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TITLE QF THE INVENTION
“METHODS AND COMPOSITIONS FOR TREATING OR PREVENTING FLAVIVIRUS INFECTIONS”

FIELD OF THE INVENTION

[0001] This invention relates generally to mathods and compositions for the
treatment or prevention of Flavivirus infections. In particular, the invention relates to
TLR4 antagonists for use in treating or preventing disease associated with Flavivirus
infections, including Dengue virus infections.

BACKGROUND OF THE INVENTION

[0002] Dengue virus infection is an increasing problem in tropical and
subtropical areas, and is endemic in over a hundred countries (1). With increased
international travel and climate change extending the range of the mosquito vector, more
populations will become increasingly at risk of dengue infection. Recent estimates
suggest there are approximately 390 million dengue infections globally per vear, 96
million of these being symptomatic and with many thousands of deaths (1). Despite this
global health burden, no vaccine or therapeutic intervention has yet been licensed.
Dengue infection causes a spectrum of diseases ranging from undifferentiated fever, mild
classical dengue fever (DF) to severe and potentially fatal dengue hemorrhagic fever
{DHF) and dengue shock syndrome (DSS). Severe disease is characterized by the
rapid onset of capillary leak accompanied by thrombocytopenia and altered hemostasis.
While the mechanistic basis of dengue mediated capillary leak remains the subject of
considerable canjecture, the hest immune response appears to be the primary
determinant of disease outcome. DHF/DSS patients have higher levels of circulating pro-
inflammatory cytokines and chemokines, leading to the suggestion that it is these
vasoactive mediators that play a direct and {eading role in the collapse of vascular
integrity (2,3). Although DHF and DSS can accompany primary infection, they more
frequently occur upon secondary infection with a heterologous dengue virus strain. The
anamnestic induction of high levels of cross-reactive, but sub-neutralizing antibodies
during the acute stage of secondary infection is thought to contribute to antibody-
dependent enhancament (ADE) of infection in Fc receptor-bearing cells resulting in
higher virus production (4, 5}. In addition, cross-reactive, and consequently low affinity
T-cell responses to the secondary infecting virus results in delaved viral clearance (6) and
a skawing of the cytokine response that glevates inflammatory cytokines and contributes
to the pathology of severe disease (7). Other factors including viral strain virulence, host
gene polymorphism, and nutritional status may also play roles as risk factors in DHF/DSS
development (8).
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[0003] The Dengue virus non-structural protein NS1 is a multi-functional, 48-
55 kDa glycoprotein, that is initially synthesized as a seluble monomer and becomes
membrane-associated following dimerization in the lumen of the endoplasmic reticulum
{9). The recent crystal structure determination of NS1 has revealed exposed hydrophobic
domains on the dimeric form that are likely to mediate this membrane-association
{10). Intracellular N51 participates in early viral RNA replication and is found in virus-
induced vesicular compartments that house the viral replication complexes (12). N51 is
alse transported to the cell surface, where it either remains associated with the cell
membrane, or is secreted as a soluble, lipid-associatet hexameric species. A small subset
of cell~-surface expressed NS1 has been shown to be membrane-associated vig a
ghycosylphosphatidylinasitol (GP1)-anchor, which can mediate signal transduction on
specific antibady engagement, thereby facilitating enhanced production of viral progeny
{12). Secreted NS1 {sNS1) can be detected in the bloodstream of infected patients from
the first day of symptoms and may circulate at remarkably high levels (up to 50
wg/mL) during the acute phase of infection {23). This early viral biomarker of infection
has now become a target for routine diagnosis {14, 15} with levels shown to correlate
with viremia and disease severity in secondary Dengue virus infection (13, 16). NS1 has
been proposed as plaving a number of roles in the pathology of infection, including both
stimulation and inhibition of complement pathways, and damage to platelets and
endothelial cells by cross-reactive anti-NS1 antibodies {9).

SUMMARY OF THE INVENTION

[0004] The present invention arises in part from the determination that sNS1
elicits pro-inflammatory cytekine production vig TLR4 signaling. This finding identifies
sNS1 as a dengue virus-encoded pathogen-associated maolecular pattern. In addition, it
has been determined that sNS1 increases permeability of human dermal endothalial cell
monolayers in an in vitro model of vascular leakage. The striking similarities in cellular
responses to LPS and NS1 vig TLR4 suggest that sNS1 is a viral counterpart of bacterial
endotoxin. Moreover, the present inventors have found that inhibition of TLR4 by TLR4
antagonists prevents NS1-mediated cytokine release, thereby providing a strategy for
therapeutic intervention in viral disease. Of significance, sNS1 is conserved across the
Flavivirus genus of arboviruses and it is proposed therefore that TLR4 antagonists are
useful for treating Flavivirus infections generally.

[0005] The present inventors have reduced the above findings to practice in
methods and compositions for modulating production of pro~inflammatory mediators by
immune cells and/or vascular leakage in subjects with Flavivirus infections and for
treating or preventing Flavivirus infections or a symptom thereof, as described hereafter,
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[0006] Accordingly, in one aspect, the present invention provides methods for
modulating production of a pro-inflammatory mediator (e.g., a cytoking) by a cell (e.g.,
an immune cell (¢.g., 8 macrophage or monocyte), or an endothelial cell) in a subject
with a Flavivirus infection, These methods generally comprise, consist or consist
essentially of contacting the cell with a pro-inflammatory mediator-modulating amount, of
a TLR4 antagonist.

[0007] Another aspect of the present invention provides methods for
modulating vascular leakage in a subject with a Flavivirus infection. These methods
ganerally comprise, consist or consist essentially of contacting an endothelial cell with a
vascular leakage-modulating amount of a TLR4 antagonist.

[GO08] In a related aspect, the present invention provides methods for
inhibiting the binding of sNS1 to a cell {e.g., an immune cell or an endothelial cell) that
mediates disease symptoms (e.g., production of a pro-inflarmmatory mediator, vascular
leakage, efc.) associated with a Flavivirus infection. These methods genarally comprise,
cansist or consist essentially of contacting the cell with a sNS1-binding-inhibiting amount
of a TLR4 antagonist.

[0009] In another aspect, the present invention provides methods for
moadulating vascular leakage in a subject with a Flavivirus infection. Thase methods
generally comprise, consist or consist essentially of administering to the subject a
vascular leakage-modulating amount of a TLR4 antagonist.

[0010] Yet another aspect of the present invention provides methods for
treating or preventing a Flavivirus infection or a symptom thereof in a8 subject. These
methods generally comprise, consist or consist essantially of administering an effective
amount of a TLR4 antagonist to the subject.

[0011] In related aspects, the present invention provides the use of a TLR4
antagonist for modulating production of a pro-inflammatory mediator (e.g., a cytokineg)
by a cell {e.g., an immuna cell or an endothelial cell), which is associated with a
Flavivirus infection, or for modulating vascular leakage that is associated with a Flavivirus
infection, or for inhibiting the binding of sN%1 to a cell that mediates diseasa symptoms
associated with a Flavivirus infection, or for treating or preventing a Flaviviridae virus
infection. In some embodiments, the TLR4 antagonist is manufactured as a medicament
for any one or more of those applications.

[0012] Suitably, the Flavivirus is a virus selected from the group consisting of
Dengue virus (DENV), Japanese encephalitis virus (JEV), Yellow fever virus (YFV), Murray
Valley encephalitis virus (MVEVY), West Nile virus (WNV), Tick-borne encephalitis virus
{TBEV}, 5t Loufs encephalitis virus (SLEV), Alffuy virus (AV), Koutango virus (KV},
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Cacipacore virus {CVY), and Yaounde virus {YV). In specific embodiments, the Flavivirus is
selected from Dengue virus serotype I, I1, 111, or IV. In some embodiments, the methods
further comprise identifying that the subject has or is at risk of develaping a Flavivirus
infection, suitably prior to administration of the TLR4 antagenist. In illustrative examples
of this type, the methods comprise determining the presence of NS1 {e.g., soluble or
nen-soluble forms of NS1) in the subject {e.g., in a biological sample of the subject,
llustrative examples of which include blood, serum, plasma, saliva, cerebrospinal fluid,
urine, skin or other tissues, or fractions thereof), suitably prior to administration of the
TLR4 antagonist,

[0013] Non-limiting examples of suitable TLR4 antagonists include nucleic acids,
peptides, polypeptides, peptidomimetics, carbohydrates, lipids or other organic (carbon
containing) or inorganic molecules, In specific embodiments, the TLR4 antagonist is
selected from lipasaccharide compounds, carbohydrates, small molecule inhibitors,
nucleic acid molecules {(e.g., ones that inhibit the transcription or translation of a 7LR4
gane or that madiate RNA interferance}, decoy receptors and antagonist antibodies. In
some embodiments, the TLR4 antagonist reduces the expression of the 7LR4 gene or the
level or functional activity (e.g., reduces the level of a TLR4 polypeptide, reduces TLR4
mediated cytokine praduction and/or antagonizes the TLR4 signaling pathway) of a TLR4
expression product to less than about 9710, 4/5, 7710, 3/5, V2, 2/5, 3/10, 1/5, 1/10,
1/20, 1/50, 107, 1073, 1079, 107, 107, 105, 107, 108, 10°%, 10°%°, 10", 1073, 107, 107%*
or about 10°*° of the expression of the TLR4 gene, or the level or functional activity of a
corresponding TLR4 expression product in the absence of the TLR4 antagonist, In some
embodiments, the TLR4 antagonist is a selective TLR4 antagonist. In other embodiments,
the TLR4 aniagonist is a non-selective TLR4 antagonist.

[G014] The TLR4 antagonist may be administered alone or in combination with
one or more ancillary agents that treat or ameliorate the symptoms of a Flavivirus
infection. Accordingly, in still ancther aspect, the present invention provides
pharmaceutical compositions, suitably for treating a Flavivirus infection or symptom
thereof. These compositions comprise, consist or consist essentially of @ TLR4 antagonist
and an ancillary anti-Flaviviridae virus agent, optionally together with a pharmaceutically
acceptable carrier or diluent.

[0015] In a related aspect, the present invention provides methods for treating
or preventing a Flavivirus infaection or symiptom thergof in a subject. These methods
gengrally comprise, consist or consist essgntiailly of administering concurrently to the
subject an effective amount of a TLR4 antagonist and an effective amaunt of an ancillary
anti-Flavivirus agent. Suitably, the TLR4 antagonist and the ancilfary anti-Flavivirus agent
are administered in synergistically effactive amounts.

-4 -
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[0016] In specific embodiments, the ancillary anti-Flavivirus agent is selected
from interferons, illustrative examples of which include interferen alpha (e.g., interferon
alpha 2a and interferon alpha 2b) and interferon beta {(e.g., interferan beta 1a and
interferon beta 1k}, or nucleic acid constructs from which the ancillary anti-Flavivirus
agent is expressible.

[0017] In another related aspect, the present invention provides the use of a
TLR4 antagonist and an ancillary anti<Flavivirus agent for treating or preventing a
Flavivirus infection or symptom thereof. In spme embodiments, the TLR4 antagonist angd
the andillary anti-Flavivirts virus agent are manufacturad as a medicament for this
application. Suitably, the TLR4 antagonist and the ancillary anti-Flavivirus agent ars
formulated for concurrent administration.

BRIEF DESCRIPTION OF THE DRAWINGS

[O018] Figure 1 is a graphical representation showing that Dengue NS1
activates human and mouse innate immune responses, {A) NS1 induces IL-6 secretion
by human PBMC. Cells were treated for 24 hrs. with LPS (100 ng/mL), NS1 (40
pg/mL), or an analogous NS1 sample immune-depleted with anti-NS1 or anti-E
antibody. IL-6 was measured by ELISA. Data shown is mean = SD of three donors. The
inset immunoblot is of the supernatant fraction following immuno-depletion using
anti-NS1 antibody or isotype- matched control antibody. (B} NS1 and LPS activate NF-
kB-dependent transcription in a mouse macrophage cell line expressing GFP under the
control of the ELAM promoter. Cells were treated with NS1 (5, 10, 20, 40 80, 164, 400
ug/ml) or LPS (0.0064, 0.032, 0.16, 0.8, 4, 20, 100 ng/mL). Resiuits show expression
of GFP, relative t¢ the mean fluorescence index of untreated cells. Data are the mean
+ 5D from 4 independent experiments. (C) NSI immunio-depletion prevents NF-kB-
dependent promoter activity. ELAM promoter activity was monitored as in B, in response
to LPS (100 ng/mL), NS1 (40 pg/mL), NS1 immuno-depleted using anti-NS1 antibody or
isctype~-matched control antibody (confirmed in wastern blot inset). Data show mean £
SD of 3 independgnt experiments.

[0019] Figure 2 is a graphical representation showing that the LPFS-binding
antibiotic palymyxin B does not affect the response to NS1. (A) Polymyxin B does not
block NS1-induced IL-& in human PBMC. N51 and LPS were pre- incubated for 30
minutes with or without polymyxin B, then added to PBMC and incubated for 24 hours.
The fina) concentration of polymyxin B was 25 pg/mk, with varying concentrations of LPS
(0.1, 1, 10 ng/ml) and NS1 (5, 10, 20 and 40 ug/mlL). Relsased IL-6 was measured by
ELISA. (B) Polymyxin B does not block NS1-induced toss of surface CSFIR on BMMs. N51
and LPS were pre-incubated for 30 minutes with or without polymyxin B then added to
BMMs that had been starvad of CSF1 overnight. The final concentration of polymyxin B
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was 25 ug/mL, with LPS (10-fold dilutions from 100 ng/mL) and N51 (2-fold dilutions
from 10 pg/mL). After 1 hour of treatment, CSFIR {evels were determined by flow
cytometry, and the % of cells with high levels of receptor are shown, Data are the mean
+ 8D from three {A) ar five (B) independent experimants.

[0020] Figure 3 is a graphical representation showing that NS1 from several
sources has immunostimulatory activity. {A) NS1 immung-depletion prevents the down-
modulation of surface CSF1R by 52 cell-expressed NS1. BMMs starved of CSF1 overnight
were treated with either nothing, CSF1 (10* U/mL), LPS (100 ng/mL), NS1 (10
gg/ml), or NS1 immung-depleted with anti-NS1 antibody or control anti-E antibody.
Data are the mean £ SO from three independent experiments. (B) Minimally processed
CHO cell-expressed NS1 has similar activity to 52 cell-derived NS1. CHO cells were
transfected with either emptly expression vector, or a plasmid encoding NS1 under the
control of the CMV promaoter. Culture medium concentrated with 100 kDRa cut-off, from
untransfected cells {control SNJ, empty vector {pcDNA SN} or NS1 expression vector
transfected cells (NS1 SN), was applied to CSFi-starved BMM. The final concentration of
5 pg/mbL NS1 {as quantified by capture~-ELISA) represents approximately 4-fold higher
levels than produced in the CHO cell medium. Cells were also exposed to NS1 SN
following immune-depletion with anti-NS1 antibody or control anti-E antibody, and to
CSF1. Data are the mean £ SD from three independent experimeants. Immunoblot
analysis for NS1 confirms immuno-depletion.

[0021] Figure 4 is a graphical representation showing that induction of TNF-a
and IL-& mRNAs in C57BL/6 BMMs and human PBMCs in response to 52-derived NS1
protein. (A) Dose-dependent production of cytokine mRNAs from treated muring BMMs,
BMMs were incubated with purified NS1 (1.25, 2.5, 5, 10, 20 and 40 pg/mL) or LPS
(0.1, 1, 10 and 100 ng/ml) and harvested after 3 hours. Expression of individual
MRNAs were measured by real time PCR and expressed relative to Aprt mRNA. (B)
Time course of BMM response to LPS and NS1. BMM were incubated with either no
additions {contrel}, NS1 (40 pg/mb) or LPS (1 ng/ml) for the indicated times. Cytokine
mRNAs were measurad as described in paneal A. A contral sample is included for each
time point, but generally cannot be seen on this scale, (C) Time course of PBMC response
to LPS and NS1. PBMCs were treated with no additicns {control}, NS1 (10ug/mL) or LPS
{10 ng/mLl) for the indicated times. Cytoking mRNAs were measured by real time PCR
and expressed relative to hprt mRNA. Data are mean * range from two independent
experiments (A and B) or mean £ 5D from four doners {C).

[0022] Figure 5 is a graphical representation showing that NS1 activates cells
vig TLR4. {(A) Down-modulation of BMM cell surface CSFIR by NS1 requires TLR4,
CSF1R on wild-type C57BL/6 BMM (WT), tird™™ and MyD88™ /trif”- BMMs was measured
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after 1 hour treatment with CSF1 (10" U/mL), LPS (100 ng/mlL) and NS1 (10 pg/mi).
{B) Down-modulation of BMM cell surface CSF1R by N51 does not reguire TLRZ. BALB/c
wild-type BMM (WT) and tr27" BMM were treated as in A or with PamsCSKs {100
ngfmL) as a TLR2 stimulus. (C~D) NS1-induction of TNF-g and IL-I8 mRNAS requires
TLR4. Wild-type (C57BL/6) and Hrd”™ BMMs were incubated with 10 pug/ml NS1, 1
ng/mbL LPS or 100 ng/mL PamsCSK4 for 3 hours, and mRNA expression determined
using real time PCR relative to hprt mRNA. (E-F) N&1 induction of cytokine mRNAs does
not require TLR2. Wild-type (BALB/c) and #r27" BMM were treated as in (C). (G-H)
HEK293 cells expressing human TLR4 and MD-2 ({3}, but not TLR2 (H) respond to 3
hours treatment with NS1 (10 pg/mL), with induction of IL-8 mRNA, measured by real
time PCR relative to Aprf mRNA, and normalized to the control sample. LPS (10 ng/ml)
and PamzCSKa (100 ng/mL) provide control stimuli for TLR4 and TLRZ respectively.
Data are mean £ 5D of three independent experiments (A, G, H), or mean £ range
from two independent experiments (B to F).

[0023] Figure 6 is & graphical representation showing that TLR4 antagonists
block NS1 activity in vitro. (A) NSi-induced IL-6 production by PBMC was inhibited by
LPS-RE. Cells were pre-incubated with LPS-RS (10 yg/mL) for 30 min and subseguently
stimulated with LPS (100 ng/mL}, NS1 (10 ng/ml) or PamzCSKa (500 ng/ml) for 24
hours. IL-6 was assessed by capture-ELISA. (B) Anti-TLR4 antibody reduces the response
to NS1. PBMC were pre-incubated with 2 pg/mbL and 10 pg/mb anti-TLR4 for 1 hour
and then stimulated with NS1 and LPS for 24 hours. IL-6 was assessed by capture-ELISA.
Data are mean £ 5D for four donors {A and B), (€} NS1 induces permeability of HMEC-1
monolayears. Confluent cells in transwells were pre-treated with or without LPS-RE (18
yg/mL) for 30 minutes, and then treated with LPS (100 ng/mL) or NS1 (10 pg/mL) for
2 hours. Transfer of 4 kDa FITC-dextran across the monolayer was assessed for a further
hour. Mean rasponseas from 4 indapendant experiments ara shown with connecting lines
designating paired LPS-RS treated and untreated samples. Significance was determined
by one-tailed paired t-tests; *p<0.02, ¥**¥p<0.0001.

[0024] Figure 7 is a photographic representation showing co-localization of
NS1 and TLR4 on adherent PBMCs. PBMCs were allowed to adhere to coverslips for
two hours and were then treated with 10 pg/mb NS1 for 45 min, prior to fixation. Celis
werga stained for cell surface TLR4 {red) and NS1 (green) withoul permeabilization. (A)
Orthographic and planar projections were obtained by confocal microscopy. In the right
hand panel regions of co-localization appear as yellow. Single color controls showed no
bleed between fluorescence channels. There was no background staining with
secondary antibodies alone, and the secondary antibodies were demonstrated to be
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specific for the species of primary antibody. (B} NS1 binding correlates with TLR4
expression in the mixed PBMC population. Cells were stained as per panel A,

DETAILED DESCRIPTION OF THE INVENTION
1. Definitions
[0025] Unless defined otherwise, all technical and scientific terms used herain
have the same meaning as commonly understood by those of erdinary skill in the art to
which the invention belongs. Although any methods and materials similar or equivalent
to those described herein can be usad in the practice or tasting of the present invention,

preferrad methods and materials are described. For the purposes of the present
invantion, the following terms are defined below.

