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COMPOSITIONS AND METHODS FOR DIAGNOSING AND TREATING ASTHMA
OR OTHER ALLERGIC OR INFLAMMATORY DISEASES

TECHNICAL FIELD
[0001] The present invention relates to compositions and methods useful for the

diagnosis or treatment of asthma or other allergic or inflammatory diseases.

BACKGROUND

[0002]  Asthma is a chronic inflammatory disease of the airways that is characterized by
recurrent episodes of reversible airway obstruction and airway hyperresponsiveness (AHR).
Typical clinical manifestations include shortness of breath, wheezing, coughing and chest
tightness that can become life threatening or fatal. While existing therapies focus on
reducing the symptomatic bronchospasm and pulmonary inflammation, there is a growing
awareness of the role of long-term airway remodeling in accelerated lung deterioration in
asthmatics. Airway remodeling refers to a number of pathological features including
epithelial smooth muscle and myofibroblast hyperplasia and/or metaplasia, subepithelial
fibrosis and matrix deposition. The processes collectively result in up to about 300%
thickening of the airway in cases of fatal asthma. Despite the considerable progress that has
been made in elucidating the pathophysiology of asthma, the prevalence, morbidity, and
mortality of the disease has increased during the past two decades. In 1995, in the United
States alone,. ngarly 1.8 million emergency room visits, 466,000 hospitalizations and 5,429
deaths were directly attributed to asthma. '

[0003] It is generally accepted that allergic asthma is initiated by an inappropriate
inflammatory reaction to airborne allergens. The lungs of asthmatics demonstrate an
intense infiltration of lymphocytes, mast cells and eosino.phils; A large body of evidence
has demonstrated this immune response is driven by CD4" T-cells expressing a Tu2
cytokine profile. One murine model of asthma involves sensitization of the animal to
ovalbumin (OVA) followed by intratracheal delivery of the OVA challenge. This procedure
generates a Ty2 immune reaction in the mouse lung and mimics four major
pathophysiological responses seen in human asthma, including upregulated serum IgE
(atopy), eosinophilia, excessive mucus secretion, and AHR. The cytokine IL-13, expressed
by basophils, mast cells, activated T cells and NK cells, plays a central role in the
inflammatory response to OVA in mouse lungs. Direct lung instillation of murine IL-13-

elicits all four of the asthma-related pathologies and, conversely, the presence of a soluble
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I1.-13 antagonist (sIL-13Ra2-Fc) completely blocked both the OVA-challenge induced
goblet cell mucus synthesis and the AHR to acetylcholine. Thus, IL-13 mediated signaling
is sufficient to elicit all four asthma-telated pathophysiological phenotypes and is required
for the hypersecretion of mucous and induced AHR in the mouse model.
[0004] Biologically active IL-13 binds speciﬁcaily to a low-affinity binding chain IL-
‘ 13Ron1 and to a high-affinity multimeric complex f/composed of IL-13Ral and IL-4R, a
shared component of IL-4 signaling complex. The 5high-afﬁnity complex is expressed in a
wide variety of cell types including monocy‘/e-macrophage populations, basophils,
eosinophils, mast cells, endothelial cells, ﬁbrobla}sts, airway smooth muscle and airway
epithelial cells. IL-13 mediated ligation of thé ﬁnctional receptor complex results in the
phosphorylation dependent activation of JAK1 and JAK2 or Tyk-2 kinases and IRS1/2
proteins. Activation of the IL-13 pathway cascade triggers the recruitment, phosphorylation
and ultimate nuclear translocation of the transcriptional activator Stat6. A number of
physiological studies demonstrate the inability of pulmonary OV A-challenge to elicit major
pathology related phenotypes including eosinophil infiltration, mucus hypersecretion and
airway hyperreactivity in mice homozygous for the Stat6” null allele. Recent genetic
studies have demonstrated a linkage between specific human alleles of IL-13 and its
signaling components with asthma and atopy, demonstrating the critical role of this pathway
in the human disease. “
[0005] IL-13 also binds to an additional receptor chain, IL-13Ra2, éxpressed in both
human and mouse with as yet undefined biological function. The murine IL-13Ra2 binds
IL-13 with approximately 100-fold greater affinity (Kd of 0.5 to 1.2 nM) relative to IL~
13Ra1, allowing the construction of a potent soluble IL-13 antagonist, sIL-13Ra2-Fc. The
sIL-13Ra2-Fc has been used as an antagonist in a variety of disease models to demonstrate
the role of IL-13 in Schistosomiasis induced liver fibrosis and granuloma formation, tumor
immune surveillance, as well as in the OVA-challenge asthma model.
[0006] Chronic obstruétive pulmonary disease (COPD) is an umbrella term used to
describe airflow obstruction that is associated mainly with emphysema and chronic
bronchitis. Emphysema causes irreversible lung damage by weakening and breaking the air
sacs within the lungs. As a result, elasticity of the Jung tissue is lost, causing airways to
collapse and obstruction of airflow to occur. Chronic bronchitis is an inflammatory disease

that begins in the smaller airways within the lungs and gradually advances to larger airways.
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It increases mucus in the airways and bacterial infections in the bronchial tubes, which, in
turn, impedes airflow. .

[0007] COPD affects tens of millions of Americans and is a serious health problem in
the U.S. A 1998 prevalence survey suggest that three million Americans have been
diagnosed with emphysema and nine million are affected by chronic bronchitis. COPD is
the fourth leading cause of death in the U.S. in 1998 and accounted for 112,584 deaths in
1998. COPD also accounted for an estimated 668,362 hospital discharges in 1998.

[0008] Current therapy for asthma and COPD includes use of bronchodﬂators,
corticosteroids, and leukotriene inhibitors. The treatments share the same therapeutic goal
of bronchodilation, reducing inflammation, and facilitating expectoration. Many of such
treatments, however, include undesired side effects and lose effectiveness after being used
for a period of time. Additionally, only limited agents for therapeutic intervention are
available for decreasing the airway remodeling process that occurs in asthmatics.
Therefore, there remains a need for an increased molecular understanding of asthma and
COPD, and a need for the identification of novel therapeutic strategies to-combat these

complex diseases.

SUMMARY OF THE INVENTION 4
[0009] The present invention identifies numerous‘ genes that are differentially expressed
in asthmatic lung tissues as compared to non-asthmatic lung tissues. The genes thus
identified include members of arginine metabolic pathways, such as cationic amino acid
transporter 2 gene (CAT2) and arginase type I gene (ARG1I). These genes are potential
drug targets for treating asthma or other allergic or inflammatory diseases.

[0010] In one aspect, the present invention provides methods for treating allergic or
inflammatory diseases. The methods include administering a therapeutically effective
amount of an agent to a mammal which has an allergic or inflammatory disease, where the
agent inhibits the activity or expression of a component of the arginine metabolic pathway
in tissues affected by the disease. The component being inhibited is not a nitric oxide
synthase (NOS). In many embodiments, the component being inhibited is an arginase (e.g.,
arginase type I) or a protein downstream thereof. Examples of the downstream proteins
include, but are not limited to, ornithine decarboxylase, ornithine aminotra'nsferase,
ornithine transcarbamylase, spermidine Synthase, and spermine synthase. In one instance,.

S-adenosylmethionine decarboxylase, which is involved in the biosynthesis of polyamines,
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may also be inhibited. In another embodiment, the component being inhibited is a cationic
amino acid transporter (e.g., cationic amino acid transporter 2).

[0011] Allergic or inflammatory diseases amenable to the present invention include, but
are not limited to, asthma, airway hyperresponsiveness, chronic airway remodeling, chronic
obstructive pulmonary disease (COPD), and arthritis. Other diseases associated with
dysfunctions or abnormalities in arginine metabolism can also be treated by the present
invention. In many embodiments, the allergic or ',inﬂammatory diseases are respiratory
diseases. Administration of a therapeutic agent of the present invention inhibits the activity
or expression of a component of an arginine metabolic pathway in lung tissues, thereby
ameliorating or eliminating syndromes associated with the diseases.

[0012] Therapeutic agents suitable for the present invention include, but are not limited
to, polynucleotides capable of inhibiting the expression of the target component by RNA
interference or an antisense mechanism, antibodies reactive with the target component,
inhibitors of a biological function of the target component, or other modulators that can -
bind to the target component or the polynucleotides encoding the same (e.g., mRNA or
genomic sequences, including the 3’ or 5° untranslated regulatory sequences). In many
embodiments, the activity or expression is inhibited at the . transcriptional, post-
transcriptional, translational, or post-translational level. In many other embodiments, the
inhibitory agents can decrease the activity or expression of the target component by at least
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95% or more as compared to the
original activity or expression level. |

[0013] In one embodiment, the therapeutic agents of the present invention encode or
comprise siRNA sequences that are directed to CAT2, ARGI, or other genes that encode
components downstream of arginase. In another embodiment, the therapeutic agents are
expressed from gene therapy vectors. In many instances, the gene therapy vectors are under
control of a tissue- or cell-specific promoter. In one example, the prbmoter is lung specific.
Examples of lung-specific promoters include, but are not limited to, the lung epithelial cell-
specific surfactant protein B gene promoter and the Clara cell-specific promoter CC10. In
another example, the promoter is monocyte or macrophage specific. Examples of
macrophage-specific promoters include, but are not limited to, the proximal promoter of the
human acetyl-LDL receptor (SRA) gene and those described in Ross et al., J. Biol. Chem.,
273:6662-6669, 1998).
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[0014] In yet another embodiment, the therapeutic agents of the présent invention are
selected from lysine, poly-L-lysine, poly-L-arginine, or other cationic polypeptides that can
inhibit cationic amino acid transporters. In a further embodiment, the therapeutic agent is 0-
difluoromethylornithine which inhibits the function of ornithine decarboxylase. In still
another embodiment, the therapeutic agent is an IL-13 antagonist or an antagonistic anti-IL-
13 antibody. In one example, the therapeutic agent is a soluble IL-13 receptor.

[0015] The therapeutic agents of the present invention can be formulated to be
compatible with their intended routes of administration. —Examples of routes of
administration include, but are not limited to, parenteral, enteral, and topical administration.
For instance, a therapeutic agent of the present invention can be admihistered via
intracutaneous, epicutaneous, inhalative, oral, rectal, intravenous, intraarterial,
intramuscular, subcutaneous, intradermal, transdermal, transmucosal, or other suitable
routes. In one embodiment, the therapeutic agent is administered via inhalation. For
instance, the therapeutic agent can Be delivered in the form of an aerosol spray from a
pressﬁred container or dispenser which contains a suitable propellant (e.g., carbon dioxide)
or nebulizer. | 4

[0016] In one embodiment, the mammal being treated is a human who has asthma or
another allergic or inflammatory disease.

[0017]  In another aspect, the present invention provides methods useful for identifying
or evaluating drugs for the treatment of asthma or other allergic or inflammatory diseases.
The methods include contacting a candidate molecule with a tissue affected by asthma or |
another allergic or inflammatory disease, and determining if the candidate molecule can
ameliorate or eliminate a disease syndrome or phenotype in the tissue. The candidate
molecule inhibits the activity or expression of a non-NOS component of an arginine
metabolic pathway in the tissue. Exemplary non-NOS components include, but are not
limited to, arginase or cationic amino acid transporter. Tissues suitable for' use in the
present invention include, but are not limited to, tissues/cells in animal models of the
. disease, tissues/cells isolated from animal models of the disease, or cell cultures that mimic
certain aspects (e.g., expression profiles) of disease-affected tissues/cells. In one example,
the therapeutic effect of a candidate molecule is assessed by a human clinical trial.

[0018] In one embodiment, the candidate molecule is selected or generated based on a
structure-based rational drug design. Molecules capable of interacting with a non-NOS

component of an arginine metabolic pathway are identified. These molecules are then
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brought into contact with tissues affected by asthma or other allergic or inflammatory
diseases to determine if they can ameliorate or eliminate disease syndromes or phenotypes.
In another embodiment, high throughput screening methods or compound libraries are used
to identify drug candidates.

[0019] The present invention also features methods useful for detecting, diagnosing, or
monitoring asthma or other allergic or inflammatory diseases. The methods include
detecting an expression profile of at least one gene in a biological sample of a mammal, and
comparing the expression profile to a reference expression profile of the gene to detérmine
if the mammal has or is at risk for an allergic or inflammatory disease. In many cases, the
gene encodes a non-NOS component of an arginine metabolic pathway.

[0020] In one embodiment, the allergic or inflammatory disease is asthma or COPD.
The biological sample can be a lung sample. Mucus, blood, or other types of samples can
also be used. In another embodiment, the reference expression profile is an average
expression profile of the arginine metabolic gene in disease-free tissues. The reference
expression profile can also be an expression profile of the arginine metaboli¢c gene in
disease-affected tissues. In yet another embodiment, the arginine metabolic gene is selected
from ARG1 or CAT2. The materials used for the detection or diagnosis of asthma or other
allergic or inflammatory diseases can be included in a kit.

[0021] In yet another aspect, the present invention provides pharmaceutical
compositions that are useful for treating asthma or other allergic or inflammatory diseases.
The -pharmaceutical compositions include a pharmaceutically-acceptable carrier and a
therapeutically effective amount of an agent which is capable of inhibiting an activity or
expression of a non-NOS component of an arginine metabolic pathway. In many
embodiments, the agent can bind to the non-NOS componént, or a polynucleotide encoding
the same. In one example, the non-NOS component is encoded by ARG1 or CATZ.

[0022] Other objects, features and advantages of the present invention will become
apparent from the following detailed description. The detailed description and speciﬁc
examples, while indicating preferred embodiments, are given for illustration only since
various changes and modifications within the scope of the invention will become apparent
to those skilled in the art from this detailed description. Further, the examples demonstrate '
the principle of the invention-and should not be expected to specifically illustrate the
application of this invention to all the examples of infections where it obviously will be

useful to those skilled in the prior att.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The drawing is provided for illustration, not limitation. This application
incorporates by reference Figures 1, 6, 8, and 9 of U.S. Patent Application, filed March 4,
2004 and entitled “Compositions and Methods for/ Diagnosing and Treating Asthma or
Other Allergic or Inflammatory Diseases” (by Micha’slsl R. Bowman, et al.).

[0024]  Figure 1 is a graphical representation showing that CAT2 and arginase type 1
(ARGl) are coinduced in Balb/c mice by both allergen (OVA) and recombinant murine IL-
13 (IL-13). Briefly, Balb/c mice were sensitized/to OVA by intraperifoneal injection on
Day 0, challenged by intratracheal (IT) injection of either vehicle (phosphate buffered saline
(PBS)) or OVA on Days 14 and 25, and the lungs harvested at Day 28. Additionally, naive
Balb/c mice were treated IT with either PBS or IL-13 for 3 consecutive days and the lungs
harvested at 72 hours. Total lung RNA was isolated and analyzed for mRNA expression
using GeneChip technology (Affymetrix) as described in Example 1. The mRNA frequency
is expressed as parts per million.

[0025] Figure 2 is a graphical representation showmg that ARG1 expression is induced
in Balb/c mice by both allergen (OVA) and recombinant murine IL-13 (IL-13). Briefly,
Balb/c mice were sensitized to OVA by 1ntraper1tonea1 injection on Day 0, challenged by
intratracheal (IT) injection of either vehicle (phosphate buffered saline (PBS)) or OVA on
Days 14 and 25, and the lungs harvested at Day 28. Additionally, naive Balb/c mice were
treated IT with either PBS or IL-13 for 3 consecutive days and the lungs harvested at 72
hours. Total lung RNA was isolated and analyzed for mRNA expression using GeneChip
technology (Affymetrix) as described in Example 1. The mRNA frequency is expressed as
parts per million.

[0026] Figure 3 is a graphical representation showing that ARG1 gene is induced by
OVA or adenovirus-mediated expression of IL-13 in Balb/c mice. Briefly, Balb/c mice
were intratracheally inoculated with recombinant adenovirus expression murine IL-13 or
murine secreted alkakine phosphatase (SEAP) on Day O, and the lungs harvested at Day 3.
Control mice wefe treated with PBS, OVA, or IL-13 as described in Figure 1. The mRNA
frequency is expressed as parts per million.

[0027]  Figure 4 is a graphical representation showing that ARGI gene is induced by
adenovirus-mediated expression of IL-13 in C57bl/6 mice. Briefly, C57bl/6 mice were

intratracheally inoculated with recombinant adenovirus expression murine IL-13 or murine



WO 2005/003164 PCT/US2004/006470

secreted alkakine phosphatase (SEAP) on Day 0, and the lungs harvested at Day 3. The
mRNA frequency is expressed as parts per million.

[0028]  Figure 5 is a graphical representation showing that arginine uptake is optimally
induced by LPS/IL-13 in the murine macrophage cell line RAW264.7. Briefly, RAW264.7
macrophages were induced to express various levels of CAT2 by treatment for 24 hours
with LPS and/or IL-13. Arginine transport in the presence or absence of competing L-
Lysine was evaluated over a three-minute period in a final arginine concentration of 400
UM as described in Example 3. Specific arginine uptake (CPM/mg protein lysate) is
expressed as a percentage of that measured in un-stimulated cells. |

[0029] Figure 6 is a graphical representation showing that CAT2 and ARG1 are
coinduced by lipopolysaccharide (LPS)IL-13 in the murine macrophage cell line
RAW?264.7. Briefly, RAW264.7 cells were treated with 10 ng/ml IL-13 and/or 1 pg/ml
LPS. Total RNA isolated from cells 24 hours after the treatment was analyzed for ARG1
and CAT isoform-specific mRNA expression using TagMan reai—time quantitative RT-PCR
“as described in Example 2. Glucose-6-phosphate dehydrogenase (GAPDH)-normalized
mRNA frequency was estimated from the threshold cycle numbers using the methods of
Fink et al. (Fink et al., Nat. Medicine, 4:1329-1333, 1998) and expressed as copies/copy of
GAPDH. ‘
[0030] Figure 7 is a graphical representation showing that arginine uptake is inhibited
by 20 mM lysine in LPS/IL-13 treated RAW264.7 murine -macrophage cells. Briefly,
RAW264.7 cells were exposed to media alone (Control) or CAT2-inducing conditions
(LPS/IL-13) for 24 hours and were then evaluated for arginine transport over é three-minute
period in a final arginine concentration of 100 uM. The addition of the competitive CAT
inhibitor 20 mM lysine to the transport buffer abolished éll saturable arginine transport in
Control and LPS/IL-13 treated cells.

[0031] Figure 8 is a graphical representation showing that urea production in the murine
macrophage cell line RAW264.7 is inhibited by 20 mM lysine. Briefly, RAW264.7
macrophages exposed to media alone (Control) or CAT2-inducing conditions (LPS/IL-13)
for 24 hours were then equilibrated for 2 hours in Arginine Transport Buffer. After a 24
hour incubation in-the presence or absence of competing L-lysine in Arginine Transport
Buffer containing a final arginine concentration of 400 uM, urea production was evaluated
as described in Example 4. Urea production is expressed as pg of urea in the

supernatant/ing of cell lysate proteih.
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[0032] Figure 9 is a graphical representation showing that carbachol-induced rat
tracheal contraction is inhibited by 100 mM lysine! Briefly, rat tracheal explants were
preincubated for 15 to 20 hours with either media or media containing 100 mM L-lysine.
The trachea were then washed and contraction measured in a Krebs-Henseleit solution in
the presence or absence of 100 mM L-lysine. /T ensions were calculated as mg of
" tension/mg of trachea and expressed as mean a;jid standard error of % of maximal
contraction (i.e. the contraction evoked by 10” M carbachol in the absence of lysine).

[0033] Figure 10 is a graphical representation showing that induction of ARGI
expression requires IL-4 receptor. Briefly, IL-4 relz;ptor knockout mice (IL4R-/-) and IL-4
knockout mice (IL4-/-) sensitized to OVA, or treated with PBS or IL-13 as described in
Figure 1. Total lung RNA was isolated and analyzed for mRNA expression using
GeneChip technology (Affymetrix) as described in Example 1. The mRNA frequency is
expressed as parts per million. '

[0034] Figure 11 compares tracheal contraction in CAT-2 knockout mice to that in
wild-type mice. CATS2-KO denotes CAT2 knockout mice.

[0035] Figure 12 is a graphical representation showing that ARGl mRNA expression
increases following direct pulmonary instillation of rIL-13 or. intratracheal Ovalbumin
allergen challenge. Blockade of IL-13 signaling by administration of sIL13Ro2.Fc inhibits
67% of induced Argl mRNA expression. Bloci(ade of IL-13 wusing the soluble receptor
sIL13Ra2.Fc inhibits = the allergen induqed mucus production and. airway

hyperresponsiveness (AHR).

DETAILED DESCRIPTION OF THE INVENTION

[0036] The present invention relates to compositions and methods useful for the
diagnosis and treatment of asthma or other allergic or inflammatory diseases. In one aspect,
the methods of the present invention include inhibiting the activity or expression of a
component of an arginine metabolic pathway in tissues affected by asthma or other allergic
or inflammatory diseases. In many embodiments, the component being inhibited is a
cationic amino aéid transporter, an arginase, or a component downstream of the arginase.
Inhibition of the activity or expression of these components reduces or eliminates the
disease syndrome or phenotype in the affected tissues. The present invention also provides
methods for identifying therapeutic agents for treating asthma or other allergic or

inflammatory diseases.
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[0037] Various aspects of the invention are described in further detail in the following
subsections. The use of subsections is not meant to limit the invention; subsections may

apply to any aspect of the invention. In this application, the use of “or” means “and/or”

unless stated otherwise.

