
COMPOSITIONS AND METHODS FOR TREATING AND DIAGNOSING
ASTHMA CROSS-REFERENCE TO RELATED APPLICATIONS [0001]
This application claims the benefit of U.S.
provisional application numbers 61/072,572 filed 3 1
March 2008, 61/041,480 filed 1 April 2008, 61/128,383
filed 20 May 2008, and 61/205,392 filed 16 January
2009. FIELD [0002] Compositions and methods for
treating and diagnosing subtypes of asthma patients
are provided. Also provided are methods for
identifying effective asthma therapeutic agents and
predicting responsiveness to asthma therapeutic
agents. BACKGROUND [0003] Asthma is traditionally
thought to result from aeroallergen-induced
inflammation driven by T-helper type 2 (Th2) processes
and mediated by cytokines including interleukin
(IL)-4, IL-5 and IL-13. IL- 13 is a pleiotropic Th2
cytokine produced by activated T cells, basophils,
eosinophils, and mast cells, and it has been strongly
implicated in the pathogenesis of asthma in
preclinical models [2]. Elevated levels of IL-13 have
been detected in the airways of human asthma patients;
however, this elevation is only observed in a subset
of asthmatics [3-6]. Recent research has been directed
at understanding how Th2 cytokines cause asthma-like
pathology and physiology [49, 50]. [0004] While asthma
is often characterized by eosinophilic infiltration of
the airways, there is increasing evidence that there
are other subtypes of the disease driven by
alternative forms of inflammation [1, 39, 48]. For
example, studies of the cellular components of airway
inflammation in asthma provide evidence for distinct
eosinophilic and non-eosinophilic phenotypes of asthma
[1, 39, 48]. Whether the molecular mechanisms
underlying these clinical and cellular phenotypes of
asthma differ is unknown. The identification of and
development of biomarkers for distinct molecular
phenotypes of asthma would guide the direction of
basic research and the clinical application of
emerging asthma therapies that specifically target Th2
responses in the lung.[0005] Periostin is a secreted
protein associated with fibrosis whose expression is
upregulated by recombinant IL-4 and IL- 13 in
bronchial epithelial cells [7, 8] and bronchial
fibroblasts [9]. It is expressed at elevated levels in
vivo in bronchial epithelial cells [8] and in the
subepithelial bronchial layer [9] of human asthmatics
as well as in a mouse model of asthma [10]. It is also
expressed at elevated levels in the esophageal
epithelium of patients with eosinophilic esophagitis
in an IL- 13 dependent manner [H]. Elevated periostin
expression has been observed in several types of
epithelial derived cancers [64-67], and elevated
levels of soluble periostin have been observed in the
serum of some cancer patients [64, 68-70]. [0006]
Genome-wide expression microarray analyses of
bronchial epithelial cells from 42 mild-to-moderate,
steroid-nave asthmatics and 28 healthy control
subjects have been performed [8]. In those studies,
three of the most differentially expressed epithelial
genes between all asthmatics and all healthy controls
were periostin, CLCAl, and serpinB2 [8]. Furthermore,
those genes were significantly downregulated in
bronchial epithelial cells of asthmatics after 7 days
of inhaled corticosteroid (ICS) treatment [8]. All
three of those genes are induced in bronchial
epithelial cells by recombinant IL- 13 treatment in
vitro and their expression is markedly attenuated by
addition of corticosteroids to the cell culture medium
[8]. [0007] To date, such genome-wide expression
analyses have not identified genetic biomarkers that
are prognostic or predictive of therapeutic response
to treatment for individual asthma patients, nor have
they identified genetic biomarkers that distinguish
subtypes of asthmatic patients. In addition, no
reliable nongenetic biomarkers with broad clinical
applicability for prognostic or predictive responses
to therapeutic treatment, or diagnostic of subtypes of
asthma, have been identified. Thus, as asthma patients
seek 



treatment, there is considerable trial and error
involved in the search for therapeutic agent(s)
effective for a particular patient. Such trial and
error often involves considerable risk and discomfort
to the patient in order to find the most effective
therapy. [0008] Thus, there is a need for more
effective means for determining which patients will
respond to which treatment and for incorporating such
determinations into more effective treatment regimens
for asthma patients. [0009] The invention described
herein meets the above-described needs and provides
other benefits.SUMMARY [0010] Using gene expression
signatures in bronchial epithelium, we have defined
distinct molecular subtypes of asthma. Surprisingly,
supervised clustering of the data based on a set of
genes whose expression was highly correlated to genes
known to be upregulated by IL-4 or IL- 13 stimulation
revealed not one but two distinct clusters of asthma
patients. Furthermore, analysis of these dichotomous
subsets of asthmatics revealed significant
associations between "IL-4/13 signature" status and
serum total IgE levels, serum CEA levels, serum
periostin levels, peripheral blood eosinophilia,
(bronchoalveolar lavage) BAL eosinophilia, and
responsiveness to inhaled corticosteroids (each p<0.05
by Wilcoxon rank sum test). [001 1] Accordingly, the
present invention relates to methods of diagnosing a
subpopulation of asthma patients comprising measuring
the gene expression of any one or combination of genes
selected from POSTN, CSTl, CCL26, CLCAl, CST2, PRR4,
SERPINB2, CEACAM5, iNOS, SERPINB4, CST4, PRB4, TPSDl,
TPSGl, MFSD2, CPA3, GPRl 05, CDH26, GSN, C2ORF32,
TRACH2000196 (TMEM71), DNAJC 12, RGS 13, SLCl 8A2,
SERPINBlO, SH3RF2, FCERlB, RUNX2, PTGSl, and ALOXl 5.
In one embodiment, the gene expression is measured of
any one or combination of genes selected from the
group of consisting of POSTN, CSTl, CST2, CCL26,
CLCAl, PRR4, PRB4, SERPINB2, CEACAM5, iNOS, SERPINB4,
CST4, and SERPINBlO. According to one embodiment, the
gene expression is measured by microarray. According
to another embodiment, the gene expression is measured
by observing protein expression levels of an
aforementioned gene. According to another embodiment,
the gene expression is considered elevated when
compared to a healthy control if the relative mRNA
level of the gene of interest is greater than 2.5 of
the level of a control gene mRNA. According to another
embodiment, the relative mRNA level of the gene of
interest is greater than 3 fold, 5 fold, 10 fold, 15
fold 25 fold or 30 fold compared to a healthy control
gene expression level. According to one embodiment,
the gene expression is measured by a method selected
from the group consisting of a PCR method, a
microarray method or a immunoassay method. In one
embodiment, the microarray method comprises the use of
a microarray chip having one or more nucleic acid
molecules that can hybridize under stringent
conditions to a nucleic acid molecule encoding a gene
mentioned above or having one or more polypeptides
(such as peptides or antibodies) that can bind to one
or more of the proteins encoded by the genes mentioned
above. In one embodiment, the PCR method is qPCR.
According to oneembodiment, the immunoassay method
comprises the steps of binding an antibody to protein
expressed from a gene mentioned above in a patient
sample mentioned above and determining if the protein
level from the patient sample is elevated. According
to one embodiment, a control gene is a housekeeping
gene selected from the group consisting of actin,
GAPDH, GASB and GUSB. [0012] The present invention
provides a microarray chip comprising nucleic acid
sequences encoding the following genes: POSTN, CSTl,
CST2, CCL26, CLCAl, PRR4, SERPINB2, CEACAM5, iNOS,
SERPINB4, CST4, and SERPINBlO or fragments there of.
The present invention provides a microarray chip
comprising nucleic acid sequences encoding the
following genes: POSTN, CSTl, CCL26, CLCAl, CST2,
PRR4, SERPINB2, CEACAM5, iNOS, SERPINB4, CST4, PRB4,
TPSDl, TPSGl, MFSD2, CPA3, GPR105, 



CDH26, GSN, C2ORF32, TRACH2000196 (TMEM71), DNAJC12,
RGS13, SLC18A2, SERPINBlO, SH3RF2, FCERlB, RUNX2,
PTGSl, and ALOXl, or fragments thereof. [0013] The
present invention provides a subpopulation of asthma
patients to be treated with the therapeutic agents of
this invention, wherein the ratio of Muc5AC:MUC5B
protein or mRNA levels in the airway epithelial cells
of asthma patients is greater than 25. [0014] The
present invention also relates to methods of
diagnosing a subpopulation of asthma patients by
taking single or combinations of measurements of
systemic biomarkers selected from serum CEA levels,
serum IgE levels, serum periostin levels, peripheral
blood eosinophil counts and eosinophil percentages in
bronchoalveolar lavage fluid (BAL). Systemic
biomarkers typically are nongenetic biomarkers and are
typically measured in samples obtained by noninvasive
procedures, for example, but not limited to,
collection of blood or blood components, e.g., serum
or plasma. According to one embodiment, greater than
100IU/ml IgE levels and/or 0.14 x 10e9/L eosinophils
is predictive of a patient population to be treated
with the therapeutic agents of this invention. [0015]
The present invention relates to methods of treating
asthma comprising administering a therapeutic agent to
a patient expressing elevated levels of any one or
combination of the genes selected from POSTN, CSTl,
CCL26, CLCAl, CST2, PRR4, SERPINB2, CEACAM5, iNOS,
SERPINB4, CST4, PRB4, TPSDl, TPSGl, MFSD2, CPA3, GPRl
05, CDH26, GSN, C2ORF32, TRACH2000196 (TMEM71), DNAJC
12, RGS 13, SLCl 8A2, SERPINBlO, SH3RF2, FCERlB,
RUNX2, PTGSl, ALOXl 5. According to one embodiment,
the patient expresses elevated levels of any one or
combination of genes selected from the group
consisting of periostin, CSTl, CST2, CCL26, CLCAl,
PRR4,SerpinB2, CEACAM5, iNOS, PRB4, SerpinB4,
SerpinBlO and CST4. According to one embodiment, the
patient to be treated is a mild-to-moderate,
steroid-naive (never treated with steroids) asthma
patient. According to another embodiment, the patient
to be treated is a moderate-to-severe,
steroid-resistant (non-responsive to steroids) asthma
patient. Such patients are treated with a
therapeutically effective amount of a therapeutic
agent. In one embodiment, the patient has asthma
induced by the TH2 pathway. [0016] According to one
embodiment, the therapeutic agent is an anti-IL13/IL4
pathway inhibitor. According to another embodiment,
the therapeutic agent targets the TH2 induced asthma
pathway. Exemplary targets include, but are not
limited to, cytokines or ligands such as: IL-9, IL-5,
IL-13, IL-4, OX40L, TSLP, IL-25, IL-33 and IgE; and
receptors such as: IL-9 receptor, IL-5 receptor,
IL-4receptor alpha, IL-13receptoralphal and
IL-13receptoralpha2, OX40, TSLP-R, IL-7Ralpha (a
co-receptor for TSLP), IL17RB (receptor for IL-25),
ST2 (receptor for IL-33), CCR3, CCR4, CRTH2,
FcepsilonRI and FcepsilonRII/CD23 (receptors for IgE).
Accordingly, a therapeutic agent according to this
invention includes an agent that can bind to the
target above, such as a polypeptide(s) (e.g., an
antibody, an immunoadhesin or a peptibody), an aptamer
or a small molecule. [0017] According to one
embodiment, the therapeutic agent is an anti-IL13
antibody. According to another embodiment, the
anti-IL-13 antibody comprises a VH sequence comprising
SEQ ID NO: 193 and a VL sequence comprising SEQ ID NO:
194. According to another embodiment, the anti-IL13
antibody comprises: (a) an HVR-Ll comprising amino
acid sequence RASKSVDSYGNSFMH (SEQ ID NO: 195); (b) an
HVR-L2 comprising amino acid sequence LASNLES (SEQ ID
NO: 196); (c) an HVR-L3 comprising amino acid sequence
QQNNEDPRT (SEQ ID NO: 197); (d) an HVR-Hl comprising
amino acid sequence AYSVN (SEQ ID NO: 198); (e) an
HVR-H2 comprising amino acid sequence MIWGDGKIVYNSALKS
(SEQ ID NO: 199); and (f) an HVR-H3 comprising amino
acid sequence DGYYPYAMDN (SEQ ID NO: 200). According
to another embodiment, the therapeutic agent is an
anti-OX40 ligand (OX40L) antibody. According to
another embodiment the therapeutic agent is an
anti-IL13/anti-IL4 bispecif  c antibody. According to
another embodiment, the therapeutic agent is an
anti-IgE antibody. According to another 



embodiment, the therapeutic agent is an antibody
directed against the membrane proximal Ml ' region of
surface expressed IgE on B cells. According to another
embodiment, the therapeutic agent is an inhaled
corticosteroid. In certain embodiments, the
inhaledcorticosteroid is selected from beclomethasone
diproprionate, budesonide, flunisolide, fluticasone
propionate, mometasone, and triamcinolone acetonide.
[0018] According to one embodiment, the anti-OX40L
antibody comprises: (a) an HVR-Ll comprising sequence
RSSQSPVHSNGNTYLH (SEQ ID NO:201); (b) an HVR-L2
comprising sequence KVSNRFS (SEQ ID NO: 202); (c) an
HVR-L3 comprising sequence SQSTHIPWT (SEQ ID NO: 203);
(d) an HVR-Hl comprising sequence SYWMH (SEQ ID NO:
204); (e) an HVR-H2 comprising sequence
EIDPSNGRTNYNEKFKS (SEQ ID NO: 205); and (f) an HVR-H3
comprising sequence ERSPRYFDV (SEQ ID NO:206).
According to another embodiment, the anti-OX40L
antibody comprises: (a) an HVR-Ll comprising sequence
RSSQSIVHGNGNTYLE (SEQ ID NO:207); (b) an HVR-L2
comprising sequence RVSNRFS (SEQ ID NO:208); (c) an
HVR-L3 comprising sequence FQGSHVPYT (SEQ ID NO:209);
(d) an HVR-Hl comprising sequence SYWLN (SEQ ID
NO:210); (e) an HVR-H2 comprising sequence
MIDPSDSETHYNQVFKD (SEQ ID NO:21 1); and (f) an HVR-H3
comprising sequence GRGNFYGGSHAMEY (SEQ ID NO:212).
According to another embodiment, the anti-OX40L
antibody comprises (a) an HVR-Hl comprising sequence
SYTMH (SEQ ID NO:215), SYAMS (SEQ ID NO:216), NFGMH
(SEQ ID NO:217), or NYGMH (SEQ ID NO:218), (b) an HVR-
H2 comprising sequence IISGSGGFTYYADSVKG (SEQ ID
NO:219), AIWYDGHDKYYSYYVKG (SEQ ID NO:220),
AIWYDGHDKYYAYYVKG (SEQ ID NO:221), VIWYDGSNKYYVDSVKG
(SEQ ID NO:222), or VIWNDGSNKYYVDSVKG (SEQ ID NO:223),
(c) an HVR-H3 comprising sequence DSSSWYRYFDY (SEQ ID
NO:224), DRLVAPGTFDY (SEQ ID NO:225), KNWSFDF (SEQ ID
NO:226), or DRMGIYYYGMDV (SEQ ID NO:227), (d) an
HVR-Ll comprising sequence RASQGISSWLA (SEQ ID
NO:228), RASQSVSSSYLA (SEQ ID NO:229), RASQSVSSNYLA
(SEQ ID NO:230), RASQGVSRYLA (SEQ ID NO:231), or
RASQSVSSYLA (SEQ ID NO:232), (e) an HVR- L2 comprising
sequence GASSRAT (SEQ ID NO:233), AASSLQS (SEQ ID
NO:234), MPPVWKV (SEQ ID NO:235), DASNRAT (SEQ ID
NO:236), or LHPLCKV (SEQ ID NO:237); and (f) an HVR-
L3 comprising sequence NSLIVTLT (SEQ ID NO:238),
QQYNSYPYT (SEQ ID NO:239), QQYGSSFT (SEQ ID
NO:240),QQRSNWQYT (SEQ ID NO:241), QQRSNWT (SEQ ID
NO:242), or NSIIVSLT (SEQ ID NO:243), wherein the
anti-OX40L antibody binds OX40L. According to one
embodiment, the anti-IgE antibody comprises a VL
sequence comprising SEQ ID NO:213 and a VH sequence
comprising SEQ ID NO:214. According to
anotherembodiment, the anti-IgE antibody comprises:
(a) an HVR-Ll comprising sequence RSSQSLVHNNANTYLH
(SEQ ID NO:244) (b) an HVR-L2 comprising sequence
KVSNRFS (SEQ ID NO: 245); (c) an HVR-L3 comprising
sequence SQNTLVPWT (SEQ ID NO: 246); (d) an HVR-Hl
comprising sequence GFTFSDYGIA (SEQ ID NO: 247); (e)
an HVR-H2 comprising sequence AFISDLAYTIYYADTVTG (SEQ
ID NO: 248); and (f) an HVR-H3 comprising sequence
ARDNWDAMDY (SEQ ID NO:249). According to one
embodiment, the anti-IgE antibody comprises a VH
sequence comprising SEQ ID NO:250 and a VL sequence
comprising SEQ ID NO:251. According to one embodiment,
the anti-IgE antibody comprises a VH sequence
comprising SEQ ID NO:252 and a VL sequence comprising
SEQ ID NO:253. According to another embodiment, the
anti-IgE antibody comprises: (a) an HVR-Ll comprising
sequence RSSQDISNSLN (SEQ ID NO:254) (b) an HVR-L2
comprising sequence STSRLHS (SEQ ID NO: 255); (c) an
HVR-L3 comprising sequence QQGHTLPWT (SEQ ID NO: 256);
(d) an HVR-Hl comprising sequence GYTFTDYYMM (SEQ ID
NO: 257); (e) an HVR-H2 comprising sequence
GDNIDPNNYDTSYNQKFKG (SEQ ID NO: 258); and (f) an
HVR-H3 comprising sequence ASKAY (SEQ ID NO:259).
According to another embodiment, the anti-IgE 



antibody comprises: (a) an HVR-Ll comprising sequence
RSSQDISNALN (SEQ ID NO:260) (b) an HVR-L2 comprising
sequence STSRLHS (SEQ ID NO: 255); (c) an HVRL3
comprising sequence QQGHTLPWT (SEQ ID NO: 256); (d) an
HVR-Hl comprising sequence GYTFTDYYMM (SEQ ID NO:
257); (e) an HVR-H2 comprising sequence
GDNIDPNNYDTSYNQKFKG (SEQ ID NO: 258); and (f) an
HVR-H3 comprising sequence ASKAY (SEQ ID NO:259).
According to another embodiment, the anti-IgE antibody
comprises: (a) an HVR-Ll comprising sequence
RSSQDISNALN (SEQ ID NO:260) (b) an HVR-L2 comprising
sequence STSRLHS (SEQ ID NO: 255); (c) an HVRL3
comprising sequence QQGHTLPWT (SEQ ID NO: 256); (d) an
HVR-Hl comprising sequence GYTFTDYYIM (SEQ ID NO:
261); (e) an HVR-H2 comprising sequence
GDNIDPNNYDTSYNQKFKG (SEQ ID NO: 258); and (f) an
HVR-H3 comprising sequence ASKAY (SEQ ID NO:259).
[0019] According to one embodiment, the patient has
asthma that does not involve the TH2 pathway (non-TH2
asthma). In one embodiment, the therapeutic agent
targets non-TH2 asthma. According to one embodiment,
the therapeutic agent is an IL- 17 pathway inhibitor.
In one embodiment, the therapeutic agent is anti-IL-17
antibody. In one embodiment, the therapeutic agent is
an antibody cross-reactive with both IL- 17A and IL-
17F. In oneembodiment, the therapeutic agent is a
bispecific antibody capable of binding both IL- 17A
and IL- 17F. In one embodiment, the therapeutic agent
is an anti-IL-17A/F antibody. [0020] The present
invention provides a kit for diagnosing an asthma
subtype in a patient comprising (1) one or more
nucleic acid molecules that hybridize with a gene,
wherein the gene is selected from the group of
consisting of POSTN, CSTl, CST2, CCL26, CLCAl, PRR4,
PRB4, SERPINB2, CEACAM5, iNOS, SERPINB4, CST4, and
SERPINBlO and (2) instructions for measuring the
expression levels of the gene from an asthma patient
sample, wherein the elevated expression levels of any
one, combination or all of said genes is indicative of
the asthma subtype. According to one embodiment, the
kit further comprises a gene selected from the group
consisting of: PRB4, TPSDl, TPSGl, MFSD2, CPA3, GPRl
05, CDH26, GSN, C2ORF32, TRACH2000196 (TMEM71), DNAJC
12, RGS 13, SLC18A2, SH3RF2, FCERlB, RUNX2, PTGSl, and
ALOX15. In one further embodiment, the gene expression
level is measured by assaying for mRNA levels. In
another further embodiment, the assay comprises a PCR
method or the use of a microarray chip. In yet a
further embodiment, the PCR method is qPCR. In one
embodiment, the mRNA levels of the gene of interest
relative to a control gene mRNA level greater than 2.5
fold is indicative of the asthma subtype. [0021] The
invention provides a kit for diagnosing an asthma
subtype in a patient comprising (1) one or more
protein molecules that bind to a protein selected from
the group of consisting of POSTN, CSTl, CST2, CCL26,
CLCAl, PRR4, PRB4, SERPINB2, CEACAM5, iNOS, SERPINB4,
CST4, and SERPINBlO and (2) instructions for measuring
the expression levels of the protein from a patient
sample, wherein the elevated expression levels of any
one, combination or all of said proteins is indicative
of the asthma subtype. In one embodiment, the kit
further comprises a protein molecule that binds to a
protein selected from the group consisting of: PRB4,
TPSDl, TPSGl, MFSD2, CPA3, GPR105, CDH26, GSN, C2ORF32
, TRACH2000196 (TMEM71), DNAJC 12, RGS 13, SLCl 8A2,
SH3RF2, FCERlB, RUNX2, PTGSl, and ALOX15. In one
embodiment the protein molecule is a antibody, a
peptide or a peptibody. In a further embodiment, the
kit comprises a microarray chip comprising the protein
molecule(s). [0022] The present invention provides a
kit for diagnosing an asthma subtype in a patient
comprising instructions for measuring any one of the
biomarkers from a patient sample selected from the
group consisting of: serum total IgE levels, serum CEA
levels, serum periostin levels, peripheral blood
eosinophils and bronchoalveolar lavage (BAL)
eosinophils,wherein elevated levels of CEA, serum
periostin, peripheral blood eosinophils and
bronchoalveolar lavage (BAL) eosinophils. According to
one embodiment, the kit provides 



instructions wherein an IgE level greater than
lOOIU/ml is indicative of the asthma subtype.
According to another embodiment, the kit provides
instruction, wherein a peripheral blood eosinophil
level greater than 0.14 x 10e9/L is indicative of the
asthma subtype. [0023] The present invention provides
a kit for diagnosing an asthma subtype in a patient
comprising instructions for measuring the ratio of
Muc5AC:MUC5B mRNA or protein from a sample of an
asthma patient, wherein a ratio greater than 25 is
indicative of the asthma subtype. In one embodiment,
the sample is obtained from an epithelial brushing. In
another embodiment, the sample comprises airway
epithelial cells. In one embodiment, the kit provides
a nucleic acid molecule that hybridizes under
stringent conditions with Muc5AC and a nucleic acid
molecule that hybridizes under stringent conditions
with MUC5B. In one embodiment, the kit provides a
protein molecule that binds to Muc5AC and a protein
molecule that binds to MUC5B. In one embodiment, the
protein molecule is an antibody. BRIEF DESCRIPTION OF
THE DRAWINGS [0024] Figure 1 shows gene expression
levels in airway epithelium as described in Examples 1
and 2. (A) Relative expression levels of periostin
(left panel), CLCAl (middle panel), and serpinB2
(right panel) in healthy controls (N=27) and in
asthmatics (N= 42) are shown. Normalized fluorescence
units are indicated on the left axis of each plot. (B)
Twoway comparisons of expression levels of periostin
and CLCAl (left panel), periostin and serpinB2 (middle
panel), and CLCAl and serpinB2 (right panel) in 42
asthmatics are shown. Spearman's rank order
correlation (p) and p-values are indicated in each
panel. (C) Gene expression microarray analysis for
healthy controls and asthmatics identifying expression
levels of periostin and co-regulated genes; IL-4/13
signature high cluster (cluster 1); IL-4/13 signature
low cluster (cluster 2); healthy controls. (D) Heatmap
depicting unsupervised hierarchical clustering
(Euclidean complete) of periostin, CLCAl, and serpinB2
expression levels in bronchial epithelium across all
subjects at baseline. (E) Mean (+ SEM) expression
levels of IL-4, IL-5, and IL- 13 in bronchial biopsy
homogenates obtained contemporaneously with bronchial
brushings from a subset of subjects depicted in
Figures IA-D (cluster 1: 18 "IL-13 high" asthmatics;
cluster 2 : 16 healthy controls and 14 "IL-13 low"
asthmatics). Twoway correlations across all subjects
between IL-4, IL-5, and IL-13 indicated at right
(Spearman's rank order correlation, p, and
p-values).[0025] Figure 2 shows gene families for
serpins, cystatins, and PRRs, and expression levels of
those genes as described in Example 3. (A) Serpins
(top), cystatins (middle), and PRRs (bottom) genomic
loci and organization as viewed at the University of
California Santa Cruz genome browser available at
http://genome.ucsc.edu. (B) Hierarchical clustering of
all probes encoding cystatin and serpin genes as
depicted in panel A. (C) Relative gene expression
levels in airway epithelium of PRR4 (left panel), PRB4
(middle panel), and CEACAM5 (right panel) in healthy
controls (N=27) and in asthamatics (N= 42) are shown.
Normalized fluorescence units are indicated on the
left axis of each plot. [0026] Figure 3 shows
microarray analysis of bronchial epithelial brushings
at baseline and after one week of inhaled fluticasone
propionate (ICS) treatment as described in Example 6.
(A) Periostin expression; (B) PRR4 expression; (C)
RUNX2 expression. [0027] Figure 4 shows a composite
graph of serum IgE and peripheral blood eosinophils in
asthmatic patients as described in Examples 7 and 9.
[0028] Figure 5 shows various clinical features of IL-
13 high and IL- 13 low subphenotypes of asthma as
described in Example 8. (A) Volume of air exhaled in
the first second of a forced expiration (FEV1), a
measure of airway obstruction. (B) Improvement in FEV1
after 4 puffs (360 mg) of albuterol (bronchodilator
reversibility testing). (C) Provocative concentration
of methacholine required to induce a 20% decline in
FEV1 (PC20), a measure of airway hyper-reponsiveness.
[0029] Figure 6 shows various markers of allergy,
eosinophilic inflammation and airway remodeling of
IL-13-high and IL-13 low subphenotypes of asthma as
described in Example 8. 