[0026] The articles "a” and "an” are used herain to refer to one or to more than
one {i.a. to at least one) of the grammatical object of the article. By way of example, “an
element” means one element or more than one element.

[0027] As used herein, “and/or” refers to and encompasses any and all possible
cambinations of one or mare of the associated listed items, as well as the lack of
combinations when interpreted in the alternative (or).

[0028] The terms "administration concurrenthy” or “administering concurrently”
or "co-administering” and the like refer fo the administration of a single composition
containing two or more agents, or the administration of sach agent as separate
compositions and/or delivered by separate routes either contemporaneously or
simultaneously or sequentially within a short enough period of time that the effective
result is equivalent to that obtained when all such agents are administered as a single
composition. By "simultaneocusty” is meant that the agents are administered at
substantially the same time, and desirably together in the same formulation. By
“contemporaneously” it is meant that the agents are administered closely in time, e.9.,
one agent is administered within from about one minute to within about one day before
or after another. Any contemporaneous time is useful. However, it will often be the case
that when not administered simultaneously, the agents will be administered within about
one minute to within about eight hours and suitably within less than about one to about
four hours. When administered contemporaneously, the agents are suitably administered
at the same site on the subject. The term “same site” includes the exact location, but can
be within about 0.5 to about 15 centimeters, preferably from within about 0.5 to about 5
centimeters. The term “separately” as used herein means that the agents are
administered at an interval, for example at an interval of about a day to several weeks or
mganths. The agents may be administared in either order. The term “sequentially” as used
herein means that the agents are administered in sequence, for example at an interval or
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intervals of minutes, hours, days or weeks. If appropriate the agents may be
administered in a regular repeating cycle.

[C029] The term “agent” or "modulatory agent” includes a chemical compound,
a mixture of chemical compounds, a biological macromolecule, an extract made from
biclogical materials, a biological organism or part theresf, or other material, which
induces a desired pharmacological and/or physiological effect, The term also encompass
pharmaceutically acceptable and pharmacelegically active ingredients of those
compounds specifically mentioned herein including but not limited to salts, estars,
amides, pradrugs, active metabolites, analegs and the like, When the above term is
used, then it is to be understood that this includes the active agent per se as well as
pharmaceutically acceptable, pharmacologically active salts, esters, amides, prodrugs,
metabolites, analogs, etc. The term "agent” is not to be construed narrowly but extends
to small molecules, proteinaceous moleciles stich as peptides, polypeptides and proteins
as well as compaositions comprising them and genetic molecules such as RNA, DNA and
mimetics and chemical analogs thereof as well as cellular agents. The term "agent”
includes a cell that is capable of producing and secreting a pelypeptide referred to hearein
as well as a polynucleotide comprising a nudlectide sequence that encodes that
polypeptide. Thus, the term “agent” extends to nucleic acid constructs including vectors
such as viral ar non-viral vectors, expression vectors and plasmids for expression in and
secretion in a range of cells.

[0030] The term “antagonist” is used in its broadest sense, and includes any
compound that inhibits or abrogates the TLR4 signaling pathway. For example, an
antagonist may compete with an agonist or partial agonist for binding to a receptor,
thergby inhibiting the action of an agonist or partial agonist on the receptor or may
inhibit or abrogate dimerization of TLR4 and block or redugce signaling through TLR4.
Thus, the term “Toll like receptor 4 antagonist” or “TLR4 antagonist” refers to an agent
that is capable of substantially reducing, inhibiting, blocking, andfor mitigating the
activation of the TLR4 signaling pathway of a cell, for example by a TLR4 agonist or
partial agonist. Inhibition of TLR4 activation by an antagonist suitably reduces or inhibits
the TLR4 signaling pathway including the production of pro-inflammatory mediators
including pro-~inflammatory cytekines by the cell or the modulation of other cellular
elements that are associated with Flavivirus disease symptoms.

[0031] Throughout this specification, unless the context requires otherwise, the
words "comprise”, “comprises” and “comprising” will be understood to imply the inclusion
of a stated step or element or group of steps or elements but not the exclusion of any
other step or element or group of steps or elements. Thus, use of the term “comprising”
and the like indicates that the listed elements are required or mandatory, but that other
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elements are optional and may or may not be present. By “consisting of” is meant
including, and limited to, whatever follows the phrase “consisting of”. Thus, the phrase
“eonsisting of” indicates that the listed elements are reguired or mandatory, and that no
other elements may be present. By “consisting essentially of” is meant including any
elements listed after the phrase, and limited to other elements that do not interfere with
or contribute to the activity or action specified in the disclosure for the listed elements.
Thus, the phrase “consisting essentially of” indicates that the listed elements are required
or mandatory, but that other elements are optional and may or may not be present
depending upon whether or not they affect the activity or action of the listed elements.

[0032] As used herein, the term “alkyl” refers to a straight chain, branched or
cyclic saturated hydrocarbon group having 1 to 10 carbon atoms. Where appropriate,
the alkyl group may have a specified number of carbon atoms, for example, Cr.ealkyl
which includes alkyl groups having 1, 2, 3, 4, 5 or & carbon atoms in a linear or branched
arrangement, Examples of suitable atkyl groups include, but are not limited to, methyl,
ethyl, n-propyl, ~propyl, a-butyl, i-butyl, t-butyl, n-pentyl, 2-methylbuty!, 3-methylbutyl,
4-methylbutyl, n-hexyl, 2-methylpentyl, 3-methylipentyl, 4-methyipentyl,
5-methylpentyl, 2-ethylbutyl, 3-ethylbutyl, heptyl, octyl, nonyl, decyl, cyclopropyl,
cyclobutyl, cyclopenty!, cyclohexyl and cycloheptyl.

[0O33] As used herein, the term “alkenyl” refers to a straight-chain, branched
or cyclic hydrocarbon group having one or more double bonds between carbon atoms and
having 2 to 10 carbon atoms. Wherg appropriate, the atkeny! group may have a
specified number of carbon atoms. For example, Cx-Cy as in “Cx-Cealkenyl” includes
groups having 2, 3, 4, 5 or 6 carbon atoms in a linear or branched arrangement.
Examples of suitable alkeny! groups include, but are not limited to, ethenyl, propenyl,
isopropenyl, butenyl, butadienyl, pentenyl, pentadienyl, hexenyl, hexadienyl, heptenyl,
octenyl, nonenyl, decenvl, cyclopentenyl, cyclohexenyl and cyclohexadienyl.

[0034] “Aralkyl” means alkyl as defined above which is substituted with an aryl
group as defined above, e.g.,-CHzphenyl,~-{CH:)2phenyl,-{CH:Ysphenyl -
HUH{CH)CHphenyl, and the like and derivatives thereof,

[D038] As used herein, “aromatic” or “aryl” is intended to mean any stable
monocyclic or bicyclic carbon ring of up to 7 atoms in each ring, wherein at least one ring
is aromatic. Examples of such aryl elements inglude, but are net limited to, phenyl,
naphthyl, tetrahydronaphthyl, indanyl, biphenyl, phenanthryl, anthryl or acenaphthyl.

[0036] In certain instances, substituents may be defined with a range of
carbons that includes zerg, such as (Co-Ce)alkylena-aryl. If aryl is taken to be phenyl,
this definition would include phenyt itself as well as, for example, -CH;Ph,-CHCH-Ph,
CH{CH;)CHCH(CH3)Ph.
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[0037] It will also be recognized that the compounds described herein may
possess asymmetric centers and are therefore capable of existing in more than one
stersoisomeric form, The invantion thus also relates to compounds in substantially pure
isomeric form at one or mare asymmetric centers e.g., greater than about 90% ee, such
as about 95% or 97% ee or greater than 99% se, as well as mixtures, including racemic
mixtures, thereof. Such isomers may be naturally occurring or may be prepared by
asymmeatric synthesis, for exampla using chiral intermediates, ar by chiral resolution.

[0038] The term “antibody” hersin is used in the brpadest sense and specifically
cavers monodlonal antibodies, polyclonal antibedies, multispecific antibodies (e.g.,
bispecific antibodigs), antibody fragments, or any pther antigen-binding molecule so iong
as they exhibit the desired biological activity.

[0039] The term “menpclonal antibody” as usad herein refers to an antibody
from a population of substantially homogeneous antibodies, 7.e., the individual antibodies
comprising the population are identical and/or bind the same epitope(s), except for
possible variants that may arise during production of the monoclanal antibody, such
variants generally being present in minor amounts. Such monoclonal antibody typically
includes an antibody comprising a polypeptide sequence that binds a target {e.g., a
target antigen), wherein the target-binding polypeptide sequence was oblained by a
process that includes the selection of a single target binding polypeptide sequence from a
plurality of polypeptide sequences. For example, the selection process can be the
selection of a unigue clone from a plurality of cdones, such as a pool of hybridoma clones,
phage clones or recombinant DNA clenes. It should be understood that the selected
target binding sequence can be further altered, for example, to improve affinity for the
target, to humanize the target binding sequence, to improve its production in cell culture,
to reduce its immunogenicity in vivo, to create a multispecific antibody, elc., and that an
antibedy comprising the altered target binding sequence is alse a monoclonal antibody of
this invention. In contrast t¢ polyclonal antibody preparations which typically include
different antibodies directed against different determinants {epitopes), each monoclonal
antibody of a menacional antibody preparation is directed against g single determinant
on an antigen. In addition to their specificity, the monoclonal antibody preparations are
advantageous in that they are typically uncontaminated by other immunoglobulins. The
modifier "monoclonal” indicates the character of the antibody as being obtained from a
substantially homogeneous population of antibodies, and is not to be construed as
requiring production of the antibody by any particular method. For example, the
monoclonal antibodies to be used in accordance with the present invention may be made
by a variety of technigues, including, for example, the hybridoma method (e.g., Kahler et
al,, Nature, 256:495 (1975); Harlow et a/., Antibodies: A Laboratory Manual, {Cold

Spring Marbor Laboratory Press, 2nd sd. 1988); Hammerling et al., in; Mongaclonal
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Antibadies and T-Cell Hybridomas 563-681, (Elsevier, N.Y., 1981)), recombinant DNA
methods (see, e.g., U.S. Pat. No. 4,816,567}, phage display technologies (seg, e.g.,
Clackson et af, (1991) Nature 352:624-628; Marks et al. (1991) J. Mol Biof. 222:581-
597, Sidhu et al. (2004} J. Mo/, Biol. 338(2):299-310; Lee et &/, (2004) J. Mol. Biol.
340(5):1073-1093; Fellouse (2004} Froc. Nat. Acad. Sci. USA 101(34):12467-12472;
and Lee ef af. (2004) J. Immunol, Methods 284(1-2):119-132, and technologies for
producing human or human-like antibodies in animals that have parts or all of the human
immunoglobulin loci or genes encoding human immunogliobulin sequences (see, .g., WO
1998/24893; WO 1996/34096; WO 1996/33735; WO 1991/10741; Jakobovits et al.
{1993) Proc. Natl. Acad. Sci. USA 90:2551; Jakobovits et al. (1993) Nature 362:255-
258; Bruggemann ef al. {1993} Year in Immuro. 7:33; U.5. Pat. Nos. 5,545,806;
5,569,825; 5,521,669 (all of GenPharm); U.S. Pat, No. 5,545,807; WO 1997/17852;
U.S. Pat. Nos. 5,545,807; 5,545,806; 5,569,825; 5,625,126; 5,633,425; and 5,661,016;
Marks et al. {1992} Bio/Technology 10: 779-783; Lonberg ef al. {1994) Nature 358: 856-
859; Morrison (1994) Nature, 368: 812-813; Fishwild et al. (1996) Nature Biotechnology
14: 845-851; Neuberger (1996} Nature Biptechnology 14: 826; and Lonberg and Huszar
{1995} Intern. Rev. Immungd. 13: 65-93).

[0040] The monacional antibodies herein specifically include “chimeric”
antibodies in which a portion of the heavy and/or light chain is identical with or
homologous to carresponding seguences in antibodies derived from a particular species
or belonging to a particular antibody class or subclass, while the rémainder of the
chain{s) is identical with or homologous to corresponding sequences in antibodies derived
from another species or belonging to another antibody class or subclass, as well as
fragments of such antibodies, so long as they exhibit the desired biological activity (U.5.
Pat. No. 4,816,567; and Morrison et af, (1984) Proc. Natl, Acad. Sci. USA 81:6851-
6855). Chimeric antibodies of interest herein include “primatized” antibodies comprising
variable domain antigen-binding segquences derived from a non-human primate (e.g., Old
World Monkey, Ape efc.) and human constant region sequences, as well as “humanized”
antibodies.

[0041] “Humanized” forms of non-human (e.g., rodent) antibodies are chimeric
antibodies that contain minimal sequence derived from non-human immunoglobulin. For
the mest part, humanized antibodies are human immunoglobuling {recipient antibody} in
which residues from a hypervariable region of the recipient are replaced by residues from
a hypervariable region of a non-human species (doner antibody) such as mouse, rat,
rabhit or nonhuman primate having the desired specificity, affinity, and capacity. In soms
instances, framework region (FR) residues of the human immunoglobulin are replaced by
carresponding non-human residues. Furthermore, humanized antibodies may comprise

residues that are not found in the recipient antibody or in the donor antibody. These
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modifications are made to further refine antibody performance. In general, the
humanized antibody will comprise substantially all of at least one, and typically two,
variable domains, in which all or substantially all of the hypervariable loops correspond o
those of a non-human immunogiobulin and all or substantially all of the FRs are those of
a human immunoglobulin sequence. The humanized antibody optionally also will
comprise at least a portion of an immunoglobulin constant region (Fc}, typically that of a
human immunoglobulin. For further details, see Jones ef al. (1986) Nature 321:522-525;
Riechmann ef a/. {1988) Nature 332:323-329; and Presta (1992) Curr. Op. Struct. Biol.
2:593-596.

[0042] “Antibody fragments” comprise a portion of an intact antibody, suitably
comprising the antigen binding region thereof. Examples of antibody fragments include
Fah, Fab', F{ab'):, and Fv fragments; diabedies; linear antibodies; single-chain antibody
molecules; and multispecific antibodies formed from antibody fragment(s).

[0043] An antibedy "that binds” an antigen of interest {e.g., a toll-like receptor
such as TLR4) is one that binds the antigen with sufficient affiniby such that the antibody
is useful as a therapeutic agent in targeting a cell or tissue exprassing the antigen, and
does not significantly cross-react with other proteins. In such embodiments, the extent of
binding of the antibody to a "non-target” protein will be less than about 10% of the
binding of the antibody, oligopeptide or other organic molecule to its particular target
protein as determined by fluorescence activated cell sorting (FACS) analysis or
radinvimmunoprecipitation {RIA). In specdific embodiments, the antibody antagonizes a
receptor antigen {e.g., a toll-like receptor such as TLR4} to which it binds and in
accordance with the present invention inhibits signaling through that receptor. With
regard to the binding of an antibody to a target molegcule, the term “specific binding” or
“specifically binds to” or is "specific for” a particular polypeptide or an epitope on a
particular polypeptide target means binding that is measurably different from a non-
specific interaction. Specific binding can be measured, for example, by determining
binding of a molecule compared to binding of a control molecule, which generally i3 a
molaecule of similar structure that does not have binding activity. For example, specific
binding can be determined by competition with a control molecule that is similar to the
target, for example, an excess of non-labeled target. In this case, specific binding is
indicated if the binding of the labeled target to 2 probe is competitively inhibited by
excess unlabeled target.

[0044] By “corresponds to” or "corresponding to” is meant a nucleir acid
sequence that displays substantial sequence identity to & reference nucleic acid sequence
{e.g., at least about 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66,
67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, BO, 81, 82, B3, 84, 85, 86, 97, 88, 89,
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aQ, 91, 92, 93, 94, 95, 96, 97, 98, 99% or even up to 100% sequence identity to all or a
portion of the reference nucleic acid sequence) or an aming acid sequence that displays
substantial sequence similarity or identity to a reference amino acid sequence {e.g., at
least 50, 51, 52, 53, 54, b5, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70,
71, 72,73, 74, 75,76, 77,78, 79, 80, 81, 82, 83, 84, 85, 86, 97, 88, 89, 90, 91, 92, 93,
94, 95, 96, 97, 98, 99% or even up to 100% sequence similarity or identity to all or a
portion of the reference aminc acid sequence).

[0045] The term “derivatize,” “derivatizing” and the like refer to producing or
ebtaining a compound from. another substance by chemical reaction, e.g., by adding one
or morg reactive groups to the compound by reacting the compound with a functional
group-adding reagent, efc.

[0048] By “derivative” is meant a polypeaptide that has been derived from the
basic sequence by madification, for example by conjugation or complexing with other
chemical muoieties ar by post-transiational modification techniques as would be
understood in the art, The term “derivative” also includes within its scope alterations that
have been made to a parent sequence including additions or deletions that provide for
functional equivalent molecules,

[0047] By “effective amount”, in the context of treating or preventing a
condition is meant the administration of an amount of an agent or composition to an
individual in need of such treatment or prophvlaxis, either in a single dose or as part of a
series, that is effective for the prevention of incurring a symptom, holding in check such
symptoms, and/or treating existing symptoms, of that condition. The effective amount
will vary depending upon the health and physical condition of the individual to be treated,
the taxenomic group of individual to be treated, the formulation of the composition, the
assessment of the medical situation, and other relevant factors. It is expected that the
amount will fall in a relatively broad range that can be determingd through routine trials.
Non-limiting symptoms of Flavivirus infections include acute febrile illness, malaise,
headache, flushing, diarrhosa, nausea, vomiting, abdominal pain, myalgias and, in
severe disease, production of pro-inflammatory mediators, induding pro-inflammatory
cytokines and vascular leakage.

[0048] The term “endothelial cell” as used herein refers to cells that line the
inside surfaces of body cavities, blood vessals, and lymph vessels and making up the
endothalium. Endothelial cells are typically but not necessarily thin, flattened cells.

[0049] The term “expression” refers the biosynthesis of a gene product. For
example, in the case of a coding sequence, expression involves transcription of the
coding sequence into mMRNA and translation of mRNA into one or more polypeptides.
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Conversely, expression of a non-coding sequence involves transcription of the non-coding
sequence inte a transcript only,

[0050] By "expression vector” is meant any genetic element capable of
directing the transcription of a polynuclectide contained within the vector and suitably
the synthesis of a peptide or polypeptide encoded by the polynuclectide. Such expression
vectors are known to practitioners in the art.

[0051] As used herein, the term “function” refers to a biclogical, enzymatic, or
therapeutic function.

[0052] The term “gene” as used herein refers to any and all discrete coding
regions of the cell’s genome, as well as associated non-coding and regulatory regions.
The term is intended to mean the gpan reading frame encoding specific polypeptides,
introns, and adjacent 5" and 3’ non-coding nucleotide sequences invelved in the
regulation of expression. In this regard, the gene may further comprise control signals
such as promaoters, enhancers, termination and/or polyadenylation signals that are
naturally associated with a given gene, or heterologous control signals. The DNA
sequences may be cDNA gr genamic DNA or a fragment thereof. The geng may be
introduced into an appropriate vector for extrachromesomal maintenance or for
integration into the host.

