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MODULATION OF LRCH4 ACTIVITY AND THERAPEUTIC APPLICATION
THEREOF

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims benefit to U.S. Provisional Patent Application Serial No.
61/433,491 filed January 17, 2011, incorporated it its entirety.

TECHNICAL FIELD
[0002] The subject matter described herein relates to modulating cellular activity by

altering the activity of Lrch4.

BACKGROUND

[0003] ILeucine-rich repeat and calponin homology domain-containing protein 4
(Lrch4) is a single-spanning transmembrane protein that is encoded by the L.rch4 gene in
humans. The human form of Lrch4 is 83% identical to murine Lrch4 and was identified in a
proteomic screen of macrophage as being rapidly recruited to lipid rafts after LPS exposure. It is
predicted to have 680 amino acids and have a molecular weight of 73 kDa.

[0004] Toll-like receptors (TLRs) are a type of pattern recognition receptors found in
vertebrates and invertebrates — there are ten different varieties in humans all of which recognize
different ligands. TLRs 1,2 4, 5, and 6 are expressed as cell surface receptors, while TLRs 3, 7
and 9 are expressed on internal cellular membranes. TLRs are categorized as pattern recognition
receptors because they recognize conserved aspects microbial proteins, such as bacterial cell-
surface lipopolysaccharides, or in the case of intracellular receptors, foreign nucleic acids. Not
surprisingly, they play a central role in the innate immune response and are known to be
involved in signaling pathways that control cytokine production. TLRs commonly function as
dimers. While most TLRs appear to function as homodimers, TLR2 is known to form
heterodimers with TLLR1 and TLR6, although each of these dimers has a different ligand
specificity. Cell signaling mediated by all TLRs other than TLR3 involves interacting with the
accessory protein MyD88, a cytosolic adaptor which is known to activate the transcription factor
NF-xB.

[0005] In addition, and in some instances because of, their role in innate immunity,
TLRs are also known (or implicated) to play a significant role in certain diseases, such as sepsis;

respiratory diseases (acute respiratory distress syndrome, asthma, and chronic obstructive
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pulmonary disease); autoimmune diseases (systemic lupus erythematosus and rheumatoid
arthritis); inflammatory bowel syndrome; heart disease (acute coronary syndrome); cancer;
metabolic syndrome; and atherosclerosis, to name a few. Because of the association of TLRs
with disease, they are an attractive target for new therapeutics. See Hennessy et al., Nature

Reviews 9:293 (2010).

SUMMARY

[0006] Disclosed herein are methods of modulating signaling in a cell by altering the
activity of Lrch4. In some embodiments, cell signaling mediated by TLRs is modulated;
however, in other embodiments non-TLR-mediated signaling, such as that mediated by PMA, is
modulated. In some embodiments, Lrch4 activity is altered by modulating its expression in a
cell. In some embodiments Lrch4 modulation reduces its expression in a cell, while in other
embodiments its expression increases. Lrch4 expression can be reduced by one or more Lrch4-
specific polynucleotides in a cell, such as an inhibitory RNA, for example, a ShRNA or a siRNA.
In some embodiments, a Lrch4-specific inhibitory RNA comprises SEQ ID NO: 1, SEQ ID NO:
2, or SEQ ID NO: 3. Conversely, Lrch4 expression can be increased in a cell by overexpressing a
Lrch4 gene in a cell. In one embodiment, Lrch4 may be overexpressed in a cell by transforming
the cell with a vector capable of expressing Lrch4 protein. Lrch4 activity can also altered by
exposing the cell to a Lrch4-specific antibody, or a fragment thereof; an isolated Lrch4
ectodomain, or a fragment thereof; or a small molecule modulator of Lrch4 activity.

[0007] Also disclosed are methods for modulating a cellular response to a TLR ligand
by altering the activity of Lrch4 in a cell contacted with the ligand. In some embodiments, Lrch4
activity may be altered by modulating its expression in a cell. In some embodiments Lrch4
modulation reduces its expression in a cell, while in other embodiments its expression increases.
Lrch4 expression can be reduced by one or more Lrch4-specific polynucleotides in a cell, such as
an inhibitory RNA, for example, a ShRNA or a siRNA. In some embodiments, a Lrch4-specific
inhibitory RNA comprises SEQ ID NO: 1, SEQ ID NO: 2, or SEQ ID NO: 3. Conversely, Lrch4
expression can be increased in a cell by overexpressing a Lrch4 gene in a cell. In one
embodiment, Lrch4 may be overexpressed in a cell by transforming the cell with a vector
capable of expressing the Lrch4 protein. Lrch4 activity can also altered by exposing the cell to a
Lrch4-specific antibody, or a fragment thereof; an isolated Lrch4 ectodomain, or a fragment

thereof; or a small molecule modulator of Lrch4 activity.
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[0008] The methods disclosed in this regard may be used to modulate one or more of a
variety of cellular response, individually or in combination, to a TLR ligand. For example, in
some embodiments, the cellular response that is modulated is cytokine expression. Cytokines
that may be modulated by the methods described herein include, but are not limited to: tumor
necrosis factor alpha (TNF-a), TNF-B, interferon alpha (IFN-a), IFN-B, IFN-w, IFN-y,
granulocyte colony-stimulating factor (G-CSF), interleukin (IL)-1, I1L-2, IL-3, IL-4, IL-5, IL-6,
IL-7, IL-§, IL-9, IL-10, IL-11, IL.-12, IL-13, IL.-14, IL-15, IL-16, IL.-17, IL-18, IL-19, IL.-20, IL-
21, IL-22, 11.-23, 11.-24, 1L.-25, 1L.-26, 11.-27, 11.-28, 11.-29, 11.-30, IL.-31, IL.-32, 11.-33, or IL.-35.
In some embodiments, cytokine expression may be modulated such that cellular expression is
reduced, while in other embodiments, expression may be increased. Furthermore, other cellular
responses can be modulated by the methods described herein. For example, the function of
cellular signaling proteins, adaptor proteins, or transcription factors, such as mitogen-activated
protein (MAP) kinases, MyD8&8, or nuclear factor (NI)-kB, respectively, may be altered. In
some embodiments, the function of these proteins may be altered by modulating the activity of
Lrch4, which may result in reducing or increasing the function of these proteins in a cell. It
should be understood that modulating the function of signaling proteins, adaptor proteins, or
transcription factors may have downstream effects. For example, modulating MyD88 function
may in turn modulate the expression of IL.-8 by a cell.

[0009] Also described herein are methods for modulating cytokine production in a cell
by altering the activity of Lrch4 in the cell. In some embodiments, Lrch4 activity may be altered
by modulating its expression in a cell. In some embodiments L.rch4 modulation reduces its
expression in a cell, while in other embodiments its expression increases. Lrch4 expression can
be reduced by one or more Lrch4-specific polynucleotides in a cell, such as an inhibitory RNA,
for example, a shRNA or a siRNA. In some embodiments, a Lrch4-specific inhibitory RNA
comprises SEQ ID NO: 1, SEQ ID NO: 2, or SEQ ID NO: 3. Conversely, Lrch4 expression can
be increased in a cell by overexpressing a Lrch4 gene in a cell. In one embodiment, Lrch4 may
be overexpressed in a cell by transforming the cell with a vector capable of expressing the Lrch4
protein. Lrch4 activity can also altered by exposing the cell to a Lrch4-specific antibody, or a
fragment thereof; an isolated Lrch4 ectodomain, or a fragment thereof; or a small molecule
modulator of Lrch4 activity. Cytokines that may be modulated by the methods described herein
include, but are not limited to: tumor necrosis factor alpha (TNF-o), TNF-B, interferon alpha

(IFN-av), IFN-B, IFN-®, IFN-y, granulocyte colony-stimulating factor (G-CSF), interleukin (IL)-
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1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-§, IL.-9, I1.-10, IL-11, IL.-12, IL-13, IL.-14, IL-15, IL-16,
IL-17, IL-18, IL-19, IL.-20, IL-21, I11.-22, 11.-23, 1L.-24, IL.-25, IL.-26, IL.-27, I1.-28, 11.-29, 11.-30,
IL-31, IL.-32, I1.-33, or IL-35. In some embodiments, cytokine expression may be modulated
such that cellular expression is reduced, while in other embodiments, expression may be
increased.

[0010] Other methods described herein include methods for modulating MyD88-
mediated signaling in a cell by altering the activity of Lrch4 in the cell. In some embodiments,
Lrch4 activity may be altered by modulating its expression in a cell. In some embodiments
Lrch4 modulation reduces its expression in a cell, while in other embodiments its expression
increases. Lrch4 expression can be reduced by one or more Lrch4-specific polynucleotides in a
cell, such as an inhibitory RNA, for example, a shRNA or a siRNA. In some embodiments, a
Lrch4-specific inhibitory RNA is SEQ ID NO: 1, SEQ ID NO: 2, or SEQ ID NO: 3. Conversely,
Lrch4 expression can be increased in a cell by overexpressing a Lrch4 gene in a cell. In one
embodiment, L.rch4 may be overexpressed in a cell by transforming the cell with a vector
capable of expressing the Lrch4 protein. Lrch4 activity can also altered by exposing the cell to a
Lrch4-specific antibody, or a fragment thereof; an isolated Lrch4 ectodomain, or a fragment
thereof; or a small molecule modulator of Lrch4 activity. In some embodiments, MyD88-
mediated signaling may be modulated such that it is reduced, while in other embodiments, it may
be increased.

[0011] In addition, this disclosure provides methods for modulating NF-kB activation
in a cell by altering the activity of Lrch4 in the cell. In some embodiments, Lrch4 activity may
be altered by modulating its expression in a cell. In some embodiments L.rch4 modulation
reduces its expression in a cell, while in other embodiments its expression increases. Lrch4
expression can be reduced by one or more Lrch4-specific polynucleotides in a cell, such as an
inhibitory RNA, for example, a shRNA or a siRNA. In some embodiments, a Lrch4-specific
inhibitory RNA comprises SEQ ID NO: 1, SEQ ID NO: 2, or SEQ ID NO: 3. Conversely, Lrch4
expression can be increased in a cell by overexpressing a Lrch4 gene in a cell. In one
embodiment, Lrch4 may be overexpressed in a cell by transforming the cell with a vector
capable of expressing the Lrch4 protein. Lrch4 activity can also altered by exposing the cell to a
Lrch4-specific antibody, or a fragment thereof; an isolated Lrch4 ectodomain, or a fragment

thereof; or a small molecule modulator of Lrch4 activity. In some embodiments, NF-kB
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activation may be modulated such that it is reduced, while in other embodiments, it may be
increased.

[0012] Described herein are methods for modulating activation of a MAP kinase in a
cell by altering the activity of Lrch4 in the cell. In some embodiments, Lrch4 activity may be
altered by modulating its expression in a cell. In some embodiments L.rch4 modulation reduces
its expression in a cell, while in other embodiments its expression increases. Lrch4 expression
can be reduced by one or more Lrch4-specific polynucleotides in a cell, such as an inhibitory
RNA, for example, a ShRNA or a siRNA. In some embodiments, a Lrch4-specific inhibitory
RNA comprises SEQ ID NO: 1, SEQ ID NO: 2, or SEQ ID NO: 3. Conversely, Lrch4
expression can be increased in a cell by overexpressing a Lrch4 gene in a cell. In one
embodiment, Lrch4 may be overexpressed in a cell by transforming the cell with a vector
capable of expressing the Lrch4 protein. Lrch4 activity can also altered by exposing the cell to a
Lrch4-specific antibody, or a fragment thereof; an isolated Lrch4 ectodomain, or a fragment
thereof; or a small molecule modulator of Lrch4 activity. In some embodiments, activation of a
MAP kinase may be modulated such that it is reduced, while in other embodiments, it may be
increased.

[0013] Also disclosed herein are methods of modulating inflammation in a subject by
altering the activity of Lrch4. In some embodiments, Lrch4 activity may be altered by
modulating its expression in the subject, or in one or more cells of the subject. In some
embodiments Lrch4 modulation reduces its expression in the subject, or in one or more cells of
the subject, while in other embodiments its expression increases. Lrch4 expression can be
reduced by one or more Lrch4-specific polynucleotides, such as an inhibitory RNA, for example,
a shRNA or a siRNA. In some embodiments, a Lrch4-specific inhibitory RNA comprises SEQ
ID NO: 1, SEQ ID NO: 2, or SEQ ID NO: 3. Conversely, Lrch4 expression can be increased by
overexpressing a Lrch4 gene in the subject, or in one or more cells of the subject. In one
embodiment, L.rch4 may be overexpressed in a cell by transforming one or more cells of a
subject with a vector capable of expressing the Lrch4 protein. Lrch4 activity can also altered by
exposing the subject, or one or more cells of the subject, to a Lrch4-specific antibody, or a
fragment thereof; an isolated Lrch4 ectodomain, or a fragment thereof; or a small molecule
modulator of Lrch4 activity. In some embodiments, inflammation may be modulated such that it
is reduced, while in other embodiments, it may be increased. For example, inflammation may be

reduced in order to treat an inflammatory disease, such as sepsis, which may be caused by
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exposure to lipopolysaccharides (LLPS), lipooligosaccharide (LOS) or other endotoxin; however,
in other instances, such as delivery of a vaccine antigen to a subject, it may desirable to increase
the inflammatory response to enhance, magnify, or speed up, the subject’s immune response. In
this regard, inflammation, or the inflammatory response, in a subject may be altered by
modifying the activity of Lrch4 to either increase or reduce levels of cytokines including, but not
limited to: tumor necrosis factor alpha (TNF-cot), TNF-p, interferon alpha (IFN-a), INF-f3, IFN-,
IFN-vy, granulocyte colony-stimulating factor (G-CSF), interleukin (IL)-1, IL-2, IL-3, IL.-4, IL-5,
IL-6, IL-7, IL-8, IL-9, IL.-10, IL-11, IL-12, IL-13, IL.-14, IL-15, IL-16, IL-17, IL-18, IL-19, IL-
20, IL-21, 11.-22, 11.-23, 11.-24, 11.-25, 1L.-26, 1L.-27, 11.-28, 1L.-29, 1L.-30, 1L.-31, I1.-32, IL.-33, or
IL-35; or by increasing or reducing the activity of cellular signaling proteins, adaptor proteins, or
transcription factors, such as mitogen-activated protein (MAP) kinases, MyD&8, or nuclear factor
(NI)-xB, respectively.

[0014] Provided herein are methods of treating cancer in a subject by altering the
activity of Lrch4. In some embodiments, Lrch4 activity may be altered by modulating its
expression in the subject, or in one or more cells of the subject. In some embodiments Lrch4
modulation reduces its expression in the subject, or in one or more cells of the subject, while in
other embodiments its expression increases. Lrch4 expression can be reduced by one or more
Lrch4-specific polynucleotides, such as an inhibitory RNA, for example, a shRNA or a siRNA.
In some embodiments, a Lrch4-specific inhibitory RNA comprises SEQ ID NO: 1, SEQ ID NO:
2, 0or SEQ ID NO: 3. Conversely, Lrch4 expression can be increased by overexpressing a Lrch4
gene in the subject, or in one or more cells of the subject. In one embodiment, Lrch4 may be
overexpressed in a cell by transforming one or more cells of a subject with a vector capable of
expressing the Lrch4 protein. Lrch4 activity can also altered by exposing the subject, or one or
more cells of the subject, to a Lrch4-specific antibody, or a fragment thereof; an isolated Lrch4
ectodomain, or a fragment thereof; or a small molecule modulator of Lrch4 activity. In this
regard, a subject in need of cancer treatment may be treated by modifying the activity of Lrch4 to
alter the function of MyDS88, or a mutated form of MyD8&8. Lrch4 activity could also be
modified to either increase or reduce levels of cytokines including, but not limited to: tumor
necrosis factor alpha (TNF-a), TNF-B, interferon alpha (IFN-a), INF-B, IFN-w, IFN-y,
granulocyte colony-stimulating factor (G-CSF), interleukin (IL)-1, I1L-2, IL-3, IL.-4, IL-5, IL-6,
IL-7, IL-§, IL-9, IL-10, IL-11, IL.-12, IL-13, IL.-14, IL-15, IL-16, IL.-17, IL-18, IL-19, IL.-20, IL-
21, IL-22, 11.-23, 11.-24, I1.-25, 11.-26, 11.-27, 11.-28, 11.-29, 11.-30, I1.-31, 11.-32, I1.-33, or IL.-35;
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or by increasing or reducing the activity of cellular signaling proteins, adaptor proteins, or
transcription factors, such as mitogen-activated protein (MAP) kinases or nuclear factor (NF)-
KB, respectively. Some cancers that may be treated by the methods described herein include, but
are not limited to, cancers of the immune system, B-cell lymphomas, non-Hodgkin lymphoma,

leukemias, and T-cell lymphomas.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Figure 1 depicts data that indicates Lrch4 localizes to cellular membranes.
Figure 1(a) is a western blot of cytoplasm, membrane, and nuclear cellular fractions. Figure 1(b)
depicts the subcellular localization of GIFP-tagged Lrch4 compared to GFP alone (tGFP); DAPI
nuclear staining is also as a reference for the relative location of the nuclei of depicted cells.

[0016] Figure 2 illustrates the relative expression levels of Lrchl, 2, 3, and 4 in various
murine tissues.

[0017] Figures 3(a) and (b) show shRNA-mediated reductions in Lrch4 expression,
relative to a-tubulin or GAPDH expression, respectively, in RAW 264.7 macrophages.

[0018] Figure 4 illustrates the relative reduction of LPS-induced production of TNF-a
by RAW 264.7 macrophages expressing Lrch4-specific shRNAs.

[0019] Figures 5(a) and (b) illustrate the relative reduction of LPS-induced production
of either TNF-a (a) or G-CST (b) by RAW 264.7 macrophages expressing Lrch4-specific
inhibitory RNAs.

[0020] Figure 6 illustrates the relative reduction of Pam2CSK4-induced production of
TNF-o by RAW 264.7 macrophages expressing Lrch4-specific shRNAs.

[0021] Figure 7 illustrates the relative reduction of imiquimod-induced production of
TNF-o by RAW 264.7 macrophages expressing Lrch4-specific shRNAs.

[0022] Figure 8§ illustrates the relative reduction of ODN2395-induced production of
TNF-o by RAW 264.7 macrophages expressing Lrch4-specific shRNAs.

[0023] Figure 9 shows that overexpression of Flag-tagged Lrch4 in RAW264.7
macrophages increases the production of TNF-a in response to stimulation by LPS, Pam3CSK4,
or poly(I: C).

[0024] Figure 10 shows that overexpression of Flag-tagged Lrch4 in RAW264.7

macrophages increases the production of TNF-a in response to stimulation by Pam2CSK4.
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[0025] Figure 11 shows that overexpression of Flag-tagged Lrch4 in RAW264.7
macrophages increases the production of TNF-a in response to stimulation by imiquimod.

[0026] Figure 12(a) shows reduced production of cytokine IL.-8 by TLR-transfected
293-hMD2-CD14 cells expressing Lrch4-specific inhibitory RNAs following stimulation with
LPS or Pam3CSK4. As depicted in Figures 12(b), Lrch4-specific siRNA did not inhibit
production of IL-8 in the presence of TNFo, which was used a negative control.

[0027] Figure 13 depicts baseline-corrected LPS induced p65 binding in RAW 264.7
cells expressing Lrch4-specific ShRNA. In both instances, NF-kB activation was reduced by the
expression of Lrch4-specific ShRNA.

[0028] Figure 14 is a western blot showing relative levels of phosphorylated p38,
unphosphorylated p38, Lrch4, and tubulin in RAW 264.7 macrophages with, or without, LPS
stimulation.

[0029] Figure 15 shows western blot results of MyD88-Lrch4 co-immunoprecipitation
from untreated or Pam3CSK4-stimulted RAW 264.7 macrophages cells. The blot shows the
presence of MyD88 or Lrch4 in either whole cell lysate (WCL) or recovered using MyDS§8-
specific antibodies.

[0030] Figure 16 illustrates levels of IL.-8 produced by 293-hMD2-CD14 cells
expressing constitutively active MyDS88 in the presence or absence of Lrch4-specific siRNA.

[0031] Figure 17 depicts the relative levels of TLLR4 expressed on the cell surface of
RAW 264.7 cells in the presence of non-specific shRNA (scrambled shRNA), Lrch4-specific
shRNA (AS5-Lrch4 shRNA), empty vector (¢), and Lrch4-Flag (Lrch4 overexpression).

[0032] Figure 18 shows the percent change in relative binding of biotin-labeled LPS to
the surface of RAW 264.7 in the presence of Lrch4-specific shRNAs.

[0033] Figure 19 depicts a Western blot showing co-precipitation of Lrch4 and CD14
from cells exposed to biotin-labeled LPS, and then affinity precipitated with streptavidin-
agarose.

[0034] Figure 20 shows the reduction in (a) white blood cells (WBCs) or (b)
neutrophils (PMNs) present in the lung airspaces of mice treated with Lrch4-specific sShRNA

prior to exposure to acrosolized LPS.
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Detailed Description of Illustrative Embodiments

Definitions:

[0035] Asused in this specification and the appended claims, the singular forms “a,”
“an,” and “the” include plural referents unless the content clearly dictates otherwise. Thus, for
example, reference to “a cell” includes a combination of two or more cells, and the like.

[0036] The term “about” as used herein when referring to a measurable value such as
an amount, a temporal duration, and the like, is meant to encompass variations of +20% or
+10%, more preferably 5%, even more preferably +1%, and still more preferably £0.1% from
the specified value, as such variations are appropriate to perform the disclosed methods.

[0037] An “antibody” as described herein can be of any isotype, including but not
limited to IgG, gD, IgA, IgM, IgF, and IgY, and may be derived or obtained from a variety of
mammalian sources, such as a bird, mouse, rat, rabbit, monkey, ape, or human. Fragments of an
antibody may be any subportion of the entire antibody, such as a variable heavy chain domain, a
variable light chain domain, or combinations thereof, a diabody, triabody, tetrabody, bis-scFv,
Fabs Fab, scFv, or an Fab, as well as similar such fragments known in the art. The antibody and
antibody fragments described herein may mediate the discussed modulating activity by binding
to a target antigen, such as Lrch4 and: imparting a structural change to the antigenic protein,
causing cellular internalization of the antigenic protein, initiating signaling by the antigenic
protein, preventing the antigenic protein from interacting with another protein (for example,
preventing dimmer formation or heterologous protein interaction by steric hindrance) or blocking
the active site of the antigenic protein.

[0038] As used herein, the terms “altering” or “modulating the function of,” may mean
to change the level of translation, transcription, production of, expression, or activity of a protein
or gene to any measurable extent.

[0039] Asused herein, the terms “altering” or “modulating” the activity of, may mean
to change the level of translation, transcription, production, or expression of, or the function of, a
protein or gene to any measurable extent.

[0040] As used herein, the term “modulating” refers to any measurable change, such as
a change in type, kind, or amount.

[0041] As used herein, the term “reducing” refers to any measurable decrease.
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[0042] Asused herein, “treatment” shall mean temporary or permanent improvement,
alleviation, palliation, remediation or elimination of signs or symptoms of a disease, ailment, or
physical malady.

