.51 |

In light of the above, it was concluded that the complex dandruff condition may
be represented by keratinocyte-based models and screening methods. Moreover, it was
det;rmined that C-map, gene expression profiles from keratinocytes, and dandruff gene
expression signatures can be used to reliably screen for candidate cosmetic agents for
dandruff. Furthermore, it was determined that such screening can be done without
knowing the mechanisms of action involved in dandruff. -

Example 3

This Example illustrates validation of an In Vitro Model of the dandruff condition
according to one embodiment of the present invention and the use of Thematic Signatures

to guide the C-map query for skin-active agent candidate output.
!
Gene expression data from five inflammatory skin disorders (acne, atopic

dermatitis, dandruff, eczema and psoriasis) were collected from a clinical genomics study

and published studies. The raw expression data were used to produce a rank-ordered list

of most differentially regulated genes associated with inflammatory skin disorders. This

list was used to construct a gene signature for querying the provided database, the

signature comprising the top 70 up-regulated and 70 down-regulated genes from the rank-
~ordered list.

The derived gene signature was used to query a provided database comprising
. gene expression data from clinical genomics studies of a widely different inflammatory -
skin disorders, published in vitro genomics studies of disparaté inflammatory skin
disorders, and genbmicé data from an internal in vitro model of dandruff inflammatory
pathology (human organotypic, MatTek, cultures). As shown in Table F, the signature
mapped strongly to the internal model, as well as to clinical genomics studies, thereby
suggesting that the internal model elicits gene expression changeé that are comparable to
what is seen in vivo in inflammatory skin conditions. Thus, the internal model was
validated as being useful for study of inflammatory cascades and other gene expression
alterations associated with inflammatory skin disorders.
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Table F. Connectivity Map Linkage Scores Using Derived Signature to Query the
Database

[{Rank |Chip ID Treatment [Cell |[Conc. [Score|Up ‘Down
_ _ Line | Score |Score
9428 |GSM173545-1L.24 [IL24 [RHE [20ng/ml [0.833 [0.485 [-0.348
- |l9427 |GSM173544-1L.24 [1L24 [RHE [20ng/ml [0.829 [0.517 [-0.313
|/9426 |GSM173537-1L.19 |IL19 [RHE [20ng/ml [0.807 |0.505 |-0.302
||9425 |GSM173546-11.24 |24 [RHE [20ng/ml [0.801 [0.461 |-0.340
|lo424 [GsM173542-11.22 [IL22 [RHE  [20ng/m1 [0.789 [0.444 [-0.345
9423 |GSM173535-IL19 |[L19 [RHE [20ng/m1 [0.749 [0.410 |-0.339
{9422 |GSM173541-1122 |IL22 [RHE [20ng/m1 [0.740 [0.410 |-0.330
|lo421 |GSM173539-1L.20 |IL20 [RHE [20ng/m1 {0.731 [0.424 |[-0.307
119420 |GSM173536-1L19 [IL19 [RHE [20ng/ml [0.729 |0.460 [-0.269|
|l0419 [GSM173556-IL1b [IL1b [RHE [10ng/ml [0.710 [0.420 {-0.291
9418 |GSM173543-1L22 |IL22 [RHE [20ng/ml [0.705 [0.388 |-0.317
|l0417 [GSM173540-1L.20 [[L20 ~ [RHE [20ng/ml [0.702 [0.333 |-0.369
9416 |GSM173538-11.20 [[L20 [RHE [20ng/ml [0.668 [0.436 |-0.232|
|lo415 |GSM173554-IFNg [IFNg [RHE 10ng/m1 [0.665 [0.420 |-0.245|
|lo414 |GSM173553-IFNg |IFNg [RHE [10ng/ml [0.657 [0.431 [-0.226
|l9413 |GSM173555-IL1b [IL1b [RHE [10ng/ml |0.649 [0.380 [-0.269
{|0412 |GSS157 13 [sEas2BRv-13  [BEAs2s | l0.602 [0.378 |-0.224
19411 |GSM305449 [HK23/2 1L17 [hKC  [200ng/ml [0.579 [0.428 |-0.151
0410 [GSM305450  |HK23/21L22 |hKC  [200ng/ml [0.573 [0.358 [-0.214
9409 |GSM305448 [HK23/2 IFNg [hKC  [20ng/ml [0.552 [0.450 |-0.102

Legend: IL=interleukin; IFN=interferon; RHE=reconstituted human epidermis; BEAS-2b RV-13=Human Bronchial Epithelial Cells
treated with rhinovirus-13; hKC=human keratinocytes

Example 4

This example illustrates application of transcriptional profiling to investigate the
pathogenesis of dandruff and to determine the mechanism of action of a benchmark anti-
dandruff active.
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Dandruff (seborrheic dermatitis) is a chronic keratinous condition and involves
numerous variables and mechanisms, many of which are unknown. It is believed that
dandruff has hereditary components and environmental components (e.g. yeast
irritation). Most anti-dandruff research is directed to anti-fungal properties of agents
rather than host-centric properties (i.e., inducement or reduction in' a response in the

human).

