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METHOD TO IDENTIFY A NOVEL CLASS OF IMMUNOLOGIC ADJUVANTS

Cross-Reference to Related Applications

[0001] This application claims benefit of U.S. Provisional Application No. 61/472,575 filed April 6,

201 1, which is hereby incorporated by reference in its entirety.

STATEMENT REGARDING FEDERALLY SPONSORED R&D

[0002] This invention was made with government support under funds awarded by The National

Institutes of Health (R44 AI072925). The government has certain rights in the invention.

Field of the Invention

[0003] Methods of identifying a novel class of immunologic adjuvants that activate dendritic cells.

Description of the Related Art

[0004] Dendritic cells are found in virtually all mammalian tissues where they reside for long periods of

time in an inactive state, provided the tissue is not perturbed by an infectious pathogen or by some other physical

threat to the integrity of the organism. When a pathogen or physical danger appears, the nearby quiescent dendritic

cells become activated. This activation involves release of the cells from the surrounding tissue and their migration to

and through lymphatic vessels and into the draining lymph node. During this process, the dendritic cells undergo

numerous changes in their gene expression and functional capacities that enable them to process molecules found in

their environment at the time of their activation and display them in the antigen-binding sites of their MHC class I and

I I surface molecules. The cells also start to express high levels of chemokines, cytokines and co-stimulatory

molecules that enable them to activate naive T cells in the draining lymph node to the antigens they brought with them

from the traumatized tissue.

[0005] In the last two decades, many details of the mechanisms that activate dendritic cells have been

elucidated. The general process whereby pathogens and danger signals are recognized and host cells respond to

defend the organism has been termed "innate immunity." Dendritic cells are key players in the defense of the host

because their innate immune response to pathogens and danger signals results in activation of antigen-specific

acquired immunity. Antigen-specific acquired immunity can provide the individual with a lifetime's worth of protection

against individual infectious pathogens. Moreover, the efficacy of vaccines depends upon their ability to activate the

innate immune response without risking infection by a pathogen. Immunologic adjuvants perform this function in

modern vaccines that lack a viable, replicating pathogen capable of infecting the host.

[0006] A dominant system whereby dendritic cells and other cells involved in the innate immune

response recognize pathogens or danger signals is the family of Toll-like receptors (TLR). TLRs are pattern

recognition receptors that recognize molecular features common to a whole class of pathogens or danger signals

(reviewed in Kawai, T. and Akira, S. 201 0 "The role of pattern-recognition receptors in innate immunity: update on

Toll-like receptors" Nature Immunology 11:373-383). There are about a dozen known TLRs. Thus, a limited number



of receptors can recognize an unlimited array of potential pathogens, and a common system of gene activation

pathways leads to a host defense response that eliminates the pathogen or counteracts the physical danger (TLR

and Innate Immunity Pathways, SA Biosciences, 201 0; on the world-wide-web at

sabiosciences.com/pathwaymagazine/pathways7/toll-like-receptors-and-innate-immunity.php).

[0007] The mammalian transcriptional network activated by TLR ligands in primary dendritic cells has

recently been identified (Amit, I . et al. 2009 "Unbiased reconstruction of a mammalian transcriptional network

mediating pathogen responses" Science 326 :257-263). An unbiased genome-wide mRNA expression analysis of

14,000 genes in the dendritic cell response to 5 TLR ligands over a 24-hour period identified 1,800 genes whose

transcription was perturbed 1.7-fold or more by TLR activation. The 5 ligands used span the range of pathogens

recognized by the TLR system, so the dendritic cell responses detected were broadly representative of dendritic cell

activation by the dominant innate immune recognition system. From prior phenotypic and functional analyses, it is

clear that the 24-hour period of ligand exposure was sufficient to detect all of the downstream activation events that

result in the ability of dendritic cells to activate naive T and B cells.

[0008] We previously identified an initial group of small lipophilic molecules that can traverse the

stratum corneum, activate skin dendritic cells and induce their migration to the draining lymph node (U.S. Patent No.

6,21 0,672). For example, such lipophilic molecules may include dibutyl phthalate, dibutyl-D-tartarate, Ν,Ν-diethyl-

toluamide, dibutylfumarate, di(2-ethylhexyl)fumarate, diisooctylmaleate, diethylhexylmaleate, diisooctylfumarate,

benzoic acid, behenylmaleate, dioctylphthalate, dibutylmaleate, dioctymaleate, dibutylsuccinate, dioctylsuccinate,

dinonylphthalate, diisononylphthalate, dimethylphthalate, diethylphthalate, dipropylphthalate, diphenylphthalate,

dibenzylbutylphthalate, diethylmethylphthalate and camphor. The most effective of these, dibutylphthalate (DBP),

results in a 10- to 100-fold increase in the number of activated dendritic cells in the draining node. This response

occurs in the absence of antigen. We subsequently demonstrated that topical application of these molecules over the

site of antigen delivery into the skin results in a potent immunologic adjuvant effect, enhancing both cellular and

antibody immunity to the antigen (U.S. Patent No. 7,229,621 ) .

[0009] When DBP was applied to the skin of mice injected intradermal^ with adjuvant-free peptide

(SIINFEKL) or protein (OVA) antigen, there was a dramatic increase in T cell and antibody responses. Peptide-

bearing activated dendritic cells in the draining lymph node were increased 40-fold by topical DBP. Protective and

therapeutic tumor-specific immunity were induced by topical DBP when antigen alone was ineffective. Topical DBP

induced a 16-fold increase in the lgG1 Ab response to OVA adsorbed to alum and increased the lgG2c response 26-

fold. Thus, DBP not only increased the total Ab but also balanced the isotypes produced. Consequently, when 60%

of mice given a high dose of alum-adsorbed OVA succumbed to anaphylaxis, all of the mice survived when given the

same dose but also treated with topical DBP.

[001 0] We tested topical DBP as an adjuvant for a limiting dose of Fluzone vaccine injected i.d. in

mice. None of the mice injected with Fluzone alone produced protective HAI titers, while all of the mice injected with

Fluzone plus topical DBP had HAI titers > 1 :40; the difference in titers was highly significant (p<0.005). Serum

antibodies of all IgG isotypes were highly significantly increased by topical DBP. More importantly, IgA Ab in



bronchoalveolar lavage was highly significantly increased by topical DBP and remained undiminished 6 months after

immunization. Using a split virion vaccine made from mouse-adapted PR8, mice survived a lethal dose of virus if

given topical DBP with the vaccine but not when given the vaccine alone.

[001 1] Multiple topical doses of DBP give no histologic evidence of inflammation in the skin. Using the

known transdermal transport rate of DPB on human skin in vivo, the maximum absorbed dose resulting from topical

use of DBP as an adjuvant would be no higher than the amount we ingest daily and five logs lower than the LOEL

(lowest observed event level) in pregnant rats.

SUMMARY OF THE INVENTION

[0012] Some embodiments relate to a method of identifying a candidate adjuvant capable of activating

dendritic cells, the method comprising:

a) measuring expression level of a plurality of genes in skin of an animal prior to exposure to a test

compound, wherein the plurality of genes are known to be upregulated or downregulated in the skin of the animal in

response to topical application of dibutyl phthalate (DBP) to skin of said animal;

b) exposing skin of an animal of the same species to the test compound;

c) measuring expression level of the plurality of genes in the skin of the animal after exposure to the

test compound; and

d) comparing expression level of the plurality of genes measured in steps (a) and (c), wherein an

increase or decrease in expression level of the plurality of genes following exposure to the test compound by a pre

determined change in expression level indicates that the test compound is capable of activating dendritic cells.

[001 3] In some embodiments, the pre-determined change in expression level is selected from the

group consisting of: (a) an increase by a factor of at least 2; and (b) a decrease by a factor of at least 2 .

[0014] In some embodiments, the plurality of genes is selected from the group of genes listed in

Tables 1-5 and in Table 8, Nos. 1-21 5 .

[001 5] In some embodiments, the plurality of genes are significantly upregulated by Toll-like Receptor

(TLR) stimulation of dendritic cells.

[001 6] In some embodiments, the plurality of genes comprises early response gene(s).

[001 7] In some embodiments, the increase in gene expression is measured using a weighted

average.

[001 8] In some embodiments, gene expression is measured using an array comprising a substrate

and a plurality of polynucleotide probes affixed to the substrate.

[0019] In some embodiments, the array comprises a plurality of polynucleotide probes that are

specifically complementary to said plurality of genes.

[0020] Some embodiments relate to a method of identifying a candidate immunological adjuvant

capable of activating dendritic cells, the method comprising:



(a) identifying genes whose expression levels are upregulated or downregulated in skin of an animal in

response to topical application of DBP and DBP analogs;

(b) quantifying the levels of activated dendritic cells in draining lymph nodes of said animal in response

to topical application of DBP and DBP analogs;

(c) determining a model of activity of the DBP and DBP analogs, wherein a level of activated dendritic

cells in draining lymph nodes measured in response to topical application of DBP and DBP analogs is correlated with

the genes whose expression levels are upregulated or downregulated in response to topical application of DBP and

DBP analogs; and

(d) determining whether a test compound is a candidate immunological adjuvant capable of activating

dendritic cells on the basis of whether topical application of the test compound results in upregulation or

downregulation of genes comparable to genes that show upregulation or downregulation in response to DBP or a

DBP analog that leads to increased levels of activated dendritic cells in draining lymph nodes of said animal.

[0021] In some embodiments, the model of activity of the DBP and DBP analogs is selected from the

group consisting of Bayesian additive regression trees (BART), multivariate adaptive regression splines (MARS),

gradient-boosted generalized linear models (GLMs), and bagged generalized linear models.

[0022] In some embodiments, the genes whose expression levels are upregulated or downregulated

are selected from the group of genes listed in:

(a) Table 8, Nos. 2 16-436 determined by the Wilcoxin model and the genes determined by the

Wilcoxin model that are in common with genes listed as Nos. 1-21 5 of Table 8;

(b) Table 8, Nos. 437-794 determined by the Kendall model and the genes determined by the Kendall

genes that are in common with genes listed as Nos. 1-21 5 of Table 8; and

(c) Table 9 .

[0023] Some embodiments relate to an array comprising:

(a) a solid support; and

(b) a plurality of polynucleotide probes immobilized on said solid support, wherein the plurality of

polynucleotide probes are capable of hybridizing to at least 10 genes listed in Tables 1-5 and Table 8, optionally

including one or more control probes.

[0024] In some embodiments, the array is a microarray.

[0025] In some embodiments of array, the plurality of polynucleotide probes is capable of hybridizing

to at least 10 of the 384 genes listed in Table 9 .

[0026] Some embodiments relate to a kit comprising the array and instructions for test compound

screening and quantification of gene expression using the microarray.

[0027] Some embodiments relate to a method of monitoring the efficacy of a candidate adjuvant

compound in a subject comprising:

a) measuring baseline expression of a plurality of genes known to be upregulated or downregulated in skin in

response to topical application of DBP;



c) topically applying to the skin of said subject the candidate adjuvant compound,

d) measuring the expression of the plurality of genes after exposure of the to the candidate adjuvant

compound, and

e) comparing expression levels of the plurality of genes before and after exposure to the candidate adjuvant

compound, wherein a change in expression of any of the one or more of the plurality of genes by at least two-fold

following exposure to the candidate adjuvant compound indicates that the compound is an effective adjuvant.

[0028] In some embodiments, the one or more genes are early response gene(s).

[0029] In some embodiments, the plurality of genes are significantly upregulated by Toll-like Receptor

(TLR) stimulation.

[0030] In some embodiments, an expression level of the plurality of genes is known to be increased in

activated dendritic cells.

[0031] Some embodiments relate to a composition comprising:

a lipophilic molecule having a molecular weight of less than 500 daltons that induces dendritic cell migration

and modulates expression level of genes in skin cells, wherein at least 20% of genes whose expression level is

increased or decreased by at least 2-fold by DBP are also increased or decreased, respectively, by at least 2-fold by

said lipophilic molecule, wherein the lipophilic molecule is not DBP, and

a pharmaceutically acceptable carrier.

[0032] Some embodiments relate to a vaccine comprising an antigen and a lipophilic molecule of less

than 500 daltons, wherein the molecule induces dendritic cell migration and modulates expression level of genes in

skin cells, wherein at least 20% of genes whose expression level is increased or decreased by at least 2-fold by DBP

are also increased or decreased, respectively, by at least 2-fold by said lipophilic molecule, wherein the molecule is

not DBP.

[0033] Some embodiments relate to a method of inducing an immune response in a subject

comprising administering a vaccine disclosed herein to a subject.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] Figure 1. Topical Adjuvants Lack Toll-Like Receptor (TLR) Agonist Activity.

[0035] Figure 2 . 48 hr Response of Wild-Type and Caspase-1 ' - Mice to Topical FITC + DBP.

[0036] Figure 3 . Flowcytometric analysis of aryl hydrocarbon receptor -/- (Ahr-/-) response to topical

DBP.

[0037] Figure 4 . lgG1 response to OVA with adjuvant.

[0038] Figure 5 . lgG2b response to OVA with adjuvant.

[0039] Figure 6 . lgG2c response to OVA with adjuvant.

[0040] Figure 7 . DBP Analogs Used - Nomenclature.

[0041] Figure 8 . Activity of DBP analogs plotted as a function of topical treatment with DBP analog vs.

activated dendritic cells/lymph node 48 hours after treatment.



[0042] Figure 9 . Vaccination with influenza vaccine (Fluzone), with and without adjuvant.

[0043] Figure 10 . Vaccination with influenza vaccine (Fluzone), with and without dibutyl L tartrate

(DBIT) adjuvant.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0044] It is desirable to identify additional compounds that act as immunological adjuvants in a manner

similar to the initially identified group of small lipophilic molecules that we previously identified. However, in the

absence of any knowledge of the receptor(s) for these topical adjuvants, identification of additional active molecules

with previously utilized methodologies would be tedious and time consuming since previous assays were performed

in live animals, followed by analysis of the cellular response in the draining lymph node 1-3 days later, or followed by

subsequent measurement of an antigen-specific immune response.

[0045] Methods for automated high-throughput isolation of total RNA already exist (e.g., robotic

systems such as the RNEASY 96 BIOROBOT 9640 by Qiagen), and rapid high-throughput PCR-based focused

arrays can easily be constructed with a limited number of genes, e.g., 100-400 genes. Thus, the methodology

currently exists to design and execute a rapid high-throughput screening to identify a novel class of immunologic

adjuvants.

[0046] We disclose a simple method that can be used by anyone skilled in the art to screen large

numbers of molecules rapidly for their potential to function as immunologic adjuvants in a manner similar to the

molecules we have previously identified. This screening method enables the identification of molecules that have

increased adjuvant activity, alter the nature of the subsequent immune response, and/or have decreased adverse

effects.

[0047] Our immunologic adjuvants do not use the dominant pathogen and danger signal recognition

systems. Yet, activation of dendritic cells by our small molecules results in a potent immunological adjuvant effect.

These observations, combined with our previously disclosed data, indicate that we have identified members of a class

of immunologic adjuvants that use an unidentified novel recognition system whereby inactive dendritic cells can

become activated to enhance the immunogenicity of vaccine antigens.

[0048] In some embodiments, the immunological adjuvants are lipophilic molecules having a

molecular weight of less than 500 daltons, wherein the molecules induce dendritic cell migration and modulate

expression level of genes in skin cells in a manner similar to DBP.

[0049] Using our gene expression data and publicly known transcriptional networks, we designed

simple and efficient screens to identify other molecules that have the functional properties of our immunologic

adjuvants. The key elements for design of the disclosed method to identify immunologic adjuvants are:

1. Our topical adjuvants induce the same phenotypic changes in na'ive, non-activated dendritic cells as those

induced by TLR and NALP inflammasome ligands (U.S. Patent Nos. 6,21 0,672 and 7,229,621 ) .

2 . The mammalian transcriptional network activated by TLR ligands in na'ive primary dendritic cells has been

identified (Amit, I . et al. 2009, supra).



3 . Our topical adjuvants have no TLR agonist activity (see Example 1) .

[0050] The preceding information enabled us to develop methods to identify the molecular signature

characteristic of our previously identified topical adjuvants. In these methods, mammalian skin cells are exposed to

our topical adjuvants in vivo, followed by extraction of total RNA at various time points thereafter, including the earliest

time points that reveal transcription perturbed by our topical adjuvants. The extracted RNA is analyzed by whole

genome array, (e.g., using the same chips as those used for TLR ligand-induced transcriptional analyses of the same

mammalian species).

[0051] The present disclosure encompasses gene expression profiles produced in response to

dibutylphthalate (DBP) exposure. We disclose that such gene expression profiles correlate with dendritic cell activity

at a cellular level (Amit, I . et al. supra) and can be used in methods for screening potential dendritic cell activation

agents. Additionally, the invention includes microarrays used to measure the expression of particular sets of genes.