(A) Allergen skin prick test (SPT) results using a
panel of 12 aeroallergens. (B) Serum IgE
concentration. (C) Peripheral blood eosinophil count.
(D) Eosinophils as a percentage of total
bronchoalveolar lavage fluid (BAL) cells. (E)
Stereologic measurement of reticular basement membrane
(RBM) thickness on endobronchial biopsy, a measure of
sub-epithelial fibrosis. (F) Ratio of MUC5AC to MUC5B
expression in epithelial brushings as determined by
qPCR. [0030] Figure 7 shows various clinical features
of IL-13 high and IL-13 low subphenotypes of asthma as
described in Example 8. (A) Percentage of subjects
responding to specific aeroallergens as indicated
along the bottom axis. "IL-13 low" asthma
subphenotype; "IL-13 high" asthma subphenotype (*,
p<0.05). (B) Number of positive SPT reactions vs. BAL
eosinophil percentage; IL-13 asthma subphentoype as
indicated (high, open squares; low, closed circles).
(C) Number of positive SPT reactions vs. serum IgE;
IL- 13 asthma subphentoype as indicated (high, open
squares; low, closed circles). (D) Numberof positive
SPT reactions vs. peripheral blood eosinophil count;
IL- 13 asthma subphentoype as indicated (high, open
squares; low, closed circles). Spearman's rank order
correlation (p) and p-values are indicated in each
plot for B-D. [0031] Figure 8 shows airway epithelial
mucin content and composition in subjects with IL- 13
high and IL- 13 low asthma subphenotypes and healthy
controls as described in Example 8. (A) Volume of
mucin per volume of epithelium, a measure of airway
epithelial mucin content. (B) Expression of mucin MUC2
as determined by qPCR. (C) Expression of mucin MUC5AC
as determined by qPCR. (D) Expression of mucin MUC5B
as determined by qPCR. [0032] Figure 9 shows responses
of subjects with IL- 13 high and IL- 13 low asthma
subphenotypes to inhaled corticosteroids. (A) FEV1
measured at baseline (week 0), after 4 and 8 weeks on
daily fluticasone, and one week after the cessation of
fluticasone (week 9). (*): see Table 5 for number of
subjects in each group and p-values. (B) Heatmap
depicting unsupervised hierarchical clustering of
periostin, CLCAl, and serpinB2 (as in Fig. ID) in
bronchial epithelium of asthmatics one week after the
initiation of either fluticasone (N=19) or placebo
treatment (N= 13). Cluster identification at baseline
for individual subjects and treatment are indicated
below heatmap. (cluster 1: "IL-13 high" asthmatics;
cluster 2 : "IL-13 low" asthmatics). [0033] Figure 10
shows alveolar macrophage gene expression in subjects
with IL-13 high and IL-13 low subphenotypes of asthma
as described in Example 8. Healthy controls (N=15);
IL-13 low subphenotype of asthma (N=5); IL-13 high
subphenotype of asthma (N=9) are indicated. The figure
shows the mean (+SEM) expression levels of 15-
lipoxygenase (ALOXl 5) and tumor necrosis factor-a
(TNF-a) as determined by qPCR. (*): p < 0.03. [0034]
Figure 11 shows gene expression microarray analysis
using 35 probes covering 28 genes of samples from
healthy controls and asthmatics as described in
Example 9. [0035] Figure 12 shows gene expression
microarray analysis and qPCR analysis for periostin
and CEACAM5 as described in Example 9. (A) Periostin
expression in healthy controls, cluster 2 asthmatics
("IL-13 LOW"), and cluster 1 asthmatics ("IL-13
high"); (B) CEACAM5 expression in healthy controls,
cluster 2 asthmatics ("IL-13 LOW"), and cluster 1
asthmatics ("IL-13 HIGH"); (C) a composite graph of
CEACAM5 and periostin in "IL-13 high" asthmatics
(squares) and "IL-13 low" asthmatics (circles); (D)
Receiver operating characteristic (ROC) analysis of an
optimized algorithm for qPCR-based expression levels
ofperiostin and CEACAM5 showing sensitivity and
specificity for healthy controls, "IL- 13 high"
asthmatics, and "IL- 13 low" asthmatics. [0036] Figure
13 shows serum levels of serum proteins in asthmatics
and in healthy controls as described in Example 9. (A)
serum levels of IgE; (B) serum levels of periostin;
(C) serum levels of CEA; (D) serum levels of YKL-40;
(E) serum levels of IgE in asthmatics treated with
inhaled corticosteroids (ICS) (+) or not (-); (F)
serum levels of periostin in asthmatics treated with
inhaled corticosteroids (ICS) (+) or not (-); (G)
serum levels of CEA 



in asthmatics treated with inhaled corticosteroids
(ICS) (+) or not (-); (H) serum levels of YKL-40 in
asthmatics treated with inhaled corticosteroids (ICS)
(+) or not (-); (I) composite graph of serum levels of
periostin in asthmatics having < 100 IU/ml serum IgE
(<100) and asthmatics having > 100 IU/ml serum IgE
(>100); (J) composite graph of serum levels of CEA in
asthmatics having < 100 IU/ml serum IgE (<100) and
asthmatics having > 100 IU/ml serum IgE (>100); (K)
composite graph of serum levels of YKL-40 in
asthmatics having < 100 IU/ml serum IgE (<100) and
asthmatics having > 100 IU/ml serum IgE (MOO); (L)
composite graph of serum levels of periostin and CEA
in asthmatics having < 100 IU/ml serum IgE (circles)
and asthmatics having > 100 IU/ml serum IgE (squares).
DETAILED DESCRIPTION DEFINITIONS [0037] Unless
otherwise defined, all terms of art, notations and
other scientific terminology used herein are intended
to have the meanings commonly understood by those of
skill in the art to which this invention pertains. In
some cases, terms with commonly understood meanings
are defined herein for clarity and/or for ready
reference, and the inclusion of such definitions
herein should not necessarily be construed to
represent a substantial difference over what is
generally understood in the art. The techniques and
procedures described or referenced herein are
generally well understood and commonly employed using
conventional methodology by those skilled in the art,
such as, for example, the widely utilized molecular
cloning methodologies described in Sambrook et al.,
Molecular Cloning: A Laboratory Manual 2nd. edition
(1989) Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y. As appropriate, procedures
involving the use of commercially available kits and
reagents are generally carried out in accordance with
manufacturer defined protocols and/or parameters
unless otherwise noted.[0038] "IL-4/IL-13 gene
signature," "IL-4/IL-13 signature," "IL- 13 gene
signature," and "IL- 13 signature" are used
interchangeably herein and refer to a combination of
30 genes as set forth in Table 4, or a subcombination
of these 30 genes as set forth in Table 9, the gene
expression pattern of which correlates with certain
asthma patients. The 30 genes include POSTN, CSTl,
CCL26, CLCAl, CST2, PRR4, SERPINB2, CEACAM5, iNOS,
SERPINB4, CST4, PRB4, TPSDl, TPSGl, MFSD2, CPA3,
GPR105, CDH26, GSN, C2ORF32, TRACH2000196 (TMEM71),
DNAJC12, RGS 13, SLCl 8A2, SERPINBlO, SH3RF2, FCERlB,
RUNX2, PTGSl, ALOX15. The polypeptides of the
IL-4/IL13 gene signature are "targeted polypeptides"
of this invention. [0039] The term "targeted
polypeptide" when used herein refers to "native
sequence" polypeptides and variants (which are further
defined herein). [0040] A "native sequence"
polypeptide comprises a polypeptide having the same
amino acid sequence as the corresponding polypeptide
derived from nature. Thus, the term "native sequence
polypeptide" includes naturally-occurring truncated,
augmented, and frameshifted forms of a polypeptide,
including but not limited to alternatively spliced
forms, isoforms and polymorphisms. [0041] "Naturally
occurring variant" means a polypeptide having at least
about 60% amino acid sequence identity with a
reference polypeptide and retains at least one
biological activity of the naturally occurring
reference polypeptide. Naturally occurring variants
can include variant polypeptides having at least about
65% amino acid sequence identity, at least about 70%
amino acid sequence identity, at least about 75% amino
acid sequence identity, at least about 80% amino acid
sequence identity, at least about 80% amino acid
sequence identity, at least about 85% amino acid
sequence identity, at least about 90% amino acid
sequence identity, at least about 95% amino acid
sequence identity, at least about 98% amino acid
sequence identity or at least about 99% amino acid
sequence identity to a reference polypeptide. [0042]
Examples of POSTN include a polypeptide comprising SEQ
ID NO: 1 and other 



POSTN native sequence polypeptides, such as naturally
occurring variants and native sequence polypeptides
encoded by a nucleic acid sequence that can hybridize
under stringent conditions to SEQ ID NOs:31 and/or 32.
[0043] Examples of CSTl include a polypeptide
comprising SEQ ID NO:2 and other CSTl native sequence
polypeptides, such as naturally occurring variants and
native sequencepolypeptides encoded by a nucleic acid
sequence that can hybridize under stringent conditions
to SEQ ID NO:33. [0044] Examples of CCL26 include a
polypeptide comprising SEQ ID NO:3 and other CCL26
native sequence polypeptides, such as naturally
occurring variants and native sequence polypeptides
encoded by a nucleic acid sequence that can hybridize
under stringent conditions to SEQ ID NO:34. [0045]
Examples of CLCAl include a polypeptide comprising SEQ
ID NO:4 and other CLCAl native sequence polypeptides,
such as naturally occurring variants and native
sequence polypeptides encoded by a nucleic acid
sequence that can hybridize under stringent conditions
to SEQ ID NO:35. [0046] Examples of CST2 include a
polypeptide comprising SEQ ID NO:5 and other CST
native sequence polypeptides, such as naturally
occurring variants and native sequence polypeptides
encoded by a nucleic acid sequence that can hybridize
under stringent conditions to SEQ ID NO:36. [0047]
Examples of PRR4 include a polypeptide comprising SEQ
ID NO:6 and other PRR4 native sequence polypeptides,
such as naturally occurring variants and native
sequence polypeptides encoded by a nucleic acid
sequence that can hybridize under stringent conditions
to SEQ ID NO:37. [0048] Examples of SERPINB2 include a
polypeptide comprising SEQ ID NO:7 and other SERPINB2
native sequence polypeptides, such as naturally
occurring variants and native sequence polypeptides
encoded by a nucleic acid sequence that can hybridize
under stringent conditions to SEQ ID NO:38. [0049]
Examples of CEACAM5 include a polypeptide comprising
SEQ ID NO:8 and other CEACAM5 native sequence
polypeptides, such as naturally occurring variants and
native sequence polypeptides encoded by a nucleic acid
sequence that can hybridize under stringent conditions
to SEQ ID NO:39. [0050] Examples of iNOS include a
polypeptide comprising SEQ ID NO:9 and other iNOS
native sequence polypeptides, such as naturally
occurring variants and native sequence polypeptides
encoded by a nucleic acid sequence that can hybridize
under stringent conditions to SEQ ID NO:40. [0051]
Examples of SERPINB4 include a polypeptide comprising
SEQ ID NO: 10 and other SERPINB4 native sequence
polypeptides, such as naturally occurring variants
andnative sequence polypeptides encoded by a nucleic
acid sequence that can hybridize under stringent
conditions to SEQ ID NOs:41 and/or 42. [0052] Examples
of CST4 include a polypeptide comprising SEQ ID NO: 11
and other CST4 native sequence polypeptides, such as
naturally occurring variants and native sequence
polypeptides encoded by a nucleic acid sequence that
can hybridize under stringent conditions to SEQ ID
NO:43. [0053] Examples of PRB4 include a polypeptide
comprising SEQ ID NO: 12 and other PRB4 native
sequence polypeptides, such as naturally occurring
variants and native sequence polypeptides encoded by a
nucleic acid sequence that can hybridize under
stringent conditions to SEQ ID NO:44. [0054] Examples
of TPSDl include a polypeptide comprising SEQ ID NO:
13 and other TPSDl native sequence polypeptides, such
as naturally occurring variants and native sequence
polypeptides encoded by a nucleic acid sequence that
can hybridize under stringent conditions to a sequence
selected from the group consisting of SEQ ID NO:45-51.
[0055] Examples of TPSGl include a polypeptide
comprising SEQ ID NO: 14 and other 



TPSGl native sequence polypeptides, such as naturally
occurring variants and native sequence polypeptides
encoded by a nucleic acid sequence that can hybridize
under stringent conditions a sequence selected from
the group consisting of SEQ ID NO:52-55. [0056]
Examples of MFSD2 include a polypeptide comprising SEQ
ID NO: 15 and other MFSD2 native sequence
polypeptides, such as naturally occurring variants and
native sequence polypeptides encoded by a nucleic acid
sequence that can hybridize under stringent conditions
to SEQ ID NO:56. [0057] Examples of CPA3 include a
polypeptide comprising SEQ ID NO: 16 and other CPA3
native sequence polypeptides, such as naturally
occurring variants and native sequence polypeptides
encoded by a nucleic acid sequence that can hybridize
under stringent conditions to SEQ ID NO:57. [0058]
Examples of GPRl 05 include a polypeptide comprising
SEQ ID NO: 17 and other GPRl 05 native sequence
polypeptides, such as naturally occurring variants and
native sequence polypeptides encoded by a nucleic acid
sequence that can hybridize under stringent conditions
to SEQ ID NO:58. [0059] Examples of CDH26 include a
polypeptide comprising SEQ ID NO: 18 and other CDH26
native sequence polypeptides, such as naturally
occurring variants and nativesequence polypeptides
encoded by a nucleic acid sequence that can hybridize
under stringent conditions to SEQ ID NO:59. [0060]
Examples of GSN include a polypeptide comprising SEQ
ID NO: 19 and other GSN native sequence polypeptides,
such as naturally occurring variants and native
sequence polypeptides encoded by a nucleic acid
sequence that can hybridize under stringent conditions
to SEQ ID NO:60. [0061] Examples of C2ORF32 include a
polypeptide comprising SEQ ID NO:20 and other C2ORF32
native sequence polypeptides, such as naturally
occurring variants and native sequence polypeptides
encoded by a nucleic acid sequence that can hybridize
under stringent conditions to SEQ ID NO:61. [0062]
Examples of TRACH2000196 (TMEM71) include a
polypeptide comprising SEQ ID NO:21 and other
TRACH2000196 (TMEM71) native sequence polypeptides,
such as naturally occurring variants and native
sequence polypeptides encoded by a nucleic acid
sequence that can hybridize under stringent conditions
to SEQ ID NO:62. [0063] Examples of DNAJC12 include a
polypeptide comprising SEQ ID NO:22 and other DNAJC12
native sequence polypeptides, such as naturally
occurring variants and native sequence polypeptides
encoded by a nucleic acid sequence that can hybridize
under stringent conditions to SEQ ID NO:63. [0064]
Examples of RGS13 include a polypeptide comprising SEQ
ID NO:23 and other RGS 13 native sequence
polypeptides, such as naturally occurring variants and
native sequence polypeptides encoded by a nucleic acid
sequence that can hybridize under stringent conditions
to SEQ ID NO:64. [0065] Examples of SLC18A2 include a
polypeptide comprising SEQ ID NO:24 and other SLCl 8A2
native sequence polypeptides, such as naturally
occurring variants and native sequence polypeptides
encoded by a nucleic acid sequence that can hybridize
under stringent conditions to SEQ ID NO:65. [0066]
Examples of SERPINBlO include a polypeptide comprising
SEQ ID NO:25 and other SERPINBlO native sequence
polypeptides, such as naturally occurring variants and
native sequence polypeptides encoded by a nucleic acid
sequence that can hybridize under stringent conditions
to SEQ ID NO:66. [0067] Examples of SH3RF2 include a
polypeptide comprising SEQ ID NO:26 and other SH3RF2
native sequence polypeptides, such as naturally
occurring variants and nativesequence polypeptides
encoded by a nucleic acid sequence that can hybridize
under stringent conditions to SEQ ID NO:67. [0068]
Examples of FCERlB include a polypeptide comprising
SEQ ID NO:27 and other 



FCERlB native sequence polypeptides, such as naturally
occurring variants and native sequence polypeptides
encoded by a nucleic acid sequence that can hybridize
under stringent conditions to SEQ ID NO:68. [0069]
Examples of RUNX2 include a polypeptide comprising SEQ
ID NO:28 and other RUNX2 native sequence polypeptides,
such as naturally occurring variants and native
sequence polypeptides encoded by a nucleic acid
sequence that can hybridize under stringent conditions
to SEQ ID NO:69. [0070] Examples of PTGSl include a
polypeptide comprising SEQ ID NO:29 and other PTGSl
native sequence polypeptides, such as naturally
occurring variants and native sequence polypeptides
encoded by a nucleic acid sequence that can hybridize
under stringent conditions to SEQ ID NO:70. [0071]
Examples of ALOX15 include a polypeptide comprising
SEQ ID NO:30 and other ALOX15 native sequence
polypeptides, such as naturally occurring variants and
native sequence polypeptides encoded by a nucleic acid
sequence that can hybridize under stringent conditions
to SEQ ID NO:71. [0072] "An anti-IL 13/IL4 pathway
inhibitor" refers to an agent that blocks the IL- 13
and/or IL-4 signalling. Examples of an anti-IL13,
anti-IL4 or anti-IL 13/IL4 inhibitors include, but are
not limited to, anti-IL 13 binding agents, anti-IL4
binding agents, anti- IL4receptoralpha binding agents,
anti-IL13receptoralphal binding agents and anti-IL13
receptoralpha2 binding agents. Single domain
antibodies that can bind IL- 13, IL-4, IL- 13Ralphal,
IL-13Ralpha2 or IL-4Ralpha are specifically included
as inhibitors. It should be understood that molecules
that can bind more than one target are included.
[0073] "Anti-IL4 binding agents" refers to agent that
specifically binds to human IL-4. Such binding agents
can include a small molecule, an apatmer or a
polypeptide. Such polypeptide can include, but is not
limited to, a polypeptide(s) selected from the group
consisting of an immunoadhesin, an antibody, a
peptibody and a peptide. According to one embodiment,
the binding agent binds to a human IL-4 sequence with
an affinity between 1 uM - 1 pM. Specific examples of
anti-IL4 binding agents can include soluble
IL4Receptor alpha (e.g., extracellular domain of
IL4Receptor fused to a human Fc region),
anti-IL4antibody, and soluble IL13receptoralphal
(e.g., extracellular domain of IL13receptoralphal
fused to a human Fc region). [0074]
"Anti-IL4receptoralpha binding agents" refers to an
agent that specifically binds to human IL4
receptoralpha. Such binding agents can include a small
molecule, an aptamer or a polypeptide. Such
polypeptide can include, but is not limited to, a
polypeptide(s) selected from the group consisting of
an immunoadhesin, an antibody, a peptibody and a
peptide. According to one embodiment, the binding
agent binds to a human IL-4 receptor alpha sequence
with an affinity between 1 uM - 1 pM. Specific
examples of anti-IL4 receptoralpha binding agents can
include anti-IL4 receptor alpha antibodies. [0075]
"Anti-IL13 binding agent" refers to agent that
specifically binds to human IL- 13. Such binding
agents can include a small molecule, aptamer or a
polypeptide. Such polypeptide can include, but is not
limited to, a polypeptide(s) selected from the group
consisting of an immunoadhesin, an antibody, a
peptibody and a peptide. According to one embodiment,
the binding agent binds to a human IL- 13 sequence
with an affinity between 1 uM - 1 pM. Specific
examples of anti-IL13 binding agents can include
anti-IL13 antibodies, soluble IL13receptoralpha2 fused
to a human Fc, soluble IL4receptoralpha fused to a
human Fc, soluble IL13 receptoralpha fused to a human
Fc. According to one embodiment, the anti- IL13
antibody comprises the variable domains of the TNX-650
antibody (WO2005/062972). The variable domains of the
TNX-650 antibody comprise (1) a VH comprising
QVTLRESGPALVKPTQTLTLTCTVSGFSLSAYSVNWIRQPPGKALEWLAMIWGD
GKI
VYNSALKSRLTISKDTSKNQVVLTMTNMDPVDTATYYCAGDGYYPYAMDNWGQG
SLVTVSS (SEQ ID NO: 193) and (2) a VL comprising: 



DIVMTQSPDSLSVSLGERATINCRASKSVDSYGNSFMHWYQQKPGQPPKLLIYL
ASN
LESGVPDRFSGSGSGTDFTLTISSLQAEDVAVYYCQQNNEDPRTFGGGTKVEIK
(SEQ ID NO: 194). Other examples of anti-IL13
antibodies are described in WO2008/083695 (e.g.,
IMA-638 and IMA-026), US2008/0267959, US2008/0044420
and US2008/0248048. [0076] Anti-IL13receptoralphal
binding agents" refers to an agent that specifically
binds to human IL13 receptoralphal. Such binding
agents can include a small molecule, aptamer or a
polypeptide. Such polypeptide can include, but is not
limited to, a polypeptide(s) selected from the group
consisting of an immunoadhesin, an antibody, a
peptibody and a peptide. According to one embodiment,
the binding agent binds to a human IL- 13 receptor
alpha 1 sequence with an affinity between 1 uM - 1 pM.
Specific examples of anti-IL13 receptoralphal binding
agents can include anti-IL13 receptor alpha 1
antibodies.[0077] "Anti-IL13receptoralpha2 binding
agents" refers to an agent that specifically binds to
human IL13 receptoralpha2. Such binding agents can
include a small molecule, an aptamer or a polypeptide.
Such polypeptide can include, but is not limited to, a
polypeptide(s) selected from the group consisting of
an immunoadhesin, an antibody, a peptibody and a
peptide. According to one embodiment, the binding
agent binds to a human IL- 13 receptor alpha2 sequence
with an affinity between 1 uM - 1 pM. Specific
examples of anti-IL13 receptoralpha2 binding agents
can include anti-IL13 receptor alpha2 antibodies.
[0078] "Anti IgE binding agents" refers to an agent
that specifically binds to human IgE. Such binding
agents can include a small molecule, an aptamer or a
polypeptide. Such polypeptide can include, but is not
limited to, a polypeptide(s) selected from the group
consisting of an immunoadhesin, an antibody, a
peptibody and a peptide. According to one embodiment,
the anti-IgE antibody comprises a VL sequence
comprising Asp He GIn Leu Thr GIn Ser Pro Ser Ser Leu
Ser Ala Ser VaI GIy Asp Arg VaI Thr He Thr Cys Arg Ala
Ser GIn Ser VaI Asp Tyr Asp GIy Asp Ser Tyr Met Asn
Trp Tyr GIn GIn Lys Pro GIy Lys Ala Pro Lys Leu Leu He
Tyr Ala Ala Ser Tyr Leu GIu Ser GIy VaI Pro Ser Arg
Phe Ser GIy Ser GIy Ser GIy Thr Asp Phe Thr Leu Thr He
Ser Ser Leu GIn Pro GIu Asp Phe Ala Thr Tyr Tyr Cys
GIn GIn Ser His GIu Asp Pro Tyr Thr Phe GIy GIn GIy
Thr Lys VaI GIu He Lys Arg Thr VaI (SEQ ID NO:213) and
a VH sequence comprising GIu VaI GIn Leu VaI GIu Ser
GIy GIy GIy Leu VaI GIn Pro GIy GIy Ser Leu Arg Leu
Ser Cys Ala VaI Ser GIy Tyr Ser He Thr Ser GIy Tyr Ser
Trp Asn Trp He Arg GIn Ala Pro GIy Lys GIy Leu GIu Trp
VaI Ala Ser He Thr Tyr Asp GIy Ser Thr Asn Tyr Asn Pro
Ser VaI Lys GIy Arg He Thr He Ser Arg Asp Asp Ser Lys
Asn Thr Phe Tyr Leu GIn Met Asn Ser Leu Arg Ala GIu
Asp Thr Ala VaI Tyr Tyr Cys Ala Arg GIy Ser His Tyr
Phe GIy His Trp His Phe Ala VaI Trp GIy GIn GIy (SEQ
ID NO:214). [0079] "Anti-Mi ' binding agents" refers
to an agent that specifically binds to the membrane
proximal Ml ' region of surface expressed IgE on B
cells. Such binding agents can include a small
molecule, an aptamer or a polypeptide. Such
polypeptide can include, but is not limited to, a
polypeptide(s) selected from the group consisting of
an immunoadhesin, an antibody, a peptibody and a
peptide. According to one embodiment, the anti-IgE
antibody comprises an antibody described in WO2008/1
16149 or a variant thereof. [0080] The term "small
molecule" refers to an organic molecule having a
molecular weight between 50 Daltons to 2500
Daltons.[0081] The term "antibody" is used in the
broadest sense and specifically covers, for example,
monoclonal antibodies, polyclonal antibodies,
antibodies with polyepitopic specificity, single chain
antibodies, multi-specific antibodies and fragments of
antibodies. Such antibodies can be chimeric,
humanized, human and synthetic. Such antibodies and
methods of generating them are described in more
detail below. [0082] The term "variable" refers to the
fact that certain segments of the variable domains
differ extensively in sequence among antibodies. The V
regions mediate antigen binding and define specificity
of a particular antibody for its particular antigen.
However, the variability is not evenly distributed
across the 110-amino acid span of the variable
domains. Instead, the 



V domains consist of relatively invariant stretches
called framework regions (FRs) of 15-30 amino acids
separated by shorter regions of extreme variability
called "hypervariable regions" that are each 9-12
amino acids long. The variable domains of native heavy
and light chains each comprise four FRs, largely
adopting a beta-sheet configuration, connected by
three hypervariable regions, which form loops
connecting, and in some cases forming part of, the
beta-sheet structure. The hypervariable regions in
each chain are held together in close proximity by the
FRs and, with the hypervariable regions from the other
chain, contribute to the formation of the
antigen-binding site of antibodies (see Kabat et al.,
Sequences of Proteins of Immunological Interest, 5th
Ed. Public Health Service, National Institutes of
Health, Bethesda, MD. (1991)). The constant domains
are not involved directly in binding an antibody to an
antigen, but exhibit various effector functions, such
as participation of the antibody in antibody dependent
cellular cytotoxicity (ADCC). [0083] The term
"hypervariable region" (or "HVR") when used herein
refers to the amino acid residues of an antibody which
are responsible for antigen-binding. The hypervariable
region generally comprises amino acid residues from a
"complementarity determining region" or "CDR" (e.g.
around about residues 24-34 (Ll), 50-56 (L2) and 89-97
(L3) in the VL, and around about 31-35B (Hl), 50-65
(H2) and 95-102 (H3) in the VH (Kabat et al.,
Sequences of Proteins of Immunological Interest, 5th
Ed. Public Health Service, National Institutes of
Health, Bethesda, MD. (1991)) and/or those residues
from a "hypervariable loop" (e.g. residues 26-32 (Ll),
50-52 (L2) and 91-96 (L3) in the VL, and 26- 32 (Hl),
52A-55 (H2) and 96-101 (H3) in the VH (Chothia and
Lesk J . MoI. Biol. 196:901- 917 (1987)). [0084]
Hypervariable regions may comprise "extended
hypervariable regions" as follows: 24-36 (Ll), 46-56
(L2) and 89-97 (L3) in the VL and 26-35B (Hl), 47-65
(H2) and 93-102(H3) in the VH. The variable domain
residues are numbered according to Kabat et al., supra
for each of these definitions. [0085] "Framework" or
"FR" residues are those variable domain residues other
than the hypervariable region residues as herein
defined. For example, light chain framework 1 (LCFRl),
framework 2 (LC-FR2), framework 3 (LC-FR3) and
framework 4 (LC-FR4) region may comprise residues
numbered 1-23, 35-49, 57-88 and 98-107 of an antibody
(Kabat numbering system), respectively. In another
example, heavy chain framework 1 (HC-FRl), heavy chain
framework 2 (HC-FR2), heavy chain framework 3 (HC-FR3)
and heavy chain framework 4 (HC-FR4) may comprise
residues 1-25, 36-48, 66-92 and 103-1 13,
respectively, of an antibody (Kabat numbering system).
[0086] As referred to herein, the "consensus sequence"
or consensus V domain sequence is an artificial
sequence derived from a comparison of the amino acid
sequences of known human immunoglobulin variable
region sequences. [0087] The term "monoclonal
antibody" as used herein refers to an antibody from a
population of substantially homogeneous antibodies,
i.e., the individual antibodies comprising the
population are identical and/or bind the same
epitope(s), except for possible variants that may
arise during production of the monoclonal antibody,
such variants generally being present in minor
amounts. Such monoclonal antibody typically includes
an antibody comprising a polypeptide sequence that
binds a target, wherein the target-binding polypeptide
sequence was obtained by a process that includes the
selection of a single target binding polypeptide
sequence from a plurality of polypeptide sequences.
For example, the selection process can be the
selection of a unique clone from a plurality of
clones, such as a pool of hybridoma clones, phage
clones or recombinant DNA clones. It should be
understood that the selected target binding sequence
can be further altered, for example, to improve
affinity for the target, to humanize the target
binding sequence, to improve its production in cell
culture, to reduce its immunogenicity in vivo, to
create a multispecific antibody, etc., and that an
antibody comprising the altered target binding
sequence is also a monoclonal antibody of this 



invention. In contrast to polyclonal antibody
preparations which typically include different
antibodies directed against different determinants
(epitopes), each monoclonal antibody of a monoclonal
antibody preparationis directed against a single
determinant on an antigen. In addition to their
specificity, the monoclonal antibody preparations are
advantageous in that they are typically uncontaminated
by other immunoglobulins. The modifier "monoclonal"
indicates the character of the antibody as being
obtained from a substantially homogeneouspopulation of
antibodies, and is not to be construed as requiring
production of the antibody by any particular method.
For example, the monoclonal antibodies to be used in
accordance with the present invention may be made by a
variety of techniques, including the hybridoma method
(e.g., Kohler et al, Nature, 256:495 (1975); Harlow et
al, Antibodies: A Laboratory Manual, (Cold Spring
Harbor Laboratory Press, 2nd ed. 1988); Hammerling et
al, in: Monoclonal Antibodies and T-CeIl Hybridomas
563-681, (Elsevier, N.Y., 1981), recombinant DNA
methods (see, e.g., U.S. Patent No. 4,816,567), phage
display technologies (see, e.g., Clackson et al,
Nature, 352:624-628 (1991); Marks et al, J. MoI Biol,
222:581-597 (1991); Sidhu et al., J. MoI Biol.
338(2):299-310 (2004); Lee et al., J.Mol.Biol.340(5):
1073-1093 (2004); Fellouse, Proc. Nat. Acad. Sci. USA
101(34): 12467-12472 (2004); and Lee et al. J.
Immunol. Methods 284(1-2):1 19-132 (2004) and
technologies for producing human or human-like
antibodies from animals that have parts or all of the
human immunoglobulin loci or genes encoding human
immunoglobulin sequences (see, e.g., WO98/24893,
WO/9634096, WO/9633735, and WO/91 10741, Jakobovits et
al., Proc. Natl. Acad. Sci. USA, 90:2551 (1993);
Jakobovits et al., Nature, 362:255-258 (1993);
Bruggemann et al., Year in Immuno., 7:33 (1993); U.S.
Patent Nos. 5,545,806, 5,569,825, 5,591,669 (all of
GenPharm); 5,545,807; WO 97/17852, U.S. Patent Nos.
5,545,807; 5,545,806; 5,569,825; 5,625,126; 5,633,425;
and 5,661,016, and Marks et al, Bio/Technology . JJ):
779-783 (1992); Lonberg et al, Nature . 368 : 856-859
(1994); Morrison, Nature . 368 : 812-813 (1994);
Fishwild et al, Nature Biotechnology . 14: 845-851
(1996); Neuberger, Nature Biotechnology . 14: 826
(1996); and Lonberg and Huszar, Intern. Rev. Immunol.
, 13 : 65-93 (1995). [0088] The monoclonal antibodies
herein specifically include "chimeric" antibodies
(immunoglobulins) in which a portion of the heavy
and/or light chain is identical with or homologous to
corresponding sequences in antibodies derived from a
particular species or belonging to a particular
antibody class or subclass, while portions of the
remainder of the chain(s) is identical with or
homologous to corresponding sequences in antibodies
derived from another species or belonging to another
antibody class or subclass, as well as fragments of
such antibodies, so long as they exhibit the desired
biological activity (U.S. Patent No. 4,816,567;
Morrison et al., Proc. Natl. Acad. Sci. USA,
81:6851-6855 (1984)). Methods of making chimeric
antibodies are known in the art. [0089] "Humanized"
forms of non-human (e.g., murine) antibodies are
chimeric immunoglobulins, immunoglobulin chains or
fragments thereof (such as Fv, Fab, Fab', F(ab')2 or
other antigen-binding subsequences of antibodies)
which contain minimalsequence derived from non-human
immunoglobulin. In some embodiments, humanized
antibodies are human immunoglobulins (recipient
antibody) in which residues from a
complementarity-determining region (CDR) of the
recipient are replaced by residues from a CDR of a
non-human species (donor antibody) such as mouse, rat
or rabbit having the desired specificity, affinity,
and capacity. In some instances, Fv framework region
(FR) residues of the human immunoglobulin are replaced
by corresponding non-human residues. Furthermore,
humanized antibodies may comprise residues which are
found neither in the recipient antibody nor in the
imported CDR or framework sequences. These
modifications are generally made to further refine and
maximize antibody performance. Typically, the
humanized antibody will comprise substantially all of
at least one variable domain, in which all or
substantially all of the hypervariable loops derived
from a non-human immunoglobulin and all or
substantially all of the FR regions are derived from a
human immunoglobulin sequence although the FR regions
may include one or more amino acid substitutions to,
e.g., 



