
TOLL LIRE RECEPTOR 3 ANTAGONISTS, METHODS AND USES 

Field of the Invention 

The present invention relates to Toll Like Receptor 3 

S 	(TLR3) antagonists, polynucleotides encoding TLR3 antagonists or 

fragments thereof, and methods of making and using the foregoing. 

Background of the Invention 

Pathologies associated with inflammatory conditions 

10 	represent a significant challenge in health care and can be 

painful, debilitating and lethal. 	For example, sepsis and 

sepsis-associated conditions affect more than 750,000 people 

annually in the U.S. with mortality rates of 28-50t, resulting in 

215,000 annual deaths 	(Natanson et al., 	Crit. Care Med. 26:1927- 

15 	1931 	(1998); Angus et al., 	Crit. 	Care Med. 	29:1303-1310 	(2001)). 

Other inflammatory conditions such as the inflammatory bowel 

diseases 	(IBD) Crohn's disease and ulcerative colitis affect more 

than 1 million people per year in the U.S. 	(Hanauer et al., Rev. 

Gastroenterol. Disord. 3:81-92 	(2003)). 

20 Inflammatory pulmonary conditions affecting lung function 

such as chronic obstructive pulmonary disease (COPD), asthma and 

lung infections also affect significant numbers of people in the 

U.S. 	COPD, for example, affects an estimated 10 million adult 

Americans and the prevalence is rising (Mapel et al., Manag. Care 

25 	Interface 17:61-66 (2004)). 	Pathologies associated with these 

inflammatory conditions and exacerbations of these conditions 

have significant health and economic impacts. 

Exacerbation in pulmonary diseases such as asthma and COPD 

is characterized by the worsening of symptoms and a decline in 

30 	lung function. 	Viral infections are associated with 

exacerbations of many pulmonary diseases (Johnston, Am. J. 

Respir. Crit. Care Med. 152: 546-52 	(1995); Bandi et al, FENS 

Immunol. Med. Microbial. 37: 69-75 	(2003)) and are believed to be 

a major cause of exacerbations. 	Secretion of pro-inflammatory 

35 	cytokines in the lungs following viral infection represents a 



crucial step in promoting the inflammatory response in various 

lung diseases 	(tern et al., Am. J. Respir. Cell. Mbl. Biol. 

28:731-737 	(2003); Panina-Bordignon et al., Curr. Opin. Pulm. 

Med. 	9:104-110 	(2003)). 

5 Insulin resistance has been recognized as an integral 

feature of metabolic syndrome, which includes glucose 

intolerance, insulin resistance, obesity, hypertriglyceridemia, 

low MIL cholesterol, hypertension, and accelerated 

atherosclerosis 	(Wisse, J. Am. Soc. Nephrol. 15:2792-800 	(2004)). 

10 While the predisposition between obesity, Type 2 diabetes and 

insulin resistance is well established, the molecular and 

cellular mechanisms controlling obesity-associated insulin 

resistance and Type 2 diabetes still remain nebulous. 

The fact that obese individuals exhibit elevated levels of 

15 pro-inflammatory cytokines such as TNF-a, IL-lb and IL-6 has 

prompted the hypothesis that obesity-induced insulin resistance 

is an inflammatory condition (Karin et al., Nat. Rev. Drug 

Discov. 3:17-26 	(2004)). 	Thus, inflammation, obesity, 	insulin 

resistance and aberrant lipid metabolism may constitute common 

20 features of the metabolic syndrome. 	In fact, non-steroidal drugs 

such as cyclooxygenase inhibitors, which may interfere with key 

inflammatory transcription factors such as NF-kg and 'KM 

increase insulin sensitivity in Type 2 diabetes animal models and 

human patients (Karin et al., supra). 	Furthermore, recent data 

25 lend support to the link between insulin-resistance and 

inflammation, as shown by the ability of IKKb conditional knock-

out mice in myeloid cells to display global insulin sensitivity 

and become protected against insulin resistance as well as mice 

that overexpress IKKb in liver develop systemic insulin 

30 resistance (Arkan et al., Nat. Med. 11:191-198 	(2005); Cai et 

al., Nat. Med. 11:183-90 	(2005)). 	Altogether, 	these results 

provide a strong rationale for linking obesity, insulin 

resistance and Type 2 diabetes to inflammatory diseases. 

Recognition of microbial antigens by the host immune system 

35 is mediated through innate immune receptors, whose activation 
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represents an important step in the initiation of an inflammatory 

response. 	Toll-Like Receptors (TLR) represent a family of innate 

immune receptors that play a crucial role in mediating an immune 

response to foreign antigens. 	TLR3, for example, is a mammalian 

5 pattern recognition receptor that recognizes double-stranded (ds) 

RNA as well as the synthetic ds RNA analog poly-riboinosinic- 

ribocytidylic acid (poly(I:C)), 	(Alexopoulou et al., Nature 413: 

732-238 	(2001)). 	Moreover, TLR3 has been shown to recognize 

endogenous ligands such as mRNA released from necrotic cells 

10 (Kariko et al., J. Biol. 	Chem. 26: 12542-12550 	(2004)) 	suggesting 

that necrotic cell death at inflammation sites may contribute to 

activation of TLR3. 

Activation of TLR3 by poly(I:C) or by endogenous mRNA 

ligands induces secretion of pro-inflammatory cytokines and 

15 chemokines, a finding that suggests that TLR3 agonists modulate 

disease outcome during infection-associated inflammation. 	Thus, 

TLR3 ligation in vivo is thought to occur in the context of viral 

infection (Tabeta et al., Proc. Nat/. Acad. Sci. USA 101:3516- 

3521 (2004)) or necrosis associated with inflammation (Kariko et 

20 al., 	J. Biol. Chem. 26: 	12542-12550 	(2004)). 	Overall, 	these data 

demonstrate that ligation of TLR3 initiates cascades of 

phosphorylation and transcriptional activation events that result 

in the production of numerous inflammatory cytokines that are 

thought to contribute to innate immunity (reviewed by Takeda and 

25 Akira, J. Derm. Sci. 34:73-82 	(2004)). 	Further, 	these data 

suggest that sustained TLR3 activation can be a critical 

component in the modulation of infection-associated inflammatory 

diseases. 	Published data lend support to this hypothesis as 

shown by findings that associate over-production of pro- 

30 inflammatory cytokines to systemic inflammatory response 

syndrome, infection-associated acute cytokine storms (reviewed by 

Van Amersfoort et al., 	Clin. Microbiol. Rev. 16: 379-414 (2003)) 

and immune-mediated chronic conditions such as rheumatoid 

arthritis (reviewed by Miossec et al., Curr. Opin. Rheumatol. 
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16:218-222 (2004)) and inflammatory bowel diseases 	(reviewed by 

Ogata and Hibi, 	Curr. Pharm. Des. 9: 1107-1113 	(2003)). 

Although in vitro studies have demonstrated that 

stimulation of lung epithelial cells with poly(I:C) elicited the 

5 secretion of multiple cytokines, chemokines and the induction of 

transcription factors and increased expression of TLRs (Ieki et 

al., 	Clin. Exp. Allergy 34: 	745-52 	(2004); Sha et al., Am. J. 

Bespir. Cell. Mol. Biol. 31: 358-64 	(2004)), 	the physiological 

relevance of such events remain unclear. 

10 These pathologies associated with inflammatory conditions 

and others, such as those associated with infections, have 

significant health and economic impacts. 	Yet, despite advances 

in many areas of medicine, comparatively few treatment options 

and therapies are available for many of these conditions. 

15 For example, pulmonary disease exacerbations are treated 

with high dose corticosteroids and anti-IgE, such as XOLAIR®  

brand of omalizumab. 	Inhaled corticosteroids in combination with 

f32 agonists have been shown to be effective in reducing the 

incidence of exacerbations. 	However, since these therapeutics 

20 only reduce the risk of developing exacerbations and are 

associated with significant side effects, alternative therapeutic 

modalities for the prevention and treatment of pulmonary disease 

exacerbations are needed. 

Thus, a need exists to understand the role of TLR3 in 

25 inflammatory conditions and exploit this role to develop agents, 

such as antagonists, that effectively treat those conditions. 

Brief Description of the Drawings 
Fig. 1 shows heavy chain variable region sequences from an 

30 anti-human TLR3 (hTLR3) monoclonal antibody antagonist (CDRs are 

underlined). 

Fig. 2 shows light chain variable region sequences from an 

anti-hTLR3 monoclonal antibody antagonist (CDRs are underlined). 
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Fig. 3 shows inhibition of poly(I:C) induced IL-6 cytokine 

production in human lung epithelium derived cells by a TLR3 

antagonist. 

Fig. 4 shows inhibition of poly(I:C) induced IL-8 cytokine 

5 	production in human lung epithelium derived cells by a TLR3 

antagonist.,  

Fig. 5 shows inhibition of poly(I:C) induced RANTES 

cytokine production in human lung derived cells by a TLR3 

antagonist. 

10 Fig. 6 shows inhibition of poly(I:C) induced MIP1-alpha 

cytokine production in primary human broncho-epithelial cells by 

a TLR3 antagonist. 

Fig. 7 shows inhibition of poly(I:C) induced IL-6 cytokine 

production in primary human broncho-epithelial cells by a TLR3 

15 	antagonist. 

Fig. 8 shows the effect of knocking out TLR3 activity on 

IBD-associated weight loss. 

Fig. 9 shows inhibition of IBD-associated weight loss by a 

TLR3 antagonist. 

20 Fig. 10 shows increased survival in a murine sepsis model 

through treatment with a TLR3 antagonist. 

Fig. 11 shows a decrease in IL-6 cytokine production in a 

murine sepsis model by a TLR3 antagonist. 

Fig. 12 shows a decrease in TNF-alpha cytokine production 

25 	in a murine sepsis model by a TLR3 antagonist. 

Fig. 13 shows poly(I:C) induced increases in total numbers 

of inflammatory cells in murine lung tissue. 

Fig. 14 shows poly(I:C) induced increases in neutrophils in 

murine lung tissue. 

30 Fig. 15 shows poly(I:C) induced increases in mononuclear 

inflammatory cells in murine lung tissue. 

Fig. 16 shows that activation of TLR3 with a single dose of 

poly(I:C) further impairs lung function in methacholine 

challenged mice. 
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Fig. 17 shows that activation of TLR3 with multiple doses 

of poly(I:C) further impairs lung function in methacholine 

challenged mice. 

Fig. 18 shows that TLR3 knockout mice are protected from 

5 	single poly(I:C) dose induced impairment of lung function during 

methacholine challenge. 

Fig. 19 shows that TLR3 knockout mice are protected from 

multiple poly(I:C) dose induced impairment of lung function 

during methacholine challenge 

10 Fig. 20 shows the effect of an TLR3 antagonist on cytokine 

and chemokines production in human lung bronchial epithelial 

cells. 

Fig. 21 shows increased survival in a murine model of 

lethal pneumonia through prophylaxis and treatment with a TLR3 

15 	antagonist. 

Fig. 22 shows development of lethal pneumonia in a murine 

model after infection with sublethal doses of influenza virus 

A/PR/8 and Streptococcus pneumoniae. 

Fig. 23 shows bacterial burden in the lungs of influenza 

20 	virus A/PR/8 and S. pneumoniae infected mice. 

Fig. 24A, B, C and D shows binding of human-adapted anti- 

TLR3 mAbs to hTLR3 in ELISA assays. 

Fig. 25 shows assessment of human-adapted anti-TLR3 mAbs in 

a cell-based cytokine release assay. 

25 Fig. 26 shows the evaluation of variant mAbs HBV1 through 

HBVB (excluding HBV4) in a cell based bioactivity assay with an 

IP-10 readout. 

Fig. 27 shows the evaluation of variant mAbs HBV1 through 

HBVB (excluding HBV4) in a cell based bioactivity assay with a 

30 	RANTES readout. 

Fig. 28 shows the evaluation of variant mAbs HBV1 through 

HBVB (excluding HBV4) in a cell based bioactivity assay with an 

IL-8 readout. 
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Fig. 29 shows the evaluation of variant mAbs HBV1 through 

HEW (excluding HBV4) in a cell based bioactivity assay with an 

MCP-1 readout. 

Fig. 30 shows the evaluation of variant mAbs HBV1 through 

5 HBV8 (excluding HBV4) in a cell based bioactivity assay with an 

IL-6 readout. 

Fig. 31A and B shows that TLR3 knockout mice on a high-fat 

diet are protected from development of impaired glucose tolerance 

associated with high-fat feeding. 

10 Fig. 32 shows that TLR3 knockout mice have normal fasting 

blood glucose levels after 26 weeks on a high-fat diet. 

Fig. 33A, B and C shows an increase in fasting insulin 

levels before and after a glucose challenge in TLR3 knockout mice 

after 26 weeks on a high-fat diet. 

15 Fig. 34A, B, C, D and E shows improved lipid profiles of 

TLR3 knockout mice fed a high-fat diet for 30 weeks compared to 

wild-type mice on a high-fat diet. 

Fig. 35 shows an experimental protocol for prophylactic 

(Pr) and therapeutic (T) treatment with a TLR3 antagonist during 

20 induction of chronic DSS colitis. 

Fig. 36 shows protection by a TLR3 antagonist of weight 

loss occurring with each cycle of DSS ingestion. 

Fig. 37 shows body weight loss and recovery with a TLR3 

antagonist after a second DSS cycle. 

25 Fig. 38 shows body weight loss and recovery with a TLR3 

antagonist after a third DSS cycle. 

Fig. 39 shows the effect of TLR3 antagonist treatment on 

net body weight loss associated with chronic DSS colitis. 

Fig. 40 shows the effect of TLR3 antagonist treatment on 

30 colon shortening associated with chronic DSS colitis. 

Fig. 41A, B and C shows the effect of TLR3 antagonist 

treatment on the severity of chronic DSS colitis. 	Fig. 41D, E 

and F shows the histopathological effects of hTLR3 antagonist 

treatment in chronic DSS colitis. 

35 Fig. 42 shows T-cell activation in chronic DSS colitis. 
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Fig. 43 shows the effect of prophylactic TLR3 antagonist 

treatment on DSS-associated increase of CD11b+ cells in spleen. 

Fig. 44 shows the effect of TLR3 antagonist treatment on 

systemic levels of IL-4 and IL-10 in chronic DSS colitis. 

5 

Summary of the Invention 
One aspect of the invention is an antagonist of Toll Like 

Receptor 3 (TLR3) that inhibits cellular production of RANTES. 

Another aspect of the invention is an isolated antibody 

10 reactive with TLR3 having the antigen binding ability of a 

monoclonal antibody comprising the amino acid sequences of the 

heavy chain complementarity determining regions (CDRs) as shown 

in SEQ ID NOs: 9, 11 and 13 and the amino acid sequences of the 

light chain CDRs as shown in SEQ ID NOs: 19, 21 and 23. 

15 Another aspect of the invention is an isolated antibody 

reactive with TLR3 comprising the amino acid sequences of the 

heavy chain complementarity determining regions (CDRs) as shown 

in SEQ ID NOs: 9, 11 and 13 and the amino acid sequences of the 

light chain CDRs as shown in SEQ ID NOs: 19, 21 and 23. 

20 Another aspect of the invention is an isolated antibody 

having a VH  CDR1 amino acid sequence as shown in Formula (I): 

Thr Thr Tyr Trp Xaa3  His 

(I)  

wherein Xaal  is Ile or Met (SEQ ID NO: 61); 

25 

a VH  CDR2 amino acid sequence as shown in Formula (II): 

Glu Ile Asn Pro Asn Asn Gly Arg Ile Asn Xaa2  Xaa3  Glu Lys Xaa4 Lys Thr 

(II)  

30 wherein Xaa2  is Tyr or Gly, Xaa3  is Asn or Ala and Xaa4  is Phe or 

Gly (SEQ ID NO: 62); and 

a VH  CDR3 amino acid sequence as shown in Formula (III): 
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Val Gly Val Xaas  Ile Thr Thr Phe Pro Tyr 

(III) 

wherein Xaas  is Met or Ile (SEQ ID NO: 63); 

5 and VL  CDRs having the amino acid sequences shown in SEQ ID NOs: 

19, 	21 and 23. 

Another aspect of the invention is an isolated 

polynucleotide encoding an antibody heavy chain comprising the 

CDR amino acid sequences shown in SEQ ID NOs: 9, 11 and 13. 

10 Another aspect of the invention is an isolated 

polynucleotide encoding an antibody light chain comprising the 

CDR amino acid sequences shown in SEQ ID NOs: 19, 21 and 23. 