Referring to Tables 1-6 at the end of Example 5, we disclose the identities of genes that are upregulated in response

to topical treatment of mice with DBP. Among these upregulated genes, we have identified 33 early response genes

and 340 genes previously known to exhibit increased expression in activated dendritic cells. The sum of these early

response genes and genes known to exhibit increased expression in activated dendritic cells is 373 genes, which can

conveniently be surveyed by means of a probe array having (e.g., 16 rows and 24 columns, which is equal to 384

positions).

[0052] The invention encompasses a method for screening a test compound for dendritic cell

activation properties, the method comprising: providing a cell or tissue, measuring expression by the cell or tissue of a

plurality of genes selected from Tables 1-5 and Table 8, exposing the cell or tissue to the test compound, and re-

measuring the expression by the cell or tissue of the plurality of genes, wherein the degree of change in expression of

the plurality of genes corresponds to the degree of dendritic cell activation by the test compound. In certain

embodiments, the degree of change in gene expression of the plurality of genes is measured using a weighted

average. This method may employ screening any number of genes selected from Tables 1-5 and Table 8, for

example, at least 10, 20, 50, 75, 100, 125, 150, 175 or 200 genes from Tables 1-5 and Table 8 may be screened.

This method commonly employs an array (or "microarray") comprising a substrate and a plurality of polynucleotide

probes affixed to the substrate. The array generally comprises a plurality of polynucleotide probes that are

specifically complementary to a plurality of genes as shown in Tables 1-5 and Table 8 .

[0053] The invention further encompasses a method for monitoring dendritic cell activation in cell

culture or in a subject during treatment. The method comprises taking a baseline reading of gene expression for at

least one gene selected from a set of genes known to be up-regulated by DBP; administering DBP (or a derived or

related compound, and then re-measuring the expression of at least one of the genes being monitored. In addition to

prospective identification of new compounds, such a method may be useful for research to determine the efficacy of

known compounds.

[0054] In some embodiments, the invention includes microarrays comprising a set of genes selected

from the genes identified in this disclosure to be differentially regulated by DBP by at least two-fold.



[0055] In other embodiments, the invention includes microarrays comprising a set of genes selected

from the genes identified by using general linear modeling methods (GLM).

[0056] The invention also includes methods of inducing an immune response in a subject against an

antigen comprising administering the antigen to the subject along with an agent, wherein the agent differentially

regulates the activity or expression of at least one, two, three, four, five, six or more genes selected from the genes

identified in this disclosure to be differentially regulated by DBP by at least two-fold. The agent may be DBP or a

related or derived compound, or an agent identified by the method of screening for agents disclosed herein, wherein

the agent is identified on the basis of differentially regulating the activity or expression of at least one, two, three, four,

five, six or more genes selected from the genes identified in this disclosure to be up-regulated by DBP by at least tw o

fold. In some embodiments, the agent may be identified on the basis of GLM methods, such as those disclosed

herein.

[0057] In the present disclosure, microarray analysis was used to determine the changes in gene

expression profiles of normal epithelial cells after exposure to DBP. Results of the microarray experiments disclosed

herein are consistent with the dendritic cell activation property of DBP and help elucidate its molecular mechanism.

Various genes found by this study to be up-regulated by DBP are known to play a role in dendritic cell activation

(Amit, I . et al. 2009, supra). It is therefore reasoned that DBP activates dendritic cells by up-regulating various genes.

Such genes are disclosed in this study to be up-regulated in the presence of DBP by greater than two-fold.

[0058] Monitoring the expression of these genes can be employed in a number of methods useful in

therapy, in drug screening and in research into dendritic cell activating compounds. If a change in expression occurs

in response to the administration of a drug (such as DBP) then the change in expression can reasonably be used as

a quantitative marker that correlates with the degree of dendritic cell activation effectiveness of the drug treatment.

Thus methods involving measurement of gene expression can be used to monitor efficacy of treatment, and to predict

likely clinical outcomes. In drug screening, an animal or cell culture is exposed to a compound, and the expression of

one or a plurality of genes is monitored to screen putative drug candidates. The greater the average change in gene

expression of the genes in a particular panel (e.g., a panel of genes listed in Tables 1-5 and Table 8), the higher the

score of the drug candidate. Such prioritization is routinely used by drug discovery companies. Gene expression

profiles may be produced using arrays (microarrays) and quantitatively scored by measuring the average change in

gene expression for a panel of genes in response to exposure to a set quantity of a compound for a set time. The

score may be weighted by ascribing greater weight to specific genes. For example, a panel of genes may be

selected to include the genes shown to be differentially regulated in this study. Particular weight may be given to the

genes that are known activators of dendritic cells. Algorithms for scoring and weighting expression array results are

well known in the art and one of skill could readily create or adapt an algorithm for use with the present methods.

[0059] By monitoring one or a plurality of the differentially regulated genes disclosed in this study

before, during and after the administration of DBP or another agent, efficacy of treatment may be monitored, and

clinical outcomes can be better predicted. Such monitoring may be used to determine appropriate treatment and

drug dosages.



[0060] The invention further encompasses a method for monitoring dendritic cell activation in cell

culture or in a subject during treatment. The method comprises taking a baseline reading of gene expression for at

least one gene selected from a set of genes known to be differentially regulated by DBP; administering DBP (or a

derived or related compound); and then re-measuring the expression of at least one of the genes being monitored.

Such a method may be useful for research to determine the efficacy of various drugs, combinations of drugs and

formulations to activate dendritic cells to induce an immune response during immunization of a subject. Such drugs

may include DBP, optionally in combination with other adjuvants.

[0061] The invention also includes microarrays comprising at least one or a plurality of genes selected

from genes shown in this disclosure to be differentially regulated by DBP by at least two-fold (the term "plurality"

means two or more). In some embodiments, the microarrays comprise at least one or a plurality of genes identified

on the basis of GLM methods, such as those disclosed herein. In certain embodiments, the microarray may include

all of the genes identified herein, or it may include a subset. Such a microarray may be employed in the above

methods for monitoring the gene expression profile of a subject (or cell culture) treated DBP (or a derived or related

compound). By looking at changes in the gene expression profile, a qualitative and/or quantitative assessment can

be deduced as to the degree to which genes are differentially regulated in response to a treatment, and therefore the

effectiveness of a treatment may be determined.

[0062] The invention further includes methods for screening compounds for dendritic cell activation

properties using the arrays described herein. Such methods involve exposure of cultured cells, tissues, organs or

whole animals to a test compound, and the measurement of expression of a plurality of genes before and after

exposure to the test compound. The microarray used may include probes for detecting any desired number of the

genes disclosed herein as being differentially regulated in the presence of DBP. For example the array may include

probes for detecting at least 2, 5 , 10, 15, 20, 25, 30, 50, 75, 100, 125, 150, 175, 200, 250, 300, 350 or 384 such

genes.

[0063] Microarrays are well known in the art and consist of a plurality of polynucleotides arranged

regularly on a substrate such as paper, nylon or other type of membrane, filter, gel, polymer, chip, glass slide, or any

other suitable support. The polynucleotides on the substrate bind complementary polynucleotides in a sample,

thereby forming a hybridization complex and allowing sensitive and accurate detection. The polynucleotides may be

cDNAs of gene open reading frames (or parts of genes) that bind specifically to complimentary mRNAs. Often the

polynucleotides are short oligonucleotides of between about 6 and 25 bases in length. In some instances, the

mRNAs of the sample may be used to create an amplified cDNA library (using PCR) and this library may then be

screened using an array. In the present case, a microarray may include one or more polynucleotides or

oligonucleotides derived from of the genes shown in this disclosure to be differentially regulated by DBP by at least

two-fold.

[0064] In the present disclosure, the term "polynucleotide" refers to an oligonucleotide, nucleotide, or

polynucleotide, and fragments thereof, and to DNA or RNA of genomic or synthetic origin which may be single- or

double-stranded, and represent the sense or antisense strand.



[0065] The above methods may include exposure of a subject or cell culture, or ex-vivo or in vitro

tissue or organ to DBP or related or derived compounds. In the present disclosure "related or derived compounds"

include variations of DBP or compounds that are identified on the basis of differentially regulating the activity or

expression of at least one, two, three, four, five, six or more genes selected from the genes identified in this disclosure

to be differentially regulated by DBP by: (a) at least two-fold (the term "plurality" means two or more). In some

embodiments, the agent may be identified on the basis of GLM methods, such as those disclosed herein..

[0066] The microarray data are validated by performing real-time reverse-transcription PCR on

selected genes.

[0067] It is an object of this disclosure to identify the expression profiles which are characteristic to

dendritic cell activation by DBP. In some embodiments, genes that show enhanced expression in response to DBP

treatment are also know to exhibit increased expression during dendritic cell activation. It is further an object to use

the expression profiles in assays to identify agents that can be used as adjuvants in dendritic cell activation in a

manner similar to the mechanism of DBP.

[0068] In one aspect of the invention, the identification of genes that are differentially expressed in

dendritic cells in response to treatment with DBP is provided, making possible the characterization of their temporal

regulation and function in dendritic cell activation. Thus, expression profiles, nucleic acids and proteins are provided

for differing states of dendritic cells, including resting and activated dendritic cells. Thus, the present invention makes

possible the identification and characterization of targets useful in monitoring, rational drug design, and/or therapeutic

intervention by activation of the immune system.

[0069] The invention provides methods of screening drug candidates. Such methods entail providing

a cell that expresses an expression profile gene selected from the group of genes listed in Tables 1-5 and Table 8 . A

drug candidate is added to the cell. The effect of the drug candidate on the expression of the gene is then

determined.

[0070] In some methods the level of expression in the absence of the drug candidate to the level of

expression in the presence of the drug candidate is compared. In other methods, the cell expresses an expression

profile gene set of at least one expression profile gene, and the effect of the drug candidate on the expression of the

set is determined. In some such methods, the profile gene set comprises one or more genes selected from the genes

presented in Tables 1-5 and Table 8, wherein expression of said one or more genes is altered as a result of the

introduction of the drug candidate.

[0071] The invention further provides an array of probes. The array comprises a support bearing a

plurality of nucleic acid probes complementary to a plurality of mRNAs fewer than 1000 in number, wherein the

plurality of mRNA probes includes an mRNA expressed by a gene selected from the group consisting of genes listed

in Tables 1-5 and Table 8 . Some such arrays comprise a plurality of sets of probes wherein each set of probes is

complementary to subsequences from an mRNA. In some arrays the probes are cDNA sequences.



Definitions

[0072] The transitional term "comprising" is synonymous with "including," "containing," or

"characterized by," is inclusive or open-ended and does not exclude additional, unrecited elements or method steps.

[0073] The transitional phrase "consisting of excludes any element, step, or ingredient not specified in

the claim, but does not exclude additional components or steps that are unrelated to the invention such as impurities

ordinarily associated therewith.

[0074] The transitional phrase "consisting essentially of limits the scope of a claim to the specified

materials or steps and those that do not materially affect the basic and novel characteristic(s) of the claimed invention.

[0075] "Dendritic cells" (DCs) are immune cells forming part of the mammalian immune system. They

function as antigen-presenting cells and act as messengers between the innate and adaptive immunity. Some

dendritic cells are present in tissues that are in contact with the external environment, such as the skin and the inner

lining of the nose, lungs, stomach and intestines. For example, Langerhans cells are a specialized type of skin

dendritic cell. Dendritic cells can also be found in an immature state in the blood. Once activated, they migrate to the

lymph nodes where they interact with T cells and B cells to initiate and shape the adaptive immune response.

[0076] The term "stratum corneum" refers to a broad zone of 20 to 30 cell layers thick. The dead cell

remnants which comprise the stratum corneum are almost completely filled with keratin fibrils and surrounded by

highly ordered lipid bilayers. As long as the epidermis is unbroken, the heavily keratinized stratum corneum presents

a formidable physical barrier to entry for most foreign substances. The mucous membranes which line the digestive,

respiratory, urinary and reproductive tracts, provide a similar, but less formidable physical barrier, lacking the thick

stratum corneum.

[0077] When a candidate molecule modulates expression level of genes in skin cells in a manner

similar to DBP, at least 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,

90%, 95% or 100% of the genes whose expression level is increased or decreased by at least 2-fold by DBP, as

identified herein, are also increased or decreased, respectively, by at least 2-fold by said candidate molecule.

[0078] The epithelium of both skin and mucous membranes is richly populated with immature dendritic

cells, called epidermal Langerhans cells and dermal dendritic cells. These phagocytic leukocytes are poised for

capture of antigens which may enter the skin through physical breaches in the stratum corneum. After infection or

physical trauma to the skin, signals are generated that induce Langerhans cells to leave the epidermis and migrate

into the dermis. There, migrating epidermal Langerhans cells and dermal dendritic cells enter and migrate through

afferent lymphatics to draining lymph nodes, carrying with them any antigens which had penetrated the protective

stratum corneum (i.e., viral, bacterial, parasitic, allergic). Very small, lipophilic molecules may penetrate the intact

stratum corneum. Some of these molecules can activate dendritic cells in the skin.

[0079] The term "patient" includes mammals, such as humans, domestic animals (e.g., dogs or cats),

farm animals (cattle, horses, or pigs), monkeys, rabbits, rats, mice, and other laboratory animals.



[0080] The terms "nucleic acid" or "nucleic acid molecule" refer to a deoxyribonucleotide or

ribonucleotide polymer in either single- or double-stranded form, and unless otherwise limited, can encompass known

analogs of natural nucleotides that can function in a similar manner as naturally occurring nucleotides.

[0081] A polynucleotide probe is a single stranded nucleic acid capable of binding to a target nucleic

acid of complementary sequence through one or more types of chemical bonds, usually through complementary base

pairing, usually through hydrogen bond formation. A polynucleotide probe can include natural (i.e., A, G, C, or T) or

modified bases (e.g., 7-deazaguanosine, inosine). Therefore, polynucleotide probes can be 5-1 0,000, 10-5,000, 10-

500, 10-50, 10-25, 10-20, 15-25, and 15-20 bases long. Probe are typically about 10-50 bases long, and are often

15-20 bases. In its simplest embodiment, the array includes test probes (also referred to as polynucleotide probes)

more than 5 bases long, preferably more than 10 bases long, and some more than 40 bases long. The probes can

also be less than 50 bases long. In some cases, these polynucleotide probes can range from about 5 to about 45 or

5 to about 50 nucleotides long or from about 10 to about 40 nucleotides long, or from about 15 to about 40

nucleotides in length. The probes can also be about 20 or 25 nucleotides in length.

[0082] In addition, the bases in a polynucleotide probe can be joined by a linkage other than a

phosphodiester bond, so long as it does not interfere with hybridization. Thus, polynucleotide probes can be peptide

nucleic acids in which the constituent bases are joined by peptide bonds rather than phosphodiester linkages. The

length of probes used as components of pools for hybridization to distal segments of a target sequence often

increases as the spacing of the segments increased thereby allowing hybridization to be conducted under greater

stringency to increase discrimination between matched and mismatched pools of probes.

[0083] Relatively short polynucleotide probes can be sufficient to specifically hybridize to and

distinguish target sequences. Therefore, the polynucleotide probes can be less than 50 nucleotides in length,

generally less than 46 nucleotides, more generally less than 4 1 nucleotides, most generally less than 36 nucleotides,

preferably less than 3 1 nucleotides, more preferably less than 26 nucleotides, and most preferably less than 2 1

nucleotides in length. The probes can also be less than 16 nucleotides, less than 13 nucleotides in length, less than 9

nucleotides in length and less than 7 nucleotides in length.

[0084] Typically, arrays can have polynucleotides as short as 10 nucleotides or 15 nucleotides. In

addition, 20 or 25 nucleotides can be used to specifically detect and quantify nucleic acid expression levels. Where

ligation discrimination methods are used, the polynucleotide arrays can contain shorter polynucleotides. Arrays

containing longer polynucleotides are also suitable. High density arrays can comprise greater than about 100, 1000,

16,000, 65,000, 250,000 or even greater than about 1,000,000 different polynucleotide probes.

[0085] For high throughput screening (e.g., of candidate molecules) by means of probe arrays, it us

useful to define a limited number of number genes for survey of the effects of the compounds on gene expression.

For example, a solid support with 384 probes (e.g., 16 rows x 24 columns) may conveniently be used to survey the

effects of a compound on a correspondingly limited number of genes.

[0086] The term "target nucleic acid" refers to a nucleic acid (often derived from a biological sample),

to which the polynucleotide probe is designed to specifically hybridize. It is either the presence or absence of the



target nucleic acid that is to be detected, or the amount of the target nucleic acid that is to be quantified. The target

nucleic acid has a sequence that is complementary to the nucleic acid sequence of the corresponding probe directed

to the target. The term target nucleic acid can refer to the specific subsequence of a larger nucleic acid to which the

probe is directed or to the overall sequence (e.g., gene or mRNA) whose expression level it is desired to detect. The

difference in usage can be apparent from context.