improve binding affinity. In one preferred embodiment,
the humanized antibody will also comprise at least a
portion of an immunoglobulin constant region (Fc),
typically that of a human immunoglobulin or a human
consensus constant sequence. For further details, see
Jones et al, Nature, 321:522-525 (1986); Reichmann et
al, Nature, 332:323-329 (1988); and Presta, Curr. Op.
Struct. Biol, 2:593-596 (1992). The humanized antibody
includes a PRIMATIZED(r) antibody wherein the
antigen-binding region of the antibody is derived from
an antibody produced by, e.g., immunizing macaque
monkeys with the antigen of interest. Methods of
making humanized antibodies are known in the art.
[0090] Human antibodies can also be produced using
various techniques known in the art, including
phage-display libraries. Hoogenboom and Winter, J.
MoI. Biol., 227:381 (1991); Marks et al., J. MoI.
Biol, 222:581 (1991). The techniques of Cole et al.
and Boerner et al. are also available for the
preparation of human monoclonal antibodies. Cole et
al., Monoclonal Antibodies and Cancer Therapy, Alan R.
Liss, p. 77 (1985); Boerner et al., J. Immunol,
147(l):86-95 (1991). See also, Lonberg and Huszar,
Int. Rev. Immunol. 13:65-93 (1995). PCT publications
WO 98/24893; WO 92/01047; WO 96/34096; WO 96/33735;
European Patent No. 0 598 877; U.S. Pat. Nos.
5,413,923; 5,625,126; 5,633,425; 5,569,825; 5,661,016;
5,545,806; 5,814,318; 5,885,793; 5,916,771; and
5,939,598. [0091] "Antibody fragments" comprise a
portion of a full length antibody, generally the
antigen binding or variable region thereof. Examples
of antibody fragments include Fab, Fab',F(ab')2, and
Fv fragments; diabodies; linear antibodies;
single-chain antibody molecules; and multispecif  c
antibodies formed from antibody fragments. [0092] "Fv"
is the minimum antibody fragment which contains a
complete antigenrecognition and -binding site. This
fragment consists of a dimer of one heavy- and one
lightchain variable region domain in tight,
non-covalent association. From the folding of these
two domains emanate six hypervariable loops (3 loops
each from the H and L chain) that contribute the amino
acid residues for antigen binding and confer antigen
binding specificity to the antibody. However, even a
single variable domain (or half of an Fv comprising
only three CDRs specific for an antigen) may have the
ability to recognize and bind antigen, although at a
lower affinity than the entire binding site. [0093]
"Functional fragments" of the antibodies of the
invention are those fragments that retain binding to
polypeptide with substantially the same affinity as
the intact full chain molecule from which they are
derived and are active in at least one assay (e.g.,
inhibition of TH2-induced asthma pathway such as in
mouse models or inhibition of a biological activity of
the antigen that binds to the antibody fragment in
vitro). [0094] Antibody "effector functions" refer to
those biological activities attributable to the Fc
region (a native sequence Fc region or amino acid
sequence variant Fc region) of an antibody, and vary
with the antibody isotype. Examples of antibody
effector functions include: CIq binding and complement
dependent cytotoxicity; Fc receptor binding;
antibodydependent cell-mediated cytotoxicity (ADCC);
phagocytosis; down regulation of cell surface
receptors (e.g. B cell receptor); and B cell
activation. A "native sequence Fc region" comprises an
amino acid sequence identical to the amino acid
sequence of an Fc region found in nature. [0095]
"Percent (%) amino acid sequence identity" or
"homology" with respect to the polypeptide and
antibody sequences identified herein is defined as the
percentage of amino acid residues in a candidate
sequence that are identical with the amino acid
residues in the polypeptide being compared, after
aligning the sequences considering any conservative
substitutions as part of the sequence identity.
Alignment for purposes of determining percent amino
acid sequence identity can be achieved in various ways
that are within the skill in the art, for instance,
using publicly available computer software such as
BLAST, BLAST-2, ALIGN or Megalign (DNASTAR) software.
Those skilled in the art can determine appropriate
parameters for measuring alignment, including any
algorithms needed to achieve 



maximal alignment over the full length of the
sequences being compared. For purposesherein, however,
% amino acid sequence identity values are generated
using the sequence comparison computer program
ALIGN-2. The ALIGN-2 sequence comparison computer
program was authored by Genentech, Inc. and the source
code has been filed with user documentation in the
U.S. Copyright Office, Washington D.C , 20559, where
it is registered under U.S. Copyright Registration No.
TXU5 10087. The ALIGN-2 program is publicly available
through Genentech, Inc., South San Francisco,
California. The ALIGN-2 program should be compiled for
use on a UNIX operating system, preferably digital
UNIX V4.0D. All sequence comparison parameters are set
by the ALIGN-2 program and do not vary. [0096] The
term "Fc region-comprising polypeptide" refers to a
polypeptide, such as an antibody or immunoadhesin (see
definitions below), which comprises an Fc region. The
Cterminal lysine (residue 447 according to the EU
numbering system) of the Fc region may be removed, for
example, during purification of the polypeptide or by
recombinantly engineering the nucleic acid encoding
the polypeptide. Accordingly, a composition comprising
polypeptides, including antibodies, having an Fc
region according to this invention can comprise
polypeptides populations with all K447 residues
removed, polypeptide populations with no K447 residues
removed or polypeptide populations having a mixture of
polypeptides with and without the K447 residue. [0097]
Throughout the present specification and claims, the
Kabat numbering system is generally used when
referring to a residue in the variable domain
(approximately, residues 1- 107 of the light chain and
residues 1-1 13 of the heavy chain) (e.g, Kabat et
al., Sequences of Immunological Interest. 5th Ed.
Public Health Service, National Institutes of Health,
Bethesda, Md. (1991)). The "EU numbering system" or
"EU index" is generally used when referring to a
residue in an immunoglobulin heavy chain constant
region (e.g., the EU index reported in Kabat et al.,
Sequences of Proteins of Immunological Interest, 5th
Ed. Public Health Service, National Institutes of
Health, Bethesda, MD (1991) expressly incorporated
herein by reference). Unless stated otherwise herein,
references to residues numbers in the variable domain
of antibodies means residue numbering by the Kabat
numbering system. Unless stated otherwise herein,
references to residue numbers in the constant domain
of antibodies means residue numbering by the EU
numbering system (e.g., see United States Provisional
Application No. 60/640,323, Figures for EU numbering).
[0098] "Stringency" of hybridization reactions is
readily determinable by one of ordinary skill in the
art, and generally is an empirical calculation
dependent upon probe length, washing temperature, and
salt concentration. In general, longer probes require
highertemperatures for proper annealing, while shorter
probes need lower temperatures. Hybridization
generally depends on the ability of denatured DNA to
reanneal when complementary strands are present in an
environment below their melting temperature. The
higher the degree of desired homology between the
probe and hybridizable sequence, the higher the
relative temperature which can be used. As a result,
it follows that higher relative temperatures would
tend to make the reaction conditions more stringent,
while lower temperatures less so. For additional
details and explanation of stringency of hybridization
reactions, see Ausubel et al., Current Protocols in
Molecular Biology , Wiley Interscience Publishers,
(1995). [0099] "Stringent conditions" or "high
stringency conditions", as defined herein, can be
identified by those that: (1) employ low ionic
strength and high temperature for washing, for example
0.015 M sodium chloride/0.0015 M sodium citrate/0.1%
sodium dodecyl sulfate at 5OC; (2) employ during
hybridization a denaturing agent, such as formamide,
for example, 50% (v/v) formamide with 0.1% bovine
serum albumin/0. 1% Ficoll/0.1% polyvinylpyrrolidone/5
OmM sodium phosphate buffer at pH 6.5 with 750 mM
sodium chloride, 75 mM sodium citrate at 42C; or (3)
overnight hybridization in a solution that employs 50%
formamide, 5 x SSC (0.75 M NaCl, 0.075 M sodium
citrate), 50 mM sodium phosphate (pH 6.8), 0.1% sodium
pyrophosphate, 5 x Denhardt's solution, sonicated
salmon 



sperm DNA (50 mg/ml), 0.1% SDS, and 10% dextran
sulfate at 42C, with a 10 minute wash at 42C in 0.2 x
SSC (sodium chloride/sodium citrate) followed by a 10
minute highstringency wash consisting of 0.1 x SSC
containing EDTA at 55C. [00100] "Moderately stringent
conditions" can be identified as described by Sambrook
et al., Molecular Cloning: A Laboratory Manual , New
York: Cold Spring Harbor Press, 1989, and include the
use of washing solution and hybridization conditions
(e.g., temperature, ionic strength and %SDS) less
stringent that those described above. An example of
moderately stringent conditions is overnight
incubation at 37C in a solution comprising: 20%
formamide, 5 x SSC (150 mM NaCl, 15 mM trisodium
citrate), 50 mM sodium phosphate (pH 7.6), 5 x
Denhardt's solution, 10% dextran sulfate, and 20 mg/ml
denatured sheared salmon sperm DNA, followed by
washing the filters in 1 x SSC at about 37-50C. The
skilled artisan will recognize how to adjust the
temperature, ionic strength, etc. as necessary to
accommodate factors such as probe length and the like.
[00101] As used herein, a subject to be treated is a
mammal (e.g., human, non-human primate, rat, mouse,
cow, horse, pig, sheep, goat, dog, cat, etc.). The
subject may be aclinical patient, a clinical trial
volunteer, an experimental animal, etc. The subject
may be suspected of having or at risk for having
asthma or be diagnosed with asthma. According to one
preferred embodiment, the subject to be treated
according to this invention is a human. [00102]
"Treating" or "treatment" or "alleviation" refers to
measures, wherein the object is to prevent or slow
down (lessen) the targeted pathologic condition or
disorder or relieve some of the symptoms of the
disorder. Those in need of treatment include can
include those already with the disorder as well as
those prone to have the disorder or those in whom the
disorder is to be prevented. A subject or mammal is
successfully "treated" for asthma if, after receiving
a therapeutic agent of the present invention, the
patient shows observable and/or measurable reduction
in or absence of one or more of the following:
recurrent wheezing, coughing, trouble breathing, chest
tightness, symptoms that occur or worsen at night,
symptoms that are triggered by cold air, exercise or
exposure to allergens. [00103] The term
"therapeutically effective amount" refers to an amount
of a polypeptide of this invention effective to
"alleviate" or "treat" a disease or disorder in a
subject. [00104] "Chronic" administration refers to
administration of the agent(s) in a continuous mode as
opposed to an acute mode, so as to maintain the
initial therapeutic effect (activity) for an extended
period of time. "Intermittent" administration is
treatment that is not consecutively done without
interruption, but rather is cyclic in nature. [00105]
"Forced expiratory volume (FEVl)" refers to a standard
test that measures the volume of air expelled in the
first second of a forced expiration. FEVl is measured
by a spirometer, which consists of a mouthpiece and
disposable tubing connected to a machine that records
the results and displays them on a graph. To perform
spirometry, a person inhales deeply, closes the mouth
tightly around the tube and then exhales through the
tubing while measurements are taken. The volume of air
exhaled, and the length of time each breath takes is
recorded and analyzed. Spirometry results are
expressed as a percentage. Examples of normal
spirometry results include a FEVl of 75 percent of
vital capacity after one second. An example of
abnormal spirometry results include a reading of less
than 80 percent of the normal predicted value. An
abnormal result usually indicates the presence of some
degree of obstructive lung disease such as asthma,
emphysema or chronic bronchitis, or restrictive lung
disease such as pulmonary fibrosis. For example, FEVl
values (percentage of predicted) can be used to
classify the obstruction that may occur with asthma
and other obstructive lung diseases like emphysema or
chronic bronchitis: FEVl 65 percent to 79 percent
predicted =mild obstruction, FEVl 40 percent to 59
percent predicted = moderate obstruction, and FEVl
less than 40 percent predicted = severe obstruction.
[00106] Examples of nucleic acid probes that may be
used to identify the proteins described herein (e.g.,
by microarray analysis), include, but are not limited
to the probes described in Table 4. 



[00107] "Elevated expression level" or "elevated
levels" refers to an increased expression of a mRNA or
a protein in a patient relative to a control, such as
an individual or individuals who are not suffering
from asthma. [00108] All publications (including
patents and patent applications) cited herein are
hereby incorporated in their entirety by reference.
[00109] Throughout this specification and claims, the
word "comprise," or variations such as "comprises" or
"comprising," will be understood to imply the
inclusion of a stated integer or group of integers but
not the exclusion of any other integer or group of
integers. [00110] The foregoing written description is
considered to be sufficient to enable one skilled in
the art to practice the invention. The following
Examples are offered for illustrative purposes only,
and are not intended to limit the scope of the present
invention in any way. Indeed, various modifications of
the invention in addition to those shown and described
herein will become apparent to those skilled in the
art from the foregoing description and fall within the
scope of the appended claims. Partial list of
references: 1. Haldar, P. and LD. Pavord,
Noneosinophilic asthma: a distinct clinical and
pathologic phenotype. J Allergy Clin Immunol, 2007.
119(5): p. 1043-52; quiz 1053-4. 2. Hershey, G.K.,
IL-13 receptors and signaling pathways: an evolving
web. J Allergy Clin Immunol, 2003. 111(4): p. 677-90;
quiz 691. 3. Berry, M.A., et al., Sputum and bronchial
submucosal IL-13 expression in asthma and eosinophilic
bronchitis. J Allergy Clin Immunol, 2004. 114(5): p.
1106-9. 4. Humbert, M., et al., Elevated expression of
messenger ribonucleic acid encoding IL- 13 in the
bronchial mucosa of atopic and nonatopic subjects with
asthma. J Allergy Clin Immunol, 1997. 99(5): p.
657-65. 5. Truyen, E., et al., Evaluation of airway
inflammation by quantitative Thl/Th2 cytokine mRNA
measurement in sputum of asthma patients. Thorax,
2006. 61(3): p. 202-8.6. Saha, S.K., et al, Increased
sputum and bronchial biopsy IL-13 expression in severe
asthma. J Allergy Clin Immunol, 2008. 121(3): p.
685-91. 7. Yuyama, N., et al., Analysis of novel
disease-related genes in bronchial asthma. Cytokine,
2002. 19(6): p. 287-96. 8. Woodruff, P.G., et al.,
Genome-wide profiling identifies epithelial cell genes
associated with asthma and with treatment response to
corticosteroids. Proc Natl Acad Sci U S A, 2007.
104(40): p. 15858-63. 9. Takayama, G., et al.,
Periostin: a novel component of subepithelial fibrosis
of bronchial asthma downstream of IL-4 and IL-13
signals. J Allergy Clin Immunol, 2006. 118(1): p.
98-104. 10. Hayashi, N., et al., T helper 1 cells
stimulated with ovalbumin and IL-18 induce airway
hyperresponsiveness and lung fibrosis by IFN-gamma and
IL-13 production. Proc Natl Acad Sci U S A, 2007.
104(37): p. 14765-70. 11. Blanchard, C , et al., IL-13
involvement in eosinophilic esophagitis: transcriptome
analysis and reversibility with glucocorticoids. J
Allergy Clin Immunol, 2007. 120(6): p. 1292-300. 12.
Nakanishi, A., et al., Role of gob-5 in mucus
overproduction and airway hyperresponsiveness in
asthma. Proc Natl Acad Sci U S A, 2001. 98(9): p.
5175-80. 13. Zhou, Y., et al., Characterization of a
calcium-activated chloride channel as a shared target
of Th2 cytokine pathways and its potential involvement
in asthma. Am J Respir Cell MoI Biol, 2001. 25(4): p.
486-91. 14. Kuperman, D.A., et al., Dissecting asthma
using focused transgenic modeling and functional
genomics. J Allergy Clin Immunol, 2005. 116(2): p.
305-1 1. 15. Ray, R., et al., Uteroglobin suppresses
SCCA gene expression associated with allergic asthma.
J Biol Chem, 2005. 280(1 1): p. 9761-4. 



16. Sabatini, L.M., et al., Tissue distribution of
RNAs for cystatins, histatins, statherin, and
proline-rich salivary proteins in humans and macaques.
J Dent Res, 1989. 68(7): p. 1138- 45. 17. Lindahl, M.,
B. Stahlbom, and C. Tagesson, Newly identified
proteins in human nasal and bronchoalveolar lavage
fluids: potential biomedical and clinical
applications. Electrophoresis, 1999. 20(18): p.
3670-6. 18. Cimerman, N., et al., Serum cystatin C, a
potent inhibitor of cysteine proteinases, is elevated
in asthmatic patients. Clin Chim Acta, 2000. 300(1-2):
p. 83-95.19. Finkelman, F.D., et al., Suppressive
effect of IL-4 on IL-13-induced genes in mouse lung. J
Immunol, 2005. 174(8): p. 4630-8. 20. Zimmermann, N.,
et al., Expression and regulation of small
proline-rich protein 2 in allergic inflammation. Am J
Respir Cell MoI Biol, 2005. 32(5): p. 428-35. 2 1.
Warner, T.F. and E.A. Azen, Proline-rich proteins are
present in serous cells of submucosal glands in the
respiratory tract. Am Rev Respir Dis, 1984. 130(1): p.
115-8. 22. Maeda, Y., et al., [Concentrations of
carcinoembryonic antigen in serum and bronchoalveolar
lavage fluid of asthmatic patients with mucoid
impaction]. Nihon Kokyuki Gakkai Zasshi, 2004. 42(12):
p. 988-93. 23. Suresh, V., J .D. Mih, and S.C. George,
Measurement of IL-13-induced iNOS-derived gas phase
nitric oxide in human bronchial epithelial cells. Am J
Respir Cell MoI Biol, 2007. 37(1): p. 97-104. 24.
Storey, J.D. and R. Tibshirani, Statistical
significance for genomewide studies. Proc Natl Acad
Sci U S A, 2003. 100(16): p. 9440-5. 25. Eisen, M.B.,
et al., Cluster analysis and display of genome-wide
expression patterns. Proc Natl Acad Sci U S A, 1998.
95(25): p. 14863-8. 26. Saldanha, A.J., Java
Treeview-extensible visualization of microarray data.
Bioinformatics, 2004. 20(17): p. 3246-8. 27.
Kelly-Welch, A. E., Hanson, E. M., Boothby, M. R. &
Keegan, A. D. Interleukin-4 and interleukin-13
signaling connections maps. Science 300, 1527-8
(2003). 28. Fixman, E. D., Stewart, A. & Martin, J .
G. Basic mechanisms of development of airway
structural changes in asthma. Eur Respir J 29, 379-89
(2007). 29. Holgate, S. T. Pathogenesis of asthma.
Clin Exp Allergy 38, 872-97 (2008). 30. Roche, W. R.,
Beasley, R., Williams, J . H. & Holgate, S. T.
Subepithelial fibrosis in the bronchi of asthmatics.
Lancet 1, 520-4 (1989). 31. Ferrando, R. E.,
Nyengaard, J . R., Hays, S. R., Fahy, J . V. &
Woodruff, P. G. Applying stereology to measure
thickness of the basement membrane zone in bronchial
biopsy specimens. J Allergy Clin Immunol 112, 1243-5
(2003). 32. Ordonez, C. L. et al. Mild and moderate
asthma is associated with airway goblet cell
hyperplasia and abnormalities in mucin gene
expression. Am J Respir Crit Care Med 163, 517-23
(2001). 33. Martin, R. J . et al. The Predicting
Response to Inhaled Corticosteroid Efficacy (PRICE)
trial. J Allergy Clin Immunol 119, 73-80 (2007).34.
Wenzel, S., Wilbraham, D., Fuller, R., Getz, E. B. &
Longphre, M. Effect of an interleukin-4 variant on
late phase asthmatic response to allergen challenge in
asthmatic patients: results of two phase 2a studies.
Lancet 370, 1422-31 (2007). 35. Grunig, G. et al.
Requirement for IL- 13 independently of IL-4 in
experimental asthma. Science 282, 2261-3 (1998). 36.
Wills-Karp, M. et al. Interleukin-13: central mediator
of allergic asthma. Science 282, 2258-61 (1998). 37.
Simpson, J . L., Scott, R., Boyle, M. J . & Gibson, P.
G. Inflammatory subtypes in asthma: assessment and
identification using induced sputum. Respirology 11,
54-61 (2006). 38. Wenzel, S. E. et al. Evidence that
severe asthma can be divided pathologically into two
inflammatory subtypes with distinct physiologic and
clinical characteristics. Am J Respir 



Crit Care Med 160, 1001-8 (1999). 39. Wenzel, S. E.
Asthma: defining of the persistent adult phenotypes.
Lancet 368, 804- 13 (2006). 40. Berry, M. et al.
Pathological features and inhaled corticosteroid
response of eosinophilic and non-eosinophilic asthma.
Thorax 62, 1043-9 (2007). 41. Pavord, I . D.,
Brightling, C. E., Woltmann, G. & Wardlaw, A. J .
Non-eosinophilic corticosteroid unresponsive asthma.
Lancet 353, 2213-4 (1999). 42. McKinley, L. et al.
TH17 cells mediate steroid-resistant airway
inflammation and airway hyperresponsiveness in mice. J
Immunol 181, 4089-97 (2008). 43. Holgate, S. T.
Epithelium dysfunction in asthma. J Allergy Clin
Immunol 120, 1233- 44; quiz 1245-6 (2007). 44. Martin,
R. J., Kraft, M., Chu, H. W., Berns, E. A. & Cassell,
G. H. A link between chronic asthma and chronic
infection. J Allergy Clin Immunol 107, 595-601 (2001).
45. Dolganov, G. M. et al. A novel method of gene
transcript profiling in airway biopsy homogenates
reveals increased expression of aNa+-K+-Cl-
cotransporter (NKCCl) in asthmatic subjects. Genome
Res 11, 1473-83 (2001). 46. Innes, A. L. et al.
Epithelial mucin stores are increased in the large
airways of smokers with airflow obstruction. Chest
130, 1102-8 (2006). 47. Gentleman, R. C. et al.
Bioconductor: open software development for
computational biology and bioinformatics. Genome Biol
5, R80 (2004). 48. Douwes J, Gibson P, Pekkanen J,
Pearce N. Non-eosinophilic asthma: importance and
possible mechanisms. Thorax 2002;57(7):643-8.49. Galli
SJ, Tsai M, Piliponsky AM. The development of allergic
inflammation. Nature 2008;454(7203):445-54. 50. Barnes
PJ. The cytokine network in asthma and chronic
obstructive pulmonary disease. J Clin Invest 2008;
118(1 1):3546-56. 51. Woodruff PG, Koth LL, Yang YH,
et al. A distinctive alveolar macrophage activation
state induced by cigarette smoking. Am J Respir Crit
Care Med 2005; 172(1 1): 1383-92. 52. Weibel ER, Hsia
CC, Ochs M. How much is there really? Why stereology
is essential in lung morphometry. J Appl Physiol 2007;
102(l):459-67. 53. Seibold MA, Donnelly S, Solon M, et
al. Chitotriosidase is the primary active chitinase in
the human lung and is modulated by genotype and
smoking habit. J Allergy Clin Immunol 2008;
122(5):944-50 e3. 54. Kim EY, Battaile JT, Patel AC,
et al. Persistent activation of an innate immune
response translates respiratory viral infection into
chronic lung disease. Nat Med 2008;14(6):633-40. 55.
Peters-Golden M. The alveolar macrophage: the
forgotten cell in asthma. Am J Respir Cell MoI Biol
2004;31(l):3-7. 56. Chu HW, Balzar S, Westcott JY, et
al. Expression and activation of 15-lipoxygenase
pathway in severe asthma: relationship to eosinophilic
phenotype and collagen deposition. Clin Exp Allergy
2002;32(l l): 1558-65. 57. Gordon S. Alternative
activation of macrophages. Nat Rev Immunol 2003;
3(l):23-35. 58. Anderson GP. Endotyping asthma: new
insights into key pathogenic mechanisms in a complex,
heterogeneous disease. Lancet 2008;372(9643): 1107-19.
59. Berry MA, Hargadon B, Shelley M, et al. Evidence
of a role of tumor necrosis factor alpha in refractory
asthma. N Engl J Med 2006;354(7):697-708. 60. Takatsu
K, Nakajima H. IL-5 and eosinophilia. Curr Opin
Immunol 2008;20(3):288- 94. 6 1. Zimmermann N, Hershey
GK, Foster PS, Rothenberg ME. Chemokines in asthma:
cooperative interaction between chemokines and IL- 13.
J Allergy Clin Immunol 2003;l l l(2):227-42; quiz 43. 



62. Flood-Page PT, Menzies-Gow AN, Kay AB, Robinson
DS. Eosinophil's role remains uncertain as
anti-interleukin-5 only partially depletes numbers in
asthmatic airway. Am J Respir Crit Care Med 2003;
167(2): 199-204.63. Flood-Page P, Swenson C, Faiferman
I, et al. A study to evaluate safety and efficacy of
mepolizumab in patients with moderate persistent
asthma. Am J Respir Crit Care Med 2007;176(l
l):1062-71. 64. Baril, P., et al., Periostin promotes
invasiveness and resistance of pancreatic cancer cells
to hypoxia-induced cell death: role of the beta4
integrin and the PBk pathway. Oncogene, 2007: 26(14):
p. 2082-94. 65. Kudo, Y., et al., Periostin promotes
invasion and anchorage-independent growth in the
metastatic process of head and neck cancer. Cancer
Res, 2006:66(14): p. 6928-35 66. Puglisi, F., et al.,
Expression of periostin in human breast cancer. J Clin
Pathol, 2008:61(4): p. 494-8. 15. 67. Siriwardena,
B.S., et al., Periostin is frequently overexpressed
and enhances invasion and angiogenesis in oral cancer.
Br J Cancer, 2006:95(10): p. 1396-403. 68. Sasaki, H.,
et al., Serum level of the periostin, a homologue of
an insect cell adhesion molecule, as a prognostic
marker in nonsmall cell lung carcinomas. Cancer, 2001
:92(4): p. 843-8. 69. Sasaki, H., et al., Expression
of Periostin, homologous with an insect cell adhesion
molecule, as a prognostic marker in non-small cell
lung cancers. Jpn J Cancer Res, 2001:92(8): p. 869-73.
70. Sasaki, H., et al., Elevated serum periostin
levels in patients with bone metastases from breast
but not lung cancer. Breast Cancer Res Treat,
2003:77(3): p. 245-52. 71. Komiya, A., et al.,
Concerted expression of eotaxin-1, eotaxin-2, and
eotaxin-3 in human bronchial epithelial cells. Cell
Immunol, 2003:225(2): p. 91-100. 72. Chupp, G.L., et
al., A chitinase-like protein in the lung and
circulation of patients with severe asthma. N Engl J
Med, 2007:357(20): p. 2016-27. 73. Liu, S.M., et al.,
Immune cell transcriptome datasets reveal novel
leukocyte subsetspecific genes and genes associated
with allergic processes. J Allergy Clin Immunol,
2006:1 18(2): p. 496-503. 74. Nakajima, T., et al.,
Identification of granulocyte subtype-selective
receptors and ion channels by using a high-density
oligonucleotide probe array. J Allergy Clin Immunol,
2004:1 13(3): p. 528-35. 75. De Filippis, D., A.
DAmico, and T. Iuvone, Cannabinomimetic control of
mast cell mediator release: new perspective in chronic
inflammation. J Neuroendocrinol, 2008:20 Suppl 1: p.
20-5.76. Reed, CE. and H. Kita, The role of protease
activation of inflammation in allergic respiratory
diseases. J Allergy Clin Immunol, 2004:1 14(5): p.
997-1008; quiz 1009. 77. Blanchard, C , et al.,
Periostin facilitates eosinophil tissue infiltration
in allergic lung and esophageal responses. Mucosal
Immunol, 2008:1(4): p. 289-96. 78. Wenzel, S.E., et
al., Bronchoscopic evaluation of severe asthma.
Persistent inflammation associated with high dose
glucocorticoids. Am J Respir Crit Care Med, 1997:156(3
Pt I): p. 737-43. 79. Leung, D.Y., et al.,
Dysregulation of interleukin 4, interleukin 5, and
interferon gamma gene expression in steroid-resistant
asthma. J Exp Med, 1995:181(1): p. 33-40. 80. Walsh,
G.M., Emerging drugs for asthma. Expert Opin Emerg
Drugs, 2008:13(4): p. 643-53. 81. Ballesta, A.M., et
al., Carcinoembryonic antigen in staging and follow-up
of patients with solid tumors. Tumour Biol,
1995:16(1): p. 32-41. [00111] All references cited
herein, including patent applications and
publications, are incorporated by reference in their
entirety for any purpose. In addition, United States
Provisional Applications US Serial No. 61/072,572,
filed 3/31/2008, US Serial No. 