[0043] “Isolated” means altered “by the hand of man” from the natural state. If a
molecule or composition occurs in nature, it has been “isolated” if it has been changed or
removed from its original environment, or both. For example, a polynucleotide or a polypeptide
naturally present in a living plant or animal is not “isolated,” but the same polynucleotide or
polypeptide separated from the coexisting materials of its natural state is “isolated” as the term is
employed herein.

[0044] Asused herein, the terms “oligonucleotide” and “polynucleotide” denote
polymers of nucleotides. Further, as used herein, the term “target nucleic acid” means a nucleic
acid sequence selectively bound by a modulating oligonucleotide and can include
polynucleotides having at least a portion of the sense or antisense code for Lrch4. Accordingly,
DNA, RNA (including pre-mRNA and mRNA), cDNA, and hybrid nucleic acids such as
artificial sequences having at least a portion of the sequence of the Lrch4 coding sequence can be
considered a target nucleic acid. Herein, the terms “nucleic acid,” “target nucleic acid,” and
“nucleic acids encoding Lrch4” also include sequences having any of the known base analogs of
DNA and RNA such as, but not limited to 4-acetylcytosine, 8-hydroxy-N-6-methyladenosine,
aziridinylcytosine, pseudoisocytosine, 5-(carboxyhydroxylmethyl) uracil, 5-bromouracil, 5-
carboxymethylaminomethyl-2-thiouracil, 5-carboxymethylaminomethyluracil, dihydrouracil,
inosine, N6-isopentenyladenine, 1-methyladenine, 1-methylpseudouracil, 1-methyl guanine, 1-
methylinosine, 2,2-dimethylguanine, 2-methyladenine, 2-methylguanine, 3-methylcytosine, 5-
methylcytosine, N6-methyladenine, 7-methylguanine, 5-methylaminomethyluracil, 5-methoxy-
aminomethyl-2-thiouracil, beta-D-mannosylqueosine, 5’-methoxycarbonylmethyluracil, 5-
methoxyuracil, 2-methylthio-N6-isopentenyladenine, uracil-5-oxyacetic acid methylester, uracil-
5-oxyacetic acid, oxybutoxosine, pseudouracil, queosine, 2-thiocytosine, 5-methyl-2-thiouracil,
2-thiouracil, 4-thiouracil, 5S-methyluracil, N-uracil-5-oxyacetic acid methylester, 2,6-
diaminopurine, and 2'-modified analogs such as, but not limited to O-methyl, amino-, and fluoro-
modified analogs. Sense and antisense oligonucleotides can be chemically modified so as to
improve stability in vivo or in vitro. Properties of the polynucleotide can be engineered to impart
stability (e.g., nuclease resistance), tighter binding or the desired melting temperature. For

example, the polynucleotide can include modified nucleotide analogs, such as those already

- 10 -



WO 2012/099871 PCT/US2012/021538

described. The oligonucleotides contemplated herein can comprise mixtures of naturally
occurring nucleotides and nucleotide analogues.

[0045] The term “modulatory” oligonucleotide (or polynucleotide) denotes an
oligonucleotide having a sequence that enables it to interact with a nucleic acid sequence in such
a way that the function of the nucleic acid sequence is altered. The functional alteration that
occurs may include, but is not limited to, transcription inhibition, translation inhibition,
decreased half-life, transcription upregulation, translation upregulation, and increased half-life.
The modulatory oligonucleotides described herein may be either RNA or DNA and have a
sequence that is substantially complementary to at least a segment of a selected portion of a
nucleic acid sequence. They also encompass, without limitation, antisense molecules,
ribozymes, sense molecules and triplex-forming molecules. Modulatory oligonucleotides may
disrupt the function of the nucleic acid by specifically hybridizing with it. In some embodiments,
however, modulatory oligonucleotides may enhance the function of the nucleic acid either
directly or indirectly, for example, by inhibiting a regulatory protein so that translation of a
desired protein is upregulated. Some such modulatory oligonucleotides may specifically
hybridize to the selected portion of the nucleic acid. Additionally, the modulatory
oligonucleotide may have a sequence that is substantially identical to that of the selected portion
of the nucleic acid. In some embodiments provided herein modulatory polynucleotides are
described as inhibitory polynucleotides, such as inhibitory RNA.

[0046] The term “complementary,” as used herein, refers to the capacity of two
nucleotides to pair with each other. For example, if the nucleotides located at a certain position
on two oligonucleotides are capable of hydrogen bonding, then the oligonucleotides are
considered to be complementary to each other at that position. The oligonucleotides and the
DNA or RNA themselves are complementary to each other when a sufficient number of
corresponding positions in each molecule are occupied by nucleotides which can hydrogen bond
with each other. Thus, “specifically hybridizable” and “complementary” are terms which are
used to indicate a sufficient degree of complementarity or precise paring such that stable and
specific binding may occur between the oligonucleotides and the DNA or RNA target.

[0047] Tt should be understood that the sequence of a modulating oligonucleotide
compound need not be 100 percent complementary to that of its target nucleic acid to be
specifically hybridizable. A modulating oligonucleotide compound is specifically hybridizable

when binding of the compound to the target DNA or RNA molecule interferes with the normal
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function of the target DNA or RNA. A sufficient degree of complementarity prevents non-
specific binding of the inhibitory oligonucleotide compound to nontarget sequences under
conditions in which specific binding is desired, i.e. under physiological conditions in the case of
in vivo assays or therapeutic treatment, and in the case of in vitro assays, under conditions in
which the assays are performed.

[0048] “Identity” refers to the percent of identical sequences between at least two
oligonucleotides or polypeptides. The percent identity between the sequences from one moiety
to another can be determined by techniques known in the art, for example by direct comparison
of aligned sequences. Alternatively, the degree of identity can be determined by hybridization of
polynucleotides under conditions which form stable duplexes between identical regions,
followed by digestion with single-stranded-specific nuclease(s), and size determination of the
digested fragments. Two DNA, or two polypeptide sequences are “substantially identical” to
each other when the sequences exhibit at least about 75%-85 %, preferably at least about 90 %,
and most preferably at least about 95%-98% sequence identity over a defined length of the
molecules, as determined using the methods above or other such methods known in the art. As
used herein, substantially identity also refers to sequences showing complete identity to the
specified DNA or polypeptide sequence. DNA sequences that are substantially identical can be
identified with Southern hybridization techniques under, for example, stringent conditions, as
defined for that particular system. Defining appropriate hybridization conditions in this regard
should be within the knowledge of those skilled in the art.

[0049] A “subject” as described herein can be any mammal, such as a rodent, rabbit,
money, ape, or human.

[0050] The term “one or more cells of a subject” includes single cells, functional
groups of cells (e.g. a subsegment of a tissue, such as the medulla or cortex of the thymus), or a
tissue.

[0051] A “functional homologue” or a “functional equivalent” of a given polypeptide
includes molecules derived from the wild-type polypeptide sequence, as well as recombinantly-
produced or chemically-synthesized polypeptides which function in a manner similar to the wild-
type molecule to achieve a desired result. Thus, a functional homologue of Lrch4 encompasses
derivatives and analogues of those polypeptides--including any single or multiple amino acid
additions, substitutions and/or deletions occurring internally or at the amino or carboxy termini

thereof, so long as integration activity remains.
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[0052] A “vector” is any genetic element, such as a plasmid, phage, transposon,
cosmid, chromosome, or a carrier of such an element (e.g., a virus, virion, etc.), which can
transfer gene sequences into cells and which may or may not replicate in the host cells or allow
for expression of the genetic material encoded by the element. Thus, the term includes cloning
and expression vehicles, as well as viral vectors.

[0053] “Gene transfer” or “gene delivery” refers to methods or systems for reliably
inserting foreign DNA into host cells or organisms. Such methods can result in transient
expression of non-integrated transferred DNA, extrachromosomal replication and expression of
transferred replicons (e.g., episomes), or integration of transferred genetic material into the
genomic DNA of host cells or organisms.

[0054] The term “transformation” is used to refer to the uptake of foreign DNA by a
cell, and a cell has been “transformed” when exogenous DNA has been introduced inside the cell
membrane. Accordingly, the term encompasses transfection and transduction as well as related
methods known in the art.

[0055] “Knockdown” refers to a cell or organism having reduced expression of one or
more genes. As will be appreciated by those skilled in the art, a knockdown will exhibit at least
about a 20 % reduction in expression, preferably will exhibit at least about a 50% reduction in
expression, but can be greater, for example, at least about a 75% reduction in expression. IN
addition higher reductions are possible, including at least about a 80%, 81%, 82%, 83%, 84 %,
85%, 86%, 81%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more

reduction in expression.

Methods for Modulating TLR-Mediated Signaling

[0056] Disclosed herein are methods of modulating TLR-mediated signaling in a cell
by altering the activity of Lrch4. In some embodiments L.rch4 activity may be altered to
modulate signaling mediated by TLR1, TLR2, TLR3, TLR4, TLRS, TLR6, TLR7, TLRS, TLR9,
or TLR10. These embodiments include signaling that is mediated by not only individual and
homodimers of the described TLRs, but also of heterodimers of such receptors, such as TLR2/6
or TLR 2/1 heterodimers. In some embodiments, Lrch4 activity is altered by modulating its
expression in a cell. In some embodiments Lrch4 modulation reduces its expression in a cell,
while in other embodiments its expression increases. Expression may be modulated to varying

degrees. In some aspects it may be desirable to modulate expression to only a moderate degree,
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while in other embodiments it may be desirable to modulate expression to an extreme degree.
Accordingly, the described methods contemplate embodiments where Lrch4 expression is
reduced from about 5% to about 99% of normal expression levels. Specifically, Lrch4
expression may be reduced by about 5%, about 10%, about 15%, about 20%, about 25%, about
30%, about 35%, about 40%, about 45%, about 50%, about 55%, about 60%, about 65%, about
70%, about 75%, about 80%, about 85%, about 90%, about 95%, or about 99%, where the term
about indicates plus or minus 3%. In addition, the described methods also contemplate
embodiments where Lrch4 expression is increased from about 5% to about 99% of normal
expression levels. Specifically, Lrch4 expression may be increased by about 5%, about 10%,
about 15%, about 20%, about 25%, about 30%, about 35%, about 40%, about 45%, about 50%,
about 55%, about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 90%,
about 95%, or about 99%, where the term about indicates plus or minus 3%.

[0057] Altering Lrch4 protein activity for modulating TLR-mediated signaling in a cell
can be accomplished in many ways. In some instances this can be done before the protein is
even formed, by modulating L.rch4 DNA replication or transcription, RNA translocation to the
site of translation, RNA translation, RNA splicing, and catalytic activity conducted or aided by
RNA. In addition, the activity of the protein itself can be disrupted by direct contact with
another protein (e.g., an antibody or, in the context of a receptor, a ligand, or an obstructing
peptide, etc.). Disruption of protein activity can be desirable for a variety of reasons, such as
inhibiting a protein central to disease pathogenesis or blocking the function of an inhibitory
protein that would otherwise block a desired pathway, to name just two such reasons.

[0058] Cellular TLR-mediated signaling can be modulated by altering the expression of
Lrch4 by expressing one or more Lrch4-specific polynucleotides in a cell. The modulatory
Lrch4-specific oligonucleotides described herein can be homologous or identical to any portion
of the Lrch4 DNA or RNA sequence. In some embodiments, Lrch4 expression can be reduced by
one or more Lrch4-specific polynucleotides in a cell, such as an inhibitory RNA, for example, a
shRNA or a siRNA. In some embodiments, a Lrch4-specific inhibitory RNA comprises SEQ ID
NO: 1, SEQ ID NO: 2, or SEQ ID NO: 3. Conversely, Lrch4 expression can be increased in a
cell by overexpressing a Lrch4 gene in a cell. The gene in question can be a Lrch4 gene
expressed by a vector in a cell, or it can be a gene that encodes a transcriptional or translational
regulator that, when expressed in a cell, increases cellular production of Lrch4. In one

embodiment, Lrch4 may be overexpressed in a cell by transforming the cell with an expression

- 14 -



WO 2012/099871 PCT/US2012/021538

vector capable of expressing Lrch4 protein. The Lrch4 gene expressed on a vector can be an
isolated form of the native Lrch4 gene, an isolated form of Lrch4 cDNA, or a recombinant Lrch4
gene. The modulatory oligonucleotides described herein can be used to alter the expression of
Lrch4 in vitro and in vivo. Accordingly, they may be used in the treatment of certain diseases or
undesirable physiological states that are caused or sustained by the direct or indirect activity of
Lrch4. For example, Lrch4 expression could be altered to treat one or more TLR-mediated
diseases or physiological states, such as sepsis. In some embodiments the modulatory
oligonucleotides described herein can be used to alter signaling mediated by TLR1, in some
embodiments the modulatory oligonucleotides described herein can be used to alter signaling
mediated by TLR2, in some embodiments the modulatory oligonucleotides described herein can
be used to alter signaling mediated by TLR3, in some embodiments the modulatory
oligonucleotides described herein can be used to alter signaling mediated by TLLR4, in some
embodiments the modulatory oligonucleotides described herein can be used to alter signaling
mediated by TLRS, in some embodiments the modulatory oligonucleotides described herein can
be used to alter signaling mediated by TLR6, in some embodiments the modulatory
oligonucleotides described herein can be used to alter signaling mediated by TLLR7, in some
embodiments the modulatory oligonucleotides described herein can be used to alter signaling
mediated by TLRS, in some embodiments the modulatory oligonucleotides described herein can
be used to alter signaling mediated by TLR9, in some embodiments the modulatory
oligonucleotides described herein can be used to alter signaling mediated by TLR10. These
embodiments include signaling that is mediated by not only individual and homodimers of the
described TLRs but also of heterodimers of such receptors, such as TLR2/6 or TLR 2/1
heterodimers.

[0059] Lrch4 activity can also be altered by exposing the cell to a Lrch4-specific
antibody, or a fragment thereof; an isolated Lrch4 ectodomain, or a fragment thereof; or a small
molecule modulator of Lrch4 activity. Provided herein are Lrch4-specific antibodies and
ectodomain segments that may be used to disrupt or prevent Lrch4 activity by interacting with
Lrch4 itself, TLR1, TLR2, TLR3, TLR4, TLRS, TLR6, TLR7, TLRS, TLR9, or TLR10. In
some embodiments the described antibodies and ectodomain segments inhibit Lrch4 activity,
which in turn may be used to disrupt TLR-mediated signaling or MyDS88 signaling. Such
antibodies or ectodomain segments may be used to treat diseases and physiological states that are

shown or proposed to be treatable by modulating Lrch4 activity. Accordingly, in some
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embodiments the described antibodies or ectodomain segments may be used to modulate
signaling mediated by TLR1, TLR2, TLR3, TLR4, TLRS5, TLR6, TLR7, TLRS, TLR9Y, or
TLR10. These embodiments include signaling that is mediated by not only individual and
homodimers of the described TLRs but also of heterodimers of such receptors, such as TLR2/6
or TLR 2/1 heterodimers. It should be understood that Lrch4 peptides, protein segments, Lrch4
itself, and oligonucleotides encoding such peptides, protein segments, or Lrch4, could be used to
develop an antibody or ectodomain segment useful for the purposes described herein. In one
embodiment the Lrch4-specific antibodies may be specific for a Lrch4 immunogenic peptide is
at least about 80% identical to a portion of the Lrch4 protein. More specifically, the L.rch4-
derived immunogenic peptide can be about 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90,91, 92,93,
94, 95, 96, 97, 98, or 99 percent identical to the a portion of the Lrch4 protein. Furthermore,
Lrch4 ectodomain peptides or amino acid sequences that are either identical to, or homologous
with, the Lrch4 ectodomain can serve as modulators of Lrch4 activity. In one embodiment a
Lrch4 ectodomain segment may be specific for a Lrch4 immunogenic peptide that is at least
about 80% identical to a portion of the Lrch4 ectodomain. More specifically, the Lrch4-derived
ectodomain segment can be about 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95,
96, 97, 98, or 99 percent identical to the a portion of the Lrch4 protein ectodomain. In addition,
small molecules capable of interacting with Lrch4, either extracellularly or intracellularly, may

serve as modulators of Lrch4 activity for the methods described herein.

Methods for Modulating the Cellular Response to a TLR Ligand

[0060] Disclosed herein are methods of modulating a cellular response to a TLR ligand
by altering the activity of Lrch4. In some embodiments L.rch4 activity may be altered to
modulate a cellular response mediated by a ligand for TLR1, TLR2, TLR3, TLR4, TLRS, TLR6,
TLR7, TLRS, TLRY, or TLR10. These embodiments include a cellular response that is mediated
by not only ligands of individual and homodimers of the described TLRs, but also of
heterodimers of such receptors, such as TLR2/6 or TLR 2/1 heterodimers. The methods
disclosed in this regard may be used to modulate one or more of a variety of cellular responses,
individually or in combination, to a TLR ligand. For example, in some embodiments, the
cellular response that is modulated is cytokine expression. Cytokines that may be modulated by
the methods described herein include, but are not limited to: tumor necrosis factor alpha (TNF-

o), TNF-B, interferon alpha (IFN-ov), INF-B, IFN-, IFN-y, granulocyte colony-stimulating factor
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(G-CSD), interleukin (IL)-1, I1L-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-§, 1L.-9, IL.-10, IL.-11, IL-12,
IL-13, IL-14, IL-15, IL-16, IL-17, IL-18, 1L.-19, IL-20, IL-21, I1.-22, IL.-23, I1.-24, 11.-25, 1.-26,
IL-27, IL-28, IL-29, IL-30, IL-31, IL-32, IL.-33, IL.-35, or a combination thereof. In some
embodiments, cytokine expression may be modulated such that cellular expression is reduced,
while in other embodiments, expression may be increased. Furthermore, other cellular responses
can be modulated by the methods described herein. For example, the function of cellular
signaling proteins, adaptor proteins, or transcription factors, such as MAP kinases, MyD88, or
NF-kB, respectively, may be altered. In some embodiments, the function of these proteins may
be altered by modulating the activity of Lrch4, which may result in reducing or increasing the
function of these proteins in a cell. It should be understood that modulating the function of
signaling proteins, adaptor proteins, or transcription factors may have downstream effects. For
example, modulating MyD88 function may in turn modulate the expression of IL.-8 by a cell.

[0061] Insome embodiments, Lrch4 activity may be altered by modulating its
expression in a cell. In some embodiments Lrch4 modulation reduces its expression in a cell,
while in other embodiments its expression increases. Expression may be modulated to varying
degrees. In some aspects it may be desirable to modulate expression to only a moderate degree,
while in other embodiments it may be desirable to modulate expression to an extreme degree.
Accordingly, the described methods contemplate embodiments where Lrch4 expression is
reduced from about 5% to about 99% of normal expression levels. Specifically, Lrch4
expression may be reduced by about 5%, about 10%, about 15%, about 20%, about 25%, about
30%, about 35%, about 40%, about 45%, about 50%, about 55%, about 60%, about 65%, about
70%, about 75%, about 80%, about 85%, about 90%, about 95%, or about 99%, where the term
about indicates plus or minus 3%. In addition, the described methods also contemplate
embodiments where Lrch4 expression is increased from about 5% to about 99% of normal
expression levels. Specifically, Lrch4 expression may be increased by about 5%, about 10%,
about 15%, about 20%, about 25%, about 30%, about 35%, about 40%, about 45%, about 50%,
about 55%, about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 90%,
about 95%, or about 99%, where the term about indicates plus or minus 3%.

[0062] Altering Lrch4 protein activity for modulating a cellular response to a TLR
ligand can be accomplished in many ways. In some instances this can be done before the protein
is even formed, by modulating Lrch4 DNA replication or transcription, RNA translocation to the

site of translation, RNA translation, RNA splicing, and catalytic activity conducted or aided by
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RNA. In addition, the activity of the protein itself can be disrupted by direct contact with
another protein (e.g., an antibody or, in the context of a receptor, a ligand, or an obstructing
peptide, etc.). Disruption of protein activity can be desirable for a variety of reasons, such as
inhibiting a protein central to disease pathogenesis or blocking the function of an inhibitory
protein that would otherwise block a desired pathway, to name just two such reasons.

[0063] A cellular response to a TLR ligand can be modulated by altering the expression
of Lrch4 by expressing one or more Lrch4-specific polynucleotides in a cell. The modulatory
Lrch4-specific oligonucleotides described herein can be homologous or identical to any portion
of the Lrch4 DNA or RNA sequence. In some embodiments, Lrch4 expression can be reduced
by one or more Lrch4-specific polynucleotides in a cell, such as an inhibitory RNA, for example,
a shRNA or a siRNA. In some embodiments, a Lrch4-specific inhibitory RNA comprises SEQ
ID NO: 1, SEQ ID NO: 2, or SEQ ID NO: 3. Conversely, L.rch4 expression can be increased in a
cell by overexpressing a Lrch4 gene in a cell. The gene in question can be a Lrch4 gene
expressed by a vector in a cell, or it can be a gene that encodes a transcriptional or translational
regulator that, when expressed in a cell, increases cellular production of Lrch4. In one
embodiment, Lrch4 may be overexpressed in a cell by transforming the cell with an expression
vector capable of expressing Lrch4 protein. The Lrch4 gene expressed on a vector can be an
isolated form of the native Lrch4 gene, an isolated form of Lrch4 cDNA, or a recombinant Lrch4
gene. The modulatory oligonucleotides described herein can be used to alter the expression of
Lrch4 in vitro and in vivo. Accordingly, they may be used in the treatment of certain diseases or
undesirable physiological states that are caused or sustained by the direct or indirect activity of
Lrch4. For example, Lrch4 expression could be altered to treat one or more TLR-mediated
diseases or physiological states, such as sepsis, which, in some instances, may be caused by
exposure to lipopolysaccharides (LPS), lipooligosaccharide (I.OS) or other endotoxin. In some
embodiments the modulatory oligonucleotides described herein can be used to alter a cellular
response to a TLR1 ligand, in some embodiments the modulatory oligonucleotides described
herein can be used to alter a cellular response to a TLR2 ligand, in some embodiments the
modulatory oligonucleotides described herein can be used to alter a cellular response to a TLR3
ligand, in some embodiments the modulatory oligonucleotides described herein can be used to
alter a cellular response to a TLR4 ligand, in some embodiments the modulatory
oligonucleotides described herein can be used to alter a cellular response to a TLRS ligand, in

some embodiments the modulatory oligonucleotides described herein can be used to alter a
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cellular response to a TLR6 ligand, in some embodiments the modulatory oligonucleotides
described herein can be used to alter a cellular response to a TLR7 ligand, in some embodiments
the modulatory oligonucleotides described herein can be used to alter a cellular response to a
TLRS ligand, in some embodiments the modulatory oligonucleotides described herein can be
used to alter a cellular response to a TLR9 ligand, in some embodiments the modulatory
oligonucleotides described herein can be used to alter a cellular response to a TLR10 ligand.
These embodiments include cellular responses mediated by not only by ligands to individual and
homodimers of the described TLRs but also of ligands to heterodimers of such receptors, such as
TLR2/6 or TLR 2/1 ligands.

