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Compositions and methods for M odulation of Immune Function

This application claims priority to US Provisional Application No. 61/820,678 filed May
7, 2013, the entire disclosure being incorporated herein by reference asthough set forth in full.

Pursuant to 35 U.S.C. §202(c), it is acknowledged that the U.S. Government has rights in
the invention described, which was made with funds from the Nationa |nstitutes of Health,
Grant Number, NIH R01 A1 080765.

Field of the Invention

The present invention relates to the fields of protein processing and immune function.
More specifically, the invention provides compositions and methods for activating or repressing
Nedd4-family E3 ubiquitin ligase action as a means to improve immune function in subjects in
need thereof.

Background of the Invention

Several publications and patent documents are cited throughout the specification in order
to describe the state of the art to which this invention pertains. Each of these citationsis
incorporated herein by reference as though set forth in full.

Nedd4-family E3 ubiquitin ligases regulate many biological processes including the
sodium and iron homeostasis and inflammation. For example, the Nedd4-family members Itch
can repress immune function in both innate and adaptive immune cells. Like other Nedd4-family
members, Itch normally exists in an auto-inhibited state that prevents their main enzymatic task,
transferring ubiquitin to a substrate protein. Thus, to pharmacologically harness Itch activity, one
much first determine how auto-inhibition occurs and identify means to "de-repress’ its catalytic

activity.
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Summary of the Invention

In accordance with the present invention, a composition which relieves auto-inhibition of
Itch or Nedd4-family members comprising similar motifs, comprising one or more peptides or
variants thereof, selected from the group comprising 1) PEQTAGDAPPPY SSITAESAAYFDY;
2) GDAPPPY SSITAESAAY FDY KDESGFPK PPSYNVA;
3)GDAPPPY SSITAESAAY FDY KDESGFPKPPSYNVATTLPSY DEAE in apharmaceutically
acceptable carrier, said peptide optionally being contained within alipsomeisprovided. The
liposomes may further comprise antibodies immunologically specific for molecules present on
the surfact of target cellsto facilitate cellular uptake of the peptide. In apreferred embodiment,
the peptides are contained within antibodies. In another embodiment, the peptides are operably
linked to a cellular penetrating peptide.

In an alternative embodiment of the invention, a composition comprising aplurality of
PPPY or PPSY peptide motifs operably linked via flexible linkersin ain apharmaceutically
acceptable carrier, said peptide optionally being contained within aliposome. In one
embodiment two, three, four, five or more motifs are operably linked.

In yet another aspect of the invention, amethod for reducing inflammation in apatient in
need thereof isdisclosed. An exemplary method entails administration of an effective amount of
the compositions disclosed above which are effectiveto modulate T cell function in said patient,
thereby reducing an undesired immune response. In another embodiment, the patient has a
disorder selected from the group consisting of asthma, atopic dermatitis and inflammatory bowel

disease.
Brief Description of the Drawings

Figure 1. Ndfipl andNdfip2 promote ubiquitin charging of Itch, A) El, E2, ubiquitin,
ATP and Mg++ were incubated together to prepare the E2 for ubiquitin transfer. EDTA was
added to prevent further transfer of ubiquitin from El to E2. This ensures that only asingle
ubiquitin will betransferred. Itch was then added to the reaction with or without Ndfipl or
Ndfip2. B) Ponceau S stain reveals protein loading for Itch, Ndfipl and Ndfip2. C) Schematic

2
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diagram of auto-inhibition by Itch and activation by Ndfipl . D) Ndfip peptide mimics
therapeutically activate

Figure 2. Ndfipl relies on PY motifs to promote Itch activation. A) ltch and Ndfipl
constructs used in assay described in panel B. The Ndfipl cytoplasmic domain, including its
three PY motifs are shown fused to GST. Mutants of the PY motif are point mutations changing
Y~>A. Itch charging was analyzed in the same assay as described in Figure 1, however in this
case WT (lane 1) or PY mutants (lanes 2-5) of Ndfipl were added. GST alone was added (lane
6) to assay Itch activity in the absence of Ndfipl.

Figure 3. Itch auto-inhibition relies on HECT and WW domains. A) Itch and Ndfipl
constructs used in the assay in panel B. A full length Itch (FL-Itch) and atruncation mutant of
Itch (AITCH) that lacks N-terminal regions including the C2 and proline rich motif were
generated. B) These were analyzed in aubiquitin charging assay in the presence or absence of
Ndfipl.

Figure 4. Itch autoinhibition is due to an interaction between the HECT and WW
domains. Constructs containing WW domain and HECT domain cassettes were generated as
shown in panel A . These were used in aubiquitin charging assay in which equal amounts of the
HECT motif were added to the assay with increasing concentrations of the WW domains (B).