Dandruff and seborrheic dermatitis are common chronic relapsing scalp skin
disorders that share some clinical features in common with psoriasis and atopic
dermatitis. While seborrheic dermatitis can affect sebum-rich area other than scalp, we
routinely refer to these conditions on the scalp collectively as “dandruff.” Like psoriasis
and atopic dermatitis, the pathogenesis of dandruff is complex, and appears to be the
result of interactions among scalp skin, cutaneous microflora and the cutaneous immune
system. The key clinical features of dandruff include flaking and itch, but the
understanding of the precise underlying events that provoke these symptoms is limited.

Clues, however, have been derived from studies concerning the removal of
Malassezia yeasts by treatment with antifungal drugs; studies involving treatment with
corticosteroids or coal tar; as well as from investigations ihvolving stratum corneum (SC)
ultrastructure, and SC lipid composition. All of this evidence supports that there is a
pronounced disruption of epidermal homeostasis that leads to the excessive scaling
prominent in the dandruff condition. For éxample, the presence of parakeratosis in SC
samples from the dandruff condition suggests that hyperproliferation is a feature of the
dandruff lesion, and the associated puritis (itch) is possibly the result of inflammation and
mast cell degranulation.

Generally, gene expression profiles in for the disease condition are compared to
the gene expression profiles in the non-disease condition to determine genes differentially
regulated in the condition, referred to as the gene expression profile. The profile is
analyzed to determine the key physiological disruptions manifest in the condition. Once
a physiological theme profile is derived for the condition, a C-map may be queried for
perturbagens with strong connectivity to the relevant physiological themes. The goal is
to identify a set of one or more perturbagens which when applied either alone or in
combination to a skin culture, engender a response in the skin culture having a thematic
signature which substantially mimics the thematic signature of the disease condition. The
skin culture may then be used to screen for égents having strong negative connectivity to
the thematic signature. The present inventors determined a physiologicél thematic
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signature for a dandruff condition, with the broad pattern set forth in Figure 9. By Gene
Ontology analysis and in accordance with Example 3, above, a highly relevant thematic
signature for dandruff was derived which includes the themes of lipid metabolism and
immune/inflammation in an inverse relationship. That is, in the dandruff condition the
thematic Signature includes a decrease in lipid metabolism with an increase in
inflammation. In the following examples, gene expression signatures according to an
aspect of the invention are used to investigate the skin response for a benchmark anti-
dandruff agent, ZPT.

Methods'

Two separate studies were performed:

1§ 31 healthy male subjects aged 18-75 were divided into two groups of 16 “non-
dandruff “ and 15 “dandruff” subjects, as defined by a published flake scoring procedure,
adherent scalp flake score (ASFS). Two full-thickness four-millimeter punch biopsies
were obtained from the dandruff subjects, one at an actively flaking site “involved,” and

one from a non-flaking site “uninvolved.” A single biopsy was collected from the non-

sufferers at an anatomically comparable site.

2) In a double-blinded treatment study, 45 healthy male subjects (30 dandruff and 15
non-dandruff as defined by ASFS criteria, aged 18-50 years) were enrolled and were
shampooed at the clinical site three (3) times a week for three (3) weeks with either a
commercially available anti-dandruff shampoo with 1% ZPT (15 dandruff subjects) or the
same formula without ZPT (15 dandruff and 15 non-dandruff subjects). Full thickness
2mm biopsies were collected from all three groups at baseline and end of study. Total
RNA was extracted from the biopsies and labeled for Affymetrix GeneChip® analysis.
The synthesized target cRNA was hybridized to Affymetrix HG U133A microarrays.
Stati‘stically analyzed data were filtered by significance (p<.05, Dandruff vs. Non-
Dandruff; ZPT vs. vehicle treatments) to identify genes showing an increase or decrease

in expression level, a standard bioinformatics approach.
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Methodology and: Results of Study 1:

Figure 10 illustrates the differential gene expression observed in Dandruff vs.
Non-Dandruff for all individuals. |

Genome-wide transcriptional profiles were assessed using RNA extracted from
full thickness scalp biopsies. Target cDNA (from extracted mRNA) was hybridized to
Affymetrix U133 Plus 2 microarrays (54,613 probes). A heat map of normalized
expression value (z-score) of significantly differentiated genes (3757) in expression
between healthy (green) and dandruff (red) samples was generated.