CAT2, ARGI and Inflammatory Diseases

[0038] Intratracheal OVA challenge in sensitized mice generates a Ty2 immune
reaction in the lung that mimics several‘physiological characteristics of human allergic
asthma. Significant evidence has demonstrated the central role of IL-13 mediated signal
transduction in this animal disease model. Oligonucleotide arrays were used to profile the
transcriptional changes in mouse lung tissue following either intratracheal OVA challenge
or direct lung instillation of IL-13. As shown in Figures 1-4, mRNA frequencies of CAT2
and/or ARG1 are significantly increased when mice were treated with either OVA or IL-13.
Likewise, CAT2 and ARGI are also co-induced in murine macrophage cells RAW264.7
treated with a combination of lipopolysaccharide (LPS) and IL-13 (Figures 5 and 6). The
induced CAT2 and ARGI expression is associated with an increase in arginine transport
(Figure 7) but also an increase in urea production in RAW264.7 cells (Figure 8), suggesting
the activation of the arginase pathway. Further studies revealed that the increase in arginine
uptake and urea production can be inhibited using a competitive inhibitor of CAT2, lysine
(Figures 7 and 8 ). In addition, carbachol-induced tracheal contraction is also inhibited by
lysine (Figure 9) or a genetic deletion of the CAT2 géne (Figure 11), further suggesting the
involvement of CAT2 in the pathophysiology of inflammatory diseases. Furthefmore, the
induction of ARG1 expression requires the IL-4 receptor is demonstrated in Figure 10.
Lastly, administration of soluble IL13Ra2.Fe. blocks IL-13 signaling, which, in turn,
inhibits ARG1 mRNA expression.

[0039] Arginine is a semi-essential amino acid that is metabolized to important
regulatory molecules. Arginine is transported into vascular smooth muscle cells (SMC) by
the cationic amino acid transporter (CAT) family of proteins where it is metabolized to
nitric oxide (NO), polyamines, or proline. Inflammatory mediators, growth factors, and
- hemodynamic forces stimulate the transport of arginine in vascular SMC by inducing CAT
gene expression. Inflammatory cytokines also induce the expression of inducible NO
synthase (iNOS) and direct the metabolism of arginine to the antiproliferative gas, NO. In.

contrast, cyclic mechanical strain blocks both iNOS and ODC activity and stimulates
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arginase I gene expression, directing the metabolism of arginine to the formation of L-
proline and collagen.

[0040]  In non-hepatic tissue, which is incapable of recycling arginine, the upregulated
CAT?2 transporter supplies the increased arginase activity with a sufficient supply of
substrate, arginine. This increase in arginase acti\,lity is part of a biochemical pathway
critical for such pathogenic processes as fibrosis, ailé'way.hyper-resp'onsiveness, goblet cell
hyperplasia, oxidative stress associated apoptosis,/ and airway inflammation, which are
commonly found in inflammatory diseases. Accor?ingly, inhibition of CAT2’s transport of
arginine will block the induced non-hepatic arginaﬁe pathway while sparing the hepatic urea

cycle, which also utilizes arginase but is able to fecycle arginine as a substrate.

The Biochemical and Biological Characteristics of CAT2

[0041] The nucleotide and amino acid sequences of human CAT2 (also known as
SL.C7A2) are set forth in SEQ ID NOS:1 and 2, respectively. The nucleotide and amino
acid sequences of murine CAT2 are set forth in SEQ ID NOS:3 and 4, respectively.

[0042] = Human CAT2 c¢DNA (SEQ ID NO:1) was isolated from a human intestine
cDNA library. The nucleotide sequence of the coding region pfedicts a 658-amino-acid
protein (SEQ ID NO:2) with a calculated mol cular weight of 71,669. As 91% of the
residues are identical with those of the mouse :J\ATZ, human CAT?2 seems to be a human
counterpart of the mouse CAT2. In Northern blot analysis, a single (9.0 kb) human CAT2
mRNA transcript was present in various tissues. The highest level of expression was
observed in skeletal muscle and the lowest level in the kidney. Hydropathy plots indicated
that the translated protein is predicted to have 14 transmembrane domains with three
potential N-glycosylation sites. ~The human CAT2 gene was assigned to human
chromosome 8p21.3-p22. :

[0043] Analysis of the genomic organization revealed that human CAT?2 consists of 12
translated exons and most likely of 2 untranslated exons. The CAT2 gene encodes two
protein isoforms, CAT2A and CAT2B, that result from mutually exclusive alternate splicing
(exon 7 for CATZA and exon 6 for CAT2B). The human CAT2 gene structure is closely
related to the structure of human CAT]1, suggesting that they belong to a common gene
family.

[0044]  In mouse, the CAT2 gene is transcribed from five distinct promoters dispersed

over a space of 18 kb, which result in several distinct CAT2 mRNA isoforms due to
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transcriptional initiation at distinct promoters. The isoform adjacent to the most distal
promoter is found in all tissues and cell types previously shown to express mouse CAT2,
while the other 5° UTR isoforms are more tissue specific in their expression. Utilization of
some or all of five putative promoters was documented in lymphoma cell clones, liver, and
skeletal muscle. TATA-containing and (G+C)-rich ’l/ATA-less promoters appear to control
mouse CAT?2 gene expression. It was suggested that/the multiple isoforms of CAT2 mRNA
permit flexible transcriptional regulation of this catio/nic amino acid transporter gene.

[0045] Since CAT2 plays an important role in 7{13 production of NO, which is a highly
reactive free radical that is associated with a variet?l of diseases including cancer, inhibition
of CAT? has been proposed as a treatment for diseases characterized by undesirable levels
of NO. For example, U.S. Patent No. 5,866,123 to MacLeod describes a method to inhibit
CAT?2 expression by an antibody raised against the mouse CAT2 protein. International

Patent Application WO 00/44766 also describes methods of inhibiting CAT?2 expression by
both antisense and antibody technology.

The Biochemical and Biological Characteristics of ARG1

[0046] The nucleotide and amino acid sequences of human ARGI are set forth in SEQ
ID NOS:5 and 6, respectively. The nucleotide and amino acid sequences of murine ARG1
are set forth in SEQ ID NOS:7 and 8, respectively! ’

[0047] Arginase catalyzes the hydrolysis of grginine to ornithine and urea. At least two
isoforms of mammalian arginase exist (types I and II) which differ in their tissue
distribution, subcellular localization, immunologic crossreactivity and physiologic function.
ARG1 encodes the type I isoform, which is a cytosolic enzyme and expressed
predominantly in the liver as a component of the urea cycle. ARG1 functions as a trimer of
three identical subunits. Inherited deficiency of this enzyme results in argininemia, an
autosomal recessive disorder characterized by hyperammonemia.

[0048] The structure of the trimeric rat ARG1 has been determined at 2.1-A resolution
(Kanyo et al., Nature 383:5 54-55, 1996). A key feature of the structure is a novel S-shaped
oligomerization fnotif at the carboxyl terminus of the protein that mediates approximately
54% of the intermonomer contacts. Arg-308, located within this oligomerization motif,
nucleates a series of intramonomertand intermonomer salt links. In contrast to the trimeric
wild-type enzyme, the R308A, R308E, and R308K variants of rat ARGI1 exist as

monomeric species, as determined by gel filtration and analytical ultracentrifugation,
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indicating that mutation of Arg-308 shifts the equilibrium for trimer dissociation by at least
a factor of 10°. These monomeric arginase variants are catalytically active, with Kea/Km
values that are 13-17% of the value for wild-type enzyme. The rat ARG1 variants are
characterized by decreased temperature stability relative to the wild-type enzyme. The
crystal structure of the complex between human arginase and a boronic acid analog of L-
arginine, 2(S)-amino-6-boronohexanoic acid (ABH), has been determined at 1.7 A
resolution (Cox et al., Nat. Struct. Biol. 6: 1043-1047, 1999). Mutational analyses have
also revealed that amino acid residues Lys-141, Glu-256, and Gly-235 are critical for the
function of human ARG1.

[0049] The human ARG1 gene has been cloned and the structure determined. The
human ARG1 gene is 11.5 kilobases long and is split into 8 exons. The cap site was
determined by nuclease S1 mapping and primer extension. A "TATA box"-like sequence is
located 28 bases upstream from the cap site, and a sequence similar to the binding sites of
the transcription factor CTF/NF1, a "CAAT box"-binding protein, is located 72 bases
upstream. In the 5’ end region, sequences resembling the glucocorticoid responsive
elements, the cCAMP responsive elements, and the enhancer core sequences are present. The
immediately 5’ flanking region of the human ARGI gene up to position -105 is 84%
identical with the corresponding segment of the rat gene. In this region of the human ARG1
gene, one DNase I-protected area and several hypersensitive cleavage sites were detected by
footprint analysis. The protected area contains the sequence similar to the binding sites of
CTF/NF1 and also overlaps with the sequence resembling the glucocorticoid responsive
elements.

[0050] A number of assay procedures have been developed to measure arginase activity.
For example, Greenberg described an enzymatic assay in Arginase, The Enzymes 4, edited
by P. Boyer, H. Lardy, and K. Myrback, Academic Press, NY, 257, 1960. Geyer et al.
described an assay for arginase in tissue homogenates (Geyer et al. Anal. Biochem. 39:412,
1971). Nishibe and Makino reported an automated assay method for erythrocyte arginase
(Nishibe et al., Anal. Biochem. 43: 357, 1971). A microassay was also described (Hirsch-
Kolb et al., Anal. Biochem. 35: 60, 1970). Most methods are based upon the colorimetric
determination of the urea nitrogen released during the hydrolysis of arginine. ’
[0051] Over-expression of arginase has been detected in patients with colorectal

carcinoma (Porembska ez al., Cancer 94: 2930-2934, 2002). Increased arginase activity has
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been associated with allergen-induced deficiency of cNOS-derived nitric oxide and airway

hyperresponsiveness ( Meurs ef al., Br. J. Pharmacol.136: 391-398, 2002).

Inhibition of Arginase Activity

[0052]  Arginase activity can be inhibited by ma%y amino acids, such as valine, lysine,
" leucine, isoleucine, proline and threonine, as well as arginine analogues and derivatives
such as L-canavanine(Can) and L-ornithine(Orn), All these amino acids function as
competitive inhibitors. Orinithine and urea, the jproducts of the reaction catalyzed by
arginase, also function as competitive inhibitors of arginase. The compeﬁtive inhibition by
the products ornithine and urea indicates a rapid-equilibrium random mechanism for the
enzyme.

[0053] Arginase activity is associated with a tightly bound Mn"" whose catalytic action
may be stimulated by addition of a more loosely bound Mn'", to generate a fully activated
enzyme form. However, despite this requirement for added divalent cations in the
activation of arginase, metal chelators such as EDTA and citrate do not inhibit the enzyme.
1t thus appears that the metal binding site is not readily accessible to solvent. On the other
hand, arginase activity is inhibited by a borate, which behaves as an S-hyperbolic I-
hyperbolic non-competitive inhibitor and had no effect on the interaction of the enzyme
with the competitive inhibitors L-ornithine (Ki =2 +/- 0.5 mM), L-lysine (Ki = 2.5 +/- 0.4
mM), and guanidinium chloride (Ki = 100 -+/- 10 mM). It has been proposed that borate
binds in close proximity to the loosély bound Mn"™" and interferes with its stimulatory
action. It was further suggested that borate inhibition arises from chelation of Mn"™ in the
‘binuclear Mn*" center, thus displacing a metal-bound water molecule that is responsible for
nucleophilic attack on the guanidium carbon (Carvajal et al., J. Inorg. Biochem. 77 163-
167, 1999). Other experiments also demonstrate that borate and urea bind in a mutually
exclusive manner, while L-ornithine and borate can bind simultaneously to the enzyme.
[0054] The inhibitory effects of anions, such as N3’, NO7, BO43', SCN", CH3COO,
S0,%, Cl04, H,POy4, CN, T, Br, CI" and F', on the hydi'olysis of L-arginine (L-Arg) by rat
liver arginase (RLA) have been studied (Pethe et al., J. Inorg. Biochem. 88:397-402, 2002).
Among all these anions, only F~ exhibited a clear inhibitory effect at the mM level.
Inhibition of RLA by F" is reversibie and uncompetitive towards L-Arg binding with a K(i)
value of 1.3+/-0.5 mM at pH 7.4. This effect is dependent on pH as the ICso value of F~
towards RLA increases from 1.2 to 19 mM when increasing the pH from 7 to 10. Another
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study has confirmed that fluoride is an uncompetitive inhibitor of rat liver arginase. This
study also showed that fluoride caused substrate inhibition of rat liver arginase at substrate
concentrations above 4 mM (Tormanen CD, J. Inorg. Biochem. 93:243-246, 2003).

[0055] N(omega)-Hydroxy-L-arginine (L-NOHA) is one of the most powerful arginase
inhibitors reported so far (Ki = 150 uM). The other products of NO synthase are either
without effect (NOy, NOy) or much weaker inhibitors (L-Cit and NO) of arginase.
Products derived from a possible hydrolysis of L-Arg (L-Orn and urea) or of L-NOHA (L-
Cit, hydroxyurea and hydroxylamine) are also inactive toward arginase at concentrations up
to 2 mM. The configuration of L-NOHA is important as D-NOHA is much less active, and
its free -COOH and alpha-NH2 functions are required for recognition of liver arginase. L-
NOHA is also a potent inhibitor of the arginase activity of rat liver homogenates and of
murine macrophages (ICso of 150 and 450 uM, respectively) (Buga et al., Am. J. Physiol.,
271: H1988-1998, 1996).

[0056] Another specific inhibitor of arginase, N(omega)-hydroxy-L-nor-arginine (nor-
NOHA), is about 40-fold more potent than L-NOHA .in inhibiting the hydrolysis of L-
arginine to L-ornithine catalyzed by unstimulated murine macrophages (ICso values 12 +/- 5
and 400 +/- 50 uM, respectively). Stimulation of murine macrophages with interferon-
gamma and lipopolysaccharide (IFN-gamma + LPS) results in clear expression. of an
inducible NOS (iNOS) and to an increase in arginase activity. Nor-NOHA is also a potent
inhibitor of arginase in IFN-gamma + LPS-stimulated macrophage (IC50 value 10 +/- 3
uM). In contrast to NOHA, nor-NOHA is neither a substrate nor an inhibitor for iNOS and
it appears as a useful tool to study the interplays between arginase and NOS (Tenu et al.,
Nitric Oxide, 3: 427-438, 1999). -

[0057] Other arginase inhibitors found in recent years include: N omega-hydroxy-D,L-
indospicine and 4-hydroxyamidino-D,L-phenylalanine, which inhibit both liver arginase
and arginase in the alveolar macrophages (Hey et al., Br. J. Pharmacol. 121:395-400,
1997); 2(S)-amino-6-boronohexanoic acid (ABH), which was found to be approximately
250 times more potent than L-NOHA in inhibiting the arginase activity in internal anal
sphincter (Baggio et al., J. Pharmacol. Exp. Ther. 290:1409-1416, 1999); and a-
difluoromethylornithine (DFMO), which is commonly used as a specific ornithine
decarboxylase irreversible inhibitor but also shows an inhibitive effect on the flux of L-

arginine through arginase in intact cells (Selamnia ez al., Biochem. Pharmacol. 55:1241-
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1245, 1998). These arginase inhibitors may have important pathophysiological and
therapeutic implications in diseases involving elevated arginase activity.

[0058] An alternative to direct inhibition of arginase activity is the inhibition of signal
transduction pathways leading to the activation of arginase activity or arginase expression.
For example, pathogenesis relating to elevated arginfse activity may be ameliorated by the
administration of IL-13 receptor (IL-13R).  As described earlier, IL-13 is an
immunoregulatory cytokine secreted predominantly/ by activated TH2 cells. Over the past
several years, it has become evident that IL-13 is/ a key mediator in the pathogenesis of
allergic inflammation. In mice, IL-13 mediated [signaling is sufficient to elicit all four
asthma-related pathophysiological phenotypes'and is required for the hypersecretion of
mucus and induced AHR. Given the importance of IL-13 as an effector molecule,
regulation at the level of its receptors might be an important mechanism of modulating IL-
13 responses and hence the propagation of the allergic response.

[0059] IL-13 shares a common receptor subunit with IL-4, i.e., the alpha subunit of the
IL-4 receptor (IL-4Ro). Characterization of IL-13-deficient mice, IL-4-deficient mice, and
IL-4 receptor alpha-deficient (IL-4Roc(-/—)) mice have demonstrated nonredundant roles for
IL-13. IL-13 mediates its effects by interacting with a complex receptor system comprised
of IL-4Ra. and two IL-13 binding proteins, [L-13Ral and IL-13Ra2. IL-13 receptors are
expressed on human B cells, basophils, eosinophils, mast cells, endothelial cells, fibroblasts,
monocytes, macrophagés, respiratory epithelial cells, and smooth muscle cells.

[0060] However, functional IL-13 receptors have not been demonstrated on human or
mousé T cells. Unlike IL-4, IL-13 does not appear to be important in the initial
differentiation of CD4 T cells into TH2-type cells but rather appears to be important in the
effector phase of allergic inflammation. This assessment is further supported by many in
vivo observations, including that administration of IL-13 resulted in allergic inflammation,
tissue-specific overexpression of IL-13 in the lungs of transgenic mice resulted in airway
inflammation and mucus hypersecretion, IL-13 blockade abolished allergic inflammation
independently of IL-4, and IL-13 appears to be more important than IL-4 in mucus
hypersecretion. ~ Accordingly, IL-13 is an attractive, novel therapeutic target for
pharmacologic intervention in allergic disorders. ~Administration of IL-13R could
potentially inhibit or even block the IL-13 signaling pathway, prevent IL-1 3-induced ARG

" expression, and ameliorate asthma-related pathologies.
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ARGI and CAT2 as Markers for Inflammatory Diseases

[0061]  The present invention identifies that CAT2 and ARGI are over-expressed in the
lung tissue of an animal model of asthma. Accordingly, these genes or their expression
products can be used as markers for inflammatory '/seases such as asthma or COPD. The
~ expression levels of these genes can be detected by using, for example, RT-PCR,'nucleic
acid arrays, or immunoassays. Examples of i' noassay formats include, but are not
limited to, latex or other particle agglutination, electrochemiluminescence, ELISAs, RIAs,
sandwich or immunometric assays, time-resolved fluorescence, lateral flow assays,
fluorescence polarization, flow cytometry, immunohistochemical assays, Western blots, and
proteomic chips. CAT2 and ARG1 protein or mRNA levels can be detected in body fluids
or tissue samples.

[0062] The markers can be used to provide diagnosis or prognosis information in a
particular subject sample or to assess the efficacy of a treatment or therapy of inflammatory
diseases. For example, comparison of expression levels of CAT2 and ARG1 at different
stages of the disease progression provides a method for long-term prognosis, including
survival. CAT2 and ARG1 gene polymorphism may also be indicative of a subject’s
susceptibility to inflammatory diseases.

[0063] In another example, the efficacy ol, a particular treatment regime can be
evaluated, including whether a particular drug will act to improve the long-term prognosis
in a particular patient. Asthma, COPD, and arthritis are complex diseases whose clinical
manifestations are diverse and variable. Patients vary both with respect to disease course
and response to available therapy, and these variations most probably reflect differences in
type of the disease. Therefore, an added utility of the current invention is to provide
methods of identifying patients most likely to respond to a treatment course.

[0064]  Although the initial differentiation expression analysfs was performed in a
mouse model, it is well-appreciated that a dysfunctional gene that leads to disease in
animals can also, when dysfunctional in human, lead to a similar syndrome in humans. It is
thus specifically intended by the present invention and understood that the present invention
specifically encompasses human CAT2 and ARGI genes. CAT2 and ARGI homologs
from other organisms may also be useful in the use of animal models for the study of
- asthma, COPD, or other inflammatory diseases. ARG and CAT2 homologs from other

organisms may be obtained by using any method known in the art.
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Treating Inflammatory Diseases by Inhibiting CAT2 or ARG1 Activities

[0065] CAT?2 or ARG genomic sequences, promoters, exons, introns, RNA transcripts,
or encoded proteins can be targets for a treatment or therapeutic agent. They can also be
used to generate gene therapy vectors that inhibit CAT2 and/or ARGI expression or CAT2
and/or ARG1 protein activities.

[0066] Without limitation as to mechanism, the invention is based in part on the
principle that inhibition of CAT2 and/or ARGI1 expression or activity may ameliorate
inflammatory diseases such as asthma or COPD. CAT2 and/or ARG1 inhibitors may also
be efficacious in treating fibrosis, airway hyperresponsiveness, goblet cell hyperplasia,
airway inflammation, and oxidative stress. The inhibition may occur at transcriptional,
post-transcriptional, translational, or post-translational levels. For example, a CAT2 or
ARG1 promoter or mRNA can be targeted to inhibit transcription or translation,
respectively. The post-translational processing of CAT2 or ARGl proteins, such as
glycosylation and dimerization, may also be targeted. ,

[0067] The discovery of the CAT2 and ARG1 expression pattern in the mouse model of
asthma allows for the screening of test agents with the goal of modulating CAT2 and/or
ARG1 expression or CAT2 and/or ARG activities. The test agents may be screened by
their effect on CAT?2 and/or ARG1 expression at the mRNA or protein level, or by their
effect on the activity of the CAT2 and/or ARG1 gene products.