Another aspect of the invention is an isolated 

polynucleotide encoding an antibody heavy chain comprising the 

15 amino acid sequence shown in SEQ ID NO: 6, 25, 27, 29, 31, 45, 

47, 	49, 	51 or 53. 

Another aspect of the invention is an isolated 

polynucleotide encoding an antibody light chain comprising the 

amino acid sequence shown in SEQ ID NO: 16, 33, 35, 37 or 39. 

20 Another aspect of the invention is a method of treating or 

preventing an inflammatory condition comprising administering a 

therapeutically effective amount of a TLR3 antagonist to a 

patient in need thereof for a time sufficient to treat or prevent 

the inflammatory condition. 

25 Another aspect of the invention is a method of increasing 

the proliferation rate of a cell comprising contacting a TLR3 

antagonist with a cell that expresses a TLR3 receptor for a time 

sufficient to increase the proliferation rate of the cell. 

Detailed Description of the Invention 

30 All publications, including but not limited to patents and 

patent applications, cited in this specification are herein 

incorporated by reference as though fully set forth. 

The term "antagonist" as used herein means a molecule that 

partially or completely inhibits, by any mechanism, an effect of 
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another molecule such as a receptor. 	As used herein, a "TLR3 

antagonist" or a compound "reactive with TLR3" describes a 

molecule that is capable of, directly or indirectly, 

substantially counteracting, reducing or inhibiting TLR3 

5 biological activity or TLR3 receptor activation. 	Such 

antagonists may be, for example, small organic molecules, 

peptides, polypeptides, fusion proteins, antibodies, antibody 

fragments, mimetibodies or polynucleotides. 

The term "antibodies" as used herein is meant in a broad 

10 sense and includes immunoglobulin or antibody molecules including 

polyclonal antibodies, monoclonal antibodies including murine, 

human, human-adapted, humanized and chimeric monoclonal 

antibodies and antibody fragments. 

In general, antibodies are proteins or peptide chains that 

15 exhibit binding specificity to a specific antigen. 	Intact 

antibodies are heterotetrameric glycoproteins, composed of two 

identical light chains and two identical heavy chains. 

Typically, each light chain is linked to a heavy chain by one 

covalent disulfide bond, while the number of disulfide linkages 

20 varies between the heavy chains of different immunoglobulin 

isotypes. 	Each heavy and light chain also has regularly spaced 

intrachain disulfide bridges. 	Each heavy chain has at one end a 

variable domain OW followed by a number of constant domains. 

Each light chain has a variable domain at one end (VL) and a 

25 constant domain at its other end; the constant domain of the 

light chain is aligned with the first constant domain of the 

heavy chain and the light chain variable domain is aligned with 

the variable domain of the heavy chain. 	Antibody light chains of 

any vertebrate species can be assigned to one of two clearly 

30 distinct types, namely kappa (x) and lambda (X), based on the 

amino acid sequences of their constant domains. 

Immunoglobulins can be assigned to five major classes, 

namely IgA, IgD, IgE, IgG and IgM, depending on the heavy chain 

constant domain amino acid sequence. 	IgA and IgG are further 
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sub-classified as the isotypes IgAl, IgA2, IgGi., 	IgG2, 	IgG3  and 

IgG4. 

The term "antibody fragments" means a portion of an intact 

antibody, generally the antigen binding or variable region of the 

5 intact antibody. 	Examples of antibody fragments include Fab, 

Fab', F(a131 )2  and Fv fragments, diabodies, single chain antibody 

molecules and multispecific antibodies formed from at least two 

intact antibodies. 

The term "antigen" as used herein means any molecule that 

10 has the ability to generate antibodies either directly or 

indirectly (alternatively called an immunogen). 	Included within 

the definition of "antigen" is a protein-encoding nucleic acid. 

"CDRs" are defined as the complementarity determining 

region amino acid sequences of an antibody which are the 

15 hypervariable regions of immunoglobulin heavy and light chains. 

See, e.g., Kabat et a2., Sequences of Proteins of Immunological 

Interest, 4th ed., U.S. Department of Health and Human Services, 

National Institutes of Health (1987). 	There are three heavy 

chain and three light chain CDRs or CDR regions in the variable 

20 portion of an immunoglobulin. 	Thus, "CDRs" as used herein refers 

to all three heavy chain CDRs, or all three light chain CDRs or 

both all heavy and all light chain CDRs, if appropriate. 

CDRs provide the majority of contact residues for the 

binding of the antibody to an antigen or epitope. 	CDRs of 

25 interest in this invention are derived from donor antibody 

variable heavy and light chain sequences, and include analogs of 

the naturally occurring CDRs, which analogs also share or retain 

' the same antigen binding specificity and/or neutralizing ability 

as the donor antibody from which they were derived. 

30 The term "epithelial cell" as used herein means a cell that 

originates from a membranous cellular tissue covering a portion 

of a free surface 	(e.g., 	skin) or lining a tube or cavity (e.g., 

colon) of an animal. 	Such cells may be isolated or comprise part 

a more highly organized group of cells such as those found in 

35 tissues, organs or in vitro models of these. 
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The term "homolog" means protein sequences having between 

40% and 100% sequence identity to a reference sequence. 	Homologs 

of hTLR3 include polypeptides from other species that have 

between 40% and 100% sequence identity to a known hTLR3 sequence. 

5 Percent identity between two peptide chains can be determined by 

pair wise alignment using the default settings of the AlignX 

module of Vector NTI v.9.0.0 (Invitrogen Corp., Carslbad, CA). 

By "TLR3" is meant hTLR3 and its homologs. 	A full-length human 

TLR3 amino acid sequence and encoding polynucleotide sequence is 

10 shown in SEQ ID NOs: 1 and 2, respectively. 

The term "in combination with" as used herein means that 

the described agents can be administered to an animal together in 

a mixture, concurrently as single agents or sequentially as 

single agents in any order. 

15 The term "inflammatory condition" as used herein means a 

localized response to cellular injury that is mediated in part by 

the activity of cytokines, chemokines, or inflammatory cells 

(e.g., neutrophils, monocytes and lymphocytes) which is 

characterized in most instances by pain, redness, swelling and 

20 loss of tissue function. 	The term "inflammatory pulmonary 

condition" as used herein means an inflammatory condition 

affecting or associated with the lungs. 

The term "mimetibody" as used herein means a protein having 

the generic formula (I): 

25 (V1-Pep-Lk-V2-Hg-CH2-CH3)(t) 

(I) 

where V1 is a portion of an N-terminus of an immunoglobulin 

variable region, Pep is a polypeptide that binds to cell surface 

TLR3, Lk is a polypeptide or chemical linkage, V2 is a portion of 

30 a C-terminus of an immunoglobulin variable region, Hg is a 

portion of an immunoglobulin hinge region, CH2 is an 

immunoglobulin heavy chain CH2 constant region and CH3 is an 

immunoglobulin heavy chain CH3 constant region and t is 

independently an integer of 1 to 10. 	A mimetibody can mimic 

35 properties and functions of different types of immunoglobulin 
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molecules such as IgGl, IgG2, IgG3, IgG4, IgA, IgM, IgD and IgE 

dependent on the heavy chain constant domain amino acid sequence 

present in the construct. 	In some mimetibody embodiments, V1 may 

be absent. 	A mimetibody antagonist of the present invention 

5 affects TLR3 biological activity through binding to cell surface 

TLR3. 

The term "monoclonal antibody" (mAb) as used herein means 

an antibody (or antibody fragment) obtained from a population of 

substantially homogeneous antibodies. 	Monoclonal antibodies are 

10 highly specific, typically being directed against a single 

antigenic determinant. 	The modifier "monoclonal" indicates the 

substantially homogeneous character of the antibody and does not 

require production of the antibody by any particular method. 	For 

example, murine mAbs can be made by the hybridoma method of 

15 Kohler et al., Nature 256:495-497 	(1975). 	Chimeric mAbs 

containing a light chain and heavy chain variable region derived 

from a donor antibody (typically murine) in association with 

light and heavy chain constant regions derived from an acceptor 

antibody (typically another mammalian species such as human) can 

20 be prepared by the method disclosed in U.S. Pat. No. 4,816,567. 

Human-adapted mAbs having CDRs derived from a non-human donor 

immunoglobulin (typically murine) and the remaining 

immunoglobulin-derived parts of the molecule being derived from 

one or more human immunoglobulins can be prepared by techniques 

25 known to those skilled in the art such as that disclosed in U.S. 

30 

Pat. No. 5,225,539. 	Optionally, human-adapted mAbs can be 

further modified by incorporating altered framework support 

residues to preserve binding affinity by techniques such as those 

disclosed in Queen et al., Proc. Natl. Acad. Sci. 	(USA), 

86:10029-10032 	(1989) and Hodgson et al., Bio/Technology, 9:421 

(1991). 

Exemplary human framework sequences useful for human 

adaptation are disclosed at, e.g., 

www.ncbi.nlm.nih.gov/entrez/query.fcgi;  www.ncbi.nih.gov/igblast;  

35 www.atcc.org/phage/hdb.html;  www.mrc- 
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cpe.cam.ac.uk/ALIGNMENTS.php;  www.kabatdatabase.com/top.html;  

ftp.ncbi.nih.gov/repository/kabat;  www.sciquest.com; 

www.abcam.com; www.antibodyresource.com/onlinecomp.html;  

www.public.iastate.edu/-pedro/research_tools.html;  

5 www.whfreeman.com/immunology/CH05/kuby05.htm;  

www.hhmi.org/grants/lectures/1996/vlab;  

www.path.cam.ac.uk/-mrc7/mikeimages.html;  

mcb.harvard.edu/HioLinks/Immunology.html;  www.immunologylink.com; 

pathbox.wustl.edu/-hcenter/index.html;  www.appliedbiosystems.com; 

10 www.nal.usda.gov/awic/pubs/antibody;  www.m.ehime-

u.ac.jp/-yasuhito/Elisa.html;  www.biodesign.com; 

www.cancerresearchuk.org; www.biotech.ufl.edu; www.isac-net.org; 

baserv.uci.kun.n1/-jraats/linksl.html; www.recab.uni-

hd,de/immuno.bme.nwu.edu; www.mrc-cpe.cam.ac.uk; 

15 www.ibt.unam.mx/vir/V_mice.html;  http://www.bioinf.org.uk/abs;  

antibody.bath.ac.uk; www.unizh.ch; www.cryst.bbk.ac.uk/-ubcgO7s;  

www.nimr.mrc.ac.uk/CC/ccaewg/ccaewg.html;  

www.path.cam.ac.uk/-mrc7/humanisation/TAHHP.html;  

www.ibt.unam.mx/vir/structure/stat_aim.html;  

20 www.biosci.missouri.edu/smithgp/index.html;  www.jerini.de; 

imgt.cines.fr; and Kabat et al., Sequences of Proteins of 

Immunological Interest, U.S. Dept. Health (1987), each entirely 

incorporated herein by reference. 

Fully human mAbs lacking any non-human sequences can be 

25 prepared from human immunoglobulin transgenic mice by techniques 

referenced in, 	e.g., Lonberg et al., Nature 368:856-859 	(1994); 

Fishwild et al., Nature Biotechnology 14:845-851 (1996) and 

Mendez et al., Nature Genetics 15:146-156 (1997). 	Human mAbs can 

also be prepared and optimized from phage display libraries by 

30 techniques referenced in, 	e.g., Knappik et al., J. Mol. Biol. 

296:57-86 	(2000) 	and Krebs et al., J. Immunol. Meth. 254:67-84 

(2001). 

The term "proliferation rate" as used herein refers to the 

change in the number of cells per unit time or the change in the 

35 number of cells exhibiting a marker of progression through the 
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cell cycle toward cell division, per unit time. 	Such markers may 

be morphological, indicators of DNA replication or expressed gene 

products. 

The term "TLR3 biological activity" or "TLR3 receptor 

5 activation" as used herein refers to any activities occurring as 

a result of ligand binding to cell surface TLR3. 

Conventional one and three-letter amino acid codes are used 

herein as follows: 

Amino acid Three-letter code 	One-letter code 

10 Alanine ala A 

Arginine arg R 

Asparagine asn N 

Aspartate asp D 

Cysteine cys C 

15 Glutamate glu E 

Glutamine gln Q 

Glycine gly G 

Histidine his H 

Isoleucine ile I 

20 Leucine leu L 

Lysine lys K 

Methionine met M 

Phenylalanine phe F 

Proline pro P 

25 Serine ser S 

Threonine thr T 

Tryptophan trp W 

Tyrosine tyr Y 

Valine val V 

30 

Compositions of matter 

The present invention relates to antagonists capable of 

inhibiting TLR3 receptor -mediated signaling and uses of such 

antagonists. Such TLR3 antagonists may have the properties of 

35 binding a TLR3 receptor and inhibiting TLR3 receptor-mediated 
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signaling. 	Exemplary mechanisms by which TLR3 signaling may be 

inhibited by such antagonists include inhibition of kinase 

activity, transcript reduction or receptor antagonism. 	Other 

antagonists capable of inhibiting TLR3 receptor-mediated 

5 signaling by other mechanisms are also within the scope of the 

various aspects and embodiments of the invention. 	These 

antagonists are useful as research reagents, diagnostic reagents 

and therapeutic agents. 

One aspect of the present invention is an antagonist of 

10 Toll Like Receptor 3 (TLR3) that inhibits cellular production of 

RANTES (Regulated on Activation, Normal T-cell Expressed and 

Secreted) cytokine. 	Another aspect of the invention is an 

antagonist of T1,123 that inhibits cellular production of RANTES 

and a cytokine selected from the group consisting of interleukin- 

15 6 (IL-6), interleukin-8 (IL-8) and macrophage inflammatory 

protein-1 alpha (NIP1-alpha). 

In another aspect, the invention provides an isolated 

antibody reactive with TLR3 having the antigen binding ability of 

a monoclonal antibody having the amino acid sequences of the 

20 heavy chain complementarity determining regions (CDRs) as shown 

in SEQ ID NOs: 9 	(V0  CDR1), 11 	(V0  CDR2) 	and 13 	(V0  CDR3) and the 

amino acid sequences of the light chain CDRs as shown in SEQ ID 

NOs: 19 (VL  CDR1), 21 (VL  CDR2) and 23 (VL  CDR3). 	An exemplary 

antibody is a monoclonal antibody comprising heavy chain CDR 

25 amino acid sequences as .shown in SEQ ID NOs: 9, 11 and 13 and 

light chain CDR amino acid sequences as shown in SEQ ID NOs: 19, 

21 and 23. 

Another aspect of the invention is an isolated antibody 

reactive with TLR3 comprising a Vµ having the amino acid sequence 

30 shown in SEQ ID NO: 6 and a VL  having the amino acid sequence 

shown in SEQ ID NO: 16. 

Another aspect of the invention are isolated 

polynucleotides encoding any of the antibodies or other protein 

TLR3 antagonists of the invention or its complement. 	Certain 

35 exemplary polynucleotides are disclosed herein, however, other 
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polynucleotides which, given the degeneracy of the genetic code 

or codon preferences in a given expression system, encode the 	. 

antibodies or other protein TLR3 antagonists of the invention are 

also within the scope of the invention. 

5 Another aspect of the invention is an antibody heavy chain 

comprising the CDR amino acid sequences shown in SEQ ID NOs: 9, 

11 and 13. 

Another aspect of the invention is an isolated 

polynuclebtide encoding an antibody light chain comprising the 

10 CDR amino acid sequences shown in SEQ ID NOs: 19, 21 and 23. 

Another aspect of the invention is an isolated 

polynucleotide encoding an antibody heavy chain comprising the 

amino acid sequence shown in SEQ ID NO: 6. 	An exemplary 

polynucleotide sequence is shown in SEQ ID NO: 5. 

15 Another aspect of the invention is an isolated 

polynucleotide encoding an antibody light chain comprising the 

amino acid sequence shown in SEQ ID NO: 16. 	An exemplary 

polynucleotide sequence is shown in SEQ ID NO: 15. 