[0053] The term "group” as applied to chemical species refers to a set of atoms
that forms a portion of a molecule. In some instances, a group can include two or moreg
atoms that are bonded to one another to form a portion of a molecule. A group can be
mignovalent or polyvalent (&.g., bivalent) to allow bonding to one or more additional
groups of a molecule. For example, a monovalent group can be envisioned as a molecule
with one of its hydrogen atoms removed to allow bonding to another group of a
molecule, A group can be positively or negatively charged. For example, a positively
charged group can be envisioned as a neutral group with one or more protons {i.e., H")
added, and a negatively charged group can be envisioned as a neutral group with one or
mare protons ramoved. Non-limiting examples of groups include, but are not limited to,
alkyl groups, alkylene groups, alkenyd groups, alkenylene groups, alkynyl groups,
alkynylene groups, aryl groups, aryleng groups, iminyl groups, iminylens groups, hydride
groups, halo groups, hydroxy groups, alkoxy groups, carboxy groups, thic groups,
alkylthio groups, disulfide groups, cyano groups, nitre groups, aming groups, alkylaming
groups, dialkylamino groups, silyl groups, and siloxy groups. Groups such as alkyl,
alkenyl, alkynyl, aryl, and heterocyclyl, whether used alone or in a compound word or in
the definition of 8 group may be optionally substituted by one or more substituents,
“Qptionally substituted,” as used herein, refers fo a group may oF may not ba further
substituted with one or more groups selected fram alkyl, altkenyl, alkynyl, aryl, halo,
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haloalkyl, haloalkenyl, haloalkynyl, haloaryl, hydroxy, alkoxy, alkenyloxy, aryloxy,
benzyloxy, halpalkoxy, haloalkenvioxy, haloaryloxy, nitro, nitroalkyl, nitroalkenyl,
nitroalkynyl, nitroaryl, nitroheterocyclyl, amino, alkylamino, dialkylamino, alkenylamino,
alkynylaming, arylamino, diarylaming, phenylaming, diphenylamine, benzylamino,
dibenzylamino, hydrazino, acyl, acylaming, diacylaming, acyloxy, heterocyclyl,
heterocycloxy, heterocyclaming, haloheterocyclyl, carboxy ester, carboxy, carboxy
amide, mercapto, alkylthio, benzylthio, acylthio and phosphorus-containing groups. As
used herein, the term “optionally substituted” may alsc refer to the replacement of a CH;
group with a carbonyl {C=0) group. Non-limiting examples of gptional substituents
include alkyl, preferably Cy.q alkyl (e.g., Ci¢ alkyl such as meathyl, ethyl, propyl, butyl,
cyclopropyl, cyclobutyl, cyclopentyl or cvclohexyl), hydroxy Ci.z atkyl (e.g.,
hydroxymethyl, hydroxyethyl, hydroxypropyl), alkoxyalkyl (e.g., methoxymethyl,
methoxyethyl, methoxyprapyl, ethoxymethyl, ethoxyethyl, ethoxypropyl efc.) Ciz
alkoxy, {e.g., Ci.s alkoxy such as methoxy, ethoxy, propoxy, butoxy, cyclopropoxy,
cyclobutoxy), hale {(fluorg, chiora, bromo, icde), monofluoromethyl, monochloromethyl,
monchromomethyl, difluoromathyl, dichloromethyl, dibromomethyt, trifluoromethyl,
trichloromethyl, tribromomethyl, hydroxy, phenyl {which itself may be further
substituted, by an optional substituent as described herein, e.g., hydroxy, halo, methyl,
ethyl, propyl, butyl, methoxy, ethoxy, acetoxy, amino}, benzyl (wherein the CH; and/or
phenyl group may be further substituted as described herein), phenoxy (wherein the CH;
and/or phenyl group may be further substituted as describad herein), benzyloxy {wherein
the CH; and/or phenyl group may be further substituted as described hearein}, aminog, C.4
alkylamino {e.g.. Ci.s alkyl, such as methylamineg, ethylamine, propylaming), di Cis
alkylamino {e.g., Ci.¢ alkyl, such as dimethylaming, digthylamino, dipropylaming),
acylamino (e.g., NHC{Q)CH:), phenylamino {wherein phenyl itself may be further
substituted as described herein), nitro, formyl, ~-C{O)}-Cy.s alkyl {e.g., Cis alkyl, such as
acetyl), O-C(D-alkyl {e.g., Cis alkyl, such as acetvloxy}, banzoyl (wherein the CH:
and/or phenyl group itself may bea further substituted), replacement of CH, with C=0,
COsH, CO, Cyaalkyl (e.g., Cis alkyl such as methyl ester, ethyl ester, propyl ester, bubyl
ester), CO,phenyl (wherein pheanyl itself may be further substituted), CONH.,
CONHphenyl {wharein phenyl itself may be further substituted as described herein),
CONHbenzyl (wherein the CH, and/or phenyl group may be further substituted as
described herein) CONH Ci.¢ alkyl (e.g., Ci-s alkyl such as methyl amide, ethyl amide,
propyl amide, butyl amide), CONH C,.5 alkylamine {e.g., Ci.s alkyl such as aminomethyl
amide, amingethyl amide, aminopropyl amide, aminobutyl amide}, -C{O}heterocycly!
{e.g., -C(O)-1-piperidine, -C(Q)-1-piperazing, -C(O)}-4-morphotine), -C(O}heteroaryl
{e.g., -C{O)-1-pyridine, -C{O)-1-pyridazing, -C{O}-1-pyrimiding, -C{O)-1-pyrazine},
CONHdi Cy.5 alkyl (e.g., Ci.gatkyl).
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[0054] “Heteroaralkyl” group means alkyl as defined above which is substituted
with a hetercaryl group, €.g.,~-CHapyridinyl ~(CHz)apyrimidinyt, -(CH;)simidazolyl, and the
like, and derivatives thereof,

[0055] The term “heteroarvl” or “heteroaromatic”, as used herein, represents a
stable monocyclic or bicyclic ring of upto 7 atoms in each ring, wherein at {east one ring
is aromatic and coptains from 1 to 4 heteroatoms selected from the group consisting of
0, N and &. Heteroaryl groups within the scope of this definitien include but are not
limited to: acridinyl, carbazolyl, cinnglinyl, guinoxalinyl, pyrrazelyl, indalyl,
benzotriazolyl, furanyl, thienvi, benzothieny!, bezofuranyl, guinolinyl, isoguinclinyl,
oxazolyl, isoxazolyl, indolyl, pyrazinyl, pyridazinyl, pyridinyl, pyrimidinyt, pyrroiyi,
tetrahydroquinoling. As with the definition of heterocycle below, “hetercaryl” is also
understood teo include the N-oxide derivative of any nitrogen-containing heteroaryl.

[0056] Further examples of "heterocyclyl” and “heteroaryl” include, but are not
limited to, the following: benzoimidazolyl, benzofuranyl, benzofurazanyl, benzopyrazolyd,
benzotriazolyl, benzothiophenyl, benzoxazolyl, carbazolyl, carbolinyl, cinnolinyl, furanyl,
imidazoyl, indolinyl, indohyl, indolazinyl, indazolyl, ispbenzofuranyl, iscindalyl, isoquinoliyl,
isothiazolyl, isoxazolyl, naphthpyridinyl, oxadiazolyl, oxazolyl, oxazoling, isoxazolineg,
oxetanyl, pyranyl, pyrazinyl, pyrazolyl, pyridazinyl, pyridopyridinyl, pyridazinyl, pyridyl,
pyrimidyl, pyrrolyl, quinazolinyl, quinolyl, quinoxalinyl, tetrahydropyranyl, tetrazolyl,
tetrazolopyridyl, thiadiazolyl, thiazolyl, thiermyl, triazolyl, azetidinyl, aziridinyl, 1,4-
dioxanyl, hexahydroazepinyl, piperazinyl, piperidinyl, pyrrolidinyl, morpholiny,
thiomorpholinyl, dihydrobenzoimidazolyt, dihydrobenzofuranyl, dihydrobenzothiophenyl,
dihydrabenzoxazolyl, dihydrofuranyl, dihydroimidazolyl, dibydroindolyl,
dihydroisooxazolyl, dihydroisothiazalyl, dihydrooxadiazolyl, dihydrooxazolyl,
dihydropyrazinyl, dihydropyrazolyl, dihydropyridinyl, dihydropyrimidinyl, dibydropyrrolyl,
dihydroguinolinyl, dihydrotetrazelyl, dihydrothiadiazalyl, dihydrothiazolyl, dihydrothienyt,
dihydrotriazolyl, dihydroazetidinyl, methyienedioxybenzovl, tetrahydrofuranyl, and
tetrahydrothienyl, and N-oxides thereof. Attachment of a heterocyciyl substituent can
occur via a carbon atom or via a hetercatom.

[GO57] The term “heterocycle”, “heterpaliphatic” or “heterocyclyl” as used
herein is intended to mean a 5-t¢ 10-membered nonaromatic heterocycle containing
from 1 to 4 hetercatoms selected from the group consisting of O, N and S, and includes
bicyclic graups.

[0058] “Heterocyclylatkyl” group means alkyt as defingd above which is
substituted with a heterocycle group, e.g.,~CHaxpyrrolidin-1-y,-(CH»):piperidin-1-yl, and
the like, and derivatives thereof.
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[0059] “Hybridization” is used herein to denote the pairing of complementary
nucleotide sequences to produce a DNA-DNA hybrid or a DNA-RNA hybrid.
Complementary base sequences are those sequences that are related by the base-pairing
rules. In DNA, A pairs with T and C pairs with G. In RNA U pairs with A and C pairs with
G. In this regard, the terms "match” and “mismatch” as used herein refer to the
hybridization potential of paired nucleotides in complementary nucleic acid strands.
Matched nucleotides hybridize efficiently, such as the dassical A-T and G-C base pair
mentioned above. Mismatches are other combinations of nuclegtides that do not
hybridize efficiently. In the present invention, the preferred mechanism of pairing
involves hydrogen bonding, which may be Watson-Crick, Hoogsteen or reversaed
Hopgsteen hydrogen bonding, between complementary nucleoside or nuclestide bases
{nuclechases) of the strands of oligomeric compounds. For example, adenine and
thymine are complementary nuclechases which pair through the formation of hydrogen
bonds. Hybridization can occur under varying circumstances as known to those of skill in
the art.

[0060] The phrase “hybridizing specifically to” and the like refer to the binding,
duplexing, or hybridizing of a molecule only to a particular nucleotide sequence under
stringent conditions when that sequence is present in 2 complex mixture (e.g., total
cellular) DNA or RNA.

[0061] As used herein, the term “immune cell” refers to a cell belonging to the
immung system. Immune cells include cells of hamatogoietic origin such as but not
limitad to T lymphocytes (T cells), B lymphooytes (B cells), natural killer (NK) cells,
granulecytes, neutrophils, macrophages, monocytes, dendritic cells, and specialized
forms of any of the foregoing, e.g., plasmacytoid dendritic calls, Langerhans cells,
plasma cells, natural killer T (NKT) cells, T halper cells, and cytotoxic T lymphogytes
{CTL).

[0062] By “isolated” is rmeant material that is substantially or essentially free
from componants that normally accompany it in its native state.

[0063] The term “lower atkyl” refers to straight and branched chain alkyl groups
having from 1 to & carbon atoms, such as methyl, ethyl, n-propyl, iso-propyl, n-butyl,
tert-butyl, sec-butyl, n-pentyl, n-hexyl, 2-methylpentyl, and the like. In some
embodiments, the lower alkyl group is methyl or ethyl.

[0064] As used herein, the terms "modulating”, "regulating” and their
gramimiatical equivalents refer to an affect of altering a biolagical activity or effect {e.g.,
cytokine production, vascular leakage, TLR4 signaling efc.). For example, an agonist or
antagonist of a particular biomolecule modulates the activity of that biomolecule, e.g., &
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inhibiting (e.g., antagonist, inhibitor) the activity or effect {e.g., cytokine production,
vascular leakage, TLR4 signaling etc.) of the biomalecule, such as a receptor.

[0065] The terms "patient,” "subject,” "host” or Mindividual” used
interchangeably herein, refer to any subject, particularly a vertebrate subject, and even
more particularly a mammalian subject, for whom therapy or prophylaxis is desired.
Suitable vertebrate animals that fall within the scope of the invention include, but are not
restricted to, any member of the subphylum Chordata including primates (e.g., humans,
monkeys and apes, and includes species of monkeys such from the genus Macaca {e.q.,
cynomologus monkeys such as Macaca fasccularis, and/or rhesus monkeys (Macaca
mulattal) and baboon (Papio ursinus), as well as marmosets {species from the genus
Callithrix}, squirrel monkeys (species from the genus Saimiriy and tamarins (species fram
the genus Saguinus), as well as species of apes such as chimpanzees (Pan troglodyites)),
rodents (e.g., mice rats, guinea pigs), lagomorphs (e.g., rabbits, hares), bovines {&.g.,
cattle}, ovines {(e.g., sheep), caprines (e.g., goats), porcines (e.g., pigs), equines (&.g.,
horses), canines {&.g., dogs), felines (e.g., cats), avians (2.g., chickens, turkeys, ducks,
geese, companicn birds such as canaries, budgerigars efc.}, maring mammais {(&.g.,
dolphins, whales), reptiles (snakes, frogs, lizards etc.), and fish. In specific
embodiments, the subject is a primate such as a human. However, it will be understood
that the terms "patient,” "subject,” “host” or “individual” de not imply that symptoms are
present,

[0G66] By "pharmaceutically acceptable carrier” is meant a pharmaceutical
vehicle comprised of a material that is not biologically or otherwise undesirable, i.e., the
material may be administered to a subject along with the selected active agent without
causing any or a substantial adverse reaction. Carriers may include excipients and other
additives such as diluents, detergents, coloring agents, wetting or emulsifying agents, pH
buffering agents, preservatives, transfection agents and the like.

[0G67] Similarly, & "pharmacologically acceptable” salt, ester, amide, prodrug
or derivative of a compound as provided herein is a salt, ester, amide, prodrug or
derivative that this not biclogically or otherwise undesirable.

[D068] The terms “polynuclestide,” “genetic material,” “genetic forms,” “nucleic
acids” and “nucleotide sequence” include RNA, cDNA, genomic DNA, synthetic forms and
mixed polymers, both sense and antisense strands, and may be chemically or
bigchemically modified or may contain non-natural or derivatized nucleotide bases, as
will be readily appreciated by those skilled in the art.

[0069] The terms “polynuciectide variant” and “variant” refer to polynucleotides
displaying substantial sequence identity with a reference polynucleotide sequence or
polynuciectides that hybridize with a reference seguence under stringent conditiens as
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known in the art {(see for example Sambrook et al., Molecular Cloning. A Laboratary
Manual”, Cold Spring Harbor Press, 1989). These terms alsp encompass polynucleotides
in which one or more nucleotides have been added or delsted, or replaced with different
nucleotides. In this regard, it is well understood in the art that certain alterations
inclusive of mutations, additions, deletions and substitutions can be made to a reference
polynucdlectide whereby the aitered polynucleotide retains a biological function or activity
of the reference polynucleotide. The terms “polynucieotide variant” and "variant” also
include naturally occurring allelic variants,

[0070] The terms "polypeptide,” "proteinacacus molecule,” "peptide” and
“protein” are used interchangeably herein to refer to a polymer of amino acid residues
and ta variants and synthetic analogues of the same. Thus, these terms apply to aming
acid polymers in which ong or more aming acid residuss is a synthetic non-naturally-
occurring aming acid, such as a chemigcal analogue of a corresponding naturally-occurring
amino acid, as well as to naturally-eccurring amino acid polymers. These terms do not
exclude maodifications, for example, glycosylations, acetylations, phosphorylations and
the like. Soluble forms of the subject proteinaceous molecules are particularly useful,
Included within the definition are, for example, polypeptides containing ene or more
analogs of an amino acid including, for example, unnatural amino acids or polypeptides
with substituted linkages.

[0071] The term “polypeptide variant” refers to polypeptides in which gne or
more aming acids have been replacad by different amino acids. It is well understood in
the art that some amino acids may be changed to others with broadly similar properties
without changing the nature of the activity of the polypeptide (conservative
substitutions) as described hereinafter, These terms also encompass polypeptides in
which one or more amino acids have been addead or deleted, or réplaced with differant
aming acids.

[0G72] As used herein, the terms “prevent,” “prevented,” or "preventing,” refer
to a prophylactic treatment which increases the resistance of a subjact to developing the
disease or condition ¢r, in other words, decreases the likelihood that the subject will
develop the disease or condition as well as a treatment after the disease or condition has
begun in order to reduce or eliminate it altogether or prevent it from becoming worse.
These terms also include within their scope preventing the disease or condition from
gocurring in a subject which may be predisposed to the disedse or candition but has not
yet been diagnosed as having it.

[0073] The term "pro-inflammatory mediator” means an immunoregulatory
agent that favors inflammation. Such agents include, cytokines such as chemekines,
interleuking (IL), lymphokines, and tumor necrosis factor (TNF) as well as growth factors.
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In specific embodiments, the pro-inflammatory mediator is a "pro-inflammatory
cytokine”. Typically, pro-inflammatory cytokines include IL-1a, IL-1B, IL-6, and TNF-g,
which are largely responsible for eany responseas. Other pro-inflammatory mediators
include LIF, IFN-y, IFN-a, OSM, CNTF, TGF-B, GM-CSF, TWEAK, IL-11, IL-12, IL-15, IL-
17, IL-18, IL-19, IL-20, IL-8, IL-16, IL-22, IL-23, IL-31, and IL-32 (Tato, et af., 2008. L
Cell 132;900; Celf 132,500, Cefl 132:324), Pro-inflammatory mediators may act as
endogenous pyrogens (IL-1, IL-6, TNF-a}, up-regulate the synthesis of secondary
mediators and pro-inflammatory cytokines by both macrophages and mesenchymal celis
{including fibroblasts, epithelial and endothelial cells), stimulate the production of acute
phase proteins, or attract inflammatory ¢ells. In specific embodiments, the term “pro-
inflammatory cytokine” relates to TNF-a, IL-6, IFN-(, IL-10 and IL-8.

[0074] As used herein, “racemate” refers to a mixture of enantiomers.

[0075] The terms "salts,” “derivatives” and "prodrugs” includes any
pharmaceutically acceptable salt, ester, hydrate, or any other compound which, upon
administration to the recipient, is capable of providing {directly or indirectly) a compoung
of the invention, or an active metabolite or residue thereof, Suitable pharmacsuticatly
acceptable salts include salts of pharmaceutically acceptable inorganic acids such as
hvdrochloric, sulfuric, phosphoric, nitric, carbonic, boric, sulfamic and hydrobromic acids,
or salts of pharmaceutically acceptable organic acids such as acetic, propionic, butyric,
tartaric, maleic, hydroxymaleic, fumaric, citric, lactic, mucic, gluconic, benzoic, succinic,
gxalic, phenylacetic, methanesulfonic, toluenesuifonic, benzenasulfonic, salicylic,
sulfanilic, aspartic, glutamic, edetic, stearic, palmitic, oleic, lauric, pantothenic, tannic,
ascorbic and valeric acids. Base salts include, but are not limited to, those formed with
pharmaceutically acceptable cations, such as sodium, potassium, lithium, calcium,
magnesium, ammonium and alkylammonium. Also, basic nitrogen-contdining groups may
be quaternized with such agents as lower alkyl halides, such as methyl, ethyl, propyl,
and butyl chlgrides, bromides and iodides; dialkyl sulfates like dimethyl and diethyl
sulfate; and others. However, it will be appreciated that non~pharmaceutically acceptable
salts also fall within the scope of the invention since these may be useful in the
preparation of pharmaceutically acceptable salts. The preparation of salts and prodrugs
and derivatives can be carried out by methods known in the art. For example, metal saits
can be prepared by reaction of a compound of the invention with @ metal hydroxide. An
acid salt can be prepared by reacting an appropriate acid with a compound of the
invention.

[0076] The term “selective” refers to compounds that inhibit or display
antagonism towards a toll-like receptor {e.¢., TLR4) without displaying substantial
inhikition or antagonism towards another toll-like receptor. Accordingly, a compound that
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is selective for TLR4 exhibits a TLR4 selectivity of greater than about 2-fold, 5-fald, 10-
fold, 20-fold, 50-fold or greater than about 100-fold with respect to inhibition or
antagonism of another TLR (i.e,, a TLR other than TLR4, illustrative examples of which
include TLR1, TLR2, TLR3, TLRS, TLRG, TLR7, TLRB, TLRY and TLR11).