[0087] "Subsequence" refers to a sequence of nucleic acids that comprise a part of a longer

sequence of nucleic acids.

[0088] "Gene" refers to a unit of inheritable genetic material found in a chromosome, such as in a

human chromosome. Each gene is composed of a linear chain of deoxyribonucleotides which can be referred to by

the sequence of nucleotides forming the chain. Thus, "sequence" is used to indicate both the ordered listing of the

nucleotides which form the chain, and the chain which has that sequence of nucleotides. The term "sequence" is

used in the same way in referring to RNA chains, linear chains made of ribonucleotides. The gene includes

regulatory and control sequences, sequences which can be transcribed into an RNA molecule, and can contain

sequences with unknown function. Some of the RNA products (products of transcription from DNA) are messenger

RNAs (mRNAs) which initially include ribonucleotide sequences (or sequence) which are translated into a polypeptide

and ribonucleotide sequences which are not translated. The sequences which are not translated include control

sequences, introns and sequences with unknowns function. It can be recognized that small differences in nucleotide

sequence for the same gene can exist between different persons, or between normal cells and cancerous cells,

without altering the identity of the gene.

[0089] "Gene expression pattern" means the set of genes of a specific tissue or cell type that are

transcribed or "expressed" to form RNA molecules. Which genes are expressed in a specific cell line or tissue can

depend on factors such as tissue or cell type, stage of development or the cell, tissue, or target organism and whether

the cells are normal or transformed cells, such as cancerous cells. For example, a gene can be expressed at the

embryonic or fetal stage in the development of a specific target organism and then become non-expressed as the

target organism matures. Alternatively, a gene can be expressed in liver tissue but not in brain tissue of an adult

human.

[0090] Specific hybridization refers to the binding, duplexing, or hybridizing of a molecule only to a

particular nucleotide sequence under stringent conditions when that sequence is present in a complex mixture (e.g.,

total cellular) DNA or RNA. Stringent conditions are conditions under which a probe can hybridize to its target

subsequence, but to no other sequences. Stringent conditions are sequence-dependent and are different in different

circumstances. Longer sequences hybridize specifically at higher temperatures. Generally, stringent conditions are

selected to be about 5°C lower than the thermal melting point (Tm) for the specific sequence at a defined ionic

strength and pH. The Tm is the temperature (under defined ionic strength, pH, and nucleic acid concentration) at

which 50% of the probes complementary to the target sequence hybridize to the target sequence at equilibrium. (As

the target sequences are generally present in excess, at Tm, 50% of the probes are occupied at equilibrium).

Typically, stringent conditions include a salt concentration of at least about 0.01 to 1.0 M Na ion concentration (or



other salts) at pH 7.0 to 8.3 and the temperature is at least about 30°C for short probes (e.g., 10 to 50 nucleotides).

Stringent conditions can also be achieved with the addition of destabilizing agents such as formamide or tetraalkyl

ammonium salts. For example, conditions of 5.times.SSPE (750 mM NaCI, 50 mM Na Phosphate, 5 mM EDTA, pH

7.4) and a temperature of 25-30°C are suitable for allele-specific probe hybridizations. (See Sambrook et al. in

Molecular Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory Press, New York, 2001 ) .

[0091] Terms used to describe sequence relationships between two or more nucleotide sequences or

amino acid sequences include "reference sequence," "selected from," "comparison window," "identical," "percentage of

sequence identity," "substantially identical," "complementary," and "substantially complementary."

[0092] For sequence comparison, typically one sequence acts as a reference sequence, to which test

sequences are compared. When using a sequence comparison algorithm, test and reference sequences are entered

into a computer, subsequence coordinates are designated, if necessary, and sequence algorithm program

parameters are designated. Default program parameters are used. Methods of alignment of sequences for

comparison are well-known in the art. Optimal alignment of sequences for comparison can be conducted, e.g., by the

local homology algorithm of Smith & Waterman, Adv Appl Math 2:482 (1981 ) , by the homology alignment algorithm of

Needleman & Wunsch, J Mol Biol 48:443 ( 1970), by the search for similarity method of Pearson & Lipman, Proc Nafl

Acad Sci USA 85:2444 ( 1988), by computerized implementations of these algorithms (GAP, BESTFIT, FASTA, and

TFASTA in the Wisconsin Genetics Software Package, Genetics Computer Group, 575 Science Dr., Madison, Wis.),

or by manual alignment and visual inspection (see, e.g., Current Protocols in Molecular Biology (Ausubel et al., eds

1995 supplement)).

[0093] One example of a useful algorithm is PILEUP. PILEUP uses a simplification of the progressive

alignment method of Feng & Doolittle, J Mol Evol 35:351 -360 ( 1987). The method used is similar to the method

described by Higgins & Sharp, CABIOS 5:15 1- 153 ( 1989). Using PILEUP, a reference sequence is compared to

other test sequences to determine the percent sequence identity relationship using the following parameters: default

gap weight (3.00), default gap length weight (0. 10), and weighted end gaps. PILEUP can be obtained from the GCG

sequence analysis software package, e.g., version 7.0 (Devereaux et al., Nuc Acids Res 12 :387-395 ( 1984).

[0094] Another example of algorithms that are suitable for determining percent sequence identity and

sequence similarity are the BLAST and the BLAST 2.0 algorithm, which are described in Altschul et al., J Mol Biol

2 15:403-41 0 ( 1990) and Altschul et al., Nucleic Acids Res 25:3389-3402 ( 1977)). Software for performing BLAST

analyses is publicly available through the National Center for Biotechnology Information. The BLASTN program (for

nucleotide sequences) uses as defaults a word length (W) of 11, alignments (B) of 50, expectation (E) of 10, M=5,

N=-4, and a comparison of both strands. The BLASTP program (for amino acid sequences) uses as defaults a word

length (W) of 3, and expectation (E) of 10, and the BLOSLUM62 scoring matrix (see Henikoff & Henikoff, Proc Natl

Acad Sci USA 89 :1091 5 ( 1989)).

[0095] The term "molecule" is used broadly to mean an organic or inorganic chemical such as a drug;

a peptide, including a variant or modified peptide or peptide-like substance such as a peptidomimetic or peptoid; or a

protein such as an antibody or a growth factor receptor or a fragment thereof, such as an F , F or Fab fragment of an



antibody, which contains a binding domain. A molecule can be non-naturally occurring, produced as a result of in

vitro methods, or can be naturally occurring, such as a protein or fragment thereof expressed from a cDNA library.

[0096] The term "specific binding" (and equivalent phrases) refers to the ability of a binding moiety

(e.g., a receptor, antibody, ligand or anti-ligand) to bind preferentially to a particular target molecule (e.g., ligand or

antigen) in the presence of a heterogeneous population of proteins and other biologies (i.e., without significant binding

to other components present in a test sample). Typically, specific binding between two entities, such as a ligand and

a receptor, means a binding affinity of at least about 106 M , and preferably at least about 107, 108, 109, or 1010 M- .

[0097] The term "perfect match probe" refers to a probe that has a sequence that is perfectly

complementary to a particular target sequence. The test probe is typically perfectly complementary to a portion

(subsequence) of the target sequence. The perfect match (PM) probe can be a "test probe," a "normalization control"

probe, an expression level control probe and the like. A perfect match control or perfect match probe is, however,

distinguished from a "mismatch control" or "mismatch probe."

[0098] The terms "mismatch control" or "mismatch probe" refer to probes whose sequence is

deliberately selected not to be perfectly complementary to a particular target sequence. For each mismatch (MM)

control in a high-density array there typically exists a corresponding perfect match (PM) probe that is perfectly

complementary to the same particular target sequence. The mismatch can comprise one or more bases. While the

mismatch(s) can be located anywhere in the mismatch probe, terminal mismatches are less desirable as terminal

mismatch is less likely to prevent hybridization of the target sequence.

[0099] The term "probe set" comprises at least a plurality of genes perfectly matched with a known

target sequence.

[01 00] The terms "background" or "background signal intensity" refer to hybridization signals resulting

from non-specific binding, or other interactions, between the labeled target nucleic acids and components of the

polynucleotide array (e.g., the polynucleotide probes, control probes, or the array substrate). Background signals can

also be produced by intrinsic fluorescence of the array components themselves. A single background signal can be

calculated for the entire array, or a different background signal can be calculated for each region of the array. In

some embodiments, background is calculated as the average hybridization signal intensity for the lowest 1% to 10%

of the probes in the array, or region of the array. In expression monitoring arrays (i.e., where probes are preselected

to hybridize to specific nucleic acids (genes), a different background signal can be calculated for each target nucleic

acid. Where a different background signal is calculated for each target gene, the background signal is calculated for

the lowest 1% to 10% of the probes for each gene. Where the probes to a particular gene hybridize well and thus

appear to be specifically binding to a target sequence, they should not be used in a background signal calculation.

Alternatively, background can be calculated as the average hybridization signal intensity produced by hybridization to

probes that are not complementary to any sequence found in the sample (e.g., probes directed to nucleic acids of the

opposite sense or to genes not found in the sample such as bacterial genes where the sample is of mammalian

origin). Background can also be calculated as the average signal intensity produced by regions of the array that lack

any probes at all.



[01 01] The term "quantifying" when used in the context of quantifying nucleic acid abundance or

concentrations (e.g., transcription levels of a gene) can refer to absolute or to relative quantification. Absolute

quantification can be accomplished by inclusion of known concentration (s) of one or more target nucleic acids (e.g.,

control nucleic acids or with known amounts of the target nucleic acids themselves) and referencing the hybridization

intensity of unknowns with the known target nucleic acids (e.g., through generation of a standard curve).

Alternatively, relative quantification can be accomplished by comparison of hybridization signals between two or more

genes, or between two or more treatments to quantify the changes in hybridization intensity and, by implication,

transcription level.

Gene Expression Profiles

[01 02] The present invention provides novel methods for screening for compositions which modulate

dendritic cell activity. The expression levels of genes are determined for different cellular states of dendritic cells to

provide expression profiles. A cell expression profile of a particular dendritic cell state can be a "fingerprint" of the

state; while two states can have any particular gene similarly expressed, the evaluation of a number of genes

simultaneously allows the generation of a gene expression profile that is unique to the state of the cell. By comparing

expression profiles of dendritic cells in activated or resting states, information regarding which genes are important

(including both up- and down-regulation of genes) in each of these states is obtained. This information can then be

used in a number of ways. For example, the evaluation of a particular treatment regime can be evaluated: (e.g., does

a particular drug act as an adjuvant in a particular patient. Furthermore, these gene expression profiles can be used

in drug candidate screening to find drugs that mimic a particular expression profile; for example, screening can be

done for drugs that induce dendritic cell activation in a manner similar to DBP. Accordingly, genes are identified and

described which are differentially expressed within and among dendritic cells in different states, from which the

expression profiles are generated as further described herein. For example, determinations of differentially

expressed nucleic acids are provided herein for dendritic cells which are resting or activated.

[01 03] "Differential expression," or grammatical equivalents as used herein, refers to both qualitative

as well as quantitative differences in the genes' temporal and/or cellular expression patterns within and among

dendritic cells. Thus, a differentially expressed gene can qualitatively have its expression altered, including an

activation or inactivation in, for example, resting or activated cells. Genes can be turned on or turned off in a

particular state, relative to another state. Any comparison of two or more states can be made. Such a qualitatively

regulated gene will exhibit an expression pattern within a state or cell type which can be detectable by standard

techniques in one such state or cell type, but can be not detectable in both. Alternatively, the determination can be

quantitative in that expression is increased or decreased; that is, the expression of the gene is either upregulated,

resulting in an increased amount of transcript, or downregulated, resulting in a decreased amount of transcript. The

degree to which expression differs need only be large enough to quantify using standard characterization techniques,

for example, by using Affymetrix GENECHIP expression arrays (Lockhart, Nature Biotechnology, ( 1996) 14 :1675-

1680). Other methods include, but are not limited to, quantitative reverse transcriptase PCR, Northern analysis and



RNase protection. Preferably the change or modulation in expression (i.e., upregulation or downregulation) is at least

about 5%, more preferably at least about 10%, more preferably, at least about 20%, more preferably, at least about

30%, or more preferably by at least about 50%, or at least about 75%, and more preferably at least about 90%.

[01 04] Any one, two, three, four, five, or ten or more genes can be evaluated. These genes include,

but are not limited to genes listed in Tables 1-5 and Table 8). Generally, oligonucleotide sequences used in the

evaluation of these genes are derived from their 3' untranslated regions.

[01 05] Differentially expressed genes can represent "expression profile genes," which includes "target

genes." "Expression profile gene," as used herein, refers to a differentially expressed gene whose expression pattern

can be used in methods for identifying compounds useful in dendritic cell activation. In some instances, only a

fragment of an expression profile gene is used, as further described below.

[01 06] "Expression profile," as used herein, refers to the pattern of gene expression generated from

two up to all of the expression profile genes which exist for a given state. As outlined above, an expression profile is

in a sense a "fingerprint" or "blueprint" of a particular cellular state; while two or more states have genes that are

similarly expressed, the total expression profile of the state will be unique to that state. The gene expression profile

obtained for a given dendritic cell state can be useful for a variety of applications, including evaluation of various

treatment regimes. In addition, comparisons between the expression profiles of different dendritic cell states can be

similarly informative. An expression profile can include genes which do not appreciably change between two states,

so long as at least two genes which are differentially expressed are represented. The gene expression profile can

also include at least one target gene, as defined below. Alternatively, the profile can include all of the genes which

represent one or more states. Specific expression profiles are described below.

[01 07] Gene expression profiles can be defined in several ways. For example, a gene expression

profile can be the relative transcript level of any number of particular set of genes. Alternatively, a gene expression

profile can be defined by comparing the level of expression of a variety of genes in one state to the level of

expression of the same genes in another state. For example, genes can be either upregulated, downregulated, or

remain substantially at the same level in both states.

Target and Pathway Genes

[01 08] In addition to expression profile genes, the present invention also provides target genes.

"Target gene," as used herein, refers to a differentially expressed expression profile gene whose expression is unique

for a particular state, such that the presence or absence of the transcript of a target gene(s) can indicate the state the

cell is in. A target gene can be completely unique to a particular state; the presence or absence of the gene is only

seen in a particular cell state, or alternatively, cells in all other states express the gene but it is not seen in the first

state. Alternatively, target genes can be identified as relevant to a comparison of two states, that is, the state is

compared to another particular state or standard to determine the uniqueness of the target gene. Target genes can

be used in the compound identification methods described herein.



[01 09] It should be understood that a target gene for a first state can be an expression profile gene for

a second state. The presence or absence of a particular target gene in one state can be diagnostic of the state; the

same gene in a different state can be an expression profile gene.

Sample Preparation

[01 10] To measure the transcription level (and thereby the expression level) of a gene or genes, a

nucleic acid sample comprising mRNA transcript(s) of the gene or genes, or nucleic acids derived from the mRNA

transcript(s) is provided. A nucleic acid derived from an mRNA transcript refers to a nucleic acid for whose synthesis

the mRNA transcript or a subsequence thereof has ultimately served as a template. Thus, a cDNA reverse

transcribed from an mRNA, an RNA transcribed from that cDNA, a DNA amplified from the cDNA, an RNA transcribed

from the amplified DNA, are all derived from the mRNA transcript and detection of such derived products is indicative

of the presence and/or abundance of the original transcript in a sample. Thus, suitable samples include mRNA

transcripts of the gene or genes, cDNA reverse transcribed from the mRNA, cRNA transcribed from the cDNA, DNA

amplified from the genes, RNA transcribed from amplified DNA, and the like.

[01 11] In some methods, a nucleic acid sample is the total mRNA isolated from a biological sample.

The term "biological sample," as used herein, refers to a sample obtained from an organism or from components

(e.g., cells) or an organism. The sample can be of any biological tissue or fluid. Frequently the sample is from a

patient. Such samples include sputum, blood, blood cells (e.g., white cells), tissue or fine needle biopsy samples,

urine, peritoneal fluid, and pleural fluid, or cells therefrom. Biological samples can also include sections of tissues

such as frozen sections taken for histological purposes. Often two samples are provided for purposes of comparison.

The samples can be, for example, from different cell or tissue types, from different species, from different individuals

in the same species or from the same original sample subjected to two different treatments (e.g., drug-treated and

control).

Generation of cDNAs

[01 12] Methods of isolation and purification of nucleic acids are widely known in the art. The total

nucleic acid can be isolated from a given sample using, for example, an acid guanidinium-phenol-choloroform

extraction method and poly A+ mRNA is isolated by oligo dT column chromatography or by using (dT)n magnetic

beads.

[01 13] The sample mRNA can be reverse transcribed with a reverse transcriptase and a primer

consisting of oligo dT and a sequence encoding the phage T7 promoter to provide single stranded DNA template.

The second DNA strand is polymerized using a DNA polymerase. Methods of in vitro polymerization are well known

(see, e.g., Sambrook, supra).