61/041,480, filed 4/1/2008, US Serial No.: 61/128,383,
filed 5/20/2008, US Serial No.: 61/205,392, filed
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Methods Airway Tissue Bank [00112] We studied
biological samples stored in the Airway Tissue Bank at
the University of California, San Francisco (UCSF)
that had been collected during bronchoscopy performed
for research purposes in healthy and asthmatic
volunteers. Research bronchoscopy had included
collection of epithelial brushings, bronchoalveolar
lavage (BAL) and bronchial biopsies using specific
methods previously described [8, 46]. BAL cell counts
and differentials had been performed and databased,
and macrophages had been sorted from BALfluid using
flow cytometry [5 1]. Four to six bronchial biopsies
had been obtained from 2ndthrough 5th-order carinae
(contralateral to the brushing site), formalin-fixed,
and then paraffin-embedded in isotropic uniform random
orientation [31] to enable quantitative measures of
inflammation and remodeling using methods of
design-based stereo logy [52]. An additional 2
bronchial biopsies had been homogenized and processed
for RNA using the Qiagen RNeasy minikit (Qiagen Inc.,
Valencia, CA). RNA extracted from epithelial
brushings, homogenates of bronchial biopsies, and
lavage macrophages had been quality assured and
aliquoted for future microrray- and PCR-based gene
profiling. All research bronchoscopy studies had been
approved by the UCSF Committee on Human Research
(CHR), written informed consent had been obtained from
all subjects, and all studies had been performed in
accordance with the principles expressed in the
Declaration of Helsinki. The Airway Tissue Bank
procedures were also reviewed and approved by UCSF's
CHR. Samples of epithelial brushings and macrophages
from this tissue bank have been used in previously
reported studies [8, 14, 46, 51, 53]. Most recently,
microarray analyses of differentially expressed genes
in epithelial brushings in asthmatic subjects have
been reported by us [8]. [00113] For the purposes of
identifying subsets of patients with asthma who differ
with respect to the molecular mechanism underlying
their airway inflammation and the distinct
inflammatory, pathological and clinical phenotypes
characteristic of these subsets, we first conducted
new analyses on our previously generated epithelial
cell microarray data, and we then supplemented these
new analyses with review of additional and detailed
clinical characterization data (including data on
bronchodilator reversibility and allergen skin test
reactivity) from these same subjects and newly
generated data, including: (i) gene expression
profiles in homogenates of bronchial biopsies and
alveolar macrophages; (ii) quantitative measures of
subepithelial collagen and airway epithelial mucin in
bronchial biopsies; (iii) total and differential cell
counts in BAL. Human Subjects and Samples [00114]
Subjects with asthma (N=42) had a prior physician
diagnosis of asthma, symptoms consistent with asthma
confirmed by a study physician, airway
hyperresponsiveness (defined as a drop in forced
expiratory volume in the first second (FEV 1) of 20%
or greater with inhalation of <8 mg/mL of methacholine
[PC20 methacholine] and either. 1) symptoms on 2 or
more days per week, 2) b-agonist use on 2 or more days
per week, or 3)an FEVi<85% predicted. They did not
take inhaled or oral corticosteroids for 4 weeks prior
to enrollment. Healthy controls (N=27) had no history
of lung disease and lacked airway hyper-responsiveness
(PC20 methacholine >16 mg/mL). Certain studies
included current smokers without asthma (N= 16).
Exclusion criteria for all subjects included upper
respiratory tract infection in the previous 4 weeks,
asthma exacerbation within 6 weeks and current use of
salmeterol, astemizole, nedocromil sodium, sodium
cromoglycate, methlyxanthines, montelukast or
zafirlukast. Subjects underwent baseline evaluation by
study 



physicians (including spirometry and methacholine
challenge testing as described previously [8]).
Subjects also underwent allergen skin prick testing
(ASPT) with a panel of 12 aeroallergens, a positive
control and a negative control (Table 6). [00115]
Thirty-two of the subjects with asthma had also been
enrolled in a double-blind randomized controlled
clinical trial of inhaled fluticasone (500 mg, twice
daily, N=19) or matched placebo (N=13)
(ClinicalTrials.gov Identifier: NCT00187499). The
trial was designed to determine the effects of inhaled
steroid (fluticasone) on airway gene expression and to
relate gene expression changes to improvements in lung
function. The asthma subjects in the clinical trial
had undergone baseline bronchoscopy and had been
randomized to receive study medication before
undergoing repeat bronchoscopy one week later after
starting study drug. Asthma subjects continued study
medication for a total of 8 weeks. Healthy control
subjects and smokers were enrolled in one of three
cross-sectional studies, which comprised two visits
each, the first for characterization and the second
for bronchoscopy 1 week later. Thirty- five subjects
had adequate baseline bronchoscopy, and 32 had RNA
available from epithelial brushings at both
bronchoscopies. Lung function was measured (by
spirometry) after 4 weeks and 8 weeks on study
medication, and a final spirometry was completed after
a one week run-out. Methods for bronchoscopy,
epithelial brushing, bronchoalveaolar lavage,
spirometry, and sample handling were identical across
all studies. [00116] Bronchoalveolar lavage (BAL) was
performed by instilling 4 aliquots of 50ml of sterile
saline into either the lingula or right middle lobe,
with recovery by suction. Cell counts were performed
using a hemocytometer and Turks solution (1% glacial
acetic acid and 0.01% gentian violet in distilled H
O). Then BAL cell differentials were performed on
cytocentrifuged preparations using the Shandon
Kwik-Diff stain kit (Thermo Fisher Scientific, Waltham
MA). Thirty-two of the subjects with asthma were also
enrolled in a double-blind randomized controlled
clinical trial of inhaled fluticasone (500 meg BID) or
matched placebo. In addition to the inclusion criteria
above, these subjects were also required to have
eitherasthma symptoms on 2 or more days per week, or
b-agonist use on 2 or more days per week, or FEVi<85%
predicted. Subjects in the clinical trial underwent a
baseline visit and baseline bronchoscopy as described
above, were randomized to receive study medication and
underwent repeat bronchoscopy one week later. Then,
they continued study medication for a total of 8 weeks
with scheduled re-assessment of spirometry and
methacholine challenge testing. All clinical studies
were approved by the University of California at San
Francisco Committee on Human Research, written
informed consent was obtained from all subjects, and
all studies were performed in accordance with the
principles expressed in the Declaration of Helsinki.
Microarray Analyses and Morphometry [00117] Microarray
data from mild-moderate non-smoking asthma patients
and healthy non-smoking subjects were obtained from a
previous study as described [8]. Methodological detail
and microarray data are also available from the Gene
Expression Omnibus public database, which can be
accessed online at the National Center for
Biotechnology Information, accession number GSE4302.
Microarray data was analysed in the present study to
determine whether genes were differentially regulated
within the asthmatic group. Also, the microarray data
was analyzed to determine whether other genes were
co-regulated with top asthmarelated, IL- 13 induced
genes. Two step real-time PCR (qPCR) was performed as
described previously [45] using the primers and probes
in Table 1 (i.e., multiplex PCR followed by real time
PCR on cDNA generated products). [00118] Morphometric
analyses were performed by applying design-based
stereology to 4- 6 endobronchial biopsies from each
subject as described previously. Specifically,
analysis of reticular basement membrane thickness was
measured in trichrome 3mm sections using the
orthogonal intercept method [31]. Airway mucin content
was measured in Alcian blue/Periodic acid Schiff 3 mm
sections using point and line intersect counting
methods [46]. 



Statistical Methods [001 19] Microarray preprocessing
was performed using RMA with Bioconductor open source
software [47] in the R statistical environment.
Unsupervised hierarchical clustering was performed
using the Euclidean metric with complete linkage. All
other statistical analyses including were performed
using the JMP statistical analysis software package
(SAS Institute, Cary, NC). Values are presented as
meanstandard deviation or median (range)unless
otherwise specified. Correlation was performed using
Spearman's rank order correlation. For significance
testing of PC20 and serum IgE levels, data were log
transformed for normality. A p<0.05 was taken as
statistically significant and sidak correction for
multiple comparisons was employed after initial
three-group comparisons by ANOVA.Table 1. Primer and
probe sequences for qPCRCAGTGTCGCCATCACTGTCTCCAGC
probe [SEQ ID NO: 107] AL0X5 RT-forward
ACGTCCACCAGACCATCACC [SEQ ID NO: 108] RT-reverse
GAATCTCACGTGTGCCACCA [SEQ ID NO: 109] Taqman-forward
ATTGCAATGTACCGCCAGC [SEQ ID NO: 110] Taqman-reverse
GAATCTCACGTGTGCCACCA [SEQ ID NO:1 11]
CTGCTGTGCACCCCATTTTCAAGCTG probe [SEQ ID NO: 112]
CATAAAGTGGAGCACGAAAGCA ALOX5AP RT-forward [SEQ ID NO:
113] GGTACGCATCTACACAGTTCTGGTT RT-reverse [SEQ ID NO:
114] CAGAATGGGAGGAGCTTCCA Taqman-forward [SEQ ID NO:
115] CACAGTTCTGGTTGGCAGTGTAG Taqman-reverse [SEQ ID
NO: 116] CCGGAACACTTGCCTTTGAGCGG probe [SEQ ID NO:
117] CAAGGTCTGTGGGAAAAGCAA ARGl RT-forward [SEQ ID NO:
118] RT-reverse TGGCCAGAGATGCTTCCAAT [SEQ ID NO: 119]
GCAGAAGTCAAGAAGAACGGAAGA Taqman-forward [SEQ ID NO:
120] Taqman-reverse TGCTTCCAATTGCCAAACTG [SEQ ID NO:
121] probe TCTCCGCCCAGCACCAGGCT [SEQ ID NO: 122]
ACTTAAAGCCCGCCTGACAGA ILlB RT-forward [SEQ ID NO: 123]
GCTACTTCTTGCCCCCTTTGAA RT-reverse [SEQ ID NO: 124]
Taqman-forward CCACGGCCACATTTGGTT [SEQ ID NO: 125]
Taqman-reverse AGGGAAGCGGTTGCTCATC [SEQ ID NO: 126]
AGAAACCCTCTGTCATTCGCTCCCACAT probe [SEQ ID NO: 127]
CTCCGCAGTCACCTAATCACTCT IL1rn RT-forward [SEQ ID NO:
128] GGCTCAATGGGTACCACATCTATCT RT-reverse [SEQ ID NO:
129] TTCCTGTTCCATTCAGAGACGAT Taqman-forward [SEQ ID
NO: 130] AGATTCTGAAGGCTTGCATCTTG Taqman-reverse [SEQ
ID NO: 131] TGCCGACCCTCTGGGAGAAAATCC 



probe [SEQ ID NO: 132] ATTCAAGGATCTTGCTGCCTTT LTA4H
RT-forward [SEQ ID NO: 133] RT-reverse
TGCAGTCACGGGATGCAT [SEQ ID NO: 134]
CAAGGATCTTGCTGCCTTTGA Taqman-forward [SEQ ID NO: 135]
Taqman-reverse TGCTTGCTTTGTGCTCTTGGT [SEQ ID NO:136]
probe AAATCCCATGATCAAGCTGTCCGAACCPERMEANT DELIVERY
SYSTEM AND METHODS FOR USE THEREOF Priority Claim This
application claims the benefit of U.S. Provisional
Patent Application Ser. No. 61/040,744 filed March 31,
2008, the contents of which are hereby incorporated by
reference in its entirety. This application also
claims the benefit of U.S. Provisional Patent
Application Ser. No. 61/133,101 filed June 25, 2008,
the contents of which are hereby incorporated by
reference in its entirety. Field of the Invention The
present invention relates generally to the field of
transdermal permeant delivery and more specifically to
devices, systems and methods for using the same.
Background of the Invention Transdermal drug delivery
systems have been marketed for a variety of
therapeutic indications over the past 20 years.
Typically, transdermal delivery systems are fabricated
as multilayered polymeric laminates in which a drug
reservoir or a drug-polymer matrix is sandwiched
between two polymeric layers: an outer impervious
backing layer that creates an occlusive environment
and prevents the loss of drug through the backing
surface and an inner polymeric layer that functions as
an adhesive and/or rate-controlling membrane. In the
case of a drug reservoir design, the reservoir is
sandwiched between the backing and a rate controlling
membrane. The drug releases only through the
rate-controlling membrane, which can be microporous or
nonporous. In the drug reservoir compartment, the drug
can be in the form of a solution, suspension, or gel
or dispersed in a solid polymer matrix. On the outer
surface of the polymeric membrane a thin layer of
drug-compatible, hypoallergenic adhesive polymer may
be applied. In the case of the drug matrix design,
there are two types, the drug-in-adhesive system and
the matrix dispersion system. In the drug-in-adhesive
system, the drug reservoir is formed by dispersing the
drug in an adhesive polymer and then spreading the
medicated polymer adhesive by solvent casting or by
melting the adhesive (in thecase of hot-melt
adhesives) onto an impervious backing layer. On top of
the reservoir, layers of unmedicated adhesive polymer
are applied. In the case of the matrix dispersion
system, the drug is dispersed homogeneously in a
hydrophilic or lipophilic polymer matrix and fixed
onto a drug-impermeable backing layer by solvent
casting or extrusion. Instead of applying the adhesive
on the face of the drug reservoir, it is applied to
form a peripheral adhesive. Most conventional
transdermal products contain small molecule drugs (<
500 Daltons) that are lipophilic in nature, allowing
them to dissolve into and diffuse through the lipid
bilayers of the outer layer of the skin, the stratum
corneum. Most transdermal products contain the
lipophilic base form of the drug, not the hydrophilic
or water soluble salt form. Transdermal delivery is
typically limited to small molecules to allow a
sufficient flux into the body across a reasonably
sized patch area. To increase transdermal flux,
chemical permeation enhancers have been added to
transdermal formulations. However, use of chemical
permeation enhancers has not been successful in
achieving a sufficient flux of a hydrophilic or water
soluble drug or any molecule larger than 1000 Daltons
to reach therapeutic levels. Accordingly, there 



is a need in the art for improved methods, systems and
devices for achieving transdermal delivery of
permeants to a subject at therapeutic delivery rates.
Summary of the Invention The present invention
provides devices, systems and methods for delivery of
permeants through a biological membrane of a subject.
In a first aspect, the present invention is a patch
which contains a matrix, at least one hydrophilic
permeant and at least one permeability enhancer
disposed within the matrix, where at least a portion
of the hydrophilic permeant can dissolve in biological
moisture received from the subject. In one embodiment
of the present invention, the hydrophilic permeant is
a bioactive agent. In a particular embodiment, the
hydrophilic permeant is a protein. In another
particular embodiment, the hydrophilic permeant is a
small molecule. In one embodiment, the hydrophilic
permeant is selected from exenatide, fentanyl citrate,
hydromorphone or insulin. In another embodiment of the
present invention, the permeability enhancer is a pH
control agent. In a particular embodiment, the
permeability enhancer is selected from disodium
citrate, succinic acid or tris.In yet another
embodiment of the present invention, the matrix is a
polymer matrix. In one embodiment, the polymer matrix
contains a single polymer. In a particular embodiment,
the polymer is selected from a water insoluble polymer
or water soluble polymer. Ethylene vinyl acetate and
ethyl cellulose are typical water insoluble polymers.
Polyvinyl alcohol is a typical water soluble polymer.
In a still further embodiment of the present
invention, the polymer matrix contains two or more
polymers. In one embodiment, the two or more polymers
are selected from water insoluble polymers, water
soluble polymers or combinations thereof. In a
particular embodiment, the polymer matrix contains
ethylene vinyl acetate and ethyl cellulose. In another
particular embodiment, the polymer matrix contains
ethylene vinyl acetate and polyvinyl alcohol. In
another embodiment of the invention, the hydrophilic
permeant is delivered to the subject for an
administration period ranging from about 5 minutes to
about 7 days. In one embodiment, the hydrophilic
permeant is delivered to the subject for an
administrative period of about 7 days. In another
embodiment, the hydrophilic permeant is delivered to
the subject for an administrative period of about 3
days. In a further embodiment, the hydrophilic
permeant is delivered to the subject for an
administrative period ranging from about 12 to about
36 hours. In yet another embodiment, the hydrophilic
permeant is delivered to the subject for an
administrative period of about 24 hours. In a further
embodiment of the present invention, the patch also
includes a solubility control agent. In one
embodiment, the solubility control agent is a salt. In
a particular embodiment, the solubility control agent
is selected from sodium chloride or ammonium sulfate.
In a specific embodiment, the present invention is a
patch for delivery of exenatide through a biological
membrane of a subject, wherein the patch includes an
polymer matrix containing exenatide and at least one
permeability enhancer, wherein at least a portion of
the exenatide dissolves in biological moisture
received from the subject. In a particular embodiment,
the permeability enhancer is a pH control agent. In
one embodiment, the pH control agent is succinic acid.
In a further particular embodiment, the polymer matrix
contains ethylene vinyl acetate and ethyl cellulose.
In a particular embodiment, exenatide is delivered to
the subject for an administrative period of from about
5 hours to about 7 days. In one embodiment, exenatide
isdelivered to a subject of an administrative period
of about 24 hours, about 3 days or about 7 days. 



In a further specific embodiment, the present
invention is a patch for delivery of insulin through a
biological membrane of a subject, wherein the patch
includes an polymer matrix containing insulin and at
least one permeability enhancer, wherein at least a
portion of the insulin dissolves in biological
moisture received from the subject. In a particular
embodiment, the permeability enhancer is a pH control
agent. In a specific embodiment, the pH control agent
is tris. In another particular embodiment, the polymer
matrix contains ethylene vinyl acetate and polyvinyl
alcohol. In a particular embodiment, insulin is
delivered to the subject for an administrative period
of from about 5 hours to about 7 days. In one
embodiment, insulin is delivered to a subject of an
administrative period of about 24 hours, about 3 days
or about 7 days. According to a second aspect, the
present invention is a patch which contains exenatide
and at least one permeability enhancer. The
permeability enhancer can be any permeability enhancer
described above with respect to the first aspect of
the invention. In a particular embodiment, the
permeability enhancer is a pH control agent. In one
embodiment, the patch contains a polymer matrix,
wherein the polymer may be any polymer described above
with respect to the first aspect of the invention. In
another embodiment, the patch contains a permeant
reservoir. In yet another embodiment, the patch
further comprises a solubility control agent, wherein
the solubility control agent may be any solubility
control agent described above with respect to the
first aspect of the invention. In a still further
embodiment, the exenatide is delivered to the subject
for an administration period, wherein the
administration period may be any period described
above with respect to the first aspect of the
invention. According to a third aspect, the present
invention is a patch which contains at least one
permeant and at least one pH control agent selected
from succinic acid or tris. The permeant may be any
permeant described above with respect to the first
aspect of the invention. In another embodiment, the
patch contains a polymer matrix, wherein the polymer
may be any polymer described above with respect to the
first aspect of the invention. In a still further
embodiment, the patch contains a permeant reservoir.
In a still further embodiment, the permeant is
delivered to the subject for aadministration period,
wherein the administration period may be any period
described above with respect to the first aspect of
the invention. In one specific embodiment, the present
invention is a patch which contains a permeant
reservoir, exenatide and at least one pH control agent
selected from succinic acid or tris. In another
specific embodiment, the present invention is a patch
which contains a permeant reservoir, insulin and a pH
control agent selected from succinic acid or tris.
According to a fourth aspect, the present invention is
a system for delivering a permeant through a
biological membrane of a subject, which system
includes both a porator and a patch, wherein the patch
contains a matrix and at least one hydrophilic
permeant and at least one permeability enhancer
disposed within the matrix, wherein at least a portion
of the hydrophilic permeant can dissolve in biological
moisture provided by the subject through one or more
micropores formed by said porator. In one embodiment,
the porator is a thermal porator. In another
embodiment, the porator is selected from a mechanical
porator, a laser porator or a hydraulic porator. The
various embodiments described above with respect to
first aspect of the present invention are also
applicable to the fourth aspect of the invention,
including the hydrophilic permeant, the permeability
enhancer, the matrix including the various 



polymer components, the additional solubility control
agent and the period of administration. In a specific
embodiment, the present invention is a system for
delivering exenatide through a biological membrane of
a subject including a porator and patch, wherein the
patch includes an polymer matrix containing exenatide
and at least one permeability enhancer, wherein at
least a portion of the exenatide dissolves in
biological moisture provided by the subject and is
delivered to the subject over an administrative period
ranging from about 5 minutes to about 7 days. In a
particular embodiment, the porator is a thermal
porator. In another particular embodiment, the
permeability enhancer is a pH control agent. In one
embodiment, the pH control agent is succinic acid. In
another particular embodiment, the polymer matrix
contains ethylene vinyl acetate and ethyl cellulose.
In another particular embodiment, exenatide is
delivered to the subject over an administration period
selected from about 24 hours, about 3 days or about 7
days.In another specific embodiment, the present
invention is a system for delivering insulin through a
biological membrane of a subject including a porator
and patch, wherein the patch includes an polymer
matrix containing insulin and at least one
permeability enhancer, wherein at least a portion of
the insulin dissolves in biological moisture provided
by the subject. In a particular embodiment, the
porator is a thermal porator. In another particular
embodiment, the permeability enhancer is a pH control
agent. In one embodiment, the pH control agent is
tris. In another particular embodiment, the polymer
matrix contains ethylene vinyl acetate and polyvinyl
alcohol. In another particular embodiment, insulin is
delivered to the subject over an administration period
selected from about 24 hours, about 3 days or about 7
days. According to a fifth aspect, the present
invention is a system for delivering exenatide through
a biological membrane of a subject, which system
includes both a porator and a patch, wherein the patch
contains exenatide and at least one permeability
enhancer. The porator can be any porators described
above with respect to the fourth aspect of the
invention. In a particular embodiment, the porator is
a thermal porator. selected from a mechanical porator,
a laser porator or a hydraulic porator. The various
embodiments described above with respect to second
aspect of the present invention are also applicable to
the fifth aspect of the invention, including the
permeability enhancer, the matrix including the
various polymer components, the additional solubility
control agent and the period of administration. In one
embodiment, the patch contains a permeant reservoir.
According to a sixth aspect, the present invention is
a system for delivering exenatide through a biological
membrane of a subject, which system includes both a
porator and a patch, wherein the patch contains least
one permeant and at least one pH control agent
selected from succinic acid or tris. The various
embodiments described above with respect to third
aspect of the present invention are also applicable to
the sixth aspect of the invention, including the
permeability enhancer, the matrix including the
various polymer components, the additional solubility
control agent and the period of administration. In one
embodiment, the patch contains a permeant reservoir.
According to a seventh aspect, the present invention
is a method for delivering a permeant through a
biological membrane of a subject comprising the steps
offorming one or more micropores in the biological
membrane and placing a patch in physical contact with
the one or more micropores to allow for delivery of
the permeant, wherein the patch contains a polymer
matrix and at least one hydrophilic permeant and at
least one permeability enhancer disposed within the
matrix, wherein 



at least a portion of the hydrophilic permeant can
dissolve in biological moisture provided by the
subject through one or more micropores formed by said
porator. In one embodiment, the one or more micropores
are formed by a thermal poration device. In another
embodiment, the one or more micropores are formed by a
device selected from a mechanical puncture device, a
laser ablation device or a hydraulic pressure device.
In a particular embodiment, the micropores are formed
by a heat conducting element placed in substantial
physical contact with a biological membrane to deliver
sufficient energy to the biological membrane to
thermally ablate the biological membrane. The various
embodiments described above with respect to first,
second and third aspects of the present invention are
also applicable to the seventh aspect of the
invention, including the permeant, the permeability
enhancer, the matrix including the various polymer
components, the permeant reservoir, the additional
solubility control agent and the period of
administration. Additional aspects of the invention
will be set forth, in part, in the detailed
description, figures and any claims which follow, and
in part will be derived from the detailed description,
or can be learned by practice of the invention. It is
to be understood that both the foregoing general
description and the following detailed description are
exemplary and explanatory only and are not restrictive
of the invention as disclosed. Brief Description of
the Figures The accompanying drawings, which are
incorporated in and constitute a part of this
specification, illustrate certain aspects of the
instant invention and together with the description,
serve to explain, without limitation, the principles
of the invention. FIG. 1 illustrates a side view of a
permeant delivery patch according to one aspect of the
present invention.FIG. 2 illustrates a side view of a
permeant delivery patch according to one aspect of the
present invention where the delivery patch comprises
an enhanced surface area provided by perforations.
FIG. 3 illustrates a side view of a permeant delivery
patch according to one aspect of the present invention
where the reservoir or matrix comprises a plurality of
delivery reservoirs or matrices positioned in a
stacked arrangement. FIG. 4 illustrates an exemplary
transdermal permeant delivery patch according to one
aspect of the present invention. FIG. 5 illustrates a
schematic diagram of an electro-osmotic pump assembly
according to one aspect of the present invention. FIG.
6 illustrates an exemplary transdermal permeant
delivery patch according to one aspect of the present
invention where the patch assembly further comprises a
first, second and third electrode assembly. FIG. 7 is
a chart reporting exemplary in vitro release kinetics
for a permeant delivery reservoir of the present
invention. FIG. 8 is a chart reporting exemplary
pharmacokinetic profile data for a permeant delivery
reservoir or matrix according to one aspect of the
present invention. FIG. 9 reports the effects of
changes in the polymer and fentanyl citrate loading on
serum drug concentrations in the hairless rat for
permeant delivery reservoirs according to the present
invention. FIG. 10 reports fentanyl serum
concentrations in the hairless rat after application
of placebo or drug-containing films. FIG. 11 is a
chart demonstrating the effect of adding polyvinyl
alcohol (PVA), 



a water-soluble polymer, to an insulin formulation
containing tris as a permeability enhancer. FIG. 12 is
a chart demonstrating the effect of adding ethyl
cellulose (EC), a water-insoluble polymer to an
insulin formulation containing tris as a permeability
enhancer. FIG. 13 is a chart demonstrating the effect
of various permeability enhancers on exenatide
delivery in the hairless rat.FIG. 14 is a chart
demonstrating the effect of succinic acid (SA) and
ethyl cellulose (EC) in a formulation designed to
achieve extended delivery of exenatide over 24 hours.
FIG. 15 shows the effect of ethyl cellulose to control
exenatide release from succinic acid and disodium
citrate films. FIG. 16 is a chart demonstrating the
effect of permeability enhancer composition on the in
vitro release of exenatide from exenatide films
containing ethylene vinyl acetate (EVA) and the
permeability enhancers of interest. FIG. 17 shows the
effect of permeability enhancer identity on the
maintenance of pore permeability. Detailed Description
of the Invention The present invention can be
understood more readily by reference to the following
detailed description, examples, and claims, and their
previous and following description. Before the present
compositions, devices, systems, and/or methods are
disclosed and described, it is to be understood that
this invention is not limited to the specific
articles, devices, systems, and/or methods disclosed
unless otherwise specified. It is also to be
understood that the terminology used herein is for the
purpose of describing particular aspects only and is
not intended to be limiting. The following description
of the invention is provided as an enabling teaching
of the invention in its best, currently known
embodiment. Those skilled in the relevant art will
recognize that many changes can be made to the
embodiments described, while still obtaining the
beneficial results of the present invention. It will
also be apparent that some of the desired benefits of
the present invention can be obtained by selecting
some of the features of the present invention without
utilizing other features. Accordingly, those who work
in the art will recognize that many modifications and
adaptations to the present invention are possible and
can even be desirable in certain circumstances and are
a part of the present invention. Thus, the following
description is provided as illustrative of the
principles of the present invention and not in
limitation thereof.As used herein, the singular forms
"a," "an" and "the" include plural referents unless
the context clearly dictates otherwise. Thus, for
example, reference to a patch comprising a "bioactive
agent" includes aspects having two or more bioactive
agents unless the context clearly indicates otherwise.
Ranges can be expressed herein as from "about" one
particular value, and/or to "about" another particular
value. When such a range is expressed, another aspect
includes from the one particular value and/or to the
other particular value. Similarly, when values are
expressed as approximations, by use of the antecedent
"approximately" or "about," it will be understood that
the particular value forms another aspect. It should
also be understood that the endpoints of each of the
ranges are significant both in relation to the other
endpoint, and independently of the other endpoint. As
used herein, the terms "optional" or "optionally" mean
that the subsequently described event or circumstance
may or may not occur, and that the description
includes instances where said event or circumstance
occurs and instances 



