
TOLL-LIKE RECEPTOR 3 ANTAGONISTS This application claims the benefit of
United States Provisional Application Number 61/109974, filed 31 October
2008 and United States Provisional Application Number 61/161860, filed 20
March 2009 and United States Provisional Application Number 61/165100,
filed 31 March 2009 and United States Provisional Application Number
61/173686, filed 29 April 2009, the entire contents of which are
incorporated herein by reference. Field of the Invention The present
invention relates to Toll-Like Receptor 3 (TLR3) antibody antagonists,
polynucleotides encoding TLR3 antibody antagonists or fragments thereof,
and methods of making and using the foregoing. Background of the Invention
Toll-like receptors (TLRs) regulate activation of the innate immune
response and influence the development of adaptive immunity by initiating
signal transduction cascades in response to bacterial, viral, parasitic,
and in some cases, host-derived ligands (Lancaster et al ., J . Physiol.
563:945-955, 2005). The plasma membrane localized TLRs, TLRl, TLR2, TLR4
and TLR6 recognize ligands including protein or lipid components of
bacteria and fungi. The predominantly intracellular TLRs, TLR3, TLR7 and
TLR9 respond to dsRNA, ssRNA and unmethylated CpG DNA, respectively.
Dysregulation of TLR signaling is believed to cause a multitude of
problems, and therapeutic strategies are in development towards this axis
(Hoffman et al ., Nat. Rev. Drug Discov. 4:879-880, 2005; Rezaei, Int.
Immunopharmacol . 6:863-869, 2006; Wickelgren, Science 312:184-187, 2006).
For example, antagonists of TLR4 and TLRs 7 and 9 are in clinical
development for severe sepsis and lupus, respectively (Kanzler et al .,
Nat. Med. 13:552-559, 2007).TLR3 signaling is activated by dsRNA, mRNA or
RNA released from necrotic cells during inflammation or virus infection.
TLR3 activation induces secretion of interferons and pro-inflammatory
cytokines and triggers immune cell activation and recruitement that are
protective during certain microbial infections. For example, a
dominantnegative TLR3 allele has been associated with increased
susceptibility to Herpes Simplex encephalitis upon primary infection with
HSV-I in childhood (Zheng et al ., Science 317:1522-1527 2007). In mice,
TLR3 deficiency is associated with decreased survival upon coxsackie virus
challenge (Richer et al ., PLoS One 4:e4127, 2009). However, uncontrolled
or dysregulated TLR3 signaling has been shown to contribute to morbidity
and mortality in certain viral infection models including West Nile,
phlebovirus, vaccinia, and influenza A (Wang et al ., Nat. Med.
10:1366-1373, 2004; Gowen et al., J . Immunol. 177:6301-6307, 2006;
Hutchens et al., J . Immunol. 180:483-491, 2008; Le Goffic et al ., PIoS
Pathog. 2:E53, 2006) . TLR3 has also been shown to drive pathogenic
mechanisms in a spectrum of inflammatory, immune-mediated and autoimmune
diseases including, for example, septic shock (Cavassani et al., J . Exp.
Med. 205:2609-2621, 2008), acute lung injury (Murray et al., Am. J .
Respir. Crit. Care Med. 178:1227-1237, 2008), rheumatoid arthritis (Kim et
al., Immunol. Lett. 124:9-17, 2009; Brentano et al., Arth. Rheum.
52:2656-2665, 2005), asthma (Sugiura et al ., Am. J . Resp. Cell MoI. Biol.
40:654-662, 2009; Morishima et al ., Int. Arch. Allergy Immunol.
145:163-174, 2008; Stowell et al ., Respir. Res. 10:43, 2009), inflammatory
bowel disease such as Crohn's disease and ulcerative colitis (Zhou et al.,
J . Immunol. 178:4548-4556, 2007; Zhou et al ., Proc . Natl. Acad. Sci .
(USA) 104:7512-7515, 2007), autoimmune liver disease (Lang et al., J .
Clin. Invest. 116:2456-2463, 2006) and type I 



diabetes (Dogusan et al. Diabetes 57:1236-1245, 2008; Lien and Zipris,
Curr. MoI. Med. 9:52-68, 2009). Furthermore,organ-specific increases in
TLR3 expression have been shown to correlate with a number of pathological
conditions driven by dysregulated local inflammatory responses such as
primary biliary cirrhosis of liver tissues (Takii et al ., Lab Invest.
85:908-920, 2005), rheumatoid arthritis joints (Ospelt et al., Arthritis
Rheum. 58:3684-3692, 2008), and nasal mucosa of allergic rhinitis patients
(Fransson et al ., Respir. Res. 6:100, 2005) . In necrotic conditions, the
release of intracellular content including endogenous mRNA triggers
secretion of cytokines, chemokines and other factors that induce local
inflammation, facilitate clearance of dead cell remnants and repair the
damage. Necrosis often perpetuates inflammatory processes, contributing to
chronic or exaggerated inflammation (Bergsbaken et al ., Nature Reviews
7:99-109, 2009) . Activation of TLR3 at the site of necrosis may contribute
to these aberrant inflammatory processes and generate a further
pro-inflammatory positive feedback loop via the released TLR3 ligands.