Figure 5. Itch contains two PY motifsin Its HECT domain. The sequences of Nedd4-
family HECT domains were assessed to determine the source of auto-inhibition. A PY motif (1)
was identified in the HECT-domain that is conserved in 4 of 7 Nedd4-family members. A second
PY motif (2) was found several amino acids away from the catalytic cysteine (inred) in 5 of 7
members. NEDL1 and 2 lacked these matifs. Itch, and its most related family members WWP1
and WWP2, contain both PY motifs.

Figure 6. WW domains 2 and 3 dominate the Itch autoinhibitory interaction. A) A fret
assay was used to determine which WW domains of Itch limited its activity. WW 1-4A was used
as apositive control. We found that amutant of Itch with point mutations in WW domains 2 and
3 was active (not auto-inhibited) even in the absence of added Ndfipl . B) An Itch mutant with
point mutations in WW2 and 3 was tested for its ability to bind Ndfipl, WT Itch was used as a
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positive control. Ndfipl could not bind to Itch when it lacked functional WW2 and WW3

domains.

Figure 7. Itch activity increases when the protein ismutated in its WW domains. A)
WT Itch and the WW2.3 mutant of Itch were transfected into Jurkat T cells. Itch and JunB
stability was analyzed by western blot after stimulating cells in the presence or absence of
cycloheximide (CHX). B) ltch stability was analyzed in 4 independent experiments and the
combined datais shown. C) The impact of Itch levels on JunB stability is shown. The Itch
WW2.3 mutant isillustrated by the closed circle. D) IL-2 reporter activity (tested using a
luciferase assay) is shown. Based on these data, we conclude mutating the binding site in WW

domains 2 and 3 makes Itch more active in vitro and reduces the stability of Itch.

Figure 8. Multiple Nedd4-family members likely share this mechanism of auto-inhibition
and relief by Ndfipl and Ndfip2. Nedd4 and Itch were expressed, purified and tested in the
ubiquitin charging assay in the presence or absence of Ndfipl or Ndfip2 as shown. Neither Itch
nor Nedd4 were charged with ubiquitin in the assay when Ndfipl or Ndfip2 were omitted from
the assay. These assays were carried out for 30 seconds.

Detailed Description of the I nvention

In accordance with the present invention, we have now determined how auto-inhibition
Itch is achieved. First, we determined that auto-inhibition does not affect Itch binding to an E2
ubiquitin conjugating enzyme but instead prevents the E2 from transferring ubiquitin to the
catalytic cysteine residue in the Itch HECT domain, aprocess known as ubiquitin charging. As
shown by our model in Figure 1C, we have determined that Itch is autoinhibited due to an
intramolecular interaction between its HECT and WW domains. It isworth noting that the motifs
we have identified that mediate autoinhibition are conserved among other Nedd4-family
members, suggesting that these discoveries can be extended to other Nedd4-family E3 ubiquitin
ligases. Importantly, we have determined that Nedd4-family interacting protein 1 (Ndfipl)
relieves Itch auto-inhibition (see Figure 1C) by binding to the WW domains and releasing the
HECT domain to allow ubiquitin charging. By doing this, Ndfipl activates Itch to limit pro-

inflammatory cytokine production in T cells and macrophages.
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These discoveries provide guidance for the generation and testing of peptides that mimic
Ndfipl . We demonstrate that these peptides activate Itch ubiquitin ligase activity in a cell free
assay. Specifically, we have generated peptides that span one, two or al three of the motifs in
Ndfipl that bind WW domains of Itch. Addition of these peptides to our cell free assay resulted
in the ubiquitin charging of Itch and thus ltch activation (modeled in Figure 1D). Thus, we now
have novel peptides that may be used to activate Itch and possibly other Nedd4-family E3

ubiquitin ligases for therapeutic purposes.

|. Definitions:

The phrase "immune related disorder” refers to disorders characterized by aberrant
immune cell function mediated by T and B célls.

With reference to nucleic acids of the invention, the term "isolated nucleic acid" is
sometimes used. Thisterm, when applied to DNA, refers to aDNA molecule that is separated
from sequences with which it isimmediately contiguous (in the 5' and 3' directions) in the
naturally occurring genome of the organism from which it originates. For example, the "isolated
nucleic acid" may comprise aDNA or cDNA molecule inserted into avector, such as aplasmid
or virus vector, or integrated into the DNA of aprokaryote or eukaryote.

With respect to RNA molecules of the invention, the term "isolated nucleic acid"
primarily refers to an RNA molecule encoded by an isolated DNA molecule as defined above.
Alternatively, the term may refer to an RNA molecule that has been sufficiently separated from
RNA molecules with which it would be associated in its natural state (i.e., in cells or tissues),
such that it existsin a"substantially pure" form (the term "substantially pure" is defined below).