where it does not. As used herein, a "weight percent"
or "percent by weight" of a component, unless
specifically stated to the contrary, is based on the
total weight of the formulation or composition in
which the component is included. As used herein, the
term or phrase "effective," "effective amount," or
"conditions effective to" refers to such amount or
condition that is capable of performing the function
or property for which an effective amount is
expressed. As will be pointed out below, the exact
amount or particular condition required will vary from
one embodiment to another, depending on recognized
variables such as the materials employed and the
processing conditions observed. Thus, it is not always
possible to specify an exact "effective amount" or
"condition effective to." However, it should be
understood that an appropriate effective amount or
effective condition will be readily determined by one
of ordinary skill in the art using only routine
experimentation. As used herein, a "therapeutic
amount" or a "therapeutically effective amount" of a
permeant refers to an amount of permeant capable of
providing a desired result. The desired result can be
expected, unexpected, or even an unintended
consequence of the administration of the permeant.As
used herein, the term "patch", in non-limiting
examples, may include traditional drug reservoir or
drug matrix patches or any other type of patch
suitable for use in transdermal drug delivery
techniques. In one embodiment of a drug reservoir
design, the reservoir may be sandwiched between a
backing and a rate controlling membrane. The drug
releases only through the rate-controlling membrane,
which can be microporous or nonporous. In the drug
reservoir compartment, the drug can be in a form such
as, but not limited to, a solution, suspension, or gel
or dispersed in a solid framework. On the outer
surface of the membrane a thin layer of
drug-compatible, hypoallergenic adhesive polymer may
be optionally applied. In one embodiment of the drug
matrix design, both commonly known types, the
drug-in-adhesive system and the matrix dispersion
system are to be included. In one embodiment of the
drugin- adhesive system, the drug reservoir may be
formed by dispersing the drug in an adhesive polymer
and then spreading the medicated polymer adhesive by
solvent casting or by melting the adhesive (in the
case of hot-melt adhesives) onto an impervious backing
layer. On top of the reservoir, layers of unmedicated
adhesive polymer may be applied. In one embodiment of
the matrix dispersion system, the drug is dispersed
homogeneously in a hydrophilic or lipophilic polymer
matrix and fixed onto a drug-impermeable backing
layer. In another embodiment, instead of applying the
adhesive on the face of the drug reservoir, it is
applied to form a peripheral adhesive. All forms of
patches that can be placed on the skin, including the
above traditional drug reservoir and drug matrix style
patches, are to be included as embodiments of the
present invention. As used herein, the term
"hydrophilic permeant" refers to a permeant having an
affinity for moisture. In one aspect, the moisture can
be present in or provided by subcutaneous fluid. The
subcutaneous fluid can be intracellular and/or
extracellular fluid. In one aspect, a hydrophilic
permeant can be at least substantially water-soluble
such that once contacted with a water or moisture
source, such as subcutaneous fluid, the hydrophilic
permeant at least substantially dissolves in the
subcutaneous fluid. In another aspect, the hydrophilic
permeant may not substantially dissolve in the
subcutaneous fluid but rather may form a suspension of
particulate hydrophilic permeant in the subcutaneous
fluid. As further used herein, hydrophilic permeant
composition can include one or more hydrophilic
permeants as described herein. As used herein, a
"subcutaneous fluid" or "biological moisture" can
include, 



without limitation, moisture, plasma, blood, one or
more proteins, interstitial fluid,skin tissue fluid,
fluid from any of the layers of the skin,
perspiration, serum, lymphatic fluid, and/or any
combination of two or more thereof. In one aspect, a
subcutaneous fluid according to the instant invention
is a moisture source that includes water. As used
herein, the term "non-biodegradable" refers to a
material, compound or composition, which, does not
substantially degrade, dissolve, or erode when
contacted by subcutaneous fluid. In one aspect, a
non-biodegradable material, compound or composition
can be a substantially water-insoluble material,
compound, or composition. As used herein, the term
"permeant utilization" refers to the percentage of the
initial permeant content disposed within a permeant
delivery patch that is transdermally delivered from
patch into a subject during a predetermined permeant
administration period. As used herein, a "subject"
refers to any living organism having at least one
biological membrane through which fluid can be
obtained. In one aspect, an exemplary biological
membrane can be at least one skin layer through which
subcutaneous fluid can be obtained. For example, in
one aspect a subject can be a plant. Alternatively, in
another aspect, the subject can be an animal. In one
aspect the animal can be mammalian. In an alternative
aspect the animal can be nonmammalian. The animal can
also be a cold-blooded animal, such as a fish, a
reptile, or an amphibian. Alternatively, the animal
can be a warm-blooded animal, such as a human, a farm
animal, a domestic animal, or even a laboratory
animal. Accordingly, it should be understood that the
present invention is not limited to its use in
connection with any one particular subject or group of
subjects. As used herein, a "biological membrane"
includes an enclosing or separating layer that acts as
a barrier within or around a cell. In some aspects it
can be a lipid bylayer comprised of lipid-class
molecules and occasional intertwined proteins.
Biological membranes as used herein can also define
enclosed spaces or compartments in which cells can
maintain a chemical or biochemical environment that
differs from the environment outside of the space or
compartment. In some aspects, the biological membrane
can be a selectively-permeable structure, whereby the
size, charge, and other chemical properties of the
atoms and molecules attempting to cross it will
determine whether they are capable of doing so. In one
aspect, the biological membrane can be a mucosal
membrane. Exemplary mucosal membranescan include, but
are not limited to, oral, gingival, gastrointestinal,
cervical, vaginal, intrarectal, intranasal, buccal,
and ocular membranes. In another aspect, the
biological membrane can be a skin layer. As used
herein, a "skin layer" can be any one or more
epidermal layers of a subject. For example, in one
aspect, a skin layer includes the outermost layer of
the skin, i.e., the stratum corneum. In an alternative
aspect, a skin layer can include one or more layers of
the epidermis beneath the stratum corneum, commonly
identified as stratum granulosum, stratum spinosum
(stratum malpighii), and stratum basale (stratum
germinativum) layers. It will be appreciated by one of
ordinary skill in the art that there is essentially
little or no resistance to transport or to absorption
of a permeant through the layers of the epidermis
underneath the stratum corneum. Therefore, in one
aspect of the present invention, an at least one
formed pathway in a skin layer of a subject is a
pathway in the stratum corneum layer of a subject. As
used herein, "enhancer," "chemical enhancer",
"penetration enhancer," "permeation enhancer,"
"permeability enhancer", and the like include all
enhancers that increase the flux of a permeant,
analyte, or other molecule across the biological
membrane, or within the tissue fluid. All cell
envelope disordering compounds and 



solvents and any other chemical enhancement agents are
intended to be included. Additionally, pH control
agents, solubility control agents (including ionic
strength control agents, salting-out agents, and water
soluble polymers) and fillers are intended to be
included. Additionally, all active force enhancer
technologies including, but not limited to, the
application of sonic energy, mechanical suction,
pressure, or local deformation of the tissues,
sonophoresis, iontophoresis or electroporation are
included. In some cases, the hydrophilic permeant can
also act concurrently (with its role as permeant) or
separately as a permeability enhancer. One or more
enhancer technologies may be combined sequentially or
simultaneously. For example, a chemical enhancer may
first be applied to permealize the capillary wall and
then an iontophoretic or sonic energy field may be
applied to actively drive a permeant into those
tissues surrounding and comprising the capillary bed.
As used herein, "transdermal" or "percutaneous"
includes the passage of a permeant into and through
one or more skin layers to achieve effective
therapeutic blood levels or local tissue levels of a
permeant. As used herein, a "formed opening",
"artificial opening", or "micropore" means any
physical breach of the biological membrane of a
suitable size fordelivering or extracting fluid there
through. "Formed opening," "artificial opening,"
"micropore," thus refers to a small hole, opening or
crevice created to a desired depth in or through a
biological membrane. In one embodiment, the term
micropore refers to the result of any skin abrading
technology that results in biological fluid production
to the skin surface. In one embodiment, the opening
may be formed via the conduction of thermal energy as
described in U.S. Patent Nos. 5,885,21 1 and
7,141,034, the teachings of which are incorporated
herein by reference, or through a mechanical process,
through a pyrotechnic process, or through use of
radiofrequency ablation. In some aspects, the size of
the hole or pore can for example be approximately
1-1000, 5-700, 10-500, 50-300, 100-250, 50-100, or
70-90 microns in diameter. The hole or pore may be any
shape, for example, cylinder, slit, hole, square,
trough, crater, and the like. It is to be understood
that the term micropore is used in the singular form
for simplicity, but that the devices, systems, and
methods may form an array of multiple openings or
pores. As used herein, "poration", "microporation", or
any such similar term means the formation of a small
hole or crevice (subsequently also referred to as a
"micropore") in or through the tissue or biological
membrane, such as skin or mucous membrane, or the
outer layer of an organism to lessen the barrier
properties of this biological membrane for the passage
of at least one permeant from one side of the
biological membrane to the other for select purposes.
Preferably the hole or "micropore" so formed is
approximately 1-1000 microns in diameter and extends
into the biological membrane sufficiently to break the
barrier properties of the stratum corneum without
adversely affecting the underlying tissues. In other
embodiments, the hole or micropore so formed is
approximately 1-1000, 5-700, 10-500, 50-300, 100-250,
50-100, or 70-90 microns in diameter. It is to be
understood that the term "micropore" is used in the
singular form for simplicity, but that the device of
the present invention may form multiple artificial
openings. Poration could reduce the barrier properties
of a biological membrane into the body for selected
purposes, or for certain medical or surgical
procedures. The microporation process referred to
herein is distinguished from the openings formed by
electroporation principally by the typical minimum
dimensions of the micropores which are usually no
smaller than about 1 micron across and usually at
least about 1 micron in depth, whereas the openings
formed with electroporation are typically only a few
nanometers in any dimension. Nevertheless,
electroporation is useful to facilitate uptake of
selected permeants bythe targeted tissues beneath the
outer layers of an organism after the permeant has 



passed through the micropores into these deeper layers
of tissue. For the purposes of this application,
"poration" and "microporation" are used
interchangeably. A "microporator" or "porator" is a
component for a microporation device capable of
microporation. Examples of a microporator or porator
include, but are not limited to: thermal poration
devices including devices with one or more filaments
capable of conductively delivering thermal energy via
direct contact to a biological membrane to cause the
ablation of some portion of the membrane deep enough
to form a micropore, heat conducting elements placed
in substantial physical contact with a biological
membrane to deliver sufficient energy to the
biological membrane to thermally ablate said
biological membrane, and optically heated topical
dye/absorber layers; mechanical ablation devices
including electromechanical actuators, microlancets,
and an array of solid or hollow microneedles or
lancets; radiofrequency ablators, sonic energy
ablators; laser ablation systems; hydraulic puncture
devices including high-pressure fluid jet puncturers;
techniques using physical abrasion of the skin
surface; dermal ballistic delivery devices; and the
like. A Thin Film Tissue Interface as described in US
Patent 7,141,034, the entirety of which is
incorporated by reference, is a further example of a
porator. As used herein, "microporator" and "porator"
are used interchangeably. "Thin Film Tissue Interface"
or "TFTI" is used to describe a device that creates
micropores using thermal energy produced by the
passage of electrical current through resistive
elements and methods of manufacturing and functional
operation of the TFTI devices. TFTI devices create one
or more micropores on a wide range of biological
membranes. TFTIs have applications that include
thermal microporation of human skin for the
enhancement of analyte monitoring and delivery of
permeants such as a therapeutic drug or a tattoo dye.
TFTIs are characterized by their ability to rapidly
and efficiently create a pattern or array of
micropores on the surface of a biological membrane.
The pattern may be any geometric spacing of micropores
with various possible pore densities. In one
embodiment, the pore density is as high as one pore
every 0.2 square mm and pore densities may cover a
total porated area ranging from a few square
millimeters to greater than several hundred square
centimeters, including 0.005-800, 0.01-500, 0.1-500,
1-300, 10-200, 25-100, and 50-75 square centimeters.
TFTI devices are designed to be thin, flexible,
conformable structures that may form an interface
between the biological membrane and a
controller.Alternatively, the TFTI may be integrated
with the controller itself and this integrated device
may contact the biological membrane. The controller
portion supplies each poration element or electrode or
other active component such as a piezo-transducer in
the TFTI with the required electrical signal to effect
the poration or other function of the TFTI such as,
but not limited to, iontophoresis, sonophoresis,
electroporation, or impedance measurement of the
contacted tissue. TFTIs are flexible and may be able
to conform to the shape of the targeted biological
membranes. The TFTIs are fabricated to be very thin,
light in weight, and may be used separately from a
patch or in an integrated fashion and are also
connected to the controller or current source through
an umbilical cable to allow a more user friendly
configuration. When one or more controllable active
additional flux enhancement features are incorporated
into the TFTI, such as, but not limited to, pressure
modulation, mechanical manipulation, iontophoresis,
electro-osmosis, sonophoresis or electroporation, the
activation of this additional flux control feature
could be controlled by the remote controller module
either in a preprogrammed fashion, a user controlled
fashion via inputs to the controller, or in an
automatic, closed loop fashion wherein the rate of
infusion of a permeant is modulated as a function of
the measured level of a selected analyte within or
other measurable property of the organism. The other
measurable property could 



include heart rate, blood pressure, temperature,
respiration, and skin surface conductivity. For
example, in one embodiment, it is useful to control
the rate of insulin infusion based on the real-time
measurement of glucose concentrations in the
interstitial fluid or serum of an organism. In another
embodiment, it is desirable with some therapeutic
compounds, particularly those with narrower
therapeutic windows defining what an effective drug
level is versus when the negative side effects become
too intolerable, to modulate the infusion rates based
on the measurable levels of this compound within the
organism, thereby allowing a very accurate, and self
adaptive method for achieving and maintaining the drug
concentration within a desired therapeutic window
regardless of patient body mass or metabolism. In the
design and manufacture of the TFTI, many of the
electrically conductive traces comprising the TFTI
could be used to serve multiple functions. For
example, the traces used to deliver the short pulses
of current to the resistive poration elements to
induce the thermal cycling, could also be used for
either closed loop feedback control of the
microporation or to incorporate enhancement as
electrodes for an iontophoretic or electroporation
process, carried out after the micropores have been
formed.As used herein, "iontophoresis" refers to the
application of an external electric field to the
tissue surface through the use of two or more
electrodes and delivery of an ionized form of drug or
an un-ionized drug carried with the water flux
associated with ion transport (electro-osmosis) into
the tissue or the similar extraction of a biological
fluid or analyte. As used herein, "electroporation"
refers to the creation through electric current flow
of openings in cell walls that are orders of magnitude
smaller than micropores. The openings formed with
electroporation are typically only a few nanometers,
for example 1-10 nanometers, in any dimension. In one
example, electroporation is useful to facilitate
cellular uptake of selected permeants by the targeted
tissues beneath the outer layers of an organism after
the permeant has passed through the micropores into
these deeper layers of tissue. As used herein,
"sonophoresis" or "sonification" refers to sonic
energy, which may include frequencies normally
described as ultrasonic, generated by vibrating a
piezoelectric crystal or other electromechanical
element by passing an alternating current through the
material. The use of sonic energy to increase the
permeability of the skin to drug molecules has been
termed sonophoresis or phonophoresis. The present
invention is based, in part, upon new approaches to
transdermal delivery that have been developed through
increasing the permeability of a biological membrane.
According to some aspects, the permeability can be
achieved by physically altering the membrane via the
formation of artificial openings or pathways through
at least one layer of the membrane. These openings can
provide fluid communication or access through the
membrane. For example, where the biological membrane
is the stratum corneum skin layer, the formed openings
can provide access or fluid communication to the
hydrated, living layers of the epidermal and dermal
skin tissues beneath the stratum corneum layer. To
that end, these openings, or micropores, can be viewed
as aqueous channels or formed pathways, through which
not only permeant can diffuse, but fluid can be
pumped, micro-particles can be delivered, or fluid
from within the subject can exude to the surface of
the skin. By utilizing the bidirectional properties of
fluid flow and micropores of this type the present
invention provides, in one aspect, improved devices,
systems and methods of transdermal permeant delivery
as described in detail below. According to aspects of
the invention, a patch or a system including the patch
plus a porator is provided for causing flux of a
bioactive agent into a subject via atleast one formed
pathway through a biological membrane of the subject.
The patch includes a matrix. The matrix has a surface
adapted for contacting a biological 



membrane and the matrix is further adapted to absorb
or otherwise receive biological moisture from at least
one formed pathway through the biological membrane. A
permeant composition is disposed within the matrix.
The permeant composition includes an undissolved
hydrophilic permeant, where said hydrophilic permeant
may include at least one bioactive agent, and further
includes at least one permeability enhancer like a pH
control agent. In one embodiment, the hydrophilic
permeant of the permeant composition is delivered into
the subject. In another embodiment, both the
hydrophilic permeant and the permeability enhancer of
the permeant composition are delivered into the
subject. In some aspects, the bioactive agent can also
provide the functionality of the at least one
permeability enhancer. In one embodiment, the permeant
composition can come in contact with biological
moisture, such as subcutaneous fluid, when the bottom
surface of the patch is positioned in fluid
communication with the at least one formed pathway
through the biological membrane of a subject. In
another embodiment, at least a portion of the
undissolved hydrophilic permeant, and in some
instances, at least a portion of the permeability
enhancer as well, can dissolve in or form a suspension
in the contacted biological moisture from the subject.
Not to be limited by this explanation, in one
embodiment it is believed that once an effective
amount of moisture has come into contact with the
permeant composition in the matrix, the fluid
subsequently provides a diffusion path for delivering
at least a portion of the permeant back through the
biological membrane into the subject. In another
aspect and without limitation, the permeant
composition can have an affinity for subcutaneous
fluid such that at least a portion of the permeant
composition can draw an effective amount of
subcutaneous fluid from the subject when the bottom
surface of the patch is positioned in fluid
communication with the at least one formed pathway
through the skin layer of a subject. In one
embodiment, the matrix has a surface adapted for
contacting a biological membrane and is further
adapted to absorb or otherwise receive biological
moisture from at least one formed pathway through the
biological membrane when the patch is positioned in
fluid communication with at least one formed pathway.
The matrix can include at least one polymer and can
include two or more polymers. The polymer or polymers
may be water soluble or water insoluble polymers. A
singlematrix may include both water soluble and water
insoluble polymers. Non-limiting examples of water
soluble polymers include polyethylene glycol (PEG or
PEO or POE), polyvinyl alcohol (PVA or PVOH), and
polyvinylpyrrolidone (PVP). Nonlimiting examples of
water insoluble polymers include ethylene vinyl
acetate (EVA) and ethyl cellulose (EC). The matrix
material can, in an exemplary non-limiting aspect,
account for approximately 1 weight % to approximately
99 weight % of the patch, including additional amounts
of about 25 weight %, about 30 weight %, about 35
weight %, about 40 weight %, about 45 weight %, about
50 weight %, about 55 weight %, about 60 weight %,
about 65 weight %, about 70 weight %, about 75 weight
% and about 80 weight % of the patch. Additionally,
the matrix material can account for any amount in any
range of weight percentages derived from these values.
For example, in exemplary non-limiting aspects, the
matrix material can be in the range of from about 1 to
about 60 weight % of the patch, about 20 to about 60
weight % of the patch, about 20 to about 40 weight %
of the patch, or even about 1 to about 40 weight % of
the patch. According to aspects of the invention, the
matrix can include a water insoluble polymeric
material or combination of polymeric materials. For
example and without limitation, in one aspect, the
matrix can include an ethylene vinyl acetate (EVA) c o
polymer, ethyl cellulose (EC), polyethylene, polyethyl
acrylate, and copolymers of 



ethylene and ethyl acrylate and any combination
thereof. In one aspect, the matrix can include an
ethylene vinyl acetate co-polymer having a relative
percentage of vinyl acetate in the range of from 0% to
approximately 60%, including additional vinyl acetate
percentages as approximately 0%, 1%, 5%, 10%, 15%,
20%, 25%, 30%, 35%, 40%, 45 %, 50%, 55% and 60% and
any range of percentages derived from these values. In
still another aspect, the ethylene vinyl acetate
co-polymer includes approximately 40% vinyl acetate.
As summarized above, the permeant composition includes
at least one hydrophilic permeant, wherein the
hydrophilic permeant can include at least one
bioactive agent, and at least one permeability
enhancer such as, but not limited to, a pH control
agent. In some embodiments, the hydrophilic permeant
can concurrently (with its role as permeant) or
separately function as a permeability enhancer. In
addition, the permeant composition can optionally
include one or more additives suitable for
administration. For example, the permeant can
optionally further comprise a solubility control
agent, a filler (which may be referred to as
abiocompatible filler in some cases), or any other
conventionally known substance suitable for providing
or enhancing a desired transdermal delivery of a
permeant. Examples of solubility control agents and of
fillers will be described later. In one aspect, the
hydrophilic permeant can account for approximately
about 1 weight % to approximately about 99 weight % of
the patch, including additional amounts as about 5
weight %, about 10 weight %, about 15 weight %, about
20 weight %, about 25 weight %, about 30 weight %,
about 35 weight %, about 40 weight %, about 45 weight
%, about 50 weight %, about 55 weight %, about 60
weight %, about 65 weight %, about 70 weight %, and
about 75 weight % of the patch, and including any
range of weight percentages derived from these values.
As used herein, a "bioactive agent" includes any drug,
chemical, or biological material that induces a
desired biological or pharmacological effect. The
effect can be local, such as providing for a local
anesthetic effect, or it can be systemic. Such
substances include broad classes of compounds normally
delivered into the body, including through body
surfaces and membranes, including skin. To this end,
in one aspect, the bioactive agent can be a small
molecule agent. In another aspect, the bioactive agent
can be a macromolecular agent. In general, and without
limitation, exemplary bioactive agents include, but
are not limited to, anti-infectives such as
antibiotics and antiviral agents; analgesics and
analgesic combinations; anorexics; antihelminthics;
antiarthritics; antiasthmatic agents; anticonvulsants;
antidepressants; antidiabetic agents; antidiarrheals;
antihistamines; antiinflammatory agents; antimigraine
preparations; antinauseants; antineoplastics;
antiangiogenic drugs; antiparkinsonism drugs;
antipruritics; antipsychotics; antipyretics;
antispasmodics; anticholinergics; sympathomimetics;
xanthine derivatives; cardiovascular preparations
including potassium and calcium channel blockers,
beta-blockers, alphablockers, and antiarrhythmics;
antihypertensives; diuretics and antidiuretics;
vasodilators including general coronary, peripheral,
and cerebral; central nervous system stimulants;
vasoconstrictors; cough and cold preparations,
including decongestants; hormones such as estradiol
and other steroids, including corticosteroids;
hypnotics; immunosuppressives; muscle relaxants;
parasympatholytics; psychostimulants; sedatives;
tranquilizers; anti-fibromyalgia drugs; anti-psoriasis
drugs; bone resorption inhibitors; agents that build
bone strength; agents that reduce bone fragility;
anti-incontinence drugs; anti-infertility drugs;
antiacromegally drugs; anti-edema drugs; anti-obesity
drugs; bone reorption inhibitors;anesthetics;
anti-anxiety drugs; sedatives; muscle relaxants;
acetylcholinesterase inhibitors; ACE inhibitors;
anti-coagulants; narcotics; anti-obsessional;
anti-bulimic; anti-emetic; anxiolytics; NSAIDs;
antirheumatics; hypothyroidism drug treatments; 



NMDA receptor antagonists; NMDA receptor agonists;
partial NMDA receptor agonists; ADHD treatments,
anti-spasmodic drugs, anti-convulsant drugs, migraine
prophlaxis drugs; benign prostatic hypertrophy drugs;
sedatives; opiates; pulmonary arterial hypertension
drugs; hypnotics; osteoporosis drugs;
anti-inflammatory drugs; diabetic glycemic control
drugs; multiple sclerosis drugs; thrombocytopenia
drugs; and myeloid reconstitution drugs. According to
aspects of the present invention, the bioactive agent
can include one or more peptides, polypeptides,
proteins, nucleic acids, or other macromolecules known
to be difficult to deliver transdermally with existing
conventional techniques because of their size and
charge. Examples of macromolecules which may be
delivered in accordance with the present invention
include, without limitation, oligonucleotides, siRNA,
RNAi, antisense molecules, triple helix molecules, CpG
oligomers, enhancer decoys, antibodies, LHRH, LHRH
analogs (such as goserelin, leuprolide, buserelin,
triptorelin, gonadorelin, napharelin and leuprolide),
GHRH, GHRF, insulin, insulinotropin, calcitonin,
octreotide, endorphin, TRH, NT-36 (chemical name:
N-[[(s)-4-oxo-2-azetidinyl]-carbonyl]-L-histidyl-L-pro
linamide), liprecin, pituitary hormones (eg, HGH, HMG,
HCG, desmopressin acetate, etc), follicle luteoids,
alpha-ANF, growth factor such as releasing factor
(GFRF), beta- MSH, GH, somatostatin, bradykinin,
somatotropin, platelet-derived growth factor,
asparaginase, bleomycin sulfate, chymopapain,
cholecystokinin, chorionic gonadotropin, corticotropin
(ACTH), erythropoietin, epoprostenol (platelet
aggregation inhibitor), glucagon, hirudin and hirudin
analogs such as hirulog, hyaluronidase, interleukin-2,
menotropins (urofollitropin (FSH) and LH), oxytocin,
streptokinase, tissue plasminogen activator,
urokinase, vasopressin, desmopressin, ACTH analogs,
ANP, ANP clearance inhibitors, angiotensin II
antagonists, antidiuretic hormone agonists,
antidiuretic hormone antagonists, bradykinin
antagonists, CD4, ceredase, CSI's, enkephalins, FAB
fragments, IgE peptide suppressors, IGFI, neurotrophic
factors, colony stimulating factors, parathyroid
hormone and agonists, parathyroid hormone antagonists,
prostaglandin antagonists, cytokines, Iymphokines,
pentigetide, protein C, protein S, renin inhibitors,
thymosin alpha-I, thrombolytics, TNF, GCSF, EPO, PTH,
heparin, low molecular weightheparin, enoxaparin
(Lovenox or Clexane), synthetic heparin, vaccines,
vasopressin antagonist analogs,
interferon-alpha,-beta, and -gamma, alpha-I
antitrypsin (recombinant), and TGF-beta. genes;
peptides; polypeptides; proteins; oligonucleotides;
nucleic acids; and polysaccharides, glucagon-like
peptide- 1 analogues, and AmyHn analogues. As used
herein, the term "peptide" refers to peptides of any
length and includes proteins. The terms "polypeptide"
and "oligopeptide" are used herein without any
particular intended size limitation, unless a
particular size is otherwise stated. Exemplary
peptides that can be utilized include, without
limitation, oxytocin, vasopressin,
adrenocorticotrophic hormone, epidermal growth factor,
prolactin, luliberin or luteinising hormone releasing
hormone, growth hormone, growth hormone releasing
factor, insulin, somatostatin, glucagon, interferon,
gastrin, tetragastrin, pentagastrin, urogastroine,
secretin, calcitonin, enkephalins, endorphins,
angiotensins, renin, bradykinin, bacitracins,
polymixins, colistins, tyrocidin, gramicidines, and
synthetic analogues, modifications and
pharmacologically active fragments thereof, monoclonal
antibodies and soluble vaccines. It is contemplated
that the only limitation to the peptide or protein
drug which may be utilized is one of functionality.
Examples of peptide and protein drugs that contain one
or more amino groups include, without limitation,
anti-cancer agents, anti-angiogenic agents,
pro-angiogenic 



agents, antibiotics, anti-emetic agents, antiviral
agents, anti-inflammatory and analgesic agents,
anesthetic agents, anti-ulceratives, agents for
treating hypertension, agents for treating
hypercalcemia, agents for treating hyperlipidemia,
etc., each of which has at least one primary,
secondary or tertiary amine group in the molecule,
preferably, peptides, proteins or enzymes such as
insulin, calcitonin, growth hormone, granulocyte
colony-stimulating factor(G-CSF), erythropoietin
(EPO), bone morphogenic protein (BMP), interferon,
interleukin, platelet derived growth factor (PDGF),
vascular endothelial growth factor (VEGF), fibroblast
growth factor (FGF), nerve growth factor (NGF),
urokinase, etc. can be mentioned. Further examples of
protein drugs include, without limitation, insulin,
alpha-, beta-, and gamma-interferon, human growth
hormone, alpha- and beta-I-transforming growth factor,
granulocyte colony stimulating factor (G-CSF),
granulocyte macrophage colony stimulating factor
(G-MCSF), parathyroid hormone (PTH), PTH analogs
(Teriparatide, Ostabolin-C) human or salmon
calcitonin, glucagon, somatostatin, vasoactive
intestinal peptide(VIP) and its active N-terminal
fragments, LHRH analogs, endostatin, angiostatin,
thrombospondin, Anakinra (IL-IRA) (Kineret), Alefacept
(Amevive), Aldesleukin (Proleukin), Calcitonin
(Miacalcin), Corticotropin (adrenocorticotropic
hormone/Acthar), Efalizumab (Raptiva), Epoetin Alfa
(Epogen), Etanercept (Enbrel), Exendin-4 or Exenatide
(Byetta), Filgrastim (Neupogen), Follitropins
(Gonal-F), Glatiramer Acetate (Copaxone), Human Growth
Hormone (Somatropin, Norditropin, Genotropin,
Nutropin), Interferon Beta Ia (Avonex, Rebif),
Interferon Beta Ib (Betaseron), Menotropins (Pergonal,
Repronex), Octreotide (Sandostatin), Oprelvekin
(Neumega), Sagramostim (Leukine), Teriparatide
(Forteo), Thyrotropin Alpha (Thyrogen), insulin,
inhaled insulin (Exubera), Insulin aspart (Novolog),
Insulin glulisine (Apidra), Insulin lispro (Humalog),
Isophane Insulin, Insulin detemir (Levemir), Insulin
glargine (Lantus), Insulin zinc extended (Lente,
Ultralente), Pramlintide acetate (Symlin), Growth
hormone, somatotropin (Genotropin, Humatrope,
Norditropin, NorlVitropin, Nutropin, Omnitrope,
Protropin, Siazen, Serostim, Valtropin), Mecasermin
(Increlex), Mecasermin rinfabate (IPlex), Factor VIII
(Bioclate, Helixate, Kogenate, Recombinate, ReFacto),
Factor IX (Benefix), Antithrombin III (Thrombate III),
Protein C concentrate (Ceprotin),
beta-Glucocerebrosidase (Cerezyme, Ceredase),
Alglucosidase-alpha (Myozyme), Laronidase
(Aldurazyme), Idursulphase (Elaprase), Galsulphase
(Naglazyme), Agalsidase-beta (Fabrazyme), alpha-
1-Proteinase inhibitor (Aralast, Prolastin), Lactase
(Lactaid), pancreatic enzymes (lipase, amylase,
protease) (Arco-Lase, Cotazym, Creon, Donnazyme,
Pancrease, Viokase, Zymase), Adenosine deaminase
(Adagen), Pooled immunoglobulins (Octagam), Human
albumin (Albumarc, Albumin, Albuminar, AlbuRx,
Albutein, Flexbumin, Buminate, Plasbumin),
Erythropoietin, Epoetin-alpha (Epogen, Procrit),
Darbepoetin-alpha (Aranesp), Filgrastim (granulocyte
colony stimulating factor; G-CS F) (Neupogen),
Pegfilgrastim (Peg-G-CS F) (Neulasta), Sargramostim
(granulocyte-macrophage colony stimulating factor;
GM-CS F) (Leukine), Oprelvekin (interleukinll; IL-I l
) (Neumega), Human follicle-stimulating hormone (FSH)
(Gonal-F, Follistim), Human chorionic gonadotropin
(HCG) (Ovidrel), Lutropin-alpha (Luveris), Type I
alpha-interferon, interferon alfacon 1 (Infergen),
Interferon-alpha-2a (Roferon-A),
Peglnterferon-alpha-2a (Pegasys), Interferon-alpha-2b
(Intron A), Peglnterferon-alpha-2b (Peg-Intron),
Interferon-alphan3 (AlferonN), Interferon-beta- 1a
(Avonex, Rebif), Interferon-beta-lb (Betaseron),
Interferon-gamma-lb (Actimmune), Aldesleukin
(interleukin 2 (IL2), epidermalthymocyte activating
factor; ETAF) (Proleukin), Alteplase (tissue
plasminogen activator; tPA) (Activase), Reteplase
(deletion mutein of tPA) (Retavase), Tenecteplase
(TNKase), Urokinase (Abbokinase), Factor Vila
(NovoSeven), Drotrecogin-alpha (activated protein C)
(Xigris), Salmon calcitonin (Fortical, 