Thus, TLR3 antagonism may be beneficial in a variety of disorders involving
chronic or exaggerated inflammation and/or necrosis. Down-modulation of
TLR3 activation may also represent a novel treatment strategy for oncologic
indications including renal cell carcinomas and head and neck squamous cell
carcinomas (Morikawa et al., Clin. Cancer Res. 13:5703-5709, 2007; Pries et
al ., Int. J . MoI. Med. 21: 209-215, 2008). Furthermore, the TLR3L423F
allele encoding a protein with reduced activity has been associated with
protection against advanced "dry" age-related macular degeneration (Yang et
al ., N . Engl. J . Med. 359:1456-1463, 2008), indicating that TLR3
antagonists may be beneficial in this disease. 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 fewtreatment options and
therapies are available for many of these conditions . Thus, a need exists
to suppress TLR3 activity to treat TLR3-associated conditions. Brief
Description of the Drawings Fig. 1 shows the effect of anti-human TLR3
(huTLR3) mAbs in an NF-KB reporter gene assay. Figs. 2A and 2B show the
effect (% inhibition) or antihuTLR3 mAbs in a BEAS-2B assay. Figs. 3A and
3B show the effect of anti-huTLR3 mAbs in a NHBE assay. Fig. 4 shows the
effect of anti-huTLR3 mAbs in a PBMC assay. Figs. 5A and 5B show the effect
of anti-huTLR3 mAbs in a HASM assay. Figs. 6A, 6B and 6C show the binding
of anti-huTLR3 mAbs to TLR3 mutants. Fig. 7A shows epitopes for mAb 15EVQ
(black) and C1068 mAb (grey) (top image) and epitope for mAb 12QVQ/QSV
(black, bottom image) superimposed on the structure of human TLR3 ECD. Fig.
7B shows localized H/D exchange perturbation map of TLR3 ECD protein
complexed with mAb 15EVQ. Figs. 8A and 8B show the effect of rat/mouse
anti-mouse TLR3 mAb mAb 5429 (surrogate) in A ) NF-KB and B ) ISRE reporter
gene assays. Fig. 9 shows the effect of the surrogate mAbs (mAb 5429, mAb
cld ll) in the MEF CXCLlO/IP-10 assay. Fig. 10 shows specificity of binding
of the surrogate mAb to TLR3 . Top panel: isotype control; bottom panel:
mAb cldll. Fig. 11 shows effect of the surrogate mAbs on penH level 



in an AHR model. Fig. 12 shows effect of the surrogate mAbs on total
neutrophil numbers in BAL fluid in an AHR model.Fig. 13 shows effect of the
surrogate mAbs on CXCL10/IP- 10 levels in BAL fluid in an AHR model. Fig.
14 shows effect of the surrogate mAb on histopathology scores in a DSS
model. Fig. 15 shows effect of the surrogate mAb on A ) histopathology
scores and B ) neutrophil influx in a T-cell transfer model. Fig. 16 showns
effect of the surrogate mAb on clinical scores in a CIA model. Fig. 17
shows effect of the surrogate mAb on the clinical AUC scores in a CIA
model. Fig. 18 shows effect of the surrogate mAb on the survival of C57BL/6
mice following intranasal administration of influenza A/PR/8/34. Fig. 19
shows effect of the surrogate mAb on clinical scores following influenza
A/PR/8/34 administration. Fig. 20 shows effect of the surrogate mAb on body
weight over 14 days after administration of influenza A/PR/8/34. Fig. 21
shows effect of the surrogate mAbs on blood glucose levels in (A) WT DIO
and (B) TLR3KO DIO animals after glucose challenge. Fig. 22 shows effect of
the surrogate mAb on insulin levels in WT DIO animals. Fig. 23 shows effect
of mAb 15EVQ on (A) NTHi and (B) rhinovirus induced CXCLlO/IP-10 and
CCL5/RANTES levels in NHBE cells. Fig. 24 shows effect of mAb 15EVQ on (A)
sICAM-I levels and (B) viability in HUVEC cells. Summary of the Invention
One aspect of the invention is an isolated antibody or antigen binding
fragment thereof, wherein the antibody binds at least one TLR3 amino acid
residue selected from a group consisting of residues K467, R488, or R489 of
SEQ ID NO: 2 .Another aspect of the invention is an isolated antibody or
antigen binding fragment thereof, wherein the antibody binds at least one
TLR3 amino acid residue selected from a group consisting of residues D116
or K145 of SEQ ID NO: 2 . Another aspect of the invention is an isolated
antibody reactive with TLR3, wherein the antibody has at least one of the
following properties: a . reduces human TLR3 biological activity in an in
vitro poly(I:C) NF-kB reporter gene assay >50% at <1 mg/ml; b . inhibits
>60% of IL-6 or CXCLlO/IP-10 production from BEAS-2B cells stimulated with
<100 ng/ml poly(I:C) at <10 mg/ml; c . inhibits >50% of IL-6 or
CXCLlO/IP-10 production from BEAS-2B cells stimulated with <100 ng/ml
poly(I:C) at <0.4 mg/ml; d . inhibits >50% of IL-6 production from NHBE
cells stimulated with 62.5 ng/ml poly (I: C ) at <5 mg/ml; e . inhibits
>50% of IL-6 production from NHBE cells stimulated with 62.5 ng/ml poly (I:
C )at <1 mg/ml; f . inhibits >20% of poly (I :C )-induced IFN-g , IL-6 or
IL-12 production by PBMC cells at <1 mg/ml; g . inhibits cynomologus TLR3
biological activity in an in vitro NF-kB reporter gene assay with IC50 <10
mg/ml; or h . inhibits cynomologus TLR3 biological activity in an in vitro
ISRE reporter gene assay with IC50 <5 mg/ml . Another aspect of the
invention is an isolated antibody reactive with TLR3 that competes for TLR3
binding with a monoclonal antibody, wherein the monoclonal antibody