[0064] Lrch4 activity can also be altered by exposing the cell to a Lrch4-specific
antibody, or a fragment thereof; an isolated Lrch4 ectodomain, or a fragment thereof; or a small
molecule modulator of Lrch4 activity. Provided herein are Lrch4-specific antibodies and
ectodomain segments that may be used to disrupt or prevent Lrch4 activity by interacting with
Lrch4 itself, TLR1, TLR2, TLR3, TLR4, TLRS, TLR6, TLR7, TLRS, TLR9, or TLR10. In
some embodiments the described antibodies and ectodomain segments inhibit Lrch4 activity,
which in turn may be used to modulate a cellular response to a TLR ligand. Such antibodies or
ectodomain segments may be used to treat diseases and physiological states that are shown or
proposed to be treatable by modulating such responses. Accordingly, in some embodiments the
described antibodies or ectodomain segments may be used to inhibit responses initiated by
ligands for TLR1, TLR2, TLR3, TLR4, TLRS, TLR6, TLR7, TLRS, TLR9, or TLR10. These
embodiments include responses mediated by not only by ligands for individual and homodimers
of the described TLRs but also for heterodimers of such receptors, such as TLR2/6 or TLR 2/1
heterodimers. It should be understood that Lrch4 peptides, protein segments, Lrch4 itself, and
oligonucleotides encoding such peptides, protein segments, or Lrch4, could be used to develop
an antibody or ectodomain segment useful for the purposes described herein. In one
embodiment the Lrch4-specific antibodies may be specific for a Lrch4 immunogenic peptide that
is at least about 80% identical to a portion of the Lrch4 protein. More specifically, the Lrch4-
derived immunogenic peptide can be about 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90,91, 92,93,
94, 95, 96, 97, 98, or 99 percent identical to the a portion of the Lrch4 protein. Furthermore,
Lrch4 ectodomain peptides or amino acid sequences that are either identical to, or homologous
with, the Lrch4 ectodomain can serve as modulators of Lrch4 activity. In one embodiment a

Lrch4 ectodomain segment may be specific for a Lrch4 immunogenic peptide that is at least
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about 80% identical to a portion of the Lrch4 ectodomain. More specifically, the Lrch4-derived
ectodomain segment can be about 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95,
96, 97, 98, or 99 percent identical to the a portion of the Lrch4 protein ectodomain. In addition,
small molecules capable of interacting with Lrch4, either extracellularly or intracellularly, may
serve as modulators of Lrch4 activity and, thus can be useful for modulating a cellular response

to a TLR ligand.

Methods for Modulating Cytokine Production

[0065] Methods described herein also include those for modulating cytokine production
in a cell by altering the activity of Lrch4. In some embodiments Lrch4 activity may be altered to
modulate cytokine production controlled or influenced by signaling through TLR1, TLR2,
TLR3, TLR4, TLR5, TLR6, TLR7, TLRS, TLR9, or TLR10. These embodiments include
cytokine production that is mediated by not only individual and homodimers of the described
TLRs but also by heterodimers of such receptors, such as TLLR2/6 or TLR 2/1 heterodimers. The
methods disclosed in this regard may be used to modulate one or more of a variety of cytokines
produced, individually or in combination, through TLR signaling or stimulation of other
receptors that , when stimulated, may cause cytokine production, such as CD4(). Cytokines that
may be modulated by the methods described herein include, but are not limited to: tumor
necrosis factor alpha (TNF-a), TNF-B, interferon alpha (IFN-a), INF-B, IFN-w, IFN-y,
granulocyte colony-stimulating factor (G-CSF), interleukin (IL)-1, I1L-2, IL-3, IL.-4, IL-5, IL-6,
IL-7, IL-§, IL-9, IL-10, IL-11, IL.-12, IL-13, IL.-14, IL-15, IL-16, IL.-17, IL-18, IL-19, IL.-20, IL-
21, IL-22, 11.-23, 1L.-24, 11.-25, 1L.-26, 11.-27, 1L.-28, 11.-29, 11.-30, IL.-31, 1L.-32, I1.-33, IL.-35, or
a combination thereof. In some embodiments, cytokine expression may be modulated such that
cellular expression is reduced, while in other embodiments, expression may be increased.
Furthermore, other cellular responses can be modulated by the methods described herein to alter
cytokine production. For example, the function of cellular signaling proteins, adaptor proteins,
or transcription factors, such as MAP kinases, MyD88, or NF-kB, respectively, may be altered.
In some embodiments, the function of these proteins may be altered by modulating the activity of
Lrch4, which may result in reducing or increasing the function of these proteins in a cell. It
should be understood that modulating the function of signaling proteins, adaptor proteins, or
transcription factors may have downstream effects. For example, modulating MyD88 function

may in turn modulate the expression of IL.-8 by a cell.
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[0066] In some embodiments, Lrch4 activity may be altered by modulating its
expression in a cell. In some embodiments Lrch4 modulation reduces its expression in a cell,
while in other embodiments its expression increases. Expression may be modulated to varying
degrees. In some aspects it may be desirable to modulate expression to only a moderate degree,
while in other embodiments it may be desirable to modulate expression to an extreme degree.
Accordingly, the described methods contemplate embodiments where Lrch4 expression is
reduced from about 5% to about 99% of normal expression levels. Specifically, Lrch4
expression may be reduced by about 5%, about 10%, about 15%, about 20%, about 25%, about
30%, about 35%, about 40%, about 45%, about 50%, about 55%, about 60%, about 65%, about
70%, about 75%, about 80%, about 85%, about 90%, about 95%, or about 99%, where the term
about indicates plus or minus 3%. In addition, the described methods also contemplate
embodiments where Lrch4 expression is increased from about 5% to about 99% of normal
expression levels. Specifically, Lrch4 expression may be increased by about 5%, about 10%,
about 15%, about 20%, about 25%, about 30%, about 35%, about 40%, about 45%, about 50%,
about 55%, about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 90%,
about 95%, or about 99%, where the term about indicates plus or minus 3%.

[0067] Altering Lrch4 protein activity for modulating cytokine expression can be
accomplished in many ways. In some instances this can be done before the protein is even
formed, by modulating Lrch4 DNA replication or transcription, RNA translocation to the site of
translation, RNA translation, RNA splicing, and catalytic activity conducted or aided by RNA.
In addition, the activity of the protein itself can be disrupted by direct contact with another
protein (e.g., an antibody or, in the context of a receptor, a ligand, or an obstructing peptide,
etc.). Disruption of protein activity can be desirable for a variety of reasons, such as inhibiting a
protein central to disease pathogenesis or blocking the function of an inhibitory protein that
would otherwise block a desired pathway, to name just two such reasons.

[0068] Cytokine production can also be modulated by altering the expression of Lrch4
by expressing one or more Lrch4-specific polynucleotides in a cell. The modulatory Lrch4-
specific oligonucleotides described herein can be homologous or identical to any portion of the
Lrch4 DNA or RNA sequence. In some embodiments, Lrch4 expression can be reduced by one
or more Lrch4-specific polynucleotides in a cell, such as an inhibitory RNA, for example, a
shRNA or a siRNA. In some embodiments, a Lrch4-specific inhibitory RNA is SEQ ID NO: 1,
SEQ ID NO: 2, or SEQ ID NO: 3. Conversely, Lrch4 expression can be increased in a cell by
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overexpressing a Lrch4 gene in a cell. In one embodiment, Lrch4 overexpression may increase
cytokine production by a cell. In some embodiments of the methods described herein, Lrch4
overexpression in a cell may result in increased TNFo expression by that cell. The gene in
question can be a Lrch4 gene expressed by a vector in a cell, or it can be a gene that encodes a
transcriptional or translational regulator that, when expressed in a cell, increases cellular
production of Lrch4. In one embodiment, Lrch4 may be overexpressed in a cell by transforming
the cell with an expression vector capable of expressing Lrch4 protein. The Lrch4 gene
expressed on a vector can be an isolated form of the native Lrch4 gene, an isolated form of Lrch4
cDNA, or a recombinant Lrch4 gene. The modulatory oligonucleotides described herein can be
used to alter the expression of Lrch4 ir vitro and in vivo. Accordingly, they may be used in the
treatment of certain diseases or undesirable physiological states that are caused or sustained by
the direct or indirect activity of Lrch4. For example, Lrch4 expression could be altered to treat
one or more TLR-mediated diseases or physiological states, such as sepsis, which, in some
instances, may be caused by exposure to lipopolysaccharides (LLPS), lipooligosaccharide (1.OS)
or other endotoxin. In some embodiments the modulatory oligonucleotides described herein
can be used to alter production of a cytokine that is produced in response to TLR1-mediated
signaling, in some embodiments the modulatory oligonucleotides described herein can be used to
alter production of a cytokine that is produced in response to TLLR2-mediated signaling, in some
embodiments the modulatory oligonucleotides described herein can be used to alter production
of a cytokine that is produced in response to TLR3-mediated signaling, in some embodiments the
modulatory oligonucleotides described herein can be used to alter production of a cytokine that is
produced in response to TLLR4-mediated signaling, in some embodiments the modulatory
oligonucleotides described herein can be used to alter production of a cytokine that is produced
in response to TLRS5-mediated signaling, in some embodiments the modulatory oligonucleotides
described herein can be used to alter production of a cytokine that is produced in response to
TLR6-mediated signaling, in some embodiments the modulatory oligonucleotides described
herein can be used to alter production of a cytokine that is produced in response to TLR7-
mediated signaling, in some embodiments the modulatory oligonucleotides described herein can
be used to alter production of a cytokine that is produced in response to TLLR8-mediated
signaling, in some embodiments the modulatory oligonucleotides described herein can be used to
alter production of a cytokine that is produced in response to TLR9-mediated signaling, in some

embodiments the modulatory oligonucleotides described herein can be used to alter production
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of a cytokine that is produced in response to TLR10-mediated signaling. These embodiments
include cytokine production mediated by not only by ligands to individual and homodimers of
the described TLRs but also of ligands to heterodimers of such receptors, such as TLR2/6 or
TLR 2/1 ligands.

[0069] Lrch4 activity can also be altered by exposing the cell to a Lrch4-specific
antibody, or a fragment thereof; an isolated Lrch4 ectodomain, or a fragment thereof; or a small
molecule modulator of Lrch4 activity. Provided herein are Lrch4-specific antibodies and
ectodomain segments that may be used to disrupt or prevent Lrch4 activity by interacting with
Lrch4 itself, TLR1, TLR2, TLR3, TLR4, TLRS, TLR6, TLR7, TLRS, TLR9, or TLR10. In
some embodiments the described antibodies and ectodomain segments inhibit Lrch4 activity,
which in turn may be used to modulate a cellular response to a TLR ligand. Such antibodies or
ectodomain segments may be used to treat diseases and physiological states that are shown or
proposed to be treatable by modulating such responses. Accordingly, in some embodiments the
described antibodies or ectodomain segments may be used to inhibit responses initiated by
ligands for TLR1, TLR2, TLR3, TLR4, TLRS, TLR6, TLR7, TLRS, TLR9, or TLR10. These
embodiments include responses mediated by not only by ligands for individual and homodimers
of the described TLRs but also for heterodimers of such receptors, such as TLR2/6 or TLR 2/1
heterodimers. It should be understood that Lrch4 peptides, protein segments, Lrch4 itself, and
oligonucleotides encoding such peptides, protein segments, or Lrch4, could be used to develop
an antibody or ectodomain segment useful for the purposes described herein. In one
embodiment the Lrch4-specific antibodies may be specific for a Lrch4 immunogenic peptide that
is at least about 80% identical to a portion of the Lrch4 protein. More specifically, the Lrch4-
derived immunogenic peptide can be about 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90,91, 92,93,
94, 95, 96, 97, 98, or 99 percent identical to the a portion of the Lrch4 protein. Furthermore,
Lrch4 ectodomain peptides or amino acid sequences that are either identical to, or homologous
with, the Lrch4 ectodomain can serve as modulators of Lrch4 activity. In one embodiment a
Lrch4 ectodomain segment may be specific for a Lrch4 immunogenic peptide that is at least
about 80% identical to a portion of the Lrch4 ectodomain. More specifically, the Lrch4-derived
ectodomain segment can be about 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95,
96, 97, 98, or 99 percent identical to the a portion of the Lrch4 protein ectodomain. In addition,

small molecules capable of interacting with Lrch4, either extracellularly or intracellularly, may
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serve as modulators of Lrch4 activity and, thus can be useful for modulating cytokine

production.

Methods of Modulating MyD88-Mediated Signaling

[0070] Disclosed herein are methods of modulating MyD88-mediated signaling in a
cell by altering the activity of Lrch4. In some embodiments Lrch4 activity may be altered to
modulate MyDS88 signaling associated with signaling pathways initiated through TLR1, TLR2,
TLR4, TLRS, TLR6, TLR7, TLRS, TLR9, or TLR10. These embodiments include signaling that
is mediated by not only individual and homodimers of the described TLRs but also of
heterodimers of such receptors, such as TLR2/6 or TLR 2/1 heterodimers. In some
embodiments, Lrch4 activity is altered by modulating its expression in a cell. In some
embodiments Lrch4 modulation reduces its expression in a cell, while in other embodiments its
expression increases. Expression may be modulated to varying degrees. In some aspects it may
be desirable to modulate expression to only a moderate degree, while in other embodiments it
may be desirable to modulate expression to an extreme degree. Accordingly, the described
methods contemplate embodiments where Lrch4 expression is reduced from about 5% to about
99% of normal expression levels. Specifically, Lrch4 expression may be reduced by about 5%,
about 10%, about 15%, about 20%, about 25%, about 30%, about 35%, about 40%, about 45%,
about 50%, about 55%, about 60%, about 65%, about 70%, about 75%, about 80%, about 85%,
about 90%, about 95%, or about 99 %, where the term about indicates plus or minus 3%. In
addition, the described methods also contemplate embodiments where Lrch4 expression is
increased from about 5% to about 99 % of normal expression levels. Specifically, Lrch4
expression may be increased by about 5%, about 10%, about 15%, about 20%, about 25 %, about
30%, about 35%, about 40%, about 45%, about 50%, about 55%, about 60%, about 65%, about
70%, about 75%, about 80%, about 85%, about 90%, about 95%, or about 99%, where the term
about indicates plus or minus 3%.

[0071] Altering Lrch4 protein activity for modulating MyD88-mediated signaling in a
cell can be accomplished in many ways. In some instances this can be done before the protein is
even formed, by modulating L.rch4 DNA replication or transcription, RNA translocation to the
site of translation, RNA translation, RNA splicing, and catalytic activity conducted or aided by
RNA. In addition, the activity of the protein itself can be disrupted by direct contact with

another protein (e.g., an antibody or, in the context of a receptor, a ligand, or an obstructing
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peptide, etc.). Disruption of protein function can be desirable for a variety of reasons, such as
inhibiting a protein central to disease pathogenesis or blocking the function of an inhibitory
protein that would otherwise block a desired pathway, to name just two such reasons.

[0072] Cellular MyD88-mediated signaling can be modulated by altering the
expression of Lrch4 by expressing one or more Lrch4-specific polynucleotides in a cell. The
modulatory Lrch4-specific oligonucleotides described herein can be homologous or identical to
any portion of the Lrch4 DNA or RNA sequence. In some embodiments, Lrch4 expression can
be reduced by one or more Lrch4-specific polynucleotides in a cell, such as an inhibitory RNA,
for example, a shRNA or a siRNA. In some embodiments, a Lrch4-specific inhibitory RNA
comprises SEQ ID NO: 1, SEQ ID NO: 2, or SEQ ID NO: 3. Conversely, Lrch4 expression can
be increased in a cell by overexpressing a Lrch4 gene in a cell. The gene in question can be a
Lrch4 gene expressed by a vector in a cell, or it can be a gene that encodes a transcriptional or
translational regulator that, when expressed in a cell, increases cellular production of Lrch4. In
one embodiment, Lrch4 may be overexpressed in a cell by transforming the cell with an
expression vector capable of expressing Lrch4 protein. The Lrch4 gene expressed on a vector
can be an isolated form of the native Lrch4 gene, an isolated form of Lrch4 cDNA, or a
recombinant L.rch4 gene. The modulatory oligonucleotides described herein can be used to alter
the expression of Lrch4 in vitro and in vivo. Accordingly, they may be used in the treatment of
certain diseases or undesirable physiological states that are caused or sustained by the direct or
indirect activity of Lrch4. For example, Lrch4 expression could be altered to treat one or more
TLR-mediated diseases or physiological states, such as sepsis, which, in some instances, may be
caused by exposure to lipopolysaccharides (LLPS), lipooligosaccharide (LLOS) or other endotoxin.
Given the ability of MyDS88 to interact with Lrch4, and because MyDS88 is involved in the
signaling pathways of almost all TLLRs and is known to activate NI-xB, its modulation can be
important to treating certain diseases or undesirable physiological states that are caused or
sustained by direct or indirect activity of Lrch4. Accordingly, in some embodiments the
modulatory oligonucleotides described herein may be used to disrupt MyD88-mediated
signaling. In some embodiments the modulatory oligonucleotides described herein can be used
to alter MyD88 signaling initiated by TLR1, in some embodiments the modulatory
oligonucleotides described herein can be used to alter MyD8&8 signaling initiated by TLR2, in
some embodiments the modulatory oligonucleotides described herein can be used to alter

MyD88 signaling initiated by TLLR4, in some embodiments the modulatory oligonucleotides
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described herein can be used to alter MyD88 signaling initiated by TLRS, in some embodiments
the modulatory oligonucleotides described herein can be used to alter MyD88 signaling initiated
by TLR6, in some embodiments the modulatory oligonucleotides described herein can be used to
alter MyDG&8 signaling initiated by TLR7, in some embodiments the modulatory oligonucleotides
described herein can be used to alter MyD88 signaling initiated by TLRS, in some embodiments
the modulatory oligonucleotides described herein can be used to alter MyD88 signaling initiated
by TLR9, in some embodiments the modulatory oligonucleotides described herein can be used to
alter MyDG&8 signaling initiated by TLR10. These embodiments include signaling that is
mediated by not only individual and homodimers of the described TLRs but also of heterodimers
of such receptors, such as TLR2/6 or TLR 2/1 heterodimers.

[0073] Lrch4 activity can also be altered by exposing the cell to a Lrch4-specific
antibody, or a fragment thereof; an isolated Lrch4 ectodomain, or a fragment thereof; or a small
molecule modulator of Lrch4 activity. Provided herein are Lrch4-specific antibodies and
ectodomain segments that may be used to disrupt or prevent Lrch4 activity by interacting with
Lrch4 itself, TLR1, TLR2, TLR4, TLRS, TLR6, TLR7, TLRS, TLR9, or TLR10. In some
embodiments the described antibodies and ectodomain segments inhibit Lrch4 activity, which in
turn may be used to disrupt MyD8&8 signaling. Such antibodies or ectodomain segments may be
used to treat diseases and physiological states that are shown or proposed to be treatable by
modulating Lrch4 activity. Accordingly, in some embodiments the described antibodies or
ectodomain segments may be used to modulate signaling initiated by TLR1, TLR2, TLR4,
TLRS, TLR6, TLR7, TLRS, TLRY, or TLR10. These embodiments include signaling that is
mediated by not only individual and homodimers of the described TLRs but also of heterodimers
of such receptors, such as TLR2/6 or TLR 2/1 heterodimers. It should be understood that Lrch4
peptides, protein segments, Lrch4 itself, and oligonucleotides encoding such peptides, protein
segments, or Lrch4, could be used to develop an antibody or ectodomain segment useful for the
purposes described herein. In one embodiment the Lrch4-specific antibodies may be specific for
a Lrch4 immunogenic peptide is at least about 80% identical to a portion of the Lrch4 protein.
More specifically, the Lrch4-derived immunogenic peptide can be about 80, 81, 82, 83, 84, 85,
86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99 percent identical to the a portion of the
Lrch4 protein. Furthermore, Lrch4 ectodomain peptides or amino acid sequences that are either
identical to, or homologous with, the Lrch4 ectodomain can serve as modulators of Lrch4

activity. In one embodiment a Lrch4 ectodomain segment may be specific for a Lrch4
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immunogenic peptide that is at least about 80% identical to a portion of the Lrch4 ectodomain.
More specifically, the Lrch4-derived ectodomain segment can be about 80, 81, 82, 83, 84, 85,
86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99 percent identical to the a portion of the
Lrch4 protein ectodomain. In addition, small molecules capable of interacting with Lrch4, either
extracellularly or intracellularly, may serve as modulators of Lrch4 activity for the methods

described herein.

Methods of Modulating NF-xB Activation

[0074] Disclosed herein are methods of modulating NF-kB activation in a cell by
altering the activity of Lrch4. In some embodiments Lrch4 activity may be altered to modulate
NF-kB activation associated with signaling pathways initiated through TLR1, TLR2, TLR3,
TLR4, TLRS, TLR6, TLR7, TLRS, TLR9, or TLR10. These embodiments include signaling that
is mediated by not only individual and homodimers of the described TLRs, but also of
heterodimers of such receptors, such as TLR2/6 or TLR 2/1 heterodimers. In some
embodiments, Lrch4 activity is altered by modulating its expression in a cell. In some
embodiments Lrch4 modulation reduces its expression in a cell, while in other embodiments its
expression increases. Expression may be modulated to varying degrees. In some aspects it may
be desirable to modulate expression to only a moderate degree, while in other embodiments it
may be desirable to modulate expression to an extreme degree. Accordingly, the described
methods contemplate embodiments where Lrch4 expression is reduced from about 5% to about
99% of normal expression levels. Specifically, Lrch4 expression may be reduced by about 5%,
about 10%, about 15%, about 20%, about 25%, about 30%, about 35%, about 40%, about 45%,
about 50%, about 55%, about 60%, about 65%, about 70%, about 75%, about 80%, about 85%,
about 90%, about 95%, or about 99 %, where the term about indicates plus or minus 3%. In
addition, the described methods also contemplate embodiments where Lrch4 expression is
increased from about 5% to about 99 % of normal expression levels. Specifically, Lrch4
expression may be increased by about 5%, about 10%, about 15%, about 20%, about 25 %, about
30%, about 35%, about 40%, about 45%, about 50%, about 55%, about 60%, about 65%, about
70%, about 75%, about 80%, about 85%, about 90%, about 95%, or about 99%, where the term
about indicates plus or minus 3%.

[0075] Altering Lrch4 protein activity for modulating NF-«xB activation in a cell can be

accomplished in many ways. In some instances this can be done before the protein is even
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formed, by modulating Lrch4 DNA replication or transcription, RNA translocation to the site of
translation, RNA translation, RNA splicing, and catalytic activity conducted or aided by RNA.
In addition, the activity of the protein itself can be disrupted by direct contact with another
protein (e.g., an antibody or, in the context of a receptor, a ligand, or an obstructing peptide,
etc.). Disruption of protein activity can be desirable for a variety of reasons, such as inhibiting a
protein central to disease pathogenesis or blocking the function of an inhibitory protein that
would otherwise block a desired pathway, to name just two such reasons.