Miacalcin), Teriparatide (human parathyroid hormone
residues 1-34) (Forteo), Octreotide (Sandostatin),
Dibotermin-alpha (recombinant human bone morphogenic
protein 2; rhBMP2) (Infuse), Recombinant human bone
morphogenic protein 7 (rhBMP7) (Osteogenic protein 1),
Histrelin acetate (gonadotropin releasing hormone;
GnRH) (Supprelin LA, Vantas), Palifermin (keratinocyte
growth factor; KGF) (Kepivance), Becaplermin
(platelet-derived growth factor; PDGF) (Regranex),
Trypsin (Granulex), Nesiritide (Natrecor), Botulinum
toxin type A (Botox), Botulinum toxin type (Myoblock),
Collagenase (Santyl), Human deoxyribonuclease I,
dornase-alpha (Pulmozyme), Hyaluronidase (bovine
(Amphadase, Hydase), ovine (Vitrase)), Hyaluronidase
(recombinant human) (Hylenex), Papain (Accuzyme,
Panafil), L-Asparaginase (ELSPAR), Peg-asparaginase
(Oncaspar), Rasburicase (Elitek), Lepirudin
(Refludan), Bivalirudin (Angiomax), Streptokinase
(Streptase), Anistreplase (anisoylated plasminogen
streptokinase activator complex; APSAC) (Eminase),
Bevacizumab (Avastin), Cetuximab (Erbitux),
Panitumumab (Vectibix), Alemtuzumab (Campath),
Rituximab (Rituxan), Trastuzumab (Herceptin),
Abatacept (Orencia), Anakinra (Antril, Kineret),
Adalimumab (Humira), Etanercept (Enbrel), Infliximab
(Remicade), Alefacept (Amevive), Efalizumab (Raptiva),
Natalizumab (Tysabri), Eculizumab (Soliris),
Antithymocyte globulin (rabbit) (Thymoglobulin),
Basiliximab (Simulect), Daclizumab (Zenapax),
Muromonab-CD3 (Orthoclone, OKT3), Omalizumab (Xolair),
Palivizumab (Synagis), Enfuvirtide (Fuzeon), Abciximab
(ReoPro), Pegvisomant (Somavert), Crotalidae
polyvalent immune Fab (ovine) (Crofab), Digoxin immune
serum Fab (ovine) (Digifab), Ranibizumab (Lucentis),
Denileukin diftitox (Ontak), Ibritumomab tiuxetan
(Zevalin), Gemtuzumab ozogamicin (Mylotarg),
Tositumomab (Bexxar), 131I-tositumomab (Bexxar 1-131),
Hepatitis B surface antigen (Engerix, Recombivax HB),
HPV vaccine (Gardasil), OspA (LYMErix), Anti-Rhesus
(Rh) immunoglobulin G (Rhophylac), Recombinant
purified protein derivative (DPPD), Glucagon
(GlucaGen), Growth hormone releasing hormone (GHRH)
(Geref), Secretin (ChiRhoStim (human peptide),
SecreFlo (porcine peptide)), Thyroid stimulating
hormone (TSH), thyrotropin (Thyrogen), Capromab
pendetide (ProstaScint), Indium- 111-octreotide
(OctreoScan),Satumomab pendetide (OncoScint),
Arcitumomab (CEA-scan), Nofetumomab (Verluma),
Apcitide (Acutect), Imciromab pentetate (Myoscint),
Technetium fanolesomab (NeutroSpec), Cetrorelix
acetate, oxytocin antagonists (atosiban, Barusiban),
Romiplostim (NPlate), luteinizing hormone,
somatostatin receptor agonists, peptidyl-prolyl
isomerase inhibitor (Cyclosporin A), low molecular
weight heparins (Lovenox, Tinzaparin, Dalteparin,
Desirudin (Iprivasc), Fondaparinux (Arixtra),
Idraparinux, biotinylated Idraparinux (SSR 126517),
AVE5026, SR 123781, glycoprotein Ilb/IIIa inhibitor
(Eptifibatide: Integrilin, antibody abciximab, the
non-peptide tirofiban), human B-type natriuretic
peptide (Nesiritide: Natrecor), salmon calcitonin,
arginine vasopressin receptor 2 agonists
(Desmopressin), HIV fusion inhibitors (GP41 binding
agonists: Enfuvirtide). If desired, the bioactive
agent can be present within the delivery reservoir as
an undissolved anhydrous hydrophilic salt. To that
end, as used herein, "hydrophilic salt" and similar
terms include, without limitation, an ionic form of a
bioactive agent, drug, or pharmaceutical agent, such
as sodium, potassium, ammonium, trimethamine, or other
cation salts thereof, sulfate or other anion salts
thereof, acid addition salts of basic drugs, and base
addition salts of acidic drugs. Illustrative examples
of such salts include sodium diclofenac, sodium
cromolyn, sodium acyclovir, sodium ampicillin, sodium
warfarin, ketorolac tromethamine, amiloride HCl,
ephedrine HCl, loxapine HCl, thiothixene HCl,
trifluoperizine HCl, naltrexone HCl, naloxone HCl,
nalbuphine HCl, buspirone HCl, bupriprion HCl,
phenylephrine HCl, tolazoline HCl, 



chlorpheniramine maleate, phenylpropanolamine HCl,
clonidine HCl, dextromethorphan HBr, metoprolol
succinate, metoprolol tartrate, epinephrine
bitartrate, ketotofin fumarate, atropine sulfate,
fentanyl citrate, tramadol HCl, apomorphine sulfate,
propranolol HCl, pindolol HCl, lidocaine HCl,
tetracycline HCl, oxytetracycline HCl, tetracaine HCl,
dibucaine HCl, terbutaline sulfate, scopolamine HBr,
brompheniramine maleate and hydromorphone HCI. In
still another aspect, the bioactive agent can be a
small molecule therapeutic. Illustrative examples of
such small molecule therapeutics include Acitretin
(Soriatane), Amitriptyline (Elavil), Alendronate
Sodium, Arpiprazole (Abilify), Bethanecol HCl
(Urecholine), Bromocriptine (Parlodel), Bumetanide
(Bumex), Bupivacaine (Marcaine), Buprenorphine
(Buprenex), Buspirone (BuSpar), Cetirizine HCl,
Citalopram (Celexa), Chlorazepate (Tranxene),
Clomipramine HCl, Cyclobenzaprine (Flexeril),
Donepezil (Aracept), Doxazosin (Cardura),
Enalapril(Vasotec), Enoxaparin (Lovenox), Escitalopram
(Lexapro), Felodipine (Plendil), Fentanyl (Sublimaze,
Duragesic), Fluoxetine (Prozac, Sarafem), Fosinipril,
Galantamine HBr (Reminyl, Razadyne ER), Glipizide
(Glucotrol), Granisetron (Kytril), Haloperidol
(Haldol), Hydrocodone Bitartrate, Hydrocortisone
acetate, Hydroxyzine HCl, Isradipine (DynaCirc),
Ketorolac (Acular, Toradol), Leflunomide (Arava),
Levothyroxine (Levoxyl, Levothroid, Synthroid),
Lisinopril (Prinivil, Zestril), Lorazepan (Ativan),
Loxapine (Loxitane), Meloxicam (Mobic), Memantine
(Namemda), Methylphenidate (Ritalin, Concerta),
Methimazole (Tapazole), Metoclopramide (Reglan),
Metolazone (Mykrox, Zaroxolyn), Mirtazapine (Remeron),
Montelukast, Nalbuphine (Nubain), Neostigmine
(Prostigmin), Nortriptylene HCl, Olanzapine (Zyprexa),
Ondansetron (Zofran), Oxybutynin Chloride (Ditropan
XL), Oxycodone HCl, Oxymorphone (Numorphan),
Palonosetron (Aloxi), Paliperidone, Paliperidone
Palmitate, Paroxetine (Paxil), Pergolide (Permax),
Perphenazine (Triaflon), Phenytoin Sodium, Pramipexole
(Mirapex), Prochlorperazine (Compazine), Procyclidine
(Kemadrin), Promethazine HCl, Propanolol HCl,
Protriptyline (Vivactil), Ramipril, Risperidone
(Risperdal), Ropinirole (Requip), Rosiglitazone
(Avandia), Selegiline (Eldepryl) (R-(-)-Deprenyl
hydrochloride), Tamsulosin (Flomax), Temazepam
(Restoril), Thiethylperazine (Torecan), Tiagabine
(Gabitril), Timolol, Tramadol, Treprostinil sodium
(Remodulin), Tropisetron (Novaban), Wafarin sodium,
ATI 5923, Zolpidem tartrate, and DPP-4 iinhibitors
(sitagliptin (Januvia), vildagliptin (Galvus),
Saxagliptin (BMS4771 18), Alogliptin (SYR-322),
denagliptin (Redona), PHXl 149, TA-6666, GRC 8200/EMD
675992, MP513, PSN9301, R1579, BI 1356, PF-734200, ALS
2-0426, TS-021, AMG221, ABT-279, SK-0403, KRP-104,
SSR162369, ARI2243, S 40010, PT-630, SYR-619, E3024,
A-899301). In still another aspect, the bioactive
agent can be a therapeutic agent conventionally known
for injection administration. Illustrative examples of
such therapeutic agents include adenosine,
Fluorouracil, Alprostadil, Amikacin Sulfate,
Amiodarone, Azithromycin, Bleomycin, Carboplatin,
Ceftriaxone, Ciprofloxacin, Cisplatin, Dacarbazine,
Daunorubicin HCl, Deferoxamine Mesylate, Desmopressin
Acetate, Dexamethasone Sodium Phosphate, Dipyridamole,
Doxorubicin HCl, Enalaprilat, Epirubicin HCl,
Fluconazole, Fludarabine Phosphate, Flumazenil,
Fosphenytoin Sodium, Granisetron HCl, Haloperidol
Decanoate, Haloperidol, Idarubicin HCl, Ifosfamide,
Irinotecan HCl, L-Cysteine HCl, Leucovorin
Calcium,Leuprolide Acetate, Medroxyprogesterone
Acetate, Mesna, Methylprednisolone Acetate,
Metoclopramide, Mitoxantrone, Norepinephrine
Bitartrate, Octreotide Acetate, Ondansetron, ONXOL(r)
(paclitaxel), Oxytocin, Pamidronate Disodium,
Pancuronium Bromide, Promethazine HCl, Propofol,
Sulfamethoxazole and Trimethoprim, Terbutaline
Sulfate, Testosterone Cypionate, Tobramycin, 



TOPOSAR(r) (Etoposide), Vecuronium Bromide, VINCASAR
PFS(r) (Vincristine Sulfate), Vinorelbine Tartrate,
ZANOSAR(r) (Streptozocin), Abraxane, Acthrel,
Adensocan, Alimta, Amevive, Amikacin, Anzemet,
Arimidex, Arixtra, Aromasin, Avastin, Avonex,
Betaseron, BICNU, Botox, Campath, Camptosar, Casodex,
CeeNu, Cerezyme, Cetrotide, Copaxone, Copegus,
Cytoxan, DepoTestosterone, Dobutamine, Doxil, Eligard,
Eloxatin, Elspar, Enbrel, Erbitux, Ethyol, Fabrazyme,
Faslodex, Follistim, Fuzeon, Ganirelex (Antagon),
Gemzar, Genotropin, Genotropin Minquick, Gleevec,
Gonal-F, Herceptin, Hexalen, Humatrope, Humira,
Hycamtin, Infergen, Infumorph, Intron A, Kineret,
Kuvan, Lior Intra, Lucentis, Lupron Pediatric,
Macugen, Matulane, Menopur, Mustargen, Myobloc,
Nabi-HB, Neumega, Neupogen, Nexavar, Norditropin,
Nutropin, Nutropin AQ, Orencia, Ovidrel, Pegasys,
Peg-Intron, Pentam, Prograf, Proleukin, Pulmozyme,
Rebetol, Rebif, Reclast, Refludan, Remicade, Repronex,
Revlimid, Ribapak, Ribavirin, Risperdal Consta,
Rituxan, Roferon-A, Saizen, Sandostatin LAR, Serostim,
Sprycel, Supprelin LA, Sutent, Synagis, Synthroid,
Tarceva, Tasigna, Tamoxifen, Taxotere, Temodar,
Tevtropin, Thalomid, Thyrogen, Tobi, Tubersol,
Tysabri, Tykerb, Velcade, Vesanoid, Vidaza,
Vinblastine, Vincristine, Viread, Vistide, Vitamin K,
Vivitrol, Xeloda, Zometa, Advate, Alphanate,
Alphanine, Aranesp, Bebulin, Benefix, Epogen, Forteo,
Fragmin, Helixate, Hemofil, Humate, Hyate, Koate,
Kogenate, Leukine, Lovenox, Monoclate, Mononine,
Myochrysine, Neulasta, Neumega, Novarel, Novoseven,
Procrit, Profilnine, Raptiva, Rebetron, Recombinate,
Refacto, Caverject, D.H.E. 45, Zofran, Bayrho D,
Protropin, Delatestryl, Plenaxis, Hemofil-M, Monarc-M,
Proplex T, Hyalgan, Supartz, Synvisc, Ellence,
Zoladex, Pergonal, Carimmune, Gamimune N, Gammagard,
Gammar, Iveegam, Panglobulin, Polygam, and
Venoglobulin. The bioactive agent portion of the
permeant composition can account for from
approximately 1 weight % to approximately 99 weight %
of the total patch weight, including additional
amounts of about 5 weight %, about 10 weight %, about
15 weight %, about 20 weight %, about 25 weight %,
about 30 weight %, about 35 weight %, about 40 weight
%, about 45 weight %, about 50 weight %, about
55weight %, about 60 weight %, about 65 weight %,
about 70 weight %, and about 75 weight % of the patch.
Additionally, the bioactive agent can account for an
amount in any range of weight percentages derived from
these values, including for example an amount in the
range of from about 1 to about 10 weight %, about 1 to
about 30 weight %, or even an amount in the range of
from about 1 to about 60 weight %. According to one
aspect, the present invention is a patch which
contains exenatide and at least one permeation
enhancer. The permeation enhancer can be any
permeation enhancer described herein. In a particular
embodiment, the permeation enhancer is a pH control
agent. In a specific embodiment, the pH control agent
is selected from disodium citrate, succinic acid or
tris. In one embodiment, the patch contains a polymer
matrix, wherein the polymer may be any polymer
described above with respect to the first aspect of
the invention. In another embodiment, the patch
contains a reservoir matrix. In yet another
embodiment, the patch further comprises a solubility
control agent, wherein the solubility control agent
may be any solubility control agent described above
with respect to the first aspect of the invention. In
a still further embodiment, the exenatide is delivered
to the subject for a period of administration, wherein
the period of administration may be any period
described above with respect to the first aspect of
the invention. In a particular embodiment, the
exenatide is delivered to a subject for a period of
administration selected from about 24 hours, about 3
days or about 7 days. In one embodiment, the permeant
composition disposed in the matrix can include a means
for selectively controlling the pH of the biological
environment in 



which at least one formed pathway through the
biological membrane exists, for selectively
controlling the pH of biological moisture received by
the matrix, or a combination thereof. As noted above,
the means for controlling pH can be a pH control agent
disposed in the matrix. The pH control agent can be
adapted to dissolve in biological moisture received
from the subject when the surface of the matrix is
positioned in fluid communication with at least one
formed pathway through the biological membrane of the
subject. The pH control agent is provided in the
matrix to adjust at least a portion of contacted
biological moisture to a non-physiological pH and to
maintain the solubility of the hydrophilic permeant,
which may be, for example, the bioactive agent.
Further, according to some aspects, the pH control
agent is also capable of maintaining the contacted
biological moisture at a nonphysiological pH for a
permeant administration period of at least about 12
hours, atleast about 18 hours, at least about 24
hours, at least about 3 days, or even at least about 7
days. In other aspects, a permeability enhancer may
work in as little as about 1, about 3, about 5, about
7, about 10, about 15, about 20, or about 30 minutes
thereby increasing the flux for several hours via a
mechanism unrelated to pH. In other embodiments,
bioactive agent loading in a matrix, alone, is
sufficient to maintain pore permeability of formed
pathways in a biological membrane for extended
administration periods up to and even exceeding 12
hours, 18 hours, 24 hours, at least 3 days, and even
at least 7 days. However, this is not always true in
all cases or with all bioactive agents. It has now
been determined according to the methods and devices
of the present invention that the pH levels of the
biological environment in which the formed pathway is
contained can be adjusted away from physiological pH
levels in order to enhance or extend the permeability
of the formed pathway. Without intending to be limited
by theory, it is believed that maintaining the pH or
other aspects of the biological environment at levels
other than physiological may delay processes that are
triggered in response to perturbation of the
biological membrane. Another possibility is that
chelation plays a role in the effectiveness of these
pH control agents. It is to be noted that although pH
control agents are all able to control pH, pH control
itself may not necessarily be the mechanism by which
permeability enhancement occurs. Furthermore, it is to
be understood that pH control agents are only one type
of permeability enhancer, but that all permeability
enhancers are to be considered part of this invention.
Physiological pH is conventionally known as
approximately 7.4. Therefore, non-physiological pH as
used herein refers to any pH value other than 7.4,
including pH values less than or equal to 7.3 or pH
values greater than or equal to 7.5. To that end, it
should be understood that the desired level of pH to
be achieved by the presence of the pH control agent
will depend, at least in part, upon the particular
bioactive agent to be delivered. In some aspect, the
pH control agent can be select to obtain an acidic
non-physiological pH level. For example, an acidic
nonphysiological pH can be in the range of from 2 to
6, including pH levels of about 3, 3.5, 4, 4.5, 5, 5.5
and any range of pH levels derived from these values.
Alternatively, in other aspects, the pH control agent
can be selected to obtain a basic or alkaline
nonphysiological pH level. For example, a basic
non-physiological pH can be in the range of from 8 to
10, including pH levels of about 8.5, 9, or
9.5.Exemplary and non-limiting examples of suitable pH
control agents include
tris(riydroxymetriyl)aminometriane (TRIS), TRICINE,
4-(2-hydroxyethyI)-Ipiperazineethanesulfonic acid
(HEPES), N,N-Bis(2-hydroxyethyl)-2-
aminoethanesulfonic acid (BES), 2-(N-morpholino)
ethanesulfonic acid (MES), imidazole,
2-amino-2-methyl-l,3-propanediol (AMPD), amino acids
such as Lysine, Arginine, Histidine, Aspartic acid,
Glutamic acid, and Glycine; aminosugars such as
glucosamine and galactosamine; uronic and aldonic
acids such as glucuronic and 



gluconic acid; monocaroboxylic acids such as glycolic
or lactic acid, dicarboxylic acids such as tartaric,
malonic, maleic, fumaric, malic, succinic acid and
their monosodium salts or tricarboxylic acids such as
citric acid and its mono, di, and trisodium salts;
inorganic salts with buffering properties such as
monosodium phosphate, monopotassium phosphate,
disodium phosphate, dipotassium phosphate, trisodium
phosphate, sodium bicarbonate, and sodium carbonate.
The pH control agent can be present in any amount
capable of achieving a desired level of pH control as
described above. For example, the pH control agent
portion of the permeant composition can account for
from approximately 1 weight % to approximately 99
weight % of the total patch weight, including
additional amounts of about 5 weight %, about 10
weight %, about 15 weight %, about 20 weight %, about
25 weight %, about 30 weight %, about 35 weight %,
about 40 weight %, about 45 weight %, about 50 weight
%, about 55 weight %, about 60 weight %, about 65
weight %, about 70 weight %, and about 75 weight % of
the patch. Additionally, the pH control agent can
account for an amount in any range of weight
percentages derived from these values, including for
example an amount in the range of from about 1 to
about 10 weight %, about 1 to about 30 weight %, about
30 to about 60 weight %, or even an amount in the
range of from about 1 to about 60 weight %. According
to one aspect, the present invention is a patch which
contains at least one permeant and at least one pH
control agent selected from succinic acid or tris. The
permeant may be any permeant described herein. In a
specific embodiment, the permeant is selected from
insulin, hydromorphone, exenatide or fentanyl citrate.
In another embodiment, the patch contains a polymer
matrix, wherein the polymer may be any polymer
described above with respect to the first aspect of
the invention. In a still further embodiment, the
patch contains a permeant reservoir. In a still
further embodiment, the permeant is delivered to the
subject for a period of administration, wherein the
period of administration may be any period
describedabove with respect to the first aspect of the
invention. In a particular embodiment, the permeant is
delivered to a subject for a period of administration
selected from about 24 hours, about 3 days or about 7
days. In one embodiment, the permeant composition
includes an additive wherein said additive can
comprise a solubility control agent, a filler, or
both. The additive can include a means for selectively
controlling the rate at which a bioactive agent
contained within a matrix is released from the matrix.
The means for controlling the release rate of
bioactive agent from the matrix can be a solubility
control agent capable of controlling the dissolution
of a bioactive agent in biological moisture received
by the matrix. In some aspects, an exemplary
solubility control agent can include agents that
selectively control pH of a solution relative to the
isoelectric point of a particular bioactive agent.
Maintaining the pH of a solution at or relatively near
the isoelectric point of a bioactive agent can be used
to minimize the solubility of a particular bioactive
agent in the medium, such as biological moisture.
According to principles of equilibrium, as portions of
dissolved bioactive agent are delivered to a subject
via at least one formed pathway through the biological
membrane additional undissolved portions of bioactive
agent remaining in the matrix can then dissolve into
the received biological moisture. Thus, by optimizing
the desired pH of a solution relative to the
isoelectric point of a bioactive agent, the rate of
dissolution of the bioactive agent can be selectively
controlled. In this manner, by controlling the rate at
which portions of the bioactive agent are dissolved in
the biological moisture, a bolus or burst delivery of
bioactive agent can be prevented and extended delivery
profiles can be achieved. To that end, it should be
understood that according to some aspects of the
invention, a pH control agent as previously described
herein can also 



function as a means for selectively controlling the
rate at which a bioactive agent contained within a
matrix is released from the matrix by controlling the
rate at which at least a portion of the bioactive
agent is dissolved or suspended in biological moisture
received by the matrix. In an alternate embodiment, a
solubility control agent may be used to maintain high
solubility of the bioactive agent. In some
embodiments, in order to maintain sustained drug
delivery throughout the patch application period,
release from the patch must be controlled using a
polymer or combination of polymers. In alternative
aspects, the solubility control agent can be an ionic
strength control agent, which selectively controls the
ionic strength of a solution. As one ofordinary skill
in the art will appreciate, the solubility of a
particular bioactive agent in a medium such as
biological moisture can depend at least in part upon
the ionic strength of the medium itself. To that end,
by increasing the ionic strength of the biological
moisture received by the matrix, the solubility of a
particular bioactive agent can be reduced to inhibit
the bolus or burst delivery of the bioactive agent.
According to principles of equilibrium, as portions of
dissolved bioactive agent are delivered to a subject
via the at least one formed pathway through the
biological membrane additional undissolved portions of
bioactive agent remaining in the matrix can then
dissolve into the received biological moisture. In
this manner, by controlling the rate at which portions
of the bioactive agent are dissolved in the biological
moisture, extended delivery profiles can be achieved.
Ionic strength controlling agents by this definition
could include salts of ionic compounds comprising of
anions and cations so that the product is electrically
neutral. Salt forming cations include but not limited
to are as follows; sodium, potassium, magnesium, iron,
calcium, ammonium or pyridinium. Anions of salts
included but not limited to are as follows; acetate,
carbonate, chloride, citrate, nitrate, hydroxide,
phosphate or sulfate. The resultant ionic salts from
combination of an anion and cation could include but
not limited to are sodium citrates (mono, do or tri
valent salts), potassium phosphates, sodium sulfates,
ammonium phosphate or sulfates, sodium chloride, etc.
In still further aspects, a solubility control agent
can be a salting-out agent. As used herein, a
salting-out agent can include any biocompatible
material, compound, or preferably a multivalent
(highly water soluble) salt that can generate a
solution of a high ionic strength corresponding to a
salt concentration IM or higher. For example and
without limitation, in one aspect the salting-out
agent can comprise ammonium, sodium or potassium
sulfate, disodium or dipotassium phosphate, trisodium
phosphate, di or trisodium citrate, disodium salts of
dicarboxylic acids such as sodium succinate.
Salting-out agents as described in the embodiment
control the dissolution rate of the bioactive agent
inside the matrix. Agents such as buffers and
plasticizers could enhance or retard aqueous
solubility of an active agent. It has been discovered
that some agents, when used in water insoluble polymer
matrices, can control the dissolution rate of the
bioactive agent due to its solubility effect. Agents
which retardthe aqueous solubility of an active agent
will slow down the dissolution rate of the active
agent into the dissolution media. It is to be
understood that certain water soluble polymers can
function as solubility control agents. The optional
solubility control agent can be present in any amount
capable of achieving a desired rate of dissolution of
a bioactive agent in the biological moisture received
by the matrix. For example, when present, the
solubility control agent portion of the permeant
composition can account for from approximately 1weight
% to approximately 99 weight % of the total patch
weight, including additional amounts 



about 5 weight %, about 10 weight %, about 15 weight
%, about 20 weight %, about 25 weight %, about 30
weight %, about 35 weight %, about 40 weight %, about
45 weight %, about 50 weight %, about 55 weight %,
about 60 weight %, about 65 weight %, about 70 weight
%, and about 75 weight % of the patch. Additionally,
the solubility control agent can account for an amount
in any range of weight percentages derived from these
values, including for example an amount in the range
of from about 1to about 10 weight %, about 1to about
30 weight %, about 30 to about 60 weight %, or even an
amount in the range of from about 1to about 60 weight
%. As noted above, by controlling the rate of
dissolution of bioactive agent into the biological
moisture received by or absorbed into the matrix, the
burst or bolus delivery of the bioactive agent can be
prevented, if this is so desired. To that end,
according to aspects of the invention, extended
delivery profiles can be accomplished by ensuring a
therapeutic amount of bioactive agent remains in the
matrix after specified administration periods in which
the matrix has been in fluid communication with the at
least one formed pathway of a biological membrane. For
example, according to some aspects, a therapeutic
amount of undissolved bioactive agent can remain
disposed in the matrix after the surface of the matrix
is positioned in fluid communication with the at least
one formed pathway for an administration period of at
least 12 hours; at least 18 hours, at least 24 hours,
at least 36 hours or even 7 days. As noted above, this
remaining therapeutic amount can eventually dissolve
into biological moisture pursuant to the presence of
the solubility control agent. However, by virtue of a
therapeutic amount remaining in the matrix beyond
extended periods of time, the bolus or burst delivery
can be prevented, affording the ability to achieve
desired flux of the bioactive agent for extended
periods of time.It is to be noted that the present
invention can also be used to improve delivery when a
bolus delivery profile is desired. In one embodiment,
bioactive agents like enoxaparin and other low
molecular weight heparin compounds are delivered more
effectively as a bolus by use of the invention
described herein. Here, administration times may be
about 5, 4, 3, 2, 1 minute or less than 1 minute. In
alternate embodiments, administration times may be
greater than 5 minutes and even greater that 12 hours.
In addition to the optional solubility control agent,
the permeant composition can also include one or more
fillers. Exemplary fillers can include any one or more
of an excipient, hygroscopic agent, osmotic agent,
anti-healing agent, anti-clotting agent,
anti-inflammatory, anti-microbial agents,
anti-irritant, reepitheliating inhibitory agent,
nitrous oxide production inhibitory agent,
melanogenesis inhibitory agents, dosing agent,
emollient, plasticizer, humectant, chelators, and the
like. The hydrophilic permeant itself can also exhibit
the functionality of one or more fillers described
above. One filler can also exhibit the functionality
of more than one filler described above. For example,
and without limitation, an excipient can also function
as an ant i inflammatory agent and/or even a
hygroscopic agent. The one or more fillers, when
present, can account for approximately 1 weight % to
approximately 99 weight % of the patch, including
additional amounts as about 5 weight %, about 10
weight %, about 15 weight %, about 20 weight %, about
25 weight %, about 30 weight %, about 35 weight %,
about 40 weight %, about 45 weight %, about 50 weight
%, about 55 weight %, about 60 weight %, and about 65
weight % of the patch, and further including any range
of weight percentages derived from these values. As
used herein, an anti-healing agent can include, for
example, anticoagulants, anti-inflammatory agents,
agents that inhibit cellular migration,
reepitheliation inhibiting agents, osmotic agents, and
salting-out agents. Suitable ant i coagulants can
comprise, for example, heparin, low molecular weight
heparin, 