Another aspect of the present invention is a human-adapted 

20 mAb comprising a VH amino acid sequence as shown in SEQ ID NO: 

25, 27, 29 or 31 and a VL  amino acid sequence as shown in SEQ ID 

NO: 33, 35, 37 or 39. 	Isolated polynucleotides encoding the VH 

amino acid sequences shown in SEQ ID NO: 25, 27, 29 and 31 and 

the VL  amino acid sequences shown in SEQ ID NO: 33, 35, 37 and 39 

25 are also an aspect of the invention. 	These human-adapted mAbs 

comprise the VI/  CDR amino acid sequences shown in SEQ ID NOs: 9, 

11 and 13 and the VI, CDR amino acid sequences shown in SEQ ID 

NOs: 19, 21 and 23. 	Exemplary nucleic acid sequences encoding 

the VH  amino acid sequences of SEQ ID NO: 25, 27, 29 and 31 are 

30 shown in SEQ ID NOs: 26, 28, 30 and 32, respectively. 	Exemplary 

nucleic acid sequences encoding the VL  amino acid sequences of 

SEQ ID NO: 33, 35, 37 and 39 are shown in SEQ ID NOs: 34, 36, 38 

and 40, respectively. 	One particular embodiment of a human-

adapted monoclonal antibody of the invention comprises a VH amino 
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acid sequence as shown in SEQ ID NO: 25 and a VL  amino acid 

sequence as shown in SEQ ID NO: 33. 

Another embodiment of the present invention is an isolated 

5 	antibody having a VH  CDR1 amino acid sequence as shown in Formula 

(I): 

Thr Thr Tyr Trp Xaal  His 

(I)  

wherein Xaal  is Ile or Met (SEQ ID NO: 61); 

10 

a VH  CDR2 amino acid sequence as shown in Formula (II): 

Glu Ile Asn Pro Asn Asn Gly Arg Ile Asn Xaa2  Xaa3  Glu Lys Xaa4  Lys Thr 

(II)  

15 	wherein Xaa2  is Tyr or Gly, Xaa3  is Asn or Ala and Xaas  is Phe or 

Gly (SEQ ID NO. 62); and 

a VH  CDR3 amino acid sequence as shown in Formula (III): 

20 Val Gly Val Zees  Ile Thr Thr Phe Pro Tyr 

(III)  

wherein Xaas  is Met or Ile (SEQ ID NO: 63); 

and VL  CDRs having the amino acid sequences shown in SEQ ID NOs: 

19, 	21 and 23. 

25 Exemplary species include an antibody having a VL  amino acid 

sequence as shown in SEQ ID NO: 33 and a VH  amino acid sequence 

comprising a VL-CDR1 of Formula (I) where Xaal  is Met and VL-CDR2 

and VL-CDR3 amino acid sequences as shown in SEQ ID NOs: 11 and 

13, respectively (SEQ ID NO: 45, exemplary nucleic acid shown in 

30 	SEQ ID NO: 46). 	In this species, Xaal  is Met; Xaa2  is Tyr; Xaa3  

is Asn; Xaa4  is Phe; and Xaas is Met. 

Other exemplary species include antibodies having a VL  amino 

acid sequence as shown in SEQ ID NO: 33 and a VH  amino acid 

sequence comprising VH-CDR1 and VH-CDR3 amino acid sequences as 

35 	shown in SEQ ID NOs: 9 and 13, respectively and a VH-CDR2 of 

Formula (II) where: 
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Xaa2  is Gly, Xaa3  is Asn and Xaa4  is Phe (SEQ ID NO: 47, exemplary 

nucleic acid sequence shown in SED ID NO: 48); 

Xaa2  is Tyr, Xaa3  is Ala and Xaa4  is Phe (SEQ ID NO: 49, exemplary 

nucleic acid sequence shown in SED ID NO: 50); and 

5 Xaa2  is Tyr, Xaa3  is Asn and Xaa4  is Gly (SEQ ID NO: 51, exemplary 

nucleic acid sequence shown in SED ID NO: 52). 

Other exemplary species include an antibody having a VL  

amino acid sequence as shown in SEQ ID NO: 33 and a VH amino acid 

sequence comprising VH-CDE1 and Vs-CDE2 amino acid sequences as 

10 shown in SEQ ID NOs: 9 and 11, respectively and a VH-CDR3 of 

Formula (III) where Xaas  is Ile (SEQ ID NO: 53, exemplary nucleic 

acid sequence shown in SED ID NO: 54). 

In sum, exemplary species include antibodies having one of 

the following Vs  and VH amino acid sequence combinations: 

15 VL  SEQ ID NO: 	 VH SEQ ID NO: 

33 	 45 

33 	 47 

33 	 49 

33 	 51 

20 33 	 53 

The invention further includes isolated antibodies wherein the VH  

has the amino acid sequence shown in SEQ ID NO: 45, 47, 49, 51 or 

25 

53 and the VL  has the amino acid sequence shown in SEQ ID NO: 33, 

35, 	37 or 39. 

Exemplary antibody antagonists may be antibodies of the 

IgG, IgD, IgGA or IgM isotypes. 	Additionally, such antagonist 

antibodies can be post-translationally modified by processes such 

as glycosylation, isomerization, deglycosylation or non-naturally 

30 occurring covalent modification such as the addition of 

polyethylene glycol moieties (pegylation) and lipidation. 	Such 

modifications may occur in vivo or in vitro. 	For example, the 

antibodies of the invention can be conjugated to polyethylene 

glycol (PEGylated) to improve their pharmacokinetic profiles. 

35 Conjugation can be carried out by techniques known to those 
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skilled in the art. 	Conjugation of therapeutic antibodies with 

PEG has been shown to enhance pharmacodynamics while not 

interfering with function. 	See Deckert et al., Int. J. Cancer 

87: 382-390, 2000; Knight et al., Platelets 15: 	409-418, 	2004; 

5 Leong et al., Cytokine 16: 106-119, 2001; and Yang et al., 

Protein Eng. 16: 761-770, 	2003. 

Pharmacokinetic properties of the antibodies of the 

invention could also be enhanced through Fc modifications by 

techniques known to those skilled in the art. 	For example, IgG4 

10 isotype heavy chains contain a Cys-Pro-Ser-Cys (CPSC) motif in 

their hinge regions capable of forming either inter- or intra-

heavy chain disulfide bonds, i.e., the two Cys residues in the 

CPSC motif may disulfide bond with the corresponding Cys residues 

in the other heavy chain (inter) or the two Cys residues within a 

15 given CPSC motif may disulfide bond with each other (intra). 	It 

is believed that in vivo isomerase enzymes are capable of 

converting inter-heavy chain bonds of IgG4 molecules to intra-

heavy chain bonds and vice versa (Aalberse and Schuurman, 

Immunology 105:9-19 	(2002)). 	Accordingly, since the heavy:light 

20 chain (HL) pairs in those IgG4 molecules with intra-heavy chain 

bonds in the hinge region are not covalently associated with each 

other, they may dissociate into HL monomers that then reassociate 

with HL monomers derived from other IgG4 molecules forming 

bispecific, heterodimeric IgG4 molecules. 	In a bispecific IgG 

25 antibody the two Fabs of the antibody molecule differ in the 

epitopes that they bind. 	Substituting Ser228 in the hinge region 

of IgG4 with Pro results in "IgGl-like behavior," i.e., the 

molecules form stable disulfide bonds between heavy chains and 

therefore, are not susceptible to HL exchange with other IgG4 

30 molecules. 	In one embodiment, the antibodies of the invention 

will comprise an IgG4 Fc domain with a S228P mutation. 

Further, sites can be removed that affect binding to Fc 

receptors other than an FcPn salvage receptor in the antibodies 

of the invention. 	For example, the Fc receptors involved in ADCC 
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activity can be removed in the antibodies of the invention. 	For 

example, mutation of Leu234/Leu235 in the hinge region of IgG1 to 

L234A/L235A or Phe234/Leu235 in the hinge region of IgG4 to 

P234A/L235A minimizes FcR binding and reduces the ability of the 

5 

10 

immunoglobulin to mediate complement dependent cytotoxicity and 

ADCC. 	In one embodiment, the antibodies of the invention will 

comprise an IgG4 Fc domain with P234A/L235A mutations. 

In another embodiment of the invention, the antibodies will 

comprise an IgG4 Fc domain with 5108P, P114A and L115A mutations, 

the Fc domain having the amino acid sequence shown in SEQ ID NO: 

41. 	An exemplary nucleic acid sequence encoding SEQ ID NO: 41 is 

shown in SEQ ID NO: 42. 	In a full-length IgG4 heavy chain, the 

mutation coordinates are 5228P, P234A and L235A. 

Fully human, human-adapted, humanized and affinity-matured 

15 antibody molecules or antibody fragments are within the scope of 

the invention as are mimetibodies, fusion proteins and chimeric 

proteins. 
The antagonists of the invention may bind TLR3 with a 1(4  

less than or equal to about 10-I, 	10-8, 	10-8, 	10'12, 	10.11  or 10-12  M. 

20 The affinity of a given molecule for a TLR3 receptor, such as 

hTLR3 can be determined experimentally using any suitable method. 

Such methods may utilize Biacore or KinExA instrumentation, ELISA 

or competitive binding assays known to those skilled in the art. 

Antagonist molecules binding a given TLR3 homolog with a 

25 desired affinity can be selected from libraries of variants or 

fragments by techniques including antibody affinity maturation 

and other art-recognized techniques suitable for non-antibody 

molecules. 

Another embodiment of the invention is a vector comprising 

30 at least one polynucleotide of the invention. 	Such vectors may 

be plasmid vectors, viral vectors, transposon based vectors or 

any other vector suitable for introduction of the polynucleotides 

of the invention into a given organism or genetic background by 

any means. 
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Another embodiment of the invention is a host cell 

comprising any of the polynucleotides of the invention such as a 

polynucleotide encoding a polypeptide comprising SEQ ID NO: 9, 

SEQ ID NO: 11 and SEQ ID NO: 13 and a polynucleotide encoding a 

5 polypeptide comprising SEQ ID NO: 19, SEQ ID NO: 21 and SEQ ID 

NO: 23. 	Other exemplary host cells comprise a polynucleotide 

encoding a polypeptide comprising one of SEQ ID NOs: 25, 27, 29, 

31, 45, 47, 49, 51 or 53 and a polynucleotide encoding a 

polypeptide comprising SEQ ID NO: 33, 35, 37 or 39. 	Such host 

10 cells may be eukaryotic cells, bacterial cells, plant cells or 

archeal cells. 	Exemplary eukaryotic cells may be of mammalian, 

insect, avian or other animal origins. 	Mammalian eukaryotic 

cells include immortalized cell lines such as hybridomas or 

myeloma cell lines such as sp2/0 (American Type Culture 

15 Collection (ATCC), Manassas, VA, CRL-1581), NSO 	(European 

Collection of Cell Cultures (ECACC), Salisbury, Wiltshire, UK, 

ECACC No. 85110503), FO (ATCC CRL-1646) and Ag653 	(ATCC CRL-1580) 

murine cell lines. 	An exemplary human myeloma cell line is U266 

(ATTC CRL-TIB-196). 	Other useful cell lines include those 

20 derived from Chinese Hamster Ovary (CHO) cells such as CHO-K1 

(ATCC CRL-61) or DG44. 

Another embodiment of the invention is a method of making 

an antibody reactive with TLR3 comprising culturing a host cell 

of the invention and recovering the antibody produced by the host 

25 cell. 	Such an•antibody may be the TLR3 antagonist antibody 

exemplified below as mAb 1068 comprising heavy and light amino 

acid sequences as shown in SEQ ID NOs: 6 and 16, respectively or 

a human-adapted or human-adapted CDR variant of mAb 1068 

comprising heavy chain amino acid sequences as shown in SEQ ID 

30 NOs: 	25, 	27, 29, 	31, 	45, 47, 49, 51 or 53 and light chain amino 

acid sequences as shown in SEQ ID NOs: 33, 35, 37 or 39. 

Another embodiment of the invention is a hybridoma cell 

line that produces an antibody of the invention. 

35 Methods of Treatment 
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The present invention provides methods of prevention and 

treatment for conditions where attenuation of TLR3 activity is 

desirable. 	Conditions that can be treated or prevented with a 

TLR3 antagonist include those mediated by cytokines and those 

5 that result wholly or partially from activation of TLR3 or 

signaling through the TLR3 pathWay. 	The invention includes a 

method of inhibiting cellular production of RANTES or RANTES 

together with IL-6, IL-8 or MIP1-alpha comprising contacting a 

TLR3 antagonist such as an isolated antibody disclosed herein 

10 with a cell that expresses a TLR3 receptor for a time sufficient 

to inhibit the production of these cytokines. 

The methods of the invention may be used to treat an animal 

patient belonging to any classification. 	Examples of such 

animals include mammals such as humans, rodents, dogs, cats and 

15 farm animals and other animal classes such as birds, reptiles and 

fish. 	Without wishing to be bound by any particular theory, it 

is believed that the therapeutic benefit of TLR3 antagonists will 

be due to the ability of such antagonists to inhibit the 

secretion of pro-inflammatory chemokines and cytokines involved 

20 in some inflammatory conditions. 	It also is believed that the 

therapeutic benefit of TLR3 antagonists will be due to the 

ability of such antagonists to increase cell proliferation and 

thus promote tissue repair. 

For example, the methods of the invention are useful in 

25 treating or preventing inflammatory conditions and promoting 

tissue repair (such as wound or burn healing after traumatic 

injury) in a patient. 	Further, the methods of the invention also 

provide for cell densities in vitro. 

Any TLR3 antagonist could be used in the methods of 

30 prevention and treatment of the invention. 	As an example, any of 

the isolated antibodies disclosed herein are useful as a TLR3 

antagonist in the treatment or prevention of inflammatory 

conditions or promoting tissue repair. 	In particular, an 

isolated antibody reactive with TLR3 having the antigen binding 

35 ability of a monoclonal antibody comprising VH  CDR amino acid 
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sequences as shown SEQ ID NO: 9, SEQ ID NO: 11 and SEQ ID NO: 13 

and Vy., CDR amino acid sequences as shown in SEQ ID NO: 19, SEQ ID 

NO: 21 and SEQ ID NO: 23 is useful. 	Other useful antibodies 

comprise a VII having an amino acid sequence as shown in SEQ ID 

5 NOs: 25, 	27, 	29, 	31, 45, 47, 49, 	51 or 53 and a VL  having an 

amino acid sequence as shown in SEQ ID NOs: 33, 35, 37 or 39. 

Amounts of a given TLR3 antagonist sufficient to treat or 

prevent a given inflammatory condition can be readily determined. 

In the methods of the invention, the TLR3 antagonist may be 

10 administered singly or in combination with at least one other 

molecule. 	Such additional molecules may be other TLR3 antagonist 

molecules or molecules with a therapeutic benefit not mediated by 

TLR3 receptor signaling. 	Antibiotics, antivirals, palliatives 

and other compounds that reduce cytokine levels or activity are 

15 examples of such additional molecules. 

In another embodiment of the methods of treating or 

preventing inflammatory conditions, TLR3 activity is decreased by 

inhibiting TLR3 gene expression. 	TLR3 gene expression can be 

inhibited by any means that decreases expression of TLR3 

20 biological activity to inhibit TLR3 mediated signaling. 	Such 

means include, for example, gene inactivation through 

recombination to inactivate genomic DNAs (e.g., gene knock-out, 

promoter hijacking or other gene mutagenesis methods) and gene 

transcript inactivation (e.g., silencing RNAs or anti-sense 

25 RNAs). 	Those skilled in the art will recognize many other means 

for decreasing expression of active TLR3. 

Thus, an aspect of the invention is a method of treating or 

preventing an inflammatory condition comprising administering a 

therapeutically effective amount of a TLR3 antagonist to a 

30 patient in need thereof for a time sufficient to treat or prevent 

the inflammatory condition. 

One example of such inflammatory conditions is sepsis- 

associated conditions. 	Sepsis is a systemic response to 

infection, which causes organ failure and death in severe cases. 

35 Sepsis is medically defined as systemic inflammatory response 
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syndrome (SIRS) resulting from a viral, bacterial, fungal, or 

parasitic infection. 	dsRNA released by viral, bacterial, fungal, 

or parasitic infection and by necrotic cells can contribute to 

the onset of sepsis. 	Sepsis-associated conditions may include 

5 SIRS, septic shock or multiple organ dysfunction syndrome (MODS). 

while not wishing to be bound by an particular theory, it is 

believed that treatment with TLR3 antagonists can provide a 

therapeutic benefit by extending survival times in patients 

suffering from sepsis-associated inflammatory conditions or 

10 prevent a local inflammatory event (e.g., in the lung) from 

spreading to a systemic condition, by potentiating innate 

antimicrobial activity, by demonstrating synergistic activity 

when combined with antimicrobial agents, by minimizing the local 

inflammatory state contributing to the pathology, or any 

15 combination of the foreging. 	Such intervention may be sufficient 

to permit additional treatment (e.g., treatment of underlying 

infection or reduction of cytokine levels) necessary to ensure 

patient survival. 