With respect to protein, the term "isolated protein” or "isolated and purified protein” is
sometimes used herein. Thisterm refers primarily to aprotein produced by expression of an
isolated nucleic acid molecule of the invention. Alternatively, this term may refer to aprotein
which has been sufficiently separated from other proteins with which it would naturally be
associated, so asto exist in "substantially pure" form.

The term "promoter region” refers to the transcriptional regulatory regions of agene,
which may be found at the 5' or 3' side of the coding region, or within the coding region, or

within introns.
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The term "vector" refers to asmall carrier DNA molecule into which a DNA sequence
can be inserted for introduction into ahost cell where it will bereplicated. An "expression
vector" isaspecialized vector that contains agene or nucleic acid sequence with the necessary
regulatory regions needed for expression in ahost cell.

The term "operably linked" means that the regulatory segquences necessary for expression
of a coding sequence are placed in the DNA molecule in the appropriate positions relative to the
coding sequence so asto effect expression of the coding sequence. This same definition is
sometimes applied to the arrangement of coding sequences and transcription control elements
(e.g. promoters, enhancers, and termination elements) in an expression vector. This definition is
also sometimes applied to the arrangement of nucleic acid sequences of afirst and a second
nucleic acid molecule wherein ahybrid nucleic acid molecule is generated.

The term "substantially pure” refers to apreparation comprising &t least 50-60% by
weight the compound of interest (e.g., nucleic acid, oligonucleotide, protein, etc.). More
preferably, the preparation comprises at least 75% by weight, and most preferably 90-99% by
weight, of the compound of interest. Purity ismeasured by methods appropriate for the
compound of interest (e.g. chromatographic methods, agarose or polyacrylamide gel
electrophoresis, HPLC analysis, and the like).

The phrase "consisting essentialy of when referring to aparticular nucleotide sequence
or amino acid sequence means a sequence having the properties of agiven SEQ ID NO:. For
example, when used in reference to an amino acid sequence, the phrase includes the sequence
per se and molecular modifications that would not affect the basic and novel characteristics of
the sequence.

The term "oligonucleotide,” asused herein refers to primers and probes of the present
invention, and is defined as anucleic acid molecule comprised of two or more ribo- or
deoxyribonucleotides, preferably more than three. The exact size of the oligonucleotide will
depend on various factors and on the particular application for which the oligonucleotide is used.

The term "probe" asused herein refers to an oligonucleotide, polynucleotide or nucleic
acid, either RNA or DNA, whether occurring naturally asin apurified restriction enzyme digest
or produced synthetically, which is capable of annealing with or specifically hybridizing to a
nucleic acid with sequences complementary to the probe. A probe may be either single-stranded

or double-stranded. The exact length of the probe will depend upon many factors, including
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temperature, source of probe and method of use. For example, for diagnostic applications,
depending on the complexity of the target sequence, the oligonucleotide probe typically contains
15-25 or more nucleotides, although it may contain fewer nucleotides.

The probes herein are selected to be "substantially” complementary to different strands of
aparticular target nucleic acid sequence. This means that the probes must be sufficiently
complementary so asto be ableto "specifically hybridize" or anneal with their respective target
strands under a set of pre-determined conditions. Therefore, the probe sequence need not reflect
the exact complementary sequence of the target. For example, anon-complementary nucleotide
fragment may be attached to the 5' or 3' end of the probe, with the remainder of the probe
sequence being complementary to the target strand. Alternatively, non-complementary bases or
longer sequences can be interspersed into the probe, provided that the probe sequence has
sufficient complementarity with the sequence of the target nucleic acid to anneal therewith
specificaly.

The term "specifically hybridize" refers to the association between two single-stranded
nucleic acid molecules of sufficiently complementary sequence to permit such hybridization
under pre-determined conditions generally used in the art (sometimes termed "substantially
complementary™). In particular, the term refers to hybridization of an oligonucleotide with a
substantially complementary sequence contained within asingle-stranded DNA or RNA
molecule of the invention, to the substantial exclusion of hybridization of the oligonucleotide
with single-stranded nucleic acids of non-complementary sequence.

The term "primer" asused herein refers to an oligonucleotide, either RNA or DNA, either
single-stranded or double-stranded, either derived from abiological system, generated by
restriction enzyme digestion, or produced synthetically which, when placed in the proper
environment, is able to act functionally as an initiator of template-dependent nucleic acid
synthesis. When presented with an appropriate nucleic acid template, suitable nucleoside
triphosphate precursors of nucleic acids, apolymerase enzyme, suitable cofactors and conditions
such as a suitable temperature and pH, the primer may be extended at its 3' terminus by the
addition of nucleotides by the action of apolymerase or similar activity to yield aprimer
extension product.