[0076] Cellular NF-«xB activation can be modulated by altering the expression of Lrch4
by expressing one or more Lrch4-specific polynucleotides in a cell. The modulatory Lrch4-
specific oligonucleotides described herein can be homologous or identical to any portion of the
Lrch4 DNA or RNA sequence. In some embodiments, Lrch4 expression can be reduced by one
or more Lrch4-specific polynucleotides in a cell, such as an inhibitory RNA, for example, a
shRNA or a siRNA. In some embodiments, a Lrch4-specific inhibitory RNA comprises SEQ ID
NO: 1, SEQ ID NO: 2, or SEQ ID NO: 3. Conversely, Lrch4 expression can be increased in a
cell by overexpressing a Lrch4 gene in a cell. The gene in question can be a Lrch4 gene
expressed by a vector in a cell, or it can be a gene that encodes a transcriptional or translational
regulator that, when expressed in a cell, increases cellular production of Lrch4. In one
embodiment, Lrch4 may be overexpressed in a cell by transforming the cell with an expression
vector capable of expressing Lrch4 protein. The Lrch4 gene expressed on a vector can be an
isolated form of the native Lrch4 gene, an isolated form of Lrch4 cDNA, or a recombinant Lrch4
gene. The modulatory oligonucleotides described herein can be used to alter the expression of
Lrch4 in vitro and in vivo. Accordingly, they may be used in the treatment of certain diseases or
undesirable physiological states that are caused or sustained by the direct or indirect activity of
Lrch4. For example, Lrch4 expression could be altered to treat one or more TLR-mediated
diseases or physiological states, such as sepsis, which, in some instances, may be caused by
exposure to lipopolysaccharides (LPS), lipooligosaccharide (1LOS) or other endotoxin. In some
embodiments the modulatory oligonucleotides described herein can be used to alter NF-kB
activation initiated by TLR1, in some embodiments the modulatory oligonucleotides described
herein can be used to alter NF-kB activation initiated by TLR2, in some embodiments the
modulatory oligonucleotides described herein can be used to alter NF-xB activation initiated by
TLR3, in some embodiments the modulatory oligonucleotides described herein can be used to

alter NIF-kB activation initiated by TLR4, in some embodiments the modulatory oligonucleotides
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described herein can be used to alter NF-kB activation initiated by TLRS, in some embodiments
the modulatory oligonucleotides described herein can be used to alter NI-kB activation initiated
by TLR6, in some embodiments the modulatory oligonucleotides described herein can be used to
alter NIF-kB activation initiated by TLR7, in some embodiments the modulatory oligonucleotides
described herein can be used to alter NF-kB activation initiated by TLRS, in some embodiments
the modulatory oligonucleotides described herein can be used to alter NI-kB activation initiated
by TLR9, in some embodiments the modulatory oligonucleotides described herein can be used to
alter NF-kB activation initiated by TLR10. These embodiments include signaling that is
mediated by not only individual and homodimers of the described TLRs but also of heterodimers
of such receptors, such as TLR2/6 or TLR 2/1 heterodimers.

[0077] Lrch4 activity can also be altered by exposing the cell to a Lrch4-specific
antibody, or a fragment thereof; an isolated Lrch4 ectodomain, or a fragment thereof; or a small
molecule modulator of Lrch4 activity. Provided herein are Lrch4-specific antibodies and
ectodomain segments that may be used to disrupt or prevent Lrch4 activity by interacting with
Lrch4 itself, TLR1, TLR2, TLR3, TLR4, TLRS, TLR6, TLR7, TLRS, TLR9, or TLR10. In
some embodiments the described antibodies and ectodomain segments inhibit Lrch4 activity,
which in turn may be used to disrupt NF-kB activation. Such antibodies or ectodomain segments
may be used to treat diseases and physiological states that are shown or proposed to be treatable
by modulating Lrch4 activity. Accordingly, in some embodiments the described antibodies or
ectodomain segments may be used to modulate signaling initiated by TLR1, TLR2, TLR3,
TLR4, TLRS, TLR6, TLR7, TLRS, TLR9, or TLR10. These embodiments include signaling that
is mediated by not only individual and homodimers of the described TLRs but also of
heterodimers of such receptors, such as TLR2/6 or TLR 2/1 heterodimers. It should be
understood that Lrch4 peptides, protein segments, Lrch4 itself, and oligonucleotides encoding
such peptides, protein segments, or Lrch4, could be used to develop an antibody or ectodomain
segment useful for the purposes described herein. In one embodiment the Lrch4-specific
antibodies may be specific for a Lrch4 immunogenic peptide is at least about 80% identical to a
portion of the Lrch4 protein. More specifically, the Lrch4-derived immunogenic peptide can be
about 80, 81, 82, 83, 84, 85, 86, 87, 88, 89,90, 91, 92, 93, 94, 95, 96, 97, 98, or 99 percent
identical to the a portion of the Lrch4 protein. Furthermore, L.rch4 ectodomain peptides or
amino acid sequences that are either identical to, or homologous with, the Lrch4 ectodomain can

serve as modulators of Lrch4 activity. In one embodiment a Lrch4 ectodomain segment may be
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specific for a Lrch4 immunogenic peptide that is at least about 80% identical to a portion of the
Lrch4 ectodomain. More specifically, the Lrch4-derived ectodomain segment can be about 80,
81, 82, 83, 84, 85, 86, 87, 88, 89,90, 91, 92, 93, 94, 95, 96, 97, 98, or 99 percent identical to the
a portion of the Lrch4 protein ectodomain. In addition, small molecules capable of interacting
with Lrch4, either extracellularly or intracellularly, may serve as modulators of Lrch4 activity for

the methods described herein.

Methods of Modulating MAP Kinase Activity

[0078] Disclosed herein are methods of modulating MAP kinase activation in a cell by
altering the activity of Lrch4. In some embodiments Lrch4 activity may be altered to modulate
MAP kinase activation associated with signaling pathways initiated through TLR1, TLR2,
TLR3, TLR4, TLR5, TLR6, TLR7, TLRS, TLR9, or TLR10. These embodiments include
signaling that is mediated by not only individual and homodimers of the described TLRs but also
of heterodimers of such receptors, such as TLR2/6 or TLR 2/1 heterodimers. In some
embodiments, Lrch4 activity is altered by modulating its expression in a cell. In some
embodiments Lrch4 modulation reduces its expression in a cell, while in other embodiments its
expression increases. Expression may be modulated to varying degrees. In some aspects it may
be desirable to modulate expression to only a moderate degree, while in other embodiments it
may be desirable to modulate expression to an extreme degree. Accordingly, the described
methods contemplate embodiments where Lrch4 expression is reduced from about 5% to about
99% of normal expression levels. Specifically, Lrch4 expression may be reduced by about 5%,
about 10%, about 15%, about 20%, about 25%, about 30%, about 35%, about 40%, about 45%,
about 50%, about 55%, about 60%, about 65%, about 70%, about 75%, about 80%, about 85%,
about 90%, about 95%, or about 99 %, where the term about indicates plus or minus 3%. In
addition, the described methods also contemplate embodiments where Lrch4 expression is
increased from about 5% to about 99 % of normal expression levels. Specifically, Lrch4
expression may be increased by about 5%, about 10%, about 15%, about 20%, about 25 %, about
30%, about 35%, about 40%, about 45%, about 50%, about 55%, about 60%, about 65%, about
70%, about 75%, about 80%, about 85%, about 90%, about 95%, or about 99%, where the term
about indicates plus or minus 3%.

[0079] Altering Lrch4 protein activity for modulating MAP kinase activation in a cell

can be accomplished in many ways. In some instances this can be done before the protein is
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even formed, by modulating L.rch4 DNA replication or transcription, RNA translocation to the
site of translation, RNA translation, RNA splicing, and catalytic activity conducted or aided by
RNA. In addition, the activity of the protein itself can be disrupted by direct contact with
another protein (e.g., an antibody or, in the context of a receptor, a ligand, or an obstructing
peptide, etc.). Disruption of protein activity can be desirable for a variety of reasons, such as
inhibiting a protein central to disease pathogenesis or blocking the function of an inhibitory
protein that would otherwise block a desired pathway, to name just two such reasons.

[0080] Cellular MAP kinase activation can be modulated by altering the expression of
Lrch4 by expressing one or more Lrch4-specific polynucleotides in a cell. The modulatory
Lrch4-specific oligonucleotides described herein can be homologous or identical to any portion
of the Lrch4 DNA or RNA sequence. In some embodiments, Lrch4 expression can be reduced
by one or more Lrch4-specific polynucleotides in a cell, such as an inhibitory RNA, for example,
a shRNA or a siRNA. In some embodiments, a Lrch4-specific inhibitory RNA comprises SEQ
ID NO: 1, SEQ ID NO: 2, or SEQ ID NO: 3. Conversely, Lrch4 expression can be increased in a
cell by overexpressing a Lrch4 gene in a cell. The gene in question can be a Lrch4 gene
expressed by a vector in a cell, or it can be a gene that encodes a transcriptional or translational
regulator that, when expressed in a cell, increases cellular production of Lrch4. In one
embodiment, Lrch4 may be overexpressed in a cell by transforming the cell with an expression
vector capable of expressing Lrch4 protein. The Lrch4 gene expressed on a vector can be an
isolated form of the native Lrch4 gene, an isolated form of Lrch4 cDNA, or a recombinant Lrch4
gene. The modulatory oligonucleotides described herein can be used to alter the expression of
Lrch4 in vitro and in vivo. Accordingly, they may be used in the treatment of certain diseases or
undesirable physiological states that are caused or sustained by the direct or indirect activity of
Lrch4. For example, Lrch4 expression could be altered to treat one or more TLR-mediated
diseases or physiological states, such as sepsis, which, in some instances, may be caused by
exposure to lipopolysaccharides (LPS), lipooligosaccharide (I.OS) or other endotoxin. In some
embodiments the modulatory oligonucleotides described herein can be used to alter MAP kinase
activation initiated by TLR1, in some embodiments the modulatory oligonucleotides described
herein can be used to alter MAP kinase activation initiated by TLR2, in some embodiments the
modulatory oligonucleotides described herein can be used to alter MAP kinase activation
initiated by TLR3, in some embodiments the modulatory oligonucleotides described herein can

be used to alter MAP kinase activation initiated by TLLR4, in some embodiments the modulatory
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oligonucleotides described herein can be used to alter MAP kinase activation initiated by TLRS,
in some embodiments the modulatory oligonucleotides described herein can be used to alter
MAP kinase activation initiated by TLR6, in some embodiments the modulatory
oligonucleotides described herein can be used to alter MAP kinase activation initiated by TLR7,
in some embodiments the modulatory oligonucleotides described herein can be used to alter
MAP kinase activation initiated by TLRS, in some embodiments the modulatory
oligonucleotides described herein can be used to alter MAP kinase activation initiated by TLR9,
in some embodiments the modulatory oligonucleotides described herein can be used to alter
MAP kinase activation initiated by TLR10. These embodiments include signaling that is
mediated by not only individual and homodimers of the described TLRs but also of heterodimers
of such receptors, such as TLR2/6 or TLR 2/1 heterodimers.

[0081] Lrch4 activity can also be altered by exposing the cell to a Lrch4-specific
antibody, or a fragment thereof; an isolated Lrch4 ectodomain, or a fragment thereof; or a small
molecule modulator of Lrch4 activity. Provided herein are Lrch4-specific antibodies and
ectodomain segments that may be used to disrupt or prevent Lrch4 activity by interacting with
Lrch4 itself, TLR1, TLR2, TLR3, TLR4, TLRS, TLR6, TLR7, TLRS, TLR9, or TLR10. In
some embodiments the described antibodies and ectodomain segments inhibit Lrch4 activity,
which in turn may be used to disrupt MAP kinase activation. Such antibodies or ectodomain
segments may be used to treat diseases and physiological states that are shown or proposed to be
treatable by modulating Lrch4 activity. Accordingly, in some embodiments the described
antibodies or ectodomain segments may be used to modulate signaling initiated by TLR1, TLR2,
TLR3, TLR4, TLR5, TLR6, TLR7, TLRS, TLR9, or TLR10. These embodiments include
signaling that is mediated by not only individual and homodimers of the described TLRs but also
of heterodimers of such receptors, such as TLR2/6 or TLR 2/1 heterodimers. It should be
understood that Lrch4 peptides, protein segments, Lrch4 itself, and oligonucleotides encoding
such peptides, protein segments, or Lrch4, could be used to develop an antibody or ectodomain
segment useful for the purposes described herein. In one embodiment the Lrch4-specific
antibodies may be specific for a Lrch4 immunogenic peptide is at least about 80% identical to a
portion of the Lrch4 protein. More specifically, the Lrch4-derived immunogenic peptide can be
about 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99 percent
identical to the a portion of the Lrch4 protein. Furthermore, L.rch4 ectodomain peptides or

amino acid sequences that are either identical to, or homologous with, the Lrch4 ectodomain can
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serve as modulators of Lrch4 activity. In one embodiment a Lrch4 ectodomain segment may be
specific for a Lrch4 immunogenic peptide that is at least about 80% identical to a portion of the
Lrch4 ectodomain. More specifically, the Lrch4-derived ectodomain segment can be about 80,
81, 82, 83, 84, 85, 86, 87, 88, 89,90, 91, 92, 93, 94, 95, 96, 97, 98, or 99 percent identical to the
a portion of the Lrch4 protein ectodomain. In addition, small molecules capable of interacting
with Lrch4, either extracellularly or intracellularly, may serve as modulators of Lrch4 activity for

the methods described herein.

Methods of Treatment

[0082] TLR signaling influences a wide range of diseases, including, but not limited to,
inflammatory diseases, such as sepsis or endotoxin-induced toxic shock syndrome; respiratory
diseases, such as acute respiratory distress syndrome, asthma, and chronic obstructive pulmonary
disease; autoimmune diseases, such as systemic lupus erythematosus and rheumatoid arthritis;
heart disease, cancer, organ transplant rejection, metabolic syndrome, inflammatory bowel
syndrome, and atherosclerosis, among others. Given the ability of Lrch4 modulation to alter
TLR-mediated signaling and downstream actors in the TLR signal transduction process, this
disclosure provides applicable methods of treatment by modulating the activity of Lrch4 in a
subject or one or more cells of a subject. In this regard, methods are disclosed providing for a
subject to receive a treatment that modulates the activity of Lrch4 to either increase or reduce
levels of cytokines including, but not limited to: tumor necrosis factor alpha (TNF-o), TNF-
B, interferon alpha (IFN-a), IFN-B, IFN-w, IFN-y, granulocyte colony-stimulating factor (G-
CSF), interleukin (IL)-1, IL-2, IL.-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, IL-
13, IL-14, IL-15, IL-16, IL-17, IL-18, 1L.-19, 1L.-20, IL-21, 1L.-22, 11.-23, IL-24, 11.-25, 1L.-26, IL-
27, 1L-28, 1L.-29, 11.-30, IL-31, IL.-32, I1.-33, or IL.-35; or by increasing or reducing the activity
of cellular signaling proteins, adaptor proteins, or transcription factors, such as mitogen-activated
protein (MAP) kinases, MyD8&8, or nuclear factor (NF)-kB, respectively. The methods of
treatment provided herein may be useful for treating subjects having inflammatory diseases, such
as sepsis or endotoxin-induced toxic shock syndrome; respiratory diseases, such as acute
respiratory distress syndrome, asthma, and chronic obstructive pulmonary disease; autoimmune
diseases, such as systemic lupus erythematosus and rheumatoid arthritis; heart disease, cancer,
organ transplant rejection, metabolic syndrome, inflammatory bowel syndrome, and

atherosclerosis, among others. In instances, the described treatments may be used to treat a
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subject having sepsis, which, in some instances, may be caused by exposure to
lipopolysaccharides (ILPS), lipooligosaccharide (ILOS) or other endotoxin. For example, in one
embodiment, a subject may be treated for endotoxin-induced sepsis by administering to the
subject a therapeutic amount of a Lrch4-specific inhibitory RNA, such as SEQ ID NO: 1, SEQ
ID NO: 2, or SEQ ID NO: 3.

[0083] The methods of treatment disclosed herein are focused on modulating the
activity of Lrch4 in a subject or in one or more cells of a subject. In some embodiments Lrch4
activity may be altered to modulate signaling pathways initiated through TLR1, TLR2, TLR3,
TLR4, TLRS, TLR6, TLR7, TLRS, TLR9, or TLR10. These embodiments include signaling that
is mediated by not only individual and homodimers of the described TLRs but also of
heterodimers of such receptors, such as TLR2/6 or TLR 2/1 heterodimers. In other embodiments
the activity of Lrch4 is modulated to alter the activity of a signaling molecule such as MyDS88 or
MAP kinase. In another embodiment, Lrch4 activity is altered to modulate the activity of a
transcription factor, such as NF-kB. In some embodiments, Lrch4 activity is altered by
modulating its expression in a subject or in one or more cells of a subject. In some embodiments
Lrch4 modulation reduces its expression in a cell, while in other embodiments its expression
increases. For the treatment methods described herein it may be necessary or desirable to
modulate Lrch4 expression or activity to varying degrees. In some aspects it may be desirable to
modulate Lrch4 expression or activity to only a moderate degree, while in other embodiments it
may be desirable to modulate Lrch4 expression or activity to an extreme degree. Accordingly,
the described methods contemplate embodiments where Lrch4 expression or activity is reduced
from about 5% to about 99% of normal levels. Specifically, Lrch4 expression or activity may be
reduced by about 5%, about 10%, about 15%, about 20%, about 25%, about 30%, about 35 %,
about 40%, about 45%, about 50%, about 55%, about 60%, about 65%, about 70%, about 75%,
about 80%, about 85%, about 90%, about 95%, or about 99%, where the term about indicates
plus or minus 3%. In addition, the described methods also contemplate embodiments where
Lrch4 expression or activity is increased from about 5% to about 99 % of normal levels.
Specifically, Lrch4 expression or activity may be increased by about 5%, about 10%, about 15 %,
about 20%, about 25%, about 30%, about 35%, about 40%, about 45%, about 50%, about 55%,
about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 90%, about 95%,

or about 99%, where the term about indicates plus or minus 3%.
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[0084] Altering Lrch4 protein activity to treat a disease or illness in a subject can be
accomplished in many ways. In some instances this can be done before the protein is even
formed, by modulating Lrch4 DNA replication or transcription, RNA translocation to the site of
translation, RNA translation, RNA splicing, and catalytic activity conducted or aided by RNA.
In addition, the activity of the protein itself can be disrupted by direct contact with another
protein (e.g., an antibody or, in the context of a receptor, a ligand, or an obstructing peptide,
etc.). Disruption of protein activity can be desirable for a variety of reasons, such as inhibiting a
protein central to disease pathogenesis or blocking the function of an inhibitory protein that
would otherwise block a desired pathway, to name just two such reasons. Lrch4 activity can also
be enhanced according to methods provided herein by causing increased expression of the
protein in a subject or in one or more cells of a subject.

[0085] Lrch4 activity may be modulated to treat a subject in need of such treatment by
altering the expression of Lrch4 by expressing one or more Lrch4-specific polynucleotides in a
subject or in one or more cells of a subject. The modulatory Lrch4-specific oligonucleotides
described herein can be homologous or identical to any portion of the Lrch4 DNA or RNA
sequence. In some embodiments, Lrch4 expression can be reduced by one or more Lrch4-
specific polynucleotides in a cell, such as an inhibitory RNA, for example, a ShRNA or a siRNA.
In some embodiments, a Lrch4-specific inhibitory RNA comprises SEQ ID NO: 1, SEQ ID NO:
2, or SEQ ID NO: 3. Conversely, Lrch4 expression can be increased in a subject, or one or more
cells of a subject, by overexpressing a Lrch4 gene. The gene in question can be a Lrch4 gene
expressed by a vector in a cell, or it can be a gene that encodes a transcriptional or translational
regulator that, when expressed in a subject, or one or more cells of a subject, increases cellular
production of Lrch4. In one embodiment, Lrch4 may be overexpressed in a subject, or one or
more cells of a subject, by transforming one or more cells with an expression vector capable of
expressing Lrch4 protein. The Lrch4 gene expressed on a vector can be an isolated form of the
native Lrch4 gene, an isolated form of Lrch4 cDNA, or a recombinant L.rch4 gene. The
modulatory oligonucleotides described herein can be used to alter the expression of Lrch4 in
vitro and in vivo. Accordingly, they may be used in the treatment of certain diseases or
undesirable physiological states that are caused or sustained by the direct or indirect activity of
Lrch4. For example, Lrch4 expression could be altered to treat one or more TLR-mediated
diseases or physiological states, such as inflammatory diseases; respiratory diseases, such as

acute respiratory distress syndrome, asthma, and chronic obstructive pulmonary disease;
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autoimmune diseases, such as systemic lupus erythematosus and rheumatoid arthritis; heart
disease, cancer, organ transplant rejection, metabolic syndrome, inflammatory bowel syndrome,
and atherosclerosis, among others. In some embodiments the modulatory oligonucleotides
described herein can be used to alter MAP kinase activation initiated by TLLR1, in some
embodiments the modulatory oligonucleotides described herein can be used to alter MAP kinase
activation initiated by TLR2, in some embodiments the modulatory oligonucleotides described
herein can be used to alter MAP kinase activation initiated by TLR3, in some embodiments the
modulatory oligonucleotides described herein can be used to alter MAP kinase activation
initiated by TLR4, in some embodiments the modulatory oligonucleotides described herein can
be used to alter MAP kinase activation initiated by TLLRS, in some embodiments the modulatory
oligonucleotides described herein can be used to alter MAP kinase activation initiated by TLR6,
in some embodiments the modulatory oligonucleotides described herein can be used to alter
MAP kinase activation initiated by TLLR7, in some embodiments the modulatory
oligonucleotides described herein can be used to alter MAP kinase activation initiated by TLRS,
in some embodiments the modulatory oligonucleotides described herein can be used to alter
MAP kinase activation initiated by TLR9, in some embodiments the modulatory
oligonucleotides described herein can be used to alter MAP kinase activation initiated by TLR10.
These embodiments include signaling that is mediated by not only individual and homodimers of
the described TLRs but also of heterodimers of such receptors, such as TLLR2/6 or TLR 2/1
heterodimers.