Another example of such inflammatory conditions is 

20 inflammatory bowel diseases. 	The inflammatory bowel disease may 

be Crohn's disease or ulcerative colitis. 	Those skilled in the 

art will recognize other inflammatory bowel diseases of known or 

unknown etiology that cause inflammation of the bowel. 	Further, 

TLR3 antagonists will be useful for the treatment and prevention 

25 of extraintestinal sequelae associated with ulcerative colitis or 

Crohn's disease such as arthralgias and arthritis that include 

ankylosing spondylitis, sacroiliitis and psoriatic 

spondyloarthritis. 	Other extraintestinal sequelae include 

mucocutaneous lesions such as oral ulcers, erythema nodosum (the 

30 development of painful indurated ovoid nodules) and pyoderma 

gangrenosum characterized by a deep severe ulceration of the 

skin; opthlamologic complications such as episcleritis, iritis 

and uveitis; renal diseases such as nephrolithiasis; 

hepatobiliary diseases such as primary sclerosing cholangitis, a 

35 chronic liver disease characterized by fibrosing inflammation 
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associated with ulcerative colitis Crohn's disease; and bone 

diseases including osteoporosis and osteopenia which can occur as 

a complication of prolonged corticosteroid use. 	Also included 

are ISO-induced pulmonary dysfunction and respiratory disorders 

5 including interstitial pneumonitis, tracheal stenosis, 

bronchiolitis, bronchiolitis obliterans organizing pneumonia, 

pulmonary vasculitis, sarcoidosis, chronic bronchitis, and 

clinical conditions showing pulmonary infiltrates with 

eosinophilia. 

10 Another example of such inflammatory conditions is 

infection-associated conditions. 	Infection-associated conditions 

may include viral or bacterial pneumonia, including severe 

pneumonia, cystic fibrosis, bronchitis, airway exacerbations and 

acute respiratory distress syndrome (ARDS). 	Such infection- 

15 associated conditions may involve multiple infections such as a 

primary viral infection and a secondary bacterial infection. 

Another example of such inflammatory conditions is an 

inflammatory pulmonary condition. 	Exemplary inflammatory 

pulmonary conditions include infection induced pulmonary 

20 conditions including those associated with viral, bacterial, 

fungal, parasite or prion infections; allergen induced pulmonary 

conditions; pollutant induced pulmonary conditions such as 

asbestosis, silicosis, or berylliosis; gastric aspiration induced 

pulmonary conditions; immune dysregulation; genetically induced 

25 inflammatory pulmonary conditions such as cystic fibrosis; and 

physical trauma induced pulmonary conditions, such as ventilator 

injury. 	These inflammatory conditions also include asthma, 

emphysema, bronchitis, COPD, sarcoidosis, histiocytosis, 

lympangiomyomatosis, acute lung injury, acute respiratory 

30 distress syndrome, chronic lung disease, bronchopulmonary 

dysplasia, community-acquired pneumonia, nosocomial pneumonia, 

ventilator-associated pneumonia, sepsis, viral pneumonia, 

influenza infection, parainfluenza infection, human 

metapneumovirus infection, respiratory syncitial virus infection 

35 and aspergillus or other fungal infections. 
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Another example of such inflammatory conditions is Type 2 

diabetes, obesity, dislipidemia and metabolic syndrome. 	TLR3 

antagonists are useful for the inhibition of inflammatory 

processes associated with obesity and insulin resistance. 

5 Inhibition of TLR3 signaling would improve a patient's lipid 

profile, namely a decrease in total cholesterol levels and 

increase in HD1c/LDLc ratio. 	Inhibition of TLR3 signaling would 

also lead to an increase in insulin secretion thus leading to an 

improvement in insulin resistance. 	Current treatments for Type 2 

10 diabetes are associated with a variety of deleterious side 

effects including hypoglycemia and weight gain. 	Using a TLR3 

antagonist for the treatment of Type 2 diabetes is expected to 

have fewer side effects and sustained pharmacokinetic profile. 

Further, treatment with a compound that has a long circulating 

15 half-life, such as an isolated antibody of the invention, would 

require infrequent dosing. 

Additionally, the improvements in lipid profile are likely 

to delay or prevent development of cardiovascular diseases 

associated with obesity and type 2 diabetes, such as 

20 atherosclerosis. 	In addition, inhibition of TLR3 signaling could 

lead to the increase in circulating levels of insulin either via 

direct effects on pancreatic islet cells or by affecting the 

lipid profile and protecting the islets from deterioration 

induced by high lipid levels. 	Therefore, TLR3 inhibition alone 

25 or in combination with other therapies is likely to postpone the 

introduction of insulin treatment in type 2 diabetics and avoid 

unwanted side effects associated with insulin treatment. 

Further, patients with Hepatitis C and HIV infections are 

prone to development of insulin resistance and type 2 diabetes 

30 due to the accumulation of lipid in liver or the inability of the 

liver to respond to insulin stimulation due to cirrhosis or 

fibrosis resulting from the treatment agents. 	Inhibition of TLR3 

signaling by a TLR3 antagonist could target both the infection 

and insulin resistance in this highly compromised patient 

35 population. 
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Other inflammatory conditions and neuropathies, which may 

be prevented or treated by the method of the invention include 

multiple sclerosis, sclerosis lupus erythematous, and 

neurodegenerative and central nervous system (CNS) disorders 

5 including Alzheimer's disease, Parkinson's disease, Huntington's 

disease, bipolar disorder and Amyotrophic Lateral Sclerosis 

10 

(ALS), liver diseases including fibrosis, hepatitis C virus (HOT) 

and hepatitis B virus (HBV), arthritis, rheumatoid arthritis, 

psoriatic arthritis and juvenile rheumatoid arthritis (JRA), 

osteoporosis, osteoarthritis, pancreatitis, fibrosis, 

encephalitis, psoriasis, Giant cell arteritis, ankylosing 

spondolytis, autoimmune hepatitis, human immunodeficiency virus 

(HIV), inflammatory skin conditions, transplant, cancer, 

allergies, endocrine diseases, other autoimmune disorders and 

15 airway hyper-responsiveness. 

Another aspect of the present invention is a method of 

increasing the proliferation rate of a cell comprising decreasing 

TLR3 activity in the cell by, e.g., contacting the cell with a 

TLR3 antagonist. 	In one embodiment of this aspect of the 

20 invention, the cell can be from tissue such as epithelium or 

colonic tissue. 	Epithelial cells may originate from any 

epithelial tissue such as, for example, gastrointestinal tract 

epithelium, skin epithelium, lung epithelium, or bronchopulmonary 

epithelium. 	Inflammatory conditions may affect any tissue such 

25 as, for example, cardiac tissue and tissues of the 

gastrointestinal tract resulting in structural and functional 

deviations from normal tissue. 	In some instances, such 

inflammatory conditions may be the result of genetic factors or 

infection. 	In other situations, such inflammatory conditions may 

30 be the result of traumatic injuries such as, for example, burns. 

Those skilled in the art will recognize many different 

inflammatory conditions and the associated pathologies exhibited 

by the different tissues involved. 

Another aspect of the invention is a method of treating a 

35 condition resulting from cell death comprising administering a 
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therapeutically effective amount of a TLR3 antagonist to a 

patient in need thereof for a time sufficient to treat the 

condition. 

Another aspect of the invention is a method of preventing a 

5 condition resulting from cell death comprising administering a 

therapeutically effective amount of a TLR3 antagonist to a 

patient in need thereof for a time sufficient to prevent the 

condition. 

10 Administration / Pharmaceutical compositions 
The mode of administration for therapeutic use of the 

antagonists of the invention may be any suitable route that 

delivers the agent to the host. 	The proteins, antibodies, 

antibody fragments and mimetibodies and pharmaceutical 

15 compositions of these agents are particularly useful for 

parenteral administration, i.e., subcutaneously, intramuscularly, 

intradermally, intravenously, intranasally or by inhalation. 

Antagonists of the invention may be prepared as 

pharmaceutical compositions containing an effective amount of the 

20 antagonist as an active ingredient in a pharmaceutically 

acceptable carrier. 	An aqueous suspension or solution containing 

the antagonist, preferably buffered at physiological pH, in a 

form ready for injection is preferred. 	The compositions for 

parenteral administration will commonly comprise a solution of 

25 the antagonist of the invention or a cocktail thereof dissolved 

in an pharmaceutically acceptable carrier, preferably an aqueous 

carrier. 	A variety of aqueous carriers may be employed, e.g., 

0.4% saline, 0.3% glycine and the like. 	These solutions are 

sterile and generally free of particulate matter. 	These 

30 solutions may be sterilized by conventional, well-known 

sterilization techniques (e.g., 	filtration). 	The compositions 

may contain pharmaceutically acceptable auxiliary substances as 

required to approximate physiological conditions such as pH 

adjusting and buffering agents, etc. 	The concentration of the 

35 antagonist of the invention in such pharmaceutical formulation 
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can vary widely, i.e., from less than about 0.5%, usually at or 

at least about 1% to as much as 15 or 20% by weight and will be 

selected primarily based on fluid volumes, viscosities, etc., 

according to the particular mode of administration selected. 
5 Thus, a pharmaceutical composition of the invention for 

intramuscular injection could be prepared to contain 1 mL sterile 

buffered water, and between about 1 ng to about 100 mg, e.g. 

about 50 ng to about 30 mg or more preferably, about 5 mg to 

about 25 mg, of an antagonist of the invention. 	Similarly, a 

10 pharmaceutical composition of the invention for intravenous 

infusion could be made up to contain about 250 ml of sterile 

Ringer's solution, and about 1 mg to about 30 mg and preferably 5 

mg to about 25 mg of an antagonist of the invention. 	Actual 

methods for preparing parenterally administrable compositions are 

15 well known and are described in more detail in, for example, 

uRemington's Pharmaceutical Science", 15th ed., Mack Publishing 

Company, Easton, PA. 

The antagonists of the invention, when in a pharmaceutical 

preparation, can be present in unit dose forms. 	The appropriate 

20 therapeutically effective dose can be determined readily by those 

of skill in the art. 	A determined dose may, if necessary, be 

repeated at appropriate time intervals selected as appropriate by 

a physician during the treatment period. 

The antagonists of the invention can be lyophilized for 

25 storage and reconstituted in a suitable carrier prior to use. 

This technique has been shown to be effective with conventional 

immunoglobulins and protein preparations and art-known 

lyophilization and reconstitution techniques can be employed. 

Antagonists may be administered by any technique that 

30 provides such molecules to a cell. 	For a cell, in vitro 

antagonist administration may be, for example, by supplementing 

the culture medium with the antagonist. 	For a cell, in vivo 

antagonist administration may be, for example, by intravenous 

injection of the antagonist into an animal or tissue. 	Those 

35 skilled in the art will recognize other means for administering 
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antagonists to a cell in vitro or in vivo. 	Such means also 

include those modes for delivery of an agent to a host that are 

discussed above. 

5 The present invention will now be described with reference 

to the following specific, non-limiting examples. 

Example 1 

Identification of Anti-hTLR3 Antagonist nabs 

10 Anti-hTLR3 antagonist mAbs able to block signaling through 

the hTLR3 receptor were identified by cell-based screening 

assays. 	A pool of hybridomas producing anti-hTLR3 mAbs was 

generated in BALB/C mice using standard techniques (Kohler et 

al., 1976). 	Mice were immunized with hTLR3 by intradermal 

15 injections of plasmid DNA encoding amino acids 1-703 of hTLR3 

(SEQ ID NO: 3). 	Amino acids 1-703 correspond to the predicted 

extracellular domain of hTLR3 (SEQ ID NO: 4). 	Mice were 

initially injected with 10 ug of plasmid DNA followed by a second 

10 pg DNA injection two weeks later. 	A booster injection of 15 

20 pg of DNA was administered to each mouse two weeks after the 

second 10 pg plasmid DNA injection. 	Three days prior to B cell 

fusion mice were intravenously injected with 15 pg of hTLR3 

protein in phosphate buffered saline (PBS; 10 mM phosphate, 150 

mM NaCL, pH 7.4). 	Spleens from immunized mice were then 

25 harvested and B cell fusion was performed using standard methods 

(Kohler et al., 1976). 	Hybridomas were selected using medium 

containing hypoxanthine-aminopterin-thymidine and screened 

initially for anti-TLR3 antibodies by enzyme-linked immunosorbent 

assay (ELISA). 	Individual hybridomas producing anti-hTLR3 mAbs 

30 were cloned by limiting dilution. 

Hybridomas producing anti-TLR3 antagonist mAbs were 

identified by cell based screening assays utilizing a human A549 

derived lung epithelial cell line stably over-expressing hTLR3. 

A549 cells (ATCC CRL: 	CCL-185) used for the generation of the 

35 screening and control cell lines for these assays were obtained 
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from the American Type Culture Collection (Manassas, VA). 	The 

screening cell line was an A549 derived cell line named A549- 

hTLR3. 	A549-hTLR3 cells are stably transfected with a mammalian 

plasmid expression vector encoding hTLR3 and a neomycin 

5 resistance gene. 	The control A549 derived cell line was named 

A549-neo. 	A549-neo cells are stably transfected with the 

mammalian plasmid expression vector encoding the neomycin 

resistance gene alone. 	These stably transfected cell lines were 

generated by Lipofectamine® (Invitrogen, Inc., Carlsbad, CA) 

10 transfection according to the manufacturer's instructions and 

standard methods of selection and cloning. 	A549-hTRL3 and A549-

neo cells were cultured under standard conditions in Minimal 

Essential Media (MEM) containing 10% FBS, 1% MEM non-essential 

amino acids 	(Gibco Invitrogen, Inc., Carlsbad, CA), 1 mM 

15 glutamine, 1 mM sodium pyruvate, 20 mM HEPES and 0.5 mg/ml G418. 

Cell based screening assays using A549-hTLR3 cells.  

identified one hTLR3 antagonist mAb designated mAb 1068. 	The 

principle underlying these screening assays was that poly(I:C) 

stimulation of the hTLR3 receptor present in A549-hTLR3 cells 

20 results in increased cellular cytokine production. 	Candidate 

hTLR3 antagonist mAbs identified via screening assays will 

inhibit poly(I:C) mediated signaling through the hTLR3 receptor 

in A549-hTLR3 cells and cause decreased cytokine production 

relative to control A549-hTLR3 cells not exposed to mAbs. 

25 

30 

Screening assays were performed by incubating A549-hTLR3 

cells with a test mAb for 30 min. at 37°C prior to addition of 5 

µg/ml poly(I:C) 	(Amersham Biosciences Corp., Piscataway, NJ); 24 

hrs later cytokine levels in cell culture supernatants were 

measured. 	Control A549-hTLR3 cells were treated identically, 

although these cells were not incubated with a test mAb. 

Luminex® multichannel analysis (Luminex Corp., Austin, TX) and 

IL-6 (interleukin-6), IL-8 (interleukin-8), and RANTES (Regulated 

Upon Activation, Normally T-Expressed, and presumably Secreted) 

specific mAb conjugated beads were used as directed by the 

35 manufacturer to measure cellular cytokine production levels in 
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screening assays. The hTLR3 binding, antagonist mAb 1068 was 

identified by such assays. 

Heavy and light chain nucleic acid sequences encoding the 

heavy and light chains of mAb 1068 were cloned from the hybridoma 

5 	expressing mAb 1068 using standard methods. 	The mAb 1068 heavy 

chain and light chain nucleic acid and amino acid sequences are 

shown in Figs. 1 and 2 and SEQ ID NOs: 6 and 16, respectively. 	A 

cell line comprising both the heavy chain and light chain nucleic 

acid sequences encoding recombinant mAb 1068 (r1068) was 

10 	generated using standard methods. 

Example 2 

hTLR3 Antagonist Inhibition of IL-6, IL-B and RANTER Cytokine 

Production in Human Lung Derived Cells 

15 IL-6, IL-B and RANTES specific cytokine assays were 

performed by incubating A549-hTLR3 cells with the 1068 mAb or 

TLR3.7 mAb for 30 min. at 37°C prior to addition of 5 pg/m1 

poly(I:C) 	(Amersham Biosciences Corp., Piscataway, NJ) as 

indicated in Fig. 3, Fig. 4 and Fig. 5. 	Cytokine levels in cell 

20 	culture supernatants were measured 24 hrs later using Luminex® 

instrumentation (Luminex Corp., Austin, TX) and IL-6, IL-8 or 

RANTES specific mAb conjugated beads as appropriate. 	Luminexe 

assays for each cytokine were performed as directed by the 

manufacturer. 

25 The results indicate that the hTLR3 antagonist mAb 1068 

inhibits hTLR3-mediated production of IL-6 (Fig. 3), IL-6 (Fig. 