[O077] The term “sequence itdentity” as used herein refers to the extent that
sequences are identical on a nugleotide-by-nugcleotide basis or an aming acid-bhy-aming
acid basis over g window of comparisen. Thus, a “percentage of sequence identity” is
calculated by comparing two optimally alignhed sequences over the window of
comparison, detarmining the number of positions at which the identical nucleic acid base
{e.g, A, T,C, G, 1} or the identical amino acid residue {e.g., Ala, Pro, Ser, Thr, Gly, Val,
Leu, He, Phe, Tyr, Trp, Lys, Arg, His, Asp, Glu, Asn, Gin, Cvs and Met) occurs in both
sequences to yield the number of matched positions, dividing the number of matched
positions by the total number of positions in the window of comparison (L.e., the window
size), and multiplying the result by 100 to yvield the percentage of sequence identity. For
the purposes of the present invention, “sequence identity” will be understood to mean
the "match percentage” calculated by an apprepriate method. For example, seguence
identity analysis may be carried out using the DNASIS computer program (Version 2.5
for windows; available from Hitachi Software engineering Co., Ltd., South San Francisco,
California, USA) using standard defaults as used in the reference manual accompanying
the software.

[0078] “Similarity” refers to the percentage number of amino acids that are
identical or constitute conservative substitutions as defined in Table 1.

TABLE 1
ORIGINAL RESIDUE EXEMPLARY SUBSTITUTIONS
Ala Ser
Arg Lys
Asn Gln, His
Asp Glu
Cys Ser
Gln Asn
Glu Asp
Gly Pro
His Asn, Gin
lle Ley, Val
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Leu Ile, Val
Lys Arg, Ghn, Glu
Met Leu, g,
Phe Mat, Leu, Tyr
Ser Thr

Thr Ser

Trp Tyr

Tyr Trp, Phe
Val lle, Leu

[0079] Similarity may be determined using sequence comparison programs
such as GAP (Deveraux gt af. 1984, Nucleic Acids Research 12, 387-395). In this way,
sequences of a similar or substantially different length to those cited herein might be
compared by insertion of gaps into the alignment, such gaps beaing determined, for
example, by the comparison algorithm used by GAP.

[0080] Terms used to describe sequence relationships between two or mora

S 1Y

polynuclectides or polypeptides include “reference seguence”, “comparison window”,
“seguence identity”, “percentage of sequence identity” and “substantial identity”. A
“referance seguence” is at least 12 but frequently 15 to 18 and often at least 25
monemer units, inclusive of nuclaotides and amino acid residues, in length. Because two
polynucleotides may each comprise (1) a sequence {(i.e., only a portion of the complete
polynucleotide sequence) that is similar between the two polynucleotides, and (2) a
sequence that is divergent between the two polynuclestides, segquence comparisons
between two (or more) polynucleotides are typically performed by comparing sequences
of the two polynucleotides over a “comparison windew” to identify and compare local
regions of sequence similarity. A “comparison window” refers to a conceptual segment of
at least & centigupus positions, usually about 50 to about 100, more usually about 100 to
about 150 in which a sequence is compared to a reference sequence of the same number
of contiguous positions. after the two sequences are eptimally aligned. The comparison
window may comprise additions or deletions (i.e., gaps) of about 20% or less as
compared to the referance sequence (which doss not comprise additions or delstions) for
optimal alignment of the two sequences. Optimal alignment of sequences for aligning a
comparison window may be conducted by computerized implemeantations of algorithms
(GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics Software Package Release
7.4, Genetics Computer Group, 575 Science Drive Madison, WI, USA) or by inspection
and the best alignment {J.e., resulting in the highest percentage homelogy over the
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comparison window) generated by any of the various methods selected. Reference also
may be made o the BLAST family of programs as for example disclosed by Altschul et
al., 1997, Nucl. Acids Res. 25:3389. A detailed discussion of sequence analysis ¢an be
found in Unit 19.3 of Ausubel et al., "Current Protocols in Malecular Biology,” John Wiley
& Sons Inc, 1994-1988, Chapter 15.

[0081] As used herein a "small molacule” refers to a composition that has a
molecular weight of less than 3 kilodaltons (kDa), and typically less than 1.5 kilodaltons,
and more preferably less than about 1 kilodalten, Small molecules may be nucleic acids,
paptides, polypeptides, peptidomimetics, carbohvdrates, lipids or other organic {carbon-
containing) or ingrganic molecules, As those skilled in the art will appreciate, based on
the present description, extensive libraries of chemical and/or biglogical mixtures, often
fungal, bacterial, or algal extracts, may be screengd with any of the assays of the
invention to identify compounds that modulate a bioactivity. A “small organic molecule®
is an organic compound {or organic compound complexed with an ingrganic compotnd
{e.q., metal}) that has a molecular weight of less than 3 kilodaltons, less than 1.5
kilodaltons, or even less than about 1 kDa.

[0082] “Stringency” as used herein refers to the temperature and ionic strength
conditions, and presence or absence of certain organic solvents, during hybridization. The
higher the stringency, the higher will be the observed degree of complementarity
between sequences. “Stringent conditions” as used herein refers to temperature and
ionic conditions under which anly polynuclectides having a high proportien of
complementary bases, prefarably having exact complementarity, will hybridize, Tha
stringency reguired is nucleotide sequence dependent and depends upon the various
components present during hybridization, and is greatly changed whean nugcleotide
analogues are used. Genarally, stringant conditiens are selected to be about 10° C te 20°
C less than the thermal melting point (Tmy) for the specific sequence at a defined ionig
strength and pH. The Tm is the temperature (under defined ionic strength and pH) at
which 50% of a target sequence hybridizes to a complementary probe. It will be
undearstood that a polynucleotide will hybridize to a target sequence under at least {ow
stringency conditions, preferably under at teast medium stringency conditions and more
preferably under high stringency conditions. Reference herein te low stringency
conditions include and encompass from at least about 1% v/v to at least about 15% v/fv
formamide and from at least about 1 M to at least about 2 M salt for hybridization at 42°
C, and at least about 1 M to at least about 2 M salt for washing at 42° C. Low stringency
canditions also may include 1% Bovine Serum Albumin (BSA), 1 mM EDTA, 0.5 M
NaHPO4 (pH 7.2), 7% SDS for hybridization at 65° C, and (i) 2x55C, 0.1% SDS; or (ii)
0.5% BSA, 1 mM EDTA, 40 mM NaHPQ4 {pH 7.2), 5% SDS for washing at room

temperature. Medium stringency conditions include and encompass from at least about
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16% wv/v to at least about 30% v/v formamide and from at least about 0.5 M to at least
abeout 0.9 M salt for hybridization at 42° C, and at least about 0.5 M 1o at least about 0.9
M salt for washing at 42° C. Medium stringency conditions also may indude 1% Bovine
Serum Albumin (BSA}), 1 mM EDTA, 0.5 M NaHPO4 (pH 7.2), 7% SDS for hybridization at
65° C, and (i) 2 x 88C, 0.1% 5DS; or {ii) 0.5% BSA, 1 mM EDTA, 40 mM NaHPO4 (pH
7.2}, 5% SDS for washing at 42° C. High stringency conditions include and encompass
from at least about 31% v/v to at least about 50% v/v formamide and from at least
about 0.01 M {o at least about 0,15 M salt for hybridization at 42° C, and at least about
0.01 M to at least about 0.15 M salt for washing at 42° C. High stringency conditions also
may include 1% BSA, 1 mM EDTA, 0.5 M NaHPO4 (pH 7.2), 7% SDS for hybridization at
65° C, and (i) 0.2 x 85C, 0.1% SDS; or (ii) 0.5% BSA, 1mM EDTA, 40 mM NaHPO4 (pH
7.2), 1% SDS for washing at a temperature in excess of 65° C. One embodiment of high
stringency cenditions includes hybridizing in 6 « 55C at about 45° C, followed by one or
more washes in 0.2 » S5C, 0,.1% SDS at £5° €. One embodiment of very high stringency
canditions includes hybridizing 0.5 M sedium phosphate, 7% SDS at 65° C, followed by
one or more washes at 0.2 » 85C, 1% SDS at 65° C. Other stringant conditions are well
known in the art. A skilled addressee will recognize that various factors can be
manipulated to optimize the specificity of the hybridization, Optimization of the
stringency of the final washes can serve to ensure a high degree of hybridization. For
detailed examples, see CURRENT PROTOCOLS IN MOLECULAR BICLOGY (supra) at pages
2.10.1 to 2,10.16 and MOLECULAR CLONING. A LABORATORY MANUAL (Sambrook, et
al., eds.) (Cold Spring Harbor Prass 1989) at sections 1.101 to 1.104.

[0083] By "substantially complementary” it is meant that an oligonucieotide or
a subsequance thereof is sufficiently complamentary to hybridize with a target sequence.
Accordingly, the nuclectide sequence of the oligonucleotide or subsequence need not
reflect the exact complementary sequence of the target sequence. In a preferred
embodiment, the cligonucleotide contains no mismatches and with the target sequenca.

[0084] As used herein, the terms “treatment”, “treating”, and the like, refer to
obtaining & desired pharmacologic and/or physiologic effect. The effect may be
therapeutic in terms of a partial or complete cure for a disease or cendition {(e.g., a
hematalogic malignancy) and/or adverse affect attributable to the disease or condition.
These terms also cover any treatment of a condition or disease in a mammal, particularly
in a human, and include: (a) inhibiting the disease or condition, {.e., arresting its
development; or (b) relieving the disease or condition, /.€., causing regression of the
disease or condition.

[0085] As used herein, underscoring or italicizing the name of a gene shall

indicate the gene, in contrast to its protein product, which is indicated by the name of the
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gene in the absence of any underscoring or italicizing. For example, “TLR4"” shall mean
the TLR4 gene, whereas "TLR4" shall indicate the protein product or products generated
from transcription and translation and/or alternative splicing of the "TLR4" gene.

[0086] Each embodiment described herein is to be applied mutatis mutandis to
each and every embodiment unless specifically stated otherwise.

2. Compositions and methods for modulating cytoking producktion vascular
leakage in Flavivirus infections

[0O87] The present invention is based in part on the determination that
Flavivirus sNS1 is a pathogen-asscciated molecular pattern (PAMP) recognized by TLR4
and signals through this pattern recognition receptor to elicit production of pro-
inflammatory cytokines such as TNF-q, IL-6, IFN-B, IL-1B, IL.-8 and 1L-12, IP-10 and
MCP-1. Thaese pro-inflammiatory cytokines together with direct action of NS1 on
endothelial cells, which also express TLR4 on their call suiface, results in an increase in
vascular permeability. The striking parallels to LPS pathophysiclogy indicate that sNS1 is
a viral counterpart of bacterial endotexin and that TLR4 signaling is a target for inhibiting
the development of Flavivirus-mediated disease, including the production of pro-
inflammatory mediators and development of vascular leakage. Accordingly, the present
invention provides methods and compaositions that include a TLR4 antagonist for
medulating the production pro-inflammatory mediators and/or vascular lgakage in
Flavivirus infections ingcluding in the treatment and prevention of Flavivirus infections.

2.1 N&1 is conserved across the Flavivirus genus

[008B8] The Flavivirus NS1 glycoprotein comprises about 350 amino acids and
has & molecular weight of 48-55 kDa, depanding on its glycosylation status. It exists in
multiple oligomeric forms and is found in different cellular locations: a cell membrane-
bound form in association with virus-induced intracellular vesicular compartments, on the
cell surface and as a soluble secreted hexameric lipoparticle (i.e., sNS1}. Because NS1 is
structurally conserved across all members of the genus, the present inventors proposs
that Flavivirus sNS1 glycoproteins generally are recognized as PAMPs by TLR4 and that
TLR4 antagonists are useful for treating or preventing disease associated with any
Flavivirus species including but not limited to: Aroa virus, Bussuguara virus, Iguape
virus, Naranjat virus, Dengue virus group, Pengue virus, Dengue virus 1, Dengue virus 2,
Dengue virus 3, Dengue virus 4, Japanese encephalitis virus group, Japanese encephalitis
virus, Japanese encephalitis virus strain JAQARSHSE2, Japanese encephalitis virus strain
Nakayama, Japanese encephalitis virus strain SA(V}, lapanese encephalitis virus strain
SA-14, Koutango virus, Murray Valley encephalitis virus, Affuy virus, Murray valley
encephalitis virus {(strain MVE-1-51), St. Louis encephalitis virus, 5t. Louis encephalitis
virus {(strain MS1-7), Usutu virus, West Nile virus, Kunijin virus, West Nile virus crow/New
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York/3356/2000, West Nile virus H342, West Nile virus SA381/00, West Nile virus
SA93/01, West Nite virus SPU116/83, West Nile virus strain 385-99, West Nile virus
strain PT5.2, West Nile virus strain PT6.16, West Nile virus strain PT6.39, West Nile virus
strain PT6.5, West Nile virus strain PTRoxo, Kokobera virus group, Kokobera virus, New
Mapoon virus, Stratford virus, unclassified Kokobera virus group, CY1014 virus, Modoc
virus group, Cowbone Ridge virus, Jutiapa virus, Modoc virus, Sal Vieja virus, San Perlita
wirus, mosquito-barne viruses, Itheus virus, Rocio virus, Sepik virus, Ntaya virus group,
Bagaza virus, Israel turkey meningoencephalomyelitis virus, Ntaya virus, Tembusu virus,
Sitiawan virus, Yokose virus, Riv Bravo virus group, Apoi virus, Bukalasa bat virus, Carey
Istand virus, Dakar bat virus, Entebbe bat virus, Ric Bravo virus, Saboya virus, Potiskum
virus, Seaborne tick-borne virus group, Mcaban virus, Saumarez Reef virus, Tvuleniy
virus, Spondweni virus group, Zika virus, Spondweni virus, tick-borne encephalitis virus
group, Kyasanur forest disease virus, Alkhurma hemorrhagic fever virus, Langat virus,
Langat virus (strain TP21)}, Langat virus (strain Yelantsev), Louping ill virus, Louping ili
virus (strain 31), Louping ill virus (strain K), Louping it virus (strain Negishi
3248/49/P10), Louping il virus (strain Norway}, Louping ill virus (strain 5B 526), Omsk
hemorrhagic fever virus, Phnom Penh bat virus, Powassan virus, Deer tick virus, Tick-
borne powassan virus (strain 1b)}, Royal Farm virus, Karshi virus, Tick-borne encephalitis
virus, Kumiinge virus, Negishi virus, Tick-borne encephalitis virus (strain HYPR), Tick-
borne encephalitis virus (STRAIN SQFJIN), Tick-borne encephalitis virus {WESTERN
SUBTYPE), Turkish sheep encephalitis virus, Yaounde virus, Yellow fever virus group,
Banzi virus, Bouboui virus, Edge Hill virus, Uganda S virus, Wesselsbron virus, Yellow
faver virus, Yellow fever virus 17D, Yellow fever virus 1898/81, Yellow fever virus isolate
Angola/14FA/1971, Yellow fever virus isolate Ethiopia/Couma/1961, Yellow fever virus
isolate Ivory Coast/1999, Yellow fever virus isolate Ivory Coast/85-82H/1982, Yellow
fever virus isolate Uganda/A7094A4/1948, Yellow fever virus strain French neurotropic
vaccine, Yellow fever virus strain Ghana/Asibi/1927, Yellow fever virus
Trinidad/784/1979, unclassified Flavivirus, Aedes favivirus, Batu Cave virus, Cacipacore
virus, Cell fusing agent virus, Chaoyang virus, Chimeric Tick-borne encephalitis
virus/Dengue virus 4, Culex flavivirus, Flavivirus CbaAr4001, Flavivirus FSME, Flavivirus
SST-2008, Gadgets Guily virus, Greek geat encephalitis virus, Jugra virus, Kadam virus,
Kamiti River virus, Kedougou virus, Montana myotis leukoencephalitis virus, Ngoye virus,
Nounane virus, Quang Binh virus, Russian Spring-Summer encephalitis virus, Sokofuk
virus, Spanish sheep encephalitis virus, T'Ho virus, Tai forest virus B31, Tamana bat
wirus, Tick-horne flavivirus, Wang Thong virus, and Flavivirus sp..

2.2TLR4 antagonists
[0089] The TLR4 antagonist includes and encompasses any active agent that
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stability of TLR4; or decreases expression of the TLR4 gene, and such inhibitors include
without limitation, small molecules and macromplecules such as nucleic acids, peptides,
polypeptides, pepltidomimetics, carbohydrates, saccharides, liposaccharides,
polysaccharides, lipopolysaccharides, lipids or other erganic {carbon containing) or
inorganic molecules.

[0080] In some embodiments, the TLR4 antagonist is an antagonistic nucleic
acid molacule that functions to inhibit the transcription or translation of TLR4 transcripts.
Representative transcripts of this type include nucleatide seguences corresponding to any
one the following sequences: (1) human TLRY nucleotide seguences as set forth for
example in GenBank Accession Nos., NM_138554, NM_003266 and NM_138557; (2)
nuclectide sequences that share at least 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, 99% sequence identity
with any one of the sequences referred to in (1}; {3) nuclectide sequences that hybridize
under at least low, medium or high stringency conditions to the sequences referred to in
{1}; (4) nuclectide seguences that encode any ong of the following amino agid
sequences: human TLR4 amine acid sequences as set forth for example in GenPept
Accession Nos. NP_612564.1, NP_003257.1 and NF_612567.1,; {5) nucleatide sequences
that encode an amino acid sequence that shares at least 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, 99%
sequence similarity with any one of the sequences referred to in (4); and nucleotide
sequences that encode an amino acid sequence that shares at least 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, 99% sequence identity with any one of the sequences referred to in (4).

[0091] THustrative antagonist nucleic acid molecules include antisense
molecules, aptamers, ribozymes and triplex forming malecules, RNAiI and external guide
seguences. The nucleic acid molecules can act as effectors, inhibiters, modulaters, and
stirnulators of a specific activity possessed by a target molecule, or the functional nucleic
acid molecules can possess a de novo activity independent of any other molecules,

[0082] Antagonist nucleic acid molecules can interact with any macromolecule,
such as DNA, RNA, polypeptides, or carbohydrate chains. Thus, antagonist nucleis acid
molecules can interact with 7LR4 mRNA or the genomic DNA of TLR4 or they can interact
with a TLR4 polypeptide. Often antagonist nucleic acid molecules are designed to interact
with other nugleic acids based on sequence homology betwesn the target molecule and
the antagonist nucleic acid molecule. In other situations, the specific recognition between
the antagonist nucleic acid maolecule and the target molecule is not based on sequence
homology between the antagonist nucleic acid molecule and the target molecule, but
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rather is based on the formation of tertiary structure that allows specific recognition to
take place.

[0083] In some embodiments, anti-sense RNA or DNA molecules are used o
directly block the translation of TLR4 by binding to targeted mRNA and preventing
protein transiation, Antisense molecules are designed to interact with a target nucleic
acid molecule through either canonical or non-canonical base pairing. The interaction of
the antisense moleculg and the target molecule may be designed to promote the
destruction of the target molecule through, for example, RNAseH mediated RNA-DNA
hybrid degradation. Alternatively the antiseénse molecule may be designed to interrupt a
processing function that normally would take place on the target molecule, such as
transcription. Antisense molecules can be designed based on the sequence of the target
molecule. Numerous methads for optimization of antisense efficiency by finding the most
accessible regions of the target molecule exist. Non-limiting methods include in vitro
selection experiments and DNA modification studies using DMS and DEPC. In specific
examples, the antisense molecules bind the target molecule with a dissociation constant
{Ky) less than or equal to 10°°, 10°%, 107 or 10 In specific embadiments, antisense
pligodeoxyribonudleotides derived from the translation initiation site, e.g., between ~10
and +10 regions are employed. Hlustrative TLR4 antisense compounds are disclosed for
example in U.5. Pat. App. Pub. No. 2010/0111936, which is incorporated herein by
refargnce in its entirety.