[01 14] After amplification, the nucleic acids are typically cleaved into smaller fragments. Cleavage

can be achieved by DNasel digestion, restriction enzyme digestion, or sonication. Nucleic acids are typically labeled.

Label can be introduced during amplification either by linkage to one of the primers or by one of the nucleotides being

incorporated. Alternatively, labeling can be effected after amplification and cleavage by end-labeling. Detectable



labels suitable for use in the present invention include any composition detectable by spectroscopic, photochemical,

biochemical, immunochemical, electrical, optical or chemical means.

[01 15] In general, nucleic acid probes comprising the expression profile genes, including differentially

expressed genes and target genes, can be attached to a solid support, generally in an array format, to allow for gene

expression monitoring. "Gene" in this context includes full length genes and fragments thereof, and can comprise

either the coding strand or its complement, and can be a portion of a gene, a regulatory sequence, genomic DNA,

cDNA, RNA including mRNA and rRNA.

[01 16] In some cases, the differentially expressed nucleic acid can be a fragment, or expressed

sequence tag (EST). Once a differentially expressed nucleic acid which is not a full length gene is identified, it can be

cloned and, if necessary, its constituent parts recombined to form an entire fall length or mature differentially

expressed nucleic acid. Using methods described herein and known in the art, it can be used to identify the full length

clone. Wherein the full length nucleic acid has a signal peptide and/or transmembrane region(s), it can be modified to

exclude one or more of these regions so as to encode a peptide in its mature soluble form. Once isolated from its

natural source, e.g., contained within a plasmid or other vector or excised therefrom as a linear nucleic acid segment,

the recombinant differentially expressed nucleic acid can be further-used as a probe to identify and isolate other

differentially expressed nucleic acid acids. It can also be used as a "precursor" nucleic acid to make modified or

variant differentially expressed nucleic acid acids and proteins. Where two or more nucleic acids overlap, the

overlapping portion(s) of one of the overlapping nucleic acids can be omitted and the nucleic acids combined for

example by ligation to form a longer linear differentially expressed nucleic acid so as to, for example, encode the full

length or mature peptide. The same applies to the amino acid sequences of differentially expressed polypeptides in

that they can be combined so as to form one contiguous peptide.

[01 17] It should be noted that the nucleic acid probes used herein need not be identical to the wild-

type genes listed in Tables 1-5 and Table 8 . Nucleic acids having sequence identity with differentially expressed

nucleic acids preferably have about 65% or 75%, more preferably greater than about 80%, even more preferably

greater than about 85% and most preferably greater than 90% sequence identity. In some embodiments the

sequence identity will be as high as about 93 to 95 or 98%. Sequence identity will be determined using standard

techniques known in the art, including, but not limited to, the local sequence identity algorithm of Smith & Waterman

{supra), by the sequence identity alignment algorithm of Needleman & Wunsch, J . {supra), by the search for similarity

method of Pearson & Lipman, {supra), by computerized implementations of these algorithms (GAP, BESTFIT,

FASTA, and TFASTA in the Wisconsin Genetics Software Package, Genetics Computer Group, 575 Science Drive,

Madison, Wis.), the Best Fit sequence program described by Devereux et al, {supra).

[01 18] The PCR method of amplification is described in PCR Technology: Principles and Applications

for DNA Amplification (ed. H . A . Erlich, Freeman Press, NY, N.Y., 1992); and PCR Protocols: A Guide to Methods and

Applications (eds. Innis, et al., Academic Press, San Diego, Calif., 1990). Nucleic acids in a target sample are usually

labeled in the course of amplification by inclusion of one or more labeled nucleotides in the amplification mix. Labels



can also be attached to amplification products after amplification e.g., by end-labeling. The amplification product can

be RNA or DNA depending on the enzyme and substrates used in the amplification reaction.

[01 19] Other suitable amplification methods include the ligase chain reaction (LCR) (see Wu and

Wallace, Genomics 4 : 560 ( 1989), Landegren et al., Science 241 : 1077 ( 1988), transcription amplification (Kwoh et

al., Proc Natl Acad Sci U.S.A 86: 1173 ( 1989)), and self-sustained sequence replication (Guatelli et al., Proc Natl

Acad Sci U.S.A 87: 1874 ( 1990)) and nucleic acid based sequence amplification (NASBA). The latter two

amplification methods involve isothermal reactions based on isothermal transcription, which produce both single

stranded RNA (ssRNA) and double stranded DNA (dsDNA) as the amplification products in a ratio of about 30 or 100

to 1, respectively.

[0120] A variety of labels can be incorporated into target nucleic acids in the course of amplification or

after amplification. Suitable labels include fluorescein or biotin, the latter being detected by staining with

phycoerythrin-streptavidin after hybridization. In some methods, hybridization of target nucleic acids is compared with

control nucleic acids. Optionally, such hybridizations can be performed simultaneously using different labels are used

for target and control samples. Control and target samples can be diluted, if desired, prior to hybridization to equalize

fluorescence intensities.

Supports

[0121] Supports can be made of a variety of materials, such as glass, silica, plastic, nylon or

nitrocellulose. Supports are preferably rigid and have a planar surface. Supports typically have from 1- 10,000,000

discrete spatially addressable regions, or cells. Supports having 10-1 ,000,000 or 100-1 00,000 or 200-500 cells are

common. In some supports, all cells are occupied by pooled mixtures of probes. In other supports, some cells are

occupied by pooled mixtures of probes, and other cells are occupied, at least to the degree of purity obtainable by

synthesis methods, by a single type of polynucleotide.

[0122] The location and sequence of each different polynucleotide probe in the array is generally

known. Moreover, the large number of different probes can occupy a relatively small area providing a high density

array having a probe density of generally greater than about 60, more generally greater than about 100, and most

generally greater than about 500 different polynucleotide probes per cm2. The small surface area of the array (often

less than about 10 cm2, preferably less than about 5 cm2 more preferably less than about 2 cm2, and most preferably

less than about 1.6 cm2) permits the use of small sample volumes and extremely uniform hybridization conditions

Synthesis of Probe Arrays

[0123] Arrays of probes can be synthesized in a step-by-step manner on a support or can be attached

in presynthesized form. A preferred method of synthesis entails the use of light to direct the synthesis of

polynucleotide probes in high-density, miniaturized arrays. Algorithms for design of masks to reduce the number of

synthesis cycles may be utilized. Arrays can also be synthesized in a combinatorial fashion by delivering monomers

to cells of a support by mechanically constrained flowpaths. Arrays can also be synthesized by spotting monomers

reagents on to a support using an ink jet printer.



[0124] After hybridization of control and target samples to an array containing one or more probe sets

as described above and optional washing to remove unbound and nonspecifically bound probe, the hybridization

intensity for the respective samples is determined for each probe in the array. For fluorescent labels, hybridization

intensity can be determined by, for example, a scanning confocal microscope in photon counting mode. Some types

of label provide a signal that can be amplified by enzymatic methods.

Design of Arrays

[0125] One type of array detects the presence and/or levels of particular mRNA sequences that are

known in advance. In these arrays, polynucleotide probes can be selected to hybridize to particular preselected

subsequences of mRNA gene sequence. Such expression monitoring arrays can include a plurality of probes for

each mRNA to be detected. For analysis of mRNA nucleic acids, the probes are designed to be complementary to

the region of the mRNA that is incorporated into the nucleic acids (i.e., the 3' end). The array can also include one or

more control probes.

Control Probes

[0126] Arrays can contain control probes in addition to the probes described above. Normalization

controls are typically perfectly complementary to one or more labeled reference polynucleotides that are added to the

nucleic acid sample. The signals obtained from the normalization controls after hybridization provide a control for

variations in hybridization conditions, label intensity, reading and analyzing efficiency and other factors that can cause

the signal of a perfect hybridization to vary between arrays. Signals (e.g., fluorescence intensity) read from all other

probes in the array can be divided by the signal (e.g., fluorescence intensity) from the control probes thereby

normalizing the measurements.

[0127] Virtually any probe can serve as a normalization control. However, hybridization efficiency can

vary with base composition and probe length. Normalization probes can be selected to reflect the average length of

the other probes present in the array, however, they can also be selected to cover a range of lengths. The

normalization control(s) can also be selected to reflect the (average) base composition of the other probes in the

array. However one or a fewer normalization probes can be used and they can be selected such that they hybridize

well (i.e., no secondary structure) and do not match any target-specific probes.

[0128] Normalization probes can be localized at any position in the array or at multiple positions

throughout the array to control for spatial variation in hybridization efficiently. The normalization controls can be

located at the corners or edges of the array as well as in the middle of the array.

[0129] Expression level controls can be probes that hybridize specifically with constitutively expressed

genes in the biological sample. Expression level controls can be designed to control for the overall health and

metabolic activity of a cell. Examination of the covariance of an expression level control with the expression level of

the target nucleic acid can indicate whether measured changes or variations in expression level of a gene is due to

changes in transcription rate of that gene or to general variations in health of the cell. Thus, for example, when a cell

is in poor health or lacking a critical metabolite the expression levels of both an active target gene and a constitutively



expressed gene are expected to decrease. The converse can also be true. Thus where the expression levels of

both an expression level control and the target gene appear to both decrease or to both increase, the change can be

attributed to changes in the metabolic activity of the cell as a whole, not to differential expression of the target gene in

question. Conversely, where the expression levels of the target gene and the expression level control do not covary,

the variation in the expression level of the target gene can be attributed to differences in regulation of that gene and

not to overall variations in the metabolic activity of the cell.

[01 30] Virtually any constitutively expressed gene can provide a suitable target for expression level

controls. Typically expression level control probes can have sequences complementary to subsequences of

constitutively expressed genes including, but not limited to the D-actin gene, the transferrin receptor gene, the GAPDH

gene, and the like.

Methods of Detection

[01 31] In one method of detection, mRNA or nucleic acid derived therefrom, typically in denatured

form, are applied to an array. The component strands of the nucleic acids hybridize to complementary probes, which

are identified by detecting label. Optionally, the hybridization signal of matched probes can be compared with that of

corresponding mismatched or other control probes. Binding of mismatched probe serves as a measure of

background and can be subtracted from binding of matched probes. A significant difference in binding between a

perfectly matched probes and a mismatched probes signifies that the nucleic acid to which the matched probes are

complementary is present. Binding to the perfectly matched probes is typically at least 1.2, 1.5, 2, 5 or 10 or 20 times

higher than binding to the mismatched probes.

[01 32] In a variation of the above method, nucleic acids are not labeled but are detected by template-

directed extension of a probe hybridized to a nucleic acid strand with the nucleic acid strand serving as a template.

The probe is extended with a labeled nucleotide, and the position of the label indicates, which probes in the array

have been extended. By performing multiple rounds of extension using different bases bearing different labels, it is

possible to determine the identity of additional bases in the tag than are determined through complementarity with the

probe to which the tag is hybridized.

Analysis of Hybridization Patterns

[01 33] The position of label is detected for each probe in the array using a reader. For customized

arrays, the hybridization pattern can then be analyzed to determine the presence and/or relative amounts or absolute

amounts of known mRNA species in samples being analyzed. Comparison of the expression patterns of two samples

is useful for identifying mRNAs and their corresponding genes that are differentially expressed between the two

samples. Expression monitoring can be used to monitor expression of various genes in response to a candidate

drug.



Screening for Dendritic Cell Activity Modulators

Candidate Bioactive Agents

[01 34] Having identified a number of suitable expression profiles in response to DBP stimulation of

dendritic cells, the information is used in a wide variety of ways. In a preferred method, the expression profiles can be

used in conjunction with high throughput screening techniques, to allow monitoring for expression profile genes after

treatment with a candidate agent. In a preferred method, the candidate agents are added to cells.

[01 35] The term "candidate bioactive agent" or "drug candidate" or grammatical equivalents as used

herein describes any molecule, e.g., protein, oligopeptide, small organic molecule, polysaccharide, polynucleotide, to

be tested for bioactive agents that are capable of directly or indirectly activating dendritic cells. In preferred methods,

the bioactive agents modulate the expression profiles, or expression profile nucleic acids provided herein. Generally,

a plurality of assay mixtures are run in parallel with different agent concentrations to obtain a differential response to

the various concentrations. Typically, one of these concentrations serves as a negative control, i.e., at zero

concentration or below the level of detection.

[01 36] Candidate agents encompass numerous chemical classes, though typically they are organic

molecules, preferably small organic compounds having a molecular weight of more than 100 and less than about

2,500 daltons. Candidate agents comprise functional groups necessary for structural interaction with proteins,

particularly hydrogen bonding, and typically include at least an amine, carbonyl, hydroxyl or carboxyl group,

preferably at least two of the functional chemical groups. The candidate agents often comprise cyclical carbon or

heterocyclic structures and/or aromatic or polyaromatic structures substituted with one or more of the above

functional groups. Candidate agents are also found among biomolecules including peptides, saccharides, fatty acids,

steroids, purines, pyrimidines, derivatives, structural analogs or combinations thereof.

[01 37] Candidate agents are obtained from a wide variety of sources including libraries of synthetic or

natural compounds. For example, numerous means are available for random and directed synthesis of a wide variety

of organic compounds and biomolecules, including expression of randomized oligonucleotides. Alternatively, libraries

of natural compounds in the form of bacterial, fungal, plant and animal extracts are available or readily produced.

Additionally, natural or synthetically produced libraries and compounds are readily modified through conventional

chemical, physical and biochemical means. Known pharmacological agents can be subjected to directed or random

chemical modifications, such as acylation, alkylation, esterification, amidification to produce structural analogs. In

some methods, the candidate bioactive agents are organic chemical moieties.

Drug Screening Methods

[01 38] Several different drug screening methods can be accomplished to identify drugs or bioactive

agents that modulate dendritic cell activity. One such method is the screening of candidate agents that can induce a

particular expression profile, thus preferably generating the associated phenotype. Candidate agents that can mimic

or produce an expression profile similar to an expression profile as shown herein is expected to result in activation of



dendritic cells. Thus, candidate agents can be determined that mimic the DBP induced expression profile in dendritic

cells.

[01 39] In other methods, after having identified the differentially expressed genes important in any one

state, candidate agent screening can be run to alter the expression of individual genes. For example, particularly in

the case of target genes whose presence or absence is unique between two states, screening for modulators of the

target gene expression can be done.

[0140] In other methods, screening can be done to alter the biological function of the expression

product of the differentially expressed gene. Again, having identified the importance of a gene in a particular state,

screening for agents that bind and/or modulate the biological activity of the gene product can be performed.

[0141] Thus, screening of candidate agents that modulate dendritic cell activity either at the level of

gene expression or protein level can be accomplished.

[0142] In some methods, a candidate agent can be administered to na'ive dendritic cells, to determine

if an associated dendritic cell activity expression profile is induced. By "administration" or "contacting" herein is meant

that the candidate agent is added to the cells in such a manner as to allow the agent to act upon the cell, whether by

uptake and intracellular action, or by action at the cell surface. In some embodiments, nucleic acid encoding a

proteinaceous candidate agent (i.e., a peptide) can be put into a viral construct such as a retroviral construct and

added to the cell, such that expression of the peptide agent is accomplished.

[0143] Once the candidate agent has been administered to the cells, the cells can be washed if

desired and allowed to incubate under preferably physiological conditions for some period of time. The cells are then

harvested and a new gene expression profile is generated, as outlined herein.

[0144] For example, dendritic cells can be screened for agents that activate the cells. A change in at

least one gene of the expression profile indicates that the agent has an effect on dendritic cell activity. In a preferred

method, an activated dendritic cell profile is induced or maintained, before, during, and/or after stimulation with

antigen. By defining such a signature for dendritic cell activation, screens for new drugs that mimic the phenotype

can be devised. With this approach, the drug target need not be known and need not be represented in the original

expression screening platform, nor does the level of transcript for the target protein need to change.

[0145] Dendritic cell activation by DBP or other immunological adjuvants identified by the methods

disclosed herein may occur in the skin of a subject or in any other organ where dendritic cells are located.

[0146] In some preferred methods, screens can be done on individual genes and/or gene products.

After having identified a particular differentially expressed gene as important in a particular state, screening of

modulators of either the expression of the gene or the gene product itself can be completed.

Utilization of Identified Agents as Adjuvants

[0147] Agents that elicit a gene expression response in dendritic cells similar to the response induced

by DBP are tested for their ability to act as adjuvants, whereby an immune response to an antigen given in

combination with the agent is enhanced.



Animal Models

[0148] In a preferred method, nucleic acids which encode differentially expressed proteins or their

modified forms can also be used to generate either transgenic animals, including "knock-in" and "knock out" animals

which, in turn, are useful in the development and screening of therapeutically useful reagents. A non-human

transgenic animal (e.g., a mouse or rat) is an animal having cells that contain a transgene, which transgene is

introduced into the animal or an ancestor of the animal at a prenatal, e.g., an embryonic stage. A transgene is a DNA

which is integrated into the genome of a cell from which a transgenic animal develops, and can include both the

addition of all or part of a gene or the deletion of all or part of a gene. In some methods, cDNA encoding a

differentially expressed protein can be used to clone genomic DNA encoding a differentially expressed protein in

accordance with established techniques and the genomic sequences used to generate transgenic animals that

contain cells which either express (or overexpress) or suppress the desired DNA. Typically, particular cells would be

targeted for a differentially expressed protein transgene incorporation with tissue-specific enhancers. Transgenic

animals that include a copy of a transgene encoding a differentially expressed protein introduced into the germ line of

the animal at an embryonic stage can be used to examine the effect of increased expression of the desired nucleic

acid.