4) and RANTES (Fig. 5) cytokines in human lung epithelium derived 

A549-hTLR3 cells. 	However, the hTLR3 specific murine mAb TLR3.7 

(eBioscience, San Diego, CA) did not inhibit hTLR3 mediated, 

30 	poly(I:C) 	induced production of IL-6 	(Fig. 3) and IL-8 	(Fig. 4) 

to the same extent as mAb 1068. 	With respect to RANTES 

production (Fig. 5) in these human lung-derived cells, mAb 1068 

inhibited production while mAb TLR3.7 increased production of 

RANTES. 	These distinctions between the 1068 and TLR3.7 mAbs are 

35 	important as previous work suggested the TLR3.7 mAb might 
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antagonize the hTLR3 receptor (Matsumoto M. et al., Biochem. 

Biophys Res. Commun. 24:1364-1369 (2002)). 	This previous work 

reported that the TLR3.7 mAb appeared to inhibit poly(I:C) 

induced IFN-beta production in human fibroblast derived MRC-5 

cells (Matsumoto M. et al., Biochem. Biophys Res. Commun. 

24:1364-1369 (2002)). 	The results here clearly indicate that the 

1068 hTLR3 antagonist mAb inhibits production of a much broader 

spectrum of cytokines than the TLR3.7 mAb and that these two mAbs 

can be distinguished from each on this basis. 

Example 3 

hTLR3 Antagonist Inhibition of MIP1-alpha and IL-6 Cytokine 

Production in Primary Human Broncho-Epithelial Cells 

The hTLR3 antagonist mAb 1068 inhibits hTLR3-mediated 

production of the MIP1-alpha (Fig. 6) and IL-6 	(Fig. 7) cytokines 

in primary human broncho-epithelial cells. 	MIP1-alpha and IL-6 

specific cytokine assays were performed by incubating primary 

human broncho-epithelial cells with the 1068 mAb or a nonspecific 

polyclonal mouse IgG preparation for 30 min. at 37°C prior to 

addition of 5 mg/m1 poly(I:C) 	(Amersham Biosciences Corp., 

Piscataway, NJ) as indicated in Fig. 6 or Fig. 7. 	Cytokine 

levels in cell culture supernatants were measured 24 hrs later 

using Luminex® instrumentation (Luminex Corp., Austin, TX) and 

MIP1-alpha or IL-6 specific mAb conjugated beads as appropriate. 

Luminex®  assays for each cytokine were performed as directed by 

the manufacturer. 	Primary human broncho-epithelial cells were 

isolated from human tissue samples and cultured using standard 

methods. 

Exam•le 4 

Knocking out TLR3 Activity Eases the Severity of Inflammatory 

Bowel Disease Symptoms 

The severity of inflammatory bowel disease (IBD) symptoms 

was decreased in a murine model of IBD by knocking-out TLR3 

receptor gene activity (Fig. 8). 	Crohn's Disease and ulcerative 
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colitis can be modeled in animals that have ingested dextran 

sulfate sodium (DSS) 	(Hendrickson B.A. et al., din Microbiol 

Rev. 15:79-94, 2002). 	The symptoms observed in these animal 

models include substantial weight loss (Fig. 8) and epithelial 

5 cell ulceration. 	These symptoms mimic those symptoms observed in 

patients with IBD such as ulcerative colitis or Crohn's disease. 

In this murine model of IBD, DSS treated TLR3 knock-out mice did 

not lose substantial weight (Fig. 8) and developed milder 

epithelial cell damage as assessed by histopathological analysis 

10 relative to DSS treated wild type mice. 	These results indicated 

that TLR3 signaling can play a crucial role in inflammatory 

processes such as those involved in IBD. 

In these experiments, female wild-type C57BL/6 mice or TLR3 

knock-out mice (Alexopoulou et al., Nature, 	413:732-738 	(2001)) 

15 were each given 5% (w/v) dextran sulfate sodium (DSS) in the 

drinking water or unsupplemented water ad libitum as indicated in 

Fig. 8 for 5 days to induce acute ulcerative colitis. 	All mice 

were 6-8 weeks old and each treatment group had at least 5 mice. 

Development of colitis after DSS treatment was assessed by 

20 observing changes in body weight (Fig. 8), colon weight, stool 

consistency, rectal bleeding, and colon histopathology. 	All such 

assessments were conducted in accordance with Institutional 

Animal Care and Use Committee (IACUC) guidelines. 	Data in Fig. 8 

are shown as percent weight change from treatment days 1 to 5. 

25 

30 

Each symbol represents data from one mouse. 	WT designates wild- 

type mice; KO designates TLR3 knockout mice. 	Horizontal bars 

indicate means. 	Data shown is a composite of three independent 

experiments. 	Control wild type and TLR3 knockout mice that did 

not receive DSS (Fig. 8) 	showed similar changes in weight (P=0.6, 

t-test). 	Wild type and TLR3 knockout mice that did receive DSS 

(Fig. 8) showed significantly different changes in weight 

(P=0.003, 	t-test). 

Colons for histopathological analyses were harvested from 

animals at day 5 of the experiment. 	Colons were embedded in 

35 paraffin, sectioned and stained with hematoxylin and eosin using 
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standard methods. 	Representative colon sections from wild type 

mice receiving DSS exhibited mucosal ulceration and dense 

inflammatory infiltrates as well as crypt and goblet cell loss. 

Representative colon sections from TLR3 knockout mice receiving 

5 unsupplemented water had a morphology and histology similar to 

that observed in colons of wild-type mice receiving 

unsupplemented water. 	Representative colons from TLR3 knockout 

mice receiving DSS included some dense cell infiltrates, but 

otherwise exhibited intact mucosal epithelium and minimal loss of 

10 goblet cells. 	This histopathological data indicates that TLR3 

knockout mice receiving DSS developed less epithelial ulceration 

than wild-type mice receiving DSS and reveal that TLR3 activity 

can play a crucial role in inflammatory processes, such as those 

involved in IBD. 

15 

Example 5 

hTLR3 Antagonist Treatment Stops Inflammatory Bowel Disease 

Associated Weight Loss 

hTLR3 antagonist treatment decreases the severity of 

20 inflammatory bowel disease (IBD) associated weight loss in a 

murine model of IBD (Fig. 9). 	The data reveal that treatment 

with a TLR3 antagonist may attenuate symptoms associated with MD 

such as ulcerative colitis and Crohn's disease. 	Additionally, 

this result further indicates that TLR3 signaling can play an 

25 important role in inflammatory conditions such as IBD. 

In these experiments, female wild-type C57BL/5 mice were 

each given 5% (w/v) dextran sulfate sodium (DSS) in the drinking 

water or unsupplemented water ad libitum as indicated in Fig. 9 

for 5 days to induce acute ulcerative colitis. 	0.2 mg of mAb 

30 1068 in PBS carrier, 0.2 mg of a non-specific mouse IgG 

polyclonal antibody preparation in PBS carrier, or PBS carrier 

alone were administered by intraperitoneal injection to mice each 

day for the first 4 days of DSS treatment as indicated in Fig. 9. 

Each injection comprised 0.9 ml of mAb or non-specific IgG 

35 preparation in PBS or 0.9 ml of PBS carrier alone. 	All mice were 
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6-8 weeks old and each treatment group contained at least 5 mice. 

Development of colitis after DSS treatment was assessed by 

observing changes in body weight (Fig. 9), colon weight, stool 

consistency, rectal bleeding and colon immunohistopathology. 	All 

5 such assessments were conducted in accordance with established 

animal care and use guidelines. 

Data in Fig. 9 are shown as percent weight change from 

treatment days 1 to 4. 	Each symbol represents data from one 

mouse. 	Horizontal bars indicate median values. 	Data shown is a 

10 composite of two independent experiments. 	There was no 

significant difference in weight change between mice receiving 

DSS and mAb 1068 and mice that received no DSS (P>0.05, Dunn's 

test; Fig. 9). 	Weight change in mice receiving DSS and mAb 1068 

was significantly different from the weight change observed in 

15 mice receiving DSS and non-specific IgG in PBS or PBS alone 

(P<0.01 for both; Dunn's test; Fig. 	9). 

Example 6 

Decreased Severity of Chronic Colitis in TLR3 Knockout Mice or 

20 hTLR3 Antagonist Treated Mice 

Six to eight-week old female wild-type C57BL/6 mice and 

TLR3 knockout (KO) mice on a C57BL/6 background (Alexopoulou et 

al., Nature 413:732-738, 	(2001)) were used in all studies. 	Mice 

were given a total of three cycles of 2% (wt/vol) dextran sulfate 

25 sodium (DES) in the drinking water (Okayasu et al., 

Gastroenterology 98:694-702 (1990)). 	DSS water was given ad 

libitum for 5 days to induce ulcerative colitis and then plain 

drinking water was given for 9 days. 	A second 5-day cycle of 

2%DSS was begun on Day 14, which was followed by a 9-day rest. 	A 

30 third cycle of 2%DSS, this time for 7 days, was begun on Day 28. 

Mice were sacrificed at two different time points: either after 

the second rest period on Day 25 of the study, or after the third 

DSS cycle on Day 37 of the study. 	Each treatment group consisted 

of at least 8 mice. 	Development of colitis was assessed by 

35 observing changes in body weight throughout the study, as well as 
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other evaluating other parameters upon sacrifice including colon 

length, colon weight, stool consistency, rectal bleeding, and 

colon histopathology after DSS treatment. 

Histopathology was assessed by an independent veterinary 

5 pathologist blinded to the study design. 	Longitudinal sections 

of the colon were scored for a panel of changes including 

epithelial cell necrosis, epithelial ulceration and sloughing, 

crypt loss, cryptal cell proliferation, granulation tissue 

formation in the lamina propria, granulation tissue in the 

10 submucosa, submucosal inflammatory cell infiltrate and submucosal 

edema. 	Scores were given reflecting the extension of the lesions 

as follows: 0, non-existent; 1, mild, focal; 2, mild, multifocal; 

3, moderate, frequently found but in limited areas; 4, severe, 

frequently found in many areas of the tissue submitted; 5, very 

15 severe, extends to large portions of the tissue submitted. 

statistical analyses were performed using Student's t tests (JMP, 

SAS Institute; GraphPad Prism). 	The symptoms in patients with 

ulcerative colitis and Crohn's disease include weight loss, 

presence of blood in the stool, and ulceration of the epithelial 

20 layer in the colon. 	Thus, the symptoms induced in dextran 

sulfate sodium-treated mice partially mimic the symptoms seen in 

patients with ulcerative colitis or Crohn's disease (Hendrickson 

et al., 	Clin. Microbiol. Rev. 15:79-94 	(2002)). 

Each cycle of ingestion of DSS induces body weight loss in 

25 this model, in both wild type and TLR3 KO mice. 	However, TLR3 KO 

mice experienced significantly less weight loss than did wild 

type mice. 	TLR3 KO mice also showed decreased disease severity 

as assessed by gross measures of colonic inflammation and damage: 

colon shortening in TLR3 KO mice was significantly less than that 

30 observed in WT mice and TLR3 KO mice showed a much lower 

frequency of rectal bleeding. 	Histopathological assessments of 

colonic mucosal damage were consistent with these gross measures. 

Median scores for single cell necrosis, epithelial ulceration, 

epithelial sloughing, cryptal dropout and crypt abcesses were 

35 lower for TLR3 KO mice than WT mice. 	These data taken together 
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show that absence of TLR3 signaling confers partial protection 

from disease in a mouse model of chronic colitis, and suggest 

that TLR3 signaling is likely to exacerbate disease severity in 

human IBD. 

5 To further demonstrate a role for TLR3 in disease 

modulation, WT c57EL/6 mice were treated with antagonist anti- 

TLR3 mAb 1068. 	Groups of DSS-exposed mice received 0.2 mg anti- 

TLR3 mAb 1068 either prophylactically (starting with the first 

DSS cycle, 	"Pr") or "therapeutically" 	(starting with the second 

10 	DSS cycle, 	"Th"; Fig. 35). 	Control groups of DSS-exposed mice 

received either PBS (vehicle control) or 0.2 mg of a non-specific 

negative control mAb. 	An additional control group was not given 

DSS. 	The asterisks in Fig. 35 represent the time points of anti- 

TLR3 antagonist mAb dosing. 	 • 

15 	Each cycle of DSS ingestion was followed by weight loss in 

all groups of DSS-exposed mice (Fig. 36). 	Each symbol in Fig. 36 

represents the mean of at least eight mice, error bars represent 

standard deviations. 	DSS was given from days 0 to 4, 14 to 18 

and 28 to 35. 	However, groups treated with the anti-TLR3 mAb 

20 	showed reduced weight loss and a faster rate of weight recovery 

after the 2nd  DSS cycle compared with groups treated with PBS or 

the control mAb (Fig. 37). 	Weight loss after the 3rd  DSS cycle 

was also greatly reduced in the anti-MRS mAb-treated groups 

(Fig. 38). 	Mean net body weight loss'from the beginning of the 

25 	study (Day 0) to the end of the study (Day 37) was roughly 20% in 

DSS-exposed mice that received either PBS or control mAb. 

Treatment with anti-TLR3 mAb significantly reduced weight loss to 

roughly 10% (Fig. 39). 	In Fig. 39, data is shown as %change in 

body weight from the start of the study (Day 0) to the end of the 

30 	study (Day 37) so that positive numbers show net gain and 

negative numbers show net loss. 	%Body weight loss in anti-TLR3 

mAb treated groups were significantly less than in groups treated 

with vehicle control (PBS) or non-specific IgG (prophylactic 

anti-TLR3 treatment (anti-TLR3 P) vs. PBS, P=0.006; anti-TLR3 P 

35 	vs. non-specific IgG, P=0.006); therapeutic anti-TLR3 (anti-TLR3 
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Th) vs. PBS, P=0.001; anti-TLR3 Th vs. non-specific IgG, 

P=0.009). 	Each symbol represents one mouse; horizontal bars 

represent means. 

Anti-TLR3 mAb treatment also reduced the extent of colon 

5 	shortening. 	Colon lengths in groups of mice treated with anti- 

TLR3 mAb either prophylactically or therapeutically were 

significantly greater than those of groups given vehicle or 

control mAb (Fig. 40). 	(Anti-TLR3 P vs. PBS, P=0.009; anti-TLR3 

P vs. non-specific IgG, P=0.01; anti-TLR3 Th vs. PBS, P=0.03; 

10 	anti-TLR3 Th vs. non-specific IgG, P=0.04). 

Furthermore, colonic mucosal damage was significantly less 

severe in the group therapeutically treated with anti-TLR3 mAb 

compared to the control groups given PBS or nonspecific control 

mAb as assessed by mild histopathological changes (including 

15 	epithelial cell necrosis, cryptal dropout, epithelial ulceration 

and sloughing, crypt loss and cryptal cell proliferation) and 

chronic reparative histopathological changes (including 

granulation tissue formation in the lamina propria, granulation 

tissue in the submucosa, submucosal inflammatory cell infiltrate 

20 	and submucosal edema; Fig. 41a). 	Data shown in graphs represent 

sums for all histopathological scores, sums for mild changes, or 

sums for chronic changes for each group of mice that received DSS 

and different treatments (Groups: 1, PBS vehicle-treated; 3, 

prophylactic anti-TLR3 mAb; 4, therapeutic anti-TLR3 mAb; 5, non- 

25 	specific control mAb). 	The circles on the right panel of each 

graph enclose the means and standard deviations of scores for 

each treatment group. 	Statistically significant differences 

between groups are represented as circles with minimal overlap. 

In particular, anti-TLR3 mAb treatment reduced epithelial 

30 	ulceration and prevented the formation of granulation tissue in 

the submusoca and lamina propria compred to PBS or non-specific 

mAb (Fig. 41b). 	Data shown in graphs represent histopathological 

scores for each group of mice that received DSS and different 

treatments (Groups: 1, PBS vehicle-treated; 3, prophylactic anti- 

35 	TLR3 mAb; 4, therapeutic anti-TLR3 mAb; 5, non-specific control 
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mAb). 	The circles on the right panel of each graph enclose the 

means and standard deviations of scores for each treatment group. 

Statistically significant differences between groups are 

represented as circles with minimal overlap. 