synthetic heparin, pentosan polysulfate, citric acid,
citrate salts, EDTA, and dextrans having a molecular
weight from 2000 to 10,000 daltons. Suitable
anti-inflammatory agents can comprise, for example,
hydrocortisone sodium phosphate, betamethasone sodium
phosphate, and triamcinolone sodium phosphate.
Suitable agents that inhibit cellular migration can
comprise, for example, laminin and/or its related
peptides. As used herein, an osmotic agent can include
any biocompatible material, compound, or composition
that can generate, in solution, an osmotic pressure
greaterthan about 2000 kilopascals, or mixtures
thereof. For example and without limitation, in one
aspect the osmotic agent can include a biologically
compatible salt such as sodium chloride or a neutral
compound such as glucose, or a zwitterionic compound
such as glycine having a sufficiently high
concentration to generate, in solution, a desired
osmotic pressure. For example, in one aspect, an
osmotic agent, in solution, can generate an osmotic
pressure greater than about 2000 kilopascals. In
another aspect, an osmotic agent can generate an
osmotic pressure greater than about 3000 kilopascals.
To this end, it should be understood that in an
alternative aspect, the bioactive agent can also
provide the functionality of any one or more fillers
described above. For example, and without limitation,
a bioactive agent can also exhibit anti-healing
effects as set forth above. In particular, in one
aspect, the bioactive agent can generate, in solution
or suspension, an osmotic pressure greater than
approximately 2000 kilopascals such that it is capable
of inhibiting the healing process of the at least one
formed pathway through the skin of a subject. As used
herein, a hygroscopic agent is intended to include a
bio-compatible material, compound or composition
having an affinity for subcutaneous fluid such that
when present in the permeant, it can enhance the
drawing of subcutaneous fluid from the subject into
the delivery reservoir. For example, and without
limitation, in one aspect a suitable hygroscopic agent
that can be used according to the present invention is
mannitol. The addition of a hygroscopic filler
material may also serve as an attractant to fluid
exuding from the treated skin, helping to bring the
fluid into the reservoir and in contact with the
bioactive agent, while also working to create more
diffusion channels from the skin surface side of the
reservoir into the body of the reservoir where more
bioactive agent can be accessed. Such filler materials
should be selected so as to minimize any inhibition of
the bioactive agent being delivered into the subject
once solubilized and/or suspended. In one aspect, the
filler can include glycerin, propylene glycol (PG), or
a combination thereof. When incorporated as at least a
portion of the filler, glycerin and/or propylene
glycol can function as one or more of a humectant,
hygroscopic agent, emollient, plasticizer,
antimicrobial, skin permeation enhancer, and/or
antiirritant. Still further, it should be understood
that glycerin and propylene glycol can also be
effective for use in increasing the release rate of a
bioactive agent from a matrix as described herein and
increasing bioactive agent utilization. When
used,glycerin and/or propylene glycol are typically
present in an amount in the range of from
approximately greater than 0.0% by weight to
approximately 5.0 weight % of the patch, including
amounts of about 0.5 weight %, about 1.0 weight %,
about 1.5 weight %, about 2.0 weight %, about 2.5
weight %, about 3.0 weight %, about 3.5 weight %,
about 4.0 weight %, about 4.5 weight %, and any range
derived from the aforementioned weight percentages. In
another aspect, the filler can be selected such that
the pH of the fluid it contacts is kept acidic. This
can impart an inherent antimicrobial activity against
a variety of microorganisms including, without
limitation, bacteria, yeast, and mold. In addition,
one or more antimicrobial agents can also be added to
the polymer film formulation to further enhance the
antimicrobial activity of the film. 



In one embodiment, an exemplary patch or system that
includes a porator and a patch according to the
present invention provides a method for causing the
transdermal flux of a permeant into a subject via at
least one formed pathway through a skin layer of the
subject. In one aspect, the method includes providing
a subject having a transdermal permeant administration
site comprising at least one formed pathway through a
biological membrane, such as a skin layer. As
described above, the subject can be any living
organism having at least one biological membrane
capable of having a bioactive agent delivered or
administered through at least one pathway formed there
through. Exemplary subjects can be a mammal, such as,
for example, a human subject. In an alternative
aspect, the subject can be non-mammalian. In still
another aspect, the methods and systems of the present
invention can be used on a plant. It will be
appreciated upon practicing the present invention that
utilizing an anhydrous reservoir design including
undissolved permeant composition can improve the shelf
stability of the product, reducing the need for
refrigeration in many cases. For example, in the case
of a protein, peptide, or vaccine antigen, the ability
to store the product without refrigeration is an
advantage, eliminating the need for refrigeration
throughout the distribution network. In the case of
vaccine patches, this is an attribute which would
allow distribution of vaccines throughout the world
without the requirement of a reliable cold chain. The
use of an anhydrous formulation can provide still
other benefits, including the inherent antimicrobial
activity presented by a formulation that does not
contain water, and the ability to provide physically
smaller reservoirs, as there is no required
concentration needed to maintain a stablepermeant
solution. It is to be noted that the invention also
provides for embodiments where an adjuvant (such as a
normally non-permeant molecule as well as peptides) is
co-delivered with the antigen in the same patch as
means to conveniently boost the immune response. As
illustrated in Figure 1, a device according to one
embodiment of the present invention includes a matrix
20 having a top surface 22 and an opposed bottom
surface 24. The permeant composition as described
above is further disposed within the matrix. In one
embodiment, the permeant composition, including a
hydrophilic permeant and a permeation enhancer like a
pH control agent, can come in contact with biological
moisture when the bottom surface of the matrix is
positioned in fluid communication with the at least
one formed pathway through the biological membrane of
a subject. Once an effective amount of biological
moisture has come into contact with the matrix, the
moisture subsequently provides a diffusion path for
delivering at least a portion of the hydrophilic
permeant and, optionally, at least a portion of the
permeation enhancer back through the biological
membrane into the subject. For example, in one aspect
and without limitation, the permeant composition can
have an affinity for subcutaneous fluid such that at
least a portion of the permeant composition can draw
an effective amount of subcutaneous fluid from the
subject when the bottom surface of the matrix is
positioned in fluid communication with at least one
formed pathway through the skin layer of a subject. It
will be appreciated upon practicing the present
invention that in one aspect an undissolved
hydrophilic permeant disposed within the matrix is not
transdermally active or available for transdermal
delivery until first coming in contact with
subcutaneous fluid drawn from the subject.
Furthermore, conventional implantable or oral delivery
systems using highly water-soluble drug forms
typically experience a burst effect seen in the
resulting PK profiles. However, by keeping the matrix
of hydrophilic permeant on the skin surface, and
providing a matrix, hydrophilic permeant, and a
permeation enhancer like a pH control agent that can
ensure a specified release rate, this burst 



effect can be eliminated by the permeant compositions
of the instant invention. In an exemplary aspect, the
matrix can be constructed and arranged such that it
has a porosity that defines a plurality of
interconnected conduits wherein at least a portion of
the plurality of conduits are in communication with
the matrix bottom surface. According to this aspect,
the undissolved hydrophilic permeant, and optionally,
the permeation enhancer like a pH control agent can be
disposed within atleast a portion of the plurality of
conduits of the matrix. This exemplified matrix is
thereby adapted to use biological moisture drawn
through at least one formed pathway through the
biological membrane to dissolve or suspend at least a
portion of the permeant, and optionally, the
permeation enhancer like a pH control agent disposed
within the matrix, thereby enabling diffusion or
transport of the dissolved agent(s) through the
biological membrane and into the subject. Various
mechanisms of transport can affect the dispersion and
movement of the permeant composition from the matrix
into the skin tissues. In one embodiment, a permeant
disposed within the matrix becomes available to the
organism upon release by leaving the micro-particulate
form and typically going into solution or suspension
in the surrounding tissue. Once in solution or
suspension, diffusion can provide the transport
mechanism for the micro-particulate permeant via the
treated outer layers and into or through the viable
layers of the skin and into the subject. As the
process continues over time, the voids formed by the
permeant that leaves the patch and moves into the skin
form channels penetrating into the body of the matrix
thereby providing additional access to more permeant
than was initially present at the surface of the
matrix. Accordingly, by placing the matrix in
communication with at least one formed pathway through
a skin layer of a subject, subcutaneous fluid can
provide an effective amount or level of hydration to
the matrix to dissolve or suspend the permeant. As
such, a relatively high concentration of permeant in
solution or suspension can be provided that is also in
communication to the viable tissue layers of the skin.
Again, it is to be noted that the permeation enhancer
like a pH control agent can accompany the permeant in
any one, multiple, or all steps of this process and
all processes described through this application. By
forming a patch according to the present invention, it
will be appreciated that it is possible to achieve a
relatively high level of permeant utilization not
heretofore realized by conventional transdermal
delivery devices, systems and methods known for
transdermal permeant delivery. Conventional
transdermal products rarely utilize more than
approximately 30-40% of the bioactive agent present
within the patch. However, using a conventional
residual analysis, the delivery matrices of the
present invention can, in one aspect, provide a
permeant utilization in the range of from
approximately 10% to approximately 100%, including
such permeant utilizations of about 15%, about 20%,
about 25%, about 30%, about 35%, about 40%, about 45%,
about 50%, about 55%, about 60%, about 65%, about
70%,about 75%, about 80%, about 85%, about 90% and
about 95% and including any range of permeant
utilizations derived from these values. Additionally,
it will also be appreciated upon practicing the
present invention that a delivery matrix according to
the present invention is capable of maintaining a
relatively constant, relatively high chemical
potential driving force by continually dissolving or
suspending undissolved permeant disposed within the
matrix, thus enabling suspended or dissolved permeant
in communication with at least one formed pathway to
remain at or near saturation levels for extended
administration periods. By using a matrix as the
permeant carrier, one can effectively 'fill' the space
between a plurality of formed pathways over the area
of the treated skin site, with an inert, but
effectively porous matrix, keeping the required volume
of fluid to a minimum. In contrast, conventional
methods and devices require a relatively larger
quantity of 



permeant to create the saturation point condition in
order to yield the same osmotic driving force for the
permeant to enter the skin than it does when the
permeant is present in an undissolved anhydrous solid
form. With a traditional pure liquid or gelled aqueous
formulation, it takes a much larger quantity of
bioactive agent to cover the treated skin site and
yield the same saturation level driving force for the
bioactive agent to enter the skin than it does when
the bioactive agent is present in the solid form,
without any water other than that presented by the
body via the micropores. In one aspect, the
functionality of the system is enabled by the aqueous
channels in the skin provided by altering the
outermost layers of the skin such that they become
permeable during the wear period to a degree
sufficient to allow subcutaneous fluid to exit the
subject, dissolve or suspend the bioactive agent, and
then allow the dissolved or suspended bioactive agent
to migrate into the body via these same aqueous
channels. The delivery matrices of the instant
invention can be manufactured by any conventionally
known means for providing a solid matrix having at
least one undissolved hydrophilic permeant disposed
therein. For example, in one embodiment where the
delivery device includes a polymer matrix, the polymer
and hydrophilic permeant composition, further
including any permeability enhancer (like a pH control
agent), solubility control agent, and/or optional
filler, can be dry-mixed together using a heated
kneading mixer. If the permeant includes a plurality
of components, the plurality of permeant composition
components can, if desired, be premixed to ensure a
homogenous permeant composition prior to the mixing of
the permeant with thepolymeric matrix material. Such
permeant pre-blending, if desired, can be performed,
for example, on a conventional rotisserie mixer. The
temperature setting of the mixing system should be
high enough to allow the particular polymeric material
to soften such that it can be kneaded, but not so high
as to induce melting of the particular permeant
components. Such conditions are of course dependent on
the properties of the particular polymeric matrix
material and the permeant to be disposed therein.
Accordingly, one of skill in the art will be able to
readily obtain such operating parameters without
requiring undue experimentation. The resulting
heat-kneaded mixture can then processed into
individual dosage forms of the delivery device
comprising, for example, film sheets cut or otherwise
configured into any desired shape such as a circular,
elliptical, rectangular, square, or any other desired
shape. The permeant delivery device can also be
manufactured in any desired thickness, including
thicknesses in the range of from approximately 0.01 mm
to approximately 30 mm, including such thicknesses as
about 0.05, about 0.1, about 0.5, about 1.0, about
5.0, about 10.0, about 15.0, about 20.0, and about
25.0 or even any range of thicknesses derived from
these values. For example, the thickness can be in the
range of from about 0.01mm to about 10.0 mm, or even
about 0.5 mm to about 1.0 mm. To this end, it will be
appreciated upon practicing the present invention that
the desired thickness can, for example, depend on the
particular matrix components and/or the desired
delivery parameters for a given permeant composition
delivery device. For example, in one aspect it may be
desired to provide a thicker delivery film in order to
provide a longer administration period. Accordingly,
such customization and optimization of the particular
delivery device dimensions will be readily obtained by
one of skill in the art through no more than mere
routine experimentation. In one embodiment, this
processing may be accomplished by melt-pressing a
quantity of the heat- kneaded admix into a
substantially uniform thickness and then using a
conventional die cutting method to form the final
shape of the delivery device. 



Alternatively, the processing of the admix can be
achieved by extrusion of the heated admix through a
die which forms a ribbon of substantial uniform width
and thickness, from which the delivery device can be
cut either by chopping the ribbon into desired lengths
forming, for example, rectangular dosage forms, or die
cutting the final dosage form out of the ribbon. In
one embodiment, using a die cutting method on
theextruded ribbon, the processing machinery can
further be configured to recycle the excess 'edges' of
the ribbon left after the die cutting procedure, back
into the input feed of the mixing/extruding machine,
thus achieving a near-zero loss process for mixing the
raw components and forming the final dosage form of
the device. Alternatively, a cryo-milled polymeric
powder could be mixed with the permeant and optional
other components until a substantially uniform and
homogenous distribution of the permeant and polymer is
achieved. The resulting mixture can then be hot or
cold press formed, or melt extruded into the final
desired delivery device shape. In still another
aspect, a conventional solvent casting process can be
used wherein the matrix material is dissolved into an
organic solvent such as, for example, methylene
chloride, methyl-t-butyl ether, methyl ethyl ketone,
ethyl acetate, propyl acetate, isopropyl acetate,
ethanol, acetone or their binary/tertiary mixtures.
The undissolved permeant and optional other components
can then be added to the dissolved polymeric matrix
material and the resulting suspension can then poured
into forms having the desired size and shape. The
solvent, such as the methylene chloride, can then be
evaporated or otherwise removed to provide the
permeant delivery device. As one of skill in the art
will appreciate, the relative amounts of bioactive
agent(s), permeability enhancer(s) (like pH control
agents), solubility control agent(s), filler
component(s) and matrix material can all be adjusted
to provide the desired flux rate of the permeant into
a subject as well as the desired duration or effective
administration period. For example, the permeant can
comprise a filler component, such as a dosing agent,
in an amount relative to a predetermined amount of
bioactive agent, which can provide a predetermined
transdermal dosage of bioactive agent. Alternatively,
the permeant composition itself can be present in an
amount and composition, relative to a predetermined
amount of the solid matrix, which can provide a
predetermined rate of transdermal permeant diffusion.
In one aspect, the concentration of undissolved
permeant disposed within the anhydrous reservoir is
designed to provide the desired statistical
probability that upon exposure to a moisture source,
such as the subcutaneous fluid obtained from the
micropores in the skin, the moisture will dissolve or
suspend the undissolved permeant such that aqueous
channels develop into and through the matrix,
progressively forming throughout the matrix until the
required amount of permeant needed to be delivered to
the subject through the micropores has been dissolved
orsuspended and diffused through these channels,
through the micropores and into the subject's skin. By
choosing the appropriate ratios, a matrix can be
constructed which insures that substantially all of
the permeant in the matrix will be accessible via
these aqueous channels formed by the solution front as
it moves progressively further into the matrix.
Further, optional solubility control agents and/or
fillers can be included in the device to control the
release rate of the bioactive agent, modify the
solubility of the bioactive agent in the skin tissues,
inhibit or enhance selected physiological phenomena
within the affected tissue such as, but not limited
to, boosting an immune response, inhibiting an
inflammatory response, edema or erythema, maintaining
a specified pH range in the tissue, and the like. To
this end, by constructing the delivery device to
provide a release rate which is more limited than the
slowest rate that the skin tissues can absorb the
bioactive agent, the system can be made to be 



extremely repeatable regardless of inter or intra
subject variability that typically affect the
bioactive agent delivery rate. In one embodiment, the
egress of the drug from the matrix can be controlled
through the addition of a variety of polymeric
species. These polymers may affect the porosity of the
matrix, thereby limiting the availability of
interstitial fluid to the permeant or permeability
enhancer(s) and thus offering control of permeant
and/or permeability enhancer(s) delivery. These
polymers, especially when of the watersoluble variety,
may also be able to limit the availability of
interstitial fluid to the permeant and/or permeability
enhancer(s) and thereby control their egress from the
film. For example, interstitial fluid which is
required for dissolution of the permeant or
permeability enhancer(s) can be partially consumed by
the dissolution of the watersoluble polymer, thus
effectively controlling delivery of the other
water-soluble species. Alternatively, the dissolution
of a water-soluble polymer can result in an increase
in viscosity of the film environment which may also
act as a means to control delivery or dissolution.
Alternatively, the dissolution of the polymer may
result in a film environment in which the effective
concentrations of the permeant or permeability
enhancer(s) are lower than in the absence of dissolved
polymer, thereby lowering the rate of delivery. It
should also be understood that the device of the
present invention is not limited to aspects comprising
a single delivery patch, but further embodies aspects
including a plurality of delivery patches. For
example, as depicted in Figure 3, in oneaspect the
device of the instant invention can include a
plurality of delivery matrices or reservoirs
positioned in a stacked arrangement. As illustrated, a
delivery matrix or reservoir 20 can comprise, for
example and without limitation, three permeant
delivery matrices (or reservoirs), 20(a), 20(b) and
20(c) positioned in a stacked arrangement.
Alternatively, a device according to the present
invention can include a plurality of matrices
positioned in an adjacent or side-by-side
relationship. In still another aspect, a device
according to the present invention can include a
combination of a plurality of stacked matrices and a
plurality of adjacent delivery matrices. By providing
a multilayered plurality of delivery matrices, wherein
as each layer is sequentially accessed by the
dissolution front, the predetermined release rate can
be varied over a predetermined permeant administration
period, thus enabling one of skill in the art to
tailor the resulting PK profile of the permeant in the
subject. For example, in one aspect, a plurality of
delivery matrices can be provided where at least two
matrices include different dimensional
characteristics. In another aspect, at least two
matrices can be provided, each having a different
permeant composition deposited therein. In still
another aspect, it is contemplated that a plurality of
delivery matrices can be provided where each of the
plurality of matrices includes a different permeant
composition. In still another aspect, a plurality of
permeant delivery matrices can be arranged to provide
a predetermined pattern of pulsatile bioactive agent
delivery. This can be done with a completely passive
diffusion system wherein the delivery matrix is
constructed with a plurality of matrix layers, some
containing permeant and some not. Thus, as the
solution front moves through the matrix, bioactive
agent will be delivered only during those periods
where the layer that contains it is at the edge of the
solution front. Customizing the bioactive agent
content in these multiple layers provides a
transdermal delivery system which can adjust the
influx to be optimal. For example, an insulin delivery
system can be constructed to compliment the natural
circadian cycles of a subject's glucose metabolism,
thus varying the amount of bioactive agent delivered
over the dosing period in a programmed fashion to
provide 



better therapy. Additional methods for providing
permeant release rate control can include, but are not
limited to, altering the physical design of the
matrix, altering the tortuosity of the diffusion paths
formed as the dissolution front migrates into
thematrix, the choice of anhydrous polymer or other
matrix material, or by the addition of specific
rate-limiting mechanisms such as a specified membrane
or layer within the matrix. In one embodiment, the
polymer matrix can be formed with a specified texture
on the skin contact surface said texture designed to
increase the surface area of the skin contact surface.
By increasing the surface area between the matrix and
the skin, the initial rate of release of bioactive
agent into the fluid interface between the patch and
the micropores will be greater, resulting in a higher
initial flux of the bioactive agent. As the bioactive
agent within the matrix near the textured surface is
depleted, and the aqueous porosities penetrating into
the polymer matrix extend further into the matrix, the
flux of the bioactive agent will slow down as the
effect of the increased surface area becomes
diminished, the further the dissolution front moves
into the body of the matrix. Exemplary surface area
enhancements can include, but are not limited to,
corrugations, perforations, a series of holes
extending into the matrix, either partially through or
all the way through or a combination of partial and
complete holes, with the partials all at one depth or
at an assortment of depths. Essentially, any physical
forming of the matrix that modifies the surface area
exposed to the dissolving fluid presented via the
micropores, could be used to tailor the flux at
various time points during the wear period. Some of
the processes useful for forming the matrix in this
manner include, but are not limited to, extrusion,
stamping, casting, punching, die-cutting, rolling,
melting, laser machining, milling, etching or hobbing
process, or any combination thereof. These texturing
and puncturing of the matrix in layers can be applied
to internal layers that are sandwiched between other
layers as well, not just to the layer placed on the
surface of the skin. With reference to Figure 2, an
exemplary delivery matrix comprising an enhanced
bottom surface area is depicted. As shown, a delivery
matrix 20(d) can comprise a textured bottom surface 22
wherein the textured surface comprises a series of
linear perforations 28. It will be appreciated upon
practicing the present invention that the devices
described herein can be used to transdermally deliver
a permeant for extended administration periods. To
that end, a delivery matrix as described herein can be
used to transdermally deliver a permeant to a subject
over a predetermined administration period ranging
from approximately 5 minutes up to approximately 400
hours or more, including administration periods of
approximately 1, 5, 10, 12, 15, 18, 20, 24, 30, 36,
45, 50 minutes and approximately 1, 5, 9, 10, 12, 15,
18, 20, 24, 30, 36, 45, 50, 100, 150, 200, 250, 300
and 350 hours. Alternatively, the devices of the
instant inventioncan be used to transdermally deliver
a predetermined amount of permeant during a
predetermined administration period of about 5 minutes
to about 1 hour, about 1 hour to about 6 hours, about
6 to about 12 hours, about 12 to about 30 hours, about
30 to about 50 hours, about 50 to about 80 hours,
about 80 to about 120 hours, and even about 120 to
about 180 hours. In other embodiments, the devices of
the instant invention can be used to transdermally
deliver a predetermined amount of permeant during a
predetermined administration period of about 1 day,
about 3 days, or about 7 days. To this end, while not
intending to be limited by theory, in some aspects the
relatively long administration periods achieved by the
devices of the present invention can be a result of
the high osmotic pressure diffusion gradient resulting
from maintaining the dissolved or suspended permeant
near the saturation point for extended periods of
time. It is further believed that these relatively
high osmotic pressure gradients can themselves provide
an anti-healing influence on the formed 



pathway through the opening in the skin layer of a
subject further enhancing the ability to achieve
extended administration periods. Thus, it should be
appreciated that the delivery devices of the present
invention can be constructed and arranged to deliver a
predetermined level of permeant over virtually any
desired administration period. An exemplary device
according to one aspect of the present invention is
depicted in Figure 4. As illustrated, the exemplary
device provides a transdermal patch assembly,
comprising a delivery matrix or reservoir 20 as
previously described herein. The delivery matrix is
constructed and arranged such that it has a top
surface and an opposed bottom surface. A backing
support layer 30, having an inwardly facing surface is
at least partially connected to the top surface of the
delivery matrix. In one aspect, in order to releasably
affix the delivery matrix to the skin of a subject,
the backing support layer can be sized and shaped such
that it peripherally extends beyond the delivery
matrix. Further, at least a portion of the inwardly
facing surface of the peripherally extending backing
support layer can further comprise an adhesive layer
50 deposited thereon. As one of skill in the art will
appreciate, the adhesive layer deposited on at least a
portion of the backing layer which extends beyond the
periphery of the matrix can provide a peripheral
adhesive attachment system. Alternatively, it is also
contemplated that the delivery matrix can be designed
so as to have a skin contact surface tacky enough to
releasably adhere directly to theskin of a subject.
This can minimize the total size of the patch and
reduce the reliance on the peripheral adhesive to
maintain sufficient adhesion to adhere the patch to
the skin for the duration of the patch wear period
(e.g. 1, 2, 3, or 7 days). It will be appreciated upon
practice of the invention disclosed herein that such a
matrix can be obtained by, for example, optimizing the
percentage of polymer, hydrophilic permeant, and/or
permeability enhancer as well as the manufacturing
process parameters. Such optimization can be
determined by one of skill in the art without the need
for undue experimentation. The backing support layer
30 can in one aspect be at least substantially
occlusive. Alternatively, the backing support layer
can be at least partially semi permeable. To this end,
in some cases, a semi-permeable backing, such as for
example the 3M Tegaderm(r) product, can provide added
user comfort as a vapor permeable backing typically
having higher user tolerance for longer wear periods.
In addition, the release rate of the drug into the
skin can be controlled by controlling the rate of
water transport through the film by designing the
semi-permeable backing support layer with a specific
mean vapor transmission rate (MVTR). In other cases, a
more completely occlusive backing may be preferred in
order to ensure the maximal hydration of the matrix
from subcutaneous fluid that is accessed from at least
one formed pathway beneath the patch assembly, as well
as from transepidermal water loss through the intact
skin surrounding and between the formed pathway(s).
Alternatively, the backing can be made totally
occlusive to promote hydration of the film and thus
contact with the subcutaneous fluid, while the
peripheral adhesive can be made semi-permeable to
allow better wear characteristics such as better
adhesion, and/or lower irritation. The patch assembly
can further include a peelable protective release
layer 40 sized and shaped to protect at least a
portion of the bottom surface of the delivery matrix
from environmental elements until the device is to be
used. In one aspect, the protective release layer can
be removably secured to at least a portion of
peripherally extending backing support layer having
the adhesive layer deposited thereon. As will be
appreciated, the positioning of the release layer
according to this aspect not only provides protection
to the bottom surface of the delivery matrix but can
further add a 



protective layer to the adhesive layer deposited on
the peripherally extending portion of the backing
support layer. The patch assembly comprising the
delivery matrix,backing support layer, adhesive layer
and protective release layer can then placed in an
individual pouch and sealed shut. In one embodiment,
an exemplary delivery matrix according to the present
invention provides a method for causing the
transdermal flux of a permeant into a subject via at
least one formed pathway through a skin layer of the
subject. In one aspect, the method comprises providing
a subject having a transdermal permeant administration
site comprising at least one formed pathway through
the skin layer. As used herein, the subject can be any
living organism having at least one skin layer capable
of transdermal permeant administration. To this end,
the subject can be a mammal, such as, for example, a
human subject. In an alternative aspect, the subject
can be non-mammalian. In still another aspect, the
methods and systems of the present invention can be
used on a plant. The transdermal permeant
administration site is comprised of at least one
formed pathway though a skin layer of the subject. The
pathway can be formed by any currently known means for
providing a pathway through a skin layer of a subject.
To that end, the skin treatment may be some method of
forming one or more small, artificial openings, or
micropores in the skin within the size range of 1-1000
microns across, including about 1 to about 500, about
100 to about 1000, about 200 to about 600, and about
400 to about 800 microns across and 1 to 500 microns
deep, including about 1 to about 100, about 50 to
about 100, about 70 to about 90, about 20 to about 80,
about 100 to about 400, about 200 to about 300, and
about 250 to about 500 microns deep which allow fluid
communication between the bioactive agent or matrix
and the viable cell layers of the skin beneath the
outer most layers of the organism's skin, typically
the stratum corneum in a human. These micropores can
allow subcutaneous fluid to exude through the
micropores to the surface of the skin. In exemplary
aspects, and not meant to be limiting, micropores or
pathways in the skin of the subject can be formed by
applying thermal poration devices, mechanically
puncturing the skin with micro-needles, lancets or
blades, laser ablation, radiofrequency or electrical
ablation, electrical puncturing or ablation, and/or
hydraulic jets. Creating pathways by mechanical
methods includes use of projections such as solid
microneedles or "pyramids" to puncture the skin or
scrape tracks or paths through the stratum corneum.
The skin treatment may also include, but is not
limited to, methods such as the application of
acoustic energy or sonication of the skin to increase
its permeability, electroporation, tape stripping,
abrasive stripping orabrasive treatments, gas jet
abrasive treatments, micro-puncturing by the
application of high velocity inert particles to the
skin via apparatus such as those described by
PowderJect Pharmaceutical PLC, chemical treatments,
heat treatments, or mechanical treatments to make the
skin suitably permeable. Exemplary systems, devices,
and methods for forming the desired micropores are
discussed in United States Patent Application Nos.
5,885,211, 6,527,716, 6,597,794, 6,611707, 6,692,456,
6,708,060, and 6,71 1,435 and United States Patent
Application Nos. 2004-0220456, 2004- 0039342, and
2004-0039343, all of which are incorporated in their
entirety herein by reference. After removal of the
protective release layer, the patch assembly can then
be positioned on the skin of the subject in a manner
which at least substantially colocates the bottom
surface of the delivery matrix over a permeant
administration site having at least one formed pathway
through a skin layer of the subject, as described
herein such that the permeant delivery matrix
comprising an undissolved hydrophilic permeant is in
fluid communication with at least one formed pathway
through the skin layer of the subject. Various methods
of simplifying the co-location of the active area 