[0149] Similarly, non-human homologues of a differentially expressed protein can be used to

construct a transgenic animal comprising a differentially expressed protein "knock out" animal which has a defective

or altered gene encoding a differentially expressed protein as a result of homologous recombination between the

endogenous gene encoding a differentially expressed protein and altered genomic DNA encoding a differentially

expressed protein introduced into an embryonic cell of the animal. For example, cDNA encoding a differentially

expressed protein can be used to clone genomic DNA encoding a differentially expressed protein in accordance with

established techniques. A portion of the genomic DNA encoding a differentially expressed protein can be deleted or

replaced with another gene, such as a gene encoding a selectable marker which can be used to monitor integration.

[01 50] In order to overexpress a target gene sequence, the coding portion of the target gene

sequence can be ligated to a regulatory sequence which is capable of driving gene expression in the animal and cell

type of interest. Such regulatory regions will be well known to those of skill in the art, and can be utilized in the

absence of undue experimentation.

[01 51] For under expression of an endogenous target gene sequence, such a sequence can be

isolated and engineered such that when reintroduced into the genome of the animal of interest, the endogenous

target gene alleles will be inactivated. Preferably, the engineered target gene sequence is introduced via gene

targeting such that the endogenous target sequence is disrupted upon integration of the engineered target sequence

into the animal's genome.

[01 52] Animals of any species, including, but not limited to, mice, rats, rabbits, guinea pigs, pigs,

micro-pigs, goats, and non-human primates, e.g., baboons, monkeys, and chimpanzees can be used to generate

animal models for the study of dendritic cell activation.



Pharmaceutical Compositions and Methods of Administration

[01 53] DBP or variants and derivatives thereof, or novel compounds identified by the prospective

screening methods disclosed herein can be incorporated into pharmaceutical compositions suitable for

administration. Such compositions typically comprise the active ingredient and a pharmaceutically acceptable carrier.

Methods of formulation and delivery of peptide drugs are well known in the art.

[01 54] Formulations suitable for oral administration can consist of (a) liquid solutions, such as an

effective amount of the packaged nucleic acid suspended in diluents, such as water, saline or PEG 400; (b) capsules,

sachets or tablets, each containing a predetermined amount of the active ingredient, as liquids, solids, granules or

gelatin; (c) suspensions in an appropriate liquid; and (d) suitable emulsions. Tablet forms can include one or more of

lactose, sucrose, mannitol, sorbitol, calcium phosphates, corn starch, potato starch, microcrystalline cellulose, gelatin,

colloidal silicon dioxide, talc, magnesium stearate, stearic acid, and other excipients, colorants, fillers, binders,

diluents, buffering agents, moistening agents, preservatives, flavoring agents, dyes, disintegrating agents, and

pharmaceutically compatible carriers. Lozenge forms can comprise the active ingredient in a flavor, usually sucrose

and acacia or tragacanth, as well as pastilles comprising the active ingredient in an inert base, such as gelatin and

glycerin or sucrose and acacia emulsions, gels, and the like containing, in addition to the active ingredient, carriers

known in the art.

[01 55] In some preferred methods, the pharmaceutical compositions are in a water soluble form, such

as being present as pharmaceutically acceptable salts, which is meant to include both acid and base addition salts.

"Pharmaceutically acceptable acid addition salt" refers to those salts that retain the biological effectiveness of the free

bases and that are not biologically or otherwise undesirable, formed with inorganic acids such as hydrochloric acid,

hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid and the like, and organic acids such as acetic acid,

propionic acid, glycolic acid, pyruvic acid, oxalic acid, maleic acid, malonic acid, succinic acid, fumaric acid, tartaric

acid, citric acid, benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid, ethanesulfonic acid, p-

toluenesulfonic acid, salicylic acid and the like. "Pharmaceutically acceptable base addition salts" include those

derived from inorganic bases such as sodium, potassium, lithium, ammonium, calcium, magnesium, iron, zinc,

copper, manganese, aluminum salts and the like. Particularly preferred are the ammonium, potassium, sodium,

calcium, and magnesium salts. Salts derived from pharmaceutically acceptable organic non-toxic bases include salts

of primary, secondary, and tertiary amines, substituted amines including naturally occurring substituted amines, cyclic

amines and basic ion exchange resins, such as isopropylamine, trimethylamine, diethylamine, triethylamine,

tripropylamine, and ethanolamine.

[01 56] Formulations suitable for parenteral administration, such as, for example, by intraarticular (in

the joints), intravenous, intramuscular, intradermal, intraperitoneal, and subcutaneous routes, include aqueous and

non-aqueous, isotonic sterile injection solutions, which can contain antioxidants, buffers, bacteriostats, and solutes

that render the formulation isotonic with the blood of the intended recipient, and aqueous and nonaqueous sterile

suspensions that can include suspending agents, solubilizers, thickening agents, stabilizers, and preservatives. In the

practice of this invention, compositions can be administered, for example, by intravenous infusion, orally, topically,



intraperitoneally, intravesically or intrathecally. Parenteral administration and intravenous administration are the

preferred methods of administration. Formulations for injection can be presented in unit dosage form, e.g., in

ampules or in multidose containers, with an added preservative. The compositions are formulated as sterile,

substantially isotonic and in fall compliance with all Good Manufacturing Practice (GMP) regulations of the U.S. Food

and Drug Administration.

[01 57] Injection solutions and suspensions can be prepared from sterile powders, granules, and

tablets of the kind previously described. Cells transduced by the packaged nucleic acid as described above in the

context of ex vivo therapy can also be administered intravenously or parenterally as described above.

[01 58] The dose administered to a patient, in the context of the present invention should be sufficient

to effect a beneficial therapeutic response in the patient over time. The dose will be determined by the efficacy of the

particular vector employed and the condition of the patient, as well as the body weight or surface area of the patient to

be treated. The size of the dose also will be determined by the existence, nature, and extent of any adverse side-

effects that accompany the administration of a particular vector, or transduced cell type in a particular patient.

Kits

[01 59] The present invention provides for kits for screening dendritic cell activity modulators. For

example, some kits comprise probe arrays as described herein. Optional additional components of the kit include, for

example, other restriction enzymes, reverse-transcriptase or polymerase, the substrate nucleoside triphosphates,

means used to label (for example, an avidin-enzyme conjugate and enzyme substrate and chromogen if the label is

biotin), and the appropriate buffers for reverse transcription, PCR, or hybridization reactions.

[01 60] Usually, the kits of the present invention also contain instructions for carrying out the methods.

EXAMPLE 1

Topical Adjuvants Lack TLR Agonist Activity

[01 61] We tested our topical adjuvants for their ability to act via human Toll Like Receptors (hTLR2,

hTLR3, hTLR4, hTLR5, hTLR7, hTLR8 and hTLR9). To our surprise, when we tested our topical adjuvants for TLR

agonist activity, they had none (Fig. 1) . Thus, our topically active molecules had no effect in a TLR ligand screen.

[01 62] The test sample stock solutions were 1) 1.886 M DBP in 50% DMSO v/v, 2) 0.943 M DNP in

60% DMSO v/v, 3) 0.943 M DBdT in 100% DMSO, and 4) 0.943 M camphor in 100 % DMSO. TLR stimulation was

tested by assessing NF-κΒ activation in HEK293 cells expressing a given TLR (Invivogen). The secreted alkaline

phosphatase reporter is under the control of a promoter inducible by the transcription factor NF-κΒ. This reporter

gene allows the monitoring of signaling through the TLR, based on the activation of NF-κΒ. In a 96-well plate (200µ

total volume) containing the appropriate cells (25,000-50,000 cells/well), 20µ of test sample or the positive control

ligands was added to the wells. After a 16-20 hr incubation, the OD was read at 650nm on a Beckman Coulter AD

340C Absorbance Detector.



[01 63] The activity of each sample was tested on seven different human TLRs (TLR2, 3, 4 , 5 , 7 , 8 and

9). Each test sample was tested at 1/1 00, 1/1 000, 1/1 0,000 and 1/1 00,000 corresponding to a final concentration of

DBP at 18.86 mM, 1.886 mM, 0 .1886 mM and 0.01 886 mM; DNP at 9.43 mM, 0.943 mM, 0.0943 mM and 0.00943

mM; DBdT at 9.43 mM, 0.943 mM, 0.0943 mM and 0.00943 mM; and camphor at 9.43 mM, 0.943 mM, 0.0943 mM

and 0.00943 mM. The test samples were compared to the control ligands listed below. The assays were performed

in triplicate and are reported as OD values.

[01 64] The positive control ligands were: hTLR2: HKLM (heat-killed Listeria monocytogenes) at 108

cells/ml; hTLR3: Poly(l:C) at 1 g/mL; hTLR4: E. coli K 12 LPS at 100 ng/ml; hTLR5: S. typhimurium flagellin at 100

ng/ml; hTLR7: Gardiquimod at 1 g/mL; hTLR8: CL075 at 1 g/mL; hTLR9: CpG ODN 2006 at 100 ng/ml; and NF-KB

Control cells: TNFa at 100 ng/ml.

EXAMPLE 2

Response of Wild-type and Caspase -'- Mice to Topical FITC and DBP

[01 65] We also tested the relevance of a second dendritic cell activation system that intersects with

TLR, the NALP inflammasome (reviewed in Franchi, L . et al. 2009 "The inflammasome: a Caspase- 1-activation

platform that regulates immune responses and disease pathogenesis" Nature Immunology 10:241 -247). We

determined that dendritic cell activation by our adjuvants does not depend on Caspase 1, an essential enzyme for the

release of functional IL1 -beta upon activation of NALP 1 and NALP 3 inflammasomes (Fig 2). The dendritic cell

response to DBP was undiminished in Caspl ' - mice, indicating that active IL-1 β is not required.

[01 66] Mice were treated topically on the shaved abdominal skin with FITC dissolved in acetone (5

mg/ml) combined with an equal volume of DBP. Two days later, the skin draining inguinal lymph node cells were

stained for immunofluorescent flow cytometry using monoclonal antibodies specific for CD1 9, CD1 1c, CD40, l-Ab,

CD80, and CD86 obtained from BD Pharmingen, and detected using a Becton Dickenson FACSCalibur followed by

analysis of the data using FlowJo software.

EXAMPLE 3

Role of Aryl Hydrocarbon Receptor in DBP Activation of Skin Dendritic Cells

[01 67] The aryl hydrocarbon receptor (AhR), also known as the dioxin receptor, is a transcription

factor that mediates the response to the potentially toxic effects of environmental aromatic hydrocarbons. Ahr is

expressed in murine and human monocytes and epidermal Langerhans cells and in murine dendritic epidermal T

cells (DETC). Langerhans cell maturation and contact hypersensitivity to FITC plus DBP in C57BL/6 mice is reported

to be impaired in AhR-/- mice (Jux, B. et al. 2009 J Immunol 182: 6709-671 7). AhR was also found to be critical for

homeostasis of DETC in mouse skin (Kadow, S. et al. 201 1 J Immunol 187: 3 104-31 10) and AhR agonist signaling

has been reported to interfere with the development of human monocytes and Langerhans cells (Platzer, B. et al.

2009 J Immunol 183: 66-74 ) . It seemed likely, therefore, that the AhR would be required for the activation of skin

dendritic cells by topical DBP. To our surprise, we found no evidence for any impairment in the response to DBP in

AhR-/- mice (see Figure 3, Ahr-/- response to topical DBP).



[01 68] If one measures the number of dendritic cells per lymph node per gram body weight in Ahr-/-

mice vs. C57BL/6 wild type mice, there is a deficit in AhR-/-: 1,203 (SD=445) vs 476 (SD=208) p=0.01 6 . Similarly, the

absolute number of activated dendritic cells in the draining lymph node/gram body weight 48 hours after topical DBP

in B6 mice vs Ahr-/- mice was 6,737 (SD1 .561 ) vs 2,769 (SD1 .951 ) p=0.01 7 . However, the E/C was 5.97 in B6 mice

vs 6.375 in Ahr-/- mice. Moreover, the level of the activation markers MHC class II, CD80, CD86 and CD40

expressed on the membrane of dendritic cells induced by DBP to migrate to the draining lymph node was not

significantly different in B6 and Ahr-/- mice. These data demonstrate that the absence of AhR during development

leads to a reduction in the number of skin derived dendritic cells, consistent with the findings of Platzer et al in

humans, but there was no impairment in the ability of those dendritic cells to respond to topical DBP. Thus, the AhR

transcription factor is not required for the activation of skin dendritic cells by topical DBP. By contrast, the skin

dendritic cell response to topical dinitrofluorobenzene was severely impaired in AhR-/- mice.

EXAMPLE 4

The Cutaneous Lymphoid Stress Response

[01 69] The cutaneous lymphoid stress response has recently been elucidated (Strid, J . et al. 201 1

Science 334: 1293-1 297). TCRDDDintraepithelial lymphocytes (IEL) and dendritic epidermal T cells (DETC) express the

NK cell activating receptor NKG2D and respond to endogenous NKG2D ligands. Murine NKG2D endogenous

ligands include retinoic acid early inducible cDNA clone 1 (Rae-1 ) and the H60 family of glycoproteins. When

physicochemical damage is perceived, epithelial cells respond by up-regulation of these endogenous NKG2D

ligands. Antigens encountered at the same time as cutaneous epithelial stress were shown to induce strong primary

and secondary atopic immune responses in mice.

[01 70] Adjuvant and endotoxin-free ovalbumin (OVA) patches applied to the shaved skin of

transgenic mice, acutely induced to express Rae-1 only in keratinocytes, produced strong lgG1 and IgE anti-OVA but

negligible lgG2a anti-OVA. Total soluble serum IgE was also elevated. Thus NKG2D ligands expressed in the skin

act as an adjuvant for antigens delivered to the skin resulting in an allergic response comprised mainly of lgG1 and

IgE. While lgG1 responses were made in the absence of DETC, DETC were absolutely required for the antigen-

specific and total IgE response. Mild tissue abrasion caused by tape-stripping B6 mouse skin also induced Rae-1

expression in the epidermis and resulted in morphological rearrangements of DETC and epidermal Langerhans cells.

Tape stripping has been shown to induce the migration of Langerhans cells. This resulted in DETC-dependent 111 3,

and II25 up-regulation within 2 hr in the epidermis and a subsequent increase in systemic IgE. Thus, mild cutaneous

abrasion provokes the initial events of lymphoid stress-surveillance.

[01 71] The cutaneous lymphoid stress response bears a strong resemblance to the effects of topical

DBP. DBP is required for the induction of contact hypersensitivity to FITC in mice, a form of allergic response.

Topical DBP induces the migration of Langerhans cells from the epidermis to draining lymph nodes. And, topical DBP

acts as an adjuvant for antigens injected into the skin, including endotoxin-free OVA. One might expect, therefore,

that topical DBP would cause the same effects as tape stripping or occlusive skin patch immunization. To our



surprise, none of the effects that characterize the DETC-dependent cutaneous lymphoid stress-surveillance response

are found in the response to DBP. Specifically, topical application of DBP to the ear skin of C57BI/6 mice induced no

statistically significant increase in the expression of Rae-1 , H60a, KLrkl (encodes NKG2D), 11-1 3 o r II-25. Expression

of the most relevant gene, Rae-1 , was actually diminished by topical DBP. Moreover, when endotoxin-free OVA was

injected intradermal^ into B6 mice followed by topical application of DBP, antigen-specific lgG1 , lgG2b and lgG2c

antibodies were significantly elevated (see Figures 4 , 5 and 6) but antigen-specific IgE was undetectable.

[01 72] The adjuvant activity of topical DBP has nothing in common with the adjuvant activity

characteristic of endogenous NKG2D-ligands that links lymphoid stress-surveillance to atopy. In fact, topical

application of DBP in the absence of any exogenous (foreign) antigen results in no histologic evidence of contact

hypersensitivity even after multiple applications (see DBP + CHS). These data fully distinguish our prototypic topical

adjuvant, DBP, from the effects of a diverse group of adjuvants that depend o n some form of physical o r chemical

disruption of the stratum corneum, including occlusive skin patches (U.S. Patent Nos. 6,797,276 and 7,378,097) and

tape stripping.

EXAMPLE 5

Identification of Cellular Genes Modulated by DBP showing ≥2-Fold Increased Expression

[01 73] Mice: C57BL/6J female mice obtained from The Jackson Laboratory were used between 8

and 12 weeks of age.