[0086] Treatment may also be carried out to modulate Lrch4 activity by exposing the
subject or one or more cells of a subject to a Lrch4-specific antibody, or a fragment thereof; an
isolated Lrch4 ectodomain, or a fragment thereof; or a small molecule modulator of Lrch4
activity. Provided herein are Lrch4-specific antibodies and ectodomain segments that may be
used to disrupt or prevent Lrch4 activity by interacting with Lrch4 itself, TLR1, TLR2, TLR3,
TLR4, TLRS, TLR6, TLR7, TLRS, TLRY, or TLR10. In some embodiments the described
antibodies and ectodomain segments inhibit Lrch4 activity, which in turn may be used to disrupt
MAP kinase activation, NF-kB activation, TLR-mediated signaling, or cytokine production, as
needed to treat a disease condition or undesirable physiological state. Such antibodies or
ectodomain segments may be used to treat diseases and physiological states that are shown or
proposed to be treatable by modulating Lrch4 activity. Accordingly, in some embodiments the

described antibodies or ectodomain segments may be used to modulate signaling initiated by
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TLR1, TLR2, TLR3, TLR4, TLRS, TLR6, TLR7, TLRS, TLRY, or TLR10. These embodiments
include signaling that is mediated by not only individual and homodimers of the described TLRs
but also of heterodimers of such receptors, such as TLLR2/6 or TLR 2/1 heterodimers. It should
be understood that Lrch4 peptides, protein segments, Lrch4 itself, and oligonucleotides encoding
such peptides, protein segments, or Lrch4, could be used to develop an antibody or ectodomain
segment useful for the purposes described herein. In one embodiment the Lrch4-specific
antibodies may be specific for a Lrch4 immunogenic peptide is at least about 80% identical to a
portion of the Lrch4 protein. More specifically, the Lrch4-derived immunogenic peptide can be
about 80, 81, 82, 83, 84, 85, 86, 87, 88, 89,90, 91, 92, 93, 94, 95, 96, 97, 98, or 99 percent
identical to the a portion of the Lrch4 protein. Furthermore, L.rch4 ectodomain peptides or
amino acid sequences that are either identical to, or homologous with, the Lrch4 ectodomain can
serve as modulators of Lrch4 activity. In one embodiment a Lrch4 ectodomain segment may be
specific for a Lrch4 immunogenic peptide that is at least about 80% identical to a portion of the
Lrch4 ectodomain. More specifically, the Lrch4-derived ectodomain segment can be about 80,
81, 82, 83, 84, 85, 86, 87, 88, 89,90, 91, 92, 93, 94, 95, 96, 97, 98, or 99 percent identical to the
a portion of the Lrch4 protein ectodomain. In addition, small molecules capable of interacting
with Lrch4, either extracellularly or intracellularly, may serve as modulators of Lrch4 activity for
the methods described herein. The described Lrch4-specific antibodies, or a fragment thereof;
ectodomains, or a fragment thereof; or a small molecule modulators described herein may be
administered to a subject, via conventional means known in the art, to treat the subject as needed.

[0087] The modulatory oligonucleotides; ectodomain peptides, and fragments thereof;
antibodies, and fragments thereof; and small molecule modulators described herein may be
incorporated into pharmaceutical compositions. The modulatory oligonucleotides; ectodomain
peptides, and fragments thereof; antibodies, and fragments thereof; and small molecule
modulators described herein may be used in methods to modulate the expression, function, or
activity of Lrch4 in a cell, tissue, or subject. Such methods may use the modulatory
oligonucleotides; ectodomain peptides, and fragments thereof; antibodies, and fragments thereof;
and small molecule modulators described herein alone, or they may use the pharmaceutical
compositions thereof. For example, the described methods of treatment may be carried out using
modulatory oligonucleotides; ectodomain peptides, and fragments thereof; antibodies, and
fragments thereof; and small molecule modulators incorporated into pharmaceutical

compositions with pharmaceutically acceptable carriers such as, for example, xanthan gum,
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locust bean gum, galactose, other saccharides, oligosaccharides and/or polysaccharides, starch,
starch fragments, dextrins, British gum and mixtures thereof. This disclosure encompasses the
use of any pharmaceutically acceptable salts, esters, salts of such esters, or any other compounds
which, upon administration to an organism such as a human, are capable of providing (directly or
indirectly) the biologically active modulatory oligonucleotides, immunogenic peptides, or
antibodies described herein to carry out the described methods. Accordingly, for example, the
disclosure is also drawn to prodrugs, and other bioequivalents. The compounds described herein
may also be admixed, encapsulated, conjugated or otherwise associated with other molecules,
molecule structures or mixtures of compounds, as for example, liposomes, receptor targeted
molecules, oral, topical and other formulations, for assisting in uptake, distribution and/or
absorption.

[0088] The pharmaceutical compositions described herein may be administered in a
number of ways depending upon whether local or systemic treatment is desired and upon the
area to be treated. Administration may be topical (including ophthalmic and to mucous
membranes), pulmonary, e.g., by inhalation or insufflation of powders or aerosols, including by
nebulizers; and tracheal, intranasal, epidermal, transdermal, oral, or parenteral. Parenteral
administration includes intravenous, intraarterial, subcutaneous, intraperitoneal, or intramuscular
injection or infusion, as well as intracranial (e.g., intrathecal or intraventricular) administration.
Oligonucleotides with at least one 2’-O-methoxyethyl modification are believed to be
particularly useful for oral administration. Additionally, the modulatory oligonucleotides
described herein may be administered to a subject, such as a mammal, in such a way to allow for
cellular expression of the oligonucleotides in the host. For example, the modulatory
oligonucleotides may be inserted into an expression vector that is deliverable to specific host
cells, inserted in a viral vector that can infect host cells, or delivered via a gene gun apparatus or
functional equivalent thereof.

[0089] Pharmaceutical compositions and formulations for topical administration may
include transdermal patches, ointments, lotions, creams, gels, drops, suppositories, sprays,
liquids, and powders. Conventional pharmaceutical carriers, aqueous bases, powder bases or 0il
bases, thickeners and the like may be necessary or desirable. Topical formulations include those
in which the oligonucleotides of the invention are in admixture with a topical delivery agent such
as lipids, liposomes, fatty acids, fatty acid esters, steroids, chelating agents and surfactants.

Preferred lipids and liposomes may be neutral, negative, and cationic. Oligonucleotides of the
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invention may be encapsulated within liposomes or may form complexes thereto, such as
cationic liposomes. Alternatively, oligonucleotides may be complexed to lipids, including
cationic lipids.

[0090] The specificity and sensitivity of modulatory oligonucleotides technology can
be employed as therapeutic moieties in the treatment of disease or physiologic states in mammals
and man. Other drugs, including ribozymes, have been safely and effectively administered to
humans, and numerous clinical trials are presently underway. As useful therapeutic modalities,
modulatory oligonucleotides, antisense or otherwise, can be configured to be useful in treatment
regimes for treatment of cells, tissues, and animals, especially humans.

[0091] Disclosed herein are also kits containing the modulatory oligonucleotides;
ectodomain peptides, and fragments thereof; antibodies, and fragments thereof; and small
molecule modulators described herein. Such kits can contain the described modulatory
oligonucleotides alone, placed into a vector, or in combination with a pharmaceutically
acceptable carrier, salt, or the like. Similarly the described kits may contain one or more of the
described ectodomain peptides, and fragments thereof; antibodies, and fragments thereof; and
small molecule modulators either alone or in combination with a pharmaceutically acceptable
carrier, salt, or the like. The described kits can also include instructions for using or
administering the modulatory oligonucleotides; ectodomain peptides, and fragments thereof;
antibodies, and fragments thereof; and small molecule modulators described herein to a subject.

[0092] Cells contemplated in the embodiments described in this application can be any
cell that expresses Lrch4, MyD88, or a TLR. These cells include, but are not limited to, immune
cells, such as B-cells, T-cells, macrophage and other granulocytes. Additional cells
contemplated include cancer cells, in some particular embodiments cancer cells associated with
cancers of the immune system are contemplated, such as cancerous B-cells of: diffuse large B-
cell lymphoma (including activated B-cell-like (ABC) subtypes), non-Hodgkin lymphoma,
prolymphocytic leukemia (PLL) and hairy cell leukemia (HCL); in addition, cancerous T-cells
(T-cell lymphoma) and granulocytes are also contemplated as being with the scope of the cells
for use with the methods described herein (see Ngo et al., Nature e-publication,

doi:10.1038/nature09671 (2010), which is incorporated herein by reference).

Modulatory Oligonucleotides
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[0093] Lrch4 activity can be modulated with an isolated, modulatory oligonucleotide.
This can be brought about in a number of ways. While not wishing to be limited by any
particular theory, it is believed that modulatory oligonucleotides alter the activity of a target
nucleic acid, in part, by binding to a particular target sequence. A modulating oligonucleotide
can inhibit DNA replication or DNA transcription by, for example, interfering with the
attachment of DNA or RNA polymerase to the promoter by binding to a transcriptional initiation
site or a template. It can interfere with processing of mRNA, poly(A) addition to mRNA or
translation of mRNA by, for example, binding to regions of the RNA transcript such as the
ribosome binding site. It can promote modulatory mechanisms of the cells, such as promoting
RNA degradation via RNase action, prolonging the target half-life, or upregulating transcription
or translation. It may destabilize RNA, such as mRNA or tRNA, to reduce its half-life. The
inhibitory oligonucleotide can bind to the major groove of the duplex DNA to form a triple
helical or “triplex” structure. Methods of inhibition using inhibitory polynucleotides therefore
encompass a number of different approaches to altering expression of specific genes that operate
by different mechanisms. These different types of inhibitory polynucleotide technology are
described in C. Helene and J. Toulme, (1990) Biochim. Biophys. Acta., 1049:99-125.

[0094] The modulatory oligonucleotides described herein may interfere with the
function or activity of Lrch4 mRNA, thus preventing proper protein expression. This
interference is commonly referred to as “knockdown” of the target nucleic acid. This may result
in the amelioration or reduction of disease symptoms or undesirable physiological state or
response attributable, in whole or in part, to Lrch4 activity. One such example is a toll-like
receptor-associated inflammatory response. As described herein, “modulation” can mean either
an increase or a decrease in the expression of a gene; however, inhibition is typically the form of
modulation disclosed.

[0095] In some preferred embodiments, genes encoding Lrch4 can be modulated
through the use of a variety of other post-transcriptional gene silencing (RNA silencing)
techniques. RNA silencing involves the processing of double-stranded RNA (dsRNA) into small
21-28 nucleotide fragments by an RNase H-based enzyme (“Dicer” or “Dicer-like”). The
cleavage products, which are siRNA (small interfering RNA) or miRNA (micro-RNA) are
incorporated into protein effector complexes that regulate gene expression in a sequence-specific

manner.
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[0096] RNA interference (RNAI) is a mechanism of post-transcriptional gene silencing
mediated by double-stranded RNA (dsRNA), which is distinct from antisense and ribozyme-
based approaches (see Jain KK Pharmacogenomics (2004) 5:239-42, for a review of RNAi and
siRNA). RNA interference is useful in a method for reducing the expression of Lrch4 in an
animal such as a human by administering to the animal a nucleic acid (e.g., dsSRNA) that
specifically hybridizes to a gene encoding Lrch4, and attenuates its expression. RNA
interference provides shRNA or siRNA that comprise multiple sequences that target one or more
regions of the Lrch4 target gene. DsRNA molecules (shRNA or siRNA) are believed to direct
sequence-specific degradation of mRNA in cells of various types after first undergoing
processing by an RNase IlI-like enzyme called DICER (Bernstein E et al. (2001) Nature
409:363-366) into smaller dsSRNA molecules comprised of two 21 nt strands, each of which has
a 5’ phosphate group and a 3’ hydroxyl, and includes a 19 nt region precisely complementary
with the other strand, so that there is a 19 nt duplex region flanked by 2 nt-3’ overhangs. RNAi
is thus mediated by short interfering RNAs (siRNA), which typically comprise a double-stranded
region approximately 19 nucleotides in length with 1-2 nucleotide 3’ overhangs on each strand,
resulting in a total length of between approximately 21 and 23 nucleotides. In mammalian cells,
dsRNA longer than approximately 30 nucleotides typically induces nonspecific mRNA
degradation via the interferon response. However, the presence of siRNA in mammalian cells,
rather than inducing the interferon response, results in sequence-specific gene silencing.

[0097] Viral vectors or DNA vectors encode short hairpin RNA (sShRNA) which are
processed in the cell cytoplasm to short interfering RNA (siRNA). In general, a short, interfering
RNA (siRNA) comprises an RNA duplex that is preferably approximately 19 basepairs long and
optionally further comprises one or two single-stranded overhangs or loops. An siRNA may
comprise two RNA strands hybridized together, or may alternatively comprise a single RNA
strand that includes a self-hybridizing portion. SiRNAs may include one or more free strand
ends, which may include phosphate and/or hydroxyl groups. SiRNAs typically include a portion
that hybridizes under stringent conditions with a target transcript. One strand of the siRNA (or,
the self-hybridizing portion of the siRNA) is typically precisely complementary with a region of
the target transcript, meaning that the siRNA hybridizes to the target transcript without a single
mismatch. In certain embodiments of the invention in which perfect complementarity is not

achieved, it is generally preferred that any mismatches be located at or near the siRNA termini.
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[0098] SiRNAs have been shown to downregulate gene expression when transferred
into mammalian cells by such methods as transfection, electroporation, cationic liposome-
mediated transfection, or microinjection, or when expressed in cells via any of a variety of
plasmid-based approaches. RNA interference using siRNA is reviewed in, e.g., Tuschl T (2002)
Nat. Biotechnol. 20:446-8; Yu J-Y et al. (2002) Proc. Natl. Acad. Sci. 99:6047-52; Sui G et al.
(2002) Proc. Natl. Acad. Sci USA., 99:5515-20; Paddison PJ ef al. (2002) Genes and Dev.
16:948-58; Brummelkamp TR ef al. (2002) Science 296:550-3, 2002; Miyagashi M et al. (2002)
Nat. Biotech. 20:497-500; and, Paul CP et al. (2002) Nat. Biotechnol. 20:505-8. As described in
these and other references, the siRNA may consist of two individual nucleic acid strands or of a
single strand with a self-complementary region capable of forming a hairpin (stem-loop)
structure. A number of variations in structure, length, number of mismatches, size of loop,
identity of nucleotides in overhangs, etc., are consistent with effective siRNA-triggered gene
silencing. While not wishing to be bound by any theory, it is thought that intracellular
processing (e.g., by DICER) of a variety of different precursors results in production of siRNA
capable of effectively mediating gene silencing. Generally it is preferred to target exons rather
than introns, and it may also be preferable to select sequences complementary to regions within
the 3’ portion of the target transcript. Generally it is preferred to select sequences that contain
approximately equimolar ratio of the different nucleotides and to avoid stretches in which a
single residue is repeated multiple times.

[0099] SiRNAs may thus comprise RNA molecules having a double-stranded region
approximately 19 nucleotides in length with 1-2 nucleotide 3’ overhangs on each strand,
resulting in a total length of between approximately 21 and 23 nucleotides. As used herein,
siRNAs also include various RNA structures that may be processed in vivo to generate such
molecules. Such structures include RNA strands containing two complementary elements that
hybridize to one another to form a stem, a loop, and optionally an overhang, such as a 3’
overhang. In some embodiments, the stem is approximately 19 bp long, the loop is about 1-20 nt
long, although some embodiments will use loops of about 4-10 or about 6-8 nt and/or the
overhang is about 1-20, but in some embodiments can be about 2-15 nt long. In certain
embodiments of the invention the stem is minimally 19 nucleotides in length and may be up to
approximately 29 nucleotides in length. Loops of 4 nucleotides or greater are less likely subject
to steric constraints than are shorter loops and therefore may be preferred. The overhang may

include a 5° phosphate and a 3° hydroxyl. The overhang may, but need not comprise a plurality
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of U residues, e.g., between 1 and 5 U residues. Classical siRNAs, as described above, trigger
degradation of mRNAs to which they are targeted, thereby also reducing the rate of protein
synthesis. In addition to siRNAs that act via the classical pathway, certain siRNAs that bind to
the 3’ UTR of a template transcript may inhibit expression of a protein encoded by the template
transcript by a mechanism related to but distinct from classic RNA interference, e.g., by reducing
translation of the transcript rather than decreasing its stability. Such RNAs are referred to as
microRNAs (miRNAs) and are typically between approximately 20 and 26 nucleotides in length,
e.g.,22 ntin length. It is believed that they are derived from larger precursors known as small
temporal RNAs (stRNAs) or mRNA precursors, which are typically approximately 70 nt long
with an approximately 4-15 nt loop (Grishok A ef al. (2001) Cell 106:23-4; Hutvagner G et al.
(2001) Science 293:834-8; Ketting RF er al. (2001) Genes Dev. 15:2654-9). Endogenous RNAs
of this type have been identified in a number of organisms including mammals, suggesting that
this mechanism of post-transcriptional gene silencing may be widespread. MicroRNAs have
been shown to block translation of target transcripts containing target sites in mammalian cells
(Zeng Y et al. (2002) Mol. Cell 9:1327-33).

[0100] SiRNAs such as naturally occurring or artificial (i.e., designed by humans)
mRNAs that bind within the 3’ UTR (or elsewhere in a target transcript) and inhibit translation
may tolerate a larger number of mismatches in the siRNA/template duplex, and particularly may
tolerate mismatches within the central region of the duplex. In fact, there is evidence that some
mismatches may be desirable or required as naturally occurring stRNAs frequently exhibit such
mismatches as do mRNAs that have been shown to inhibit translation in vitro. For example,
when hybridized with the target transcript such siRNAs frequently include two stretches of
perfect complementarity separated by a region of mismatch. A variety of structures are possible.
For example, the mRNA may include multiple areas of nonidentity (mismatch). The areas of
nonidentity (mismatch) need not be symmetrical in the sense that both the target and the mRNA
include nonpaired nucleotides. Typically the stretches of perfect complementarity are at least 5
nucleotides in length, e.g., 6, 7, or more nucleotides in length, while the regions of mismatch
may be, for example, 1, 2, 3, or 4 nucleotides in length.

[0101] Hairpin structures designed to mimic siRNAs and mRNA precursors are
processed intracellularly into molecules capable of reducing or inhibiting expression of target
transcripts (McManus MT ef al. (2002) RNA 8:842-50). These hairpin structures, which are

based on classical siRNAs consisting of two RNA strands forming a 19 bp duplex structure are
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classified as class I or class II hairpins. Class [ hairpins incorporate a loop at the 5° or 3° end of
the antisense siRNA strand (i.e., the strand complementary to the target transcript whose
inhibition is desired) but are otherwise identical to classical siRNAs. Class II hairpins resemble
mRNA precursors in that they include a 19 nt duplex region and a loop at either the 3’ or 5’ end
of the antisense strand of the duplex in addition to one or more nucleotide mismatches in the
stem. These molecules are processed intracellularly into small RNA duplex structures capable of
mediating silencing. They appear to exert their effects through degradation of the target mRNA
rather than through translational repression as is thought to be the case for naturally occurring
mRNAs and stRNAs.

[0102] Thus itis evident that a diverse set of RNA molecules containing duplex
structures is able to mediate silencing through various mechanisms. For the purposes of this
disclosure, any such RNA, one portion of which binds to a target oligonucleotide and reduces its
expression, whether by triggering degradation, by inhibiting translation, or by other means, is
considered to be an siRNA, and any structure that generates such an siRNA (i.e., serves as a
precursor to the RNA, such as shRNA) is useful in the practice of the present invention.

[0103] A further method of RNA interference for use in the present invention is the use
of short hairpin RNAs (shRNA). A plasmid containing a DNA sequence encoding for a
particular desired siRNA sequence is delivered into a target cell via transformation or viral
infection. Once in the cell, the DNA sequence is continuously transcribed into RNA molecules
that loop back on themselves and form hairpin structures through intramolecular base pairing.
These hairpin structures, once processed by the cell, are equivalent to transfected siRNA
molecules and are used by the cell to mediate RNAi of a desired protein. The use of shRNA has
an advantage over siRNA transfection as the former can lead to stable, long-term inhibition of
protein expression. Inhibition of protein expression by transfected siRNAs is a transient
phenomenon that does not occur for times periods longer than several days. In some cases, this
may be preferable and desired. In cases where longer periods of protein inhibition are necessary,
shRNA mediated inhibition is preferable. The use of shRNA is particularly preferred.
Typically, siRNA-encoding vectors are constructs comprising a promoter, a sequence of the
target gene to be silenced in the “sense” orientation, a spacer, the antisense of the target gene
sequence, and a terminator.

[0104] Reducing the expression of Lrch4 can also be effectuated by other means that

are known and readily practiced in the art. For example, antisense nucleic acids can be used.
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Antisense RNA transcripts have a base sequence complementary to part or all of any other RNA
transcript in the same cell. Such transcripts have been shown to modulate gene expression
through a variety of mechanisms including the modulation of RNA splicing, the modulation of
RNA transport and the modulation of the translation of mRNA (Denhardt DT (1992) Ann. N Y
Acad. Sci. 660:70-6, 1992; Nellen W et al. (1993) Trends Biochem. Sci. 18:419-23; and, Baker
BF et al. (1999) Biochim. Biophys. Acta. 1489: 3-18). Accordingly, in certain embodiments,
Lrch4 expression in a cell is reduced by expressing an antisense nucleic acid molecule in the cell.

[0105] Antisense oligonucleotides are generally single-stranded nucleic acid sequences
(DNA, RNA, modified DNA, or modified RNA) complementary to a portion of a target
oligonucleotide (e.g., an mRNA transcript) and therefore are able to bind to the target to form a
duplex. Typically, they are oligonucleotides that range from about 15 to about 35 nucleotides in
length but may range from about 10 up to approximately about 50 nucleotides in length. Binding
typically reduces or inhibits the function of the target nucleic acid, such as a gene encoding
Lrch4. For example, antisense oligonucleotides may block transcription when bound to genomic
DNA, inhibit translation when bound to mRNA, and/or lead to degradation of oligonucleotides.
Inhibition of the expression of Lrch4 can be achieved by the administration of antisense nucleic
acids or peptide nucleic acids comprising sequences complementary to those of the mRNA that
encodes Lrch4. Antisense technology and its applications are well known in the art and are
described in Phillips, M. L (ed.) Antisense Technology, Methods Enzymol., 2000, Volumes 313
and 314, Academic Press, San Diego, and references mentioned therein. See also Crooke, S.
(ed.) “ANTISENSE DRUG TECHNOLOGY: PRINCIPLES, STRATEGIES, AND APPLICATIONS” (1*
Edition) Marcel Dekker; and references cited therein.

[0106] Antisense oligonucleotides can be synthesized with a base sequence that is
complementary to a portion of any RNA transcript in the cell. Antisense oligonucleotides can
modulate gene expression through a variety of mechanisms including the modulation of RNA
splicing, the modulation of RNA transport and the modulation of the translation of mRNA.
Various properties of antisense oligonucleotides including stability, toxicity, tissue distribution,
and cellular uptake and binding affinity may be altered through chemical modifications including
(1) replacement of the phosphodiester backbone (e.g., peptide nucleic acid, phosphorothioate
oligonucleotides, and phosphoramidate oligonucleotides), (ii) modification of the sugar base
(e.g., 2’-O-propylribose and 2’-methoxyethoxyribose), and (iii) modification of the nucleoside
(e.g., C-5 propynyl U, C-5 thiazole U, and phenoxazine C) (Wagner RW (1995) Nat. Medicine
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1:1116-8; Varga LV ef al. (1999) Immun. Lett. 69:217-24; Neilsen PE (1999) Curr. Opin.
Biotech. 10:71-5; and, Woolf TM (1990) Nucleic Acids Res. 18:1763-9).