of the patch to the microporated skin site can be
incorporated into an integrated system design such as,
for example, a system of visual marks left after the
application of the microporation method to allow the
user to place the patch in the correct position when
these marks are used as reference points. These marks
may be formed with markers such as, but not limited
to, a dye or ink, or even simply formed by mechanical
texture leaving a temporary pattern on the skin; a
fold-over co-location system wherein the patch is
temporarily attached to the poration system in a
fashion which when the poration is accomplished and
the poration system is removed from the skin site, a
small 'hinge' component is left behind holding the
patch such that when the patch is folded over and the
hinge is flexed 180 degrees, the needed colocation is
ensured; a locator ring of peripheral indicators are
left on the skin after the removal of the porator
system which provide the needed guides for proper
placement of the patch; a fully automated applicator
system is used which sequentially applies the poration
system, removes it and then applies the patch in a
fashion completely transparent and optionally, even
hidden, to the user; a fully integrated system is used
wherein the porator component is biocompatible, is
directly integrated into the skin side of the patch
and is designed to allow it to be left in place
against the skin under the reservoir after the
poration process has be accomplished. Thus, in
oneembodiment, the porator is porous enough to allow
the required flux of fluid from the micropores to
enter the matrix and the dissolved or suspended
bioactive agent from the matrix, back around/across
the porator and into the micropores. In one
embodiment, the permeant delivery matrix is maintained
in fluid communication with the at least one formed
pathway to draw an effective amount of subcutaneous
fluid from the subject through the at least one formed
pathway and subsequently transdermally deliver at
least a portion of the permeant through the formed
pathway at a desired flux. To this end, the
subcutaneous fluid drawn through the at least one
formed pathway can initiate the process of dissolving
and/or suspending at least a portion of the permeant
disposed within the matrix and subsequently can
provide a viable diffusion pathway for the permeant to
transdermally diffuse back into the subject through at
least one formed pathway in the skin. Once the
permeant has been transdermally delivered to a viable
skin layer of the subject, the permeant can be active
locally or can be taken up by the circulatory system
and distributed systemically. For example, in one
aspect, the permeant can be taken up by the lymphatic
system. In addition to the passive chemical diffusion
based driving forces described herein, it is
contemplated that additional permeation enhancers can
also be used in combination with the permeant delivery
matrices of the present invention. For example, and
without limitation, the delivery matrices of the
instant invention can be used in combination with an
active force enhancer technology, such as the
application of sonic energy, mechanical suction,
pressure, or local deformation of the tissues, of
which sonophoresis, iontophoresis or electroporation
are included. Still further, additional electromotive
forces can also be applied to the permeant in order to
enhance the transdermal permeant flux of the permeant
through at least one formed pathway in the skin of the
subject. The use of electromotive forces can be
particularly useful for transdermal delivery of larger
macromolecular agents such as proteins, peptides, and
even genes in therapeutic amounts through microporated
skin. Moreover, such active delivery modes can in
other aspects be used with fewer and/or smaller
pathways than are often needed for an equivalent flux
via a passive diffusion only system. Thus, in one
aspect, the use of active electromotive forces can
thereby reduce the volume of skin to be ablated,
making the system even less invasive for the user.To
that end, in one aspect, a permeant delivery matrix
according to the instant 



invention can be configured to provide an
electro-osmotic -pump (EOP) assembly. According to
this aspect, and as depicted in Figure 5, a
microporated delivery matrix 20(d) having a top
surface and an opposed bottom surface, can further
comprise an assembly of one or more first electrodes
60 positioned in electrical communication with the top
surface and an assembly of one or more second
electrodes 70 positioned in electrical communication
with the bottom surface. The electrode assemblies can
be provided by any conventional electrode deposition
techniques know to one of skill in the art, such as,
for example, sputtering, electro-deposition, or
electro-less deposition. A complete circuit can then
be created by placing the first and second electrode
assemblies in selective or controllable electrical
communication with a voltage or current source (V). A
steady application of a properly polarized electrical
field to the permeant within the microporated matrix
can induce a build up of permeant in the vicinity of
the openings of the microporated matrix, thus
providing a relative boost to the diffusion gradient
driven transdermal delivery into a subject. In still
another aspect, an electro-osmotic -pump assembly
according to the present invention can further
comprise a third or counter electrode remotely
positioned from the delivery matrix and adapted to be
positioned in electrical communication with the skin
of a subject. The incorporation of a third, or counter
electrode, can enable the application of an
electromotive force capable of enhancing the movement
of the permeant from the bottom surface of the
microporated delivery matrix laterally to foci
coincident with the at least one formed pathway in the
skin of the subject. As will be appreciated, this
aspect of the invention can provide additional
transdermal flux efficiency since there will be
essentially zero flux through the intact portions of
the skin which still have the undisrupted stratum
corneum layer and do not have a formed pathway open to
the viable layers of the skin. In use, a
three-electrode assembly as described above can be
operated according to a selective on-off cycling of
the various electrode assemblies within the
electro-osmotic pump assembly. For example, in a first
electro-osmotic pump cycle, the electro-osmotic pump
(EOP) can be activated by completing a circuit between
the first and second electrode assemblies in order to
create a relatively high concentration of the
bioactive agent in the proximity of the microporous
openings in the bottom surface of the delivery matrix.
During a second electro-transport cycle, one or both
of the first and second EOP electrode assemblies can
be charged with the same polarityas the net charge on
the particular bioactive agent to be transdermally
delivered. The third electrode assembly, which can be
positioned remotely from the delivery matrix and in
communication with the surface of the skin, can then
be operated as a counter electrode. In this
electro-transport mode, the electro-repulsive force
exerted on the bioactive agent can actively drive the
bioactive agent into the micropores of the subject. Of
course, it should be appreciated that this
electro-transport mode (ETM) and the
electro-osmotic-pump mode (EOP) can be modulated in an
on-off manner, or in any level between off and maximum
intensity. By keeping the amount and duration of the
ETM within certain exemplary limits, such as, for
example, 10 ms on and 50 ms off, the average current
which will flow through the skin tissues of a subject
during ETM can be kept to a low enough level that any
shifts in local pH can be neutralized during the
off-time of the ETM by the normal micro-fluidic action
within the skin tissues and the natural diffusion of
ions when no electric field is present. As will be
appreciated by one of skill in the art, this can work
to establish uniform concentration of all mobile
species, thus bringing the pH back to its normal
physiological state. As such, this modulation of
on-time to off-time of the ETM can also eliminate
irritation due to a disruption of the normal pH of the
skin tissues. 



It should be understood that the specific duty cycles
of the EOP mode or cycle and the ETM mode or cycle can
depend on the particular permeant to be transdermally
delivered and the current levels applied to both the
EOP and ETM. Whereas a rough calculation can be made
that will ensure the pH of the viable tissues stays
within some predetermined boundary, in practice, these
duty cycles can be determined experimentally by simply
placing a small pH sensor under the patch to monitor
the effects of different duty cycles. A further
feature of this invention would be to incorporate a pH
sensing element into the patch and use the output
generated by it as a feedback signal to the system
controller such that a closed-loop control circuit is
implemented which ensures that the pH is held within
the programmed boundaries, regardless of
subject-to-subject variations in local skin
physiology, environmental factors, or other forces
which may affect the local environment. With reference
to Figure 6, an exemplary patch assembly further
comprising a three-electrode osmotic pump assembly is
depicted. As illustrated, the exemplary device
comprises a transdermal patch assembly, comprising a
microporated delivery matrix as previously described
herein. The delivery matrix is constructed andarranged
such that it has a top surface and an opposed bottom
surface. A backing support layer, having an inwardly
facing surface is at least partially connected to the
top surface of the delivery matrix. The microporated
delivery reservoir comprises a top surface and an
opposed bottom surface. A first electrode assembly 60
is positioned in electrical communication with the top
surface and a second electrode assembly 70 is
positioned in electrical communication with the bottom
surface. A third or counter electrode 80 is remotely
positioned from the delivery matrix and adapted to be
positioned in electrical communication with the skin
of a subject. A complete circuit can then be created
between at least any two of the first, second and
third electrodes by placing at least two of the first,
second and third electrode assemblies in selective or
controllable electrical communication with a voltage
or current source (not illustrated). EXAMPLES The
following examples are put forth so as to provide
those of ordinary skill in the art with a complete
disclosure and description of how the devices, systems
and methods claimed herein are made, performed and
evaluated. These examples are intended to be purely
exemplary of the invention and are not intended to
limit the scope of what the inventors regard as their
invention. Unless indicated otherwise, parts are parts
by weight, temperature is degrees C or is at ambient
temperature, and pressure is at or near atmospheric.
Hydromorphone Figure 7 reports the effect of permeant
delivery patch thickness on the in vitro drug release
kinetics for various permeant delivery patches of the
present invention. Four permeant delivery patches were
prepared according to the present invention. The four
matrices each comprised ethylene vinyl acetate
copolymer (EVA). The permeant formulations disposed
within the EVA matrices comprised hydromorphone HCl
(HM) as the bioactive agent and mannitol and propylene
glycol (PG) as filler components and were
approximately 1.44 cm in area. The first patch had a
thickness of approximately 1.00 mm and comprised
approximately 67 mg of hydromorphone. The second patch
had a thickness of approximately 0.50 mm and comprised
approximately 25 mg of hydromorphone HCl. The third
patch had a thickness ofapproximately 0.44 mm and
comprised approximately 22 mg of hydromorphone. The
fourth patch had a thickness of approximately 0.22 mm
and comprised approximately 11mg of hydromorphone HCl.
In vitro tests using each of the four patches were
conducted for an administration period of
approximately 24 hours. Using conventional means for 



analysis, the cumulative hydromorphone HCl release and
relative percentage of hydromorphone HCl release for
each of the four permeant delivery patches over the
24-hour administration period are reported by the
plots depicted in Figure 7. Figure 8 reports the mean
pharmacokinetic profile (PK profile) for an exemplary
permeant delivery device according to the present
invention that was tested on the abdomen region of
four different hairless rat subjects. The permeant
patch was a film having a thickness of approximately
1.4 millimeters and comprised 50 weight percent of an
ethylene vinyl acetate copolymer having approximately
40% vinyl acetate component as the matrix material.
The permeant composition comprised 25 weight percent
hydromorphone HCl (relative to the total weight
percent of the permeant patch) as the bioactive agent
and 25 weight percent mannitol (relative to the total
weight of the permeant patch) as additional filler
component. The mean serum hydromorphone concentration
in the hairless rats as a function of a 24-hour
administration period is reported in Figure 8.
Fentanyl Citrate Figure 9 reports the mean fentanyl
citrate serum level PK profile for permeant delivery
patches of the present invention comprising differing
concentrations of fentanyl citrate. In particular,
shown is a comparison of mean fentanyl citrate serum
level PK profiles for delivery patches prepared
according to procedures similar to the following for
10% fentanyl citrate. Preparation of an exemplary
permeant delivery patch comprising 10% fentanyl
citrate as the bioactive agent: To prepare the patch,
mannitol is sieved using a 200 mesh sieve before use.
The patch can then be prepared by charging
approximately 3000 mg of fentanyl citrate and
approximately 18450 mg of mannitol into a vial and
allowing the mixture to blend for at least 6 hours.
Approximately 8550 mg of ethylene vinyl
acetatecomprised of approximately 40% vinyl acetate
component can be added to the blended mix of fentanyl
citrate and mannitol. The charged materials can be
continuously stirred and heated in a temperature
controlled container to a temperature in the range of
approximately 80 C to 120 C. After the mixture
achieves a dough-like consistency, the mixture can
then be transferred to a backing film such as the
Scotchpak backing available from 3M(r). Once deposited
on the backing material, the dough-like material can
be compressed between the backing layer and a
protective release liner layer (such as the 1521
single-sided polyethylene film, also available from
3M(r)) to provide a patch having a desired thickness.
After the patch material has cooled, the resulting
film can then be cut to provide a patch having a
surface area of, for example, approximately 1 cm2. A
patch prepared according to the foregoing procedure
can, for example, comprise a concentration of
bioactive agent of approximately 3.8 mg fentanyl
citrate per patch. Prior to applying the exemplary
patch onto a test subject, the protection release
layer would first be removed to expose the bottom
surface of the matrix. Figure 9 shows that, in one
aspect of the present invention, fentanyl citrate can
be delivered through micropores in the skin and that
the steady-state level can be controlled by the
fentanyl content of the delivery patch. Fentanyl Chase
For the fentanyl chase study, the abdomen of the
hairless rat was again microporated followed by the
application of a film or solution of interest. The
patch (film or solution) was removed at predetermined
specified times (i.e., 12 hours after application) and
the administration site was covered with a subsequent
or chase liquid reservoir patch, filled with about 200
uL of saturated fentanyl citrate solution. Blood
samples were then removed from the tail vein of the
hairless rat (typically 6-10 hours 



after patch change or 18-22 hours after
microporation). Serum was separated from the blood
samples for fentanyl analysis. Data generated by such
a fentanyl chase study is shown in Figure 10. Twelve
hours after application of one of the formulations
(listed on the x-axis) the site was covered with a
saturated fentanyl citrate solution and blood sampling
commenced. The y-axis represents the average serum
fentanyl levels reached 6-10 hours after application
of the fentanyl solution. The control bar represents
levels attained 6-10hours after a saturated fentanyl
citrate solution had been applied to freshly
microporated skin. From the data it is apparent that
by covering a freshly microporated site for 12 hours
with a film made from solely EVA the delivery of
fentanyl is prevented. The same approximate results
were obtained if the site were covered with a film
made from EVA/mannitol or if covered with a saturated
mannitol solution. If, on the other hand, the site was
first covered with a film containing fentanyl or
hydromorphone, then fentanyl levels were observed at
approximately 60% and 85% respectively of those
obtained for the control. Insulin Figure 11 reports a
chart demonstrating the effect of adding polyvinyl
alcohol (PVA), a water-soluble polymer, to an insulin
formulation containing tris as a permeability
enhancer. The addition of the polymer affords an
extended profile of insulin delivery by controlling
release of drug and/or permeability enhancer from the
film. The matrix scaffold is comprised of ethylene
vinyl acetate (EVA). Figure 12 reports a chart
demonstrating the effect of adding ethyl cellulose
(EC), a water-insoluble polymer to an insulin
formulation containing tris as a permeability
enhancer. The addition of the polymer affords an
extended profile of insulin delivery by controlling
the release of drug and/or permeability enhancer from
the film. The matrix scaffold is comprised of ethylene
vinyl acetate (EVA). Exenatide Figure 13 reports a
chart demonstrating the effect of various permeability
enhancers on exenatide delivery in the hairless rat.
Animals were microporated on the abdomen and a patch
containing a 20OuL solution of exenatide (10.5 mg/mL)
and the agent of interest (3% w/v) was applied over
the site. A fresh solution was re-applied over the
site every four hours and blood was sampled for
exenatide levels over 24 hours. While disodium citrate
provided roughly steady levels for the 24 hour period,
the use of either succinic acid or maleic acid
provided enhanced levels. Figure 14 reports a chart
demonstrating the effect of succinic acid (SA) and
ethyl cellulose (EC) in a formulation designed to
achieve extended delivery of exenatide over 24 hours.
The 30% succinic acid formulation provides higher Cmax
and area under the curve (AUC) relative to a
formulation containing 57% disodiumcitrate
(DiNaCitrate). The matrix scaffold is comprised of
ethylene vinyl acetate (EVA). Figure 15 reports a
chart demonstrating the effect of polymer and/or
permeability enhanceres on in vitro exenatide release.
The identity or composition of the permeability
enhancer can be modified to alter the dissolution
profile of the films. For example, 30% ethyl
cellulose-containing films release exenatide at a
faster rate than 45% ethyl cellulose-containing films.
Figure 16 reports a chart demonstrating the effect of
permeability enhancer composition on the in vitro
release of exenatide from exenatide films containing
ethylene vinyl acetate (EVA) and the permeability
enhancers of interest. Increasing percentages of
disodium citrate have the effect of slowing the rate
of exenatide release from the films. Pore Permeability
Enhancers Figure 17 reports the effect of permeability
enhancer identity on the 



maintenance of pore permeability. Polymeric films were
prepared with EVA and -70% of the permeability
enhancer listed. Hairless rats were microporated and
the films were placed on the microporated site for 12
hours, after which time the polymeric film was
replaced with a liquid reservoir patch containing a
fentanyl citrate solution and blood fentanyl levels
were monitored. In the absence of any permeability
enhancer (i.e. films containing 100% EVA only) the
fentanyl levels achieved after application of a
fentanyl solution were <5 ng/mL, however, as shown,
the inclusion of permeability enhancers produced
significantly higher fentanyl levels. The pH of the
skin at the site after final patch removal is shown
for reference on the right axis. It is to be noted
that this is simply one non-limiting example of a
screening method for the effect of permeability
enhancer identity on the maintenance of pore
permeability. Other methods as well as other
permeability enhancers may be used and tested.What is
claimed is: 1. A patch for delivering a permeant
through a biological membrane of a subject comprising:
a) a matrix; b) at least one hydrophilic permeant
disposed within the matrix, wherein at least a portion
of the hydrophilic permeant can dissolve in biological
moisture received from the subject; and c) at least
one permeability enhancer disposed within the matrix.
2. The patch of claim 1, wherein the hydrophilic
permeant is a bioactive agent. 3. The patch of claim
2, wherein the bioactive agent is a protein drug. 4.
The patch of claim 3, wherein the protein drug is
exenatide. 5. The patch of claim 3, wherein the
protein drug is insulin. 6. The patch of claim 2,
wherein the bioactive agent is hydromorphone. 7. The
patch of claim 2, wherein the bioactive agent is
fentanyl citrate. 8. The patch of claim 1, wherein the
permeability enhancer is a pH control agent. The patch
of claim 8, wherein the pH control agent is selected
from the group consisting of succinic acid, disodium
citrate, trisodium citrate, and tris. 10. The patch of
claim 8, wherein the pH control agent is succinic
acid. 11. The patch of claim 8, wherein the pH control
agent is disodium citrate. 12. The patch of claim 1,
wherein the matrix comprises at least one polymer. 13.
The patch of claim 12, wherein the polymer is a water
insoluble polymer. 14. The patch of claim 12, wherein
the polymer is a water soluble polymer.15. The patch
of claim 12, wherein the matrix comprises two or more
polymers. 16. The patch of claim 15, wherein the
matrix comprises at least one water insoluble polymer
and at least one water soluble polymer. 17. The patch
of claim 13, wherein the water insoluble polymer is
selected from the group consisting of: ethylene vinyl
acetate and ethyl cellulose. 18. The patch of claim
14, wherein the water soluble polymer is selected from
the group consisting of: polyethylene glycol,
polyvinyl alcohol, and polyvinylpyrrolidone. 19. The
patch of claim 1, further comprising a solubility
control agent. 20. The patch of claim 19, wherein the
solubility control agent is selected from the group
consisting of: sodium chloride and ammonium sulfate.
21. The patch of claim 1, wherein the hydrophilic
permeant is delivered to the subject for an
administration period ranging from about 5 minutes to
about 24 hours. 22. The patch of claim 19, wherein the
hydrophilic permeant is delivered to the subject for
an administration period ranging from about 5 minutes
to about 24 hours. 23. The patch of claim 21, wherein
the administration period ranges from about 12 to 



about 24 hours. 24. The patch of claim 22, wherein the
administration period ranges from about 12 to about 24
hours. 25. The patch of claim 21, wherein the
administration period ranges from about 6 hours to
about 12 hours. 26. The patch of claim 22,wherein the
administration period ranges from about 6 hours to
about 12 hours. 27. The patch of claim 21, wherein the
administration period ranges from about 1 hour to
about 6 hours.28. The patch of claim 22, wherein the
administration period ranges from about 1 hour to
about 6 hours. 29. The patch of claim 21, wherein the
administration period ranges from about 5 minutes to
about 1 hour. 30. The patch of claim 22, wherein the
administration period ranges from about 5 minutes to
about 1 hour. 31. A system for delivering a permeant
through a biological membrane of a subject comprising:
a) a porator; and b) a patch, wherein said patch
comprises: i) a matrix; ) at least one hydrophilic
permeant disposed within the matrix, wherein at least
a portion of the hydrophilic permeant can dissolve in
biological moisture received from the subject through
a micropore formed by said porator; and i) at least
one permeability enhancer disposed within the matrix.
32. The system of claim 31, wherein said porator is
selected from the group consisting of: thermal
porators, mechanical porators, laser porators, and
hydraulic porators. 33. The system of claim 31,
wherein said porator is a heat conducting element
placed in substantial physical contact with the
biological membrane to deliver sufficient energy to
the biological membrane to thermally ablate said
biological membrane. 34. The system of claim 31,
wherein said porator is a thin film tissue interface
device. 35. The system of claim 31, wherein the
hydrophilic permeant is a bioactive agent. 36. The
system of claim 35, wherein the bioactive agent is a
protein drug. 37. The system of claim 36, wherein the
protein drug is exenatide. 38. The system of claim 36,
wherein the protein drug is insulin.39. The system of
claim 35, wherein the bioactive agent is
hydromorphone. 40. The system of claim 35, wherein the
bioactive agent is fentanyl citrate. 41. The system of
claim 31, wherein the permeability enhancer is a pH
control agent. 42. The system of claim 41, wherein the
pH control agent is selected from the group consisting
of succinic acid, disodium citrate, trisodium citrate,
and tris. 43. The system of claim 41, wherein the pH
control agent is succinic acid. 44. The system of
claim 41, wherein the pH control agent is disodium
citrate. 45. The system of claim 31, wherein the
matrix comprises at least one polymer. 46. The system
of claim 45, wherein the polymer is a water insoluble
polymer. 47. The system of claim 45, wherein the
polymer is a water soluble polymer. 48. The system of
claim 45, wherein the matrix comprises two or more
polymers. 49. The system of claim 48, wherein the
matrix comprises at least one water insoluble polymer
and at least one water soluble polymer. 50. The system
of claim 46, wherein the water insoluble polymer is
selected from the group consisting of: ethylene vinyl
acetate and ethyl cellulose. 51. The system of claim
47, wherein the water soluble polymer is selected from
the group consisting of: polyethylene glycol,
polyvinyl alcohol, and 



polyvinylpyrrolidone 52. The system of claim 31,
further comprising a solubility control agent. 53. The
system of claim 52, wherein the solubility control
agent is selected from the group consisting of: sodium
chloride and ammonium sulfate.54. The system of claim
31, wherein the hydrophilic permeant is delivered to
the subject for an administration period ranging from
about 5 minutes to about 24 hours. 55. The system of
claim 52, wherein the hydrophilic permeant is
delivered to the subject for an administration period
ranging from about 5 minutes to about 24 hours. 56.
The system of claim 54, wherein the administration
period ranges from about 12 to about 24 hours. 57. The
system of claim 55, wherein the administration period
ranges from about 12 to about 24 hours. 58. The system
of claim 54, wherein the administration period ranges
from about 6 hours to about 12 hours. 59. The system
of claim 55, wherein the administration period ranges
from about 6 to about 12 hours. 60. The system of
claim 54, wherein the administration period ranges
from about 1 hour to about 6 hours. 61. The system of
claim 55, wherein the administration period ranges
from about 1 hour to about 6 hours. 62. The system of
claim 54, wherein the administration period ranges
from about 5 minutes to about 1hour. 63. The system of
claim 55, wherein the administration period ranges
from about 5 minutes to about 1hour. 64. A method for
delivering a permeant through a biological membrane of
a subject comprising: a) forming one or micropores in
the biological membrane; and b) placing a patch in
physical contact with said one or more micropores,
wherein said patch comprises: i) a matrix; ) at least
one hydrophilic permeant disposed within the matrix,
wherein at least a portion of the hydrophilic permeant
can dissolve in biologicalmoisture received from the
subject through said one or more micropores; and i) at
least one permeability enhancer disposed within the
matrix. 65. The method of claim 64, wherein the one or
more micropores are formed using a device from the
group consisting of: thermal porators, mechanical
porators, laser porators, and hydraulic porators. 66.
The method of claim 64, wherein the one or more
micropores are formed using a heat conducting element
placed in substantial physical contact with the
biological membrane to deliver sufficient energy to
the biological membrane to thermally ablate said
biological membrane. 67. The method of claim 64,
wherein the one or more micropores are formed using a
thin film tissue interface device. 68. The method of
claim 64, wherein the hydrophilic permeant is a
bioactive agent. 69. The method of claim 68, wherein
the bioactive agent is a protein drug. 70. The method
of claim 69, wherein the protein drug is exenatide.
71. The method of claim 69, wherein the protein drug
is insulin. 72. The method of claim 68, wherein the
bioactive agent is hydromorphone. 73. The method of
claim 68, wherein the bioactive agent is fentanyl
citrate. 



74. The method of claim 64, wherein the permeability
enhancer is a pH control agent. 75. The method of
claim 74, wherein the pH control agent is selected
from the group consisting of succinic acid, disodium
citrate, trisodium citrate, and tris. 76. The method
of claim 74, wherein the pH control agent is succinic
acid. 77. The method of claim 74, wherein the pH
control agent is disodium citrate.78. The method of
claim 64, wherein the matrix comprises at least one
polymer. 79. The method of claim 78, wherein the
polymer is a water insoluble polymer. 80. The method
of claim 78, wherein the polymer is a water soluble
polymer. 81. The method of claim 78, wherein the
matrix comprises two or more polymers. 82. The method
of claim 81, wherein the matrix comprises at least one
water insoluble polymer and at least one water soluble
polymer. 83. The method of claim 79, wherein the water
insoluble polymer is selected from the group
consisting of: ethylene vinyl acetate and ethyl
cellulose. 84. The method of claim 80, wherein the
water soluble polymer is selected from the group
consisting of: polyethylene glycol, polyvinyl alcohol,
and polyvinylpyrrolidone. 85. The method of claim 64,
further comprising a solubility control agent. 86. The
method of claim 85, wherein the solubility control
agent is selected from the group consisting of: sodium
chloride and ammonium sulfate. 87. The method of claim
64, wherein the hydrophilic permeant is delivered to
the subject for an administration period ranging from
about 5 minutes to about 24 hours. . The method of
claim 85, wherein the hydrophilic permeant is
delivered to the subject for an administration period
ranging from about 5 minutes to about 24 hours. 89.
The method of claim 87, wherein the administration
period ranges from about 12 to about 24 hours. 90. The
method of claim 88, wherein the administration period
ranges from about 12 to about 24 hours. 91. The method
of claim 87, wherein the administration period ranges
from about 6 hours to about 12 hours.92. The method of
claim 88, wherein the administration period ranges
from about 6 to about 12 hours. 93. The method of
claim 87, wherein the administration period ranges
from about 1 hour to about 6 hours. 94. The method of
claim 88, wherein the administration period ranges
from about 1 hour to about 6 hours. 95. The method of
claim 87, wherein the administration period ranges
from about 5 minutes to about 1 hour. 96. The method
of claim 88, wherein the administration period ranges
from about 5 minutes to about 1 hour. 97. The patch of
claim 1, wherein the hydrophilic permeant is delivered
to the subject for an administration period of about 3
days. . The patch of claim 1, wherein the hydrophilic
permeant is delivered to the subject for an
administration period of about 7 days. 99. The patch
of claim 19, wherein the hydrophilic permeant is
delivered to the subject for an administration period
of about 3 days. 100. The patch of claim 19, wherein
the hydrophilic permeant is delivered to the subject
for an administration period of about 7 days. 101. The
system of claim 31, wherein the hydrophilic permeant
is delivered to the subject for an administration
period of about 3 days. 102. The system of claim 31,
wherein the hydrophilic permeant is delivered to the 



subject for an administration period of about 7 days.
103. The system of claim 52, wherein the hydrophilic
permeant is delivered to the subject for an
administration period of about 3 days. 104. The system
of claim 52, wherein the hydrophilic permeant is
delivered to the subject for an administration period
of about 7 days.105. The method of claim 64, wherein
the hydrophilic permeant is delivered to the subject
for an administration period of about 3 days. 106. The
method of claim 64, wherein the hydrophilic permeant
is delivered to the subject for an administration
period of about 7 days. 107. The method of claim 85,
wherein the hydrophilic permeant is delivered to the
subject for an administration period of about 3 days.
108. The method of claim 85, wherein the hydrophilic
permeant is delivered to the subject for an
administration period of about 7 days. 