comprises the amino acid sequences of certain heavy chain 



complementarity determining regions (CDRs) 1 , 2 and 3 , the amino acid
sequences of certain light chain CDRs 1 , 2 and 3 , the amino acid
sequences of certain heavy chain variableregions (VH) or the amino acid
sequence of certain light chain variable regions (VL) . Another aspect of
the invention is an isolated antibody reactive with TLR3 comprising both a
heavy chain and a light chain variable region and wherein the antibody
comprises certain heavy chain complementarity determining regions (CDRs) 1
, 2 and 3 and the amino acid sequences of certain light chain CDRs 1 , 2
and 3 . Another aspect of the invention is an isolated antibody reactive
with TLR3 comprising both a heavy chain and a light chain variable region
and wherein the antibody comprises the amino acid sequences of certain
heavy chain variable regions (VH) and the amino acid sequences of certain
light chain variable regions (VL) . Another aspect of the invention is an
isolated antibody reactive with TLR3 comprising both a heavy chain and a
light chain variable region and wherein the antibody comprises the amino
acid sequence of certain heavy chain and the amino acid sequence of certain
light chain. Another aspect of the invention is an isolated antibody heavy
chain comprising the amino acid sequence shown in SEQ ID NO: 6 , 8 , 10,
12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 124, 125,
126, 127, 128, 129, 159, 198, 200, 202, 164, 212, 213, 214, 215 or 216.
Another aspect of the invention is an isolated antibody light chain
comprising the amino acid sequence shown in SEQ ID NO: 5 , 7 , 9 , 11, 13,
15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 122, 123, 197, 199,
201, 163, 209, 210 or 211. Another aspect of the invention is an isolated
antibody heavy chain comprising the amino acid sequence shown in SEQ ID NO:
102, 130, 131, 132, 133, 134, 135, 160, 204, 206, 208, 220, 166 or 168.
Another aspect of the invention is an isolated antibody light chain
comprising the amino acid sequence shown in SEQ ID NO: 155, 156, 157, 158,
203, 205, 207, 165 or 167.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 , 8 , 10, 12, 14, 16, 18, 20, 22, 24, 26,
28, 30, 32, 34, 36, 38, 40, 42, 124, 125, 126, 127, 128, 129, 159, 198,
200, 202, 164, 212, 213, 214, 215 or 216. Another aspect of the invention
is an isolated polynucleotide encoding an antibody light chain comprising
the amino acid sequence shown in SEQ ID NO: 5 , 7 , 9 , 11, 13, 15, 17, 19,
21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 122, 123, 197, 199, 201, 163,
209, 210 or 211. Another aspect of the invention is an isolated
polynucleotide encoding an antibody heavy chain comprising the amino acid
sequence shown in SEQ ID NO: 102, 130, 131, 132, 133, 134, 135, 160, 204,
206, 208, 220, 166 or 168. Another aspect of the invention is an isolated
polynucleotide encoding an antibody light chain comprising the amino acid
sequence shown in SEQ ID NO: 155, 156, 157, 158, 203, 205, 207, 165 or 167.
Another aspect of the invention is a pharmaceutical composition comprising
the isolated antibody of the invention and a pharmaceutically acceptable
carrier. Another aspect of the invention is a vector comprising at least
one polynucleotide of the invention. Another aspect of the invention is a
host cell comprising the vector of the invention. Another aspect of the
invention is a method of making an antibody reactive with TLR3 comprising
culturing the host cell of the invention and recovering the antibody
produced by 



the host cell. Another aspect of the invention is a method of treating or
preventing an inflammatory condition comprising administering a
therapeutically effective amount of the isolated antibody of the invention
to a patient in need thereof for a time sufficient to treat or prevent the
inflammatory condition.Another aspect of the invention is method of
treating or preventing a systemic inflammatory condition comprising
administering a therapeutically effective amount of the isolated antibody
of the invention to a patient in need thereof for a time sufficient to
treat or prevent the systemic inflammatory condition. Another aspect of the
invention is a method of treating type II diabetes comprising administering
a therapeutically effective amount of the isolated antibody of the
invention to a patient in need thereof for a time sufficient to treat type
II diabetes. Another aspect of the invention is a method of treating
hyperglycemia comprising administering a therapeutically effective amount
of the isolated antibody of the invention to a patient in need thereof for
a time sufficient to treat the hyperglycemia . Another aspect of the
invention is a method of treating hyperinsulinemia comprising administering
a therapeutically effective amount of the isolated antibody of the
invention to a patient in need thereof for a time sufficient to treat the
insulin resistance. Another aspect of the invention is a method of treating
or preventing viral infections comprising administering a therapeutically
effective amount of the isolated antibody of the invention to a patient in
need thereof for a time sufficient to treat or prevent viral infections.