[0068] In another embodiment, a modulator of CAT2 and/or ARG1 expression or CAT2
and/or ARG1 activities may be used as a therapeutic agent for asthma, COPD and other
inflammatory diseases. The modulator may be a polynucleotide such as a ribozyme or an
RNAI, a polypeptide such as CAT2 and/or ARG1 mutant having a dominant negative effect
on an activity of the wild-type CAT2 and/or ARG1, a viral or non-viral gene therépy vector,
or any other small molecule or biomolecule that is capable of inhibiting CAT2 and/or
ARG]! activity or CAT2 and/or ARG1 gene expression. Such a modulator can be

formulated into pharmaceutical compositions for use in the present invention.

Probes, Primers, Antisense and RNAi Sequences

[0069] One aspect of the invention pertains to polynucleotide probes or primers for
detecting or quantitating CAT2 or ARG1 gene products in biological samples. CAT2 or
ARG probes/primers can be derived from any portion of CAT2 or ARG]1 genes. The

18



WO 2005/003164 PCT/US2004/006470

probes/primers can have any desirable length. For instance, the probes can have 15, 20, 25,
50, 75, 100, 125, 150, 175, 200, 225, 250, 275, 300, 325, 350, 400 or more consecutive
nucleotides. In many embodiments, the probes can hybridize under stringent or highly
stringent conditions to a RNA transcript, or the complement thereof, of CAT2 or ARG1
genes.

‘ [0070] Examples of conditions of different hybridization stringency are listed in Table
1. Highly stringent conditions are those that are at least as stringent as conditiohs A-F;
stringent conditions are at least as stringent as conditions G-L; and reduced stringency
conditions are at least as stringent as conditions MfR. As used in Table 1, hybridization is
carried out under a given hybridization condition for about 2 hours, followed by two 15-

minute washes under the corresponding washing condition(s).
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Table 1. Stringency Conditions

Stringency nuglce)z loyt—l de Hybrid Hybridization Wash Temp.
Condition Length (bp)!|  Temperature and Buffer™ and Buffer”

Hybrid
) 65°C; 1xSSC -or- ' cop.
A DNA:DNA >50 42°C; 1xSSC, 50% formamide 65°C; 0.3xSSC

DNA:DNA <50 Tp*; 1xSSC Tp*; 1xSSC
DNA:RNA >50 67°C; 1xSSC -or-

C 45°C; 1xSSC, 50% formamide | <> 0-3XS5C

D | DNARNA | <50 To*: 1xSSC To*; 1xSSC
. 70°C; 1xSSC -or- or.

E | RNARNA | >80 | oo ioaSiorn mide | 70°C; 03%SSC

F | RNARNA | <50 Te*: 1xSSC T Te*; 1xSSC
_ 65°C; 4xSSC -or- .

G | DNADNA | >50 | joo0. 44SSC, 50% formamide | O O [XSSC

H | DNADNA | <50 Ty*: 4xSSC Te*; 4%SSC
. 67°C; 4xSSC -or-. 0.

1 DNARNA | >50 | 1500 448SC. 50% formamide | &7 O 1XS5€

7 | DNARNA | <50 Ty*: 4xSSC _ T,*; 4xSSC
. 70°C; 4xSSC -or- or.

K | RNARNA | >50 | 000 4008t 50% formamide | O &> XS5C

T | RNARNA | <50 T, *: 2xSSC To*; 2xSSC
_ 50°C; 4xSSC -or- .

M | DNADNA | >50 | jooc 6ot 50% formamide | 20 < 2Xo0C

N | DNADNA | <50 To*: 6xSSC Toe*; 6x5SC
. 55°C; 4xSSC -or- .

O | DNARNA | >50 | jhor. 6iaqC 50% formamide | >0 &> 200C

P | DNARNA | <50 Tp*: 6xSSC To*; 6xSSC
. 60°C; 4xSSC -or- 0.

Q | RNARNA | >50 | json. 61asC 50% formamide | 00 O 2Xo0C

R | RNARNA | <50 Te*: 4xSSC Ta*; 4xSSC

1. The hybrid length is that anticipated for the hybridized region(s) of the hybridizing polynucleotides. When
hybridizing a polynucleotide to a target polynucleotide of unknown sequence, the hybrid length is assumed to
be that of the hybridizing polynucleotide. When polynucleotides of known sequence are hybridized, the
hybrid length can be determined by aligning the sequences of the polynucleotides and identifying the region or
regions of optimal sequence complementarity.

H. SSPE (1xSSPE is 0.15M NaCl, 10mM NaH,POy, and 1.25mM EDTA, pH 7.4) can be substituted for SSC
(1xSSC is 0.15M NaCl and 15mM sodium citrate) in the hybridization and wash buffers.

Tg* - T*: The hybridization temperature for hybrids anticipated to be less than 50 base pairs in length should
be 5-10°C less than the melting temperature (T,) of the hybrid, where T, is determined according to the
following equations. For hybrids less than 18 base pairs in length, T,,(°C) = 2(# of A + T bases) + 4(# of G +
C bases). For hybrids between 18 and 49 base pairs in length, T,(°C) = 81.5 + 16.6(log;oNa") + 0.41(%G +
C) - (600/N), where N is the number of bases in the hybrid, and Na" is the molar concentration of sodium ions
in the hybridization buffer (Na* for 1xSSC = 0.165M).

[0071]  Another aspect of the invention pertains to pblynucle_otides encoding CAT2 and

ARG mutants that contain changes in amino acid residues. Such mutants may compete
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with the wild-type CAT2 and ARG proteins and inhibit the activity of the wild-type CAT2
and ARG1 proteins. An isolated polynucleotide molécule encoding a mutant CAT2 and an
ARG1 gene can be created by introducing one or more nucleotide substitutions, additions or
deletions into the nucleotide sequence of the polynucleotide, such that one or more amino
acid substitutions, additions or deletions are introd]{lced into the encoded protein. Such
techniques are well-known in the art. Mutations can be introduced into a CAT2 and an
ARG1 gene by standard techniques, such as site- /rected mutagenesis and PCR-mediated
mutagenesis. Alternatively, mutations can be introduced randomly along all or part of a
coding sequence of the CAT2 and ARG1 gene or c¢DNA, such as by saturation mutagenesis,
and the resultant mutants can be screened for biological activity to identify mutants that are
capable of inhibiting wild-type protein activity (the dominant negative mutant). Following
mutagenesis, the encoded protein can be expressed recombinantly and the activity of the
protein can be determined.

10072] A polynucleotide may be further modified to increase stability in vivo. Possible
modifications include, but are not limited to, the addition of flanking sequences at the 5
and/or 3’ ends; the use of phosphorothioate or 2-o-methyl rather than phosphodiesterase
linkages in the backbone; and/or the inclusion of nontraditionai bases such as inosine,
queosine and wybutosine, as well as acetyl- methyl-, thio- and other modified forms of
adenine, cytidine, guanine, thymine and uridine. |

[0073] Another aspect of the invention pertains to isolated polynucleotide molecules
that are antisense to CAT2 or ARGl genes or their' transcripts. An “antisense”
polynucleotide comprises a nucleoﬁde sequence which is complementary to a “sense”
polynucleotide encoding a protein, e.g., complementary to the coding strand of a double-
stranded ¢cDNA molecule or complementary to an mRNA sequence. Accordingly, an
antisense polynucleotide can form hydrogen bonds with a sense polynucleotide. The
antisense polynucleotide can be complementary to an entire coding strand of the CAT2 or
ARG] gene of the invention or to only a portion thereof. In one embodiment, an antisense
polynucleotide molecule is antisense to a “coding region” of the coding strand of a
nucleotide sequénce of the invention. In another embodiment, the antisense polynucleotide
molecule is antisense to a “noncoding region” of the coding strand of a nucleotide sequence
of the invention. |

[0074] Antisense polynucleotides of the invention can be designed according to the

rules of Watson and Crick base pairing. The antisense polynucleotide molecule can be
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complementary to the entire coding region of an mRNA corresponding to a gene of the
invention. It can also be an oligonucleotide which is antisense to only a portion of the
coding or noncoding region. An antisense oligonucleotide can be, for example, about 5, 10,
15, 20, 25, 30, 35, 40, 45 or 50 nucleotides in length. An antisense polynucleotide of the
invention can be constructed using chemical synthesis and enzymatic ligation reactions
using procedures known in the art. For example, an antisense polynucleotide (e.g., an
antisense oligonucleotide) can be chemically synthesized using naturally occurring
nucleotides or variously modified nucleotides designed to increase the biological stabﬂity of
the molecules or to increase the physical stability of the duplex formed between the
antisense and sense polynucleotides, e.g., phosphorothioate derivatives and acridine
substituted nucleotides can be used. Examples of modified nucleotides which can be used
to generate the antisense polynucleotide include 5-fluorouracil, S-bromouracil,
5-chlorouracil, 5-iodouracil, hypoxanthine, xanthine, - 4-acetylcytosine,
5-(carboxyhydroxymethyl) uracil, 5-carboxymethylaminomethyl-2-thiouridine,
5-carboxymethylaminomethyluracil, dihydrouracil, beta-D-galactosylqueosine, inosine,
N6-isopentenyladenine, ~ 1-methylguanine,  1-methylinosine,  2,2-dimethylguanine,
2-methyladenine, 2-methylguanine, 3-methylcytosine, 5-methylcytosine, Né6-adenine,
7-methylguanine, 5-methylaminomethyluracil, 5-methoxyaminomethyl-2-thiouracil,
beta-D-mannosylqueosine, 5;-methoxycarboxymethyluracil, 5-methoxyuracil, 2-methylthio-
Né6-isopentenyladenosine, uracil-5-oxyacetic acid (v), wybutoxosine, pseudouracil,
queosine, 2-thiocytosine, 5-methyl-2-thiouracil, 2-thiouracil, 4-thiouracil, 5-methyluracil,
uracil-5-oxyacetic acid methylester, 3-(3-amino-3-N-2-carboxypropyl) uracil, (acp3)w, and
2,6-diaminopurine.  Alternatively, the antisense polynucleotide can be produced
biologically using an expression vector into which a polyhucleotide has been subcloned in
an antisense orientation (i.e., RNA transcribed from the inserted polynucleotide will be of
an antisense orientation to a target polynucleotide of interest, described further in the
following subsection). | .

[0075] The antisense polynucleotide molecules of the invention are typically
administered to a subject or generated in situ such that they hybridize with or bind to
cellular mRNA and/or genomic DNA encoding a CAT2 and an ARG protein to thereby ‘
inhibit expression of the protein, e.g., by inhibiting transcription and/or translation. The
hybridization can be by conventional nucleotide complementarity to form a stable duplex,

or, for example, in the cases of an antisense polynucleotide molecule which binds to DNA
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duplexes, through specific interactions in the major gréove of the double helix. An example
of a route of administration of antisense polynucleotide molecules of the invention include
direct injection at a tissue site (e.g., intestine or blood).  Alternatively, antisense
polynucleotide molecules can be modified to target selected cells and then administered
systemically. For example, for systemic administration, antisense molecules can be
modified such that they specifically bind to receptors or antigens expressed on a selected
cell surface, e.g., by linking the antisense polynucleotide molecules to peptides or
antibodies which bind to cell surface receptors or jantigens. The antisense polynucleotide
molecules can also be delivered to cells using tl7e vectors described herein. To achieve
sufficient intra-cellular concentrations of the antisense molecules, vector constructs in
‘which the antisense polynucleotide molecule is placed under the control of a strong pol II or
pol III promoter can be used.

[0076] Another aspect of the invention pertains to an a-anomeric polynucleotide
molecule. The a-anomeric polynucleotide molecule is capable of forming specific double-
‘stranded hybrids with a CAT2 and an ARG1 RNA in which, contrary to the usual B-units,
the strands run parallel to each other. The o-anomeric polynucleotide molecule can also
comprise a 2—o-methylribonuéleoﬁde or a chimeric RNA-DNA anaiogue.

[0077] In another embodiment, the isolated polynucleotide is a ribozyme. Ribozymes
are catalytic RNA molecules with ribonucleasjactivity which are capable of cleaving a
single-stranded polynucleotide, such as an mRNA, to which they have a complementary
region. Thus, ribozymes can be used to catalytically cleave mRNA transcripts of the CAT2
and/or ARG1 gene to thereby inhibit translation of said mRNA A ribozyme having
‘specificity for the CAT2 and ARG1 gene can be designed based upon the nucleotide
sequence of the CAT2 and ARG1 gene. An mRNA transcribed from the CAT2 and ARG1
gene can be used to select a catalytic RNA having a specific ribonuclease activity from a
pbol of RNA molecules. Alternatively, expression of the CAT2 and ARG1 gene can be
inhibited by targeting nucleotide sequences complementary to the regulatory region of these
genes (e.g., the promoter and/or enhancers) to form triple helical structures that prevent
transcription of the gene in target cells.

[0078]  .Expression of the CAT2 and ARG! gene can also be inhibited using RNA
interference (RNA;). This is a technique for post-transcriptional gene silencing (“PTGS”),
in which target gene activity is specifically abolished with cognate double-stranded RNA
(“dsRNA”). In many embodiments, dsRNA of about 21 nucleotides, homologous to the
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target gene, is introduced into the cell and a sequence specific reduction in gene activity is
observed. RNA interference provides a mechanism of gene silencing at the mRNA level. It
offers an efficient and broadly applicable approach for gene knock-out as well as for
therapeutic purposes.

[0079] Sequences capable of inhibiting gene expression by RNA interference can have
any desired length. For instance, the sequence can have at least 15, 20, 25, or more
consecutive nucleotides. The sequence can be dsSRNA or any other type of polynucleotide,
‘provided that the sequence can form a functional silencing complex to degrade the target
mRNA transcript.

[0080] In one embodiment, the sequence comprises or consists of a short interfering
RNA (siRNA). The siRNA can be, for example, dsRNA having 19-25 nucleotides.
siRNAs can be produced endogenously by degradation of longer dsSRNA molecules by an
RNase IlI-related nuclease called Dicer. siRNAs can also be introduced into a cell
exogenously or by transcription of an expression construct. Once formed, the siRNAs
assemble with protein components into endoribonuclease-containing complexes known as
RNA-induced silencing complexes (RISCs). An ATP-generated unwinding of the siRNA
activates the RISCs, which in turn target the complementary mRNA transcript by Watson-
Crick base-pairing, thereby cleaving and destroying the mRNA. Cleavage of the mRNA
takes place near the middle of the region bound by the siRNA strand. This sequence-
specific mRNA degradation results in gene silencing.

[0081] At least two ways can be employed to achieve siRNA-mediated gene silencing.
First, siRNAs can be synthesized in vitro and introduced into cells to transiéntly suppress
gene expression. Synthetic siRNA provides an easy and efficient way to achieve RNAI.
siRNA are duplexes of short mixed oligonucleotides which can include, for example, 19
nucleotides with symmetric dinucleotide 3’ overhangs. Using synthetic 21 Bp siRNA
duplexes (e.g., 19 RNA bases followed by a UU or dTdT 3’ overhang), sequence-specific
gene silencing can be achievéd in mammalian cells. These siRNAs can specifically
suppress targeted gene translation in mammalian cells without activation of DNA-
dependent protein kinase (PKR) by longer dsRNA, which may result in non-specific
repression of translation of many proteins. '
[0082] Second, siRNAs can be expressed in vivo from vectors. This approach can be
used to stably express siRNAs in cells or transgenic animals. In one embodiment, siRNA.

expression vectors are engineered to drive siRNA transcription from polymerase il (pol IIT)

1
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transcription units. Pol III transcription units are suitable for hairpin siRNA expression,
since they deploy a short AT rich transcription termination site that leads to the addition of
2 bp overhangs (e.g., UU) to hairpin siRNAs - a feature that is helpful for siRNA function.
The Pol III expression vectors can also be used to create transgenic mice that express
siRNA.

[0083] In another embodiment, siRNAs can bejexpressed in a tissue-specific manner.
Under this approach, long double-stranded RNAs (dsRNAs) are first expressed from a
tissue-specific promoter in the nuclei of selected cell lines or transgenic mice. The long
dsRNAs are processed into siRNAs in the nuclei (elg., by Dicer). The siRNAs exit from the
nuclei and mediate gene-specific silencing. A similar approach can be used in conjunction
with tissue-specific promoters to create tissue-specific knockdown mice. Any 3’
dinucleotide overhang, such as UU, can be used for siRNA design. In some cases, G
residues in the overhang are avoided because of the potential for the siRNA to be cleaved
by RNase at single-stranded G residues. With regard to the siRNA sequence itself, it has
been found that siRNAs with 30-50% GC content can be more active than those with a
higher G/C content in certain cases. Moreover, since a 4-6 nucleotide poly(T) tract may act
as a termination signal for RNA pbl 111, stretches of > 4 Ts or As in the target sequence may
be avoided in certain cases when designing sequences to be expressed from an RNA pol III
promoter. In addition, some regions of mRNA m\ay be either highly structured or bound by
regulatory proteins. Thus, it may be helpful to select siRNA target sites at different
positions along the length of the gene sequence. Finally, fhe potential target sites can be
compared to the appropriate genome database (human, mouse, rat, etc.). Any target
sequences with more than 16-17 contiguous base pairs of homology to other coding
sequences may be eliminated from consideration in certain cases.

[0084] In one embodiment, siRNA is designed to have two inverted repeats separated
by a short spacer sequence and end with a string of Ts that serve as a transcription
termination site. This design produces an RNA transcript that is predicted to fold into a
short hairpin siRNA. The selection of siRNA target sequence, the length of the inverted
repeats that encbde the stem of a putative hairpin, the order of the inverted repeats, the
length and composition of the spacer sequence that encodes the loop of the hairpin, and thé
presence or absence of 5'-overhahgs, can vary to achieve desirable results.

- [0085]  The siRNA targets can be selected by scanning an mRNA sequence for AA

dinucleotides and recording the 19 nucleotides immediately downstream of the AA. Other
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methods can also been used to select the siRNA targets. In one example, the selection of
the siRNA target sequence is purely empirically determined (see, e.g., Sui ef al, Proc. Natl.
Acad. Sci. USA 99: 5515-5520, 2002), as long as the target sequence starts with GG and
does not share significant sequence homology with other genes as analyzed by BLAST
search. In another example, a more elaborate method is employed to select the siRNA
target sequences. This procedure exploits an observation that any accessible site in
endogenous mRNA can be targeted for degradation by synthetic oligodeoxyribonucleotide
/RNase H method (Lee et al, Nature Biotechnol. 20: 500-505, 2002).

[0086] In another embodimént, the hairpin siRNA expression cassette is constructed to
contain the sense strand of the target, followed by a short spacer, the antisense strand éf the
target, and 5-6 Ts as transcription terminator. The order of the sense and antisense strands
within the siRNA expression constructs can be altered without affecting the gene silencing
activities of the hairpin siRNA. In certain instances, the reversal of the order may cause
partial reduction in gene silencing activities. A
[0087] The length of nucleotide sequence being used as the stem of siRNA expression
cassette can range, for instance, from 19 to 29. The loop size can range from 3 to 23
nucleotides. Other lengths and/or loop sizes can also be used.

[0088] In yet another embodiment, a 5° overhang in the hairpin siRNA construct can be
used, provided that the hairpin siRNA is functional in gene silencing. In one example, the
5' overhang includes about 6 nucleotide residues.

[0089] In still yet another embodiment, the target sequences for RNAi are about 21-mer
sequence fragments selected from the CAT2 and ARGlcoding sequences, sﬁch as SEQ ID
NOS:1 and 5. The target sequences can be selected from either ORF regions or non-ORF
regions. The 5’ end of each target sequence has dinucleotide “NA,” where “N” can be any
base and “A” represents adenine. The remaining 19-mer sequence has a GC content of
between 30% and 65%. In many examples, the remaining 19-mer sequence does not
include any four consecutive A or T (i.e., AAAA or TTTT), three consecutive G or C (i.é.,
GGG or CCQC), or seven “GC” in a row. Examples of the target sequences prepared using
the above-described criteria (“Relaxed Criteria”) are illustrated in Table 2. Each target
sequence in Table 2 has SEQ ID NO:3n, and the corresponding siRNA sense and antisense
strands have SEQ ID NO:3n+1 and SEQ ID NO:3n+2, respectively, where n is a positive
integer. For each CAT2 and ARGI | coding sequence (e.g., SEQ ID NOS:1 and 5,

respectively), multiple target sequences can be selected.
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[0090]  Additional criteria can be used for RNAi target sequence design. In one
example, the GC content of the remaining 19-mer sequence is limited to between 35% and
55%, and any 19-mer sequence having three consecutive A or T (i.e., AAA or TTT) or a
palindrome sequence with 5 or more bases is excluded. In addition, the 19-mer sequence
can be selected to have low sequence homology to other human genes. In one embodiment,
potential target sequences are searched by BLASTN against NCBI’s human UniGene
cluster sequence.database. The human UniGene database contains non-redundant sets of
‘gene-oriented clusters. Each UniGene cluster includes sequences that represent a unique
gene. 19-mer sequences producing no hit to other human génes under the BLASTN search
can be selected. During the search, the e-value may be set at a stringent value (such as ;‘1”).
Furthermore, the target sequence can be selected from the ORF region, and is at least 75-bp
from the start and stop codons. Examples of the target sequences prepared using these
criteria (“Stringent Criteria”) are demonstrated in Table 2 (SEQ ID NO:3n, where n is a
positive integer). siRNA sense and antisense sequences (SEQ ID NO:3nt] and SEQ ID
NO:3n+2, respectively) for each target sequence (SEQ ID NO:3n) are also provided.