[01 74] Treatment: Mice were untreated o r treated topically o n the dorsal side of each ear with 15 m L

of dibutylphthalate (DBP). A t the designated time points after treatment, the animals were euthanized and the ears

washed with 70% isopropanol. Full thickness skin was obtained from the dorsal side of both ears and placed

immediately in liquid nitrogen. The time between euthanasia and placement of both skin samples in liquid nitrogen

was less than 1 minute. Each sample for RNA extraction contained two dorsal ear skin samples obtained from a

single mouse both of whose ears received the same treatment.

[01 75] RNA Extraction: While in liquid nitrogen, the skin was pulverized with a motorized mortar and

pestle (CryoGrinder), transferred by inversion of the mortar directly into 1.5 m l cryogenic vials (Nalgene) and stored in

liquid nitrogen until RNA extraction. Total RNA from both ears was extracted by homogenization (Pro200) in TRIzol

Reagent (Invitrogen) with 7.5 Dg of RNase-free glycogen added to the mixture, according to the manufacturer's

directions. The RNA was purified o n a solid phase RNeasy MinElute Cleanup column (Qiagen) and eluted with 17 DL

of RNase-free water. The samples were stored at -20°C until use.

[01 76] Quantification of RNA: RNA yields were quantified by UV absorption using a NanoDrop NG-

1000 spectrophotometer, where 1 A U 260 equals 40 Dg RNA/ml. Purity was estimated by the 260 and 280 nm

absorbance ratio; values between 1.7 and 2 .1 were considered acceptable.

[01 77] Assessment of RNA Quality: The quality of sample RNA was assessed using a RNA 6000

LABCHIP Kit o n an Agilent 2 100 Bioanalyzer. The Bioanalyzer determines the integrity/purity of the RNA samples

and permits the screening of total and mRNA sample degradation and ribosomal RNA contamination. A n RNA 6000



ladder was also loaded on a specified well and used as a reference for data analysis and a built-in quality control

measure. The quality and integrity of the RNA was determined through visual inspection of each electropherogram.

In general, only samples with a RIN (RNA integrity number) of 7 or greater, as determined by the Bioanalyzer, were

used for gene arrays. This quality control analysis was repeated following the labeling procedure to ensure that the

probes were efficiently labeled and had the correct size before hybridization to the chips. All samples that were run

on genome wide arrays were obtained as independent duplicates from two individual mice.

[01 78] Microarray Data Interpretation: Gene expression was compared between untreated and

treated total RNA samples. "Transition" data, which represent the change in expression level for a given gene, are

presented as a "weighted difference." Changes in gene expression level were considered to be significant when the

adjusted p values were less than 5.0. The "gene expression signature" arbitrarily includes only those genes that were

transcribed with a weighted increase of 2.0 or greater, which was sustained over the subsequent time points tested.

Genes whose expression was transiently increased by DBP were excluded; this occurred in less than 20 of the

13,373 unique genes analyzed. This decision was based on the assumption that genes that were significantly down-

regulated by DBP treatment were, for the most part, a prerequisite of genes whose expression was increased or

whose down-regulation was necessary for skin dendritic cells to release from and exit the skin, and therefore the

latter were subsumed under the former.

[01 79] The weighted difference is a metric that takes into account both the variability between different

time-points and the variability between replicates at the same time-point. The calculations are performed for each

time-point transition, i.e., 30 minutes vs. 1 hour, 1 hour vs. 2 hours, etc. There are two steps to the calculation: the

calculation of a modified Euclidean difference between the two time-points, and the calculation of the Euclidean

difference between the replicates within each time-point. The first measure is an unweighted difference, while the

final metric given in the spreadsheet "weights" this difference by taking into account the second measure.

[01 80] In a Euclidean difference calculation, each data point is considered as a vector in a multi

dimensional space, and the actual straight-line distance between the data points is calculated. This assumes that the

data points have the same dimensions and can be compared pairwise, i.e., the first samples in the two time-points

compared to each other plus the second two samples compared to each other. For the current dataset this would

amount to treating each time-point as a two-dimensional vector and calculating the length of the line connecting them.

We wished to consider not just ordered pairwise comparisons, but every possible pairwise contrast, i.e. the second

sample in the first time-point contrasted with the first sample in the second time-point. To calculate this modified

Euclidean difference between time-points, each pairing of a single sample from each of the two time-points is

considered; for each pairing, the squared difference in expression is calculated. For the current dataset in which

there are two replicates for each time-point, this amounts to four comparisons. We calculate the sum of the squared

differences for each pairing, and take the square root. This is the modified Euclidean distance between the two time-

points. This measures the absolute distance between the two time-points in a four-dimensional space, giving a fuller

picture of the difference between the two time-points.



[01 81] A caveat for an unweighted distance measure such as calculated in the first step is that a large

difference can be observed between time-points as the result of a single outlier in a single time-point; that is, large

variance within a single time-point can create the illusion of a significant difference between two time-points, despite

the difference being in fact less significant given poor reproducibility of the data within the variable time-point. Thus

we must weight the initial difference calculation, taking into account the variability between the replicates within each

time-point. To do this, we take as one vector the first replicates in the two time-points, and take the second replicates

as a second vector, calculating the true Euclidean distance between the two. This amounts to taking the squared

difference between the two replicates in the first time-point plus the squared difference between the two replicates in

the second time-point. We multiply this by two in order to balance the two differences in the sum for the second step

with the four differences in the first sum, and take the square root. This measures the absolute difference between

the replicates within each time-point.

[01 82] The final metric given is the ratio of the modified Euclidean distance between the two time-

points divided by the absolute Euclidean distance between the replicates within the two time-points. This "weighted

difference" measures the variability between the two time-points while adjusting for the effects of within-time-point

variabilty.

[01 83] It is recognized that transcription factors responsible for the "gene expression signature"

described herein may not be transcriptionally activated to the extent that would include them in this arbitrary definition

of "gene expression signature". However, there are methods well known in the field that enable identification of

transcription factors that may regulate expression of the genes included in the "gene expression signature".

Transcription factor candidates identified by these methods can be confirmed or excluded by techniques well known

in the field. Such techniques include the use of: gene knock-out mice, gene knock-in cells, small interfering RNA

administered in vivo, short hairpin RNA administered ex vivo, etc.

[01 84] Tables 1-5 below summarize genes that exhibit at least a 2-fold increase in expression

following DBP administration. Table 1 lists early response genes that show an increased level of expression within 15

minutes after DBP application and Tables 2-5 list genes whose expression is increased greater than 2-fold at the 15-

30 minute, 30 minute-1 hr, 1-2hr and 2-4 hr time intervals.
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Table 6. DBP-Activated Gene Ex ression >2x Increased Ex ression

* Early response genes

# Known dendritic cell activation genes

Early Response Genes +DC activation genes

[01 85] The genes that were upregulated by DBP, and by the various TLR agonists, as reported

by Amit et al., can be assumed to be "dendritic cell activation genes." Additional genes whose regulation was

altered 2-fold or more by DBP may be acting on other cell types in the skin. All of our gene expression data were

obtained using full thickness skin in vivo. Therefore, the alteration in gene expression induced by topical DBP

that was not reported in isolated dendritic cells by Amit et al. may be gene expression induced by DBP in other

cell types in the skin. Those genes may also be relevant for inducing the activation and migration of dendritic

cells out of other tissues or organs.

EXAMPLE 6

Identification of Cellular Genes Modulated by DBP on the Basis of a log2-Fold Change in Gene Expression and

by Two General Linear Modeling Methods

Overview

[01 86] We have developed novel methods to identify the mechanism(s) of action of a class of

immunological adjuvants exemplified by DBP. Drug mechanism of action is a complex process which may occur

on many levels, but a common property of drug action is that, for a drug to have a strong physiological effect, it

must do so by manipulating gene expression, either directly or indirectly. Based upon the large scale effects of

DBP on cell fate and migration, we have developed a model of its action, by determining how it affects gene

expression globally. Our novel method for creating this model utilizes recent advances is biological assays,

machine learning, and statistics.



[01 87] Given the existence of approximately 30,000 genes in the average mammalian genome, it

is a difficult problem to determine the exact genetic basis for the mechanism of action of a drug, both in terms of

the collection of the necessary data and the complexity of analysing such data. Microarray technology provides a

powerful tool for the first step in this process, the data acquisition, by allowing the simultaneous quantification of

the expression of many genes. Microarrays work by binding a sample of RNA to sequence-specific, fluorescent

probes on a solid support (e.g., a glass slide), and then measuring the intensity of fluorescence at each probe, as

a reporter for the quantity of specific transcripts in the initial sample. Microarrays produce a vast amount of data,

the processing of which, while not trivial, is rather standardized. We describe our method of processing in the

next section.

[01 88] This mass of data produced by microarrays thus places the central technical demands on

the analysis, rather than the collection, of necessary information to formulate a model of drug mechanism of

action. The model we describe is of this form: given a global quantification of the change in gene expression in a

sample following drug treatment, our model outputs a prediction of draining lymph-node counts of activated

dendritic cells, the measurable variable we have found to be most accurate in predicting adjuvant activity. In

order for a model of drug action to be useful, it must meet certain heuristic requirements: 1) it must accurately

follow known data; 2) it must reliably predict new data; 3) it must be of a manageable size and complexity to

enable implementation. Within the framework of our model, these requirements are met as follows. 1) In the

training phase, our model is defined based upon the gene expression and draining lymph-node counts for four of

eight analogues measured. 2) In the test phase, our model is applied to the gene expression of the four

remaining analogues, and the predicted draining lymph-node counts are compared to the measured values. 3)

Rather than use the full set of genes on a microarray chip, we select a limited subset of the greatest predictive

power, which can fit on a much easier to use, and much cheaper, qPCR plate. The model-building phase is

described below, and is implemented using many recent advances in machine learning and statistics.

Microarrays

[01 89] To obtain the gene expression data, we used two microarrays made by Affymetrix: ( 1)

GENECHIP MOUSE GENOME 430A 2.0 ARRAY, which contains 22,600 probe sets to analyze the expression

level of over 14,000 genes in the mouse genome, and (2) GENE CHIP MOUSE GENOME 430 2.0 ARRAY,

which contains 45,000 probe sets to analyze the expression level of 39,000 transcripts and variants from over

34,000 genes in the mouse genome. Thus, we measured and compared the expression levels of essentially all

genes in the mouse genome. The general liner model (GLM) analyses discussed below used the combined data

obtained from both kinds of arrays.



Microarray Data Processing

[0190] The raw output from a microarray chip is a list of several fluorescent intensities measured

for each gene assayed. There are multiple measurements because, for each gene there are multiple

complementary probes, called a probe set, which tile the gene sequence, thereby increasing specificity. There

are four steps in the processing of microarray data that must be followed in order to generate data that may

reliably be used as a measure of gene expression: 1) quality control (QC); 2) background correction; 3)

normalization; and 4) probe set summarization. Following step 1, we included an extra step to combine the data

from multiple chip models. All microarray processing was done using the statistical program R, with the following

packages: 'affy', 'affyPLM', 'multtest', 'stats', 'robustbase'. Raw microarray data in the form of CEL files were

imported into R ExpressionSet data frame objects using the package 'affy'.

Quality Control

[0191] We performed four types of QC on the microarrays analysed. All three steps were

designed with two goals in mind: determining the quality of individual chips/samples, and assessing the feasibility

of combining all the chips/samples into a single dataset. The first step was an estimation of RNA degradation for

each sample, for each chip. This determines whether the individual samples were of reasonable quality for the

chip model used. Different chip models have different tolerances for RNA degradation, and thus one must

analyse RNA degradation relative to the chip used. The second quality control step was the generation of a

whiskered boxplot of raw signal intensities for each chip/sample side-by-side. The third step was to generate

histograms of signal intensity for each chip/sample, while the fourth was to generate MA plots relative to the

median amongst all chips. These three steps help in determining whether the overall distributions of signal

intensities are comparable amongst the chips, which is necessary for reliable combination of multiple microarray

datasets. The last QC step was to regenerate the fluorescent images of the microarrays in order to visually

inspect the chips for deleterious spatial artifacts. The first and last steps were performed using the R package

'affyPLM', while the second, third, and fourth steps were done using the R package 'affy'. In all cases we found all

of the chips to be of sufficient quality, and of comparable signal intensity distributions, as to allow combination into

a single dataset.

Chip Combination

[0192] We used two different chip models, with one chip containing a superset of the probes of

the other chip. We explored both chip models because we were unsure if the smaller chip covered enough of the

genome to give a complete model of the mechanism of action of DBP. We show below that it does. In order to

combine the two chip models, we manually mapped probes of identical sequence on the two chips, and selected



only those probe sets that matched perfectly between the two chip models. We then extracted the signal

intensities for all chips at those probe sets and combined them into a single ExpressionSet object.

Background Correction, Normalization, Summarization

[0193] Raw microarray data is very noisy, owing to unavoidable technical artifacts in the

fluorescence signals. The data must therefore be processed in order to derive reliable measures of gene

expression. In the first part of this processing, one determines an estimate of the background signal present, and

subtracts this background to derive true signal intensities. A common algorithm for this step is the Robust

Multichip Average (RMA) algorithms, which computes a common background signal estimate from multiple chips,

this multichip estimate being more resistant to outliers (more robust) than single chip estimates. We used the

'affy' implementation of RMA to background correct the chips. Once the background signal has been subtracted,

in order to make chips comparable, one must normalize the resulting signals, as some chips may be inherently

brighter than others, or may have localized regions of increased brightness, which may not correlate with gene

expression. The method that we used to normalize the data was based upon the quantile normalization algorithm

as implemented in 'affy', which seeks to normalize entire chips to each other without distorting the statistical

properties of individual probe sets, by equalizing select quantiles of signal intensity (i.e. scaling all probe sets on

all chips such that their 75th percentiles of signal intensity are equal). Finally, we used Tukey's median polish

method to summarize the multiple probes within each probe set to a single value which represents the best

estimate of expression of each gene in each sample given the values across the probe set. Once again, this was

done using the R package 'affy'.

Output Data

[0194] The output data from the summarization step was on a log-2 scale, with a single value for

each gene and each sample/chip. The log transformation was applied because it is considered a more reliable

measure of gene expression than raw summarized values. This was transformed into an R data frame which was

used as the input variables for the machine learning phase.

Model Building

[0195] We have taken a machine learning approach to building a model of drug activity. In

machine learning, one uses complex algorithms to find patterns and correlations in large datasets, starting from a

basic hypothesis as to the form of the relationship between variables. We have tried four algorithms in an attempt

to build a model of the activity of DBP and its analogues: Bayesian additive regression trees (BART), multivariate



adaptive regression splines (MARS), gradient-boosted generalized linear models (GLMs), and bagged

generalized linear models. Each will be described below, following a description of the general framework.

Framework: Supervised Learning

[0196] The general class of algorithms we have used are called supervised learning. In

supervised learning, one is given a dataset of input variables measured in a collection of samples, and an output

response variable measured in those samples, with the goal of explaining the variation in the response variable

based upon the variation in the input variable. In this analysis, the input variables are the measured gene

expression, and the output variables are the mean draining lymph node content of activated dendritic cells for

each analogue.

[0197] Supervised learning proceeds in two steps: training and testing. In the training phase, one

uses a subset of samples to develop the model, applying the specific machine learning algorithm to construct the

best possible fit of the model type to the known data. In the test phase, one then applies this fitted model to new

data samples, in an attempt to predict the response variable. We have partitioned our microarray data into two

groups for this purpose. The training set consisted of all the microarrays for DBP, untreated, DEET, and DMP,

while the test set consisted of Acetone, DEHM, DEP, and dibutyl L tartrate (DBIT). This partitioning was chosen in

order to provide both a training and test set that covered a broad range of counts of activated dendritic cells in

draining lymph nodes. A listing of DBP analogs initially tested is shown in Figure 7, and corresponding activities

of the DBP analogs are shown in Figure 8 .

[0198] A goal of the methods disclosed herein is to develop an easy, affordable screening

method for novel DBP analogues. To that end, given the high price of microarrays and the difficulty in their

preparation, we attempted to limit the number of genes considered as input variables. This also has the positive

effect of making the supervised learning algorithms more efficient. We chose to limit genes to subsets of 384,

enough to fit on a custom qPCR plate, using the following three criteria in the selection process:

( 1) absolute value of log-2 fold change in DBP versus untreated, see Table 8, #s 1-21 5, "log2-fold

change (LFC)";

(2) p-value of differential expression between DBP and untreated as determined by the Wilcoxon rank-

sum test, see Table 8, #s 2 16-436, "Wilcoxon"; and

(3) the Kendall tau correlation coefficient between gene expression and draining lymph node counts in

DBP versus untreated, see Table 8, #s 437-794 "Kendall."



[0199] The Wilcoxon test was performed using the R package 'multtest', and the Kendall tau was

computed using the R package 'stats'. For all three criteria, we chose the 384 most significant genes for use in

the supervised learning. We applied each algorithm to each gene set in turn to test their predictive capacity.