The primer may vary in length depending on the particular conditions and requirements

of the application. For example, in diagnostic applications, the oligonucleotide primer is
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typically 15-25 or more nucleotides in length. The primer must be of sufficient complementarity
to the desired template to prime the synthesis of the desired extension product, that is, to be able
to anneal with the desired template strand in amanner sufficient to provide the 3' hydroxyl
moiety of the primer in appropriate juxtaposition for use in the initiation of synthesis by a
polymerase or similar enzyme. It isnot required that the primer sequence represent an exact
complement of the desired template. For example, a non-complementary nucleotide sequence
may be attached to the 5' end of an otherwise complementary primer. Alternatively, non-
complementary bases may be interspersed within the oligonucleotide primer sequence, provided
that the primer sequence has sufficient complementarity with the sequence of the desired
template strand to functionally provide atemplate-primer complex for the synthesis of the
extension product.

The term "percent identical” isused herein with reference to comparisons among nucleic
acid or amino acid sequences. Nucleic acid and amino acid sequences are often compared using
computer programs that align sequences of nucleic or amino acids thus defining the differences
between the two. For purposes of this invention comparisons of nucleic acid sequences are
performed using the GCG Wisconsin Package version 9.1, available from the Genetics Computer
Group in Madison, Wisconsin. For convenience, the default parameters (gap creation penaty =
12, gap extension penalty = 4) specified by that program are intended for use herein to compare
sequence identity. Alternately, the Blastn 2.0 program provided by the National Center for
Biotechnology Information(on the world wide web a nchi.nlm.nih.gov/blast/; Altschul et al.,
1990, JMol Biol 215:403-410) using a gapped aignment with default parameters, may be used
to determine the level of identity and similarity between nucleic acid sequences and amino acid

sequences.

[l. Preparation of Polypeptides which modulate Immune Cell Function
Nucleic acid molecules encoding the peptides of the invention may be prepared by
using recombinant DNA technology methods. The availability of nucleotide sequence
information enables preparation of isolated nucleic acid molecules of the invention by avariety
of means. For example, nucleic acid sequences encoding an Itch modulating peptide may be

isolated from appropriate biological sources using standard protocols well known in the art.
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Nucleic acids of the present invention may be maintained as DNA in any convenient
cloning vector. In apreferred embodiment, clones are maintained in aplasmid
cloning/expression vector, such as pBluescript (Stratagene, La Jolla, CA), which is propagated in
asuitable E. coli host cell. Alternatively, the nucleic acids may be maintained in vector suitable
for expression in mammalian cells. In cases where post-tranglational modification affects

immune function, it is preferable to express the molecule in mammalian cells.

B. Proteins

Polypeptides of the present invention may be prepared in avariety of ways, according to
known methods. The protein may be purified from appropriate sources, e.g., transformed
bacterial or animal cultured cells or tissues which express peptide encoding nucleic acids, by
immunoaffinity purification. The availability of nucleic acid molecules encoding the inventive
polypeptides enables production of the same using in vitro expression methods known in the art.
For example, a cDNA or gene may be cloned into an appropriate in vitro transcription vector,
such as pSP64 or pSPE5 for in vitro transcription, followed by cell-free trandlation in a suitable
cell-free trandlation system, such aswheat germ or rabbit reticulocyte lysates. In vitro
transcription and tranglation systems are commercially available, e.g., from Promega Biotech,
Madison, Wisconsin or BRL, Rockville, Maryland.

Alternatively, according to apreferred embodiment, larger quantities of peptide may be
produced by expression in a suitable prokaryotic or eukaryotic expression system. For example,
part or al of aDNA molecule encoding a peptide for example, may be inserted into aplasmid
vector adapted for expression in abacterial cell, such asE. coli or amammalian cell such as
CHO or Hela cells. Alternatively, in apreferred embodiment, tagged fusion proteins comprising
the peptide can be generated. Such peptide-tagged fusion proteins are encoded by part or al of a
DNA molecule, ligated in the correct codon reading frame to anucleotide sequence encoding a
portion or all of adesired polypeptide tag which isinserted into aplasmid vector adapted for
expression in abacteria cell, such asE. coli or aeukaryotic cell, such as, but not limited to, yeast
and mammalian cells. Vectors such asthose described above comprise the regulatory elements
necessary for expression of the DNA in the host cell positioned in such amanner asto permit

expression of the DNA in the host cell. Such regulatory elements required for expression
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include, but are not limited to, promoter sequences, transcription initiation sequences, and
enhancer sequences.