Table 2. RNAi Target Sequences and siRNA Sequences

Relaxed Criteria Stringent Criteria
SEQ ID NO (target: SEQ ID NO:3n; (target: SEQ ID NO:3n;
(coding sequences) siRNA sense: SEQ ID NO:3n+1; siRNA sense: SEQ ID NO:3n+1;
siRNA antisense: SEQ ID NO:3n+2) siRNA antisense: SEQ ID NO:3n+2)
SEQID NO:1 SEQ ID NOS: 9-725 ‘ SEQ ID NOS: 1,332-1,409
SEQ ID NO:4 SEQ ID NOS: 726-1,331 SEQ ID NOS: 1,410-1,517

[0091] The effectiveness of the siRNA sequences caﬁ be evaluated using various
methods known in the art. For instance, an siRNA seqﬁeng:e of ‘the present invention can be
introduced into a cell that over-expresses a CAT2 or ARG1 gene. The polypeptide or
mRNA level of the CAT2 or ARG in the cell can be detected. A substantial change in the
expression level of the LRG before and after the introduction of the siRNA sequence is
indicative of the effectiveness of the siRNA sequence in suppreésing the expression of the
CAT2 or ARG1 gene. In one example, the expression levels of other genes are also
monitored before and after the introduction of the siRNA sequence. An siRNA sequence
which has inhibitory effect on the CAT2 or ARG1 expression but does not significantly
affect the expression of other genes can be selected. In another example, multiple siRNA or
other RNAIi sequences can be introduced into the same target cell. These siRNA or RNAi
sequences specifically inhibit the CAT2 or ARG1 gene expression but not the expression of
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other genes. In yet another example, siRNA or other RNAi sequences that inhibit the
expression of both the CAT2 or ARG1 gene and other gene or genes can be used.

[0092] In yet another embodiment, the polynucleotide molecules of the present
invention can be modified at the base moiety, sugar moiety or phosphate backbone to
improve, e.g., the stability, hybridization, or solubili’ty of the molecule. For example, the
deoxyribose phosphate backbone of the polynucl‘eotide molecules can be modified to
generate peptide polynucleotides. As used herein, [the terms “peptide polynucleotides™ or
“PNASs” refer to polynucleotide mimics, e.g., DNA mimics, in which the deoxyribose
phosphate backbone is replaced by a pseudopept/mde backbone and only the four natural
nucleobases are retained. The neutral backbone of PNAs has been shown to allow for
specific hybridization to DNA and RNA under conditions of low ionic strength. The
synthesis of PNA oligomers can be performed using standard solid phase peptide synthesis
protocols. ‘

[0093] PNAs can be used in therapeutic and diagnostic applications. For example,
PNAs can be used as antisense agents for sequence-specific inhibition of CAT2 or ARG1
expression by, for example, inducing transcription or translation arrest or inhibiting
replication. PNAs of the polynucleotide molecules of the invention can also be used in the
analysis of single base pair mutations in a gene|e.g., by PNA-directed PCR clamping, as
artificial restriction enzymes when used in combination with other enzymes (e.g., S1
nucleases) or as probes or primers for DNA sequencing or hybridization.

[0094] In another embodiment, PNAs can be modified, (e.g., to enhance their stability
or cellular uptake), by attaching lipophilic or other helper groups to PNA, by the formation
of PNA-DNA chimeras, or by the use of liposomes or other techniques of drug delivery
known in the art. For example, PNA-DNA chimeras of the polynucleotide molecules of the
invention can be generated which may combine the advantageous properties of PNA and |
DNA. Such chimeras allow DNA recognition enzymes, (e.g., DNA polymerases), to
interact with the DNA portion while the PNA portion would provide high binding affinity
and specificity. PNA-DNA chimeras can be linked using linkers of appropriate lengths
selected in terms of base stacking, number of bonds between the nucleobases, and
orientation. The synthesis of PNA-DNA chimeras can be performed. For example, a DNA
chain can be synthesized on a solid support using standard phosphoramidite coupling
chemistry and modified nucleoside analogs, e.g., 5'-(4-methoxytrityl)amino-5'-deoxy-
thymidine phosphoramidite, can be used as a spacer between the PNA and the 5' end of
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DNA. PNA monomers are then coupled in a stepwise manner to produce a chimeric
molecule with a 5’ PNA segment and a 3° DNA segment. Alternatively, chimeric molecules
can be synthesized with a 5’ DNA segment and a 3’ PNA segment.

CAT2 and ARGI Polypeptides

[0095] Several aspects of the invention pertain to mutated CAT2 and ARGI
polypeptides capable of inhibiting normal CAT2 or ARG1 polypeptide activity, as well as
‘polypeptide fragments suitable for use as immunogens to raise anti-CAT2 or anti-ARG1
antibodies. In one embodiment, mutated CAT2 and ARGI polypebtides (e.g., dominant-
negative mutants) are produced by recombinant DNA techniques. Alternatively, mﬁtated
CAT2 and ARGI polypeptides can be synthesized chemically using standard peptide
synthesis techniques. ‘

[0096] The present invention also pertains to variants of a CAT2 or an ARGI
polypeptide which function as antégonists to the CAT2 or ARG1 polypeptide. In one
embodiment, antagonists or agonists of CAT2 or ARGI polypeptides are used as |
therapeutic agents. For example, antagonists to a CAT2 or an ARG polypeptide can
decrease the activity of the CAT2 or ARG protein and ameliorate an inflammatory disease
in a subject wherein the CAT2 or ARG protein is over-expressed. Variants of CAT2 or
ARGI polypeptide can be generated by mutagenesis, e.g., discrete point mutation or
truncation of a CAT2 or an ARG1 gene.

[0097] In certain embodiments, an antagonist of a CAT2 or ARGI polypeptide can
inhibit one or more of the activities of the naturally occurring form of the CAT2 or ARGI1
polypeptide by, for example, competitively modulating an activity of the CAT2 or ARGI1
polypeptide. Thus, specific biological effects can be elicited by treatment with a variant of
limited function.

[0098] Mutants of a CAT2 or an ARGI polypeptide which function as either CAT2 or
ARG] polypeptide agonists or as CAT2 or ARG1 polypeptide antagonists can be identified
by screening combinatorial libraries of mutants. In certain embodiments, such variants may
be used, for example, as a therapeutic protein of the invention. A variegated library of
CAT?2 or ARG1 polypeptide variants can be produced by, for example, enzymatically ‘
ligating a mixture of synthetic oligonucleotides into gene sequences such that a degenerate
set of potential CAT2 or ARG! polypeptide sequences is expressible as individual.
polypeptides, or alternatively, as a set of larger fusion proteins (e.g., for phage display)

29



WO 2005/003164 PCT/US2004/006470

containing the set of CAT2 or ARG1 polypeptide sequences therein. There are a variety of
methods which can be used to produce libraries of potential CAT2 or ARG1 polypeptide
variants from a degenerate oligonucleotide sequence. Chemical synthesis of a degenerate
gene sequence can be performed in an automatic DNA synthesizer, and the synthetic gene is
then ligated into an appropriate expression vector. I%se of a degenerate set of genes allows
" for the provision, in one mixture, of all of the sequences encoding the desired set of
potential CAT2 or ARGI1 polypeptide sequences.| Methods for synthesizing degenerate
oligonuéleotides are known in the art.

[0099] In addition, libraries of fragments of a 17rotein coding sequence corresponding to
a CAT?2 or an ARG1 gene can be used to generate a variegated population of CAT2 or
ARG1 polypeptide fragments for screening and subsequent selection of variants of a CAT2
or an ARGI polypeptide. In one embodiment, a library of coding sequence fragments can
be generated by treating a double-stranded PCR fragment of a CAT2 or an ARGI gene-
coding sequence with a nuclease under conditions wherein nicking occurs only about once
per molecule, denaturing the double-stranded DNA, renaturing the DNA to form double-
stranded DNA which can include sense/antisense pairs from different nicked products,
removing single-stranded portioné from reformed duplexes by treatment with S1 nuclease,
and ligating the resulting fragment library into an expression vector. By this method, an
expression library can be derived which encol,ies N-terminal, C-terminal and internal
fragments of various sizes of the CAT2 or ARG1 polypeptide.

[0100] Several techniques are known in the -art fof screening gene products. of
combinatorial libraries made by point mutations or truncation, and for screening cDNA
libraries for gene products having a selected property. The most widely used techniques,
which are amenable to high-throughput analysis, for screening large gene libraries typically
include cloning the gene library into replicable expression vectors, transforming appropriate
cells with the resulting library of vectors, and expressing the combinatorial genes under
conditions in which detection of a desired activity facilitates isolation of the vector
encoding the gene whose product was detected. Recursive ensemble mutagenesis (REM), a
technique which‘ enhances the frequency of functional mutants in the libraries, can be used
in combination with the screening assays to identify CAT2 or ARGI polypeptide variants
(Delgrave et al., Protein Engineéring 6:327-331, 1993).

- [0101] Portions of a CAT2 or an ARG1 polypeptide or variants of a CAT2 or an ARG1

polypeptide having less than about 100 amino acids, and generally less than about 50 amino
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acids, may also be generated by synthetic means, using techniques well-known to those of
ordinary skill in the art. For example, such polypeptides may be synthesized using any of
the commercially available solid-phase techniques, such as the Merrifield solid-phase
synthesis method, where amino acids are sequentially added to a growing amino acid chain.
Equipment for automated synthesis of polypeptides is commercially available from
suppliers such as Perkin Elmer/Applied BioSystems Division (Foster City, Calif.), and may
be operated according to the manufacturer’s instructions.

[0102] Methods and compositions for screening for protein inhibitors or activators are
known in the art. See U.S. Patent Nos. 4,980,281, 5,266,464, 5,688,635, and 5,877,007,

which are incorporated herein by reference.

Antibodies

[0103] In accordance with another aspect, antibodies specific-to CAT2 or ARGI
proteins can be prepared. In many embodiments, the antibodies of the present invention
can bind to CAT2 or ARG1 proteins with binding affinities of no less than than 10° M.
The antibodies can be, without limitation, monoclonal, polyclonal, chimeric, humanized,
scFv, Fv, Fab’, Fab, or F(ab’)é. 4

[0104] A full-length CAT2 or ARG1 protein can be used or, alternatively, the invention
provides antigenic peptide fragments of the CAT2 or ARGI protein for use as immunogens.
In many embodiments, the antigenic peptides of the CAT2 or ARG! protein comprise at
least. 8 amino acid residues, and encompass epitopes of the CAT2 or ARG1 protein such
that an antibody raised against the peptide forms a specific immune complex with the CAT2
or ARGI protein. In many other embodiments, the antigenic peptide comprises at least 8,
12, 16, 20 or more amino acid residues.

[0105] Immunogenic portions (epitopes) may generally be identified using well-known
techniques. Such techniques include screening polypeptides for the ability to react with
antigen-specific antibodies, antisera and/or T-cell lines or clones. Such antisera and
antibodies may be prepared as described herein, and using well-known techniques. An
epitope of the CAT2 or ARG protein is a portion that reacts with such antisera and/or T-
cells at a level that is not substantially less than the reactivity of the full-length polypeptide
(e.g., in an ELISA and/or T-cell reactivity assay). Such epitopes may react within such
assays at a level that is similar to or greafer than the reactivity of the full-length polypeptide.

Such screens may generally be performed using methods well known to those of ordinary
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skill in the art. For example, a polypeptide may be immobilized on a solid support and
contacted with patient sera to allow the binding of antibodies within the sera to the
immobilized polypeptide. Unbound sera may then be removed and bound antibodies
detected using, for example, 1251 ]abeled Protein A.

[0106] Exemplary epitopes encompassed by the antigenic peptide are regions of the
CAT?2 or ARGI protein that are located on the surfz}ce of the polypeptide, e.g., hydrophilic
regions, as well as regions with high antigenicity.

[0107] A CAT2 or ARG! immunogen (e.g., the CAT2 or ARG protein, a fragment
thereof, or a CAT2- or ARGI-fusion protein) typically is used to prepare antibodies by
immunizing a suitable subject, (e.g., rabbif, 'golat, mouse or other mammal) with the
immunogen. An appropriate immunogenic preparation can contain, for example,
recombinantly expressed CAT2 or ARG1 immunogen or a chemically synthesized CAT2 or
ARGI1 immunogen. The preparation can further include an adjuvant, such as Freund’s
complete or incomplete adjuvant, or similar immunostimulatory agent. . Immunization of a
suitable subject with the immunogenic preparation induces an anti-CAT2 or -ARG1 -
antibody response. Techniques for preparing, isolating and using monoclonal and
polyclonal anti-CAT2 or -ARG1 antibodies are well-known in the art.

[0108] Accordingly, another aspect of the invention pertains to monoclonal or
polyclonal anti-CAT2 or -ARGI antibodies. Examples of immunologidally active portions
of immunoglobulin molecules include F(ab) and F(ab'), fragments which can be generated
by treating the antibody with an enzyme such as‘pepsin. The invention provides polyclonal
and monoclonal antibodies that bind to CAT2 or ARG protein.

[0109] The anti-CAT2 or -ARG1 antibody titer in the immunized subject can be
monitored over time by standard techniques, such as with an enzyme linked immunosorbent
assay (ELISA) using immobilized CAT2 or ARG1 protein or a fragment of CAT2 or ARG1
protein. If desired, the antibody molecules directed against CAT2 or ARG protein can be
isolated from the mammal (e.g., from the blood) and further purified by well-known
techniques, such as protéin A chromatography, to obtain the IgG fraction. At an appropriate
time after immuﬁization, e.g., when the anti-CAT2 or -ARG]1 antibody titers are the highest,
antibody-producing cells can be obtained from the subject and used to prepare monoclonal
antibodies by standard techniqués, such as the hybridoma technique, human B cell
hybridoma technique, the EBV-hybridoma technique, or trioma techniques. The technology

for producing monoclonal antibody hybridomas is well-known.
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[0110] Any of the many well-known protocols used for fusing lymphocytes and
immortalized cell lines can be applied for the purpose of generating an anti-CAT2 or -
ARG1 monoclonal antibody. Typically, the immortal cell line (e.g., a myeloma cell line) is
derived from the same mammalian species as the lymphocytes. For example, murine
hybridomas can be made by fusing lymphocytes from a mouse immunized with an
immunogenic preparation of the present invention with an immortalized mouse cell line.
Examples of immortal cell lines include mouse myeloma cell lines that are sensitive to
culture medium containing hypoxanthine, aminopterin and thymidine (“HAT medium”).
Any of a number of myeloma cell lines can be used as a fusion partner according to
standard techniques, e.g., the P3-NSI/1-Ag4-1, P3-x63-Ag8.653 or Sp210-Ag14 myeloma
lines. These myeloma lines are available from ATCC. Typiéally, HAT-sensitive mouse
myeloma cells are fused to mouse splenocytes using polyethylene glycol (“PEG”).
Hybridoma cells resulting from the fusion are then selected using HAT medium, which kills
unfused and unproductively fused myeloma cells (unfused splenocytes die after several days
because they are not transformed). Hybridoma cells producing a monoclonal antibody are
detected by screening the hybridoma culture supernatants for antibodies that bind to an
CAT2 or ARG1 polypeptide specifically, e.g., using a standard ELISA assay.

[0111] Alternative to preparing monoclonal antibody-secreting hybridomas, a
monoclonal anti-CAT2 or -ARG1 antibody can be identified and isolated by screening a
recombinant combinatorial immunoglobulin library (e.g., an antibody phase display library)
with the CAT2 or ARG protein to thereby isolate immunoglobulin library members that
bind to the CAT2 or ARG1 protein. Kits for generating and screening i)hage display
libraries are commercially available (e.g., the Pharmacia Recombinant Phage Antibody
System, Catalog No.27-9400-01; and the Stratagene SurfZAP™ Phage Display Kit,
Catalog No. 240612). '

[0112] The anti-CAT2 or -ARG1 antibodies also include "Single-chain Fv" or "scFv"
antibody fragments. The scFv fragments comprise the Vi and Vy, domains of an antibody,
wherein these domains are present in a single polypeptide chain.. Generally, the Fv
polypeptide further comprises a polypeptide linker between the Vy and Vi domains that
enables the scFv to form the desired structure for antigen binding.

[0113] Additionally, recombinant anti-CAT2 or -ARG!1 antibodies, such as chimeric
and humanized monoclonal antibodies, comprising both human and non-human portions,

which can be made using standard recombinant DNA techniques, are within the 'séope of the
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invention. Such chimeric and humanized monoclonal antibodies can be produced by
recombinant DNA techniques known in the art.

[0114] Humanized antibodies may be desirable for therapeutic treatment of human
subjects. Humanized forms of non-human (e.g., murine) antibodies are chimeric molecules
of immunoglobulins, immunoglobulin chains or fraéments thereof (such as Fv, Fab, Fab’,
F(ab), or other antigen-binding subsequences of antibodies), which contain minimal
sequence derived from non-human immunoglobuli 7 Humanized antibodies include human
immunoglobulins (recipient antibody) in which residues forming a complementary
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 residues of the human
immunoglobulin are replaced by corresponding non-human residues. Humanized
antibodies may also comprise residues which are found neither in the recipient antibody nor
in the imported CDR or framework sequences. In general, the humanized antibody will
comprise substantially all of at least one, and typically two, variable domains, in which all
or substantially all of the CDR regions correspond to those of a non-human
immunoglobulin and all or substantially all of the constant regions being those of a human
immunoglobulin consensus sequence. The humanized antibody may also include at least a
portion of an Vimmunoglobulin constant region (Fc), such as that of a human
immunoglobulin. -

[0115] Such humanized antibodies can be produced using transgenic mice which are
incapable of expressing endogenous immunoglobulin heavy and light chain genes, but
which can express human heavy and light chain genes. The transgenic mice are immunized
in the normal fashion with a selected antigen, e.g., all or a portion of the CAT2 or ARG1
protein. Monoclonal antibodies directed against the antigen can be obtained using
conventional hybridoma technology. The hﬁman immunoglobulin ‘transgenes harbored by
the transgenic mice rearrange during B cell differentiation, and subsequently undergo class
switching and somatic mutation. Thus, using such a technique, it is possible to produce
therapeutically useful IgG, IgA and IgE antibodies.

[0116] - Humanized antibodies that recognize a selected epitope can be generated using é
technique referred to as “guided selection.” In this approach, a selected non-human
monoclonal antibody, e.g., a murine antibody, is used to guide the selection of a humanized

antibody recognizing the same epitope.
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[0117] In one embodiment, the antibodies to the CAT2 or ARG1 protein are capable of
reducing or eliminating the biological function of fie CAT2 or ARG1 protein. In many
cases, at least a 25% decrease in activity can be obtained. In many other cases, at least
50%, 60%, 70%, 80%, 90%, 95% or more decrease in activity can be achieved.

[0118] An anti-CAT2 or -ARG1 antibody can be used to isolate the CAT2 or ARG1
protein or mutants of the CAT2 or ARG1 protein by standard techniques, such as affinity
chromatography or immunoprecipitation. An anti-CAT2 or -ARG1 antibody can facilitate
the purification of a natural or mutant CAT2 or ARG1 protein from cells and of a
recombinantly produced CAT2 or ARG protein ejpressed in host cells. Moreover, an anti-
CAT2 or -ARG] antibody can be used to detect the CAT2 or ARG protein (e.g., in a
cellular lysate or cell supernatant on the cell surface) in order to evaluate the abundance and
pattern of expression of the CAT2 or ARG1 protein. Anti-CAT2 or -ARG1 antibodies can
be used diagnostically to monitor protein levels in tissue as part of a clinical testing
procedure to, for example, determine the efficacy of a given treatment regimen. Detection
can be facilitated by coupling (i.e., physically linking) the antibody to a detectable
substance. Examples of detectable substances include various enzymes, prosthetic groups,
fluorescent materials, luminescent materials, bioluminescent materials, and radioactive
materials. Examples of suitable enzymes include horseradish peroxidase, alkaline
phosphatase, galactosidase, or acetylcholinesteraLe; examples of suitable prosthetic group
complexes include streptavidin/biotin and avidin/biotin; examples of suitable fluorescent
materials include umbelliferone, fluorescein, fluorescein isothiocyanate, rhodamine,
dichlorotriazinylamine fluorescein, dansyl chloride or phycoerythrin; an example of a
Juminescent material includes luminol; examples of bioluminescent materials include
luciferase, luciferiﬁ, and aequorin; and examples of suitable radioactive material include
125] 1317 35g and 3H. |

[0119] Anti-CAT?2 or -ARG]1 antibodies of the invention are also useful for targeting a
therapeutic to a cell or tissue having elevated CAT2 or ARG1 expression. For example, a
therapeutic such as a srﬁall molecule CAT2 or ARGl éntagonist can be linked to the anti-
CAT2 or anti-ARGl antibody in order to target the therapeutic to the cell or tissue having
elevated CAT2 or ARG1 expression.