[0G94] In other embodiments, RNA molecules that mediate RNA interference
{RNAi) of the TLR4 gene or transcript thereof can be used 1o reduce or abropgate gene
exprassion. RNAI refers to interference with or destruction of the product of a target gene
by introducing a single-stranded or usually a double-stranded RNA (dsRNA) that is
homologous to the transcript of a target gene. RNAI methods, including double-stranded
RNA interference {dsRNAI) or small interfering RNA (siRNA}, have baen extensivaly
documented in a humber of organisms (Fire et al., 1998, Nature 391, 806-811). In
mammalian cells, RNAI can be triggerad by 21~ {o 23-nuclieotide {nt) duplexes of small
interfering RNA (SiRNA) (Chiu ef al., 2002 Mol. Cell. 10:549-561; Elbashir et a/., 2001.
Nature 411:494-498), or by micro-RNAs {miRNA), functional small-hairpin RNA (shRNA},
or other dsRNAs which are expressed in vive using DNA templates with RNA polymerase
III promoters (Zeng et al., 2002, Mol. Cell 9:1327-1333 ; Paddison et al,, 2002, Genes
Dev. 16:948-958; Lee ef al., 2002. Nature Biotechnol. 20:500-505; Paul et a/., 2002,
Nature Biotechnol. 20:505-508; Tuschi, T., 2002, Nature Biotechnol. 20:440-448; Yu et
al,, 2002, Proc. Natl, Acad. Sci, USA 99(9):6047-6052; McManus et al., 2002. RNA
8:842-850; Sui et al., 2002. Proc. Natl. Acad, Sci. USA 99(6):5515-5520).
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[0095] In specific embodiments, dsRNA per se and especially dsRNA-producing
constructs corresponding to at least a portion of the TLR4 gene are used to reduce or
abrogate its expression. RNAI-mediated inhibition of gene expression may be
accomplished using any of the taechniques reported in the art, for instance by intreducing
a nucleic acid construct encoding a stem-loop or hairpin RNA structure into the genome
of the target cell, or by expressing a transfected nucleic acid construct having homology
for a TLR4 gene from between convergent promoters, or as a head to head or tail fo tail
duplication from behind a single promeoter. Any similar construct may be used so long as
it produces a single RNA having the ability to fold back on itself and produce a dsRNA, or
so long as it produces two separate RNA transcripts, which then anneal to form a dsRNA
having homology to a target gene.

[0096] Absolute homology is not required for RNA], with a lower threshold being
described at about 85% homaology for a dsRNA of about 200 base pairs (Plasterk and
Ketting, 2000, Current Opinion in Genetics and Dev. 10; 562-67). Therefore, depending
on the length of the dsRNA, the RNA-encoding nudeic acids can vary in the level of
homology they contain toward the target gene transcript, i.e., with dsRNAs of 100 to 200
base pairs having at least about 85% homology with the target gene, and longer dsRNAs,
i.e., 300 to 100 base pairs, having at least about 75% homology to the target gene.
RNA-encoding constructs that express a single RNA transcript designed to anneal to a
separately expressed RNA, or single constructs expressing separate transcripts from
convergent promoters, are suitably at least about 100 nucleatides in length. RNA-
encading constructs that express a single RNA designed to form a dsRNA via infernal
felding are usually at least about 200 nucleotides in length.

[D097] The proemaeter used to express the dsRNA-forming construct may be any
type of promoter, provided it is operable in the cell in which a target transcript is
expressed.

[0098] In some embodiments, RNA molecuies of about 21 1o about 23
nucleotides, which direct cleavage of specific mRNA to which they correspond, as for
example described by Tuschl et &/, in U.S. Pat. App. Pub. No, 2002/0086356, can be
utilized for mediating RNAI. Such 21- to 23~nt RNA molecules can comprise a 3’ hydroxyl
group, can be single-stranded or double stranded {as two 21- o 23-nt RNAs) wherein the
dsRNA muolecules can be blunt ended or comprise overhanging ends (e.g., %, 3').

[0099] In some embodiments, the antagonist nucleic acid molecule is a siRNA.
siRNAs can be prepared by any suitable method. For example, reference may be made to
International Publication WO 02/44321, which discloses siRNAS capable of sequence-
specific degradation of target mRNAs when base-paired with 3' overhanging ends, which
is incorporated by reference herein. Sequence specific gene silencing can be achieved in
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mammalian cells using synthetic, short double-stranded RNAs that mimic the siRNAs
produced by the enzyme diger. siRNA can be chemically or in vitro-synthesized or can be
the result of short double-stranded hairpin-like RNAs (shRNAs) that are processed into
siRNAs inside the cell. Synthetic siRNAs are generally designed using algarithms and a
conventional DNA/RNA synthesizer. Suppliers include Ambion (Austin, Tex.), Chamienes
{Ashland, Mass.}, Dharmacon (Lafayetle, Colo.), Glen Research (Sterling, Va.), MWB
Biotech (Esbersberg, Germany), Proligo {Boulder, Colo.), and Qiagen {(Vento, The
Netherlands). siRNA can also be synthesized in vitro using kits such gs Ambion's
SILENCER™ siRNA Construction Kit.

[0108] The production of siRNA from a vector is morg commonly done through
the transcription of a short hairpin RNAs (shRNAg). Kits for the production of vectors
comprising shRNA are available, such as, for example, Imgenex's GENESUPPRESSOR™
Construction Kits and Invitrogen's BLOCK-IT™ inducible RNAI plasmid and lentivirus
vectors. In addition, methods for formulation and delivery of siRNAs to a subject are alsn
weall known inthe art, See, e.¢., U.S. Pat. App. Pub. Nos. 2005/0282188; 2D05/0239731;
2005/0234232; 2005/0176018; 2005/0059817; 2005/0020525; 2004/0192626;
2003/0073640; 2002/0150936; 2002/0142980; and 2002/0120129, each of which is
incorporated herein by reference,

[0101] Dlustrative RNAI molecules (e.g., TLR4 siRNA or shRNA) are described in
the art {(e.q., Jiang, et al., 2011. Am J Transplant. 11(9):1835-1844; Li et 3/., 2011. App/
Microbiof Biotechnof. 92(1):115-124; Yang et a/., 2010, J Exp Clin Cancer Res, 29:92;
Hua et al., 2009. Mol Immunal. 46{15):2876-2884; and Wu et a/., 2012, J Biomed
Biatechnol. 2012:406435) or available commercially from Santa Cruz Bigtechnology, Inc.
{Santa Cruz, CA, USA), GeneCopoiea (Rockville, MD, USA) and OriGene Technologies,
Inc. (Rockville, MD, USA},

[0102] In another aspect, the TLR-4 antagonist can be a nucleic acid aptamer
{DNA& or RNA}, Aptamers can be selected from libraries screened for their ability to bind
TLR-4 and perturb its activity. The techniques for selecting aptamers against specific
targets, forming multivalent aptamers based upon the selected individual aptamers, and
their use have been described. See, e.4., U.5. Patent No. 6,458,559 to Shi et af., and
.S, Pat, App. Pub. No. 2004/0053310 to Shi et a/., gach of which is hereby incorporated
by reference in its entirety.

[0103] The prasent invention also contemplates carbohydrate agents that
antagonize TLR4 signaling. Such molecuies include for example liposaccharide
compounds including lipid A analogs represented by formula (I):
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[0104] where R! is selected from the group consisting of

0 o on g jL\ o NG
LU LU )

]

5 kwM k )L
where sach J, K, and Q, independently, is straight or branched C; to Cis alkyl; Lis Q, NH,
or CHz; Mis O or NH; and G is NH, ©, 5, 50, or 803,

[0105] R?is straight or branched Cs to Cys alkyl

[0106] R®is selected from the group consisting of straight or branched Cs to Cie
10 alkyl,

0 |

[[\ L.ﬁ\.mcgm?m o DIK

A= CH=CH~B

, B , R
)

O
L L
R e & i W Sl Ll ¥

11 and

where E is NH, O, &, 50, or SQ3; each A, B, and D, independently, is straight or branched
Ci o Cls aiky!;

15 [0107] R*is selected from the group consisting of straight or branched Cq to Cx
alkyl, and
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where each U and V, independently, is straight or branched C; to €5 alkyl and W is
hydrogen gr straight or branched C; to Cs atkyl,

[0108] R, is R® or R*-0-CH,—, R® being selected from the group consisting of
hydrogen, J', -1’-0QH, -1'-0-K', -1'-0-K'-0OH, and -1'-0-PO(0OH}:, where each 1' and I,
independently, is straight or branched C, to Cs alkyl;

[0109] R%is selected from the group consisting of hydroxy, halogen, C; to Cs
alkoxy, and C; to Cs acyloxy;

[0110] A'and A?, independently, are selected from the group consisting of OH,

O 0 Q

oo oo P (O] Qo G G g“‘“ Of Fmee P O
oH OH , O and O Z—COH
where Z is straight or branched Cy to Cyg allyl;
[0111] or a pharmaceutically acceptable salt or phosphate ester thereof.

[0112] In specific embodiments, the liposaccharide compound of farmula (1) is
represented by formula (1)

CGEGHH

LR &3 OR

R N g _— ,/k,fﬁk . Y

FHONOP Wil QR ; N {UH 0
A O OO,

(II)
[B113] or a pharmaceutically acceptable salf or phosphate ester thereof.

[0114] In some embodiments, the lipopolysaccharide compound of formula (1)
is represented by formula (11D
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(1113
[0115] or a pharmaceutically acceptable salt or phosphate ester theraof,

[0116] Compounds falling within the scape of formula (I) inhibit dimerization of
TLRA4, thereby blocking its activation. In an illustrative example, the liposaccharide
5 compound of formula (1) is eritoran tetrasodium (alse known as compound E5664).
Eritoran tetrasodium is the tetrasodium salt of the compound shown immediately above.
Eritoran tetrasodium is described in U.S. Pat. No. 5,935,938, which is incorporated by
reference herein in its entirety.

[0117] Other illustrative liposaccharide compounds for antagonizing TLR4
10 include the following compounds;

FULRE L85

O
j &
"f(‘%)i\{-(: HyinCH;

On e CHNCTE

CHLO™

o
RO

CHx0H . £t

O
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OPOORY,

CHAY & OCH;

SHOOPON

hf‘l,‘ e SPVEY 4 o~
;’q Rl

L‘E;((\HQ\;{( ‘ e (}W \tl“lg JQ;\CH;;

[0118] or pharmaceutically acceptable salts thereof ¢r phosphate ester thereof,
as described for example in U.S. Pat. App. Pub. No. 2007/0072824, which is incorporated
by reference herein in its entirety.

[0118] Alternative lippsaccharide TLR4 antagonists that can be used in the
invention include, for example, compound B531 (U.S. Pat. No. 5,530,113), as well as
other compounds described in the following patents: U.S, Pat, No. 5,935,389 {(e.q.,
substituted liposaccharides identifiad by formula {I)); U.S. Pat. No. 5,612,476 {&.g., lipid
A analogs disclosed at columns 2-41); U5, Pat. No, 5,756,718 (lipid A analogs disclosed
at columns 2-40); U.S. Pat. No. 5,843,918 (e.g., lipid A analogs disclosed at columns 2-
48); U.S. Pat. No. 5,750,664 (e.g., substituted liposaccharides identified by formula I3;
U.S. Pat. No. 6,235,724 {&.g., lipid A analogs identified by formudas (I} and (II)); U.5.
Pat. No. 6,184,366 (e.g., lipid A analogs identified by formuta {1}), U.&. Pat. No.
5,681,824, and U.S. Pat. App. Pub. Nos. 2003/0144503 and 2002/0028927. Methods for
making thesea compounds are also described within these documeants. Additional methods
for making such compounds are described, for example, in International Publication WO
(2/94019. Each of the patent documents referred to above is incarporated by reference
herein in its entiraty.

[0120] In other embodiments, TLR4 antagonist compounds are selected from
lipid compounds, nen-limiting examples of which are representad by formula {IV):

“ 3B~
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£

f
HORP—O

£y i}siiz,}?sz f\;.i?.;.sﬁ:s U (U s i}
CFy CH UH CHa (g

SRYY .
CHy M

(V)

[0121] or a pharmaceutically acceptable salt or phosphate ester thereof;
wherein ny, s, and ns, are the same or different and are positive integers from, for
example, 1 to about 10 {e.g., 10); my, n4, and ng, are the same or different and are
positive integers less than 8, Compounds of formula {111} are synthetic lipid A mimetics
that do not stimulate cytokine production or other gene expression in human peripheral
blood monocytes in vitro or induce an inflammatory response in vive, as described for
example by Stéver et al. (2004. 1. Biol Chem. 279({8):4440-4449, incorporated herein by
reference).

[0122] In non-limiting examples, at least one of ns, 4, and ng is less than 7 so
that at least one secondary acyl group of formula (IV) is less than 10 carbons.
Compounds of formula (TV) with at least ane secondary acyl group less than 10 carbans
have been shown to be potent TLR4 antagenists (see, Stéver ef a/,, 2004, supra).

[0123] In specific embodimeants, the TLR4 antaganist of formula (IV} has the
following structure:
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Cx

[HOLP )

a /\‘/ﬁ..(}g.ﬁ{

[0124] or a pharmaceutically acceptable salt or phosphate ester thereof. The
above-identified TLR4 antagonist is commarcially available from GlaxoSmithKline (UK}
under the trade name CRX 526, as described for example by Fort et af. (2005. Journal of

5  Immunology 174 6416-6423, incorparated herein by reference).

[0125] In other embodiments, the TLR4 antagonist of formula (IV) is a
compound selected from one of the following:
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€

§
{HG) 3P--Q{

[0126] or pharmaceutically acceptable salts and phosphate esters thereof. The
above identified examples of formula {111} are identified by Stéver ef af, (2004, supra) as
being synthetic lipid A mimetics and were synthesized as described in Johnson et af,
{1999, Bicorg Med Chem. Lett. 9(15):2273-2278, incorporated herein by reference).

[6127] In specific embodiments, the small molecule TLR4 antagonist is a
compound of formula (I):

Ry %
AF
0 ¥ O 7
§4 f
R R* (D

[0128] where R! is selected from the group consisting of:

£ {3 O o D.»‘” : £ s
3, 3 K i K,and ¥ K

where sach ], K, and Q, independently, is straight or branched C, to C.s atkyl;
[0129] R®is straight or branched Cs to Cyx atkyl;

[0130] R?is selected from the group consisting of straight or branched Cs to Cis

alkyl and
« 41 ~
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O
L
e CHIRCH B

where A and B are each independently straight or branched C; to Cis alkyl;

[0131] R‘is selected from the group consisting of straight or branched C4 to Cx
alkyl, and

W
i
5 3 Y

where aach U and V, independently, {s straight or branched C; to Cis alkyl and W is
hydrogen or straight or branched C; to Cs alkyi;

[0132] Rais R® or R*-~0~CHy~, RT being selaected from the group consisting of
hydrogen, 1', -1'-0OH, -3'-Q-K', ~-}-0~K'~OH, and -)'-0~PO(QH}2, where sach J' and K',
10  independently, is straight or branched €, to Cs alkyl;

[0133] R®%is selected from the group consisting of hydroxy, halogen, C, to Cs
alkoxy, and C, to Cs acyloxy;

[0134] A'and A are each independently
0
el $ L e B35
GH .
15 [01358] or a pharmaceutically acceptable salt or phosphate ester thareof,

[0136] In some embodiments, R is

&

N

where 1 is straight or branched Cyp to Cis atkyl.
[0137] In other embodiments, R is

£ On
N
7 ~g

where ] is straight or branched C; to Cs alkyl and K is straight or branched Cg to Cis alkyl.

20

[0138] In still other embodiments, R is
- 42
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Q
1 K,

whera ] is straight or branched C; to C; alkyl, K is straight ar branched C;s to Cis alkyl and
Q is straight or branched C; to Cs alkyl,

[0139] In further embodiments, R is
£ £

A,

where J is straight or branched C1 to €3 alkyl and K is straight or branched C8 to C15
alkyl.

[0140] For example, in some embodiments, R'is

£ £3H
LA
4 K'

where J i5 —CHz— and K ig straight or branched Cyy to Tz alkyl.

[0141] In other embodiments, R! is

where ] is ~CHy~, K is straight or branched C; to i3 alkyl and Q is straight or branched
—CHs.

[0142] In further embodiments, R is

L

where ] is ~CHy~ and K is straight or branched Cyp to Cys alkyl

[0143] In some embodiments, R? is straight or branched Cy to Ci; alkyl, e.g.,
straight or branched Cyg alkyl.

[0144] In some embadiments, R® is straight or branched Cip to Cis acyl, &.g.,
Cig acyl.

[0145] In other embodiments, R is
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O

§

o CHZRCH B
where A is straight or branched Cy to Cyz alkyl and B is straight or branched C, to G
alkyl,
[0146] For example, in some embodiments, R is

o

L

A CHERCH B
where A is straight or branched Cy alkyl and B is straight or branched Cg alkyl,

[0147] In some embodiments, R, is straight or branched Cg to Ci2 alkyl, 2.g.,
straight or branched Ciq alkyl.

[0148] In other embodiments, R? is

where U is straight or branched C: to Cs alkyl, V is straight or branched Cs to Cs alkyt and
W is hydrogen or —CHs.
[0149] For example, in some embodiments, R* is

W
o

PN

oS kY ,

where U is straight or branched C; alkyl, V is straight or branched C; alkyl and W is
hydrogen or —CHs.

[0150] In some embodiments, R is R or R*-0~CH.~-, where R® is J' and where

' is straight or branched C; to Cs alkyl,
[0151] In some embodiments, R, is Rs—-0-CHa-, whera R” is —CHs.
[0152] In some embodiments, R® is hydroxyl.

[0153] In further embodiments, the TLR4 antagonist is a compound of formula
{I}:
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QO

;4

R 2 _
. (D

[0154] where R! is salected from the group consisting of:

| 0
O
§ |
s | ,
e Sl 1 {\,;A}a:and ~ R

where ] is straight or branched C, to Cs alkyl, K is straight or branched Cq to Cis alkyl and
5 Qs straight or branched Cy to Gy alkyl;

[0155] R?is straight or branched Cg to Cy; alkyl;
[0156] Riis
1A

N

A CHzm{H— Bf

where A i5 straight or branched C; to Gy alkyl and B is straight or branched C, 10 Gy
10 alkyl;
[0157]1 R*is selected from straight or branched Cg to C,» alkyl and

W
il

A

vawvw\é Y ,

where U is straight or branched C; to Cq alkyl, V is straight or branched Cs 0 Cs alkyl and
W is hydirogen or -CH.sub.y; Ry is R*~O-CH.—, where R® is 1' and where ' is straight or
15  branched C, to Cs alkyl; R.sup.6 is hydroxyl; Al and A% are each independently

o
G A Gt &5
OH
[Q158] or pharmaceutically acceptable salt or phosphate ester thereof,

[0159] In still further embodiments, the TLR4 antagonist is a compound of
formula (I}:
« 45 ~
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(D

[0160] where R! is selected from the group consisting of:

0 O
¥ X,

5 where ] is straight or branchad C, to Cs alkyl, K i3 straight or branched C; to Cys alkyl and
Q is straight or branched C; to C; alkyl;
[0161] R*is straight or branched Cy to Cy, alkyl;
[0162] R’is
{}

N

A CHECE B
10 where A is straight or branched C; to €,z alkyl and B is straight or branched G4 to Co alkyl

[0163] R%is
W

all

et &.‘-",

where U is straight or branched C; to Cq alkyl, V is straight or branched Cs to Cg alkyl and
W is hydrogen or —CH3; Ry is R°-0-CH,-, where RY is J' and where I' is straight or
15  branched C; to Cs alkyl; R¥ is hydroxyl: A* and A are each independently
O
Rt St N 1 |

3

[0164] or a pharmaceutically acceptable salt or phosphate ester thereof.
[01658] Compounds according to any one of formulas (1), {I1) (111} and (IV) may
be prepared in the form of a micelle, as described in U.S. Pat. No. 6,906,042, which is
- 46 -
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incorporated herein by reference in its entirety for the description of such micelles and
methods for preparing same.