5 To determine potential immune correlates of anti-TIR3-

conferred protection, immune cell populations and systemic 

cytokine levels were examined. 	It was observed that DSS exposure 

was associated with increases in the numbers of activated T cells 

in the spleen and mesenteric lymph nodes (Fig. 42), consistent 

10 with published reports demonstrating T cell involvement in this 

chronic colitis model. 	Flow cytometry was used to measure the 

frequencies of CD62L1" T cells in the spleen and mesenteric lymph 

nodes, representing systemic and regional T cell activation 

respectively. 	Chronic colitis was associated with increased 

15 frequencies of activated CD4+ (helper) T cells in the spleen and 

mesenteric lymph nodes, suggesting an overall increase in helper 

T cell activation. 	Decreased frequencies of activated CD8+ 

effector T cells in the spleen were accompanied by increased 

frequencies of activated CD8+ T cells in the mesenteric lymph 

20 nodes, suggesting trafficking of effector T cells to the gut 

locale. Data are shown from Day 25, following 2nd  DSS cycle. 	Each 

symbol represents data from one mouse; horizontal bars indicate 

means. 

In addition, greater frequencies of CD11b+ cells were found 

25 in the spleens of DSS-exposed mice, possibly reflecting a 

colitis-associated increase in inflammatory macrophages. 

Strikingly, prophylactic anti-TLR3 mAb treatment was associated 

with significantly reduced frequencies of splenic CD11b+ cells, 

down to levels seen in control mice not exposed to DSS (Fig. 43). 

30 Percentages of CD11b+ cells in the spleens of DSS-exposed anti-

TLR3 mAb-treated mice were similar to mice that did not receive 

DSS and were significantly lower than those of DSS-exposed mice 

that received either PBS (P=0.001) 	or non-specific IgG (P=0.02). 

Data are shown from Day 25, following 2n4  DSS cycle. 	Each symbol 

35 represents data from one mouse; horizontal bars indicate means. 
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Serum cytokine profiles of DSS-exposed mice also show 

alterations associated with anti-TLR3 mAb treatment: increased 

IL-4 and IL-10 levels were measured in mice that received anti- 

TLR3 mAb prophylactically (Fig. 44). 	Anti-TLR3 mAb treatment 

5 during induction of chronic DSS colitis enhanced systemic IL-4 

and IL-10 levels. 	Data from Day 25 and 37 are shown representing 

time points after 2th  and 3rd  DSS cycles respectively. 	Each 

symbol represents data from one mouse; horizontal bars indicate 

means. 	IL-4 and IL-10 have both been demonstrated to play key 

10 roles in the regulation of inflammation. 	A specific role for IL- 

10 in controlling immunopathogenesis in IBD is suggested by the 

observation that IL-10 knock-out mice spontaneously develop 

colitis. 	These results suggest that anti-TLR3 mAb treatment 

alters the inflammatory and T cell responses induced by DSS 

15 ingestion. 

Taken together, these data demonstrate that blockade of 

TLR3 signaling with anti-TLR3 mAbs can ameliorate disease 

severity in a chronic colitis model and provide evidence for the 

potential efficacy of anti-TLR3 mAbs for the treatment of human 

20 IBD. 

Example 7 

hTLR3 Antagonist Treatment Increases Sepsis Survival 

Sepsis can be modeled in animals, such as mice, by the 

25 adminstration of D-galactosamine and poly(I:C). 	In such models, 

D-galactosamine is a hepatotoxin which functions as a sepsis 

"sensitizer" and poly(I:C) is a sepsis-inducing molecule that 

mimics dsRNA and activates TLR3. 	The results indicated that TLR3 

antagonist treatment can nearly double the animal survival rate 

30 in a murine model of sepsis. 

In these experiments, female wild-type C57BL/6 mice were 

given intraperitoneal injections of either 1 mg of the hTLR3 

antagonist 1068 mAb in PBS carrier, 1 mg of a nonspecific murine 

polyclonal IgG preparation in PBS carrier, or PBS carrier alone 

35 as indicated in Fig. 10. 	Each injection comprised 1 ml of mAb or 
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non-specific IgG preparation in PBS or 1 ml of PBS carrier alone. 

The following day mice received 10 pg poly(I:C) and 20 mg D-

galactosamine (Sigma-Aldrich Corp., St. Louis, MO) in 100 pl of 

sterile PBS by intraperitoneal injection as indicated in Fig. 10. 

Survival of the mice was monitored twice daily for 3 days. 	All 

assessments were conducted in accordance with established animal 

care and use guidelines. 	The results show that hTLR3 antagonist 

treatment increases the animal survival rate in a murine model of 

sepsis 	(Fig. 	10). 

Example B 

hTLR3 Antagonist Treatment Decreases IL-6 and TNF-alpha Cytokine 

Production in a Murine Model of Sepsis 

hTLR3 antagonist treatment decreases serum levels of the 

inflammation associated IL-6 (Fig. 11) and TNF-alpha (Fig. 12) 

cytokines in a murine model of sepsis. 	This result indicates 

that inhibiting TLR3 activity can promote survival of sepsis by 

decreasing TLR3 mediated production of cytokines that contribute 

to sepsis. 

Sera from mice treated as described in Example 6 above were 

prepared by retro-orbital sinus bleeds of CO2/02  anesthetized mice 

two hr after poly(I:C) administration. 	Sera were prepared by 

incubation of blood at room temperature, followed by 

centrifugation at 2500 rpm for 15 min. 	Sera were stored at -80°C 

prior to cytokine assays. 	Cytokine levels in serum samples were 

measured using Luminex© instrumentation (Luminex Corp., Austin, 

TX) and IL-6 (Fig. 11) or TNF-alpha (Fig. 12) specific mAb 

conjugated beads as appropriate. 	Luminex 	assays for each 

cytokine were performed as directed by the manufacturer. 	All 

assessments were conducted in accordance with established animal 

care and use guidelines. 

Each symbol in Fig. 11 and Fig. 12 represents data from one 

mouse. 	Horizontal bars indicate means. 	Data shown is a 

composite of two independent experiments. 	Treatment with mAb 

1068 significantly reduced serum IL-6 levels two hours after 
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poly(I:C) administration (P=0.04, t-test; Fig. 11). 	Treatment 

with mAb 1068 significantly reduced serum TNF-alpha levels two 

hours after poly(I:C) administration (P=0.03, t-test; Fig. 12). 

5 Example 9 

Poly I:C Administration Induces Secretion of Pro-Inflammatory 

Cytokines and Upregulation of ILE Gene Expression in Lungs 

Isoflurane anesthetized male or female wild-type C57BL/6 

mice received three intranasally administered doses of poly(I:C) 

10 in PBS or PBS alone every 24 h for three days. 	All mice were 

twelve weeks old. 	Each poly(I:C) dose contained either 50 mg or 

100 mg poly(I:C) as indicated in Table 1. 	The volume of each 

dose was 50 µL. 	Each treatment group contained 6-8 mice. 	Mice 

were sacrificed by CO2  treatment and the lungs were cannulated 24 

15 h after the last dose. 	Bronchoalveolar lavages (BAL) were then 

performed by injecting 1 mL of PBS into the lungs and retrieving 

the effluent. 	BAL preparations were then centrifuged to pellet 

cells and cell-free supernatants were collected and stored at - 

80°C until used for multichannel cytokine assays. 	All 

20 assessments were conducted in accordance with established animal 

care and use guidelines. 

Cytokine levels in BAL supernatants were measured using 

Luminex® multichannel analysis (Luminex Corp., Austin, TX) and 

IFNy, IL-la, IL-6, CXCL10, JE, KC, MGCSF, mulct, RANTES, TNFa, or 

25 GMCSF specific mAb conjugated beads (LINCO Research, St. Charles, 

MO) as appropriate. 	Luminex®  assays for each cytokine were 

performed as directed by the manufacturer. 	Data are expressed as 

mean pg/ml ± standard error of the mean (SEM) from 6-8 mice. 

The results indicated that multiple administrations of 

30 either 50 or 100 mg poly I:C induced elevated protein levels of 

cytokines, chemokines and growth factors including interferon- 

y(IFNy), interleukin-6 	(IL-6), 	tissue necrosis factor-a (TNFa), 

chemokine (CXC motif) ligand 10 (CXCL10), chemokine (CC motif) 

ligand 2 (JE), chemokine KC (KC), Macrophage Inflammatory 
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Protein-1 a(MIP-1a), regulated 

expressed and secreted/CCL5 

Stimulating Factor (mG-CSF) 

stimulating factor(GM-CSF) 

TLR3 activation may play 

chemokine, and growth 

COPD. 

In addition, Tagman 

tissues demonstrated that 

upregulation of cytokine 

TLRs and their associated 

(Table 2). 	These data 

double-stranded RNA analog, 

cascade of events resulting 

inflammatory cytokines, 

expression such as TLR2, 

Table 1: 	Multiple administrations 

upon activation, normally T cell 

(RANTES), murine Granulocyte Colony 

and Granulocyte-macrophage colony- 

(Table 1). 	This result indicates that 

an important role in cytokine, 

factor mediated lung pathologies such as 

real time PCR analyses of the lung 

multiple administrations elicited 

genes as well as the mRNA for multiple 

intracellular signaling molecules 

demonstrate that poly I:C, a synthetic 

administered in vivo elicits a 

in the secretion of multiple pro- 

chemokines and upregulation of TLR gene 

TLR3, TLR7 and TLR9. 

of poly(I:C) to the lungs of 

secretion of cytokines, chemokines, and 

airways. 	Data are expressed as mean 

of the mean (SEM) from 6-8 mice. 

C57BL/6 mice induces the 

growth factors into the 

pg/ml ± standard error 

Secreted Protein Treatment 

PBS 50 fig poly(I:C) 100 mg poly(I:C) 

IFNy 10.98 +/- 1.63 12.84 +/- 1.72 52.23 +/- 11.19 

IL-la 16.47 +/- 1.24 21.99 +/- 1.85 21.79 +/- 1.44 

IL-6 8.80 +/- 	1.54 237.51 +/-94.41 878.98 +/- 
171.17 

CXCL10 30.27+/- 5.90 309.19 +/- 50.05 411.30 +/- 34.88 

JE 11.70+/- 1.18 158.61 +/-39.40 
798.69 +/- 
182.60 

KC 6.22 +/- 1.28 46.55 +/-11.84 55.36 +/- 	6.53 

mGCSF 5.23 +/- 	0.65 34.34 	+/- 	6.43 60.64 +/- 6.78 
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MIP1a 37.72+/- 6.33150.41 +/- 37.45 441.14 +/- 61.56 

RANTES 0.48 +/- 0.04 18,90 +/- 7.15 155.75 +/- 41.59 

INFa 2.28 +/- 	0.33 17.01+/- 4.51 81.16 	+/- 13.72 

GMCSF 19.10 +/- 2.10 27.69 	+/- 1.86 33.54 	+/- 4.48 

TLR3 Activation Increases 

Example 10 

Factor and Cytokine, Chemokine, Growth 

male 

above 

Mini 

cards 

Toll Gene Transcript Levels in Lung Tissue 

extracted 

(Invitrogen 

treated 

Omniscript"' 

manufacturer's 

TaqMan' 

Biosystems, 

(Applied 

combinations. 

performed 

instrumentation 

manufacturer. 

exponential 

instrumentation 

levels 

ribosomal 

increase 

Transcript levels in total RNA extracted from the lungs of 

or female C57BL/6 mice treated as described in Example 8 

was measured by real time-PCR (RT-PCR). 	Total RNA was 

from mouse lung tissue samples using Trizol' 

Corp., Carlsbad, CA) and isolated using the RNEasy 

Kit (Qiagen Inc., Valencia, CA). 	RNA from 6-8 identically 

mice was then pooled. 

cDNAs were prepared from each RNA pool using the 

kit (Qiagen Inc., Valencia, CA) according to the 

instructions. 	100 ng of cDNA was amplified using 

Low Density Immune Profiling Array Cards (Applied 

Foster City, CA) or custom Low Density Array (LDA) 

as directed by the manufacturer. 	Primer Express' software 

Biosystems) was used to design the probe and primer 

TaqMan' RT-PCR (Applied Biosystems) was then 

in a 384 well format using ABI PRISM"' 7000HT 

(Applied Biosystems) as directed by the 

Data collection and transcript quanitation in the early 

phase of PCR was performed with the ABI PRISM' 7000HT 

and associated software. 	Individual transcript 

were normalized against transcript levels for 188 

RNA. 	Data in Table 2 are expressed as mean fold 

in mRNA transcript levels in mice receiving multiple 
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administrations of 

vehicle. 	Data represent 

The data indicate 

chemokine, growth 

and other Toll-Like 

This result further 

of other Toll Like 

cytokine, chemokine, 

Table 2: 	TLR3 activation 

poly(I:C) relative to mice treated 

pooled RNA from 6-8 mice. 

that TLR3 activation increases 

factor and Toll gene transcription 

Receptors) in murine lung tissues 

indicates that TLR3 activation 

Receptors (TLRs) may play an important 

and growth factor mediated lung 

by multiple administrations 

of C57BL/6 mice increases cytokine, 

factor and Toll gene transcript 

fold increase in mRNA transcript 

administrations of poly(I:C) 

PBS vehicle. 	Data represent pooled 

with PBS 

cytokine, 

(e.g. TLR3 

(Table 2). 

and activation 

role in 

pathologies. 

of 

levels. 	Data 

levels in 

relative to 

RNA from 6- 

poly(I:C) 	to the lungs 

chemokine, growth 

are expressed as mean 

mice receiving multiple 

mice treated with 

8 mice. 

Protein Encoded 
by Gene Transcript 

Treatment 

50 kg poly(I:C) 100 Ag poly(I:C) 

CCL2 46.81 76.62 

CCL3 18.04 30.49 

CCL7 22.58 48.38 

IL-15 9.91 10.83 

IL-16 4.74 2.31 

IL-18 3.30 3.40 
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IL-1a 
3.37 3.52 

IL-1Z 11.96 10.86 

IL-2ra 12.17 3.97 

IL-7 4.47 1.43 

MUC1 3.05 1.47 

PDGFZ 2.96 2.20 

SFTPa 2.32 1.19 

SFTPb 2.50 - 

SFTPc 1.89 

SFTPd 3.12 1.93 

TGFS 3.05 2.40 

TNFa 105.91 78.45 

Vamp8 2.59 1.78 

CXCL10 90.03 357.38 

IFNaR1 2.50 2.32 

IFNaR2 3.64 3.01 

IFNyR 2.20 1.54 

IRAK1 2.57 1.73 

IRAN2 2.56 2.26 
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IRAK4 2.35 1.72 

in Lung Tissue 

IRF3 1.97 1.62 

IRF7 17.03 22.92 

ISGF3G 5.63 4,45 

0AS2 5.29 10.76 

PRKR 5.49 9.32 

RNASE 1 2.25 1.91 

S0053 3.93 4.63 

TLR2 3.72 6.96 

TLR3 3.77 5.41 

TLR4 2.43 1.89 

TLR7 6.26 10.86 

TLR9 21.21 55.78 

TOLLIP 2.48 1.72 

TLR3 Activation Increases 

Example 11 

Cell Levels Inflammatory 

TLR3 activation increases 

murine lung tissues (Fig. 

that TLR3 activation may 

pathologies associated 

inflammatory cells (Fig. 

mononuclear cells (Fig. 

13, 	14, 

play an important 

with increased 

13) such 

inflammatory cell levels in 

and 15). 	This result indicates 

role in lung 

lung infiltration by 

as neutrophils (Fig. 14) and 

monocytes or lymphocytes). 15) 	(e.g. 
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Inflammatory cell infiltration into the lungs of C57BL/6 

mice receiving poly(I:C) was assessed by either hemocytometer 

enumeration (Fig. 13) or differential staining (Fig. 14 and Fig. 

15). 	Mice received multiple poly(I:C) doses as described in 

5 Example 9 above or a single poly(I:C) dose. 	Single poly(I:C) 

doses were intranasally administered to isoflurane anesthetized 

male or female C57BL/6 mice. 	All mice were between eight and 

twelve weeks old. 	Single doses comprised 50 pg or 100 Ag of 

poly(I:C) in 50 AL of PBS. 	BAL to recover lung infiltrating 

10 cells were performed 24 h after poly(I:C) administration for 

animals receiving a single poly(I:C) dose or 24 h after the final 

poly(I:C) administration for animals receiving multiple doses. 

BAL was performed as described in Example 8 above. 

Cell pellets recovered after BAL on treated mouse lungs 

15 were resuspended in 200 AL of Dulbecco's Phosphate Buffered 

Saline (DPBS) containing 0.1% BSA. 	A 50 AL aliquot of the 

suspended cells was then added to 50 AL Turk's Blood diluting 

fluid (Red Bird Service, Osgood, IN), mixed thoroughly, and the 

total cell number was enumerated by hemocytometer counting (Fig. 