[0120] A therapeutic agent may be coupled (e.g., covalently bonded) to a suitable
monoclonal antibody either directly or indirectly (e.g., via a linker group). A direct reaction

between an agent and an antibody is possible when each possesses a substituent capable of
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reacting with the other. For example, a nucleophilic group, such as an amino or sulfhydryl
group, on one may be capable of reacting with a carbonyl-containing group, such as an
anhydride or an acid halide, or with an alkyl group containing a good leaving group (eg,a
halide) on the other.

[0121] Alternatively, it may be desirable to couple a therapeutic agent and an antibody
via a linker group. A linker group can function as a spacer to distance an antibody from an
agent in order to avoid interference with binding capabilities. A linker group can also serve
to increase the chemical reactivity of a substituent on an agent or an antibody, and thus
increase the coupling efficiency. An increase in chemical reactivity may also facilitate the
use of agents, or functional groups on agents, which otherwise would not be possible.

[0122] It will be evident to those skilled in the art that a variety of bifunctional or
polyfunctional reagents, both homo- and hetero-functional (such as those described in the
catalog of the Pierce Chemical Co., Rockford, Ill.), may be employed as the linker group.
Coupling may be effected, for example, through amino groups, carboxyl groups, sulfhydryl
groups or oxidized carbohydrate residues. There are numerous references describing such
methodology, e.g., U.S. Pat. No. 4,671,958, to Rodwell ez al.

[0123] Where a therapeutic agent is more potent when free from the antibody portion of
the immunoconjugates of the present invention, it may be desirable to use a linker group
that is cleavable during or upon internalization into a cell. A number of different cleavable
linker groups have been described. The mechanisms for the intracellular release of an agent
from these linker groups include cleavage by reduction of a disulfide bond (e.g., U.S. Pat.
No. 4,489,710, to Spitler), by irradiation of a photolabile bond (e.g., U.S. Pat. No.
4,625,014, to Senter et al.), by hydrolysis of derivatized amino acid side chains (e.g., U.S.
Pat. No. 4,638,045, to Kohn et al.), by serum complement-mediated hydrolysis (e.g., U.S.
Pat. No. 4,671,958, to Rodwell et al.), and acid-catalyzed hydrolysis (e.g., U.S. Pat. No.
4,569,789, to Blattler et al.). ‘

[0124] It may be desirable to couple more than one agent to an antibody. In one
embodiment, multiple molecules of an agent are coupled to one antibody molecule. In
another embodiment, more than one type of agent may be coupled to one antibody.
Regardless of the particular embodiment, immunoconjugates with more than one agent may
be prepared in a variety of ways. For example, more than one agent may be coupled
directly to an antibody molecule, or linkers that provide multiple sites for attachment can be

used.
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Vectors i‘

[0125] Another aspect of the invention pertains to vectors containing polynucleotides
encoding CAT2 and ARGI polypeptides or portioné thereof. Vectors can be plasmids or
viral vectors.

[0126] The expression vectors of the invention can be designed for expression of CAT2
and ARG1 polypeptides in prokaryotic or eukaryotic cells. For example, CAT2 and ARG1
polypeptides can be expressed in bacterial cells such as E. coli, insect cells (using
baculovirus expression vectors), yeast cells, or mﬁanalian cells. In certain embodiments,
such protein may be used, for example, as a therapeutic protein of the invention.
Alternatively, the expression vector can be transcribed and translated in vitro, for example
using T7 promoter regulatory sequences and T7 polymerase.

[0127] In another embodiment, mammalian expression vector including tissue-specific
regulatory elements are used to express the polynucleotides of interest. Tissue-specific
regulatory elements are known in the art and may include epithelial cell-specific promoters.
Other non-limiting examples of suitable tissue-specific promoters include the liver-specific
albumin promoter, lymphoid-speciﬁc promoters, promoters of T cell receptors and
immunoglobulins, neuron-specific promoters (e.g., the neurofilament promoter), pancreas-
specific promoters, and mammary gland-specific promoters (e.g., milk whey promoter).
Developmentally-regulated promoters are also encompassed, for example the a-fetoprotein
promoter. |

[0128] The invention also provides a recombinant expression vector comprising a
polynucleotide encoding either a CAT2 or an ARG1 polypeptide cloned into the expression
vector in an antisense orientation. That is, the DNA molecule is operatively linked to a
regulatory sequence in a manner which allows for expression (by transcription of the DNA
molecule) of an RNA molecule which is antisense to mRNA corresponding to either a
CAT?2 or an ARG1 gene of the invention. Regulatory sequences operatively linked to a
polynucleotide cloned iﬁ the antisense orientation can be chosen to direct the continuous
expression of thé antisense RNA molecule in a variety of cell types. For instance viral
promoters or enhancers, ot regulatory sequences can be chosen to direct constitutive, tissue
specific or cell type specific expression of antisense RNA. The antisense expression vector
can be in the form of a recombinant plasmid, phagemid or attenuated virus in which

antisense polynucleotides are produced under the control of a high efficiency regulatory
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region. The activity of the promoter/enhancer can be determined by the cell type into which
the vector is introduced.

[0129] The invention further provides gene delivery vehicles for delivery of
polynucleotides to cells, tissues, or a mammal for expression. For example, a
polynucleotide sequence of the invention can be administered either locally or systemically
in a gene delivery vehicle. These constructs can utilize viral or non-viral vector approaches
in in vivo or ex vivo modality. Expression of such coding sequence can be induced using
‘endogenous mammalian or heterologous promoters. Expression of the coding sequence in
vivo can be either constituted or regulated. The invention includes gene delivery vehicles
capable of expressing the contemplated polynucleotides. The gene delivery vehicle can be,
for example, a viral vector, such as a retroviral, lentiviral, adenoviral, adeno-associated viral
(AAV), herpes viral, or alphavirus vector. The viral vector can also be an astrovirus,
coronavirus, orthomyxovirus, papovavirus, paramyxovirus, parvovirus, picornavirus,
poxvirus, or togavirus viral vector. |
[0130] Delivery of the gene therapy constructs of this invention into cells is not limited
to the above mentioned viral vectors. Other delivery methods and media may be employed
such as, for example, nucleic acid expression vectors, polycationic condensed DNA linked
or unlinked to killed adenovirus alone, ligand-linked DNA, liposome-DNA complex,
eukaryotic cell delivery vehicles cells, deposition of photopolymerized hydrogel materials,
handheld gene transfer particle gun, ionizing radiation, nucleic charge neutralization or
fusion with cell membranes. Particle mediated gene ﬁansfer may be employed. Briefly, the
sequence can be inserted into conventional vectors that contain conventional control
sequences for high level expression, and then be incubated with synthetic gene transfer
molecules such as polymeric DNA-binding cations like polylysine, protamine, and albumin,
linked to cell targeting ligands such as asialoorosomucoid, insulin, galactose, lactose or
transferrin. Naked DNA may also be employed. Uptake efficiency may be improved using
biodegradable latex beads. DNA coated latex beads are efficiently transported into cells
after endocytosis initiation by the beads. The method may be improved further by treatment
of the beads to increase hydrophobicity and thereby facilitate disruption of the endosome
and release of the DNA into the cytoplasm. A
[0131]  Another aspect of the invention pertains to the expression of either a CAT2 or an

ARG]I gene using a regulatable expression system. These systems include, but are not

38



WO 2005/003164 PCT/US2004/006470

limited to, the Tet-on/off system, the Ecdysone system, the Progesterone-system, and the
Rapamycin-system. ",

[0132] Another aspect of the invention pertains to the use of host cells which are
transformed, transfected, or transduced with vectors éncoding or comprising either a CAT2
or an ARGI1 polypeptide or portions thereof. Tile host cells can be prokaryotic or
" eukaryotic cells. These host cells can be employed ,[o express any desired CAT2 or ARGI

polypeptide.

Detection Methods

[0133] As discussed earlier, expression level of CAT2 or ARG1 gene may be used as a
marker for inflammatory diseases. Detection and measurement of the relative amount of a
CAT?2 or an ARG1 product (polynucleotides or polypeptides) can be by any method known
in the art. The detection or measurement can be qualitative or quantitative.

[0134] Typical methodologies for detection of a transcribed polynucleotide include
extraction of RNA from a cell or tissue sample, followed by hybridization of a labeled
probe to the extracted RNA and detection of the labeled probe (e.g., Northern blotting, or
nucleic acid array). |

[0135] Typical methodologies for peptide detection include protein extraction from a
cell or tissue sample, followed by binding of an lantibody specific for the target protein to
the protein sample, and detection of the antibody. For example, detection of a CAT2 or an
ARG1 polypeptide may be accompiished using either a anti-CAT2 or an anti-ARGI1
polyclonal antibody. Antibodies are generally detected by the use of a labeled secondary
antibody. The label can be a radioisotope, a fluorescent compound, an enzyme, an enzyme
co-factor, or ligand. Such methods are well understood in the art.

[0136] In another embodiment, the detection of CAT2 or ARG1 protein expression is
conducted by using small molecules that have high binding affinities to CAT2 or ARGI
protein products. In many examples, the small molecules are readily detectable. In many
other examples, the smaﬁ molecules can be directly or indirectly labeled by other detectable
substances. Examples of these detectable substances include, without limitation, enzymes,
prosthetic groups, fluorescent materials, luminescent materials, bioluminescent materials,
radioactive materials, particulate materials, or colloidal ﬁetals.

- [0137] In certain embodiments, the CAT2 or ARG1 gene itself may serve as a marker

for inflammatory diseases. For example, an increase or decrease of genomic copies of the
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CAT?2 or ARGI gene, such as by duplication or deletion of the gene, may'be correlated with
an inflammatory disease.

[0138] Detection of specific CAT2 or ARG1 polynucleotide molecules may also be
assessed by gel electrophoresis, column chromatography, or direct sequencing, quantitative
PCR, RT-PCR, nested-PCR, or other techniques known in the art.

[0139] Detection of the presence or number of copies of all or a part of a CAT2 or an
ARGT1 gene may be performed using any method known in the art. In one embodiment,
‘Southern analysis is employed to assess thé presence and/or quantity of the genomic copies
of CAT2 or ARG1 gene. Other useful methods for DNA detection and/or quantification
include, but are not limited to, direct sequencing, gel electropho;esis, coiumn

chromatography, quantitative PCR, or other means as appreciated by those skilled in the art.

Screening Methods

[0140] The invention also provides methods (also referred to herein as “screening
assays”) for identifying modulators, i.e., candidate or test compounds or agents comprising
therapeutic moieties (e.g., peptides, peptidomimetics, peptoids, polynucleotides, small
molecules or other drugs) which (a) bind to the CAT2 or ARG1 protein, or (b) have an
inhibitory effect on the activity of the CAT2 or ARGI2 protein, or, more specifically, ()
have a modulatory effect on the interactions of the CAT2 -or ARGI protein with one or
more of its natural substrates (e.g., peptide, protein, hormone, co-factor, or polynucleotide),
or (d) have an inhibitory effect on the expression of the CAT2 or ARG1 gene. Such assays
typically comprise a reaction between a CAT2 or an ARG1 gene and one or more assay
components. The other components may be either the test compound itself, or a
combination of test compound and a binding partner of the CAT?2 or ARG protein.

[0141] The test compounds of the present invention are generally inorganic molecules,
small organic molecules, and biomolecules. Biomolecules include, but are not limited to,
amino acid, nucleic acid, | lipid, sugar, steroid, polypeptides, polynucleotides,
polysaccharides, as well as any naturally-occurring or synthetic organic compounds that
have a bioactivity in mammals. In one embodiment the test compound is a small organic
molecule. In another embodiment, the test compound is a biomolecule.

[0142] The test compounds of the present invention may be obtained from any available
source, including systematic libraries of natural and/or synthetic compounds. Test

compounds may also be obtained by any of the numerous approaches in combinatorial
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library methods known in the art, including: biological libraries; peptoid libraries (libraries
of molecules having the functionalities of peptides, but with a novel, non-peptide backbone
which are resistant to enzymatic degradation but which nevertheless remain bioactive; see,
e.g., Zuckermann et al., J. Med. Chem. 37: 2678-85, 1994); spatially addressable parallel
solid phase or solution phase libraries; synthetic lib fary methods requiring deconvolution;
" the ‘one-bead one-compound’ library method; and synthetic library methods using affinity
chromatography selection. The biological library anél peptoid library approaches are limited
to peptide libraries, while the other four approaches are applicable to peptide, non-peptide
oligomer or small molecule libraries of compounds (Lam, Anticancer Drug Des. 12: 145,
1997).

[0143] As used herein, the term “binding partner” refers to a bioactive agent which
serves as either a substrate for the CAT2 or ARG1 protein, or alternatively, as a ligand
having binding affinity to the CAT2 or ARG1 protein. As mentioned above, the bioactive
agent may be any of a variety of naturally-occurring or synthetic compounds, amino acids,

polypeptides, polysaccharides, nucleotides or polynucleotides.

Screening for Inhibitors of the CAT2 or ARGI Protein

[0144] The {nvention provides methods of screening test compounds for inhibitors of
the CAT2 or ARGI protein, and of screening for the pharmaceutical compositions
comprising the test compounds. The method of screening comprises contacting aliquots of
CAT2 or ARGI1 expressing cell samples with one of a plﬁrality of test compounds, and
comparing the expression of CAT2 in each of the aliquots to determine whether any of the
test compounds provides a substantially decreased level of expression or activity of CAT2
or ARGI relative to samples with other test compounds or relative to an untreated sample or
control sample. In addition, methods of screening may be devised by combining a test
compound with the CAT2 or ARG1 protein and thereby determining the effect of the test
compound on the CAT2 or ARG protein.

[0145] In additioh, the invention is further directed to a method of screening for test
compounds capable of modulating the binding of CAT2 or ARG1 protein to a binding
partner, by combining the test compound, the CAT2 or ARG protein, and binding partner
together and determining whether binding of the binding partner and the CAT2 or ARG1

protein occurs. The test compound may be either small molecules or a biomolecule. As
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discussed below, test compounds may be provided from a variety of libraries well known in
the art.

[0146] Other methods and compositions for screening for protein inhibitors are also
known in the art. See U.S. Patent Nos. 4,980,281, 5,266,464, 5,688,635, and 5,877,007,
which are incorporated herein by reference.

[0147] Inhibitors of CAT2 or ARG expression, activity or binding ability are
useful as therapeutic compositions of the invention. One of the inhibitors for CAT2-
mediated arginine transport is lysine. Such inhibitors may be formulated as pharmaceutical

compositions, as described herein below.

High-Throughput Screening Assays

[0148] The invention provides methods of conducting high-throughput screening for
test compounds capable of inhibiting the activity or expression of CAT2 or ARGI. In one
embodiment, the method of high-throughput screening involves combining test compounds
and the CAT2 or ARG1 protein and detecting the’ effect of the test compound on the CAT2
or ARGI1 protein. Functional assays such as cytosensor microphysiometer, calcium flux
assays such as FLIPR® (Molecular Devices Corp, Sunnyvale, CA), or the TUNEL assay
may be employed to measure cellular activity, as discussed below. ‘
[0149] A variety of high-throughput functional assays well known in the art may be
used in combination to screen and/or study the reactivity of different types of activating test
compounds. Since the coupling system is often difﬁéult to predict, a number of assays may
need to be configured to detect a wide range of coupling mechanisms. A variety of
fluorescence-based techniques are well-known in the art and are capable of high-throughput
and ultra-high throughput screening for activity, includihg but not limited to BRET® or
FRET® (both by Packard Instrument Co., Meriden, CT). The BIACORE?® system may also
be manipulated to detect binding of test compounds with individual components of the
therapeutic target. |
[0150] By combining test compounds with the CAT2 or ARG1 protein and determining
the binding activity between them, diagnostic analysis can be performed to elucidate the
coupling systems. Generic assays using a cytosensor microphysiometer may also be used to
measure metabolic activation, while changes in calcium mobilization can be detected by
using the fluorescence-based fcechniqués such as FLIPR@ (Molecular Devices Corp,
Sunnyvale, CA). In addition, the presence of apoptotic cells may be determined by the
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TUNEL assay, which utilizes flow cytometry to detect free 3-OH termini resulting from
cleavage of genomic DNA during apoptosis. As mentioned above, a variety of functional
assays well known in the art may be used in combination to screen and/or study the
reactivity of different types of activating test compounds. In one embodiment, the high-

|

" technology as provided by the BIACORE?® systems (Biacore International AB, Uppsala,

throughput screening assay of the present invention utilizes label-free plasmon resonance

Sweden). Plasmon free resonance occurs when surface plasmon waves are excited at a

metal/liquid interface. By reflecting directed light from the surface as a result of contact
with a sample, the surface plasmon resonance cauJes a change in the refractive index at the
surface layer. The refractive index change for a given change of r‘nass concentration at the
surface layer is similar for many bioactive agents (including proteins, peptides, lipids and
polynucleotides), and since the BIACORE® sensor surface can be functionalized to bind a
variety of these bioactive agents, detection of a wide selection of test compounds can thus
be accomplished.

[0151] Therefore, the invention provides for high-throughput screening of test
compounds for the ability to inhibit an activity of the CAT2 or ARG1 protein, by combining
the test compounds and the CAT2 or ARG protein in high-throughput assays such as '
BIACORE?®, or in fluorescence-based assays such as BRET®. In addition, high-throughput
assays may be utilized to identify specific factors that bind to the CAT2 or ARG1 protein,
or alternatively, to identify test compounds which prevent binding of the CAT2 or ARGI
protein to the binding partner. Moréover, the Vhigh—throughput screening assays may be
modified to determine whether test compounds can bind to either the CAT2 or ARG1

protein or to a binding partner of the CAT2 or ARG1 protein.

Diagnostic Assays

[0152] An exemplary method for detecting the presence of CAT2 or ARGIL or
polynucleotide encoding CAT2 or ARGI in a biological sample involves obtaining a
biological sample from é test subject and contacting the biological sample with a compound
or an agent capable of detecting the protein or polynucleotide (e.g., mRNA, genomic DNA)
that encodes CAT2 or ARG such that the presence of CAT2 or ARG1 polynucleotide is
detected in the biological sample. An example agent for detecting mRNA or genomic DNA
corresponding to the CAT2 or ARG1 gene or CAT2 or ARGI protein is a labeled
polynucleotide probe capable of hybridizing to an CAT2 or ARGl mRNA or a genomic
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DNA. Suitable probes for use in the diagnostic assays of the invention are described herein.
An example agent for detecting CAT2 or ARG proteins is an antibody which specifically
recognizes CAT2 or ARG proteins.

[0153] The diagnostic assays may also be used to quantify the amount of expression or
activity of CAT2 or ARGI in a biological sample. Such quantification is useful, for
" example, to determine the progression or severity of an inflammatory disease such as
asthma, COPD, and arthritis. Such quantification is also useful, for example, to determine
the severity of the inflammatory disease following treatment.

[0154] The methods described herein may bz performed, for example, by utilizing
prepackaged diagnostic kits cémprising at least one probe polynucleotide or antibody
reagent described herein, which may be conveniently used, e.g., in clinical settings to
diagnose subjects exhibiting symptoms or family history of an inflammatory disease such as
asthma, COPD, and arthritis.

[0155] Furthermore, any cell type or tissue in which CAT2 or ARG1 is expressed may

be utilized in the prognostic or diagnostic assays described herein.

Determining Severity of An Inflammatory Disease

[0156] In the field of diagnostic assays, the invention also provides methods for
determining the severity of an inflammatory disease such as asthma, COPD, and arthritis by
isolating a sample from a subject, detecting the presence, quantity and/or activity of CAT2
or ARG in the sample relative to a seéond sample from a normal sample or control sample.
In one embodiment, the expression levels of CAT2 or ARGI in the two samples are
compared, and an increased CAT2 or ARGI expression in the test sample indicates an
inflammatory disease such as asthma, COPD, and arthritis.

[0157] A example agent for detecting CAT2 or ARG is an antibody capable of binding
to CAT2 or ARG1. In some cases, the antibody can be coupled, either directly or indirectly,
to a detectable label. Antibodies can be polyclonal or monoclonal. An intact antibody, or a
fragment thereof (e.g., F‘ab or F(ab’),) can be used. The term “labeled,” with regard to the
probe or antibody, is intended to encompass direct labeling of the probe or antibody by
coupling (i.e., physically linking) a detectable substance to the probe or antibody, as well as
indirect labeling of the probe or‘antibody by reactivity with another reagent that is directly
labeled. Examples of indirect labeling include detection of a primary antibody using a

fluorescently-labeled secondary antibody and end-labeling of a DNA probe with biotin such
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that it can be detected with fluorescently-labeled streptavidin. The term “biological sample”
is intended to include tissues, cells and biological fluids isolated from a subject, as well as
tissues, cells and fluids present within a subject. That is, the detection method of the
invention can be used to detect CAT2 or ARGl mRNA, protein or genomic DNA in a
biological sample in vitro as well as in vivo. For example, in vitro techniques for detection
of CAT2 or ARG1 mRNA include Northern hybridizations and ir situ hybridizations. In
vitro techniques for detection of CAT2 or ARGI include enzyme linked immunosorbent
assays (ELISAs), Western blots, immunoprecipitations and immunofluorescence. In vitro
techniques for detection of CAT2 or ARG1 genomic DNA include Southern hybridizations.
Furthermore, in vivo techniques for detection of CAT2 or ARG include introducing into a
subject a labeled anti- CAT2 or ARG antibody. For example, the antibody can be labeled
with a radioactive marker whose presence and location in a subject can be detected by
standard imaging techniques. '

[0158] In one embodiment, the biological sample contains protein molecules from the
test subject. Alternatively, the biological sample can contain mRNA molecules from the
test subject or genomic DNA molecules from the test subject. In one example, the
biological sample is a tissue safnple isolated by conventional means from a subject, e.g., a

biopsy.