[0166] In other embadiments, the TLR4 antagonist s an antagonist MD-2 or
TLR4 polypeptide, such as a polypeptide fragment of MD-2 or TLR4 that corresponds to
at least a portion of a polypeptide of the MD-2/TLR4 receptor complex and binds TLR4
ligand during TLR4 signal transduction. Other examples of TLR4 antagonists include a
non-TLR4 protein or polypeptide that inhibits TLR4 activity, a small moleciile inhibitor of
TLR4 activity, or an inhibitory ligand that is a variant of the natural ligand of TLR4,
namely bacterial lipopolysaccharide (&.g., analogs of the lipid A region of LPS as
described above), Regardless of the type of TLR4 antagonist employed, the TLR4
antagonist can be administerad to achieve at least transient blockade of TLR4 function,
theraby neutralizing or af least partially inhibiting the effect of TLR4 on Flavivirus
mediated disease.

[0167] In representative examples, antagonist polypeptide fragments of TLR4,
which can function as TLR4 decoy polypeptides, include short polypeptides from about 10
to 100 or 10 to 50 amino agids in length {or smaller), which contain a TLR-4 ligand
binding domain. These peptide fragments can also be part of an N-terminal or C-terminal
fusion protein. The full-length sequence of various human TLR4 isoforms are known (see
GenBank Accession Nos, NP_612564.1 (isoform A), NP_003257.1 (isoform C), and
NP_612567.1 (ispform D), each of which is heraby incorporated by referernice in its
entirety). Sequences for other mammalian TLR-4 homologs are also known, including
those of mouse, rat, orangutan, etc. Non-limiting examples of TLR4 decoy polypeptides
are disclosed in U.5. Pat. App. Pub. Nos, 2013/0203649, 2005/0112659 and
2006/0241040, which arg incorporated herein by reference in their entirgty,

[0168] Non-TLR4 protein or polypeptide inhibitors of TLR4 have also been
identified in the literature, and these can be used in the methods and compaositions of the
present invention. Twa such inhibitors are identified in Yang ef a/., Novel TLR4
Antagenizing Peptides Inhibit LPS-Induced Release of Inflammatory Mediators by
Monocytes, Biochem. Biophys. Res. Commurn. 329(3); B46-54 (2005); and chemgkine
receptor 4 and its ligand have also been shown to be effective (Kishore et al., Selective
Suppression of Toll-like Receptor 4 Activation by Chemokine Receptor 4, FEBS Leit,
579(3}): 699-704 (2005)). Shert-form human md-2 polypeptides are disclosed by Ariditi
et al. in U.S. Pat. App. Pub. Nos. 2014/0045775, which is incorpcorated herein by
reference in its entirety, as negative regulators of TLR4 signaling. Peptide fragments of
surfactant protein-A and derivatives thereof are also known to block TLR4 signaling as
disclosed for example in U5, Pat. App. Pub. Nos. 2014/0256613, which is incorperated
herein by reference in its entirety.
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[0169] Another example of a TLR4 antagonist that can be used in methods of
the prasent invention is Rhodobacter sphaercides lipid A (RSLAY. RSLA has five acyl
chains compared with six chains on Lipid A from most Gram negative bacteria, has
proncuncaed antagonistic activity for other Gram negative Lipid A, and only minar agonist
activity on some cell types (Kutuzova et af,, 2001, J Immunol. 167:482-489; Gonlenbock
et al., 1991, 7 Biol Chem. 266:19480-19498; Qureshi et al., 1991, Infection and
Immunity 59:441-444), which are incorporated herein by reference in their entirety.

[0170] The present invention also contemplates smalt molecule TLR4
antagonists, Non-limiting small molecule compounds are disclosed for example in U.5,
Pat. App. Pub. No. 2013/028139 to Wipf et a/., which is incorporated herein by reference
in its entirety. Specific embodiments of the compounds disclosed by Wipt et af. include:

[O171] (1) 4-0-(3-C-{2-(acetylaming}-2-deoxv-4-0-{6-deoxyhexgpyranosyl)-

3-0O-[2-0-(6-deoxyhexopyranosyl jhexopyranosyl thaexopyranosyl yhexopyranosyl)
hexopyranose (Compound 3), having the structure:

O

OH

s GH

[D172] (2) 2Z-acetamido-4,5-dihydroxy-6-{hydroxymethyMetrahydro-2H-
pyran-2-yl dihydrogen phosphate, sodium salt (Compound 4}, having the structure:

HOCH,
O
T mtwt}m‘gmm{
i xNa
oK
s AN H o Qe

O

[0173] (3) cyclohexanamine compound with 1,6-di-O-phosphono-beta-D-
glycero-hexopyranose {4:1) hydrate (Compound 8}, having the structure:
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20
0

[0174] (4) 2-(acetylaming)-2-deoxy-D-galactopyranose hydrate {Compound

i

(i

16), having the structure:

VO a0

[0175] (5) 2-(acetylamino)-2-deoxy-4-0-hexopyranosylhexopyranose
{Compound 27}, having the structure:

AchHN

[D1786] (6) isopropyl 3,4,6-1r-Q-acetyl-2-{acetylaming}-2~
deoxyhexopyranoside (Compound 34), having the structure:
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[Q177] (7) derivatives of isopropyl 3,4,.6-tri-O-acetyl-2-(acetylamino)-2-
deoxyhexopyrangside {Compaund 34), represented by formula (V)

5 [0178] where R is selected from R! and —-Q- R, where R' may be a substituted
or unsubstituted alkaneg or alkene, where the substituent if presant may be methyl or
ethyl, where the alkane or alkene portion eptionally comprises a branched or cyglic
component, and may have between 1 and 12 or between 1 and 6 carbon atoms.

[0179] (B8) derivatives of isopropyl 3,4,6-tri-O-acetyl-2-{acetylamino)-2-
10 deoxyhexopyranoside (Compound 34), represented by formula (VI):

{OAc
Aol

Ao}

NHAe

[0180] where R is selected from R' and -O- R}, where R'may be a substituted
or unsubstituted alkane or alkene, where the substituent if present may be methyl or
ethyl, where the alkane or alkene portion optionally comprises a branched or cydic

15  component, and may have between 1 and 12 or between 1 and 6 carbon atoms.
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[0181] In specific, noen-limiting embodiments, a derivative of isopropyl 3,4,6-tri-
O-acetyl-2~-{acetylamino)-2-depxyhexopyranoside may be selected from the following

group of compounds:

(A

3

AL

NHAe ,

(QAc QA

NHAc

and
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[0182] Inillustrative examples, small molecule compounds disclosed by Wipf et
al. are selected from compounds 1, 3, 4, 5, 6, B, 16, 21, 22, 27, 28, 29, 30, 45, and 47
listed in Table 1 of Wipf et af.

[0183] Cther examples of TLR4 antagonists include, without limitation TAK-242
(see, Ii et al., A Novel Cyclohexene Derivative, (TAK-242), Selactively Inhibits Toll-like
Receptor 4-mediated Cytoking Production Through Suppression of Intracellular Signaling,
Mol. Pharmacol. 69(4): 128 8-95 (20086)); the endogencus TLR4 inhibitor RP105 (see,
Divancovic et al., Inhibition of TLR4/MD-2 signaling by RP105/MD-1, 1. Endotoxin Res.
11{6): 363-368 {2005)); CyP, a natural LPS mimatic derived from the cyanobacterivm
Oscillatoria planktothrix FP1 (see, Macagno ef al., A Cyanobacterial LPS Antagonist
Prevents Endotoxin Shock and Blocks Sustained TLR4 Stimulation Required for Cytokine
Expression, J Exp Med. 203{6}: 1481-1492 (20086)); a phenol/water extract from 7.
socranskii subsp. socranskii (TSS-P) (see, Lee ef al., Phenol/water Extract of Treponema
sgcranskii subsp. socranskil as an Antagonist of Toll-like Receptor 4 Signaling, Microbiol.
152(2): b35-46 (2006)); CLR proteins such as Monarch-i (see, Willlams et af., The
CATERPILLER Protein Monarch-~i Is an Antagonist of Toli-like Receptor~, Tumor Necrosis
Factor alpha-, and Mycobacteritm tuberculosis-induced pro-inflammatory signals, J Biof
Chemn. 280(48): 39914-39924 (2005)); and small molecule TLR-4/TLR-2 dual
antagonists, such as ER811243, ER811211, and ER811232 (see, U.5. Patent App. Pub.
No. 2005/0113345 to Chow et al.). Further examples of TLR4 inhibitors or antagonists
can be found in International Publication WQ2006/138681A2. The above disclosures are
hereby incorporated by reference herein in their entirety.

[0184] The present invention also contemplates anti-TLR4 antagonist
antibodies, Numerous antagonist antibodies are disclosed in the art, illustrative examples
of which include as described for example in U.S, Pat. App. Pub. No. 2009/0136509 to
Blake {e.y., antibodies based on monoglonal antibody MTS510) and U.S. Pat. App. Pub.
No. 2012/0177648 to Kosco-Vilbois et al., are hereby incorporated by reference hergin in
their entirety. Other TLR4 antagonist antibodies are available commercially, a non-
limiting example of which is NI-0101, which is available from Novimmune SA (Plan-les-
Quates, Switrerland).

2.3 8creening Msthods

[01858] The present invention also provides methads for the identification of
agents suitable for use in the treatment or pravention of Flavivirus infection or symptom
thereof. Antagonists identified by this method may be antagonists of TLR4 having any of
the characteristics or effects described above. Antagonists identified by the methods
described herein may be suitable for use in the treatment or prevention of Flavivirus
infection, or in the treatment or prevention of any of the conditions or symptoms
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described herein, such as acute febrile iliness, malaise, headache, flushing, diarrhea,
nausea, vomiting, abdominal pain, myalgias and, in severe disease, production of pro-
inflammatory mediators, including pro-inflammatory cytokings and vascular leakage.

[0186] Accerdingly, the invention provides methods of identifying an agent for
use in the treatment or prevention of a Flavivirus infection or symptom thereof. These
methods generally comprise determining whether a test agent is capable of antagonizing
TLR4. For example, the methods may involve determining whether a test agent is
capable pf decreasing the amount or activity of TLR4, wherein the ability to decrease the
amount or activity of TLR4 indicates that the compound may be suitable for use in
treating or preventing Flavivirus infection or symptom thereof as described herein. In
some embodiments, the test agent is contacted with TLR4 or a nucleic acid sequencet
segquence from which TLR4 is expressed.

[0187] A testagent for use in & screening method of the invention refars to any
compound, molecule or agent that may potentially antagonize TLR4. The test agent may
be, or may comprise, for example, a peptide, polypeptide, protein, antibady,
polynucleotide, small molecule or other compound that may be designed through rational
drug design starting from known antagonists of TLR4.

[0188] The test agent may be any agent having one or mere characteristics of
an antagonist of TLR4 as described above.

[0188] The test agent to be screened could be derived or synthesized from
chemical compositions or man-made compounds. Candidate agents may be obtained
from a wide variety of sources including libraries of synthetic or natural compounds.
Suitable test agents which can be tested in the above assays include compounds derived
from combinatorial libraries, small molecule libraries and natural product libraries, such
as display {e.g., phage display) libraries. Multiple test agents may be screenead using a
method of the invention in order to identify one or more agents having a suitable effect
on TLR4, such as inhibition of TLR4 activity or expression.

[0180] The screening methods of the invention may be carried out in vivo, ex
viva or in vitro. In particular, the step of contacting a test agent with TLR4 or with a cell
or tissue that comprises TLR4 may be carried out in vivo, ex vivo or in vitro. The
screening methods of the invention may be carried cut in a cell-based or a cell-free
system. For example, the screening method of the invention may comprise a step of
contacting a cell or tissue comprising TLR4 with a test agent and determining whether
the presence of the test agent leads to a decrease in the amount or activity of TLR4 in
the cell or tissue.
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[0191] For example, the ability of a test agent to decrease the activity or
expression of TLR4 may be tested in a host cell or tissue that expresses TLR4. For
example, the amount: gr activity of TLR4 may be assessed in vivo, ex vive or in vitro in
any suitable cells or tissue that express TLR4 (2.g., immune cells, endathelial calls, afc).

[0192] In such a cell-based assay, the TLR4 and/or the test agent may be
endogenous 1o the host cell or tissue, may be introduced into a host cell or tissus, may
be introduced into the host cell or tissue by causing or allowing the expression of an
expression construct or vector or may be introduced into the host cell or tissue by
stimulating or activating exprassion from an endogencous gene in the cell.

[0183] In such a celi-based method, the amount of TLR4 may be assessed in
the presence or absence of a test agent in order to determine whether the agent is
altering the amount of TLR4 in the cell or tissue, such as through regulation of TLR4
expression in the cell or tissue or through destabilization of TLR4 protein within the rell
or tissue, The presence of a lower TLR4 activity or a decreased amount of TLR4 within
the cell ar tissue in the presence of the tast agent indicates that the test agent may be a
suitable antagonist of TLR4 for use in accordance with the present invention in the
treatrment of an individual with a Flavivirus infection or symptom thereof,

[0194] In one embodiment, such a cell based assay may be carried out in wire
or ex vive on cells or tissue deriving from the patient to be treated. It may therefore be
determined whether or not the test agent is capable of decreasing the activity or amount
of TLR4 in the cells or tissug of that subject.

[01985] A method of the invention may use a cell-free assay. For example, the
TLR4 may be present in a cell-free anvironment. A suitable cell-free assay may be carried
out in a cell extract. For example, the contacting steps of the methods of the invention
may be carried out in extracts obtainad fram cells that may express, produce or
gtherwise contain TLR4 and/or a test agent. A cell-frag system comprising TLR4 may be
incubated with the other camponents of the methods of the invention such a test agent,

[01986] In such a cell-free meathod, the amount of TLR4 may be assessed in the
presence or absence of a test agent in order to datermine whether the agant is altering
the amount of TLR4 in the cell or tissue, such as through destabilization of TLR4 protein.
In either case, the presence of a lower TLR4 activity or a decreased amount of TLR4 in
the presence of the test agent indicates that the test agent may be a suitable antagonist
of TLR4 for use in accordance with the present invention in the treatment of an individual
with a Flavivirus infection or symptom thereof.

[0197] The contacting step(s) of the method of the invention may comprise
incubation of the various components. Such incubations may be performed at any
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suitable temperature, typically between 4% C and 40° C. Incubation periods may be
selected for optimum activity, but may also be optimized to facilitate rapid high~
throughput screéning, Following the contact and optional incubation steps, the subject
methods may further include a washing step to remove unbound components, whera
such a washing step is generally employed when required to remove label that would
give rise to a background signal during detection, such as radicactive or fluorescently
labeled non-specifically bound components,

[0198] Incubation in cell or cell-free assay systems may be performed in a
microtiter plate (&.g., a 96-well plate or other microwell plate). Further, incubation may
be performed in an automated fashion (e.g., for high-throughput screening).

[0199] A screening method of the invention may be carried out in vivo, For
example, a screening method may be carried out in an animal meodel. In such an in vivo
model, the effects of a test agent may be assessed in the circulation {e.g., blood}, or in
other organs such as the liver, kidney or heart. Suitably, the animal is a nen-human
animal such as a mouse or rat. Such a model may be used to assess the in wvo effects of
a test agent. For example, such a model may be used to assess whether the test agent is
capable of decreasing the activity or amount of TLR4 in vivo. In such a method, the
amount of TLR4 may be assessed and/or the activity of TLR4 may be assessed.

[0200] An in vivo model may also be used to determine whether the test agent
has any unwanted side effects. For example, a method of the invention may compare the
effects of a test agent on TLR4 with its effects on other receptors in ordsr to datermine
whether the test agent is specific.

[0201] In an /i vivo model as described herein, or an in vitro model such as a
cell-based or cell-free assay model as described herein, the effects of a test agent on
TLR4 may be compared with the effects of the same agent on other Toll like receptors.
As discussed above, a desirable TLR4 antagonist for use in method of treatment and
prophylaxis as described herein may be an agent that selectively antagonizes TLR4. The
screening methods of the invention may thus include an additional step of assessing
whether the test agent has any effect on the activity or amaunt of one or more other Toll
like receptors such as one or more Toll like receptors that are not TLR4, In such a
method, a test agent may be identified as a suitable TLR4 antagonist if it is found to
decrease the activity or amount of TLR4, but not to decrease, not to significantly
decrease, not to significantly decrease, not to alter, or not to significantly alter, the
activity or amount of one or more other Toll like receptors in the same assay.

[0202] Inthe screening methods described herein, the presence of a lower
TLR4 activity or & decreased amount of TLR4 in the presence of the test agent indicates
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that the test agent may be a suitable antagonist of TLR4 for use in accordance with the
present invention to treat an individual with a Flavivirus infection or symptom thereof.

[0203] A test agent that is an antagonist of TLR4 may result in a decrease in
TLR4 activity or levels of at least 5%, at least 10%, at Ieast 25%, at l=ast 50%, at least
60%, at least 75%, or at least 85% or more in the presence of the test agent compared
to in the absence of the test agent. A test agent that is an antagonist of TLR4 may result
in a decrease in TLR4 activity or levels such that the activity or level of TLR4 is no longer
detectable in the presence of the test agent. Such a decrease may be seen in the sample
baing tested or, for example whéere the method is carried out in an animal model, in
particular tissue from the animal such as in the circulation or other organs such as the
liver, kidney or heart.

[0204] A test agent that is an antagonist of TLR4 may be a specific or selective
antagonist of TLR as described above. For example, the agent may have an effect on
other Toll like receptors, such as antagonism of the activity, signaling or expression of
one or more other Toll like receptors, that is less than 25%, less than 20%, less than
15%, less than 10%, less than 5%, lass than 1%, or less than .1% the effect of that
agent an the activity, signaling or expression of TLR4.

[0205] Levels or amounts of TLR4 may be measurad by assessing expression of
the TLR4 gene. Gene expression may be assessed by looking at mRNA production or
levels or at protein production or levels, Expression products such as mRNA and proteins
may be identifiad or quantified by methods known in the art. Such methods may utilize
hybridization to specifically identify the mRNA of interest. For example such methods
may involve PCR or raal-tirme PCR approaches. Methods to identify or quantify a protein
of intarest may involve the use of antibodies that bind that protein. For examplg, such
methods may involve western blotting. Regulation of TLR4 gene expression may be
compared in the presence and absence of a test agent. Thus test agents can be identified
that decrease TLR4 gene expression compared to the level seen in the abisence of the
test agent. Such test agents may be suitable antagonists of TLR4 in accordance with the
invention.

[0206] The screening methods may assess the activity of TLR4, For exampla,
suth a method may be carried out using peripheral blood mononuclear cells. Such cells
will produce cytokines such as TNF-g, IL-6, IFN-B, IL-1B and IL-8 on response to
stimulation with, for example, lipopolysaccharide (LPS). A screaning method may
therefore comprise combining peripheral blood mononuclear cells with the test agent or a
vehicle and adding LPS. The cells may then be incubated for an amount of time (e.g., 24
hours) to allow the production of pro-inflammatory meadiators such as cytokings. The
level of cytokines such as TNF-q, IL-6, IFN-B, IL-1B and IL-8 produced by the cells in that
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time period can then be assessed. If the test agent has anti-TLR4 properties, then the
production of such cytokines should be reduced compared te the vehicle~treated cells.

[0207] Further fests may also be carried out in order to confirm that the test
agent is suitable for use in the claimed methods. For example, as explained above, a
suitable antagonist of TLR4 should be capable of reducing the deleterious consequences
of pro-inflammatory mediator production (also commonly referred to as a cytokine
storm) and vascular leakage. The screening methods of the invention may therefore
incorperate further steps, such as those discussed above, which involve assessing the
effact of the test agent in an animal with such production of pro-inflammatory mediator
and vascular leakage {e.g., ong infected with a Flavivirus) and comparing that effect with
that seen in the absence the test agent. A suitable TLR4 antagonist will be capable of
ameliorating at least some of the effects of the Favivirus infection in the test animal.