[0107] Reduction of Lrch4 expression can also be effectuated by use of ribozymes.
Certain nucleic acid molecules referred to as ribozymes or deoxyribozymes have been shown to
catalyze the sequence-specific cleavage of RNA molecules. The cleavage site is determined by
complementary pairing of nucleotides in the RNA or DNA enzyme with nucleotides in the target
RNA. Thus, RNA and DNA enzymes can be designed to cleave to any RNA molecule, thereby
increasing its rate of degradation (Cotten M et al. (1989) EMBO J. 8: 3861-6, 1989; and, Usman
N et al. (1996) Curr. Opin. Struct. Biol. 1:527-33).

[0108] Insome embodiments of the described methods, the cells used can be
specifically transformed with transcription-silencing nucleic acids such as shRNA or siRNA, or
can be transformed with vectors encoding such nucleic acids such that the cell expresses the
inhibitory nucleic acid molecules. Transformation of the cells can be carried out according to
any means suitable in the art, including those described and exemplified herein. In some
embodiments, the inhibitory nucleic acid molecules comprise SEQ ID NO: 1 or 2 or analogs,
homologs, derivatives, or allelic variants thereof. In some embodiments, L.rch4 modulatory
oligonucleotides can have a sequence that is at least about 70% identical to that of SEQ ID NO: 1
or 2. That is to say that an oligonucleotide with about 70, 71,72, 73,74 75, 76,77, 78,79, 80,
81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99 percent identity to
either SEQ ID NO: 1 or 2, in a sense or antisense orientation may have an inhibitory effect on

Lrch4 expression and be useful for the purposes described herein.

Lrch4-Specific Antibodies

[0109] Recombinant antibodies, and fragments thereof, for modulating Lrch4 activity
are provided according to the present invention using known techniques based on the teaching
provided herein. See, e.g., Ausubel et al., eds. Current Protocols in Molecular Biology, Wiley
Interscience, N.Y. (1987, 1992, 1993); and Sambrook et al. Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor Laboratory Press (1989), the entire contents of which are
incorporated herein by reference.

[0110] The DNA encoding a Lrch4-specific antibody of the present invention can be
genomic DNA or cDNA which encodes at least one of the heavy chain constant region (Cy), the

heavy chain variable region (Vy), the light chain variable region (V) and the light chain constant
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regions (Cr). A convenient alternative to the use of chromosomal gene fragments as the source
of DNA encoding the murine V region antigen-binding segment is the use of cDNA for the
construction of chimeric immunoglobulin genes, e.g., as reported by Liu et al., Proc. Natl. Acad.
Sci., USA 84:3439 (1987) and J. Immunology 139: 3521 (1987), which references are hereby
entirely incorporated herein by reference. The use of cDNA requires that gene expression
elements appropriate for the host cell be combined with the gene in order to achieve synthesis of
the desired protein. The use of cDNA sequences is advantageous over genomic sequences
(which contain introns), in that cDNA sequences can be expressed in bacteria or other hosts
which lack appropriate RNA splicing systems.

[0111] Such techniques for synthesizing such oligonucleotides are well known and
disclosed by, for example, Wu, et al., Prog. Nucl. Acid. Res. Molec. Biol. 21:101-141 (1978), and
Ausubel et al., eds. Current Protocols in Molecular Biology, Wiley Interscience (1987, 1993),
the entire contents of which are herein incorporated by reference.

[0112] Because the genetic code is degenerate, more than one codon can be used to
encode a particular amino acid (Watson, et al., infra). Using the genetic code, one or more
different oligonucleotides can be identified, each of which would be capable of encoding the
amino acid. The probability that a particular oligonucleotide will, in fact, constitute the actual
Lrch4-specific antibody encoding sequence can be estimated by considering abnormal base
pairing relationships and the frequency with which a particular codon is actually used (to encode
a particular amino acid) in eukaryotic or prokaryotic cells expressing a Lrch4-specific antibody
or fragment. Such “codon usage rules” are disclosed by Lathe, et al., J. Molec. Biol. 183:1-12
(1985). Using the “codon usage rules” of Lathe, a single oligonucleotide, or a set of
oligonucleotides, that contains a theoretical “most probable” nucleotide sequence capable of
encoding a Lrch4-specific variable or constant region sequences is identified.

[0113] Although occasionally an amino acid sequence can be encoded by only a single
oligonucleotide, frequently the amino acid sequence can be encoded by any of a set of similar
oligonucleotides. Importantly, whereas all of the members of this set contain oligonucleotides
which are capable of encoding the peptide fragment and, thus, potentially contain the same
oligonucleotide sequence as the gene which encodes the peptide fragment, only one member of
the set contains the nucleotide sequence that is identical to the nucleotide sequence of the gene.
Because this member is present within the set, and is capable of hybridizing to DNA even in the

presence of the other members of the set, it is possible to employ the unfractionated set of
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oligonucleotides in the same manner in which one would employ a single oligonucleotide to
clone the gene that encodes the protein.

[0114] The oligonucleotide, or set of oligonucleotides, containing the theoretical “most
probable” sequence capable of encoding a Lrch4-specific antibody or fragment including a
variable or constant region is used to identify the sequence of a complementary oligonucleotide
or set of oligonucleotides which is capable of hybridizing to the “most probable” sequence, or set
of sequences. An oligonucleotide containing such a complementary sequence can be employed
as a probe to identify and isolate the variable or constant region of a Lrch4-specific antibody
gene (Sambrook et al., infra).

[0115] A suitable oligonucleotide, or set of oligonucleotides, which is capable of
encoding a fragment of the variable or constant region of a Lrch4-specific antibody (or which is
complementary to such an oligonucleotide, or set of oligonucleotides) is identified (using the
above-described procedure), synthesized, and hybridized by means well known in the art, against
a DNA or, more preferably, a cDNA preparation derived from cells which are capable of
expressing Lrch4-specific antibodies or variable or constant regions thereof. Single stranded
oligonucleotide molecules complementary to the “most probable” variable or Lrch4-specific
antibody constant region peptide coding sequences can be synthesized using procedures which
are well known to those of ordinary skill in the art (Belagaje, et al., J. Biol. Chem. 254: 5765-
5780 (1979); Maniatis, et al., In;: Molecular Mechanisms in the Control of Gene Expression,
Nierlich, et al., Eds., Acad. Press, NY (1976); Wu, et al., Prog. Nucl. Acid Res. Molec. Biol. 21:
101-141 (1978); Khorana, Science 203: 614-625 (1979)). Additionally, DNA synthesis can be
achieved through the use of automated synthesizers. Techniques of nucleic acid hybridization
are disclosed by Sambrook et al. (infra), and by Hayrnes, et al. (In: Nucleic Acid Hybridization,
A Practical Approach, IRL Press, Washington, DC (1985)), which references are herein
incorporated by reference. Techniques such as, or similar to, those described above have
successfully enabled the cloning of genes for human aldehyde dehydrogenases (Hsu, et al., Proc.
Natl. Acad. Sci. USA 82:3771-3775 (1985)), fibronectin (Suzuki, et al., Bur. Mol. Biol. Organ. J.
4:2519-2524 (1985)), the human estrogen receptor gene (Walter, et al., Proc. Natl. Acad. Sci.
USA 82:7889-7893 (1985)), tissue-type plasminogen activator (Pennica, et al., Nature 301: 214-
221 (1983)) and human term placental alkaline phosphatase complementary DNA (Keun, et al.,
Proc. Natl. Acad. Sci. USA 82: 8715-8719 (1985)).
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[0116] In an alternative way of cloning a polynucleotide encoding a Lrch4-specific
variable or constant region, a library of expression vectors is prepared by cloning DNA or, more
preferably, cDNA (from a cell capable of expressing a Lrch4-specific antibody or variable or
constant region) into an expression vector. The library is then screened for members capable of
expressing a protein which competitively inhibits the binding of a L.rch4-specific antibody and
which has a nucleotide sequence that is capable of encoding polypeptides that have the same
amino acid sequence as Lrch4-specific antibodies or fragments thereof. In this embodiment,
DNA, or more preferably cDNA, is extracted and purified from a cell which is capable of
expressing a Lrch4-specific antibody or fragment. The purified cDNA is fragmentized (by
shearing, endonuclease digestion, etc.) to produce a pool of DNA or cDNA fragments. DNA or
cDNA fragments from this pool are then cloned into an expression vector in order to produce a
genomiic library of expression vectors whose members each contain a unique cloned DNA or
cDNA fragment such as in a lambda phage library, expression in prokaryotic cell (e.g., bacteria)
or eukaryotic cells, (e.g., mammalian, yeast, insect or, fungus). See, e.g., Ausubel, infra,
Harlow, infra, Colligan, infra; Nyyssonen et al. Bio/Technology 11: 591-595 (Can 1993); Marks
et al., Bio/Technology 11: 1145-1149, 1993. Once nucleic acid encoding such variable or
constant regions is isolated, the nucleic acid can be appropriately expressed in a host cell, along
with other constant or variable heavy or light chain encoding nucleic acid, in order to provide
recombinant mAbs that bind Lrch4 with inhibitory activity. Such antibodies include a murine or
human variable region which contains a framework residue having complimentarity determining
residues which are responsible for antigen binding.

[0117] Genes encoding the constant (C) regions of the murine and chimeric antibodies,
fragments and regions of the described antibodies can be derived from a human fetal liver
library, by known methods. Human C regions genes can be derived from any human cell
including those which express and produce human immunoglobulins. The human Cy region can
be derived from any of the known classes or isotypes of human H chains, including v, u, ¢, 8, or
€, and subtypes thereof, such as G1, G2, G3 and G4. Since the H chain isotype is responsible for
the various effector functions of an antibody, the choice of Cy region will be guided by the
desired effector functions, such as complement fixation, or activity in antibody-dependent
cellular cytotoxicity (ADCC). Preferably, the Cy region is derived from gamma 1 (IgG1),
gamma 3 (IgG3), gamma 4 (IgG4), or mu (IgM).
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Human Antibodies and Humanization of Antibodies

[0118] Human antibodies avoid certain problems associated with antibodies that
possess murine or rat variable and/or constant regions. The presence of such murine or rat
derived proteins can lead to the rapid clearance of the antibodies or can lead to the generation of
an immune response against the antibody by a subject. In order to avoid the utilization of murine
or rat derived antibodies, it has been postulated that one can develop humanized antibodies or
generate fully human antibodies through the introduction of human antibody function into a
rodent so that the rodent would produce antibodies having fully human sequences.

[0119] The ability to clone and reconstruct megabase-sized human loci in YACs and to
introduce them into the mouse germline provides a powerful approach to elucidating the
functional components of very large or crudely mapped loci as well as generating useful models
of human disease. Furthermore, the utilization of such technology for substitution of mouse loci
with their human equivalents could provide unique insights into the expression and regulation of
human gene products during development, their communication with other systems, and their
involvement in disease induction and progression.

[0120] An important practical application of such a strategy is the “humanization” of
the mouse humoral immune system. Introduction of human immunoglobulin (Ig) loci into mice
in which the endogenous Ig genes have been inactivated offers the opportunity to study the
mechanisms underlying programmed expression and assembly of antibodies as well as their role
in B-cell development. Furthermore, such a strategy could provide an ideal source for
production of fully human monoclonal antibodies (mAbs) an important milestone towards
fulfilling the promise of antibody therapy in human disease. Fully human antibodies are
expected to minimize the immunogenic and allergic responses intrinsic to mouse or mouse-
derivatized mAbs and thus to increase the efficacy and safety of the administered antibodies.
The use of fully human antibodies can be expected to provide a substantial advantage in the
treatment of chronic and recurring human diseases, such as inflammation, autoimmunity, and
cancer, which require repeated antibody administrations.

[0121] One approach towards this goal was to engineer mouse strains deficient in
mouse antibody production with large fragments of the human Ig loci in anticipation that such
mice would produce a large repertoire of human antibodies in the absence of mouse antibodies.
Large human Ig fragments would preserve the large variable gene diversity as well as the proper

regulation of antibody production and expression. By exploiting the mouse machinery for
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antibody diversification and selection and the lack of immunological tolerance to human
proteins, the reproduced human antibody repertoire in these mouse strains should yield high
affinity antibodies against any antigen of interest, including human antigens. Using the
hybridoma technology, antigen-specific human Mabs with the desired specificity could be
readily produced and selected.

[0122] This general strategy was demonstrated in connection with our generation of the
first XenoMouse™ strains as published in 1994. See Green ef al., Nature Genetics 7: 13-21,
1994. The XenoMouse™ strains were engineered with yeast artificial chromosomes (YACs)
containing 245 kb and 190 kb-sized germline configuration fragments of the human heavy chain
locus and kappa light chain locus, respectively, which contained core variable and constant
region sequences. Id. The human Ig containing Y ACs proved to be compatible with the mouse
system for both rearrangement and expression of antibodies and were capable of substituting for
the inactivated mouse Ig genes. This was demonstrated by their ability to induce B-cell
development, to produce an adult-like human repertoire of fully human antibodies, and to
generate antigen-specific human mAbs. These results also suggested that introduction of larger
portions of the human Ig loci containing greater numbers of V genes, additional regulatory
elements, and human Ig constant regions might recapitulate substantially the full repertoire that
is characteristic of the human humoral response to infection and immunization. The work of
Green et al. was recently extended to the introduction of greater than approximately 80% of the
human antibody repertoire through introduction of megabase sized, germline configuration YAC
fragments of the human heavy chain loci and kappa light chain loci, respectively, to produce
XenoMouse™ mice. See Mendez et al., Nature Genetics 15: 146-156, 1997, Green and
Jakobovits, J. Exp. Med. 188: 483-495, 1998, and U.S. patent application Ser. No. 08/759,620,
filed Dec. 3, 1996, the disclosures of which are hereby incorporated by reference.

[0123] A transgenic mouse possessing an Ig locus has been produced through use of the
minilocus approach. An advantage of the minilocus approach is the rapidity with which
constructs including portions of the Ig locus can be generated and introduced into animals.
Commensurately, however, a significant disadvantage of the minilocus approach is that, in
theory, insufficient diversity is introduced through the inclusion of small numbers of V, D, and J
genes. Indeed, the published work appears to support this concern. B-cell development and
antibody production of animals produced through use of the minilocus approach appear stunted.

Therefore, research surrounding the present invention has consistently been directed towards the
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introduction of large portions of the Ig locus in order to achieve greater diversity and in an effort
to reconstitute the immune repertoire of the animals.

[0124] Human anti-mouse antibody (HAMA) responses have led the industry to
prepare chimeric or otherwise humanized antibodies. While chimeric antibodies have a human
constant region and a murine variable region, it is expected that certain human anti-chimeric
antibody (HACA) responses will be observed, particularly in chronic or multi-dose utilizations
of the antibody. Thus, it would be desirable to provide fully human antibodies against L.rch4 in

order to vitiate concerns and/or effects of HAMA or HACA response.

Humanization and Display Technologies

[0125] As was discussed above in connection with human antibody generation, there
are advantages to producing antibodies with reduced immunogenicity. To a degree, this can be
accomplished in connection with techniques of humanization and display techniques using
appropriate libraries. It will be appreciated that murine antibodies or antibodies from other
species can be humanized or primatized using techniques well known in the art. See e.g., Winter
and Harris, Immunol Today 14: 43-46, 1993 and Wright et al., Crit. Reviews in Immunol. 12:125-
168, 1992. The antibody of interest may be engineered by recombinant DNA techniques to
substitute the Cyl, Cy2, Cy3, hinge domains, and/or the framework domain with the
corresponding human sequence (see WO 92/02190 and U.S. Pat. Nos. 5,530,101, 5,585,089,
5,693,761, 5,693,792, 5,714,350, and 5,777,085). Also, the use of Ig cDNA for construction of
chimeric immunoglobulin genes is known in the art (Liu ez al., PNAS USA 84: 3439, 1987 and J.
Immunol. 139: 3521, 1987). mRNA is isolated from a hybridoma or other cell producing the
antibody and used to produce cDNA. The cDNA of interest may be amplified by the polymerase
chain reaction using specific primers (U.S. Pat. Nos. 4,683,195 and 4,683,202). Alternatively, a
library is made and screened to isolate the sequence of interest. The DNA sequence encoding
the variable region of the antibody is then fused to human constant region sequences. The
sequences of human constant regions genes may be found in Kabat et a/. (1991) Sequences of
Proteins of Immunological Interest, NIH publication no. 91-3242. Human C region genes are
readily available from known clones. The choice of isotype will be guided by the desired
effector functions, such as complement fixation, or activity in antibody-dependent cellular
cytotoxicity. Preferred isotypes are IgG1, IgG2, [gG3 and IgG4. Particularly preferred isotypes

for antibodies of the invention are [gG2 and IgG4. Either of the human light chain constant
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regions, kappa or lambda, may be used. The chimeric, humanized antibody is then expressed by
conventional methods.

[0126] Antibody fragments, such as Fv, F(ab’), and Fab may be prepared by cleavage
of the intact protein, e.g. by protease or chemical cleavage. Alternatively, a truncated gene is
designed. For example, a chimeric gene encoding a portion of the F(ab’) , fragment would
include DNA sequences encoding the CH1 domain and hinge region of the H chain, followed by
a translational stop codon to yield the truncated molecule.

[0127] In one approach, consensus sequences encoding the heavy and light chain J
regions may be used to design oligonucleotides for use as primers to introduce useful restriction
sites into the J region for subsequent linkage of V region segments to human C region segments.
C region cDNA can be modified by site directed mutagenesis to place a restriction site at the
analogous position in the human sequence.

[0128] Expression vectors include plasmids, retroviruses, cosmids, YACs, EBV
derived episomes, and the like. A convenient vector is one that encodes a functionally complete
human Cy or Cp, immunoglobulin sequence, with appropriate restriction sites engineered so that
any Vg or Vi, sequence can be easily inserted and expressed. In such vectors, splicing usually
occurs between the splice donor site in the inserted J region and the splice acceptor site
preceding the human C region, and also at the splice regions that occur within the human Cy
exons. Polyadenylation and transcription termination occur at native chromosomal sites
downstream of the coding regions. The resulting chimeric antibody may be joined to any strong
promoter, including retroviral L'TRs, e.g. SV-40 early promoter, (Okayama et al., Mol. Cell. Bio.
3:280, 1983), Rous sarcoma virus LTR (Gorman et al., P.N.A.S. 79: 6777, 1982), and moloney
murine leukemia virus LTR (Grosschedl ef al., Cell 41: 885, 1985); native 1 g promoters, etc.

[0129] Further, human antibodies or antibodies from other species can be generated
through display-type technologies, including, without limitation, phage display, retroviral
display, ribosomal display, and other techniques, using techniques well known in the art and the
resulting molecules can be subjected to additional maturation, such as affinity maturation, as
such techniques are well known in the art. Wright and Harris, supra., Hanes and Plucthau, PNAS
USA 94:4937-4942, 1997 (ribosomal display), Parmley and Smith, Gene 73: 305-318, 1988
(phage display), Scott, TIBS 17:241-245, 1992, Cwirla et al., PNAS USA 87: 6378-6382, 1990,
Russel et al., Nucl. Acids Research 21: 1081-1085, 1993, Hoganboom ef al., Immunol. Reviews
130: 43-68, 1992, Chiswell and McCafferty, TIBTECH 10: 80-84, 1992, and U.S. Pat. No.
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5,733,743. 1If display technologies are utilized to produce antibodies that are not human, such
antibodies can be humanized as described above.

[0130] Using these techniques, antibodies specific to Lrch4 can be generated. Such
antibodies, or fragments thereof may be directed to Lrch4 epitopes or peptides and expression
libraries thereof (see e.g. U.S. Pat. No. 5,703,057) which can thereafter be screened as described

above for the activities described above.

Design and Generation of Other Therapeutics

[0131] In accordance with the present invention and based on the activity of the
antibodies that are produced and descriebd herein with respect to Lrch4, the design of other
therapeutic modalities including other antibodies, other antagonists, or chemical moieties other
than antibodies is facilitated. Such modalities include, without limitation, antibodies having
similar binding activity or functionality, advanced antibody therapeutics, such as bispecific
antibodies, immunotoxins, and radiolabeled therapeutics, generation of peptide therapeutics,
gene therapies, particularly intrabodies, antisense therapeutics, and small molecules.
Furthermore, as discussed above, the effector function of the antibodies of the invention may be
changed by isotype switching to an IgG1, IgG2, 1gG3, IgG4, IgD, IgA, IgE, or IgM for various
therapeutic uses.

[0132] In connection with the generation of advanced antibody therapeutics, where
complement fixation is a desirable attribute, it may be possible to sidestep the dependence on
complement for cell killing through the use of bispecifics, immunotoxins, or radiolabels, for
example.

[0133] In connection with bispecific antibodies, bispecific antibodies can be generated
that comprise (i) two antibodies one with a specificity to Lrch4 and another to a second molecule
that are conjugated together, (ii) a single antibody that has one chain specific to Lrch4 and a
second chain specific to a second molecule, or (iii) a single chain antibody that has specificity to
Lrch4 and the other molecule. Such bispecific antibodies can be generated using techniques that
are well known for example, in connection with (i) and (ii) see e.g., Fanger et al., Immunol
Methods 4: 72-81, 1994 and Wright and Harris, supra. and in connection with (iii) see e.g.,
Traunecker et al., Int. J. Cancer 7: 51-52, 1992.

[0134] [In addition, “Kappabodies” (Il et al., Protein Eng 10: 949-57, 1997),
“Minibodies” (Martin et al., EMBO J. 13: 5303-9, 1994), “Diabodies” (Holliger ef al., PNAS
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USA 90: 6444-6448, 1993), or “Janusins” (Traunecker et al., EMBO J 10: 3655-3659, 1991) and
Traunecker et al., Int J Cancer 7:51-52, 1992) may also be prepared.

[0135] In connection with immunotoxins, antibodies can be modified to act as
immunotoxins utilizing techniques that are well known in the art. See e.g., Vitetta, Immunol
Today 14: 252, 1993. See also U.S. Pat. No. 5,194,594. In connection with the preparation of
radiolabeled antibodies, such modified antibodies can also be readily prepared utilizing
techniques that are well known in the art. See e.g., Junghans et al., Cancer Chemotherapy and
Biotherapy 655-686 (2d edition, Chafier and L.ongo, eds., Lippincott Raven, 1996). See also
U.S. Pat. Nos. 4,681,581, 4,735,210, 5,101,827, 5,102,990 (RE 35,500), 5,648,471, and
5,697,902. Each of immunotoxins and radiolabeled molecules would be likely to kill cells
expressing Lrch4, and particularly those cells in which the antibodies of the invention are
effective.