At least one of Affymetrix probe sets for a given gene had a p-value of a t-test less
than 0.05. A signal value of a probe set with the minimum p-value was used in the heat
map. Looking at the heat map of Figure 10, the column side bar indicates sample ‘groups
and the row side bar indicates biological procgsses in Gene Ontology. The color scheme
for the biological process themes are: Green: Lipid metabolism; Red: Immune
Response; Orange: Response to Stimulus; Blue: Epidermis Development; Cyan: Cell
Proliferation; Magenta: Apoptosis; Yellow: Others. This color scheme applies to all heat
maps set forth in the Figurés herein.

Group averages for the same 3,757 genes as above are reflected in the heat map
set forth in Figure 11. The heat map depicts the averaged normalized expression values
of the significantly differentiated genes in expression between dandruff and healthy scalp
amoﬁg each sample group. The column side bar indicates sample groups and the row
side bar indicates biological processes in Gene Ontology. The investigators note that
although dandruff uninvolved (DUI) and noninvolved (ND) cluster together, many génes
involved in immune response are elevated in dandruff uninvolved skin (skin sampled
from apparently unaffected scalp skin belonging to the same subject from which the

dandruff-affected skin is sampled), including those involved in complement, response to
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stress, pathogens, cell signaling, etc. The broad pattern physiological theme profile is set
forth in Figure 9.
A heat map depicting differential gene expression with respect to the more
| specific lipid metabolism / immune & inflammation theme signature for all individuals is
set forth in Figure 12. The columns are the subject descriptions, with non-dandruff
grouped to the left and Dandruff to the right The rows represent the
Immune/Inflammatory cluster and the Lipid Metabolism cluster. Group averages for the
data, including the subject conditions of dandruff-affected, dandruff-uninvolved and non-
dandruff are set forth in Figure 13.
Heat maps depicting the differential expression of genes involved in skin barrier
lipid production are set forth as Figures 14 (Fatty acid synthesis pathway), Figure 15
(cholesterol synthesis pathway) and Figure 16 (sphingolipid synthesis pathway). This
permits comparison with known stratum corneum biomarkers for these pathways. As set
forth graphically in Figure 17A and Figure 17B, the biomarker data supports the
transcriptomic findings with regard to the implicatioh of barrier lipids and inflammation

in the dandruff condition.

Methodology, Results for Study 2:

The ZPT transcriptomics study design is set forth in Figure 18. Notably, the
study is a double-blind, vehicle-controlled evaluation of the effect of ZPT on scalp gene
expression. The subject’s hair/scalp was washed by study personnel on clinical site
3x/week for 3 weeks. Full thickness 2mm punch biopsies collected at baseline and end of
study. Product exposures were provided under conditions known to reliably reduce flake
scores, epidermal thickness, itch and histamine, as well as substantially restore stratum

corneum (SC) biomarker profiles.

The effect of ZPT treatment on differential gene expression is set forth for group

averages as Figure 19. As can clearly be seen by mere visual inspection, ZPT treatment
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at week 3 of the dandruff condition resulted in an expression shift toward the non-
dandruff condition. The hierarchical clustering of ~3700 significantly altered genes
shows that under conditions known to substantially resolve key symptoms, ZPT caused a

.dramatic change résulting in a broad profile that resembles healthy scalp.

Figure 20 illustrates that the same result is seen where the gene expression.
signature is derived from the lipid/inflammation thematic model of the dandruff
condition. Both for the lipid metabolism cluster and the immune/inflammation cluster, a
dramatic shift toward the healthy scalp condition is suggested by inspection of the heat
map.

The present investigators discovered through transcriptomic profiling of dandruff,
dramatic alterations in a number of physiological processes, most notably an inverse
thematic relationship between lipid metabolism and inflammation. Notably, the studies
also show that genes involved in immune function/inflammation were statistically over-
represented in the up-regulated category in a comparison of dandruff uninvolved skin and
normal scalp, suggesting the existence of predisposfng factors related to inflammation.
The gene expression changes noted in the dandruff profile were substantially consistent at
the phenotypic level (proteins and SC lipids). Treatment with a ZPT containing shampoo,
but not the control without the active, was able to restore a transcriptomic profile that

resembled that of healthy scalp skin (as shown by hierarchical clustering analysis).