2.4 Ancillary anti-Flavivirus agents

[0208] As indicated, compounds according to the present invention may be
administerad alone or in combination with other agents (also referred to herein as
“ancillary agents”), especially including other compounds of the present invention or
compounds which are not TLR4 antagonists and are otherwise disclosed as being useful
for the treatment of Flavivirus infections including Pengue virus, Japanese encephalitis
virus, Yelfow fever virus, Murray Valley encephalitis virus, West Nite virus, Tick-borne
encephalitis virus, St Louis encephalitis virus, Alfuy virus, Koutango virus, Kunjin virus,
Cacipacore virus, and Yaounide virus and related Flavivirus infections, such as those
relevant compounds and compositions which are disclosed in the following United States
patents, which are incorporated by reference herein: U.S. Pat. Nes. 5,822,757;
5,830,894; 5,821,242; 5,610,054; 5,532,215; 5,491,135; 5,179,084, 4,902,720,
4,898,888; 4,880,784; 5,929,038; 5,922,857; 5,914,400; 5,822,711, 5,922,694;
5,916,589; 5,912,356, 5,912,265, 5,905,070, 5,892,060, 5,892,052; 5,892,025
5,883,116; 5,883,113; 5,883,098; 5,880,141; 5,880,106; 5,876,984; 5,874,413;
5,869,522; 5,863,921; 5,863,918, 5,863,905; 5,861,403; 5,852,027, 5,849,800;
5,8498,696; 5,847,172; 5,627,160; 5,561,120; 5,631,239; 5,830,898, 5,827,727;
5,830,881 and 5,837,871, among others as well as U.5. Pat. App. Pub. Nos.
2006/0130123, 2014/0170186 and 2014/0248336. In specific embodiments, anciliary
anti-Flavivirug agents that are useful in combination with TLR4 antagonists include
antivirals and vaccines as well as agents that alleviate the symptoms of Favivirus
infaction or prevent secondary infections such as antibiotics used to prevent pneumonia
and urinary tract infections, anticenvulsants for seizure control, anti-nausea
medicaments, mannital, interferon alpha {e.g., interferon alpha 2a and interferon alpha
2b), interferon beta (e.g., interferon beta 1a and interferon beta 1b), or nucleic acid
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constructs from which interferons are expressible, antibody therapy or any combination
thereof,

[0209] Ancillary anti-Flavivirus agents may be used in combination with TLR4
antagonists for their additive activity or treatment profile Flavivirus infections and, in
certain instances, far their synergistic effects in combination with compounds of the
present invention,

[0210] When combination therapy is desired, the TLR4 antagonist is
administerad separately, simultanegusly or sequentially with andillary agent. In some
embodiments, this may be achieved by administering a single composition or
pharmacological formulation that includes both types of agent, or by administering two
separate compositions or farmulations at the same time, wherein one composition
includes the TLR4 antagonist and the ancillary agent. In gther embodiments, the
treatment with the TLR4 antagonist may precede or follow the treatment with the
ancillary agent by intervals ranging from minutes te days. In embodiments where the
TLR4 antagonist is applied separately to the ancillary agant, one wotld generally ensure
that a significant period of fime did not expire between the time of each delivery, such
that the TLR4 antagonist would still be able to exert an advantagecusly combined effect
on inhibiting a TLR4-mediated effect including inhibiting production of pro-inflammatory
mediators by cells {a.g., an immune cell such as but not limited to a macrophage or
monocyte, or an endothelial cell) with the ancillary agent, and in particular, to maintain
gr enhance a subject’s capacity 1o reverse or inhibit the development of disease or
symptems associated with Flavivirus infection. In spme situations, one may administar
both modalities within about 1-12 hours of each other and, mare suitably, within about
2-6 hours of each other, In some situations, it may be desirable {0 extend the time
period for treatment significantly, however, where several hours (2, 3, 4, 5, 86 0r 7) to
several days (1, 2, 3, 4, 5, 6, 7 or 8} lapse between the respective administrations. In
specific embodiments, the antiviral agent is administered prior to the administration of
the TLR4 antagonist, suitably at an sarly stage of infection and/or before the onset of
severe disease. In thase instances, the TLR4 antagonist is suitably administered also
before the onset of severe disease.

[0211] It is conceivable that more than one administration of gither the TLR4
antagonist or the ancillary agent will be desired. Various combinations may be emploved,
where the TLR4 antagonist is “A” and the ancillary agent is "B”, as exemplified below:

[0212] A/B/A B/A/B B/B/A AJA/B B/A/A A/B/B B/B/B/A B/B/A/B A/A/B/B
A/B/A/B A/B/B/A B/B/A/A B/A/B/A B/A/A/B B/B/B/A A/ASA/B B/A/A/A B/B/R/A A/A/B/A
A/B/B/B B/A/B/B B/B/A/B.
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2.5 Compositions
[0213] In accordance with the present invention, it is proposed that TLR4
antagonists, whether alone or in combination with ancillary anti-Flavivirus agents, can be
used to inhibit production of pro-inflammatory mediators, including pro-inflammatory
cytokines, and reducing the sequelae of that production including inhibiting or
ameliorating vascular leakage, and more particularly, to treat or prevent Flavivirus
infections and their symptoms, including in severe disease.

[0214] TLR4 antagonists and optionally the ancillary anti-Havivirus agents can
be administered either by themselves or with a pharmageutically acceptable carrier.
Thus, in some embodiments, the compositions of the invention are administered in
pharmaceutically acceptable solutions, which may routinely contain pharmaceutically
acceptable concentrations of salt, buffering agents, presarvatives, compatible carriers,
adjuvants, and optionally other therapeutic ingredients. Depeanding on the specific
conditions being treated, the compositions may be administered systemically or locally.
Techniques for formulation and administration may be found in "Remington’s
Pharmaceutical Sciences,” Mack Publishing Co., Easton, Pa., latest edition. The
compositions may be administered orally, topically, transdermally, parenterally,
subcutanegusly, intravenously (e.g., hepatic vein), intramuscularly, intraperitoneally,
intracavitary, by intravesical instillation, intranasally, intraocularly, intraarterially,
intralesionally, by intranasal instillation, or by application to mucous membranes, such
as, that of the nose, throat, and bronchial tubes. They may be administered alone or with
suitable pharmaceutical carriers; and can be in solid or liquid form such as, tablets,
capsules, powders, selutions, suspensions, or amulsions.

[02158] TLR4 antagonists and optionally the ancillary anti-Flavivirus agents may
be orally administered, for example, with an inert diluent, or with an assimilable edible
carrier, or they may be enclosed in hard or soft shell capsules, or they may be
compressed into tablets, or they may be incorporated directly with the food of the dist.
For oral therapeutic administration, these active compounds may be incorporated with
excipients and used in the form of tablets, capsules, elixirs, suspensions, syrups, and the
like. Such compositions and preparations should contain at least 0.1% of active
compound. The percentage of the compound in these compositions may, of course, be
varied and may conveniently be between about 2% to about 60% of the weight of the
unit. The amount of active compeund in such therapeutically useful compositions is such
that a suitable dosage will be obtained.

[0216] The tablets, capsules, and the like may also contain a binder such as
gum tragacanth, acacia, corn starch, or gelating excipients such as dicalcium phosphate;
a disintegrating agent such as corn starch, potato starch, alginic acid; a lubricant such as
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magnesium stearate; and a sweetening agent such as sucrose, lactose, or saccharin,
When the dosage unit form is a capsulg, it may contain, in addition te materials of the
above type, a liguid carrier, such as a fatty oil.

[06217] Various other materials may be presant as coatings or to modify the
physical form of the dosage unit. For instance, tablets may be coated with shellac, sugar,
or both. A syrup may contain, in addition to active ingredient, sucrose as a sweetening
agent, methyl and propylparabens as preservatives, a dye, and flavoring such as cherry
or grange flavor.

[0218] TLR4 antagonists and optionally the ancillary anti-Flavivirus agents may
also be administered parenterally. Solutions or suspensions of these active compounds
can be prepared in water suitably mixed with a surfactant, such as
hydroxypropylcellulose. Dispersions can also be prepared in glycsrol, liquid polyethyleng
glycols, and mixtures thereof in oils. IHustrative oils are those of petroleum, animal,
vegetable, or synthetic origin, for example, peanut oil, soybean oil, or mineral oil, hi
ganeral, water, saling, aqueous dextrose and related sugar solution, and glycols such as,
propyleng glycol or polyethylene glycol, are preferred liguid carriers, particularly for
injectable solutions. Under ordinary conditions of storage and use, these preparations
contain a preservative to prevent the growth of microorganisms.

[0219] The pharmaceutical forms suitable for injectable use include sterile
agueous solutions or dispersions and sterile powders for the extemporangcus preparation
of sterile injectable solutions or dispersions. In all cases, the form must be sterile and
must be fluid to the extent that easy syringability exists. It must be stabte under the
conditions of manufacture and storage and must be preserved against the contaminating
action of microorganisms, such as bacteria and fungi. Tha carrier can be a solvant or
dispersion medium containing, for example, water, ethanol, palyol (€.g., glycerol,
propylene glycel, and liguid pelyethylene ghycol}, suitable mixtures thereof, and
vegetable oils.

[0220] TLR4 antagonists and optionally the ancillary anti-Flavivirus agents may
also be administered directly to the airways in the form of an aerosol. For use as
aerosols, the inhibitors of the present invention in solution or suspension may be
packaged in a pressurized aerosol container together with suitable propellants, for
example, hydrocarbon propellants like propane, butane, or isobutane with conventional
adjuvanis. The materials of the present invention alse may be administered in a non-
prassurized form such as in a nebulizer or atomizer.

[0221] Persons of skill in the art are readily able to test and assess optimal
dosage schedules based on the balance of efficacy and any undasirable side effects. The
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optimal dosage of each type of inhibitor will vary, of course, and the minimal effective
dose will be administered for therapeutic regimen.

[0222] In order that the invention may be readily understood and put into
practical effect, parficular preferred embodiments will now be described by way of the
following non-limiting example.,

EXAMPLE

DENGUE VIRUS NS1 IS A VIRAL TOXIN THAT ACTIVATES CELLS VIA TLR4 AND DISRUPTS
ENDOTHELIAL CELL MONOLAYER INTEGRITY

fvates Aurnan and mouse immune colls

[0223] Circulating high levels of sNS1 are known o correlate with progression
to severe disease (13, 16). Whether these levels are simply a surrogate marker of
infection or play a direct role in disease severity is not known. The present inventors
hypothesized that circulating NS1 directly activates innate immune cells, contributing to
the induction of inflammatory cytokines in severe dengue. Recombinant, hexameric sNS1
was purified from media harvests of 52 cells stably expressing DENV-2 NS1. The purity of
NS1 after immunoaffinity chromatography was assessed by SDS-PAGE and size exclusion
chromatography. Throughout this study LPS was used as a positive control. Purified sN51
and LPS both strongly induced the secretion of IL-6 from peripheral blood mononuclear
cells (PBMCs) (Figure 1A}, suggesting N51 behaves as a PAMP. To provide evidence that
NS1 itself was responsible, the aclivity of the sNS1 preparation was investigated before
and after immune-depletion using anti-NS1 antibody or an isotype-matched control
antibody specific for the dengue virus envelope protein E (Figure 1A). NS1-depletion
prevented IL-& induction, whereas the control antibody neither depleted NS1 nor
abrogated activity.

[0224] A mouse model was then used to facilitate characterization of the
response mechanism. Recognition of many PAMPs by innate immune cells triggers the
activation of the transcription factor nuclear factor-kappa B (NF-kB), which induces an
array of pro-inflammatory cytokines and chemokines. The present inventors investigated
whether NS1 treatment activated NF-kB using the RAWZ64.7 mouse macrophage cell line
stably transfected with the NF- B-responsive ELAM promoter driving GFP (17). Cells
exposed to purified NS1 or LPS displayed increased GFP reporter-gene activity {Figure
1B) and the effect of NS1 was abolished by prior immuno-depletion {Figure 1C).

LRS-inhibitory Polymvxin B does not affect NS1 stimulatory activity

[0228] In defining novel PAMPS, the elimination of bacterial contaminants from
candidate PAMP preparations is critical. The immune-depletion results above demonstrate
that either NS1 or a factor bound to NS1 activates NF-kB and cytokine release in mouse
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and human cells respectively. Since hexameric NS1 is a lipid-binding protein {18), itis
conceivable that the insect (52) celi-derived N51 used in this study could have bound
trace amounts of bacterial lipids such as LPS during the purification process. To test the
possibility that the NS1 preparation contains contaminating LPS, the induction of IL-6 in
PBMCs was examined using NS1 pretreated with the LP5-binding antibictic polymyxin B.
Polymyxin B inhibited the response to concentrations of LPS = 10 ng/mL, whilst the
NS1-mediated response was unaffected (Figure 2A). To examine this in mouse cells, the
present inventors measured down-modulation of the receptor for the macrophage growth
factor, colony stimulating factor-1 (CSF1). Cell surface CSF1 receptor (CSF1R) is
increased on CSF1-starved bone marrow-derived macrophages (BMM), and rapidly lost in
response to TLR agonists including LPS, making a convenient and sensitive assay for TLR
agonists (19). Both LPS and NS1 down-modulated surface CSFIR, however only the LPS
response was sensitive to polymyxin B (Figure 2B). Thus, LPS contamination is not a
likely explanation for the N51 response of mouse or human cells.

NS activity is not due fo a co-purifving cemtaminant

[0226] Results of immuno-depletion and polymyxin B experiments above
reduce the likelihogd that a contaminant is responsible for the activity of NS1
preparations. However, the possibility remained that the active component was a non-
LPS NS1-binding contaminant, or LPS which was inaccessible to pelymyxin B. The 52~
derived NS1 had been affinity purified, and to eliminate concerns about introduction of
bacterial contaminants during the purification process, the activity of NS1 expressed by
mammalian cells was assessed, without purification. As expected, the S2-derived NS1
caused loss of CSF1R, and this was prevented by NS1 immuno-depletion {(Figure 3A).
Medium derived from NS1 expression vector-transfected CHO cells also reproducibly
reduced surface CSF1R levels (Figure 3B), Media from untransfected or empty vector-
transfected CHO cells had no effect on CSFLR lavals. NS1 immuno-depletion prevented
activity of the CHO cell-expressed NS1, whereas a contrgl antibody had no effect.
There is no route for microbial product contamination in the chemically defined, serum
free tissue culture reagents used in the CHO cell expression, and the control medium
samples had no activity. Taken together, it was concluded that the NS1 lipoprotein,
rather than a microbial contaminant in the N&1 preparations has immunostimulatory
activity.

NS1 protein induces pro-inflammatory cytokines in mouse bone marrow derived
1 s and i 1 PBM

[0227] Pro-inflammatory cytokines such as TNF-q, IFN-y, IL-6, IL-15 and MIF,
and chemokines such as IL-8, IP-10 and MCP-1 are induced during the acute phase of
dengue infection with levels corralating with disease severity (2, 20, 21). To investigate
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whether cellular activation by circulating NS1 could contribute to cytokine and
chemokine production, mRNA expression was measured in mouse BMM and human PBMC
after treatment with NS1. N&1 induged a dose-dependeant increase in the levels of mRNA
for TNF-g, IL-6, IFN-B, IL-183, and IL-12 (Figure 4A}, in mouse BMM although this had
not reached a maximal response at 40 yg/mlb NS1. NS1 induced these genes in a similar
time course to LPS (Figure 4B). Although the response of mouse BMMs to physiologically-
relevant concentrations of NS1 was much lower than the respense to LPS, both agents
produced strong induction of cytokine mRNAs in human PBMCs, with N51 being a
particularly potent inducer of IL-6 and IL-1 S genes (Figure 4C). TNF-g, IL-6, IFN-8, IL-
1f and IL-8 genes were still well expressed after 8 hours, IL-12 was induced at a later
{ime than other genes, and IP-10 and MCP-1 showed modest induction by both agents
{Figure 4C).

NS1 is recognized via TLR4

[0228] The present inventors reasonead that TLRs are the most likely candidates
for cell surface receptors that recognize exdraceliular NS1 and mediate activation of NF-
kB and cytokine induction. Although 12 and 10 TLR family members have been identified
in mice and humans, respectively, only TLRZ and TLR4 have been observed to interact
with viral proteins, To determine whether NS1 agts vig a TLR, the ability of NS1 to down-
modulate CSF1R was examined on BMMs from mice lacking either individual TLRs, or TLR
signaling adapters MyDB8 and TRIF. Both i and MyD88 /trif macrophages lacked
responses to LPS and NS1, but responses were intact in 82" cells. PamsCSK, was used
as a control stimulus for TLR2 (Figures 5A and B). tird~ BMM also failed to respond to
NS1 with increased TNF-g, IL-18 or pther cytokine mRNAs (Figures 5C and D), but these
responses were intact in #r27 cells (Figure S5E and F). To confirm that human TLR4
recognizes NS1, IL-8 mRNA was measured in HEK293 cells ectopically expressing
TLR4/MD2 or TLR2, stimulated with NS1, LPS or PamyCSKy. A response to NS1 and LPS
was seen in cells expressing TLR4/MD2 (Figure 5G) but not TLR2 (Figure 5H), consistent
with the results from gene-targeted knock-out mouse BMMs, To demonstrate the
involvement of TLR4 in human PBMC responses to NS1, the present inventors took
advantage of a naturally occurring TLR4 antagonist. The pattern of lipid A acylation of
Rhodobacter sphaeroides LPS (LP5-RS) renders it non-stimulatory and inhibitory to
active LPS. It has been suggested to antagonize LPS activity by competitive binding to
both TLR4/MD-2 complex and serum LPS-binding protein {(LBP) (22, 23). Pre-treatment
of PBMCs with LPS-RS completely inhibited the activities of LPS and N51 but not
Pam.CEK, (Figure 6A), confirming a requirement for human TLR4 in cytokine induction by
NS1. Interestingly, a TLR4 blocking antibody was more effective at reducing the response
to NS1 than it was te LPS, perhaps reflecting a greater ability to stericaliy block the
larger NS1 macromolecule (Figure 68).
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NSIT has direct effects on endothelial cells

[0229] Vascular leakage leading to shock is gne of the hallmarks of severe
dengue infection. NS1 has been suggested to contribute to vascular leak {24), and might
have direct affects on endothelial cells, which can express TLR4 {25). The present
inventors analyzed the integrity of HMEC-1 mpnolayers grown in transwell cultures
following exposure to NS1 or LPS, and found that permeability to FITC- dextran (4 kDa)
increased over time when compared to the untreated cell menolayer (Figure 6C).
Treatment with LP5-RS resulted in a reproducible but incomplete inhibition of the
response to both LPS and N51. Together with earlier work showing that TLR4 mediates
endothelial monolayer leak in response to LPS (25) this implies that in addition to
maediating cytokine induction from moenocyies/macrophages, N51 recognition by TLR4 on
endothelial cells directly contributes to vascular leak.

NSI and TIR4 co-localize on the cell surface

[0230] In order to visualize the interaction between cell surface TLR4 and NS1
co- localization experiments were performied using human PEBMCs. PBMCs were allowead
to adhere to coverslips for 2 hours, and then exposed to exogenous NS1 at physiplogical
levels (10 ug/mlb) to allow receptor interaction, After subsequent washing and fixation,
call surface TLR4 and NS1 were co-stained using antibody probes prior {0 optical
sectioning by confocal microscopy. Although there was not complete co-localization, a
prominent overlap in the signal for TLR4 and NS1 was gbserved on the surface of cells
{(Figure 7A). This is particularly clear in the z stack analysis, which showed clear
association in isolated regions of the membrane (Figure YA). Amongst PBMCs, monocytes
are the mast abundant cells with readily detectable TLR4 expression, with lymphacytes
expressing very little TLR4 mRNA (26). The adherent PBMC were a mixture of cell types,
and interestingly, the cells without observable surface TLR4 were devoid of significant
N&1 binding (Figure 7B).