20 13). 	A 100 AL aliquot of a suspension containing less than 1 x 

105  cells/AL was then loaded onto a CytospinN  slide assembly, and 

spun for 4 minutes at 400 rpm. 	Slides were removed from 

Cytospin" assemblies and allowed to dry for at least one hour. 

Slides were then submersed in Wright-Giemsa stain for 90 seconds 

25 and destained in ddH2O for 5 minutes. 	Slides were allowed to dry 

overnight. 	Under oil immersion using a 100x objective, slides 

were differentially counted and the total number of neutrophils 

(Fig. 14) and mononuclear cells (Fig. 15) were counted. 	The mean 

and SEM for lung infiltrating cell data collected from 6-8 mice 

30 from each treatment group were then plotted (Fig. 13, 14, and 

15). 

35 
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Example 12 

TLR3 Knockout Animals Are Protected from Poly(/;C) Induced 

Inflammatory Cell Level Increases in the Lung Tissues 

administrations 

differential 

cells. 

Example 

poly(I:C) 

dose 

receiving 

Example 

either 

described 

animals 

mice 

increases 

activation. 

increased 

neutrophils 

30 	lymphocytes). 

Table 

Inflammatory cell infiltration into the lungs of C57BL/6 or 

knockout mice or receiving single or multiple poly(I:C) 

was assessed by hemocytometer enumeration and 

staining to identify neutrophils and mononuclear 

Mice received multiple poly(I:C) doses as described in 

B or a single poly(I:C) dose as described in Example 10. 

to recover lung infiltrating cells was performed 24 h after 

administration for animals receiving a single poly(I:C) 

or 24 h after the final poly(I:C) administration for animals 

multiple doses. 	BAL was performed as described in 

8 above. 	Assessment of inflammatory cell infiltration 

the lungs of wild-type C57BL/6 or TLR3 knockout mice was by 

hemocytometer enumeration or differential staining as 

in Example 10. 	Data were expressed as fold increase in 

mean lung infiltrating cell count in poly(I:C) treated 

relative to the mean lung infiltrating cell count in 

receiving PBS alone. 	Data represent values obtained from 

mice. 

The results shown in Table 3 indicate that TLR3 knockout 

are protected from poly(I:C) induced inflammatory cell level 

in the lung tissues relative to wild-type mice and that 

effects of poly(I:C) administration are largely due to TLR3 

Further, the results indicate that TLR3 activation 

play an important role in lung pathologies associated with 

lung infiltration by inflammatory cells such as 

and mononuclear cells (e.g., monocytes or 

3: 	TLR3 knockout (KO) mice are protected from poly(I:C) 

induced inflammatory cell level increases in the lung tissues 

relative to wild-type (WT) mice. 	Data were expressed as fold 
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increase in the mean lung infiltrating cell count in poly(I:C) 

treated animals relative to the mean lung infiltrating cell count 

in animals receiving PBS alone. 	Data represent values obtained 

from 6 mice. 

Dose Total Cells Neutrophils Mononuclear  
Cells 

WT KO WT KO WT KO 

Single 
Administration 
50 pg poly(I:C) 

1.3 0.7 3 1.7 1.1 0.7 

Single 
Administration 
100 pg poly(I:C) 

3.7 1.9 8.9 5.6 2.9 1.7 

Multiple 
Administration 
50 pg poly(I:C) 

15.1 3.2 58.4 5.4 13 3 

Multiple 
Administration 

100 pg poly(I:C) 
17.9 2.9 69.7 6.3 15.4 2.6 

Activation of TLR3 with poly(I:C) 

Example 13 

Impairs Lung Function Further 

in Methacholine Challenged Animals 

a single 

or PBS alone 

TLR3. 

contained 

volume of 50 pl. 

as a marker of 

the last 

body 

or Fig. 17. 

Male or female wild-type C57BL/6 mice received 

poly(I:C) dose in PBS or PBS alone (Fig. 16) or three 

intranasally administered doses of poly(I:C) in PBS 

every 24 h for three days (Fig 17). 	Poly(I:C) activates 

All mice were twelve weeks old. 	Each poly(I:C) dose 

either 50 gg or 100 pg poly(I:C) and comprised a 

Each treatment group contained 6-8 mice. 

Lung function was assessed using PenH values 

airway obstruction and breathing effort 24 h after 

poly(I:C) dose. 	PenH values were collected by whole 

plethysmograph (WBP) from mice challenged with increasing 

exposures of methacholine as indicated in Fig. 16 
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Methacholine increases breathing effort and impairs lung 

function. 	Methacholine was dissolved in PBS and administered as 

a nebulized aerosol. 	All assessments were conducted in 

accordance with established animal care and use guidelines. 	Data 

5 in Fig. 16 and 17 represent the mean values from each treatment 

group of 6-8 mice and the SEM. 

The results indicate that activation of TLR3 further 

impairs lung function in methacholine challenged wild-type mice 

(Fig. 16 and Fig 17). 	This result suggests that TLR3 activation 

10 may further impair lung function in individuals already suffering 

from lung impairment due to infection, chronic obstructive 

pulmonary disease (COPD), or other disorders. 	Consequently, 

therapeutic interventions antagonizing TLR3 activity may prevent 

additional lung function impairment in individuals already 

15 suffering from impaired lung function. 

Example 14 

TLR3 Knockout Animals are Protected from Poly(I:C) Induced 

Impairment of Lung Function During Methacholine Challenge 

20 Single (Fig. 18) and multiple dose (Fig. 	19) poly(I:C) 

administration were performed on male or female wild-type C57BL/6 

mice or TLR3 knockout mice as described in Example 12. 	Lung 

function was assessed using PenH values collected by WBP as 

described in Example 12. 	Methacholine administration was also as 

25 described in Example 12. 	All assessments were conducted in 

accordance with established animal care and use guidelines. 	Data 

in Fig. 18 and 19 represent the mean values from each treatment 

group of 6-8 mice and the SEM. 

TLR3 knockout mice are protected from poly(I:C) induced 

30 impairment of lung function during methacholine challenge (Fig. 

18 and Fig. 19). 	This result indicates that therapeutic 

interventions antagonizing TLR3 activity may prevent additional 

lung function impairment in individuals already suffering from 

impaired lung function due to infection, chronic obstructive 

35 pulmonary disease (COPD), or other disorders such as asthma. 
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Additionally, this result further indicates that the effects of 

poly(I:C) administration are largely due to TLR3 activation. 

Example 15 

5 hTLR3 Antagonist Effect on Cytokine and Chemokine Production in 

Human Lung Bronchial Epithelial Cells 

The human lung bronchial epithelial cell line BEAS-28 was 

obtained from the American Type Culture Collection (CRL-9609). 

10 BEAS-2B were grown in collagen I coated flasks (BD Biosciences) 

in LHC-9 serum free media and harvested after a brief wash in 

0.257s trypsin/EDTA. 	Cells were then washed in LHC-9 serum free 

media (Biosource) and resuspended in LHC-9 media at lx106/ml. 

Cells were plated onto collagen I coated 96-well flat bottom 

15 plate at 200 Al/well: triplicate culture wells were run for each 

condition. 

After a 6 h incubation to allow cell attachment, media was 

removed and replaced with 200 Al of fresh media. 	Ten-fold serial 

dilutions of mAb 1068 starting at 100 µg/ml were incubated for 40 

20 

25 

min at 37°C prior to addition of 125 ng/well of the TLR3 agonist 

poly(I:C). 	Culture supernatants were collected 24 h post 

poly(I:C) stimulation and Luminex® multichannel analysis (Luminex 

Corp., Austin, TX) was performed on samples to assay IL-6, IL-8, 

RANTES, MCP-1, 	IP-10, 	IFN-a, 	IFN-y, 	IL-1Z, IL-12, TNF-a, MCP-1, 

and IL-10 expression levels. 

The results indicated that anti-TLR3 antagonist mAb 1068 

(identified in Fig. 20 as mAb CNT0260) decreases IL-6, 	IL-8, 

RANTES, MCP-1 and IP-10 production in poly(I:C) stimulated BEAS- 

2B cells. 	Expression of IL-6, IL-8, RANTES, MCP-1 and IP-10 was 

30 decreased in a mAb 1068 dose dependent manner as shown in Figure 

20. 	IFN-a, IFN-y, IL-1Z, 	IL-12, TNF-a, MCP-1, and IL-10 

expression was not detected in the samples. 
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Example 16 

hTLR3 Antagonist Treatment Increases Survival of Lethal Pneumonia 

In these experiments, 8 to 10 week old female wild-type 

C57BL/6 mice were infected intranasally with 5 plaque-forming 

5 units (PFU) of influenza virus A/PR/8 in 50 AL of PBS and then 

infected intranasally seven days later with 50 colony forming 

units (CFU) of the S. pneumoniae bacterium in 50 AL of PBS. 

Alone the viral and bacterial doses administered were sublethal, 

but together these doses were lethal to the majority of mice 

10 (Fig. 22). 	Control groups of mock-infected mice received PBS 

instead of influenza virus A/PB/8 or S. pneumoniae. 	hTLR3 

antagonist treated mice received either 0.6 mg or 0.06 mg in 0.2 

ml of PBS administered by intraperitoneal injection 2 h prior to 

S. pneumoniae inoculation on day 7 (prophylactic administration) 

15 and were dosed identically again on day 8 (therapeutic 

administration). 	Control groups of mock treated mice received 

0.6 mg or 0.06 mg in PBS of an intraperitoneally administered, 

nonspecific IgG. 	Each treatment or control group contained 7 

mice. 	All assessments described here were conducted in 

20 accordance with IACUC guidelines. 

Influenza A/PR/8 virus was cultured in chicken eggs, PFU 

titer was determined using standard assays with MDCK cells, and 

maintained as frozen viral stock for inoculations. 	Streptococcus 

pneumoniae (ATCC® Number: 6301m) inocula were grown overnight on 

25 trypticase soy agar plates containing 5% sheep's blood 

(TSA/blood), bacteria where then removed from the plates and 

suspended in phosphate-buffered saline (PBS). 	Bacterial CFU 

titer in the PBS suspension was calculated using the optical 

density at 600 nm and standard methods. 	Bacterial inocula were 

30 then prepared in PBS. 	CFU in bacterial inocula were confirmed by 

standard colony forming assays to determine the number of 

bacteria actually present in the inoculum administered to mice. 

After preparation of inoculums, mice were infected 

intranasally with influenza A/PR/8 virus or S. pneumoniae as 

35 described above. 	Mock-infected control mice received 
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intranasally administered PBS as described above. 	hTLR3 

antagonist treated mice received intraperitoneally administered 

mAb 1068, both prophylactically and therapeutically, as described 

above. 	Mock treated control mice received intraperitoenally 

5 administered non-specific IgG in PBS as described above. 	The 

influenza A/PR/8 virus and S. pneumoniae doses alone were 

sublethal as 100% of mice infected with virus or bacteria alone 

survived (Fig 22). 	However, viral or bacterial infection 

together at these otherwise sublethal doses generated lethal 

10 pneumonia in the majority of mice (Fig. 22). 

Mice were euthanized 48 hours post-bacterial infection, 

lungs were harvested aseptically, homogenized in sterile PBS, 

homogenate dilutions in PBS prepared, and dilutions were placed 

on TSA/blood plates to determine bacterial burden in the lungs. 

15 Plates were then incubated until colonies were visible and CFUs 

counted. 	As shown in Fig. 23, prior infection with a sublethal 

dose of influenza virus increased bacterial burdens in the lungs 

of mice 2 days after S. pneumoniae infection. 

Administration of 0.6 mg or 0.06 mg of anti-TLR3 mAb 1068 

20 per mouse on days 8 and 9 increased the mouse survival rate in 

mice infected with influenza virus A/PR/8 and S. pneumoniae 

relative to control mice receiving a 0.6 mg or 0.06 mg of a non-

specific IgG control mAb (Fig. 21). 

Importantly, the body weight of the average female C57BL/6 

25 mouse is between 18 g and 20 g; consequently the dose range of 

the TLR3 antagonist administered was between approximately 3.0 

mg/kg and 3.3 mg/kg body weight for mice receiving 0.6 mg of mAb 

1068 or between approximately 30 mg/kg and 33 mg/kg body weight 

for mice receiving 0.06 mg of mAb 1068. 	Fig. 21 is labeled to 

30 indicate the lower end of this range. 
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Example 17 

Effect of TLR3 Activity on Colonic Epithelial Cell Proliferation 

Rate 

The proliferation rate of colonic epithelial cells in a 

5 murine model was increased by knocking-out TLR3 receptor gene 

activity (data shown in Table 4). 	In these experiments, female 

wild-type C57BL/6 mice or the TLR3 knock-out mice described above 

were each given 1 mg of bromodeoxyuridine (BrdU) in 1 ml of PBS 

intraperitoneally and sacrificed 2 h later. 	All mice were 6-8 

10 weeks old and each treatment group had at least 3 mice. 

Colons for histopathological analyses were then harvested. 

Colons tissue was fixed, cut into segments, embedded in paraffin, 

and 5 ym sections were prepared. 	Sections were incubated 

sequentially with a mouse anti-BrdU IgG mAb (Becton-Dickinson 

15 Biosciences, Inc., San Jose, CA) a goat anti-mouse IgG mAb horse 

radish peroxidase (HRP) conjugate (Becton-Dickinson Biosciences, 

Inc., San Jose, CA), and diaminobenzidine (DAB) substrate 

(Becton-Dickinson Biosciences, Inc., San Jose, CA) per the 

manufacturer's instructions. 	Incubated sections were 

20 counterstained with hematoxylin by standard methods. 

Incubated sections were then visually inspected and the 

number of cells in the colon crypts staining positive for BrdU 

incorporation into the DNA were counted. 	Cells were counted in 

24 consecutive well-oriented crypts in a section from the same 

25 segment of the colon. 	BrdU incorporation was used as a surrogate 

marker to identify cells progressing through the cell cycle; i.e. 

proliferating cells. 	In Table 4, proliferation rate data are 

expressed as the mean number of BrdU stained cells per colon 

crypt per animal per 2 hours. 	These data are presented as the 

30 mean proliferation rate i standard deviation (Pc0.0001, T-test). 

The data indicate that inactivation of TLR3 increases colonic 

epithelial cell proliferation. 
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Table 4: 	Increased colonic epithelial cell proliferation rates 

mice. in TLR3 knockout (KO) 

Wild-Type 
Mice 

TLR3 Gene Knockout 
Mice 

Colonic Epithelial 
Cell Proliferation 

Rate 
2.4 ± 0.6 5.6 ± 1.6 

Effect of TLR3 Activity 

Example 18 

Cell Proliferation on Colonic Epithelial 

Rate During Recovery from Inflammatory Bowel Disease 

The proliferation 

recovery in a murine 

was increased by knocking 

5). 	In these experiments, 

TLR3 KO mice described 

sulfate sodium (DSS) 

acute ulcerative colitis. 

water until the end of 

injected with BrdU, as 

receiving plain water. 

DSS induced ulcerative 

All mice were 6-B weeks 

3 mice. 

Colon samples for 

crypt cell proliferation 

in Example 15 above. 

the mean number of BrdU 

per 24 hours. 	These 

rate ± standard deviation 

indicate that inactivation 

rate of colonic epithelial 

inflammatory bowel disease. 

rate of colonic epithelial cells during 

model of inflammatory bowel disease (IBD) 

-out TLR3 receptor gene activity (Table 

female wild-type C57BL/6 mice or the 

above were each given 5% (w/v) dextran 

in the drinking water for 3 days to induce 

Mice were then supplied with plain 

the experiment 30 h later. 	Mice were 

described above, 6 h after they began 

Mice were then allowed to recover from 

colitis for 24 hrs and were sacrificed. 

old and each treatment group had at least 

histopathological analyses of colonic 

were prepared and analyzed as described 

Proliferation rate data are expressed as 

stained cells per colon crypt per animal 

data are presented as the mean proliferation 

(P<0.004, T-test). 	The data in Table 5 

of TLR3 increases the proliferation 

cells during recovery from 

58 



Table 5: 	Increased colonic epithelial cell proliferation rates 

during recovery in a TLR3 KO mouse DSS induced model of 

inflammatory bowel disease. 