Detailed Description of the Invention 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 another molecule such as a
receptor or intracellular mediator.A s used herein, a "TRL3 antibody
antagonist" or an antibody "reactive with TLR3" describes an antibody that
is capable of, directly or indirectly, substantially counteracting,
reducing or inhibiting TLR3 biological activity or TLR3 receptor
activation. For example, an antibody reactive with TLR3 can bind directly
to TLR3 and neutralize TLR3 activity, i.e, block TLR3 signaling to reduce
cytokine and chemokine release or NF-KB activation. The term "antibodies"
as used herein is meant in a broad 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 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 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 (VH) followed by a number of constant domains. Each
light chain has a variable domain at one end (VL) and a 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 distinct types, namely kappa (K) and lambda
(l ), 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 arefurther sub-classified as the isotypes IgA 1,
IgA2, IgGi, IgG , IgG 3 and IgG 4 . The term "antibody fragments" means a
portion of an intact antibody, generally the antigen binding or variable
region of the intact antibody. Examples of antibody fragments include Fab,
Fab', F(ab') 2 and Fv fragments, diabodies, single chain antibody molecules
and multispecific antibodies formed from at least two intact antibodies. An
immunoglobulin light or heavy chain variable region consists of a
"framework" region interrupted by three "antigen-binding sites". The
antigen-binding sites are defined using various terms as follows: (i) the
term Complementarity Determining Regions (CDRs) is based on sequence
variability (Wu and Rabat, J . Exp. Med. 132:211-250, 1970) . Generally,
the antigen-binding site has six CDRs; three in the VH (HCDRl, HCDR2,
HCDR3), and three in the VL (LCDRl, LCDR2, LCDR3) (Rabat et al ., Sequences
of Proteins of Immunological Interest, 5th Ed. Public Health Service,
National Institutes of Health, Bethesda, Md., 1991). (ii) The term
"hypervariable region", "HVR", or "HV" refers to the regions of an antibody
variable domain which are hypervariable in structure as defined by Chothia
and Lesk (Chothia and Lesk, MoI. Biol. 196:901-917, 1987). Generally, the
antigen-binding site has six hypervariable regions, three in VH (Hl, H2,
H3) and three in VL (Ll, L2, L3) . Chothia and Lesk refer to structurally
conserved HVs as "canonical structures". (iii) The "IMGT-CDRs" as proposed
by Lefranc (Lefranc et al., Dev. Comparat. Immunol. 27:55-77, 2003) are
based on the comparison of V domains from immunoglobulins and T-cell
receptors. The International ImMunoGeneTics (IMGT) database (http
://www_imgt_org) provides a standardized numbering and definition of these
regions. The correspondence between CDRs, HVs and IMGT delineations is
described in Lefranc et al., Dev. Comparat. Immunol. 27:55- 77, 2003. (iv)
The antigen-binding site can also be delineated based on Specificity
Determining Residue Usage(SDRU), according to Almagro (Almagro, MoI.
Recognit. 17:132- 143, 2004), where Specificity Determining Residues (SDR),
refers to amino acid residues of an immunoglobulin that are directly
involved in antigen contact. SDRU as defined by Almargo is a precise
measure of a number and distribution of SDR for different types of antigens
as defined by analyses of crystal structures of antigen-antibody complexes.
The term "composite sequences" as used herein means an antigen-binding site
defined to include all amino acid residues delineated individually by
Rabat, Chothia or IMGT, or any other suitable antigen-binding region
delineation. "Framework" or "framework sequences" are the remaining
sequences of a variable region other than those defined to be
antigen-binding site. Because the antigen-binding site can be defined by
various terms as described above, the exact amino acid sequence of a
framework depends on how the antigen-binding site was defined. The term
"antigen" as used herein means any molecule that has the ability to
generate antibodies either directly or indirectly. Included within the
definition of "antigen" is a protein-encoding nucleic acid. The term
"homolog" means protein sequences having between 40% and 100% sequence
identity to a reference sequence. Homologs of human TLR3 include
polypeptides from 



other species that have between 40% and 100% sequence identity to a known
human TLR3 sequence. Percent identity between two peptide chains can be
determined by pairwise alignment using the default settings of the AlignX
module of Vector NTI v .9 .0.0 (Invitrogen, Carslbad, CA). By "TLR3" is
meant human TLR3 (huTLR3) and its homologs. The nucleotide and amino acid
sequences of the full length huTLR3 are shown in SEQ ID NOs: 1 and 2 ,
respectively. The nucleotide and amino acid sequences of the huTLR3
extracellular domain (ECD) are shown in SEQ ID NOs: 3 and 4 , respectively.
The term "substantially identical" as used herein means that the two
antibody or antibody fragment amino acidsequences being compared are
identical or have "insubstantial differences". Insubstantial differences
are substitutions of 1 , 2 , 3 , 4 , 5 or 6 amino acids in an antibody or
antibody fragment amino acid sequence . Amino acid sequences substantially
identical to the sequences disclosed herein are also part of this
application. In some embodiments, the sequence identity can be about 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or higher. Percent identity can
be determined as described above. Exemplary peptide chains being compared
are heavy or light chain variable regions. 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. 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, lymphocytes, macrophages) which is characterized in
most instances by pain, redness, swelling, and loss of tissue function. The
term "inflammatory pulmonary condition" as used herein means an
inflammatory condition affecting or associated with the lungs. 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 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 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
acceptorantibody (typically another mammalian species such as human) can 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 known to those skilled in the art such as that disclosed in U.S.