BART

[0200] A reference for the algorithm of BART is Chipman, H.A. et al. 2009 "BART: Bayesian

Additive Regression Trees" Annals of Applied Statistics 4( 1) : 266-298). The specific implementation used was in

the R package 'BayesTree'. We used the command 'barf with the following input parameters: 'x.train' was the

training set gene expression, 'y.train' was the training set draining lymph node counts, 'x.test' was the test set

gene expression, 'sigest' was set to NA, 'sigdf was set to 3, 'sigquant' was set to 0.90, 'k' was set to 2.0, 'power'

was set to 2.0, 'base' was set to 0.95, 'ntree' was set to 20000, 'ndpost' was set to 100000, and 'nskip' was set to

10000.

MARS

[0201] A reference for MARS is the book 'The Elements of Statistical Learning: Data Mining,

Inference, and Prediction, by Hastie, T., Tibshirani, R., and Friedman, J., Second Edition, (2009) Springer

Science+Business Media, LLC. The specific implementation used was the R package 'earth'. The command

used in training was 'earth', with the following input parameters: 'χ' was the training set gene expression, 'y' was

the training set draining lymph node counts, 'weights' was set to NULL, 'wp' was set to NULL, 'scale.y' was set to

FALSE, subset was set to NULL, 'glm' was set to 'list(family = poisson)', 'ncross' was set to 100, and 'nfold' was

set to 100. The 'predict' method of the resulting object was used with the test set gene expression as the

'newdata' argument to generate predictions.

Gradient-Boosted Generalized Linear Models

[0202] A reference for gradient boosting and generalized linear models is the book 'The Elements

of Statistical Learning: Data Mining, Inference, and Prediction, by Hastie, T., Tibshirani, R., and Friedman, J.,

Second Edition, (2009) Springer Science+Business Media, LLC. The specific implementation used was in the R

package 'mboost'. The command used was 'glmboost', with the following input parameters: 'x' was set to the

training set gene expression, 'y' was set to the training set draining lymph node counts, and 'control' was set to

'boost_control(mstop = 100000)'. The 'predict' method of the resulting object was used with the test set gene

expression as the 'newdata' argument to generate predictions.



Bagged Generalized Linear Models

[0203] A reference for bagging and generalized linear models is the book 'The Elements of

Statistical Learning: Data Mining, Inference, and Prediction, by Hastie, T., Tibshirani, R., and Friedman, J.,

Second Edition, (2009) Springer Science+Business Media, LLC. The implementation of the individual GLMs was

done using the R package 'stats'. The specific command was 'glm' with the following inputs: 'x' was set to the

training set gene expression, 'y' was set to the training set draining lymph node counts, and 'family' was set to

'poisson'. The implementation of bagging was hand-coded, using 10000 rounds of glm with random subsets of

between 10 and 15 genes each. The 'predict' method of the resulting objects was used with the test set gene

expression as the 'newdata' argument to generate predictions.

Predictions

[0204] The best predictor out of the tested combinations of algorithm and gene set was using

MARS with the genes selected for log-2 fold change, shown in Table 7 as 'Earth_Abs_LFC, with a mean

standard error (MSE) of 7.04%. Another notable performer was 'Bart_Wilcoxon', the application of BART to the

genes selected for Wilcoxon p-value, with an MSE of 11.3%. These accuracies are easily sufficient to be used for

a screen for novel DBP analogues, as proposed herein.

Table 7

Conclusions

[0205] A traditional view has been that a prospective test of a predictor is the most valid way to

test a model. However, when vast quantities of data are utilized, such as genome-wide expression data or

predictions of linear B cell epitopes that antibodies might recognize in the universe of globular proteins, "machine

learning" algorithms are necessary to obtain a simple pattern that enables a prediction of a single function out of

countless different possibilities. Existing data is used to obtain such an algorithm.



[0206] Here, we divided a data set into two approximately equal halves, where both halves

contain samples covering a broad spectrum of outcomes. A first set was termed the "training" set. Using the

GLM methods described herein, we input: (a) all of the raw data (e.g., expression levels of 39,000 unique

transcripts) contained in the training set, and (b) the outcome of each individual member (e.g., number of

activated dendritic cells in the draining lymph nodes after 48 hr) into the computer program, which found the best

correlation between gene expression levels and outcome level. We took the best fit predictor and applied it to

the gene expression data from the individual members of the "test" set, and the algorithm determined the

expected number of activated dendritic cells in the draining lymph nodes in each case. The predicted outcomes

were 77.5% accurate when compared to the experimentally obtained data for the test set. In bioinformatics, that

level of accuracy is considered a useful predictive algorithm.

[0207] The bioinformatics approaches we used here employ known data sets to determine the

predictive value of a particular analysis. Because machine learning is an ongoing process, the more data sets

that are input into a predictive system, the more accurate the predictions will become.

[0208] Many of the genes that we have identified have been included in various commercially

available arrays. Indeed, genome wide arrays covering -30,000 genes are designed to include probes for as

many genes as possible and their intent is to include the entire expressed genome of a given species. However,

such arrays are too large and currently too expensive to constitute a useful screen for any one desired drug

outcome. In contrast, we have identified a gene expression signature induced by DBP that is small enough in

terms of number of genes to be a useful screen for molecules having adjuvant activity similar to DBP. Based on

the mean standard errors generated by our analyses, we have indeed identified a small enough gene set whose

differential expression characterizes the adjuvant effect of DBP. As the adjuvant effect of DBP is unique in terms

of known mechanisms of action, as well as in its ability to be used independently of a vaccine, which no other

known immunologic adjuvant can do, the gene expression signature induced by DBP that we have identified here

is of significant value.
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[0209] Three sets of genes were selected using independent criteria that suggested biological

significance based upon microarray data. The first set of genes were selected based upon log-2 fold change in

DBP-4hr vs. untreated. We took the 384 genes with the most extreme log-2 fold changes, up or down. The

second set was chosen based upon the p-value for a Wilcoxon rank-sum test of differential expression between

DBP-4hr and untreated. The 384 genes with the lowest p-values were selected. Finally, the third set of genes

was selected based upon the Kendall tau coefficient. This measures the strength of a linear relationship between

the input variables, in this case gene expression, and the output variable of draining lymph node counts. The

three gene sets were selected independently, but not surprisingly showed some overlap. The 384 genes with the

most extreme tau coefficients were selected and are shown in Table 9 .
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EXAMPLE 7

Correlation of Regulated Genes with Known Pathways

[021 0] Both DBP up-regulated genes and down-regulated genes were analyzed for their

involvement in known cellular pathways in mouse. Publicly available websites such as the NCBI browser

available on the internet at ncbi.nlm.nih.gov and the EnsembI Genome Browser on the internet at ensembl.org

may be used to correlate genes with various cellular pathways. The pathways are ranked by correlation and are

shown in Tables 10 and 11.

Table 10. Correlation of Cellular Pathways with Upregulated Genes



p (geometric Statistical
Pathway mean) mean P value Q value Set size

Toll Like Receptor
7/8 (TLR7/8)
Cascade 1.5E-02 2.16 1.0E-09 3.3E-08 48
Toll Like Receptor
3 (TLR3) Cascade 1.6E-02 2.12 1.8E-09 5.5E-08 48
TCR signaling 1.6E-02 2.11 2.4E-09 6.7E-08 42
NFkB and MAP
kinases activation
mediated by TLR4
signaling repertoire 1.9E-02 2.07 4.6E-09 1.2E-07 42
MyD88-
independent
cascade initiated on
plasma membrane 2.1E-02 2.03 8.9E-09 2.1E-07 44
MyD88:Mal
cascade initiated on
plasma membrane 2.1E-02 2.02 1.0E-08 2.1E-07 43
Toll Like Receptor
TLRLTLR2
Cascade 2.1E-02 2.02 1.0E-08 2.1E-07 43
MyD88 cascade
initiated on plasma
membrane 2.1E-02 2.02 1.0E-08 2.1E-07 43
Toll Like Receptor
10 (TLR10)
Cascade 2.1E-02 2.02 1.0E-08 2.1E-07 43
Toll Like Receptor
5 (TLR5) Cascade 2.1E-02 2.02 1.0E-08 2.1E-07 43
Toll Like Receptor
9 (TLR9) Cascade 2.3E-02 1.99 1.5E-08 2.8E-07 50
Innate Immunity
Signaling 1.8E-02 1.97 1.7E-08 3.2E-07 80
TRAF6 Mediated
Induction of
proinflammatory
cytokines 2.4E-02 1.98 1.8E-08 3.2E-07 43
Activated TLR4
signalling 2.3E-02 1.98 1.9E-08 3.3E-07 45
Immunoregulatory
interactions
between a
Lymphoid and a
non-Lymphoid cell 2.0E-02 1.92 5.5E-08 9.1E-07 42
Costimulation by
the CD28 family 3.0E-02 1.86 1.1E-07 1.7E-06 44
Transport of
inorganic
cations/anions and
amino
acids/oligopeptides 3.2E-02 1.82 1.6E-07 2.5E-06 69



p (geometric Statistical
Pathway mean) mean P value Q value Set size

SLC-mediated
transmembrane
transport 3.1E-02 1.78 2.6E-07 3.9E-06 143

Amino acid and
oligopeptide SLC
transporters 3.5E-02 1.80 2.7E-07 3.9E-06 36

Downstream TCR
signaling 3.6E-02 1.80 3.4E-07 4.9E-06 27

p75NTR signals via
NF-kB 4.3E-02 1.78 9.3E-07 1.3E-05 12

CD28 co-
stimulation 5.9E-02 1.57 6.4E-06 8.6E-05 27

TAK1 activates
NFkB by
phosphorylation
and activation of
IKKs complex 5.7E-02 1.60 6.7E-06 8.8E-05 15

Transmembrane
transport of small
molecules 5.2E-02 1.52 8.9E-06 1.1E-04 174

Viral
dsRNA:TLR3 :TRIF
Complex Activates
RIP1 6.5E-02 1.52 1.6E-05 2.0E-04 17

Generation of
second messenger
molecules 5.3E-02 1.51 1.8E-05 2.2E-04 20

MAPK targets/
Nuclear events
mediated by MAP
kinases 6.7E-02 1.50 1.9E-05 2.2E-04 20

Death Receptor
Signalling 7.2E-02 1.52 2.3E-05 2.6E-04 11

Extrinsic Pathway
for Apoptosis 7.2E-02 1.52 2.3E-05 2.6E-04 11

G alpha (s)
signalling events 7.3E-02 1.37 6.3E-05 6.9E-04 75

MAP kinase
activation in TLR
cascade 8.4E-02 1.38 6.5E-05 7.0E-04 27

CTLA4 inhibitory
signaling 8.7E-02 1.40 7.6E-05 8.0E-04 11

Integrin cell surface
interactions 8.0E-02 1.32 1.0E-04 1.1E-03 76

Hemostasis 6.9E-02 1.31 1.1E-04 1.1E-03 261

RIG-I/MDA5
mediated induction
of IFN-alpha/beta
pathways 7.7E-02 1.35 1.1E-04 1.1E-03 19



p (geometric Statistical
Pathway mean) mean P value Q value Set size

Sema4D induced
cell migration and
growth-cone
collapse 8.6E-02 1.35 1.2E-04 1.2E-03 15

Amino acid
transport across the
plasma membrane 9.6E-02 1.31 1.4E-04 1.3E-03 24

Sema4D in
semaphorin
signaling 9.2E-02 1.30 1.6E-04 1.5E-03 20

Nuclear Events
(kinase and
transcription factor
activation) 9.8E-02 1.31 1.8E-04 1.7E-03 13

Cell junction
organization 9.1E-02 1.26 2.0E-04 1.8E-03 58

CD28 dependent
PI3K/Akt signaling l.OE-01 1.28 2.2E-04 1.9E-03 17

CD28 dependent
Vavl pathway l .lE-01 1.27 2.7E-04 2.3E-03 12

ERK/MAPK
targets l .lE-01 1.28 2.8E-04 2.4E-03 10

Chaperonin-
mediated protein
folding l.OE-01 1.22 3.6E-04 3.0E-03 21

Cooperation of
Prefoldin and
TriC/CCT i actin
and tubulin folding l .lE-01 1.21 4.3E-04 3.6E-03 20

Prefoldin mediated
transfer of substrate
to CCT/TriC l .lE-01 1.19 5.0E-04 4 .1E-03 19

Transport of
glucose and other
sugars, bile salts
and organic acids,
metal ions and
amine compounds 1.2E-01 1.15 6.3E-04 5.0E-03 39

Cytosolic tRNA
aminoacylation 8.4E-02 1.17 7.0E-04 5.4E-03 25

Interleukin-2
signaling 1.3E-01 1.10 1.0E-03 8.1E-03 26

Cell-cell junction
organization 1.3E-01 1.09 1.2E-03 9.1E-03 31

Interleukin receptor
SHC signaling 1.4E-01 1.08 1.3E-03 9.6E-03 22

Interleukin-3. 5 and
GM-CSF signaling 1.4E-01 1.08 1.3E-03 9.6E-03 22

Cell surface
interactions at the
vascular wall l .lE-01 1.05 1.6E-03 1.1E-02 77



p (geometric Statistical
Pathway mean) mean P value Q value Set size

Signaling by
Interleukins 1.3E-01 1.05 1.6E-03 1.1E-02 36
PD-1 signaling 1.4E-01 1.07 1.7E-03 1.2E-02 14
Semaphorin
interactions 1.4E-01 1.03 2.0E-03 1.4E-02 53
Protein folding 1.6E-01 0.97 3.4E-03 2.3E-02 26
Signalling by NGF 1.4E-01 0.89 6.1E-03 4 .1E-02 184
G alpha (q)
signalling events 1.9E-01 0.86 7.8E-03 5.2E-02 120
GPVI-mediated
activation cascade 1.8E-01 0.85 8.9E-03 5.8E-02 24
Mus musculus:
Post-chaperonin
tubulin folding
pathway 2.0E-01 0.86 9.0E-03 5.8E-02 11
Unfolded Protein
Response 1.9E-01 0.81 1.1E-02 7.1E-02 50
Basigin interactions 1.9E-01 0.82 1.1E-02 7.1E-02 25
NGF signalling via
TRKA from the
plasma membrane 1.6E-01 0.81 1.1E-02 7.1E-02 106
Adherens junctions
interactions 2.0E-01 0.80 1.3E-02 7.6E-02 21
tRNA
Aminoacylation 1.5E-01 0.81 1.3E-02 7.6E-02 33
Phosphorylation of
CD3 and TCR zeta
chains 1.9E-01 0.81 1.3E-02 7.9E-02 11



Table 11. Correlation of Cellular Pathways with Downregulated Genes



p ases



p (geometric Statistical
Pathway mean) mean P value Q value Set size

Branched-chain amino 4.4E-02 -1.7E+00 1.1E-06 1.2E-05 17
acid catabolism
M Phase 1.8E-02 -1.7E+00 1.2E-06 1.3E-05 73
Gl/S Transition 3.0E-02 -1.7E+00 1.5E-06 1.5E-05 83

APC/C-mediated 4.0E-02 -1.6E+00 6.7E-06 6.6E-05 63
degradation of cell
cycle proteins
Regulation of mitotic 4.0E-02 -1.6E+00 6.7E-06 6.6E-05 63
cell cycle
Loss of Nip from 5.6E-02 -1.6E+00 7.3E-06 7.1E-05 39
mitotic centrosomes
Formation of incision 5.9E-02 -1.6E+00 8.3E-06 7.8E-05 2 1
complex in GG-NER
Dual incision reaction 5.9E-02 -1.6E+00 8.3E-06 7.8E-05 2 1
in GG-NER
Mitotic Prometaphase 2.6E-02 -1.5E+00 9.3E-06 8.5E-05 70
Activation of APC/C 4.8E-02 -1.5E+00 1.6E-05 1.4E-04 55
and APC/C:Cdc20
mediated degradation
of mitotic proteins
Meiotic 6.0E-02 -1.5E+00 1.7E-05 1.5E-04 22
Recombination
(mouse)
Muscle contraction 8.6E-03 -1.5E+00 1.9E-05 1.7E-04 4 1
Regulation of APC/C 5.2E-02 -1.5E+00 2.3E-05 1.9E-04 59
activators between
Gl/S and early
anaphase
NCAMl interactions 5.1E-02 -1.5E+00 2.8E-05 2.3E-04 29
APC/C:Cdc20 5.4E-02 -1.4E+00 3.1E-05 2.5E-04 54
mediated degradation
of mitotic proteins
Phosphorylation of the 7.3E-02 -1.4E+00 5.4E-05 4.4E-04 14

APC/C
APC/C:Cdc20 7.6E-02 -1.4E+00 7.9E-05 6.3E-04 14
mediated degradation
of CyclinB
Glycogen breakdown 7.4E-02 -1.4E+00 8.6E-05 6.7E-04 14