[0136] In connection with the generation of therapeutic peptides, through the utilization
of structural information related to Lrch4 and antibodies thereto, such as the antibodies of the
invention (as discussed herein in connection with small molecules) or screening of peptide
libraries, therapeutic peptides can be generated that are directed against Lrch4. Design and
screening of peptide therapeutics is discussed in connection with Houghten ef al., Biotechnigues
13:412-421, 1992, Houghten PNAS USA 82: 5131-5135, 1985, Pinalla et al., Biotechniques 13:
901-905, 1992, Blake and Litzi-Davis, BioConjugate Chem. 3: 510-513, 1992. Immunotoxins
and radiolabeled molecules can also be prepared, and in a similar manner, in connection with
peptidic moieties as discussed above in connection with antibodies.

[0137] Important information related to the binding of an antibody to an antigen can be
gleaned through phage display experimentation. Such experiments are generally accomplished
through panning a phage library expressing random peptides for binding with the antibodies of
the invention to determine if peptides can be isolated that bind. If successful, certain epitope
information can be gleaned from the peptides that bind.

[0138] In general, phage libraries expressing random peptides can be purchased from
New England Biolabs (7-mer and 12-mer libraries, Ph.D.-7 Peptide 7-mer Library Kit and Ph.D.-
12 Peptide 12-mer Library Kit, respectively) based on a bacteriophage M13 system. The 7-mer
library represents a diversity of approximately 2.0.times.10.sup.9 independent clones, which
represents most, if not all, of the 20.sup.7=1.28.times.10.- sup.9 possible 7-mer sequences. The

12-mer library contains approximately 1.9.times.10.sup.9 independent clones and represents only
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a very small sampling of the potential sequence space of 20.sup.12=4.1.times.10.sup.15 12-mer
sequences. Each of 7-mer and 12-mer libraries are panned or screened in accordance with the
manufacturer’s recommendations in which plates were coated with an antibody to capture the
appropriate antibody (a goat anti-human IgG Fc for an IgG antibody for example) followed by
washing. Bound phage are eluted with 0.2 M glycine-HCI, pH 2.2. After 3 rounds of
selection/amplification at constant stringency (0.5% Tween), through use of DNA sequencing,
one can characterize clones from the libraries that are reactive with one or more of the
antibodies. Reactivity of the peptides can be determined by ELISA. For an additional
discussion of epitope analysis of peptides see also Scott and Smith, Science 249: 386-390, 1990;
Cwirla et al., PNAS USA 87: 6378-6382, 1990; Felici et al., J. Mol. Biol. 222: 301-310, 1991,
and Kuwabara et al., Nature Biotechnology 15: 74-78, 1997.

[0139] The design of gene and/or antisense therapeutics through conventional
techniques is also facilitated through the present invention. Such modalities can be utilized for
modulating the activity or function of Lrch4. In connection therewith the antibodies of the
present invention facilitate design and use of functional assays related thereto. A design and
strategy for antisense therapeutics is discussed in detail in International Patent Application No.
WO 94/29444. Design and strategies for gene therapy are well known. However, in particular,
the use of gene therapeutic techniques involving intrabodies could prove to be particularly
advantageous. See e.g., Chen et al., Human Gene Therapy 5: 595-601, 1994 and Marasco, Gene
Therapy 4: 11-15, 1997. General design of and considerations related to gene therapeutics is
also discussed in International Patent Application No. WO 97/38137. Genetic materials
encoding an antibody of the invention may be included in a suitable expression system (whether
viral, attenuated viral, non-viral, naked, or otherwise) and administered to a host for in vivo

generation of the antibody in the host.

Small Molecule Modulators of Lrch4 Activity

[0140] Small molecule therapeutics can also be envisioned in accordance with the
present invention. Drugs can be designed to modulate the activity of Lrch4 based upon the
present invention. Knowledge gleaned from the structure of the Lrch4 molecule and its
interactions with other molecules in accordance with the present invention such as Lrch4-specific
antibodies other ligands can be utilized to rationally design additional therapeutic modalities. In

this regard, rational drug design techniques such as X-ray crystallography, computer-aided (or
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assisted) molecular modeling (CAMM), quantitative or qualitative structure-activity relationship
(QSAR), and similar technologies can be utilized to focus drug discovery efforts. Rational
design allows prediction of protein or synthetic structures which can interact with the molecule
or specific forms thereof which can be used to modify or modulate the activity of Lrch4. Such
structures can be synthesized chemically or expressed in biological systems. This approach has
been reviewed in Capsey et al., Genetically Engineered Human Therapeutic Drugs (Stockton
Press, NY, 1988). Indeed, the rational design of molecules (either peptides, peptidomimetics,
small molecules, or the like) based upon known, or delineated, structure-activity relationships
with other molecules (such as antibodies in accordance with the invention) has become generally
routine. See, e.g., Iry et al., Proc Natl Acad Sci USA 95: 12022-7, 1998; Hoffman et al., J Mol
Biol 282:195-208, 1998; Ginalski et al., Acta Biochim Pol 44: 557-64, 1997; Jouko et al.,
Biochem J 322: 927-35, 1997; Singh et al., J Med Chem 40: 1130-5, 1997; Mandel et al., Nat
Biotechnol 14: 323-8, 1996; Monfardini et al., Proc Assoc Am Physicians 108: 420-31, 1996;
Furet et al., J Comput Aided Mol Des 9: 465-72, 1995. Further, combinatorial libraries can be
designed and sythesized and used in screening programs, such as high throughput screening

efforts.

Lrch4 Ectodomain Segments

[0141] Described herein are Lrch4 ectodomain segments capable of modulating cellular
activity, typically associated with, directly or indirectly, endogenous Lrch4 activity, as described
previously. The Lrch4 ectodomain segments described herein can be produced in a variety of
ways, such as via an expression library expressing fragments of the full-length Lrch4 ectodomain
to identify fragments that, when expressed, modulate Lrch4 activity (or related cellular activity);
using binding studies to determine binding sites of interest on the Lrch4 ectodomain that, when
bound activate or initiate Lrch4 activity; or determining Lrch4 ligand binding sites, to allow for
isolated fragments of these binding sites to be expressed separately and apart from Lrch4 to
inhibit interaction between endogenous Lrch4 and its ligands.

[0142] The Lrch4 ectodomain segments described herein can be synthesized as DNA,
in some embodiments cDNA, molecules that can encode amino acid segments that have the
sequence, or a homologous sequence, to a portion of the Lrch4 ectodomain. The homology of
such a sequence, can be at least 80% identical to a desired segment of the Lrch4 ectodomain, and

in particular may be 80%, 81%, 82%. 83%, 84%, 85%. 86%, 81%, 88%, 89%, 90%, 91%, 92%,
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93%, 94%, 95%, 96%, 97%, 98%, or 99 % identical to a desired segment of the Lrch4
ectodomain. The use of cDNA requires that gene expression elements appropriate for the host
cell be combined with the gene in order to achieve synthesis of the desired protein. The use of
cDNA sequences is advantageous over genomic sequences (which contain introns), in that
cDNA sequences can be expressed in bacteria or other hosts which lack appropriate RNA
splicing systems. Techniques for synthesizing such oligonucleotides are well known and
disclosed by, for example, Wu, et al., Prog. Nucl. Acid. Res. Molec. Biol. 21:101-141 (1978), and
Ausubel et al., eds. Current Protocols in Molecular Biology, Wiley Interscience (1987, 1993),
the entire contents of which are herein incorporated by reference.

[0143] The described oligonucleotides capable of encoding a Lrch4 segment amino
acid sequence can be expressed in a host cell, such as a bacterial, insect, or mammalian host cell,
or other such expression system to produce the Lrch4 ectodomain segment of interest. The
ectodomain segment can then be isolated by methods known to those of skill in the art (i.e.,
affinity, ion-exchange, or size exclusion chromatography, among other methods). In some
embodiments, the described Lrch4 ectodomain can be attached to other proteins to either prolong
its half-life; add effector functions, such as immunomodulatory functions associated with an
antibody constant region; or provide added structural support to ensure that the ectodomain

segment assumes a desired structural conformation.

Treatment Regimes

[0144] Also described are pharmaceutical compositions comprising one or a
combination of antibodies, e.g., antibodies to Lrch4 (monoclonal, polyclonal or single chain Fv;
intact or binding fragments thereof), small molecules, or Lrch4 ectodomain segments formulated
together with a pharmaceutically acceptable carrier. Some compositions include a combination
of multiple (e.g., two or more) monoclonal antibodies or antigen-binding portions thereof, small
molecules, or Lrch4 ectodomain segments described herein. In some compositions, each of the
antibodies or antigen-binding portions thereof of the composition is a monoclonal antibody or a
human sequence antibody that binds to a distinct, pre-selected epitope of an antigen.

[0145] In prophylactic applications, pharmaceutical compositions or medicaments are
administered to a subject susceptible to, or otherwise at risk of a disease or condition (i.e., a
neoplastic disease) in an amount sufficient to eliminate or reduce the risk, lessen the severity, or

delay the outset of the disease, including biochemical, histologic and/or behavioral symptoms of
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the disease, its complications and intermediate pathological phenotypes presenting during
development of the disease. In therapeutic applications, compositions or medicants are
administered to a subject suspected of, or already suffering from such a disease in an amount
sufficient to cure, or at least partially arrest, the symptoms of the disease (biochemical, histologic
and/or behavioral), including its complications and intermediate pathological phenotypes in
development of the disease. An amount adequate to accomplish therapeutic or prophylactic
treatment is defined as a therapeutically- or prophylactically-effective dose. In both prophylactic
and therapeutic regimes, agents are usually administered in several dosages until a sufficient
immune response has been achieved. Typically, the immune response is monitored and repeated

dosages are given if the immune response starts to wane.

Effective Dosages

[0146] Effective doses of the antibody compositions, small molecules, or Lrch4
ectodomain segments described herein for the treatment of a disease or undesirable physiological
condition or state, cancer-related conditions and diseases, and inflammatory conditions described
herein vary depending upon many different factors, including means of administration, target
site, physiological state of the subject, whether the subject is human or an animal, other
medications administered, and whether treatment is prophylactic or therapeutic. Usually, the
subject is a human but nonhuman mammals including transgenic mammals can also be treated.
Treatment dosages need to be titrated to optimize safety and efficacy.

[0147] For administration with an antibody, small molecules, or a L.rch4 ectodomain
segment the dosage ranges from about 0.0001 to 100 mg/kg, and more usually 0.01 to 5 mg/kg,
of the host body weight. For example dosages can be 1 mg/kg body weight or 10 mg/kg body
weight or within the range of 1-10 mg/kg. An exemplary treatment regime entails administration
daily, once per every two weeks or once a month or once every 3 to 6 months. In some methods,
two or more monoclonal antibodies with different binding specificities are administered
simultaneously, in which case the dosage of each antibody administered falls within the ranges
indicated. Antibody is usually administered on multiple occasions. Intervals between single
dosages can be weekly, monthly or yearly. Intervals can also be irregular as indicated by
measuring blood levels of antibody in the subject. In some methods, dosage is adjusted to
achieve a plasma antibody concentration of 1-1000 ug/ml and in some methods 25-300 pug/ml.

Alternatively, an antibody, small molecule, or Lrch4 ectodomain segment can be administered as
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a sustained release formulation, in which case less frequent administration is required. Dosage
and frequency vary depending on the half-life of the antibody, small molecule, or Lrch4
ectodomain segment in the subject. In general, human antibodies show the longest half life,
followed by humanized antibodies, chimeric antibodies, and nonhuman antibodies. The dosage
and frequency of administration can vary depending on whether the treatment is prophylactic or
therapeutic. In prophylactic applications, a relatively low dosage is administered at relatively
infrequent intervals over a long period of time. Some subjects continue to receive treatment for
the rest of their lives. In therapeutic applications, a relatively high dosage at relatively short
intervals is sometimes required until progression of the disease is reduced or terminated, and
preferably until the subject shows partial or complete amelioration of symptoms of disease.
Thereafter, the patent can be administered a prophylactic regime.

[0148] Doses for nucleic acids encoding immunogens range from about 10 ngto 1 g,
100 ng to 100 mg, 1 ug to 10 mg, or 30-300 ug DNA per subject. Doses for infectious viral

vectors vary from 10-100, or more, virions per dose.

Formulation

[0149] Antibody, small molecule, or Lrch4 ectodomain segment compositions for
inducing a modulatory response may be administered as pharmaceutical compositions
comprising an active therapeutic agent, i.e., and a variety of other pharmaceutically acceptable
components. (See Remington’s Pharmaceutical Science, 15th ed., Mack Publishing Company,
Easton, Pa., 1980). The preferred form depends on the intended mode of administration and
therapeutic application. The compositions can also include, depending on the formulation
desired, pharmaceutically-acceptable, non-toxic carriers or diluents, which are defined as
vehicles commonly used to formulate pharmaceutical compositions for animal or human
administration. The diluent is selected so as not to affect the biological activity of the
combination. Examples of such diluents are distilled water, physiological phosphate-buffered
saline, Ringer’s solutions, dextrose solution, and Hank’s solution. In addition, the
pharmaceutical composition or formulation may also include other carriers, adjuvants, or
nontoxic, nontherapeutic, nonimmunogenic stabilizers and the like.

[0150] Pharmaceutical compositions can also include large, slowly metabolized
macromolecules such as proteins, polysaccharides such as chitosan, polylactic acids,

polyglycolic acids and copolymers (such as latex functionalized Sepharose™, agarose, cellulose,
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and the like), polymeric amino acids, amino acid copolymers, and lipid aggregates (such as oil
droplets or liposomes). Additionally, these carriers can function as immunostimulating agents
(i.e., adjuvants).

[0151] For parenteral administration, compositions of the invention can be administered
as injectable dosages of a solution or suspension of the substance in a physiologically acceptable
diluent with a pharmaceutical carrier that can be a sterile liquid such as water oils, saline,
glycerol, or ethanol. Additionally, auxiliary substances, such as wetting or emulsifying agents,
surfactants, pH buffering substances and the like can be present in compositions. Other
components of pharmaceutical compositions are those of petroleum, animal, vegetable, or
synthetic origin, for example, peanut oil, soybean oil, and mineral oil. In general, glycols such as
propylene glycol or polyethylene glycol are preferred liquid carriers, particularly for injectable
solutions. Antibodies, small molecules, or Lrch4 ectodomain segments can be administered in
the form of a depot injection or implant preparation which can be formulated in such a manner as
to permit a sustained release of the active ingredient. An exemplary composition comprises
monoclonal antibody at 5 mg/ml., formulated in aqueous buffer consisting of 50 mM L-histidine,
150 mM Na(l, adjusted to pH 6.0 with HCL

[0152] Typically, compositions are prepared as injectables, either as liquid solutions or
suspensions; solid forms suitable for solution in, or suspension in, liquid vehicles prior to
injection can also be prepared. The preparation also can be emulsified or encapsulated in
liposomes or micro particles such as polylactide, polyglycolide, or copolymer for enhanced
adjuvant effect, as discussed above. Langer, Science 249: 1527, 1990 and Hanes, Advanced
Drug Delivery Reviews 28: 97-119, 1997. The agents of this invention can be administered in
the form of a depot injection or implant preparation which can be formulated in such a manner as
to permit a sustained or pulsatile release of the active ingredient.

[0153] Additional formulations suitable for other modes of administration include oral,
intranasal, and pulmonary formulations, suppositories, and transdermal applications.

[0154] For suppositories, binders and carriers include, for example, polyalkylene
glycols or triglycerides; such suppositories can be formed from mixtures containing the active
ingredient in the range of 0.5% to 10%, preferably 1%-2%. Oral formulations include
excipients, such as pharmaceutical grades of mannitol, lactose, starch, magnesium stearate,

sodium saccharine, cellulose, and magnesium carbonate. These compositions take the form of
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solutions, suspensions, tablets, pills, capsules, sustained release formulations or powders and
contain 10%-95% of active ingredient, preferably 25%-70%.

[0155] Topical application can result in transdermal or intradermal delivery. Topical
administration can be facilitated by co-administration of the agent with cholera toxin or
detoxified derivatives or subunits thereof or other similar bacterial toxins. Glenn et al., Nature
391: 851, 1998. Co-administration can be achieved by using the components as a mixture or as
linked molecules obtained by chemical crosslinking or expression as a fusion protein.

[0156] Alternatively, transdermal delivery can be achieved using a skin patch or using
transferosomes. Paul ef al., Eur. J. Immunol. 25; 3521-24, 1995; Cevc ef al., Biochem. Biophys.
Acta 1368: 201-15, 1998.

[0157] The pharmaceutical compositions are generally formulated as sterile,
substantially isotonic and in full compliance with all Good Manufacturing Practice (GMP)
regulations of the U.S. Food and Drug Administration.

[0158] The following examples are provided to describe the invention in greater detail.

They are intended to illustrate, not to limit, the invention.

Example I: Lrch4 Localizes to the Plasma Membrane of Macrophage

[0159] Experiments were performed to determine the cellular localization of Lrch4 in
macrophage cells. Murine RAW 264.7 macrophage cells (obtained from the American Type
Culture Collection) were cultured in DMEM supplemented with 10% heat-inactivated fetal
bovine serum, 100 pg/ml streptomycin, and 100U/ml penicillin in a humidified 5% CO;
atmosphere at 37° C. Cultured macrophages were collected and fractionated into membrane,
cytosolic, and nuclear fractions using the Subcellular Protein Fractionation Kit (Thermo
Scientific) per manufacturer’s instructions. The subcellular fractions were normalized by protein
content (Bradford protein assay), resolved using a 10% gel by SDS-PAGE, transferred to a
nitrocellulose membrane, and blocked in 5% milk/TTBS. Proteins were detected using Lrch4-
specific rabbit antisera, p38-specific rabbit antisera (Santa Cruz), mouse anti-flotillin-1 antibody
(BD Biosciences), and histone deacetylase (HDAC)-specific anti-sera and were imaged by
species-specific HRP-conjugated secondary antibodies, followed by standard
electrochemoluminescence and exposure to film. As shown in Figure 1a, Lrch4 is

predominantly localized to the membrane fraction of macrophage.
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[0160] To confirm that Lrch4 preferentially localized to the macrophage membrane,
immunoflorescence experiments using a Lrch4-GFP fusion protein (Lrch4-tGFP) were
conducted to allow the cellular distribution of Lrch4 to be observed in situ. A pCMV6-AC-GFP
expression plasmid for human Lrch4 was obtained from Origene. hMD2-CD14-293 cells
cultured on pre-cleaned, sterile glass-cover slips were transfected with 0.5 ug/well of pPCMVAC-
Lrch4-GFP plasmid per cover slip using LipofectamineTM 2000 transfection reagent (Invitrogen)
according to the manufacturer’s instructions. After 48 hours the culture medium was removed
from cells on cover slips and 1ml of 4% p-formaldehyde fixative was added per well. Cells were
fixed for 20 minutes at room temperature without agitation to preserve fine structures. The
fixative was aspirated and cells washed three times with 1X PBS. Just before mounting, 2ml of
water was added per well to remove salts. Cells were mounted on a small drop of SlowFade®
Gold that contains DAPI (Invitrogen), on a clean glass slide. The edges of the cover slip were
sealed, covered, and allowed to dry overnight at 4° C. Cells were visualized the next day using a
660X objective of a confocal microscope (Laser-scanning Microscope Zeiss LSM 510 NLO
Meta). The results are depicted in Figure 1b, which shows Lrch4-tGEP localized to cellular

membranes rather than intranuclear (DAPI) or the cytoplasm (tGFP).

Example 1I: Transcript Expression of Lrchl, 2, 3, and 4 in Murine Tissues

[0161] To assess the levels of Lrch expression in various tissues, we utilized a SYBR-
Green based real-time Reverse Transcriptase PCR. Primer pairs for Lrchl, 2, 3,4 and GAPDH
were custom designed and synthesized (Integrated DNA Technologies Inc. Coralville, lowa) to
be 20bp in length, have similar Tm values and similar product sizes. Total RNA was extracted
from isolated tissues with RNeasy kits (Qiagen) according to the manufacturer’s protocol.
DNase treatment of the RNA was performed with DNase Set (Qiagen) to remove residual DNA
before reverse transcriptase (RT). Reverse Transcription was carried out using random hexamers
and the SuperScript First-Strand Synthesis System (based on Invitrogen’s protocol). Real-time
PCR reactions were performed according to the manufacturer's instructions (PE Applied-
Biosystems) in the presence of SYBR-Green reagent. Negative controls, consisted of all
components except for RT enzyme. Reactions were run in duplicate on an ABI Prism 7900HT
with thermal cycling parameters specific for one-step RT-PCR. The efficiency (slopes) of the
target amplification and the efficiency of the reference endogenous control (GAPDH)

amplification were 100% (+/-10%). Target gene expression levels were normalized to
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endogenous controls in all experiments. As shown in Figure 2, Lrch4 was observed to be
expressed at much higher levels than Lrch1-3. In fact, others have observed that Lrch4 is most
highly expressed in human immune tissues and cells, and that this suggests that targeting it for
immunomodulatory purposes may be associated with few off-target effects (see,

http://biogps.gnf.org/#goto=genereport&id=4034).

Example 111 - shRNA Inhibits Lrch4 Expression in RAW 264.7 Macrophages

[0162] In order to assess the role of Lrch 4, experiments were first conducted to
determine how effectively its expression could be regulated with interfering RNA. Initially, a
murine lentiviral set of 5 shRNA against murine Lrch4 was purchased from Open
Biosystems/Thermo-Fisher (Huntsville, AL). Two of the five sShARNA were determined to be
most effective; the hairpin sequences of those shRNAs and the negative control (scrambled

shRNA) are as follows:

A3 (TRCN0000121334):
CCGGGCTCTCAAGTCTCGGAAGAATCTCGAGATTCTTCCGAGACTTGAGAGCTTTTT
G (SEQID NO: 1)

A5 (TRCNO0000121336):
CCGGCCTTCTGAATTAAGCCTTGTACTCGAGTACAAGGCTTAATTCAGAAGGTTTTT
G (SEQ ID NO: 2)

Scrambled shRNA:
CCTAAGGTTAAGTCGCCCTCGCTCGAGCGAGGGCGACTTAACCTTAGG (SEQ ID NO:
4)

[0163] Figures 3(a) and (b) show shRNA-mediated reductions in Lrch4 expression,
relative to a-tubulin or GAPDH expression, respectively, in RAW 264.7 macrophages. To
assess the levels of Lrch4 expression in RAW 264.7 macrophages after knockdown a TagMan
probe based real-time Reverse Transcriptase PCR was used. Predeveloped, validated TagMan
primer/probe sets for murine Lrch4 (Mm00461397_m1) and GAPDH (Mm99999915_g1) were
purchased (Applied Biosystems, Foster City, CA). Total RNA was extracted from cells with
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RNeasy kits (Qiagen) according to the manufacturer’s protocol. DNase treatment of the RNA
was performed with DNase Set (Qiagen) to remove residual DNA before reverse transcriptase
(RT) PCR. RT-PCR mixtures were composed of the following: Universal PCR Master Mix, No
AmpErase® (Applied Biosystems), manufacturer recommended amount of predeveloped
primer/probe sets, 0.05 to 0.5 ng RNA, 0.4 U/ul RNase inhibitor (Roche Diagnostics), and 0.4
U/ul murine leukemia virus RT (Roche). Negative controls, consisting of all components
except for RT enzyme, gave no signal in every case. Reactions were run in duplicate on an ABI
Prism 7900HT with thermal cycling parameters specific for one-step RT-PCR. The efficiency
(slopes) of the target amplification and the efficiency of the reference endogenous control
(GAPDH) amplification were 100% (+/-10%). Target gene expression levels were normalized to

endogenous controls in all experiments.