The peptides of the invention, produced by gene expression in arecombinant prokaryotic
or eukaryotic system may be purified according to methods known in the art. In apreferred
embodiment, a commercialy available expression/secretion system can be used, whereby the
recombinant protein is expressed and thereafter secreted from the host cell, to be easily purified
from the surrounding medium. If expression/secretion vectors are not used, an alternative
approach involves purifying the recombinant protein by affinity separation, such as by
immunological interaction with antibodies that bind specifically to the recombinant protein or
nickel columns for isolation of recombinant proteins tagged with 6-8 histidine residues at their
N-terminus or C-terminus. Alternative tags may comprise the FLAG epitope, GST or the
hemagglutinin epitope. Such methods are commonly used by skilled practitioners.

Asdiscussed above, a convenient way of producing apolypeptide according to the
present invention isto express nucleic acid encoding it, by use of the nucleic acid in an
expression system. A variety of expression systems of utility for the methods of the present
invention are well known to those of skill in the art.

Accordingly, the present invention also encompasses amethod of making a polypeptide
(as disclosed), the method including expression from nucleic acid encoding the polypeptide
(generdly nucleic acid). Thismay conveniently be achieved by culturing a host cell, containing
such avector, under appropriate conditions which cause or allow production of the polypeptide.

Polypeptides may also be produced in in vitro systems, such asreticulocyte lysate.

[11. Uses of Peptide encoding Nucleic Acids and Proteins

Peptide encoding nucleic acids can be used to advantage to produce large quantities of
the peptides disclosed herein. Alternatively, they may be inserted into expression vectors
suitable for expression of the peptides in human subjects. Peptides produced thereby should be
effective to modulate immune cell function in humans and may be used according to this
invention, for example, astherapeutic and/or prophylactic agents which modulate T cell or B cell
function. The present inventors have discovered that peptides which are effective to increase or

repress Nedd4-family E3 ubiquitin ligase activity.

10
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A. Polypeptides

The polypeptides may be used for avariety of purposes in accordance with the present
invention. In apreferred embodiment of the present invention, the polypeptides may be
administered to apatient via infusion in abiologically compatible carrier. The peptides of the
invention may optionaly be encapsulated in to liposomes or other phospholipids to increase
stability of the molecule. Such liposomes may include an antibody targeting moiety, directing
the peptides to atarget cell of interest, such aB cell or T cell.

The peptides of the invention may be operably linked to a cellular penetrating peptide.
Such peptides are known in the art and include the tat peptide and the MSP peptide. Other CPPs
useful in the practice of the invention are disclosed in US Patent 13/264,482 which is
incorporated herein by reference.

The peptides may be administered alone or in combination with other agents known to
modulate immune function such as immunosuppressive agents or steroids. An appropriate
composition in which to deliver the peptides may be determined by amedical practitioner upon
consideration of avariety of physiologica variables, including, but not limited to, the patient's
condition and hemodynamic state. A variety of compositions well suited for different
applications and routes of administration are well known in the art and described hereinbel ow.

The preparation containing the purified peptide contains a physiologically acceptable
matrix and is preferably formulated as a pharmaceutical preparation. The preparation can be
formulated using substantially known prior art methods, it can be mixed with abuffer containing
sdts, such asNaCl, CaCl,, and amino acids, such as glycine and/or lysine, and in apH range
from 6 to 8. Until needed, the purified preparation containing the peptide can be stored in the
form of afinished solution or in lyophilized or deep-frozen form. Preferably the preparation is
stored in lyophilized form and is dissolved into avisually clear solution using an appropriate
reconstitution solution.

Alternatively, the preparation according to the present invention can also be made
available as aliquid preparation or as aliquid that is deep-frozen.

The preparation according to the present invention is especially stable, i.e., it can be
allowed to stand in dissolved form for aprolonged time prior to application.

The preparation according to the present invention can be made available as a
pharmaceutical preparation with immune modulating activity in the form of a one-component

11
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preparation or in combination with other factors in the form of amulti-component preparation.

Prior to processing the purified protein into apharmaceutical preparation, the purified
peptide is subjected to the conventional quality controls and fashioned into atherapeutic form of
presentation. In particular, during the recombinant manufacture, the purified preparation istested
for the absence of cellular nucleic acids aswell asnucleic acids that are derived from the
expression vector, preferably using amethod, such asis described in EP 0 714 987.

Peptides useful in the practice of the invention, include for example,

1) PEQTAGPAPPPY SSITAESAAYFDY
2) GDAPPPY SSITAESAAYFDYKDESGFPK PPSYNV A
3)GDAPPPY SSITAESAAYFDYKDESGFPKPPSYNVATTLPSYDEAE

The underlining indicates the motif that isknown to bind Nedd4-family E3 ligases. Linked
amino acid residues might beirrelevant. While all three of these peptides are effective to relieve
Itch auto-inhibition, the minimal motif is predicted to be PPPY or PPSY. Operably linking
these two peptides via aflexible linker ispredicted to beideal. Removing lysine (K) residues
from the sequence show in 1, 2 and 3 above, is predicted to stabilize the peptides in vivo.
Accordingly, such variant peptides are also within the scope of the invention. Methods for
modulating immune function include use of one, two or more of the peptide or peptide variants
disclosed herein.