Wild-Type DSS TLR3 Gene Knockout 
Treated Mice DSS Treated Mice 

Colonic Epithelial 
Cell Proliferation 0.4 	± 0.2 2.8 ± 0.6 

Rate 

5 

Example 19 

Insulin Sensitivity in TLR3 Knockout Mice 

TLR3 Knockout (KO) 	(on a C57BL/6 background) and wild-type 

(WT) control mice (C57 B1/6) were fed a high fat diet (Purina 

10 TestDiet #58126) consisting of 60.9% kcal fat and 20.8% kcal 

carbohydrates. 	Control TLR3 KO and WT mice were fed with normal 

chow. 	Animals were fasted overnight and a glucose tolerance test 

(GTT) was performed by injecting 1.0 mg/g glucose 

intraperitoneally and blood glucose readings were obtained at 0, 

15 15, 	30, 	60, 	90, 	and 120 minutes. 

Fig. 31 shows that TLR3 KO mice on a 'high fat diet for 14 

and 26 weeks showed improvements in a glucose tolerance test when 

compared to wild type mice on a high fat diet. 	Mice fed with 

normal chow did not display any changes as expected. 	These 

20 results showed that TLR3 signaling might impact insulin 

sensitivity and provide a basis for the utility of TLR3 

antagonists for the treatment of Type 2 diabetes. 

Fig. 32 shows the fasting blood glucose levels in mice on a 

high fat and regular chow diet. 	TLR3 KO animals normalize their 

25 fasting blood glucose levels when compared to wild type mice on a 

high fat diet. 	These data suggest that TLR3 signaling may 

interfere with liver glucose metabolism that contributes to an 

impairment in glucose tolerance and development of insulin 

resistance. 

30 Next, insulin levels were assessed in TLR3 KO and wild-type 

mice fed with a normal chow or high fat diet. 	Blood insulin 
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levels were measured in mice fasted overnight before and after 

glucose challenge. 	Insulin was quantitated using the Crystal 

Chem (Downers Grove, IL) Ultra-Sensitive ELISA Assay kit (cat 4 

90060). 	TLR3 KO mice fed a high fat diet showed increased 

5 insulin levels at baseline (without glucose challenge) and 20 and 

60 minutes post glucose challenge (Fig. 33). 	Overall, the data 

obtained in the glucose tolerance test suggest that the absence 

of TLR3 signaling impacts insulin levels and insulin sensitivity. 

At 30 weeks on a high fat diet TLR3 KO mice were sacrificed 

10 and their lipid profiles were determined in serum samples. 	The 

levels of total cholesterol, HD1, LDL, triglicerides and FFA were 

determined. 	Briefly, all lipid tests were calibrated by 

referencing the change in absorbance of the unknown samples to 

the change in absorbance of the standards using GEMCAL Reference 

15 Serum (Alfa Wassermann Diagnostic Technologies, LCC, West 

Caldwell, NJ). 	Two levels of controls were run each day prior to 

reporting results. 	Samples were loaded and lipid data was 

acquired and expressed in conventional units mgidL. 	The FFA 

levels were determined using NEFA kit (Wako). 	The TLR3 KO 

20 animals showed lower levels in circulating cholesterol, LDL and 

HDL as well as FFA compared to wild-type mice on the same diet. 

These results show that the absence of TLR3 signaling has a 

beneficial role in lowering cholesterol levels, showing a utility 

for TLR3 antagonist MAbs for the treatment of cardiovascular 

25 diseases and preventing development of cardiovascular 

complications associated with Type 2 diabetes. 

In sum, the results presented show that TLR3 Ko mice fed a 

high fat diet were protected from developing impaired glucose 

tolerance as a feature of insulin resistance compared to wild- 

30 type mice, demonstrating that the absence of TLR3 signaling 

protects mice against Type 2 diabetes. 	Furthermore, the data 

show that TLR3 KO mice on a high fat diet had lower levels of 

total cholesterol, LDH and HDL cholesterol as well as HDLc/LDLc 

ratio compared to wild type mice on a high fat diet, thus 

35 indicating a beneficial role of TLR3 antagonist in down- 
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modulating risk factors associated with cardiovascular diseases. 

These finding suggest the use of TLR3 inhibitor as a method to 

treat Type 2 diabetes, dislipidemia and metabolic syndrome. 

5 Example 20 

Generation and Characterization of Human-Adapted Anti-TLR3 mAbs 

The amino acid sequence of the murine anti-TLR3 mAb C1068 

was used to query a human antibody database compiled from public 

antibody sequence databases. 	The variable region of the heavy 

10 chain of C1068 (SEQ ID NO: 6) showed high homology to four heavy 

chain germline sequences, namely VB_1-03/JH1 72,VB_1-02/JH1 71, 

VB_1-08/JH1 71 and VB_1-69/JB2 70 of the human VH1 heavy chain 

family. 	Four nucleic constructs in which the CDR regions of 

C1068 heavy chain were then transferred into the selected human 

15 germline heavy chain sequences were synthesized to generate four 

human-adapted anti-TLR3 mAb heavy chains designated as HV1, HV4, 

HV5 and HV7 having the variable region amino acid sequences shown 

in SEQ ID NOs: 25, 27, 29 and 31, respectively. 

The variable region of the light chain of C1068 (SEQ ID NO: 

20 16) showed high homology to four light chain germline sequences, 

namely VB_012/JK2 78, VB A30/JK2 77, VB A20/JK4 76 and VB_Ll/JK2 

76 of the human VK I family. 	Four nucleic constructs in which 

the CDR regions of C1068 light chain were then transferred into 

the selected human germline light chain sequences were 

25 synthesized to generate four human-adapted anti-TLR3 mAb light 

chains designated as LV1, LV3, LV5 and LV7 having the variable 

region amino acid sequences shown in SEQ ID NOs: 33, 35, 37 and 

39, respectively. 

Sixteen mAbs representing all possible combinations of the 

30 four heavy and four light chain variable region constructs were 

expressed. 	All heavy chain variable region frameworks were 

expressed with a human IgG4 heavy chain constant region having a 

Ser to Pro substitution at residue 108 and Phell4 and Len115 to 

Ala substitutions (SEQ ID NO: 41); S228P, F234A and L235A in the 

35 full-length heavy chain. 	All light chain variable region 
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frameworks were 

NO: 	4). 

Antibodies 

co-transfection 

plasmids. 	Antibodies 

purification 

All 16 

domain of human 

compared to the 

human TLR3 extracellular 

well plate and 

concentrations 

with rabbit anti

South San Francisco, 

109-036-088) 

and the results 

Table 7: 	Calculated 

expressed using a human K constant region (SEQ ID 

were expressed transiently in mammalian cells by 

of appropriate heavy and light chain containing 

were purified using standard protein A 

and dialyzed into PBS for characterization. 

mAbs were assessed for binding to the extracellular 

TLR3 	(SEQ ID NO: 4) using an ELISA format as 

parental murine mAb C1068. 	Briefly, soluble 

domain was coated into the wells of a 96 

candidate mAbs were incubated at various 

(10-3  to 103  ng/ml) and bound antibody was detected 

-mouse IgG-HRP for murine '901 isotypes (Zymed, 

CA) or HRP-labeled anti-human IgG (Jackson 

for human IgG4 isotypes. 	ECso  values were determined 

are shown in Fig. 24 and Table 7 below. 

ECso  values for combinatorial mAbs 

ECso  ng/ml HV1 HV4 HVS HV7 
LV1 29.2 29.1 15.5 1474.0 
LV3 117.7 60.2 28.9 > 5000 
LV5 27.7 18.7 13.7 1820.0 
LV7 288.8 182.9 78.6 4258.0 

The calculated ECso  for C1068 was 8 ng/ml; the results indicated 

that 12 of the human-adapted mAbs had less than a 40-fold 

reduction in calculated ECso  relative to the murine parent mAb 

1068. 

	

	The mAbs having the ECso  values in bold text were further 

characterized by determining binding affinity by Biacore and 

binding activity in a cell-based cytokine release assay. 

Measurement of binding affinity by Biacore was performed by 

mAb capture and TLR3 capture techniques. 	MAb capture analysis 

was performed at 25°C using a Biacore 2000 biosensor equipped 

with a CMS chip with surfaces modified with protein A (6,000 RU) 

at 25 °C by standard amine coupling. 	Antibody was diluted to 30 

nM and captured for one minute on different protein A surfaces. 
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TLR3 was injected at 0, 	0.1, 	0.3, 	1.0, 	3.0, 	and 9.0 nM and 

associations and dissociations were monitored for 5 minutes. 	The 

protein A modified surfaces were regenerated using two 6-second 

pulses 100 mM phosphoric acid. 	Available binding data sets were 

5 fit to a 1:1 interaction model (CLAMP'). 	The rate constants and 

their ratio (ICD= kd/ka) and the error of fit carried over the 

estimate of the apparent equilibrium constants were calculated. 

TLR3 capture analysis was performed at 25°C using a Biacore 

3000 biosensor equipped with a CMS chip with surfaces modified 

10 with anti-His antibody (R&D Systems) 	(10,000 RU) at 30 °C by 

standard amine coupling. 	Human hexa-histidine-TLR3 at 80, 120, 

and 300 RU density was captured on three surfaces while a fourth 

surface was used as reference. 	Antibody was injected in 

duplicate at 0, 	0.4 1.1, 	3.3, 10, and 30 nM. 	Association phases 

15 were monitored for three minutes and the dissociations were 

monitored for seven minutes. 	The anti-His antibody surfaces were 

regenerated using two 3-second pulses 50 mM phosphoric acid. 

Available binding data sets were fit to a 1:1 interaction model 

(BIAeval') corrected for different drifts of each mAb- 

20 concentration profile. 	The rate constants and their ratio (CD= 

ka/ka) and the error of fit carried over the estimate of the 

apparent equilibrium constants were calculated. 

The calculated Kr, results are shown in Table 8 below. 	The 

two measurements represent 1) the binding affinity with anti-TLR3 

25 mAb captured on the chip surface with human TLR3 applied in 

solution and 2) TLR3 captured on the chip surface and anti-TLR3 

mAb applied in solution phase. 	The results indicate that that 

all of the candidates retain nM affinity when solution based TLR3 

is captured by immobilized mAb confirming that the combinatorial 

30 mAbs have retained the binding characteristics of 1068. 	When 

TLR3 is immobilized on the chip most of the candidates retain the 

tight binding characteristics, a result that is consistent with 

the ELISA binding curves. 
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Table 8: 	Calculated KD  values for combinatorial mAbs. 

mAb KD  with mAb capture KD  with TLR3 capture 

1068 	(mIgG1) 1.2 ±0.7nM 0.316 ±0.06nM 

HV5/LV5 1.1nM 0.7 ±0.001nM 

HVE/LV1 2.0nM 0.65 ±0.07nM 

HV1/LV1 3.9nM 1.7 ±1.2nM 

HV4/LV3 0.5nM 3.4 ±2.8nM 

HV1/LV7 7.2nM 90 ±18nM 

Binding activity 

assayed by Biacore was 

release assay. 	The human 

plated in a 96-well plate 

incubated with an antibody 

added to the cells. 

and soluble cytokine 

The results are shown 

activity of the parental 

activity as measured 

generation by cells challenged 

retained in the human 

Generation and Characterization 

of the human-adapted 

also determined in a 

lung epithelial cell 

and either poly(I:C) 

candidate in a serum

After 4 days, conditioned 

levels were measured by 

in Fig. 25 and demonstrate 

mAb C1068, i.e., neutralization 

by a decrease in pro-inflammatory 

with the TLR3 

-adapted mAbs. 

Example 21 

anti-TLR3 mAbs 

cell-based cytokine 

line BEAS-2B was 

or poly(I:C) pre-

-free matrix was 

medium was removed 

Luminexo technology. 

that biological 

of TLR3 

cytokine 

ligand poly(I:C), is 

C1068 Heavy and of Human-Adapted 

In silica immunogenicity 

mAb 1068 CDRs revealed 

boundaries that could 

score of the sequence. 

were identified, both 

applied to decide what 

Using these criteria, 

were identified in the 

Light Chain Variants 

murine anti-TLR3 

within the CDR 

the immunogenicity 

be manipulated 

criteria were 

should be used. 

acid substitutions 

region (V0) and three 

analysis of the 

a series of aggretopes 

be manipulated to reduce 

once regions that could 

sequence and structural 

amino acid substitutions 

four single point-amino 

heavy chain variable 
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mutations (a single, a double and a triple) were identified in 

the light chain variable region (VK). 	All eight mutations were 

made independently in the HV1/LV1 background and are listed in 

Table 9. 	One other type of substitution was also applied to 

	

5 	determine the effect of changing the M102 residue to an 

isoleucine, this was completed to reduce the overall number of 

methionines in the CDRs as these residues can be post-

translationally oxidized a modification potentially detrimental 

to the solubility of proteins. 	These antibodies were generated 

	

10 	and assessed for TLR3 binding (see Tables 10 and 11) and 

bioactivity (see Figures 26-30) as described above. 

Table 9: 	Location and identity of CDR point mutations 

Location Variant Number SEQ ID NO: 
Vh CDR1 134M HBV1 45 

Vh CDR2 Y6OG 
Vh CDR2 N61A 
Vh CDR2 F64G 

HBV2 
HBV3 
HBV4 

47 
49 
51 

Vh CDR3 M1021 HBVS 53 

VK CDR1 H30S 
VK H305/N31S 

VK CDR1 
H308/N31S/N28G 

HBV6 
HBV7 
HBVS 59  

55 
57 

15 

Table 10: 	Calculated ECso  for Vh CDR variants in TLR3 binding 
assay. 

Variant HBV1 HBV2 HBV3 HBV4 HBVS 
EC50(ng/ml) 17 14.6 48 40.9 74.7 

20 

Table 11: 	Calculated ECso for VK CDR variants in TLR3 binding 
assay. 

Variant HBV6 HBV7 HBVS 
ECso (ng/ml) 1223 > 5000 > 5000 

25 
All five single point mutations made in the Vh of the 1068 

CDRs grafted into the HV1/LV1 background were well tolerated as 
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indicated by the binding EC50 against human TLR3. 	The EC" of the 

HV1/LV1 background was measured at 29.2 ng/ml; the values for 

both I34M and Y6OG were lower than this, 17 and 14.6 ng/ml, 

respectively. 	This suggests that these changes not only reduce 

5 	in silica immunogenecity of HV1/LV1 but also improve the binding 

to 

HV1/LV1. 

TLR3. 	The other three mutations bound a little weaker than 

None of the mutations in the CDR1 of the V1 were tolerated 

(EC" > 1000 ng/ml) suggesting that this region is crucial for how 

10 	1068 recognizes human TLR3. 

The present invention now being fully described, it will be 

apparent to one of ordinary skill in the art that many changes 

and modifications can be made thereto without departing from the 

15 	spirit or scope of the appended claims. 
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CLAIMS 

[Claim 1] 

An isolated antibody reactive with TLR3 and including a heavy chain variable region 

(VH) possessing an amino acid sequence expressed by SEQ ID NO: 6 and a light chain 

variable region (VL) possessing the amino acid sequence expressed by SEQ ID NO: 16. 

[Claim 2] 

An isolated antibody reactive with TLR3 and including a VH  possessing the amino 

acid sequence expressed by SEQ ID NO: 25 and the VL  amino acid sequence expressed by 

SEQ ID NO: 33. 

[Claim 3] 

The isolated antibody set forth by Claim 1 or 2, wherein the antibody is of human 

origin. 

[Claim 4] 

The isolated antibody set forth by any of Claims 1 through 3, wherein the antibody 

includes a Fab fragment. 

[Claim 5] 

The isolated antibody set forth by any of Claims 1 through 3, wherein the antibody is 

coupled with polyethylene glycol. 

[Claim 6] 

The isolated antibody set forth by any of Claims 1 through 3 including an IgG4 

isotype. 
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[Claim 7] 

A pharmaceutical composition including the isolated antibody set forth by any of 

Claims 1 through 3 and a pharmaceutically permissible carrier. 

[Claim 8] 

A pharmaceutical preparation provided for enhancing the breeding ratio of a cell 

expressing a TLR3 receptor and including a TLR3 antagonist as an effective component, the 

TLR3 antagonist being the antibody set forth by any of Claims 1 through 3. 

[Claim 9] 

The preparation set forth by Claim 8, wherein the TLR3 antagonist is the antibody set 

forth by Claim 1. 

[Claim 10] 

The preparation set forth by Claim 8 or 9, wherein the cell exists within an animal 

tissue. 

[Claim 11] 

The preparation set forth by Claim 8 or 9, wherein the cell is an epithelial cell. 

[Claim 12] 

The preparation set forth by Claim 10, wherein the tissue is a rectal tissue. 

[Claim 13] 

The preparation set forth by Claim 10, wherein the tissue manifests a pathology 

accompanying an inflammatory state. 
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[Claim 14] 

The preparation set forth by Claim 13, wherein the inflammatory state is 

inflammatory enteropathy. 
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