Example IV - Lrchd4 Silencing Attenuates the LPS Response by RAW 264.7 Macrophages

[0164] To assess the effect of Lrch4 silencing on the inflammatory response of
macrophages, experiments were performed to determine whether TNF-o production changed
when macrophages expressing Lrch4-specific interfering RNA were exposed to LPS. For these
experiments, RAW264.7 cells separately transduced with the shRNAs described in example 111,
were plated at 0.375 x 10° cells/well of a 24 well plate and maintained under standard culture
conditions overnight. The following day, the cells were washed two times with warm PBS and
media was changed to complete supplemented with 100 pg/ml E. coli 0111:B4 LPS. The cells
were then incubated under normal growth conditions (5% CO;at 37 °C). Following LPS
exposure, cell supernatants were collected and analyzed for the presence of TNF-a using either
the Bioplex multiplex bead assay (BioRad) or ELISA to TNF-« (eBioscience), per
manufacturer’s specifications. As shown in Figure 4, the expression of Lrch4-specific inhibitory
RNAs A3 or A5 caused a significant reduction in TNF-o expression by LPS-exposed
macrophages, relative to nonspecific shRNA.

[0165] Similar experiments were conducted with ligands for different TLRs. Figure 5
illustrates the relative reduction of Pam2CSK4-induced production of TNF-o. by RAW 264.7
macrophages expressing Lrch4-specific sShRNAs. Figure 6 shows the relative reduction of
imiquimod-induced production of TNI-o. by RAW 264.7 macrophages expressing Lrch4-
specific shRNAs. Figure 7 depicts the relative reduction of ODN2395-induced production of
TNF-o by RAW 264.7 macrophages expressing Lrch4-specific shRNAs.
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Example V - Lrch4 Regulates Cytokine Responses Induced by Various TLR Ligands

[0166] Since Lrch4 silencing was able to inhibit the expression of TNF-a in LPS
exposed macrophages (example 1V), additional experiments were performed to determine if this
also occurred for other ligands known to induce inflammation. The general experimental design
was the same as that described in example IV, however, plated cells were incubated with either
LPS (1 ng/ml), the TLR2/1 ligand Pam3CSK4 (10 ng/ml), or the TLR3 ligand poly(I:C) (20
png/ml) in order to stimulate TLR-mediated cytokine production and only macrophages
transduced with SEQ ID NO: 2. Figures 5(a) and 8(b) show that neither TNF-¢ or G-CSF was
produced in the absence of a stimulating ligand (buffer). Conversely, macrophages exposed to
TLR ligands expressed TNF-o or G-CSF; however, in each instance, macrophages transduced
with Lrch4-specific inhibitory RNA produced less cytokine that those transduced with
nonspecific inhibitory RNA. Similar results were also observed for TLR2/6 ligand Pam2CSK4
(30 ng/ml), TLR7 ligand imiquimod (5 pg/ml), and TLR9 ligand ODN2395 (5 uM), as shown in
figures 6, 7, and 8, respectively.

[0167] Since Lrch4 silencing was observed to consistently inhibit the expression of
TLR-mediated cytokine production, there was also interest in determining whether Lrch4
overexpression would increase TLR-mediated cytokine production. To accomplish this Lrch4
expression constructs were produced. In one instance a murine Lrch4 expression plasmid was
made using a pCMV6-murine Lrch4 expression plasmid obtained from Origene. Using PCR,
the open reading frame for murine Lrch4 was subcloned into pcDNA3.1 vector either in
untagged, N-terminally HA tagged or C-terminally Flag-tagged form. A pCMV6-AC-GFP
expression plasmid for human Lrch4 was obtained from Origene. Linearized and purified empty
vector, untagged-Lrch4, HA-Lrch4 and Lrch4-Flag plasmids were transfected into separate
RAW264.7 cells using FuGENE® HD reagent (Roche) as per manufacturer’s instructions. After
48 hours the cells were plated at 20% confluence in 150mM dishes and selected using 400ug/ml
of Geneticin® for two weeks (with fresh media every third day). Aliquots of selected cells were
frozen and the remainder was maintained under selection for use in experiments.

[0168] RAW264.7 transfected with either a vector encoding murine Flag-Lrch4 or
empty vector were cultured in the presence or absence of TLR ligands: LPS (1 ng/ml),
Pam3CSK4 (10 ug/ml), poly(I:C) (20 ng/ml), Pam2CSK4 (30 ng/ml), or imiquimod (5 pug/ml).
As shown in figures 9, 10, and 11 Lrch4 overexpression had a direct correlation with increased

TLR-mediated cytokine production.
- 66 -



WO 2012/099871 PCT/US2012/021538

Example VI - Lrch4 Silencing Attenuates the LPS Response in Human Cells

[0169] To investigate the ability of Lrch4 silencing to inhibit TLR-mediated cytokine
production by human cells, interfering RNA experiments were performed using TLR-transfected
293-hMD2-CD14 cells (Invivogen). In this case, an siRNA knockdown approach was used.
Lrch4-specific siRNA (Silencer(R) Select siRNA for human Lrch4, ID: s8276 [catalog #:
4392420]) GTCTGGAAATGAGTCAACA (SEQ ID NO: 3) or negative control siRNA
(Silencer Negative Control #1 siRNA [catalog #: AM4611]) were transfected into the cells using
Lipofectamine 2000 (Invitrogen, Carlsbad, CA) per manufacturer’s instructions, in serum-free
OptiMEM (Gibco-Invitrogen, Carlsbad, CA). Transfected cells (48 hrs post-transfection) were
then cultured in the presence of TNF-a (negative control), LPS, or PAam3CSK4 and, following
incubation, IL.-8 secretion was assessed by ELISA. As depicted in Figures 12(a) and (b), Lrch4-
specific siRNA inhibited the production of IL.-8 in the presence of TLR ligands LLPS and
Pam3CSK4.

Example VII - Lrch4 Silencing Attenuates LPS-Mediated NF-kB Activation

[0170] Nuclear extracts were isolated using the NE-PER kit (Pierce) per manufacturer’s
instructions after buffer or LPS (1 ng/ml, 15 minutes) exposure of RAW 264.7 cells that had
been transduced with either AS Lrch4 shRNA or scrambled shRNA. Equal nuclear protein
aliquots (determined by Bradford assay) were analyzed with the TransAM NIF-«kB p65 kit
(Active Motif) per manufacturer’s instructions. Figure 13 depicts baseline-corrected LPS
induced p65 binding (i.e., LPS signal minus buffer signal), which indicates that LLPS-induced
NF-kB activation was inhibited by the expression of Lrch4-specific ShRNA.

Example VIII — Lrch4 Silencing Attenuates LPS Activation of Mitogen-Activated Protein
Kinases
[0171] Mitogen-activated protein kinases (MAPKSs), such as p38 MAPK, are known to

transmit early signals into immune cells upon exposure of the cell to LPS. In order to determine
whether Lrch4 regulates acute activation (i.e., phosphorylation) of MAPKs by LPS, an
experimental design similar to Example IV was followed. RAW 264.7 macrophages pretreated
with either scrambled, A3, or A5 Lrch4 shRNA were exposed to 1 ng/ml LPS for 15 minutes,
and then equal protein aliquots (Bradford assay) of whole cell lysate were analyzed by Western

blot, using standard procedures. Lysates were probed with Lrch4-specific antibodies that were
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custom-made for this study, PO4-p38 (Cell Signaling Technology), p38 (Santa Cruz
Biotechnology), or tubulin (Santa Cruz Biotechnology). As shown in Figure 14, Lrch4
knockdown by A5 shRNA markedly attenuates LPS-induced p38 activation; a lesser attenuation
in p38 activation was also observed for A3 shRNA. These findings complement those shown in
Example VII, together indicating that Lrch4 regulates early signaling events triggered by LPS in

the macrophage.

Example IX - MyD88 Co-Immunoprecipitates Lrch4 from Macrophage Lysates
[0172] Upon activation, all TLRs other than TLLR3 transduce signals into the cell via

physical association with the cytosolic adaptor protein MyD88. Given the confirmation provided
by the results of Example I, that Lrch4 is localized to the cell membrane, and the finding
presented in Examples VII and VIII, that Lrch4 regulates very early (15 minute) signaling
events, experiments were conducted to determine whether Lrch4 physically associates with
membrane-proximal proteins in TLR signaling pathways, such as MyD88. To this end, MyD88
was immunoprecipitated from untreated or Pam3CSK4-treated (100 ng/ml, 15 minutes) RAW
264.7 macrophages. After exposure, cells were washed, lysed in standard RIPA lysis buffer
supplemented with protease inhibitors, and clarified by centrifugation. Whole cell lysates were
then treated overnight (~16 hrs, 4°C) with 2.5 ug/500 ul rabbit anti-MyD88 antibody (Millipore).
Immunocomplexes were subsequently precipitated with protein A/G-sepharose (Santa Cruz),
washed several times with ice-cold RIPA lysis buffer, and then eluted with Laemmli buffer
supplemented with 20 mM DT, followed by boiling (7 minutes). Fluates were resolved by
10% SDS-PAGE, and evaluated by standard Western blotting procedures. As shown in Figure
15, Lrch4 is detected in MyD88 immunoprecipitates, suggesting physical association between
the two proteins. Of note, Lrch4 association with MyD@&8 is increased in Pam3CSK4-treated
cells, suggesting that physical association between the two proteins is enhanced by exposure of

the cells to TLR2 ligand.

Example X - Lrch4 Interfering RNA Attenuates IL-8 Production by Constitutively Active
MyD88
[0173] Given the findings that Lrch4 physically associates with MyD88 (Example [X),
and that Lrch4 regulates early signaling events that are thought to be MyD88-dependent
(Examples VII, VIII), experiments were conducted to determine whether Lrch4 could be to

regulate MyD88-dependent signaling in a more direct fashion. To this end, 293-hMD2-CD14
- 68 -



WO 2012/099871 PCT/US2012/021538

cells (Invivogen) that had been transfected with negative control siRNA or Lrch4-specific
siRNA, as described in Example VI, were subsequently transfected with a plasmid for a
constitutively active (CA) form of MyD88 (obtained from Dr. Jurg Tschopp, University of
Lausanne). This CA MyDS88 has been previously confirmed to drive cytokine induction in cells
in a ligand-independent fashion; the use of non-TLR expressing HEK293 cells in these
experiments (HEK293 cells do not express TLR2 or TLLR4 and are unresponsive to TLLR2 and
TLR4 ligands) moreover excludes confounding effects from possible contaminating TLR2 or
TLR4 ligands (eg, LPS). Conditioned media from the cells was harvested 6 hours following
transfection with CA MyD&8, and assayed by ELISA (eBioscience) for I1.-8 concentration. As
shown in Figure 16, Lrch4 silencing significantly reduced IL-8 induction by CA MyD&8,
confirming that Lrch4 regulates MyD88-dependent signaling, and also suggesting that Lrch4 can
regulate MyD88 signaling in a fashion that is independent of TLR ligands. As MyD&8 is also
known to play an essential role in pro-inflammatory signaling induced by the cytokines I1.-1 and
IL-18, these results suggest that Lrch4 may also regulate cellular responses to these cytokines.
As IL-1 and I1.-18 are themselves induced by TLR ligands and are thought to amplify
inflammation, these results indicate the potential that Lrch4 inhibition may reduce inflammation

not only through reducing cytokine production but also through attenuating cytokine effects.

Example XI - Lrch4 does not Regulate Cell Surface TLR4

[0174] In order to address whether Lrch4 regulates expression of TLR4 on the cell-
surface, standard flow cytometry procedures were performed to quantify cell surface display on
RAW 264.7 cells of TLR4 (PE-anti-TLLR4 antibody, [eBioscience]) in the setting of Lrch4
silencing (A5 shRNA) as well as overexpression (Lrch4-FLLAG). To ensure specificity of the
antibody signal for TLR4, an isotype control antibody (PE-Ig(G1 K isotype control
[eBioscience]) was used in parallel. As shown in Figure 17, neither Lrch4 silencing nor
overexpression alters TLLR4 expression on the cell surface. These findings suggest that Lrch4
regulates the TLLR4 pathway through a mechanism other than control of subcellular trafficking of

TLR4 to its sentinel location on the cell surface.

Example XII - Lrch4 Knockdown Attenuates Binding of LPS to Cell Surface of
RAW 264.7 Macrophages
[0175] Experiments were conducted to assess whether inhibition of Lrch4 expression

affects binding of LPS to cells. RAW 264.7 macrophages stably expressing either Lrch4-
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specific shRNA or scrambled shRNA were incubated with biotin-conjugated LPS for 15 minutes
at 37 °C and then labeled with streptavidin-allophycocyanin (APC). Pollowing labeling, surface-
bound LPS was assessed by by flow cytometry. As shown in Figure 18, both Lrch4-specific
shRNAs A3 and AS inhibited binding of biotin-labeled LPS to RAW 264.7 cells.

Example XIII - Lrch4 and CD14 Co-Precipitate with Biotin-LPS Pulldown of RAW
264.7 Cells

[0176] Co-immunoprecipitation studies were undertaken to assess the ability of Lrch4
to associate with cell-surface proteins involved in LPS binding. For these experiments, RAW
264.7 macrophages were incubated (15 minutes at 37 °C) with either 10 ug of biotin-labeled
LPS, 10 pg of biotin-labeled LPS plus 20 ug LPS 10, or 10 ug of LPS alone. Following
incubation, biotin-LLPS was pulled down by streptavidin-sepharose. Captured complexes were
washed and proteins were eluted from the sepharose and probed for Lrch4 and CD14, in parallel
with probing of whole cell lysate. As shown in Figure 19, biotin-LLPS co-precipitated Lrch4 and
CD14.

Example XIV - Lentiviral shRNA Knockdown of Lrch4 in Murine Lungs
Attenuates LPS-Induced Airway Inflammation In Vivo

[0177] Mouse studies were conducted to determine whether Lrch4-specific ShRNAs
could reduce the effects of LPS in vivo. For these studies lentivirus encoding Lrch4-specific
shRNA (A3 or AS5, as indicated in figure 20) or non-specific ShRNA (scramble) were delivered
(6x10" TU in 50 ul) to the lungs of C57BL/6 mice by oropharyngeal aspiration. Five days after
delivery, mice were subjected to inhalation of aerosolized LPS (300 pg/ml for 30 min).
Bronchoalveolar lavage (BAL) was collected 24h later, and total white blood cells (WBCs) or
neutrophils (PMNs) were quantified. As shown in Figure 20, mice exposed to either Lrch4-
specific shRNA exhibited a reduction in WBCs and PMNs following exposure to aerosolized
LPS.

Lrch4 Protein Sequence (SEQ ID NO: 5)

[0178]
MAAAVAGPLAAGGEEAAASVSLPGSPGLPGSRSAERALEEAVATGTLNLS
NRRLKHFPRGAARSYDLSDITQADLSRNRFPEVPEAACQLVSLEGLSLYHNCLKCLNPA

LGNLTALTYLNLSRNQLSSLPPYICQLPLRVLIISNNKLGALPPDISTLGSLRQLDVSSNEL
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QSLPVELCSLRSLRDLNVRRNQLSTLPDELGDLPLVRLDFSCNRISRIPVSFCRLRHLQVYV
LLDSNP
LQSPPAQICLKGKLHIFKYLTMEAGRRGAALGDLVPSRPPSIFSPCPAEDLFPGRRYDGGL
DSGFHS VDSGSKRWSGNESTDDFESELSFRISELARDPRGPRQPREDGAGDGDLEQIDFIDS
HVPGEDEDRSAAEEQLPSELSLVAGDVEKPSSSRREEPAGEERRRPDTLQLWQERERKQ
QQQSGGWGSPRKDSVLKRGIRAAGAGASAPSTQATCNGPPKSSTTQLGVSGGQGAPTPP
PTSQDPLPVSGPVTAPVPRPLGSIQRPNSFLFRSSSQSGSSPSSPESVLRPRPIFPQEKELISQL
RQVLESRLQQPLPEDLAFALANGVLLCQLANQLRPRSVPIFTHVPSPAVPKLSALKSRKNV
ESFLEACRKMGVPEADLCSPSDLLRGTAQGLQTVLEAVILVGGKAPLPVQPSSGLGGFL
LEFYVVEMLLLYVVYTRLLGS

Lrch4 Nucleotide Sequence (SEQ ID NO: 6)

[0179]
ATGGCGGCAGCAGTAGCGGGCCCACTCGCCGCCGGGGGTGAGGAAGC
TGCAGCTTCAGTGTCCTTGCCAGGGTCTCCTGGTCTACCTGGGAGCCGTAGCGCAGA
ACGAGCCCTAGAGGAGGCTGTGGCCACCGGGACCCTGAACTTGTCCAACCGGCGTT
TGAAGCACTTCCCCCGGGGCGCGGCCCGCAGTTACGACTTGTCAGACATCACCCAG
GCTGACTTGTCTCGGAACCGGTTTCCCGAGGTGCCTGAGGCAGCTTGCCAGCTGGTG
TCCCTGGAAGGCCTGAGCCTCTACCACAATTGCCTGAAATGCCTGAACCCAGCCTTG
GGGAATCTTACAGCCCTCACCTACCTCAACCTCAGCCGGAACCAGCTGTCGTCGTTG
CCACCCTACATCTGCCAGCTGCCCCTTCGAGTGCTTATCATCAGCAACAACAAGTTA
GGAGCCCTGCCTCCAGACATCAGCACCTTGGGAAGCCTGCGGCAGCTTGATGTGAG
CAGCAATGAGCTGCAGTCCCTGCCCGTGGAGCTGTGTAGCCTCCGTTCCCTGCGGGA
TCTCAATGTTCGAAGGAACCAGCTCAGTACCCTGCCTGATGAGCTGGGAGACCTTCC
TCTGGTCCGCCTGGATTTCTCCTGTAACCGCATCTCCCGAATCCCCGTCTCCTTCTGC
CGCCTCAGGCACCTGCAGGTCGTTCTGCTGGATAGCAACCCCCTACAGAGTCCACCT
GCCCAGATATGCCTGAAGGGGAAACTTCACATCTTCAAGTACCTAACAATGGAAGC
TGGCCGGAGGGGAGCCGCCCTCGGGGACCTGGTCCCTTCCCGCCCCCCAAGTTTTAG
TCCTTGCCCTGCCGAAGATTTATTTCCGGGACGTCGTTATGATGGTGGCCTGGACTC
AGGCTTCCACAGCGTTGACAGTGGCAGCAAGAGGTGGTCAGGAAATGAGTCCACAG
ATGATTTTTCAGAGCTGTCTTTCCGGATCTCGGAGCTGGCTCGTGATCCCCGGGGGC
CTAGACAACCTAGGGAAGATGGCGCTGGCGATGGAGACCTGGAGCAGATTGACTTT
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ATTGACAGCCACGTTCCTGGGGAAGATGAAGATCGAAGTGCAGCTGAGGAGCAGCT
GCCTTCTGAATTAAGCCTTGTAGCAGGGGATGTGGAGAAGCCATCTAGCAGCAGGC
GAGAGGAGCCTGCAGGGGAGGAGAGGCGGCGCCCAGACACTTTGCAGTTGTGGCA
GGAACGGGAGCGGAAGCAACAGCAACAGAGTGGGGGATGGGGGTCCCCCAGGAAG
GACAGCGTCCTGAAGCGGGGGATCCGAGCTGCCGGGGCAGGTGCTTCGGCCCCATC
CACACAGGCCACCTGCAATGGCCCACCAAAGTCCAGCACTACCCAACTGGGAGTTT
CAGGGGGGCAGGGAGCTCCCACACCACCCCCCACCTCCCAGGACCCCCTTCCTGTAT
CTGGACCAGTGACAGCTCCTGTTCCCAGGCCCCTGGGCTCCATTCAGAGACCAAACA
GCTTCCTCTTCCGGTCCTCTTCTCAGAGTGGCTCTAGTCCTTCCTCTCCAGAGTCTGT
TTTGAGACCTCGGCCGTTTCCTCAGGAGAAGGAGCTAATATCCCAACTTCGCCAGGT
CCTAGAGTCGCGGCTGCAGCAGCCCCTACCTGAGGACCTGGCAGAAGCTCTCGCCA
ACGGAGTCCTCCTTTGCCAGCTGGCGAACCAGCTGCGGCCCCGCTCTGTACCCTTCA
TTCATGTGCCCTCACCTGCTGTGCCAAAGCTCAGTGCTCTCAAGTCTCGGAAGAATG
TCGAGAGTTTCCTAGAAGCCTGTCGGAAAATGGGTGTGCCTGAGGCTGACCTGTGCT
CGCCCTCGGATCTCCTCCGGGGCACCGCCCAGGGGCTGCAGACCGTCCTGGAGGCT
GTGATCCTGGTTGGGGGCAAGGCCCCTCTCCCAGTCCAGCCCTCCTCTGGTCTGGGT
GGCTTCCTCCTCTTCTACGTGGTCTTCATGCTGCTGCTCTATGTCGTCTACACTCGGC
TCCTGGGCTCCTAG

-7



WO 2012/099871 PCT/US2012/021538

What is Claimed:

1. A method of reducing inflammation in a subject comprising altering the activity of Lrch4

in the subject.

2. The method of claim 1, wherein the inflammation is caused by sepsis.

3. The method of claim 1 or 2 wherein Lrch4 activity is altered by reducing Lrch4

expression in the subject.

4. The method of claim 3 wherein Lrch4 expression is reduced by administering a Lrch4-

specific oligonucleotide to the subject.

5. The method of claim 4 wherein the Lrch4-specific oligonucleotide is an siRNA or a
shRNA.
6. The method of claim 4 or 5 wherein the Lrch4-specific oligonucleotide comprises SEQ

ID NO: 1, SEQ ID NO: 2, or SEQ ID NO: 3.

7. The method of claim 1 or 2 further comprising administering to the subject a Lrch4-
specific antibody, or a fragment thereof; an isolated Lrch4 ectodomain, or a fragment thereof; or

small molecule modulator of Lrch4 activity.

8. The method of any previous claim wherein altering the activity of L.rch4 in the subject

reduces the expression of at least one of TNF-a, G-CSF, IL-8, and IFN-f.

9. The method of any previous claim wherein altering the activity of Lrch4 in the

subject reduces the level of activation of at least one of NIF-kB and one or more MAP kinases.

10. A method of treating a subject for sepsis comprising, administering to the subject a
Lrch4-specific shRNA oligonucleotide comprising SEQ ID NO: 1, SEQ ID NO: 2, or SEQ ID
NO: 3.
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11. The method of any one of claims 2 to 10, wherein sepsis is caused by exposure of a

subject to an endotoxin.

12. The method of claim 11, wherein the endotoxin is lipopolysaccharides (LPS).
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