The dimensions and values disclosed herein are not to be understood as being
strictly'li_mited to the exact numerical values recited. Instead, unless otherwise specified,
each such dimension is intended to mean both the recited value and a functionally
equivalent range surrounding that value. For example, a dimension disclosed as “40 mm”

is intended to mean “about 40 mm.”

Every document cited herein, including any cross referenced or related patent or
application, is hereby in(:orporated'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



WO 2012/135651 PCT/US2012/031509

49

any combination with any other reference or references, teaches, suggests or discloses
any such invention. Further, to the extent that 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.

While particular embodiments of the present invention have been illustrated and
‘described, it would be obvious to those skilled in the art that various other changes and
modifications can be made without departing from the spirit and scope of the invention.
It is therefore intended to cover in the appended claims all such changes and

modifications that are within the scope of this invention.
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CLAIMS

What is claimed is:

I. A method for constructing a data architecture for use in identifying connections
between perturbagens and genes associated with dandruff, comprising:

(a) providing a gene expression profile for a control human epidermal
keratinocyte cell;

(b) generating a gene expression profile for a human epidermal keratinocyte cell
exposed to at least one perturbagen;

(c) identifying genes differentially expressed in response to the at least 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 a keratinocyte instance on at least one computer
readable medium; and

(f) constructing a data architecture of stored keratinocyte instances by repeating
(a) through (e), wherein the at least one perturbagen of step (a) is different

qualitatively or quantitatively for each keratinocyte instance.

2. A method according to claim 1, comprising using a programmable computer to

perform one or more of steps (c), (d), (e) and (f).

3. A method according to any of the preceding claims, wherein the step of generating
is performed by extracting a biological sample from the treated cell and subjecting

the biological sample to microarray analysis.

4. A method according to any of the preceding claims, wherein the microarray is a
global microarray or a specific microarray, wherein the specific microarray
comprises oligonucleotides which hybridize to genes corresponding to a gene

expression signature for a cellular phenotype.

5. A method according to any of the preceding claims, wherein at least one

perturbagen is an anti-fungal agent.

6. A method according to any of the preceding claims, wherein an anti-fungal agent

comprises zinc pyrithione (ZPT), selenium sulfide, or both.
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A method for implementing the data architecture according to any of the preceding
claims, to generate connections useful for identifying skin-active agents effective
for treating dandruff, the method comprising querying the data architecture with a
dandruff gene expression signature, wherein querying comprises comparing the
dandruff gene expression signature to each stored keratinocyte instance, wherein
the dandruff expression signature represents genes differentially expressed in

association with the condition.

A method according to any of the preceding claims, wherein the dandruff
expression signature is constructed by a method comprising (i) identifying genes
having up-regulated expression in the dandruff condition when compared to a
control; (ii) identifying genes having down-regulated expression in the dandruff
condition when compared to a control; (iii) creating one or more gene expression
signature lists associated with the dandruff gene expression signature comprising
identifiers corresponding to a plurality of the genes identified in (i) and (ii); and
storing the one or more gene expression signature lists on the at least one

computer readable medium.

A method according to any of the preceding claims, wherein at least one skin
sample is taken from a human subject exhibiting the dandruff condition, a
biological sample is extracted from the skin sample, and a gene expression profile

of the at least one skin sample is generated prior to at least one of the steps (i) and

(i1).

A method according to any of the preceding claims, wherein the skin sample

comprises cells from an epidermal layer of scalp skin of the human subject.

A method according to any of the preceding claims, wherein the comparison further

comprises assigning a connectivity score to each of a plurality of instances.

A method according to any of the preceding claims further comprising formulating
an anti-dandruff composition comprising a dermatologically acceptable carrier
and at least one perturbagen, wherein the connectivity score of the instance

associated with the at least one perturbagen has a negative correlation.

A method according to any of the preceding claims, further comprising a

microarray scanner for receiving a sample comprising human epidermal
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keratinocyte cells; and configuring a first programmable computer for
transmitting gene expression data from the scanner to a second programmable

computer containing the at least one computer readable medium.

14.  The method according to any of the preceding claims wherein at least one dandruff
gene expression signature consists of genes selected from the genes set forth in
Tables A and B.