Pat. No. 5,225,539. Human framework sequences useful for human-adaptation
can be selected from relevant databases by those skilled in the art.
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. Fully human mAbs lacking any non-human sequences can be 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 techniques referenced in, e.g., Knappik et al ., J . MoI.
Biol. 296:57-86, 2000; and Krebs et al., J . Immunol. Meth. 254:67-84 2001.
The term "epitope" as used herein means a portion of an antigen to which an
antibody specifically binds. Epitopes usually consist of chemically active
(such as polar, nonpolar or hydrophobic) surface groupings of moieties such
as amino acids or polysaccharide side chains and can have specific
three-dimensional structural characteristics, as well as specific charge
characteristics. An epitope can be linear in nature or can be a
discontinous epitope, e.g., a conformational epitope, which is formed by a
spatial relationship between non-contiguous amino acids of an antigen
rather than a linear series of amino acids. A conformational epitope
includes epitopes resulting from folding of anantigen, where amino acids
from differing portions of the linear sequence of the antigen come in close
proximity in 3- dimensional space. The term "specific binding" as used
herein refers to antibody binding to a predetermined antigen with greater
affinity than for other antigens or proteins. Typically, the antibody binds
with a dissociation constant (K D) of 10 7 M or less, and binds to the
predetermined antigen with a KD that is at least twofold less than its KD
for binding to a nonspecific antigen (e.g., BSA, casein, or any other
specified polypeptide) other than the predetermined antigen. The phrases
"an antibody recognizing an antigen" and "an antibody specific for an
antigen" are used interchangeably herein with the term "an antibody which
binds specifically to an antigen" or "an antigen specific antibody" e.g. a
TLR3 specific antibody. The dissociation constant can be measured using
standard procedures as described below. The term "TLR3 biological activity"
or "TLR3 activation" as used herein refers to any activity occurring as a
result of ligand binding to TLR3 . TLR3 ligands include dsRNA, poly (I: C),
and endogenous mRNA, e.g., engodenous mRNA released from necrotic cells. An
exemplary TLR3 activation results in activation of NF-KB in response to the
TLR3 ligand. NF-kB activation can be assayed using a reportergene assay
upon induction of the receptor with poly (I: C ) (Alexopoulou et al.,
Nature 413:732-738, 2001; Hacker et al ., EMBO J . 18:6973-6982, 1999).
Another exemplary TLR3 activation results in activation of interferon
response factors (IRF-3, IRF-7) in response to TLR3 ligand. TLR3- mediated
IRF activation can be assayed using a reporter gene driven by an
interferon-stimulated response element (ISRE). Another exemplary TLR3
activation results in secretion of pro-inflammatory cytokines and
chemokines, for example TNF-a, IL-6, IL-8, IL-12, CXCL5/IP-10 and RANTES.
The release of cytokines and chemokines from cells, tissues or
incirculation can be measured using well-known immunoassays, such as an
ELISA immunoassay. Conventional one and three-letter amino acid codes are
used herein as follows: Compositions of matter The present invention
provides antibody antagonists capable of inhibiting TLR3 biological
activity and uses of such antibodies. Such TLR3 antagonists may have the
properties of binding TLR3 and inhibiting TLR3 activation. Exemplary
mechanisms by which TLR3 activation may be inhibited by such antibodies
include in vitro, m vivo or m situ inhibition of ligand binding to TLR3,
inhibition of receptor dimerization, inhibition of TLR3 localization to
theendosomal compartment, inhibition of kinase activity of downstream
signaling pathways, or inhibition of TLR3 mRNA transcription. Other
antibody antagonists capable of inhibiting TLR3 activation 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. Antibody diversity is created
by use of multiple germline genes encoding variable regions and a variety
of somatic events. The somatic events include recombination of variable (V)
gene segments and diversity (D) and joining (J) gene segments to make a
complete VH region and the recombination of variable and joining gene
segments to make a complete VL region. Antibodies and compositions having
identical or similar CDR sequence to those disclosed herein are not likely
to have been independently generated. The sequence of antibody genes after
assembly and somatic mutation is highly varied, and these varied genes are
estimated to encode 1010 different antibody molecules (Immunoglobulin
Genes, 2nd ed., eds . Jonio et al ., Academic Press, San Diego, Calif.,
1995). The invention provides novel antigen-binding sites derived from
human immunoglobulin gene libraries. The structure for carrying an
antigen-binding site is generally an antibody heavy or light chain or
portion thereof, where the antigen-binding site is located to a naturally
occurring antigen-binding site as determined as described above. The
invention provides an isolated antibody or fragment thereof reactive with
TLR3 comprising both a heavy chain and a light chain variable region and
wherein the antibody comprises the heavy chain complementarity determining
regions (CDR) amino acid sequences 1 , 2 and 3 (HCDRl, HCDR2 and HCDR3) and
the light chain complementarity determining regions (CDR) amino acid
sequences 1 , 2 and 3 (LCDRl, LCDR2 and LCDR3) as shown in Table Ia.Table
Ia. In certain embodiments the invention provides an isolated antibody or
fragment reactive with TLR3 comprising both a heavy chain and a light chain
variable region and wherein the antibody comprises a HCDR2 amino acid
sequence as shown in SEQ ID NO: 192, wherein the HCDR2 of SEQ ID NO: 192 is
defined as shown in Formula (I) : Xaa 6-I-Xaa 7-Xaa 8-R-S-Xaa
9-W-Y-N-D-Y-A-V-S-V-K-S, (D wherein Xaa 6 may be Arg or Lys;Xaa 7 may be
Tyr, His or Ser; Xaa 8 may be Met, Arg or Tyr; and Xaa 9 may be Lys or Arg.