Prognostic Assays

[0159] The diagnostic method described herein can furthermore be utilized to identify
subjects having or at risk of developing an inflammatory disease, such as aéthma, COPD,
and arthritis, that is associated with aberrant CAT2 or ARG1 expression or activity.

[0160] Furthermore, the prognostic assays described herein can be used to determine
whether a subject can be administered an agent (e.g., an agonist, antagonist,
peptidomimetic, protein, peptide, polynucleotide, small molecule, or other drug candidate)
to treat or prevent an inflammatory disease associated with aberrant CAT2 or ARGl
expression or activity. Thus, the present invention provides methods for determining
whether a subject can be effectively treated with an agent for an inflammatory disease
associated with increased CAT2 or ARGI expression or activity.

[0161] Prognostic assays can be devised to determine whether a subject undergoing
treatment for an inflammatory disease has a poor outlook for long term survival or disease

progression. In one embodiment, prognosis can be determined shortly after diagnosis, i.e.,
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within a few days. By establishing CAT2 or ARGI expression profiles of different stages
of the inflammatory disease, from onset to later stages, an expression pattern may emerge to
correlate a particular expression profile to increased: likelihood of a poor prognosis. The
prognosis may then be used to devise a more aggress%ve treatment program and enhance the

likelihood of long-term survival and well-being.

Detection of Genetic Alterations

[0162] The methods of the invention can also b¢ used to detect genetic alterations in the
CAT2 or ARGI1 gene, thereby determining if a sqiject with the altered gene is at risk for
damage characterized by aberrant regulation in CAT2 or ARG activity or polynucleotide
.expression. In many embodiments, the methods include detecting, in a sample of cells from
the subject, the presence or absence of a genetic alteration characterized by at least one
alteration affecting the integrity of the CAT2 or ARG1 gene, or the aberrant expression of
the CAT2 or ARGI gene. For example, such genetic alterations can be detected by
ascertaining the existence of at least one of the following: 1) deletion of one or more
nucleotides from the CAT2 or ARG1 gene; 2) addition of one or more nucleotides to the
CAT2 or ARGI gene; 3) substitution of one or more nucleotides of the CAT2 or ARGI
gene; 4) a chromosomal rearrangement of the CAT2 or ARG1 gene; 5) alteration in the
level of a messenger RNA transcript of the CAT2 or ARG1 gene; 6) aberrant modification
of the CAT2 or ARG1 gene, such as of the methylation pattern of the genomic DNA,; 7) the
presence of a non-wild-type splicing pattern of a messenger RNA transcript of the CAT2 or
ARG gene; 8) non-wild-type level CAT2 or ARG1; 9) allelic loss‘ of the CAT2 or ARG1
gene; and 10) inappropriate post-translational modification of CAT2 or ARGl. As
described herein, there are a large number of assays known in the art, which can be used for
detecting alterations in the CAT2 or ARG1 gene. ‘A exemplary biological sample is a blood
sample isolated by conventional means from a subject.

[0163] In certain embodiments, detection of the alteration involves the use of a
probe/primer in a polymerase chain reaction (PCR), such as anchor PCR or RACE PCR, or,
alternatively, in‘ a ligation chain reaction (LCR), the latter of which can be used for
detecting point mutations in the CAT2 or ARG1 gene. This method can include the steps of
collecting a sample of cells from a subject, isolating a polynucleotide (e.g., genomic,
mRNA or both) from the cells of the sample, contacting the polynucleotide sample with one
or more primers which specifically hybridize to the CAT2 or ARG1 gene under conditions
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such that hybridization and amplification of the CAT2 or ARG1 gene (if present) occurs,
and detecting the presence or absence of an amplification product, or detecting the size of
the amplification product and comparing the length to a control sample. It is understood
that PCR and/or LCR may be desirable to use as a preliminary amplification step in
conjunction with any of the techniques used for detecting mutations described herein.

[0164] Alternative amplification methods include: self-sustained sequence replication,
transcriptional amplification system, Q-Beta Replicase, or any other polynucleotide
amplification method, followed by the detection of the amplified molecules using
techniques well-known to those of skill in the art. These detection schemes are useful for
the detection of polynucleotide molecules if such molecules are present in very low
numbers.

[0165] In an alternative embodiment, mutations in the CAT2 or ARGI1 gene from a
sample cell can be identified by alterations in restriction enzyme cleavage patterns. For
example, samples and control DNA are isolated, amplified (optionally), digested with one
or more restriction endonucleases, and fragment length sizes are determined by gel
electrophoresis and compared. Differences in fragment length sizes between sample and
control DNA indicate mutations in the sample DNA. Moreover, the use of sequence
specific ribozymes can be used to score for the presence of specific mutations by
development or loss of a ribozyme cleavage site.

[0166] In other embodiments, genetic mutations in the CAT2 or ARG1 gene can be
identified by hybridizing a sample and control polymicleotides, e.g., DNA or RNA, to high
density arrays containing hundreds or thousands of oligonucleotides probes. For example,
genetic mutations in the CAT2 or ARG1 gene can be identified in two-dimensional arrays
containing light generated DNA probes. Briefly, a first hybridization array of probes can be
used to scan through long stretches of DNA in a sample and control to identify base changes
between the sequences by making linear arrays of sequential overlapping probes. This step
allows the identification of point mutations. This step is followed by a second hybridization
array that allows the characterization of specific mutations by using smaller, specialized
probe arrays complementary to all variants or mutations detected. Each mutation array is
composed of parallel probe sets, one complementary to the wild-type gene and the other
complementary to the mutant gene.

[0167] In yet another embodiment, any of a variety of sequencing reactions known in

the art can be used to directly sequence the CAT2 or ARGI gene and detect mutations by
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comparing the sequence of the sample CAT2 or ARG1 gene with the corresponding wild-
type (control) sequence. It is also contemplated ‘f(hat any of a variety of automated
sequencing procedures can be utilized when performing the diagnostic assays, including
sequencing by mass spectrometry.

[0168] Other methods for detecting mutations ﬁn the CAT2 or ARGI1 gene include
" methods in which protection from cleavage agents /is used to detect mismatched bases in
RNA/RNA or RNA/DNA heteroduplexes (Myers| et al., Science, 230:1242, 1985). In
general, the art technique of “mismatch cleavage’/ starts by providing heteroduplexes by
hybridizing (labeled) RNA or DNA containing the wild-type CAT2 or ARGI gene
sequence with potentially mutant RNA or DNA ob/tained from a tissue sample. The double-
stranded duplexes are treated with an agent which cleaves single-stranded regions of the
duplex which will exist due to base pair mismatches between the control and sample
strands. For instance, RNA/DNA duplexes can be treated with RNase and DNA/DNA
hybrids treated with S1 nuclease to enzymatically digest the mismatched regions. In other
embodiments, either DNA/DNA or RNA/DNA duplexes can be treated with hydroxylamine
or osmium tetroxide and with piperidine in order to digest mismatched regions. After
digestion of the mismatched regions, the resulting material is then separated by size on
denaturing polyacrylamide gels to determine the site of mutation. In one embodiment, the
control DNA or RNA can be labeled for detection! '

[0169] In still another embodiment, the mismatch cleavage reaction employs one or
more proteins that recognize mismatched base pairs in double-stranded DNA (so-called
“DNA mismatch repair” enzymes) in defined systems for detecting and mapping point
mutations in CAT2 or ARG1 ¢cDNAs obtained from samples of cells. For example, the
mutY enzyme of E. coli cleaves A at G/A mismatches and the thymidine DNA glycosylase
from HeLa cells cleaves T at G/T mismatches. According to an exemplary embodiment, a
probe based on the CAT2 or ARG1 gene sequence, e.g., a wild—typye CAT2 or ARGI gene
sequence, is hybridized to cDNA or other DNA product from a test cell(s). The duplex is
treated with a DNA mfsmatch repair enzyme, and the cleavage products, if any, can be
detected from electrophoresis protocols or the like. See, for example, U.S. Patent No.
5,459,039.

[0170] In other embodimenfs, alterations in electrophoretic mobility will be used to
- identify mutations in the CAT2 or ARG1 gene. For example, single strand conformation

polymorphism (SSCP) may be used to detect differences in electrophoretic mobility
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between mutant and wild-type polynucleotides. Single-stranded DNA fragments of sample
and control CAT2 or ARG1 polynucleotides will be denatured and allowed to renature. The
secondary structure of single-stranded polynucleotides varies according to sequence. The
resulting alteration in electrophoretic mobility enables the detection of even a single base
change. The DNA fragments may be labeled or detected with labeled probes. The
sensitivity of the assay may be enhanced by using RNA (rather than DNA) in which the
secondary. structure is more sensitive to a change in sequence. In one embodiment, the
subject method utilizes heteroduplex analysis to separate double-stranded heteroduplex
molecules on the basis of changes in electrophoretic mobility (Keen et al., Trends Genet.
7:5-7, 1991). |
[0171] In yet another embodiment the movement of mutant or wild-type fragments in
polyacrylamide gels containing a gradient of denaturant is assayed using denaturing
gradient gel electrophoresis (DGGE). When DGGE is used as the method of analysis, DNA
will be modified to insure that it does not completely denature, for example, by adding a GC
clamp of approximately 40 bp of high-melting GC-rich DNA by PCR. In'a further
embodiment, a temperature gradient is used in place of a denaturing gradient to identify
differences in the mobility of control and sample DNA (Rosenbaum and Reissner, Biophys.
Chem. 265: 12753, 1987). ‘
[0172} Examples of other techniques for detecting point mutations include, but are not
limited to, selective oligonucleotide hybridization, selective amplification, or selective
primer extension. For example, oligonucleotide primers may be prepared in which the
known mutation is placed centraﬂy and then hybridized to target DNA under conditions
which permit hybridization only if a perfect match is found (Saiki et al., Proc. Natl. Acad.
Sci. USA, 86: 6230, 1989). Such allele-specific oligonucleotides are hybridized to PCR
amplified target or a number of different mutations when the oligonucleotides are attached
to the hybridizing membrane and hybridized with labeled tafget DNA. .

[0173] Alternatively, allelé-speciﬁc amplification technology which depends on
selective PCR amplification may be used in conjunction with the instant invention.
Oligonucleotides used as primers for specific amplification may carry the mutation of
interest in the center of the molecule (so that amplification depends on differential
hybridization) or at the extreme 3’ end of one primer where, under appropriate conditions,
mismatch can prevent or reduce polyméras,e extension.- In addition, it may be desirable to

introduce a novel restriction site in the region of the mutation to create cleavage-based
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detection. It is anticipated that in certain embodiments amplification may also be performed
using Taq ligase for amplification. In such cases, Iigation will occur only if there is a
perfect match at the 3’ end of the 5’ sequence making:it possible to detect the presence ofa

known mutation at a specific site by looking for the presence or absence of amplification.

" Monitoring Effects During Clinical Trials

[0174] Monitoring the influence of agents (elg., drugs, small molecules, proteins,
nucleotides) on the expression or activity of CATZZ or ARGI1 can be applied not only in
basic drug screening, but also in clinical trials. F7 example, the effectiveness of an agent
determined by a screening assay, as described herein to decrease CAT2 or ARGI
expression, protein levels, or down-regulate CAT2 or ARG1 activity, can be monitored in
clinical trials of subjects exhibiting increased CAT2 or ARGl expression, protein levels, or
up-regulated CAT2 or ARGI activity. In such clinical trials, the expression or activity of
CAT?2 or ARG1 can be used as a “read-out” of the phenotype of a particular tissue.

[0175] For example, to study the effect of agents on CAT2- or ARGI1-associated
damage in a clinical trial, cells can be isolated and RNA prepared and analyzed for the
levels of expression of CAT2 or ARG1. The levels of gene expreséion can be quantified by
Northern blot analysis, RT-PCR, GeneChip® or|Tagman analysis as described herein, or
alternatively by measuring the amount of prote\in produced, by one of the methods as
described herein, or by measuring the levels of activity of CAT2 or ARG1. In this way, the
gene expression level can serve as a read-out, indicative of the physiological response of the
cells to the agent. Accordingly, this response state may be determined before treatment and
at various points during treatment of the individual with the agent.

[0176] In one embodiment, the present invention provides a method for monitoring the
effectiveness of treatment of a subject with an agent (e.g., an antagonist, peptidomimetic,
protein, peptide, polynucleotide, small molecule, or other drug candidate identified by the
screening assays described herein) including the steps of (i) obtaining a pre-administration
sample from a subject prior to administration of the agent; (ii) detecting the level of
expression of thé CAT?2 or ARG protein or mRNA in the pre-administration sample; (iii)
obtaining one or more post-administration samples from the subject; (iv) detecting the level
of expression or activity of the CAT?2 or ARG1 protein or mRNA in the post-administration
samples; (v) comparing the level of expression or activity of the CAT2 or ARG12 protein or

mRNA in the pre-administration sample with the level of expression or activity of the
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CAT2 or ARG protein or mRNA the post-administration sample or samples; and (vi)
altering the administration of the agent to the subject accordingly. For example, decreased
administration of the agent may be desirable to increase expression or activity of CAT2 or
ARG to higher levels than detected, i.e., to decrease the effectiveness of the agent.
According to such an embodiment, CAT2 or ARG1 expression or activity may be used as
an indicator of the effectiveness of an agent, even in the absence of an observable

phenotypic response.

Methods of Treatment

[0177] The present invention provides for both prophylactic and therapeutic methods of
treaﬁng a subject at risk for, susceptible to or diagnosed with an inflammatory disease, such
as asthma, COPD, osteoarthritis and rheumatoid arthritis. With regard to both prophylactic
and therapeutic methods of treatment, such treatments may be specifically tailored or
modified, based on knowledge obtained from the field of pharmacogenomics.
“Pharmacogenomics,” as used herein, includes the application of genomics technologies
such as gene sequencing, statistical genetics, and gene expression analysis to drugs in
clinical development and on the market. More specifically, the term refers the study of how
a subject’s genes determine his or her response to a drug (e.g., a subject’s “drug response
phenotype” or “drug response genotype”). Thus, another aspect of the invention provides
methods for tailoring an individual’s prophylactic or therapeutic treatment with CAT2 or
ARG1 modulators according to that individual’s drug response. Pharmacogenomics allows
a clinician or physician to target prophylactic or therapeutic treatments to subjecté who will
most benefit from the treatment and to avoid treatment of subjects who will experience

toxic drug-related side effects.

Prophylactic Methods

[0178] In one aspect, the invention provides a method for preventing CAT2- or ARG1-
related pathogenic processes in a subject by administering to the subject an agent that
modulates CAT2 or ARG1 expression or activity.

[0179] Subjects at risk for an inflammatory disease, such as asthma, which is associated
with aberrant CAT2 or ARGI expression or activity can be identified by, for exaniple, any

or a combination of diagnostic or prognostic assays as described herein.
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[0180] Administration of a prophylactic agent can occur prior to the manifestation of
symptoms characteristic of the increased CAT2 or ARG1 protein expression, such that the
disease is prevented or, alternatively, delayed in its progression. Depending on the type of
CAT2 or ARGI aberrancy (e.g., typically a modulation outside the normal standard
deviation), a CAT2 or ARGl mutant protein, CA’II‘2 or ARGI protein antagonist agent,
anti- CAT2 or -ARG]1 antibody, or CAT2 or ARG1/antisense polynucleotide, for example,
can be used for treating the subject. The appropriate agent can be determined based on

screening assays described herein.

Therapeutic Methods

[0181] Another aspect of the invention pertains to methods of modulating CAT2 or
ARGI protein expression or activity for therapeutic purposes. Accordingly, in an
exemplary embodiment, the modulatory method of the invention involves contacting a cell
with an agent that inhibits CAT2 or ARG expression or one or more of the activities of the
CAT?2 or ARG1 protein associated with the cell. An agent that modulates CAT2 or ARG12
expression or protein activity can be an agent as described herein, such as a polynucleotide,
a polypeptide, or a polysaccharide, a naturally-occurring target molecule of the CAT2 or
ARG] protein (e.g., a CAT2 or ARGI protein substrate or receptor), an anti-CAT?2 or anti-
ARG1 antibody, a CAT2 or an ARG1 protein an]’lgonist, a peptidomimetic of a CAT2 or an
ARG] protein antagonist. or other small organic and inorganic molecule.

[0182] These modulatory methods can be pérformed in vivo (e.g., by administering the
agent to a subject). As such, the present invention provides methods of treating an
individual diagnosed with or at risk for an inflammatory disease characterized by enhanced
expression or activity of CAT2 or ARG1. In one embodiment, the method involves
administering an agent (e.g., an agent identified by a screening assay described herein) or
combination of agents that down-regulates CAT2 or ARG1 expression or activity. The
treatment may further be localized to the tissues or cells affected by the inflammatory

disease.

Pharmacogenomics
[0183] In conjunction with treatment for inflammatory diseases, such as asthma, COPD,
- and arthritis, using a CAT2 or ARG1 modulator, pharmacogenomics (i.e., the study of the

relationship between an individual’s genotype and that individual’s response to a foreign
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compound or drug) may be considered. Differences in metabolism of therapeutics can lead
to severe toxicity or therapeutic failure by altering the relation between dose and blood
concentration of the pharmacologically active drug. Thus, a physician or clinician may
consider applying knowledge obtained in relevant pharmacogenomics studies in
determining whether to administer a CAT2 or an ARG1 modulator as well as tailoring the
dosage and/or therapeutic regimen of treatment with the CAT2 or ARG1 modulator.

[0184] Pharmacogenomics deals with clinically significant hereditary variations in the
response to drugs due to altered drug disposition and abnormal action in affected persons.
In general, two types of phai’macogenetic conditions can be differentiated. Genetic
conditions transmitted as a single factor altering the way drugs act on the body (altered‘ drug
action) or genetic conditions transmitted as single factors altering the way the body acts on
drugs (altered drug metabolism). These pharmacogenetic conditions can occur either as rare
genetic defects or as naturally-occurring polymorphisms. For example, glucose-6-
phosphate dehydrogenase deficiency (G6PD) is a common inherited enzymopathy in which
the main clinical complication is hemolysis after ingestion of oxidant drugs (anti-malarials,
sulfonamides, analgesics, nitrofurans) and consumption of fava beans.

[0185] One pharmacogenomics approach to identifying genes that predict drug
response, known as “a genome-wide association,” relies primarily on a high-resolution map
of the human genome consisting of already known gene-related sites (e.g., a “bi-allelic”
gene marker map which consists of 60,000-100,000 polymorphic or variable sites on the
human genome, each of which has two variants). Such a high-resolution genetic map can
be compared to a map of the genome of each of a statistically substantial number of subjects
taking part in a Phase II/III drug trial to identify genes associated with a particular observed
drug response or side effect. Alternatively, such a high-resolution map can be generated‘
from a combination of some ten-million known single nucleotide polymorphisms (SNPs) in
the human genome. As used herein, a “SNP” is a common alteration that occurs in a single
nucleotide base in a stretch of DNA. For example, a SNP may occur once per every 1000
bases of DNA. A SNP may be involved in a disease process. However, the vast majority of
SNPs may not be disease associated. Given a genetic map based on the occurrence of such
SNPs, individuals can be grouped into genetic categories depending on a particular pattern
of SNPs in their individual genome. In such a manner, treatment regimens can be tailored
to groups of genetically similar individuals, taking into account traits that may be common

among such genetically similar individuals.
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[0186]  Alternatively, a method termed the “candidate gene approach,” can be utilized to
identify genes that predict drug response. According to this method, if a gene that encodes
a drug target is known (e.g. the CAT2 or ARG1 gene), all common variants of that gene can
be fairly easily identified in the population and it can be determined if having one version of
the gene versus another is associated with a particular drug response.