(glycogenolysis)
Inactivation of APC/C 8.7E-02 -1.3E+00 1.3E-04 9.6E-04 15

via direct inhibition of
the APC/C complex
Inhibition of the 8.7E-02 -1.3E+00 1.3E-04 9.6E-04 15

proteolytic activity of
APC/C required for
the onset of anaphase
by mitotic spindle
checkpoint
components
APC-Cdc20 mediated 8.7E-02 -1.3E+00 1.3E-04 9.6E-04 15

degradation of Nek2A



y :



p (geometric Statistical
Pathway mean) mean P value Q value Set size

Heme degradation 1.3E-01 -l.lE+00 2.0E-03 1.1E-02 12

Regulation of DNA 1.3E-01 -l.OE+00 2.1E-03 1.2E-02 57
replication
Removal of licensing 1.3E-01 -l.OE+00 2.1E-03 1.2E-02 57
factors from origins
Phase II conjugation 1.5E-01 -l.OE+00 2.1E-03 1.2E-02 44
Transcriptional 1.5E-01 -l.OE+00 2.2E-03 1.2E-02 39
Regulation of White
Adipocyte
Differentiation
CDO in myogenesis 1.5E-01 -l.OE+00 2.2E-03 1.2E-02 11

1327149 : Mus 1.5E-01 -l.OE+00 2.2E-03 1.2E-02 11

musculus: Myogenesis
Transcriptional 1.5E-01 -9.8E-01 3.0E-03 1.6E-02 40
Regulation of
Adipocyte
Differentiation in
3T3-L1 Pre-adipocytes
Synthesis of bile acids 1.5E-01 -9.8E-01 3.5E-03 1.9E-02 17

and bile salts via 24-
hydroxycholesterol
RNA Polymerase III 1.6E-01 -9.6E-01 3.9E-03 2.0E-02 18
Transcription
Initiation
RNA Polymerase III 1.6E-01 -9.6E-01 3.9E-03 2.0E-02 18
Transcription
RNA Polymerase III 1.6E-01 -9.6E-01 3.9E-03 2.0E-02 18

Abortive And
Retractive Initiation
RNA Polymerase I, 1.6E-01 -8.9E-01 6.3E-03 3.2E-02 42
RNA Polymerase III,
and Mitochondrial
Transcription
Orel removal from 1.6E-01 -8.8E-01 7.1E-03 3.5E-02 55
chromatin
Switching of origins 1.6E-01 -8.8E-01 7.1E-03 3.5E-02 55
to a post-replicative
state
Metabolism of 1.9E-01 -8.6E-01 8.0E-03 3.9E-02 37
vitamins and cofactors
Glucose metabolism 1.2E-01 -8.6E-01 8.1E-03 3.9E-02 48
Formation of ATP by 1.7E-01 -8.9E-01 9.5E-03 4.6E-02 10

chemiosmotic
coupling
Fanconi Anemia 1.9E-01 -8.4E-01 1.1E-02 5.1E-02 14

pathway
Biological oxidations 1.9E-01 -7.7E-01 1.5E-02 7.0E-02 97
E2F mediated 1.9E-01 -7.8E-01 1.6E-02 7.3E-02 16
regulation of DNA
replication
CDT1 association 1.9E-01 -7.3E-01 2.1E-02 9.8E-02 45



p (geometric Statistical
Pathway mean) mean P value Q value Set size

with the
CDC6:ORC:origin
complex

[021 1] Referring to Table 10, immune response signaling is the most relevant up-regulated

pathway, followed by G protein coupled receptors that includes the chemokine receptors used by the dendritic

cells to navigate migration from the skin to the draining lymph node. Referring to Table 11, the down-regulated

genes are predominantly cell cycle genes.

[0212] The analysis considers all levels of gene expression changes in full thickness skin induced

by topical DBP and indicates the biological pathways that are involved, with a corresponding p value for each

pathway. This analysis validates that gene expression in full thickness skin induced by topical DBP corresponds

to dendritic cell activation in the skin. Previously, we demonstrated that activation of this phenomenon can be

used as an effective vaccine adjuvant (see U.S. Patent Nos. 6,21 0,672 and 7,229,621 ) .

EXAMPLE 8

Seasonal Influenza Vaccine used with and without Topical Adjuvants

[021 3] The human seasonal influenza vaccine, Fluzone, was used to immunize C57BL/6 mice

with and without topical adjuvants. Groups of 5 to 9 mice each were shaved on the abdominal skin on day - 1 and

the following day immunized intradermal^ on one side of the abdomen with 50 microliters of Fluzone using a 300

microliter insulin syringe with a 28 gauge needle. Some of the mice were also treated topically over the

immunization site with camphor dissolved in acetone, DBP, or dibutyl L tartrate (DBIT). Separate groups of mice

were bled on days 7, 10, 14 or 2 1 and tested for hemagglutination inhibition (HAI) titers to Fluzone using the

chicken red blood cell protocol described by the World Health Organization (WHO). Other groups of mice were

reimmunized in the same way on the opposite side of the abdomen on day 2 1 and bled on day 28 or day 42.

The data are shown in Figures 9 and 10 . An HAI titer of 1:40 or greater is considered to be protective in human

clinical trials of seasonal influenza vaccines.

[0214] Figure 9 shows that the dose of influenza vaccine (Fluzone) used was sub-optimal for

inducing a protective response, defined by the WHO as a hemagglutination inhibition (HAI) titer of 1:40 or higher.

The number of individual mice that achieved a titer of 1:40 or better is shown as the fractional response. When

that same dose of fluzone was accompanied by topical camphor, the HAI titer was improved. When the same

dose of Fluzone was accompanied by topical DBP, the HAI response was majorly improved (p<0.005). Figure

10 shows the same kind of experiment using the same dose of Fluzone with and without topical DBT. Topical

DBT had an adjuvant effect almost but not quite as good as DBT had (Figure 9). In other words, the adjuvant



activity of camphor DBT and DBP fall in the same order as the three topical molecules have in Figure 8, where

the number of activated dendritic cells in the draining lymph node is plotted. Our algorithms that analyze gene

expression induced in the skin accurately predict the number of activated dendritic cells that will be found in the

skin draining lymph node after topical application of the small lipophilic molecules. Therefore, the gene

expression profile will predict the relative efficacy of a topical vaccine adjuvant.

[021 5] Table 12 shows data for DBP and dibutyl L tartrate (DBIT).

Table 12 : Activation of Murine Skin Dendritic Cells by DBP vs. DBIT

[021 6] It is understood that the examples and embodiments described herein are for illustrative

purposes only and that various modifications or changes in light thereof will be suggested to persons skilled in

the art and are to be included within the spirit and purview of this application and scope of any appended claims.

All figures, tables, and appendices, as well as publications, patents, and patent applications, cited herein are

hereby incorporated by reference in their entirety for all purposes.



WHAT IS CLAIMED IS:

1. A method of identifying a candidate adjuvant capable of activating dendritic cells, the method

comprising:

a) measuring expression level of a plurality of genes in skin of an animal prior to

exposure to a test compound, wherein the plurality of genes are known to be

upregulated or downregulated in the skin of the animal in response to topical

application of dibutyl phthalate (DBP) to skin of said animal;

b) exposing skin of an animal of the same species to the test compound;

c) measuring expression level of the plurality of genes in the skin of the animal after

exposure to the test compound; and

d) comparing expression level of the plurality of genes measured in steps (a) and (c),

wherein an increase or decrease in expression level of the plurality of genes

following exposure to the test compound by a pre-determined change in

expression level indicates that the test compound is capable of activating dendritic

cells.

2 . The method of claim 1, wherein said pre-determined change in expression level is selected

from the group consisting of: (a) an increase by a factor of at least 2; and (b) a decrease by a factor of at least 2 .

3 . The method of claim 1, wherein said plurality of genes is selected from the group of genes

listed in Tables 1-5 and in Table 8, Nos. 1-21 5 .

4 . The method of Claim 1, wherein said plurality of genes are significantly upregulated by Toll-like

Receptor (TLR) stimulation of dendritic cells.

5 . The method of Claim 1, wherein said plurality of genes comprise early response gene(s).

6 . The method of Claim 1, wherein an increase in gene expression is measured using a weighted

average.

7 . The method of Claim 1, wherein gene expression is measured using an array comprising a

substrate and a plurality of polynucleotide probes affixed to the substrate.

8 . The method of Claim 7, wherein the array comprises a plurality of polynucleotide probes that

are specifically complementary to said plurality of genes.

9 . A method of identifying a candidate immunological adjuvant capable of activating dendritic

cells, the method comprising:

(a) identifying genes whose expression levels are upregulated or downregulated in

skin of an animal in response to topical application of DBP and DBP analogs;



(b) quantifying the levels of activated dendritic cells in draining lymph nodes of said

animal in response to topical application of DBP and DBP analogs;

(c) determining a model of activity of the DBP and DBP analogs, wherein a level of

activated dendritic cells in draining lymph nodes measured in response to topical

application of DBP and DBP analogs is correlated with the genes whose

expression levels are upregulated or downregulated in response to topical

application of DBP and DBP analogs; and

(d) determining whether a test compound is a candidate immunological adjuvant

capable of activating dendritic cells on the basis of whether topical application of

the test compound results in upregulation or downregulation of genes

comparable to genes that show upregulation or downregulation in response to

DBP or a DBP analog that leads to increased levels of activated dendritic cells in

draining lymph nodes of said animal.

10 . The method of Claim 9, wherein said model of activity of the DBP and DBP analogs is selected

from the group consisting of Bayesian additive regression trees (BART), multivariate adaptive regression splines

(MARS), gradient-boosted generalized linear models (GLMs), and bagged generalized linear models.

11. The method of Claim 9, wherein said genes whose expression levels are upregulated or

downregulated are selected from the group of genes listed in:

(a) Table 8, Nos. 2 16-436 determined by the Wilcoxin model and the genes

determined by the Wilcoxin model that are in common with genes listed as Nos.

1-21 5 of Table 8;

(b) Table 8, Nos. 437-794 determined by the Kendall model and the genes

determined by the Kendall genes that are in common with genes listed as Nos.

1-21 5 of Table 8; and

(c) Table 9 .

12 . An array comprising:

(a) a solid support; and

(b) a plurality of polynucleotide probes immobilized on said solid support, wherein the

plurality of polynucleotide probes are capable of hybridizing to at least 10 genes listed in

Tables 1-5 and Table 8, optionally including one or more control probes.

13 . The array of Claim 12, wherein said probe array is a microarray .



14 . The array of Claim 12, wherein said plurality of polynucleotide probes is capable of hybridizing

to at least 10 of the 384 genes listed in Table 9 .

15 . A kit comprising the array of Claim 12 and instructions for test compound screening and

quantification of gene expression using the microarray.

16 . A method of monitoring the efficacy of a candidate adjuvant compound in a subject comprising:

a) measuring baseline expression of a plurality of genes known to be upregulated or

downregulated in skin in response to topical application of DBP;

c) topically applying to the skin of said subject the candidate adjuvant compound,

d) measuring the expression of the plurality of genes after exposure of the to the candidate

adjuvant compound, and

e) comparing expression levels of the plurality of genes before and after exposure to the

candidate adjuvant compound, wherein a change in expression of any of the one or more of the plurality

of genes by at least two-fold following exposure to the candidate adjuvant compound indicates that the

compound is an effective adjuvant.

17 . The method of Claim 16, wherein said one or more genes are early response gene(s).

18 . The method of Claim 16, wherein said plurality of genes are significantly upregulated by Toll

like Receptor (TLR) stimulation.

19 . The method of Claim 16, wherein an expression level of said plurality of genes is known to be

increased in activated dendritic cells.

20. A composition comprising:

a lipophilic molecule having a molecular weight of less than 500 daltons that induces dendritic

cell migration and modulates expression level of genes in skin cells, wherein at least 20% of genes

whose expression level is increased or decreased by at least 2-fold by DBP are also increased or

decreased, respectively, by at least 2-fold by said lipophilic molecule, wherein the lipophilic molecule is

not DBP, and

a pharmaceutically acceptable carrier.

2 1. A vaccine comprising an antigen and a lipophilic molecule of less than 500 daltons, wherein

the molecule induces dendritic cell migration and modulates expression level of genes in skin cells, wherein at

least 20% of genes whose expression level is increased or decreased by at least 2-fold by DBP are also

increased or decreased, respectively, by at least 2-fold by said lipophilic molecule, wherein the molecule is not

DBP.



22. A method of inducing an immune response in a subject comprising administering the vaccine

of Claim 2 1 to said subject.
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Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

□ Claims Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

claims NOS.: 20-22 (compl etel y ) ; 1, 2 , 4-8, 16-19 (parti al ly)
because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

see FURTHER INFORMATION sheet PCT/ISA/210

□ Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Ill Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2 . I I As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

As only some of the required additional search fees were timely paid by the applicant, this international search report covers
' ' only those claims for which fees were paid, specifically claims Nos. :

4 . I I No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos. :

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
' ' payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
' ' fee was not paid within the time limit specified in the invitation.

I INo protest accompanied the payment of additional search fees.

Form PCT/ISA/21 0 (continuation of first sheet (2)) (April 2005)



International Application No. PCT/ US2012/ 032427

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Conti nuati on of Box I I . 2

Cl aims Nos . : 20-22 (compl etely) ; 1, 2 , 4-8, 16-19 (parti al ly)

1. Cl aims 1 and 16 refer t o ' genes that are known t o be up-regul ated or
down-regul ated i n the ski n of the animal i n response t o topi cal
appl i cati on of di butyl phthal ate (DBP) (emphasi s added) . There i s no
wel 1-recogni sed set of genes that i s known t o be di fferenti al l y expressed
i n whatever animal upon topi cal admi ni strati on of DBP t o i t s ski n . Hence,
the scope of these cl aims i s i ndetermi nabl e (Art. 6 PCT) and consequently
a meani ngful search thereof impossi bl e . The search of these cl aims has
been restri cted t o the genes reci ted i n Tab. 1-5 , 8 and 9 . 2 . The same
consi derati ons apply t o dependent c l aims 2 , 4-8 and 17-19 . 3 . The
foregoi ng consi derati ons under i tem 1 apply mutati s mutandi s t o cl aims 20
and 21 i nasmuch as they refer t o genes whose expressi on l evel i s
i ncreased or decreased by at l east 2-fol d by DBP (Art. 6 PCT) . Al so these
genes have only been searched i nasmuch as l i sted i n Tab. 1-5 , 8 and 9 . 4 .
Cl aims 20-22 di rectly or i ndi rectly rel ate t o a l i pophi l i c mol ecul e of
l ess than 500 dal tons that i nduces dendri t i c cel l mi grati on and that
modul ate the expressi on l evel of genes i n ski n cel l s as defi ned i n sai d
cl aims . Thi s reach-through defi ni t i on of the compounds does not al l ow t o
determi ne the scope of sai d cl aims wi thout undue burden as every
l i pophi l i c compound of l ess than 500 dal tons and i rrespecti ve of i t s
chemi cal nature has t o be tested for sai d properti es (Art. 6 PCT) .
Therefore, no meani ngful search of the subject-matter of c l aims 20-22 can
be performed. Apart from DBP the appl i cati on does not di scl ose any
compound whi ch i nduces dendri t i c cel l mi grati on and up- or down-regul ates
the expressi on i n ski n cel l s by at l east 2-fol d of at l east 20% of the
genes whose expressi on i s up- or down-regul ated by at l east 2-fol d by
DBP. Fi g . 8 shows numerous compounds that i nduce accumul ati on of DCs i n
lymph nodes . However, no i nformati on i s provi ded as t o whether these
genes al so i nduce a gene expressi on profi l e as requi red by cl aims 20 and
21 . Hence, no i nstance of a compound fal l i ng under the defi ni t i on of
c l aims 2o and 21 , apart from DBP whi ch , however i s di scl aimed, i s
i denti f i abl e i n the appl i cati on . Consequently, c l aims 20-22 have not been
searched.

The appl i cant ' s attenti on i s drawn t o the fact that c l aims rel ati ng t o
i nventi ons i n respect of whi ch no i nternati onal search report has been
establ i shed need not be the subject of an i nternati onal prel imi nary
exami nati on (Rul e 66. 1(e) PCT) . The appl i cant i s advi sed that the EP0
pol i cy when acti ng as an Internati onal Prel imi nary Exami ni ng Authori t y i s
normal l y not t o carry out a prel imi nary exami nati on on matter whi ch has
not been searched. Thi s i s the case i rrespecti ve of whether or not the
cl aims are amended fol l owi ng recei pt of the search report or duri ng any
Chapter I I procedure. I f the appl i cati on proceeds i nto the regi onal phase
before the EP0, the appl i cant i s remi nded that a search may be carri ed
out duri ng exami nati on before the EP0 (see EP0 Gui del i ne C-VI , 8.2) ,
shoul d the probl ems whi ch l ed t o the Arti c l e 17 (2) decl arati on be
overcome.
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