In other embodiments, the invention provides an isolated antibody or
fragment reactive with TLR3 comprising both a heavy chain and a light chain
variable region and wherein the antibody comprises a HCDR2 amino acid
sequence as shown in SEQ ID NO: 194, wherein the HCDR2 of SEQ ID NO: 194 is
defined as shown in Formula (III) : I-I-Q
-Xaais-R-S-K-W-Y-N-Xaaie-Y-A-Xaa^-S-V-K-S, (III) wherein Xaais may be Lys,
Thr or lie; Xaai 6 may be Asn or Asp; and Xaai may be VaI or Leu. In other
embodiments, the invention provides an isolated antibody or fragment
reactive with TLR3 comprising both a heavy chain and a light chain variable
region and wherein the antibody comprises a HCDR2 amino acid sequence as
shown in SEQ ID NO: 196, wherein the HCDR2 of SEQ ID NO: 196 is defined as
shown in Formula (V) : Xaa 24-I-D-P-S-D-S-Y-T-N-Y-Xaa 25-P-S-F-Q-G, (V)
wherein Xaa 24 may be Phe or Arg; and Xaa 25 may be Ala or Ser. In other
embodiments, the invention provides an isolated 



antibody or fragment reactive with TLR3 comprising both a heavy chain and a
light chain variable region and wherein the antibody comprises a LCDR3
amino acid sequence as shown in SEQ ID NO: 191, wherein the LCDR3 of SEQ ID
NO: 191 is defined as shown in Formula (II) :Xaai-S-Y-D-Xaa 2-Xaa 3-Xaa
4-Xaa 5-T-V, (II) wherein Xaai may be Ala, GIn, GIy or Ser; Xaa 2 may be
GIy, GIu or Ser; Xaa 3 may be Asp or Asn; Xaa 4 may be GIu or Ser; and Xaa
5 may be Phe, Ala or Leu. In other embodiments, the invention provides an
isolated antibody or fragment reactive with TLR3 comprising both a heavy
chain and a light chain variable region and wherein the antibody comprises
a LCDR3 amino acid sequence as shown in SEQ ID NO: 193, wherein the LCDR3
of SEQ ID NO: 193 is defined as shown in Formula (IV) : Xaaio-S-Y-D"
Xaan-P-Xaai 2-Xaai3-Xaai4-V, (IV) wherein Xaaio may be GIn or Ser; Xaan may
be Thr, GIu or Asp; Xaai2 may be VaI or Asn; Xaai3 may be Tyr or Phe; and
Xaai4 may be Ser, Asn or GIn. In other embodiments, the invention provides
an isolated antibody or fragment reactive with TLR3 comprising both a heavy
chain and a light chain variable region and wherein the antibody comprises
a LCDR3 amino acid sequence as shown in SEQ ID NO: 195, wherein the LCDR3
of SEQ ID NO: 195 is defined as shown in Formula (VI) : Q-Q-Xaai 8"Xaai
9-Xaa 2o-Xaa2i-Xaa22-Xaa 23-T, (VI) wherein Xaa may be Tyr, GIy or Ala; Xa
a may be GIy, GIu or Asn;Xaa 2o may be Ser or Thr; Xaa 2i may be VaI, lie
or Leu; Xaa 22 may be Ser or Leu; and Xaa 23 may be lie, Ser, Pro or Tyr .
The invention also provides an isolated antibody or fragment reactive with
TLR3 having the heavy chain complementarity determining regions (CDR) amino
acid sequences 1,2 and 3 (HCDRl, HCDR2 and HCDR3) and light chain
complementarity determining regions (CDR) amino acid sequences 1 , 2 and 3
(LCDRl, LCDR2 and LCDR3) as shown in Table Ia. Antibodies whose
antigen-binding site amino acid sequences differ insubstantially from those
shown in Table Ia (SEQ ID NOs: 49-121 and 191-196) are encompassed within
the scope of the invention. Typically, this involves one or more amino acid
substitutions with an amino acid having similar charge, hydrophobic, or
stereochemical characteristics. Additional substitutions in the framework
regions, in contrast to antigen- binding sites may also be made as long as
they do not adversely affect the properties of the antibody. Substitutions
may be made to improve antibody properties, for example stability or
affinity. One, two, three, four, five or six substitutions can be made to
the antigen binding site. Conservative modifications will produce molecules
having functional and chemical characteristics similar to those of the
molecule from which such modifications are made. Substantial modifications
in the functional and/or chemical characteristics of the molecules may be
accomplished by selecting substitutions in the amino acid sequence that 



differ significantly in their effect on maintaining (1) the structure of
the molecular backbone in the area of the substitution, for example, as a
sheet or helical conformation, (2) the charge or hydrophobicity of the
molecule at the target site, or (3) the size of the molecule. For example,
a "conservative amino acid substitution" mayinvolve a substitution of a
native amino acid residue with a nonnative residue such that there is
little or no effect on the polarity or charge of the amino acid residue at
that position. Furthermore, any native residue in the polypeptide may also
be substituted with alanine, as has been previously described for alanine
scanning mutagenesis (MacLennan et al ., Acta Physiol. Scand. Suppl.