These peptides should decrease proinflammatory cytokine production in T cells and in
macrophages, dendritic cells and other antigen presenting cells aswell asin other innate
inflammatory cells. Diseases that could betreated by such peptides include asthma,
inflammatory bowel disease, food allergy, and atopic dermatitis. Psoriasis may also be improved
by treatment with such peptides. While these peptides are based on sequence of Ndfipl, the
peptide from Ndfip2 should also be effective and include the following sequences: PPPY and
LPTY. Inthis case, two peptides (i.e. PPPY and LPTY or two PPPY motifs) connected by a
flexible linker should exhibit superior activity in vivo. .

12
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B. Pharmaceutical Compositions

Pharmaceutical preparations comprising the peptide in a suitable biological buffer may be
administered to apatient via intravenous bolus infusion. The compositions may be administered
alone or in combination with at least one other agent, such as a stabilizing compound, which may
be administered in any sterile, biocompatible pharmaceutical carrier, including, but not limited
to, saline, buffered saline, dextrose, and water. The compositions may be administered to a
patient alone, or in combination with other agents which influence the inflammatory response.

In preferred embodiments, the pharmaceutical compositions also contain a
pharmaceutically acceptable excipient. Such excipients include any pharmaceutical agent that
does not itself induce an immune response harmful to the individual receiving the composition,
and which may be administered without undue toxicity. Pharmaceutically acceptable excipients
include, but are not limited to, liquids such aswater, saline, glycerol, sugars and ethanol.
Pharmaceutically acceptable salts can also be included therein, for example, mineral acid salts
such as hydrochlorides, hydrobromides, phosphates, sulfates, and the like; and the salts of
organic acids such as acetates, propionates, malonates, benzoates, and the like. Additionaly,
auxiliary substances, such as wetting or emulsifying agents, pH buffering substances, and the
like, may be present in such vehicles. A thorough discussion of pharmaceutically acceptable
excipients is available in Remington's Pharmaceutical Sciences (Mack Pub. Co., 18th Edition,
Easton, Pa. [1990]).

Pharmaceutical formulations suitable for parenteral administration may be formulated in
aqueous solutions, preferably in physiologically compatible buffers such as Hanks' solution,
Ringer's solution, or physiologically buffered saline. Aqueous injection suspensions may contain
substances which increase the viscosity of the suspension, such as sodium carboxymethyl
cellulose, sorbitol, or dextran. Additionally, suspensions of the active compounds may be
prepared as appropriate oily injection suspensions. Suitable lipophilic solvents or vehicles
include fatty oils such as sesame oil, or synthetic fatty acid esters, such as ethyl oleate or
triglycerides, or liposomes. Optionally, the suspension may also contain suitable stabilizers or
agents which increase the solubility of the compounds to alow for the preparation of highly
concentrated solutions.

For topical or nasal administration, penetrants appropriate to the particular barrier to be

permeated are used in the formulation. Such penetrants are generally known in the art. The
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pharmaceutical compositions of the present invention may be manufactured in any manner
known in the art (e.g., by means of conventional mixing, dissolving, granulating, dragee-making,
levigating, emulsifying, encapsulating, entrapping, or lyophilizing processes).

The pharmaceutical composition may be provided as a salt and can be formed with many
acids, including but not limited to, hydrochloric, sulfuric, acetic, lactic, tartaric, malic, succinic,
etc. Saltstend to be more soluble in aqueous or other protonic solvents than are the
corresponding, free base forms. In other cases, the preferred preparation may be alyophilized
powder which may contain any or all of the following: 1-50 mM histidine, 0.1%-2% sucrose, and
2-7% mannitol, at apH range of 4.5 to 5.5, that is combined with buffer prior to use.

After pharmaceutical compositions have been prepared, they may be placed in an
appropriate container and labeled for treatment. For administration of the peptides disclosed
herein, such labeling would include amount, frequency, and method of administration.

Pharmaceutical compositions suitable for use in the invention include compositions
wherein the active ingredients are contained in an effective amount to achieve the intended
therapeutic purpose. Determining atherapeutically effective dose iswell within the capability of
askilled medical practitioner using the techniques and guidance provided above. Therapeutic
doses will depend on, among other factors, the age and general condition of the subject, the
severity of the immune disorder, and the levels of peptide required. Thus, atherapeutically
effective amount in humans will fall in arelatively broad range that may be determined by a
medical practitioner based on the response of an individual patient to peptide treatment.