Discussion

[0231] In this study the present inventors have shown that the hexamaeric,
secreted form of dengue virus NS1 directly activates mouse macrophages and human
PBMCs via TLR4 with the consequent release of pro- inflammatory cytokines. This
finding suggests that NS1 plays a contributing rele in triggering the cytokine storm
that has been proposed as being responsible for the vascular leak and shock in severe
dengue disease (2). In addition, NS1 was found to directly impair endothelial call
monolayer intagrity in an in vitro model of leak. These findings provide a mechanistic
framework for the in vive aclivity of sNS1, and together provide a new paradigm for
dengue disease pathegenesis, with circulating NS1 playing a major role,
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[0232] TLR4 is expressed on several cell types including monocytes,
macrophages and endothelial cells. Recognition of TLR4 by LPS is well studied, with
serum LPS binding protein (LBP) transferring LPS to CD14, either in its GPI-anchorsd
form on myeloid cells or as a seluble species found in serum. CD14 in turn delivers LPS
monomers to a complex of TLR4 and MD-2. The crystal structure of this complex showerd
that the predominant interaction with LPS is mediated by MD-2 (27) with the acyl chains
of the central lipid A core of LPS being buried in a hydrophobic pocket in MD-2.
Dimerization of TLR4-MD2-LPS complexes promotes recruitment of adapter proteins {o
the cytosolic domains and subseguent downstream signaling. Antagonists of human TLR4
signaling, such as LPS-RS, and its synthetic counterpart eritoran bind within the MBD-2
hydrophobic pocket, but lack a critical acyl chain regquired for TLR4-MD-2 complex
dimerization {28}, The present inventors found that LPS-RS was alsq a highly potent
antagonist of NS1-mediated induction of cytokines, suggesting that NS1 also interacts
with MD-2.

[0233] In addition to LPS, TLR4 is reported to mediate responses to many other
structurally and chemically diverse ligands of microbial and host origin. Putative viral
ligands of TLR4 include RSY F protein (29), mouse mammary tumor virus envelope
protein (30), and Ebola virus glycoprotein (31). Although a number of endogenous
“alarmin” molecules, such as hsp70 and HMGB1 are also reported to stimulate TLR4, it
has been propesed that many of these actually either bind and present LPS to cells, or
sensitize cells to respond to LPS {32). The same issugs potentially apply to microbial
molecules identified as TLR4 agonists and 30 the present inventors used several
approaches to confirm that NS1 lipoprotein alone mediates the observed cellular
activation. The activity was remigoved by anti-NS1 specific immuno-depletion, and was
resistant to polymyxin B treatment. Impertantly, TLR4 stimulatory activity was retained
in media harvests of mammalian cells expressing N51, avoiding the possibility of
introduction of endotoxin during column purification. As noted above, N51 is secreted
as a lipid-carrying complex (18, 33), and the relative contribution of N5S1 protein and
associated lipid moietiss to TLR4 stimulation remains to be established. However, the
TLR4 stimulatory activity of R&V F protein, like N&1, is inhibited by LPS-RS, with the
hydrophobic N terminal region of the F protein shown to be responsible for interaction
with the TLR4-MD-2 complex (29). Tha recent crystal structure determination of N&1
dimer and hexamer assemblies has revealed exposed hydrophobic domains {16) and the
possibility that these may be responsible for the NS1 activity we have observed is
currently under investigation.

[0234] NS1 was shown to induce an array of pro-inflammatoery cytokines and
chemokines. In dengue patients, levels of TNF-g, IL~-18, IL-&, IFN-vy, IL-8 and MCP-1 all

correlate with disease severity {2, 28, 21). Whilst TLR4 recognition of NS1 may
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provide egrly priming of innate immune activation, which promotes viral clearance,
excessive cytokine induction by the high levels of NS1 associated with severe disease
(13) may also contribute to pathology. Increased vascular permeability is the primary
manifestation of severe dengue and so the mechanism of endothelial cell response to
dengue infaction is of great interast. Many of the cytokines induced by NS1 are
implicated in the perturbation of endothelial cell barrier function and so may promote
vascular leak in severe dengue infection. For example, IL-18 in combination with
TNF-q and IFN-y affects the barrier function of endothelial cells (34} while IL-8 and
MCP-1 are both reported to alter endothelial tight junctions (35, 38). In the context of
dengue infection, TNF-a has been suggested as a mediator of dengue-associated
hemorrhage (37}, and a recent report revesled that TNF-a produced in the dengus-
infected mouse model induced apoptosis in endothelial cells (38). In addition to its role in
induction of cytokines, NS1 may alsc have a direct effect on endothelial cell tight
junctions. The loss of in vitro endothelial manolaver integrity observed here after only 2
hours of exposure to NS1 is muast likely a direct effect of NS1 on endothelial cell signaling
pathways. Indead, LPS has been shown to directly induce endethelial leak wiag TLR4, with
invelverneant of calcium influx (39} and tyrosine kinase pathways (40).

[0235] It has previously been shown that circulating levels of NS1 early during
the acute stage of secondary infection, from days 2-4 after the onset of symptoms,
correlate with progression to severe disease (11}, The latter typicaily eccurs from days 4-
& post symiptom onset and at a time when virus levels are in rapid decline (13). While
NS1 levels have been accepted as a surrogate marker for viral load, the present
inventors reporfed earlier that the clearance of NS1 and virus follow different kinetics
with circulating NS1 being cleared more than a day later than virus (11). Consequently,
mean plasma levels of Circulating NS1 were found to still be higher for DHF/DSS patients
at the time of severe vascular leak onset when compared to DF patients (11). It is also
likely that circulating levels of NS1 are not a true reflection of the levels of NS1 adsorbed
and sequesterad on endothelial cell surfaces over time. Thea finding by Beatty et af.,
{personal communication) of maximal leak and miorbidity 3 days after NS1
ingculation in an in vivo mouse model is consistent with this hypothesis and provides

further support for a role for NS1 is disease exacerbation.

[0236] In summary, the present inventors show NS1 recognition by TLR4
stimulates innate immune cytokine and chemokine production, and disrupts endothelial
monglayer integrity at clinically relevant, physiological levels. They further show that NS1
stimulation of cytokine preduction can be completely inhibited using the TLR4 antagonist
LFS-RS. This finding offers a route to therapeutic intervention with the possible re-
purposing of existing sepsis drug candidates. Overall, the parallels between NS1 and LPS

are compelling, and the present inventors suggest that NS1 be considered a viral
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counterpart of this endotoxin. LPS in bactearial sepsis contributes to a cytokine storm,
vascular permeability and septic shack, and NS1 may generate an analogous aseptic
shock in dengue virus infected patients.

Materials and Mefhods

Materials

[0237] Ultrapure LPS from E. cofi 0111:B4 strain, LPS5-RS and polymyxin B
were obtained from InvivoGen, Pam3CSK4 kindly provided by Kelly Smith (Dept. of
Pathology, University of Washington, Seattle WA, USA) was originally purchased from
Roche. The anti-TLR4 antibody {(HTA125) was purchased from Abcam,

i Cultur

[0238] The murine macrophage-like cell line RAW264.7 stably transfected
with the human ELAM promoter driving GFP expression has been described (17).
BMM were obtained by ex vivo differentiation of mouse bone marrow progenitors in the
presence of CSF1 for 7 days (19). Use of mice was approved by the University of
Queensland Animal Ethics Committes. PBMCs were cbtained from healthy volunteers
under approval from the University of Queensland Medical Research Ethics Commitles.
Assessment by flow cytometry of NF-kB-responsive ELAM promoter activity, and CSFiR
down-medulation as responses to TLR ligation have been describad (17, 19). HEK293
cells, stably transfected with hTLR2Z gr hTLR4/MD-2 were obtained from Doug Golenbock,
University of Massachusetts, HMEC-1 celis were grown in MCDB 131 medium
supplemented with 10% FCS, 1 ug/mlL of hydrocartisone and 10 ng/mL of human
epidermal growth factor.

Generation and purification of DENV-2 NS1

[0238] Recombinant NS1 was expressed by stably transfected Drosophila S2
cells, The protein was affinity purified from culture medium using 285.1 anti-NS1
monoclonal antibody. NS1 protein was also transiently expressed in Chinese Hamster
Ovary cells (CHO). Transfection complex was washed away after 4 hours. The medium
was. harvested at day 2 post-transfection and concentrated using a 100 kDa cut-¢ff spin
column (Millipore).

Retermination of protein concentration
[0240] Purified protein concentrations were determinad using a BCA assay Kit
{Pierce). NS1 protein expression in the CHO expression system was determined by
capture-ELISA as described previously {15), with the following modifications: the
inclusion of NS1 standards (purified recombinant NS1 (0.3 ng/mL fo 1250 ng/mL) and
100pg/mLTMB and sulfuric acid were used for color detection.
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Depletion of NS1 from stably transfected cell medium

[0241] Mouse monoclonal anti-NS1 antibody (1H7) and anti-E antibody (3H5},
purified from ascites were bound o pretein G Dynabeads (Life Technologies). Purified

NS1 fram $2 cells and CHO medium were mixed with beads and incubated for 2 hours at
room temperature. The supernatants were collected fpllowing magnet-mediated bead
separation, as NS1-depleted and confrol- depleted samples. The efficiency of NS1
depletion was confirmed by western blot using rabbit anti-N&1 antibody.

NFE-xB-driven promeoter reporter assay.

[0242] RAWZ264.7 macrophages expressing the ELAM promoter driving GFP (17)
were seeded at 5x10° cells/well on sterilin 25 well bacteriological plates in 0.5 mL prior to
stimulation with indicated amount of LPS or purified NS1. After & hours cells were
harvested by washing with PBS three times and harvested in Dulbecco’s PBS containing
0.02% NaNs_ GFP expression was analyzed by flow cytometry on a BD Accuri 6.

1 QW= ulation assa

[0243] BMMs were cultured overnight in complete RPMI1640 medium without
CSF1. Cells were subsequently treated with NS1, LPS, Pam;CysKy or immune-depleted
NS1 for 1 hour in 1.5 mL microcentrifuge tube, The cells were washed using PBS
containing 0.02% NaNs. The cells were centrifuged at 500 xg for 5 min and stained with
CD115 antibody conjugated with RPE (Serotec) for 1 hour at 4° C at 1:100 dilution in
PBS containing 1% BSA and 1% FCS. The cells were centrifuged, washed using PBS
containing 1% BSA and 1% FCS, resuspended in PBS and monitored for CSF-1R
exprassion on the cell surface by flow cytometry.

Analysis of

{gRT-PCR)

[0244] Mouse BMMs {with CSF~1), or human PBMCs were seeded at 2x10° and
1x10° cells per well in 6 cell plates 24 hours prior to stimulation with the indicated
amount of NS1 or TLR ligands, HEK293 cells and HEK293-TLR cell lines were plated
overnight at 1x10° per well in 1 mL medium in a 12-well plate, treated on the following
day and harvested at 3 hours post-treatment. Total RNAs were prepared with RNeasy
RNA Mini Kit (Qiagen) and the cONA was reverse transcribed from 2 ug of tolal RNA with
random hexamer primer using & ThermoScript RT Kit {(Invitrogen). gPCR was then
carried out using specific primers set for mouse TNF-a, IL-18, IL-6, IL-12, IFN-B8 and
human TNF-g, IFN-y, IFN-B, IL-6, IL-1B, IL-8, IP-10 and MCP-1 with SYBER©green PCR
MasterMix (Life Technologies) according to manufacturer’s recornmendations. Analysis
was done by Applied Biosystems VHA™ 7 Real-time PCR system. HFRT gene expression
was used as the referance for both mouse and human cells,

s BB -
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Detection of 1L-6 and IL-8 production using ELISA

[0245] Human PBMCs from healthy donors were seeded at 1x10° cells per well
in 12 well plates prior to incubation with NS1 or LPS. In some experiments, LPS-RS
was. pre-incubated with cells far 30 min. The media of treated cells were harvested and
centrifuged at 1000g for 5 min. The level of IL-6 production was quantitated ELISA (R &
D Systems) according to the protocd recommended by the manufacturer,

Indirect immunoflucrescence and confocal microscopy

[0246] Human PBMCs were isplated and seeded onto coverslips, After 2 hours
of incubation, unbound cells were removed by washing twice with complete medium. NS1
{10 pyg/mL) was added and incubated for 45 min at 37° C. Cells were washed thrae times
with PBS, fixed with 4% paraformaldehyde in PBS for 10 min and incubated with PBS
containing 0.05% non-fat dry milk and 0.05% of Tween-20. The calls were then stainad
with rabbit anti-NS1 polyclonal antibody and mouse anti-TLR4 monoclonal antibody
{HTA125) in 0.05% of PBS-T for 1 h at 37° C. Coverslips were washed three times in
0.05% of PBS-T and incubated with goat anti-rabbit Alexa Fluor 488-conjugated or goat
anti-mouse Alexa Fluor 555-conjugated secondary antibodies (Life Technplogies) for 1 h
at 37° C and washed three times in 0.05% of PBS-T. The cells were examined using
ZEISE 510 and 710 META microscopy at 100x magnification, The images were analyzed
using Imagel version 10.

HMEC-1 monolayer permeability measurement

[0247] HMEC-1 were grown to confluency on cpliagen-coated transwell plates
with 0.4 pm pore size membranes {Corning). Cells were seeded at 1x10° cells per well,
and after 48 hours the medium was removed and fresh medium containing LPS or N&1
weare addad and cells were incubated for 2 hours. Monolayer permeability was
determined by measuring the flux of fluorescein isothiccyanate dextran (FITC-dextran,
4 kDa) {Sigma-Aldrich) from the apical to basolateral chambers. Medium was removed
and inserts were transfarred info new transwells with fresh medium containing FITC-
dextran (100 pg/mL) for 1 hour. The FITC-dextran concentration was determined using
excitation at 485 nm and fluorescence emission at 520 nm, and ganerating a standard
curve,

[0248] The disclosure of every patent, patent application, and publication cited
herein is hereby incorporated herein by reference in s entirety.

[0249] The citation of any reference herein should not be construed as an
admission that such reference is available as "Prior Art” to the instant application.

[0250] Throughout the specification the aim has been to describe the preferred
embodiments of the invention without imiting the invention to any one embodiment or
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specific collection of features. Thase of skill in the art will therefore appreciate that, in
light of the instant disclosure, varipus modifications and changes ¢an be made in the
particular embodiments exemplified without departing from the scope of the present
invention. All such modifications and changes are intended to be included within the
scope of the appended claims.
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WHAT IS CLAIMED IS:

1. A method for modulating production of a pro-inflammatory mediator (e.g., a
cytokine) by a cell (e.g., an immune cell (e.g., a macrophage or monocyte), or an
endothelial c¢ell} in a subject with a Flavivirys infection, the method comprising,
consisting or consisting essentially of contacting the cell with a pro-inflammatory
mediator-modulating amount of a TLR4 antagonist.

2. A method for modulating vascular leakage in a subject with a Flavivirus
infection, the method comprising, consisting or consisting essentially of contacting an
endothelial cell with a vascular leakage-modulating amount of a TLR4 antagenist.

3. A method for inhibiting the binding of sNS1 to a cell {(e.g., an immuneg cell or
an endotheliatl cell) that mediates disease symptoms (e.g., production of a pro-
inflammatory mediator, vascular leakage, eic.) assaciated with a Flawvirus infection, the
method comprising, consisting or consisting essentially of contacting the cell with a
shNS1-binding-inhibiting amount of a TLR4 antagonist,

4. A method for modulating vascular leakage in a subject with a Flavivirus
infection, the method comprising, consisting ar consisting essentially of administering to
the subject a vascular leakage-modulating amount of a TLR4 antagonist,

5. A method for treating or preventing a Flavivirus infection or a symptom
theraof in a subject, the method comprising, consisting or consisting essentially of
administering an effective amount of a TLR4 antagonist to the subject.

&. A method according to any one of claims 1 to 5, further comprising identifying
that the subject has or is at risk of developing a Flavivirus infection, suitably prior to
administration of the TLR4 antagonist.

7. A method according to claim 6, comprising determining the presence of NS1
{e.g.. soluble or non-soluble farms of NS1) in the subject.

8. A method according to claim 7, comprising determining the presence of NS1 in
a hiological sample of the subject.

9. A method according to claim 8, whergin the biclogical sample is selected from
blood, serum, plasma, saliva, cerebrospinal fluid, urine, skin or other tissues, or fractions
theraof,

10. Use of a TLR4 antagonist for modulating production of a pro-inflammatory
mediator (e.g., a cytekine) by a cell {e.g., an immune cell or an endothelial cell}, which is
associated with a Flavivirus infection, or for modulating vascular leakage that is
associated with a Flavivirus infection, or for inhibiting the binding of sNS1 to a cell that
mediates disease symptoms associated with a Flavivirus infection, or for treating or
preventing a Flaviviridae virus infection,
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11. Use of a TLR4 antagonist in the manufacture of a medicament for modulating
production of a pro-inflammatory mediator (&.g., a cytekine) by a cell {e.g., an immung
cell ar an endothelial cell), which is associated with a Flavivirus infection, or for
modulating vascular leakage that is associated with a Flavivirus infection, or for treating
or preventing a Flaviviridae virus infection.

12. A method or use according to any one of claims 1 to 11, wherein the Favivirus
is a virus selected from the group consisting of Dengue virus, Japanese encephalitis
virus, Yelfow fever virus, Murray Vafley encephalitis virus, West Nite virus, Tick-borme
encephalitis virus, St Louis encephalitis virus, Alfuy virus, Koutango virus, Cacipacore
virus, and Yaounde virus,

13. A method or use according claim 12, wherein the Favivirus is selected from
Dengue virus serotype I, 11, 111, or IV,

14, A method or use according o any ang of claims 1 to 13, wherein the TLR4
antagonist is selected from nucleic acids, peptides, polypeptides, peptidomimetics,
carbohydrates, lipids or other grganic (carbon containing) or inorganic molecules,

15. A method or use according claim 14, wherein the TLR4 antagonist is selected
from liposaccharide compounds, carbohydrates, small molecule inhibitors, nucleic acid
molecules (e.g., ones that inhibit the transcription or translation of a TLR4 gene or that
mediate RNA interference), decoy receptors and antagonist antibodies.

16. A methaod or use according to any one of claims 1 to 15, wherein the TLR4
antagonist is represented by a structure according to any oneg of formulas (I), (1I), (111},
{IV), (V) and (VI), as defined herein above.

17. A method or use according to any one of claims 1 to 16, wherein the TLR4
antagonist is a selective TLR4 antagonist,

18. A method or use according to any one of claims 1 tolé, whergin the TLR4
antagonist is a nan-selective TLR4 antagonist,

19. A mathod ar use according to any gne of claims 1 to 18, whergin TLR4
antagonist is administered in combination with one or more ancillary agents that treat or
ameliorate the symptoms of a Flavivirus infection.

20. A pharmaceutical composition, suitably for treating a Flavivirus infection or
symptom thereof, comprising, consisting or consisting essentially of a TLR4 antagonist
and an ancillary anti-Flaviviridae virus agent, optionally together with a pharmaceutically
acceptable carrier or diluent.

21.A method far treating or preventing a Flavivirus infection or symptom thereof
in a subject, the method comprising, consisting or consisting essentially of administering
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cancurrently to the subject an effective amount of a TLR4 antagonist and an effective
ameunt of an ancillary anti-Flavivirus agent.

22. A method or use according claim 21, wherein the TLR4 antaganist and the
ancillary anti-Flavivirus agent are administered in synergistically effective amounts.

23. A method or use according claim 21 or claim 22, wherein the ancillary anti-
Flavivirus agent is selected from interferons, illustrative examples of which include
interferon alpha {e.g., interferon alpha 2a and interferon alpha 2b} and interferon beta
{e.g., interferon beta 1a and interferon beta 1b), or nucleic acid canstructs from which
the ancillary anti-Flavivirus agent is expressible.
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