643:55-67, 1998; Sasaki et al ., Adv. Biophys. 35:1-24, 1998). Desired
amino acid substitutions (whether conservative or non-conservative) can be
determined by those skilled in the art at the time such substitutions are
desired. For example, amino acid substitutions can be used to identify
important residues of the molecule sequence, or to increase or decrease the
affinity of the molecules described herein. Exemplary amino acid
substitutions are shown in Table Ib. Table Ib.In certain embodiments,
conservative amino acid substitutions also encompass non-naturally
occurring amino acid residues which are typically incorporated by chemical
peptide synthesis rather than by synthesis in biological systems. Amino
acid substitutions can be done for example by PCR mutagenesis (US Pat. No.
4,683,195). Libraries of variants can be generated using well known
methods, for example using random (NNK) or non-random codons, for example
DVK codons, which encode 11 amino acids (ACDEGKNRSYW) , and screening the
libararies for variants with desired properties, as shown in Example 1 .
Table Ic shows substitutions made to three parent TLR3 antibody antagonists
within the LCDR3 and HCDR2 regions to improve antibody properties .
Depending on delineation of the antigen-binding sites, the antigen-binding
site residues of the antibodies of the invention and subsequently the
framework residues may vary slightly for each heavy and light chain. Table
2a and 2b shows the antigen-binding site residues of exemplary antibodies
of the invention delineated according to Kabat, Chothia and IMGT, and their
composite sequences. Table Ic.PHOSPHORUS-CONTAINING SILSESQUIOXANE
DERIVATIVES AS FLAME RETARDANTS TECHNICAL FIELD The present disclosure
broadly relates to flame retardants and their use in epoxy resins.
BACKGROUND Current flame retardants used in epoxy resins have a number of
problems. For example, brominated and other halogen-containing flame
retardants typically produce toxic and corrosive combustion products.
Inorganic hydrates, which typically decompose to produce water, must
typically be used in such high amounts that they compromise the physical
properties of the epoxy resin. Moreover, halogen-based fire retardants have
been the subject of various environmental regulatory concerns. SUMMARY The
present disclosure provides a phosphorus-containing silsesquioxane
represented by the formula [R13SiOi/2] m [R2 Siq 3/2]n [R3 Siq 3/2]p[(R4
O)2PO(CH2 )x Siq 3/2]q wherein each of R ,R ,R3 and R independently
represents a hydrocarbyl group; x represents an integer of from 1 to 8; m
is a positive number less than 1.5; n and q are positive numbers greater
than 0 and less than 1; and p is a number greater than or equal to 0 and
less than 1, wherein (n + p)/q is in a range of from 0.5 to 99, and further
wherein (n + p + q ) = l . In some embodiments, each of R ,R ,R , andR
independently represents an alkyl group having from 1 to 8 carbon atoms. In
some embodiments, each R represents a methyl 



group, and each R and R is independently selected from the group consisting
of a methylgroup, a cyclohexyl group, a cyclopentyl group, and an isopropyl
group. In some embodiments, x is 2. In some embodiments, the
phosphorus-containing silsesquioxane has a number average molecular weight
in a range of from 500 to 10000 grams per mole. In some embodiments, the
phosphorus-containing silsesquioxane has a number average molecular weight
in a range of from 1000 to 4000 grams per mole. Silsesquioxanes according
to the present disclosure are useful; for example, as flame retardants, and
are especially useful in combination with non-halogen flame retardants.
Accordingly, in another aspect, the present disclosure provides a curable
composition comprising an epoxy resin, an effective amount of curative for
the polyepoxide, and a phosphorus-containing silsesquioxane according to
the present disclosure. In some embodiments, the curable composition
further comprises an effective amount of curative for the thermosetting
resin. In some embodiments, the thermosetting resin comprises a curable
epoxy resin. And in yet another aspect, the present disclosure provides a
cured composition comprising a thermoset resin and a phosphorus-containing
silsesquioxane according to the present disclosure. As used herein:
"hydrocarbyl group" refers to a univalent group formed by removing a
hydrogen atom from a hydrocarbon; "non-halogenated" means free of halogen
atoms; "thermosetting" means capable of being chemically crosslinked; and
"thermoset" means sufficiently chemically crosslinked that it will not
exhibit melt flow. DETAILED DESCRIPTION Silsesquioxanes have frameworks
formed of Si-O-Si linkages. They are commonly formed by condensation of one
or more organosilanes (for example, trialkoxysilane derivatives).