[0187] As an illustrative embodiment, the activity of drug metabolizing enzymes is a
major determinant of both the intensity and duration of drug action. The discovery of
genetic polymorphisms of drug metabolizing enzymes (e.g., N-acetyltransferase 2 (NAT 2)
and cytochrome P450 enzymes CYP2D6 and CYPZC19) has provided an explanation as to
why some subjects do not obtain the expected drug effects or show exaggerated drug
response and serious toxicity after taking the standard and safe dose of a drug. These
polymorphisms are expressed in two phenotypes in the population, the extensive
metabolizer and poor metabolizer. The prevalence of poor metabolizer phenotypes is
different among different populationé. For example, the gene cbding for CYP2D6 is highly
polymorphic and several mutations have been identified in poor metabolizers, which all
lead to the absence of functional CYP2D6. Poor metabolizers of CYP2D6 and CYP2C19
quite frequently experience exaggerated drug response and side effects when they receive
standard doses. If a metabolite is the active therapeutic moiety, poor metabolizers show no
therapeutic response, as demonstrated for the analgesic effect of codeine mediated by its
CYP2D6-formed metabolite morphine. The other extreme are the so called ultra-rapid
metabolizers who do not respond to standard doses. Recently, the molecular basis of ultra-
rapid metabolism has been identified to be due to CYP2D6 gene ampliﬁcation;

[0188] Alternatively, a method termed the “gene expression profiling” can be utilized to
idenﬁfy genes that predict drug response. For example, the gene expression of an animal
dosed with a drug (e.g., CAT2 or ARG1 expression in response to a CAT2'orA an ARGI1
modulator ) can give an indication whether gene pathways related to toxicity have been
turned on. |

[0189] Information generated from more than one of the above pharmacogenomics
approaches can be used to determine appropriate dosage and treatment regimens for
prophylactic or therapeutic treatment an individual. This knowledge, when applied to
dosing or drug selection, can avoid adverse reactions or therapeutic failure and thus enhance
therapeutic or prophylactic efficiency when treating a subject with a CAT2 or an ARGI

modulator, -
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Pharmaceutical Compositions

[0190] The invention is further directed to pharmaceutical compositions comprising a
CAT?2 or an ARG1 modulator and a pharmaceutically acceptable carrier.

[0191] As used herein the language “pharmaceut"cally acceptable carrier” is intended to
include any and all solvents, solubilizers, fillers, stabilizers, binders, absorbents, bases,
buffering agents, lubricants, controlled release vehicles, diluents, emulsifying agents,

/

isotonic and absorption delaying agents, and th/e like, compatible with pharmaceutical

humectants, lubricants, dispersion media, coatings, antibacterial or antifungal agents,
administration. The use of such media and agents for pharmaceutically active substances is
well known in the art. Except insofar as any conventional media or agent is incompatible
with the active compound, use thereof in the compositions is contemplated. Supplementary
agents can also be incorporated into the compositions.

[0192] A pharmaceutical composition of the invention is formulated to be compatible
- with its intended route of administration. Examples of routes of administration include
parenteral, e.g., intravenous, intradermal, subcutaneous, oral (e.g., inhalation, sublingual,
bronchial, and pulmonary), transdermal (topical), transmucosal, and rectal administration.
Solutions or suspensions used for parenteral, intradermal, or subcutaneous application can
include the following components: a sterile diluent such as water for injection, saline
solution, fixed oils, polyethylene glycols, glycerine; propylene glycol or other synthetic
solvents; antibacterial agents such as benzyl alcohol or methyl parabens; antioxidants such
as ascorbic acid or sodium bisulfate; chelating agents such as ethylenediaminetetraacetic
acid; buffers such as acetates, citrates or phosphates and agents for the adjustment of
tonicity such as sodium chloride or dextrose. pH can be adjusted with acids or bases, such
as hydrochloric acid or sodium hydroxide. The parenteral preparation can be enclosed in
ampoules, disposable syringes or multiple dose vials made of glass or plastic.

[0193] Pharmaceutical compositions suitable for injectable use include sterile aqueous
solutions (where water soluble) or dispersions and sterile powders for the extemporaneous
preparation of sterile injectable solutions or dispersion. For intravenous administration,
suitable carriers include physiological saline, bacteriostatic water, Cremophor EL™ (BASF,
Parsippany, NJ) or phosphate buffered saline (PBS). In all cases, the injectable composition
should be sterile and should be fluid to the extent that easy syringability exists. It must be

stable under the conditions of manufacture and storage and must be preserved against the
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contaminating action of microorganisms such as bacteria and fungi. The carrier can be a
solvent or dispersion medium containing, for example, water, ethanol, polyol (for example,
glycerol, propylene glycol, and liquid polyethylene glycol, and the like), and suitable
mixtures thereof. The proper fluidity can be maintained, for example, by the use of a
coating such as lecithin, by the maintenance of the requited particle size in the case of
dispersion and by the use of surfactants. Prevention of the action of microorganisms can be
achieved by various antibacterial and antifungal agents, for example, parabens,
‘chlorobutanol, phenol, ascorbic acid, thimerosal, and the like. In many cases, iéotonic
agents, such as sodium chloride, sugars, or polyalcohols (e.g., manitol, sorbitol), can be
included in the composition. Prolonged absorption of the injectable compositions cén be
brought about by including in the composition an agent which delays absorption, for
example, aluminum monostearate and gelatin.

[0194] Sterile injectable solutions can be prepared by incorporating the active CAT2 or
ARG1 modulator in the required amount in an appropriate solvent with one or a
combination of ingredients enumerated above, as required, followed by filtered sterilization.
Generélly, dispersions are prepared by incorporating the active compound into a sterile
vehicle that contains a basic dispersion medium and the required other ingredients from
those enumerated above. In the case of sterile powders for the preparation of. sterile
injectable solutions, exemplary methods of preparation are vacuum drying and freeze-
drying which yields a powder of the active ingredient plus any additional desired ingredient
from a previously sterile-filtered solution thereof.

[0195] Oral compositions generally include an inert diluent or an edible carrier. They
can be enclosed in gelatin capsules or compressed into tablets. For the purpose of oral
therapeutic administration, the active compound can be incorporated with excipients and
used in the form of tablets, troches, or capsules. Oral compositions can also bé prepared
using a fluid carrier for use as a mouthwash, wherein the compound in the fluid carrier is
applied orally and swished and expectorated or swallowed. Pharmaceutically compatible
binding agents, and/or adjuvant materials can be included as part of the composition. The
tablets, pills, capsules, troches and the like can contain any of the following ingredients, or
compounds of a similar nature: a binder such as microcrystalline cellulose, gum tragacanth
or gelatin; an excipient such as starch or lactose; a disintegrating agent such as alginic acid,

Primogel, or corn starch; a lubricant such as magnesium stearate or Stertes; a glidant such as
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colloidal silicon dioxide; a sweetening agent such as sucrose or saccharin; or a flavoring
agent such as peppermint, methyl salicylate, or orange flavoring.

[0196] For administration by inhalation, the compounds can be delivered in the form of
an aerosol spray from a pressured container or dispenser that contains a suitable propellant,
e.g., a gas such as carbon dioxide, a nebulizer, a ronchial inhaler or a nasal drop. In
" addition, the compounds can be in form of a liquid solution, a gel, or a dry product.
Inhalation formulations may be aqueous solutions| that contain, e.g., polyoxyethylene-9-

excipients such as lactose, if needed. A nebulizer mhay be in aqueous suspension or solution

lauryl ether, glycocholate, and deoxycholate. The ‘i%:halation formulations may also contain
that includes carriers or excipiénts to adjust pH and/or tonicity.

[0197] In one embodiment, the therapeutic moieties, which may contain a bioactive
compound, are prepared with carriers that will protect the compound against rapid
elimination from the body, such as a controlled release formulation, including implants and
microencapsulated delivery systems. Biodegradable, biocompatible polymers can be used,
such as ethylene §myl acetate, polyanhydricies, polyglycolic acid, collagen, polyorthoesters,
and polylactic acid. Methods for preparation of such formulations will be apparent to those
skilled in the art. The materials can also be obtained commercially from, e.g., Alza
Corporation and Nova Pharmaceuticals, Inc. Liposomal suspensions (including liposomes
targeted to infected cells with monoclonal antibodies to viral antigens) can also be used as
pharmaceutically acceptable carriers. These can be prepared according to methods known
to those skilled in the art, for example,‘ as described in U.S. Patent No. 4,522,811.

[0198] In one embodiment, oral or parenteral compositions formulated in dosage unit
form are employed for ease of administration or uniformity of dosage. Dosage unit form as
used herein includes physically discrete units suited as unitary dosages for the subject to be
treated; each unit contains a predefermined quantity of active compound calculated to
produce the desired therapeutic effect in association with the required pharmaceutical
carrier. The specification for the dosage unit forms of the invention are dictated by and
directly dependent on the unique characteristics of the active compound and the particular
therapeutic effect to be achieved, and the limitations inherent in the art of compounding
such an active compound for the treatment of individuals.

[0199] Toxicity and therapeutic efficacy of such compounds can be determined by
standard pharmaceutical procedures in cell cultures or experimental animals, e.g., for

determining the LDso (the dose lethal to 50% of the population) and the EDso (the dose
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therapeutically effective in 50% of the population). The dose ratio between toxic and
therapeutic effects is the therapeutic index and it can be expressed as the ratio LDso/EDsq.
Compounds which exhibit large therapeutic indices can be selected. While compounds that
exhibit toxic side effects may be used, care should be taken to design a delivery system that
targets such compounds to the site of affected tissue in order to minimize potential damage
to uninfected cells and, thereby, reduce side effects.

[0200] The data obtained from the cell culture assays and animal studies can be used in
formulating a range of dosage for use in humans. In many instances, the dosage of such
compounds lies within a range of circulating concentrations that includes the ED50 with
little or no toxicity. The dosage may vary within this range depending upon the dosage
form empIO};ed and the route of administration utilized. For any compound used in the
method of the invention, the therapeutically effective dose can be estimated initially from
cell culture assays. A dose may be formulated in animal models to achieve a circulating
plasma concentration range that includes the IC50 (i.e., the concentration of the test
compound which achieves a half—maximal inhibition of symptoms) as determined in cell
culture. Such information can be used to more accurately determine useful doses in
humans. Levels in plasma may be measured, for example, by high performance liquid
chromatography. 4
[0201]  The dosage regimen for administration of a pharmaceutical composition of the
present invention can be determined by the attending physician based on various factors
such as the type of disease, the site of pathology, the severity of disease, the patient’s age,
sex, and diet, the severity of inflammation, time of administration and other clinical factors.
In one embodiment, inhalative, systemic or injectable administration can be initiated at a
dose which is minimally effective, and the dose will be increased over a pre-selected time
course until a positive effect is observed. Subsequently, incremental increasesA in dosage
will be made limiting to levels that produce a corresponding increase in effect while taking
into account any adverse affects that may appear. The addition of other known factors to a
final composition may also affect the dosage. Progress can be monitored by periodic
assessment of disease progression using standard methods.

[0202] A pharmaceutical composition of the present invention can be administered in
one dose or multiple doses. The doses can be administered at any desirable intervals. In
one embodiment, each dose includes about 0.1 ug - 100 mg, 1 pg - 10 mg, 10 pg -.1 mg, or
100 pg - 500 pg of an active therapeutic agent. Dosages below 0.1 pg or above 100 mg can
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also be used. The volume of each dose can range, for example, between 0.1 ml and 5 ml,
between 0.1 ml and 1 ml, or between 0.2 ml and 0.5 ml.
[0203] The pharmaceutical compositions of the present invnetion can be included in a

container, pack, or dispenser together with instructions for administration.

Kits

[0204] The invention also encompasses kits for detecting the presence of a CAT2 or an
'ARG1 gene product in a biological sample. The kit may comprise reagents for assessing
expression of CAT2 or ARGI at nucleotide or protein level. In one embodiment, the
reagents may be an antibody or fragment thereof, wherein the antibody or ﬂqgment thereof
specifically binds CAT2 or ARG1. For example, antibodies of interest may be prepared by
methods known in the art. Optionally, the kits may comprise a polynucleotide probe
wherein the probe specifically binds to a transcribed polynucleotide corresponding to the
CAT?2 or ARGI gene. The kit may contain means for determining the amount of CAT2 or
ARGTI protein or mRNA in the sample and means for comparing the amount of the CAT2 .
or ARG1 protein or mRNA in the sample with a control or standard. The compound or
agent can be packaged in a suitable container. The kit can further comprise instructions for
using the kit to detect the CAT2 or ARG1 protein or polynucleotide ‘

[0205] The invention further provides kits for assessing the suitability of each of a
plurality of compounds for inhibiting an inflammatory disease in a subject. Such kits
include a plurality of compounds to be tested, and a reagent (i.e., antibody specific to
corresponding proteins, or a probe or primer specific to corresponding polynﬁcleotides) for
assessing expression of CAT2 or ARGI.

)

EXAMPLES

Example 1: Gene expression changes in mouse lung associated with allergic reaction

| [0206] Balb/c mice (6-8 weeks of age) were obtained from Jackson Laboratories. All
animals used in this study were housed in an environmentally controlled, pathogen-free
facility under laminar flow hoods. All experiments conformed to the principals for
laboratory animal research as outlined in the Animal Welfare Act and the Department of

Health, Education and Welfare (NIH) guidelines for the experimental use of animals.
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[0207] Balb/c mice were immunized by an intraperitoneal (i.p.) injection of 10 pg of
OVA (Sigma, St. Louis, MO) in 200 pl of PBS on day 0. On days 14 and 25 mice were
anesthetized with a mixture of ketamine and xylazine (45 and 8 mg/kg, respectively) and
challenged intratracheally with 50 pl of a 1.5% solution of OVA or an equivalent volume of
PBS. Mice were injected i.p. either with 100 pl of PIBS, hlgG (400 pg/ml) or sIL-1302-Fc
(400 pg/ml) on days 24, 25 and 27. Purification of llaIgG was carried according to Urban et
al., Immunity 8(2): 255-645, 1998. Lungs were collle”cted and snap frozen for RNA isolation
on day 28.
[0208] To identify changes in mRNA concentration dependent on IL-13 mediated signal
transduction, two of the OVA-challenged mice }were treated with three intraperitoneal
injections of the soluble IL-13 receptor fusion protein, sIL-13Ra2-Fc, prior to and during
the course of the allergic challenge. As control for the Fc-moiety of the receptor fusion
protein, two of the OVA-challenged mice were similarly treated with intraperitoneal
administration of hIgG. A second set of six control mice were similarly sensitized to OVA
_without subsequent challenge and treated on an identical time course with intratracheal
administration of PBS buffer, either alone (n=2) or with intraperitoneal injection of hIgG
(0=2) or sIL-13Ro2-Fc (n=2). Lung tissue for the OVA-challenged and buffer-alone
control mice was harvested at 78 hr following the| second pulmonary antigen challenge (day
28).
[0209] Recombinant murine IL-13 (mIL-13; 5 pg in a final volume of 50 pl) was
administrated daily for three days by intratracheal instillation to naive Balb/c mice or Stat 6
deficient mice that had been anesthetized with a mixture of ketamine and xylazine (45 and 8
mg/kg, respectively). Lungs were collected and snap frozen in dry ice at 72 hrs after the
initial IL.-13 administration.
[0210] Snap frozen mouse lung tissue was pulverized using liquid nitrogen chilled
mortar and pestle, suspended in 6 ml 4M guanidinium isothiocyanate/0.7% B-
mercaptoethanol (GTC/ME) and pulse sonicated for 2 minutes. The tissue suspension was
extracted twice with acid equilibrated phenol (Promegé Total RNA kit) and nucleic acid
precipitated with an equal volume of isopropanol. . The pellet was resuspended in 0.8 ml
GTC/ME, reextracted twice with an equal volume acid phenol and once chloroform. RNA
was ethanol precipitated, suspended I DEPC treated H>O and quantified by OD:go.
[0211] cDNA was synthesized from 10 pg of total RNA using the Superscript kit (BRL)

with modification described in detail previously (Byrne et al., Current Protocols in
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Molecular Biology, John Wiley and Sons, Inc. (New York), 2000). First strand synthesis
was carried out at 50°C to prevent mispriming from ribosomal RNA and utilized a T7 RNA
polymerase promoter containing poly-T primer (T7T24) for subsequent in vitro antisense
RNA (cRNA) amplification and biotin labeling. c¢DNA was purified using BioMag
carboxyterminated beads (Polysciences) according to manufacture’s instructions, and eluted
in 48 pl of 10 mM sodium acetate, pH7.8. ‘

[0212]  In vitro T7 polymerase driven transcription reactions for synthesis and biotin
labeling of antisense cRNA, Qiagen Rneasy spin column purification and cRNA
fragmentation were carried out as described (supra). GeneChip hybridization mixtures
contained 10 pg fragmented cRNA, 0.5 mg/ml acetylated BSA, 0.1mg/ml ’herring sperm
DNA, in 1x MES buffer in a total volume of 200 pl as per manufacturer’s instructions.
Reaction mixtures were hybridized for 18 hr at 45°C to Affymetrix MullKsubA and
Mul1KsubB oligonucleotide arrays. The hybridization mixtures were removed and the
arrays were washed and stained with Streptavidin R-phycoerythrin (Molecular Probes)
using the GeneChip Fluiditics Station 400 (Affymetrix) and scanned with a Hewlett Packard
GeneArray Scanner following Manufacture’s instructions. Fluorescent data was collected
and converted to gene specific difference averages using MicroArray Suite 4.0 software.
[0213] An eleven member standard curve, comprised of gene fragments derived from
cloned bacterial and bacteridphage sequences were spiked into each hybridization mixture
at concentrations ranging from 0.5 pM to 150 pM representing RNA frequencies of
approximately 3.3 to 1000 parts per million (ppm) assuming an average transcript size of 2
kb. The biotinylated standard curve fragments were synthesized by T7-polymerase driven
IVT reaction from plasmid-based templates (supra). The spiked biotinylated RNA
fragments serve both as an internal standard to assess chip sensitivity and as standard curve
to convert measured fluorescence difference averages from individual genes into RNA
frequencies in ppm. Average fluorescence difference between perfect match and single
mismatch probe sets containing gene-specific oligonucleotides were used to determine
frequency values with respect to the spiked standard curve. In addition, a second set of
algorithms based primarily on the fraction of individual positive or negative responding
probe pairs, is used to assess the absolute presence or absence of the gene product (Lockhart
et al., Nat. Biotechnol. 14:1850-1856, 1996). The sensitivity of the individual microarray
chip is set at one-half the minimum concentration at which 2 of any 3 adjacent standard

curve spike-in templates are called present. The standard curve linear regression is forced
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through zero and the minimum reported gene frequency is set to the sensitivity of the
individual GeneChip®. ‘

[0214]  Multiple independent replicas for each of the treatment or control experimental
conditions were measured and the expression data subjected to routine statistical analysis in
an effort to remove false positives. Frequency values determined from individual
measurements for a given experimental set were initially compared using Excel software.
Average values for treatment and control animals were compared to obtain average fold
change (AFC). Two-tailed Student T-tests were calculated using either unequal covariance
with raw frequency values or equal covariance wiéh log-transformed frequency values. In
this work, only those genes which vary in AFC greater than 2-fold coupled to a Student t-
test P<0.05 in at least one of the experimental conditions are reported. The genes sets
established by the dual AFC > 2-fold and t-test P <0.05 criteria were subsequently edited to
remove genes called absent in the majority of test files and to remove redundancy due to
genes tiled multiple times on the Mul1KsubA and subB oligonucleotide arrays. Finally,
genes for which the average expression frequency of the treated animals was less than 2-
fold higher than the average of inter-experimental buffer alone controls were eliminated.
[0215] The murine 11K subA and subB GeneChip® allowed'the interrogation of over
13,000 murine genes, ESTs, and control sequences. The oligonucleotide arrays responded
with an average sensitivity of 13 ppm and 12 ppm for the MullKsubA and subB
oligonucleotide arrays, respectively. The quality of the purified RNA and derived cDNA
product was monitored by comparing the ratib of frequencies calculated for actin and
glyceraldehydes-3-phosphate dehydrogenase derived from the independent probe sets
representing the 5’-end versus those from the 3’-end of the respective genes. The measured
5°/3° ratio for RNA isolated from the different sets of control and treated animals were
balanced, averaging 0.81 with a range of 0.77 and 0.90 as reported in Table 3. Of the total
13,179 tiled sequences on the combined MuAl 1KsubA and subB GeneChip®, an average of
5294 (+/— 533) genes were called present in the individual analyzed files (Table 3) with an
overall coefficient of variance of 10.1%. Additionally, the sum of computed frequencies for
all genes called bresent in at least one file are reported for each of the subgroups, averaging
485 thousand with an overall coefficient variance of 20.9%. The similarity of chip
sensitivity and RNA quality of the individual GeneChip® experiments were reflected in an

overall balance in measured gene expression providing support for the use of a common
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spiked standard curve to normalize the individual files (Hill, A.A. et al., Genome Biol.
2(12), 2001).

[0216]

used to identify allergen-challenge induced gene expression (as shown in Table 3) was well

The overall gene expression measured for each of the three treatment groups

balanced with respect to mRNA integrity, number of genes called present and total mRNA

frequency computed across the various control and treatment files.

Table 3. Summary of RNA Balance

Balb/C 72hr (IL-13) | STAT6 72hr (IL-13) Balb/C 72hr (OVA)
Control | IL-13 Control | IL-13 Control | OVA OVA-+xFcl3Ra2
N=5 N=6 N=4 N=5 N=6 N=4 N=2

Avg RNA |0.90 0.77 0.88 0.80 0.76 0.78 0.80

5°/3’Ratio ‘

# Genes 5396 4984 5553 5422 5143 5352 5210

Present +/- 813 | +/- 568 +/-475 | +/-5143 | +/-285 | +/- 568 | +/- 394

Frequency | 450 581 482 539 447 414 480

Total' +/-101 | +/-131 | +/-80 | +/-174 |+/-83 |+/-52 |+/-89

! Average total frequency of all genes call Present in at least 1 file (x107%).