The following example isprovided to illustrate certain embodiments of the invention. It

isnot intended to limit the invention in any way.
Example
Modulation of Nedd4-family E3 ubiquitin ligases as a means to Regulate |mmune Function

E3 Ubiquitin ligases are essentia in the regulation of many biological processes and have
emerged as an exciting new class of "drugable" targets for pharmaceutical intervention. We
recently discovered peptides which activate a class of E3 ubiquitin ligases thereby limiting pro-
inflammatory cytokine production and inflammation. These peptides can be delivered to cells in
vitro and in vivo and their effects on areduction of the inflammatory response assessed. These

agents may have particular utility for reducing inflammation in the gastrointestina (Gl) tract.
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The inventive peptides may also be useful for treating asthma, atopic dermatitis and other
chronic inflammatory diseases.

We have determined how auto-inhibition of one Nedd4 family member is achieved and
have identified the motifs which mediate auto-inhibition. Notably, these motifs are conserved
among other family members. Accordingly, the peptides disclosed herein should have utility in
modulating the function of most Nedd4-family E3 ubiquitin ligases. Additionally, we have
identified a small family of adaptors, Ndfipl and Ndfip2, that relieve auto inhibition and have
determined how these adaptors work. This discovery hasrevealed novel peptides that may be
used to activate Nedd4-family E3 ubiquitin ligases for therapeutic purposes. Additionally, these
discoveries have revealed ways that small molecules could be used to promote or inhibit the
function of Nedd4-family E3 ubiquitin ligases. Our studies have also revealed that in the absence
of this regulatory mechanism, i.e. when the two adaptors are not expressed and thus cannot
relieve auto-inhibition of Nedd4-family E3 ligases, overt inflammation develops leading to
conditions that resemble, lympho-proliferation, asthma, atopic dermatitis and inflammatory
bowel disease. Thus, therapeutic regulation of Nedd4-familyE3 ubiquitin ligases could be used to
treat patients with these conditions.

Ndfipl and Ndfip2 relieve auto-inhibition d the Nedd4-family E3 ubiquitin ligase ltch.

There are 9 members of the Nedd4-family of E3 ubiquitin ligases. These ligases are
unusual in that there is ahigh degree of sequence similarity. All family members are composed
of aHECT domain (the catalytic subunit), 2-4 WW domains, and asingle C2 domain. Auto-
inhibition of family members has been described by others, and different mechanisms of auto-
inhibition have been proposed. For example, one family member, Itch, has been shown to be
auto-inhibited due to an interaction between the HECT domain and a proline-rich region that sits
between the C2 domain and the first WW domain (Gallagher, E et a. PMID 16446428). We
have devised anew way to look at auto-inhibition, namely by using aubiquitin charging assay
which isthe initial event in activating Nedd4-family E3 ubiquitin ligases. Ubiquitin charging
occurs when an E2 ubiquitin conjugating enzyme transfers ubiquitin to the catalytic cysteine of
the Nedd4-family E3 ligase. This event is absolutely required for catalytic activity of the E3
ligase. Asshown in Figure 2A, when ltch is added to this assay, there isno evidence of aband
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indicating ubiquitin charging of Itch, athough bands indicating ubiquitin bound El and E2 are
apparent. In contrast, when Ndfipl or Ndfip2 are added, ubiquitin charging of Itch is observed.
These data show that Ndfipl and Ndfip2 promote the transfer of ubiquitin to the Itch catalytic
cysteine, i.e, the initial event that results in Itch activation. We have determined that Ndfipl and
Ndfip2 are not required for ltch to bind the E2, as association between E2 and Itch occur in the
absence of Ndfipl and Ndfip2. E2-Itch binding occurs due to an interaction between the
LI/PPXY (PY) motifs of Ndfipl and the WW domains of Itch. Thus, as shown in Figure 2, when

these PY motifs are missing, neither ubiquitin charging of Itch, nor Itch activation, occur.

Itch auto-inhibition is mediated by intramolecular interaction between HECT and WWdomains.

Having determined that Ndfipl promotes Itch activation, we decided to focus on how Itch
autoinhibition works. We generated atruncation of Itch that contains only the HECT and WW
domains and tested this in our ubiquitin charging assay. Asseen in Figure 3, Itch auto-inhibition
occurs when Itch contains only these domains and this is still relieved by the addition of Ndfipl .
Thus, we hypothesized that Itch inhibition is due to an intramolecular interaction between the
HECT and WW domains.

Totest this, we generated constructs that contain the WW domains (WW 1-4) and the
HECT domain as separate cassettes. We then tested auto-inhibition of the HECT domain by
adding the WW domains 'in trans. Additionally, we truncated Itch so that it contained only 4, 2,
or 0 WW domains. As seen in Figure 4C and D, asWW domains were removed, Itch auto-
inhibition was relieved. Figure 4 panel C shown the constructs containing 4, 2, or 0 WW
domains. These were used in the ubiquitin charging assay described. Thus, Itch auto-inhibition is
mediated by and interaction between its WW domains and its HECT domain.