15. The method according to any of the preceding claims 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 A-B wherein each of the one or more gene expression

signature lists comprises between about 50 and about 600 identifiers.
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Table A Table B

A | B D | F
1 Lipid Immune Signature Dandruff skin signature
2 | Up List Down List Up List Down List
3| 204470_at | 201275_at 206276_at 205325 _at
4 1209239 _at | 221750 _at 205916_at 221249 s _at
5 | 220322_at | 201128 _s_at 211906_s_at | 204872_at
6 | 203233 at | 203027_s_at 39249 _at 202976_s_at
7 | 209774 _x_at| 203515 s at 39248 at 218471 s_at
8 | 219403 _s at| 32836_at 219630 _at 203697 _at
9 | 208992_s_at| 202735_at 208539_x_at | 209292_at
10 | 215223 _s_at | 215093 at 206332_s at | 204589 _at
11 | 207356_at | 209146_at 203747 _at 202054 _s_at
12 | 210367_s_at | 206714 _at 210138_at 206149 _at
13 | 210413_x_at | 208964 _s_at 201739 _at 218087 _s_at
14 | 216388_s_at | 204615 x_at 201644 _at 217781 _s_at
15 | 202411_at | 202218 s _at 36936_at 221527 s_at
16 | 205863 _at | 200862_at 203535_at 218820 _at
17 | 202687_s_at| 210130_s_at 210413 _x_at | 218528 s at
18 | 216598 s_at | 204515 _at 213857 s at | 218142 s at
19 | 202018_s_at | 202539_s_at 200628 _at 205807_s_at
20 | 222223 _s_at| 36907 _at 220058 _s at | 203698_s_at
21 | 203005_at | 212218 s at 2075 s _at | 221834 at
22 | 203882_at | 210950 _s_at 20559 _at 213348 _at
23 | 208650_s_at| 202321_at 209720 s at | 201117_s_at
24 | 201762_s_at | 218922_s_at 209124 _at 204363 _at
25 [ 203535_at | 201791 _s_at 208865 _at 204032_at
26 | 209732_at | 220081 _x_at 209719 x_at | 213227 _at
27 | 202357 _s_at| 205709_s_at 205436_s_at | 211941 s_at
28 | 209124 _at | 218434 s at 207168_s_at | 222362_at
29 | 202917 _s_at | 219532_at 200660_at 221476 s _at
30 | 206332_s_at| 220675_s_at 219403 s_at | 209291_at
31 | 212067_s_at | 211423 s_at 221698 s_at | 212071_s_at
32 | 219095 _at | 214584 x_at 202917_s_at | 208407 _s_at
33 | 204420 at | 204607 _at 220966_x_at | 208655 _at
34 | 202859 x_at| 221675 s _at 217755 _at 219132_at
35 [ 212501 at | 202314 _at 204300_at 212321_at

FIG. 1A
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36 | 218400 _at | 216080 _s_at 33323 r_at 210987 x_at
37 | 208607 _s_at| 57163_at 205159_at 203766_s_at
38 | 210797 _s_at | 204476 s at 205847 _at 20329 _s_at
39 | 202948 at | 219735 s at 206004 _at 212510_at
40 | 208771 _s_at | 201339 s_at 220664 _at 221748 s_at
41 | 205159 at | 218869 at 200734 s at | 215945 s at
42 | 212203 x_at | 209577 _at 210367 s_at | 217906 _at
431 207096 _at | 203217 s _at 209800_at 20308]_at
44 1 201422 _at | 212329 at 204715 _at 215235 _at
45 | 212659 _s_at | 32837 at 208436 _s at | 218625 at
46 | 20394 at 207834 s at | 221747 _at
47 | 200923 _at 209260 _at 209108 _at
48 | 202086_at 222062 _at 201701 s_at
49 | 208829 _at 206337 _at 205412 _at
50 | 204972 _at 204858 s at | 203824 at
51 | 210784 x_at 200561 s at | 20791 x_at
52 | 202257 s at 201594 s at | 213182 _x_at
53 | 204415 _at 214226 _at 201989 _s_at
54 | 204103 _at 208850 _s at | 212372 _at
55 | 200905 _x_at 209191 at 201497 x_at
56 | 202953 at 2086%_at 219440 _at
57 | 215990 _s_at 201422 _at 202555 s at
58 | 207277 _at 219956_at 202747 s _at
59 | 201786_s_at 213923 at 207233 s at
60 | 203717 _at 219099 _at 217897 _at
61 | 216834 at 208540 x_at | 202724 s_at
62 | 201926_s_at 218960 _at 219304 _s_at
63 | 209189 _at 208851 s at | 204712_at
64 209825 s at | 208820 _at
65 1762 _s_at | 209733 at
66 214580 x_at | 206015 _s_at
6/ 201890 _at 213900 _at
68 220322 _at 203498 at
69 203233 _at 209071 s_at
70 203256_at 213050_at
il 218335 x_at | 221958 s at
72 217028 _at 218418 s _at

FIG. 1B
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