[0217] The gene éxpression profile measured for control mice treated with PBS was not-
significantly altered by intraperitoneal co-administration of human IgG or sIL-13Ra2-Fc,
and thus frequency values from the six control mice were combined as a single set in the
calcuiation of average untreated baseline expression values. Similarly, the four OVA-
challenged mice treated either with intraperitoneal co-administration of buffer or hIgG were
combined as a single set in calculation of average frequency values for pulmonary allergen-
challenged mRNA frequency. Comparison of the average lung mRNA frequencies between
the six PBS-treated control mice and four OVA-challenged mice, identiﬁed 246 tiled
sequences in which the AFC was 2-fold or gréater. Of this set of genes, 132 met the second

selection criteria of P<0.05 and are shown in Table 4 below.

Table 4. Summary of Gene Expression Changes

Balb/C 72hr STAT6 72hr Balb/C 72hr | PBS STAT6
IL-13 v. PBS IL-13 v. PBS OVA v. PBS v. Balb/C
# Genes Present " 5306 +/- 615 5480 +/- 536 5224 +/-386 | 5472 +/- 622
Total Frequency ¥ 522 +/- 130 514 +/- 136 441 +/- 72 466 +/- 86
>2X AFC? 279 28 246 43
P <0.05° 288 5 344 54
2X AFC + P <0.05 136 0 132 1

* Total number of mRNA transcripts called present of the 13,179 tile sequences.
T Average total frequency of all genes called Present in at least 1 file (x 10%)

¥ Number of genes meeting criteria of 2-fold or greater Average Fold Change
YNumber of genes meeting Student t-test criteria of P<0.05
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I Number of genes meeting dual criteria of 2-fold AFC and Student t-test P<0.05

[0218] This allergen-induced gene set was subseiquently filtered to remove genes that
were called absent in a majority of the test measurements as well as several genes which are
tiled redundantly oligonucleotide arrays. Average mRNA frequency values are reported for
the buffer alone control mice, OVA-challenged mice and OVA-challenged mice co-
administered the IL-13 antagonist. The genes were sorted by functional annotation with the
relative AFC between OV A-induced and control lung expression designated by background
color. It was found that the pulmonary allergic response up-regulates the expression of a
diverse set of genes with only three stafisticall significant decreases. Many of the
members of the induced allergic reaction gene set are from related functional families
including Fc receptors, proteases, protease inhibitors, complement, chitinase-related
proteins, immunoglobulins, and several secreted signaling proteins including chemokines
and trefoil factors. Several of the genes and gene families can be linked to asthma
pathobiology of epithelial cell metaplasia and mucus hypersecretion, eosinophilia, airway
remodeling and airway hyperactivity (AHR).

[0219] Physiological studies demonsﬁated an inhibition of pulmonary - eosinophil
infiltration, mucous overproduction and AHR elicited by OVA challenge in mice harboring
the Stat6-/- null allele (Kuperman, D. et al., J. Exp. Med. 187: 939-948, '1998; Akimoto, T.
et al., J. Exp. Med. 187: 1537-1542, 1998; Miyata\, S. et al., Clin. Exp. Allergy 29: 114-123,
1999). The Stat6-/- null allele was backcrossed into the Balb/C genetic' background and
treated with lung instillation of either mIL-13 (n=5) or PBS buffer control (n=4) using an
identiéal protocol and schedule as for the Balb/C wildtype mice. Expression profiling of the
lung tissue following multiple dose mIL-13 lung instillation identified 28 genes with an
AFC ranging from 2 to 3.2-fold in the Stat6-/- mice, yet none of these genes met the T-test
criteria (p<0.05) and cannot be considered statistically significant (Table 4). Additionally,
none of these genes 28 genes correspond to mIL-13 induced genes in the Balb/C wildtype
background. The top 25, statistically significant genes selected by AFC in the Balb/C
background were sorted by expression in OVA-challenge murine lung tissue and compared
to frequency values obtained for similarly treated mice harboring the Stat-/- allele. These
data demonstrate the requirement for Stat function for all of the measured mIL-13-mediated
gene induction in the Balb/C wildtype, consistent with the lack of physiological response to

the allergen challenge in the Stat-/- null mice.
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[0220] As a control, the measured lung gene expression in PBS-buffered treated Balb/C
wildtype (n=4) was compared to buffer-alone treated mice harboring the Stat-/- null allele
(n=4). The comparison identified 43 genes with an AFC of 2-fold or greater and 54 genes
with Student T-test P<0.05 (Table 4). In these gene frequency comparisons, however, only
a single gene met the dual selection criteria. The serum albumin D-box binding protein was
decreased 3.2-fold in the Stat-/- null mice (P=0.03). With the single exception of the
albumin D-box binding protein, these data demonstrated that in the absence of immune
stimulation, there was very limited difference in overall gene expression in the mouse lung
resulting from the Stat-/- null allele. Tn addition to the comparison of Stat-/- mII.-13 treated
and buffer control mice, these results further suggested that the dual AFC'and statiétical

criteria used to filter the data is effective in eliminating false positive calls.

Example 2: Gene expression changes in mouse lung induced by IL-13 lung instillation

[0221] To identify IL-13 mediated changes in pulmonary gene expression, six Balb/c
mice (J ackson Laborétories, Bar Harbor, ME) were treated with multiple 5 pg dose (0 hr, 24
hr, and 48 hr) lung instillation of recombinant mouse IL-13 (mIL-13). A second set of
control Balb/C mice (n=4) were instilled with buffer alone on an identical schedule.
Additionally, a set of Stat6-/- null mice were treated identically with multiple dose mIL13
(n=4) or PBS buffer (n=5) lung instillation prior to harvesting of all lungs at 78 hr for
expression profiling. Comparison of gene expression profile data of Balb/c mice treated by
intratracheal instillation of mIL-13 to buffer alone controls identified 279 genes with an
average fold difference greater than 2-fold within the average 5306 genes called present in
the individual files. Of these 279 genes, 136 met the second criteria of Student t-test P<0.05
(Table 4 above). |

[0222] There was a dramatic overlap in gene expression mediated by the allergen
challenge and direct IL-13 instillation. The observation of IL-13 up-regulated genes not
identified in the OVA-induced modél most likely reflects a difference in strength of signal
providéd by direct instillation of the cytokine. As either intratracheal iL-lB administration
or lung-specific transgenic overexpression of IL-13 result in all of the pathophysiological
responses seen in the mouse model of allergic asthma, the IL-13 modulated genes most
likely reflect an extended set of | disease-related genes. Figure 1 shows that CAT2 and
ARG] gene are up-regulated in the Balb/c mice receiving OVA or IL-13 treatment. Figure
2 shows the mRNA frequency of ARG1 in OVA or IL-13-treated Balb/c mice.
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Example 3: Induction of ARGI gene by OVA or adendyirus-mediated expression of IL-13 in
Balb/c mice

[0223]  Briefly, Balb/c mice were inoculated intranasally with 5x1010 particles of a
recombinant adenovirus expression murine IL-13 (Ad—ILlB) or murine secreted alkaline
- phosphatase (Ad-SEAP). Control mice were treated|with PBS, OVA, or IL-13 as described
in Example 1. The animals were sacrificed 72 hours post-inoculation and the lungs were
harvested for RNA extraction. RNA was preparederom the lung tissue using the RN-easy
Mini kit (Qiagen) following the manufacturer’s recommendations. ARG1 expression was
determined using Affymetrix Mu U74Av2 oligonucleotide arrays. The results are shown in

Figure 3. The mRNA frequency is expressed as parts pef million.

Example 4: Induction of ARG1 gene by adenovirus-mediated expression of IL-13 in C57bl/6
mice

[0224] Briefly, Balb/c mice were inoculated intranasally with 5x1010 particles of Ad-
IL13 or Ad-SEAP. Control mice were treated with PBS as described in Example 1. The ‘
animals were sacrificed 72 hours post-inoculation. The total lung RNA was isolated and
analyzed for ARG1 expression as described in Example 2. The results are shown in Figure
4. The mRNA frequency is expressed as parts pe} million.

Example 5: CAT2 and ARGI expression in murine macrophage cell line RAW264.7 treated
with LPS and IL-13

[0225] Confluent RAW264.7 cells were split 1:5 into 20 ml complete Dulbecco’s
modified Eagle medium (¢cDME) supplemented with 4 mM L-glutamine (CTS), 10% fetal
bovine serum (JRH Biosciences), non-essential amino acids (Gibco), and 10 mM HEPES
(Gibco).  Subconfluent cells were then stimulated 24 hours later with 100 ng/ml
recombinant mouse IL13 (R&D Systems) and/or 1 pg/ml lipopolysaccharide (LPS) from
Pseudomonas aeruginosa Serotype 10 _(Sigma). Following 24 hours of stimulation, cells
were scraped from the flasks, washed 1 time with cold PBS, and the cell pellet lysed in 600
ul of buffer RLT (RN-easy Mini kit, Qiagen) containing 10 pl/ml B-mercaptoethanol.
Lysates Wére stored at —80°C.

[0226] RNA was prepared from the treated RAW264.7 cells using the RN-easy Mini kit
(Qiagen) following the manufacturer’s recommendations. The RNA was quantitated by

absorbance at 260 nm, and a 1:6 standard curve prepared from the LPS/IL-13-treated
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sample starting at 150 ng/reaction. All remaining samples were assayed at 50 ng/reaction
for Argl, CAT1, CAT2A, CAT2B, CAT3, and CAT4 using the TaqMaﬁ EZ RT-PCR kit
(Applied Biosystems) and GAPDH mRNA expression to normalize. Primers were designed
using the Primer Express software (Applied Biosystems). Input for Argl, CAT1, CAT3 and
CAT4 was the entire mRNA coding sequence from GenBank, while only CAT2A- and
CAT2B-specific exons were used in the case of CAT2. Public databases were BLAST
searched with primer sequences to ensure specificity. Primer and FAM-labeled/ TAMRA-
‘quenched probe oligonucleotides in the following sequences (5°->3") were synthesized at
Wyeth:

Table 5. Primers

Gene 5’ Primer FAM Probe 3’ Primer
CAT1 SEQ ID NO:1,518 SEQ ID NO:1,519 SEQ ID NO: 1,520
CAT2A SEQ ID NO: 1,521 SEQ ID NO: 1,522 SEQ ID NO: 1,523
CAT2B SEQ ID NO: 1,524 SEQ ID NO: 1,525 SEQ ID NO: 1,526
CAT3 SEQ ID NO: 1,527 SEQ ID NO:1,528 SEQ ID NO: 1,529
CAT4 SEQ ID NO: 1,530 SEQ ID NO: 1,531 SEQ ID NO: 1,532
ARG1 SEQ ID NO: 1,533 SEQ ID NO: 1,534 SEQ ID NO: 1,535

PCR amplification was performed on an ABI 7700 Sequence Detector (Applied Biosystems) using the
standard 40 cycle parameters recommended in the EZ RT-PCR kit. Threshold cycle numbers were used to
generate an indication of expression using the method of Fink ez al. (Fink et al., Nat. Medicine, 4:1329-1333,
1998). Real-time quantitative RT-PCR after laser-assisted cell picking.

[0227] Figure 5 shows that CAT2A, CAT2B and ARG expression is marginally

induced by LPS alone, but is significantly induced by the combination of LPS and IL-13.

Example 6: Arginine uptake in RAW264.7 cells treated with LPS and IL-13

[0228] RAW264.7 cells, at 1 x 10°, were plated on 24-well tissue culture plates in 0.5
ml cDME. After adhering for 2 hours, 0.5 ml media containing LPS (Sigma) and/or rhIL13
(R&D Systems) was added for final concentrations of 1pg/ml and 10 ng/mi, respectively.
After 20 hours incubation at 37°C in an atmosphere of 5% CO; and 95% air, the cells were
washed 3 times with Arg Wash Buffer #1 (140mM choline chloride, SmM KCl, 0.9 mM
CaCl,, 1 mM MgSOs, 5.6 mM glucose, and 25mM HEPES, pH7.4), then an additional 4
times with Arg Transport Buffer (137 mM choline chloride, 5.4 mM KCl, 1.8 mM CaCl,,
1.2 mM MgSO,, 10 mM HEPES, adjusted fo pH7.4). Transport buffer (0.5 ml) was added
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with 5 mM L-Leucine (Sigma) and 38 nM L-[2,3,4,5-’H]Arginine (Amersham) mixed with
L-Arginine (Sigma) to a final concentration of eithé; 400 uM L-Arginine or 100 pM L-
Arginine and incubated for 3 minutes at ambient teniperature. Non-saturable binding was
quantitated by incubating a replicate well of each treeﬁ:ment with transport buffer containing
5 mM L-Arginine. CAT2 blockade was performgd/ in additional replicates by adding 20
mM L-Lysine (Sigma) to the transport buffer. Transport was stopped by washing 4x with
ice-cold Arg Wash Buffer #2 (137 mM NaCl, 10 mM Tris, 10 mM HEPES, pH 7.4). Cells
were lysed with 500 pl 1.0% SDS in 10 mM HEPES, pH 7.4. Protein quantitation was
performed using a micro-BCA kit (Pierce) and 400 pl lysate suspended in 10 ml
scintillation fluid, loaded into glass scintillation vials, and emissions counted for 1 minute.
Specific Arginine Uptake was calculated as Saturable binding (CPM/mg protein 400 pM
Arg) — Non-saturable binding (CPM/mg protein 5 mM Arg).

[0229] As shown in Figure 6, arginine uptake is optimally induced by treating
RAW264.7 cells with a combination of LPS and IL-13. The increased arginine uptake,
however, is inhibited by lysine (Figure 7), a the competitive inhibitor of CAT2 for arginine
transport. ‘

Example 7: Urea production in RAW264.7 cells treated with LPS and IL-13

[0230] RAW264.7 macrophages were stimulated in 24-well plates as for arginine
transport studies (above). After 20 hours of stimulation, the cells were washed three times
with Arg Wash Buffer #1 and then an additional four times with Arg Transport Buffer. The
cells were incubated at 37°C for 24 hours in an atmosphere of 5% CO; and 95% air in Arg
Transport Buffer containing 5 mM L-Leucine, 400 uM L-Arginine, +/- 20 mM L-Lysine.
Supernatants were clarified by centrifugation at 12,000 rpm for 10 minutes and 100 pl
assayed for urea in triplicate using a UV absorbance kit method (R-Biopharma) following
the manufacturer’s instructions with the exception that it was performed at 1/10 scale in a
96-well assay plate with a total volume of 300 pl/well. Cells were lysed with 500 pl of
1.0% SDS in 100mM HEPES, pH 7.4 and the protein quantitated using the Micro-BCA kit
(Pierce). Urea production was expressed as jg urea/mg protein lysate.

[0231] Figure 8 shows that the LPS/IL-13 treatment increases urea production in
RAW264.7 cells. In agreement with the arginine uptake data shown in Figures 6 and 7, the
increased urea production is inhibited lysine, the competitive inhibitor of CAT2 for arginine

transport.
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Example 8: Induction of ARGI expression requires IL-4 receptor

[0232] IL-4 receptor knockout mice (IL4R-/-) aﬁd IL-4 knockout mice (IL4-/-) were
sensitized to OVA, or treated with PBS or IL-13 as ?escribed in Figure 1. Total lung RNA
was isolated and analyzed for ARG1 expréssion as described in Example 2. The results are

shown in Figure 10. The mRNA frequency is expressed as parts per million.

Example 9: Effect of lysine on carbachol-induced Zacheal contraction

[0233] Rats between 8-10 weeks of age were used for this experiment. Trachea were
rapidly excised and cleaned of adherent connective tissue. Each trachea was sectioned into
3 - 4 mm in length and then cultured in a mixture of RPMI-1640 and DMEM (v / v)
medium with vehicle, leucine (25 mM), lysine (100 mM) or both of them for 15 - 20 hours.
Composition (mM) of the medium included 0.1 nonessential amino acids, 4% FBS, 2.0
glutamine, 0.05 B-mercaptoethanol, 100 U/ml penicillin / 100 pg/ml streptomycin.

[0234] T;achea were supported longitlidinally by a rod with a stainless steel pin into the
base of a double-jacketed, glass organ bath filled with 15 ml of Krebs-Henseleit (K-H)
solution (37° C) of the following composition (rﬂM): 118 NaCl; 4.7 KCl; 1.2 KH,PO,; 11.1
Dextrose; 1.2 MgSO4; 2.8 CaCly; and 25 NaHCO3. The solution was continuously gassed
with a 5% CO2 and 95% O7 mixture for the duration of each experiment. The upper support
was attached by a loop of silk thread to a TSD125 force transducér. Changes in tension of
tracheal rings were synchronously recorded with a MP150 system (BIOPAC Systems, Inc.)
and displayed on a PC computer.

[0235] Trachea treated with the drugs were washed with K-H solution at 10-min
intervals x 3 times. Carbachol (10'8 to 10-5 M)-response curves were constructed.
Concentrations of the agents were increased only when the contractile responses to the
previous concentrations had stébilized.

[0236] At the end of each experiment, all trachea were blotted on a gauze pad and

weighted. Tensions were calculated as milligram tensions per milligram weight (mg/mg)

and expressed as an individual percentage (%) of 10-5 M carbachol-evoked force of the
trachea in the absence of the drugs. All values were expressed as Mean + SE. Student's

paired t-test was used in this effect. A p value of less than 0.05 was considered significant.
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[0237] As shown in Figure 9, carbachol-induced rat tracheal contraction is inhibited by

lysine.

Example 10: Carbachol-induced tracheal contraction is reduced by deletion of the CAT2
gene

[0238] CAT?2 knockout mice (CAT2-/-) were treated as described in Example 9. As
shown in Figure 11, carbachol-induced tracheal contraction is also inhibited by the deletion
of the CAT2 gene, further suggesting the involvement of CAT2 in the pathophysioiogy of

inflammatory diseases.

Example 11: Association of Inhibition of ARGI mRNA Expression with IL-13 signaling
blockade

[0239] Balb/C-treated and untreated mice were sensitized to OVA, treated with PBS,
IL-13 or sIL13Ra2.Fc as described in Figure 1. Total lung RNA was isolated and analyzed
for ARG1 expression as described in Example 2. The results are shown in Figure 12. The
mRNA frequency is expressed as parts per million. }

[0240] While the invention has been illustrated and described in detail in the drawings
and foregoing description, the same is to be considered as illustrative and not restrictive in
character, it being understood that only the preferred embodiment has been shown and -
described and that all changes and modifications that come within the scope of the invention

are desired to be protected.
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What is claimed is:

1. A method comprising administering a therapéutically effective amount of an agent
to a mammal which has an allergic or inflammatory disease, wherein said agent inhibits an
activity or expression of a component of an arginine metabolic pathway in a tissue affected
by the disease, and said component is not a nitric oxide synthase (N 0S).

2. The method of claim 1, wherein the disease is a respiratory disease.

3. The method of claim 2, wherein the respiratory disease is asthma, chronic airway

remodeling, or chronic obstructive pulmonary diseage (COPD).

4. The method of claim 3, wherein said agent }s capable of binding to the component or
a polynucleotide encoding the component.

5. The method of claim 4, wherein said component is an arginase.

6. The method of claim 4, wherein said component is a cationic amino acid transporter.
7. The method of claim 4, wherein said component is downstream of an arginase in the
pathway.

8. The method of claim 2, wherein said agent inhibits the expression of the component

by RNA interference or an antisense mechanism.
9. The method of claim S, wherein said agent encodes or comprises an siRNA capable
of inhibiting the expression of ARG1 in said tissur by RNA interference.
10.  The method of claim 8, wherein said agent encodes or comprises an siRNA capable
of inhibiting the expression of CAT2 in said tissue by RNA interference.
11.  The method of claim 2, wherein said agent is a-diﬂuéromethylornithine. :
12.  The method of claim 2, wherein said agent is lysine or a cationic polypeptide.
13. The method of claim 1, wherein the mammal is a human.
14.  The method of claim 13, wherein said human has asthma or COPD, and said
component is an arginase or a cationic amino acid transporter, and wherein said agent is
capable of binding to said component or a polynucleotide encoding said component.
15. A method for identifying an agent for treating an allergic or inflammatory disease,
comprising: |

contacting a molecule with a tissue affected by asthma or another allergic or
inflammatory disease, wherein said molecule is capable of binding to a non-NOS
component of an arginine metabolic pathway or to a polynucleotide encoding said

component; and
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determining if said molecule is capable of ameliorating or eliminating a

syndrome or phenotype associated with said asthma or disease.
16.  The method of claim 15, wherein said molecule is selected or produced based on a
structure-based rational drug design or based on screening a compound library.
17.  The method of claim 15, wherein said component is an arginase or a cationic amino
acid transporter.
18. A method, comprising:

detecting an expression profile of at least one gene in a biological samplé of a
mammal; and

comparing said expression profile to a reference expression profile qf said at least
one gene to determine if the mammal has or is at risk for an allergic or inflammatory
disease,

wherein said one gene encodes a non-NOS component of an arginine metabolic
pathway.
19. The method of claim 18, wherein the disease is asthma.
20. A pharmaceutical composition comprising a pharmaceutically-acceptable carrier and
an agent capable of inhibiting an activity or expression of a non-NOS component of an

arginine metabolic pathway.
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