Auto-inhibition by this mechanism is not limited to Itch, but rather may be generalized to
multiple Nedd4-family members.

WW domains bind PY motifs aswell as other motifs that are not well defined. Knowing
that auto-inhibition of Itch ismediated by WW domain and HECT domain interactions, knowing
that Ndfipl binds to Itch via its PY motifs, and knowing that Ndfipl relieves Itch auto-inhibition
of Itch, we hypothesized that the Itch HECT motif might contain PY motifs. We thus surveyed
the amino acid sequence or Itch for such motifs and identified two, noted PY1 and PY2 in
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Figure 5.

Importantly, not only does Itch contain two such motifs in its HECT domain, but 6 out of
9 Nedd4-family members contain such motifs. Thus we have revealed ameans of mediating
auto-inhibition of multiple Nedd4-family members. Supporting this, we tested another Nedd4-
family member, the prototypic member known as Nedd4. We found that, like Itch, Nedd4 was
autoinhibited in the ubiquitin charging assay. Furthermore, this auto-inhibition was relieved by
the addition of Ndfipl or Ndfip2.

These data support that auto-inhibition of most Nedd4-family membersis dueto an
interaction between the HECT and WW domains and that interaction with PY motif -containing
adaptorsisrequired for such auto-inhibition to berelieved. Based on these data, we propose that
peptides that mimic Ndfipl or Ndfip2can be used to promote the activation of Nedd4 family E3
ligases.

In additional experiments, we introduced point mutations to destabilize the two WW
domains and observed that Itch was significantly more active. Thisismost likely because Itch
has lost its ability to form an autoinhibitory interaction between these domains and the HECT
domain (Figure 6a). Additionally, this mutant was no longer able to bind Ndfipl (Figure 6b).

We then tested whether this was important in vivo by expressing mutant and wild type
Itch in human T cells (Jurkat). We found that 1tch was much more active when it contained
point mutations in WW domains 2 and 3 (Figure 7). Increased Itch activity could be measured
by increased degradation of JunB and reduced IL-2 production (two known measures of Itch

function.

Mice lacking Ndfipl and Ndfip2 expression develop inflammation at ayoung age and die d
inflammatory related consequences

Ndfipl and Ndfip2 activate Nedd4-family E3 ubiquitin ligases, including Itch, to limit
inflammation. Mice lacking Ndfipl or both Ndfipl and Ndfip2 develop conditions reminiscent
of food alergy, asthma, atopic dermatitis, and inflammatory bowel disease. Our data support that
Ndfipl limits pro-inflammatory cytokines in both adaptive immune cells (T cells) aswell asin
innate immune cells. Thus peptides or small molecule approaches that relieve auto-inhibition of
Itch or other Nedd4family members should have utility for treatment of food allergy, asthma,

atopic dermatitis and inflammatory bowel disease.
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While certain of the preferred embodiments of the present invention have been described
and specifically exemplified above, it isnot intended that the invention be limited to such
embodiments. Various modifications may be made thereto without departing from the scope and
spirit of the present invention, as set forth in the following claims.
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What isclamed is:

1. A composition which relieves auto-inhibition of Itch or Nedd4-family members
comprising similar motifs comprising one or more peptides or variants thereof, selected from the

group consisting of:

1) PEQTAGPAPPPY SSITAESAAYFDY

2) GDAPPPY SSITAESAAY FDY K DESGFPK PPSYNVA

3)GDAPPPY SSITAESAAYFDY KDESGFPKPPSYNVATTLPSYDEAE

in apharmaceutically acceptable carrier, said peptide optionally being contained within a

lipsome. .

2. A composition which relieves auto-inhibition of Itch or Nedd4-family members
comprising similar motifs comprising one or more peptides or variants thereof, selected from the
group consisting of: two or more PPPY or PPSY peptide motifs operably linked via aflexible
linker in ain apharmaceutically acceptable carrier, said peptide optionally being contained

within aliposome.

3. A method for reducing inflammation in apatient in need thereof comprising
administration of an effective amount of the composition of claim 1or claim 2, said composition

being effectiveto modulate T cell function in said patient.

4. The method of claim 3, wherein said composition is contained within an antibody-
studded liposome, wherein said antibody isimmunologically specific for atarget cell of interest.

5. The method of claim 3, further comprising administration of one or more additional

anti-inflammatory agents.
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6. The method of claim 3, wherein said patient has a disorder selected from the group
consisting of asthma, atopic dermatitis and inflammatory bowel disease.

7. The composition of claim 1or claim 2, wherein said peptide is operably linked to a
cellular penetrating peptide.
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