Silsesquioxanes according to the present disclosure are represented by the
formula - ? -[Rl3SiOi/2] m [R2 Siq 3/2]n[R3 Siq 3/2]p[(R4 O)2PO(CH2 )x Siq
3/2]q . Each of RI, R ,R , and R independently represents a hydrocarbyl
group. Useful hydrocarbyl groups include aliphatic groups (for example,
linear, cyclic, and/or branched alkyl groups) and aromatic (for example,
aryl, aralkyl, or alkaryl groups) groups. Exemplary hydrocarbyl groups
include: alkyl groups having from 1 to 8 carbon atoms such as, for example,
methyl, ethyl, propyl, isopropyl, butyl, pentyl, hexyl, isooctyl,
cyclohexyl, methylcyclohexyl, and cyclopentyl groups; aryl groups such as,
for example, phenyl; aralkyl groups such as for example, methylphenyl and
ethylphenyl groups; and aralkyl groups such as phenylethyl and phenylmethyl
groups. Those embodiments in which R I is a methyl group are typically
desirable. Similarly, those embodiments in which R and R independently
represent methyl group(s), cyclohexyl group(s), cyclopentyl group(s), and
isopropyl group(s) are typically desirable, especially in combination with
RI being a methyl group. The variable x represents an integer of from 1 to
8; for example, 1, 2, 3, 4, 5, 6, 7, or 8. Those embodiments in which x is
2 are typically desirable. The variable m represents a positive number
(that is, any number greater than zero) less than 1.5; for example, 0.001,
0.01, 0.1, 0.3, 0.5, 0.75, 1, 1.25, or 1.49. The variables n and q
represent positive numbers that are greater than 0 and less than 1; for
example, 0.01, 0.1, 0.3, or 0.5. The variable p is a number greater than or
equal to 0 and less than 1; for example 0, 0.01, 0.1, 0.3, 0.5, 0.75, or
0.99. The variables x, m, n, p, and q, may be used in any combination
subject to two constraints: (1) the quantity (n + p)/q is in a range of
from 0.5 to 99; and (2) the quantity (n + p + q) equals 1. The
phosphorus-containing silsesquioxane may have any molecular weight meeting
the abovementioned criteria. As is typical with silsesquioxanes, they may
exist as a single compound or as mixture of silsesquioxanes having
different molecular weights. In such cases, it is common practice in the
art to refer to an average molecular weight (for example, a number average
molecular weight). Silsesquioxanes having a number average molecularweight
in a range of from 500 to 10000 grams per mole (for example, 1000 to 4000
grams per mole) are typically particularly suitable for use as flame
retardants in thermosetting resins. Silsesquioxanes according to the
present disclosure may be made, for example, by condensation of
corresponding trialkoxysilanes, which may be prepared according to known
methods or purchased from commercial sources. In a representative
synthesis, the trialkoxysilane derivatives are combined with formic acid
and heated at elevated temperature (for example, about 80 0C) sufficient to
remove alcoholic byproducts generated by condensation of the
trialkoxysilanes to form the corresponding silsesquioxane. Any residual
silanol groups can be capped with (CH Si- groups; for example, by addition
of hexamethyldisilazane or hexamethyldisiloxane. Volatiles (including any
unreacted starting 



materials) can be removed by heating under vacuum. Respective amounts of n,
p, and q can be controlled by controlling the amount of the corresponding
trialkoxysilanes. Silsesquioxanes according to the present disclosure are
useful; for example, as flame retardants, and are especially useful in
combination with non-halogenated flame retardants, wherein it may be
possible to lower the overall amount by weight of the flame retardant that
is necessary to pass industry standard tests for flame retardancy; for
example, to obtain a UL94- VOrating of a thermoset resin (according to test
method UL 94 "Standard for Tests for Flammability of Plastic Materials for
Parts in Devices and Appliances", Section 8, 20 mm Vertical Burning Test
(updated through May 22, 2001) issued by Underwriters Laboratories of
Northbrook, Illinois). Examples of non-halogenated flame retardants
include: boehmite, organoborates, organophosphates, organophosphites, and
organophosphinates (for example, as EXOLIT OP1230 and EXOLIT OP930
available from Clariant Corp. of Charlotte, North Carolina). The present
disclosure also provides a curable composition comprising a thermosetting
resin, optionally an effective amount of curative for the thermosetting
resin, and a phosphorus-containing silsesquioxane according to the present
disclosure. Examples of thermosetting resins include epoxy resins (one-part
and/or two-part), urethane resins (one-part and/or two-part), cyanate
resins, phenolic resins, and acrylic resins. Desirably, for electronics
applications the thermosetting resin is electronic grade.Exemplary
thermosetting resins include a two-part epoxy resin available as 3M
SCOTCHCAST ELECTRICAL INSULATING RESIN 4 from 3M Company of Saint Paul,
Minnesota. Examples of useful epoxy resins include
2,2-bis[4-(2,3-epoxypropoxy)- phenyl]propane (diglycidyl ether of bisphenol
A) and materials available as EPON 828, EPON 1004, and EPON 1001F,
commercially available from Shell Chemical Co., DER-331, DER- 332 and
DER-334, commercially available from Dow Chemical Co. Other suitable epoxy
resins include glycidyl ethers of phenol formaldehyde novolac (for example,
DEN-43 and DEN-428, commercially available from Dow Chemical Co.).
Optionally, the thermosetting resin may contain one or more hardeners,
initiators and/or catalysts (collectively referred to herein as
"curative"), typically in an amount that is effective for chemically
cross-linking the thermosetting resin (that is, and effective amount of
curative). The choice of curative and the amount to use typically will
depend on the type of thermosetting resin selected, and will be well known
to the skilled artisan. Exemplary curatives for epoxy resins include amines
(including imidazoles), mercaptans, and Lewis acids. The
phosphorus-containing silsesquioxane may be in used in any amount in
curable and/or cured compositions according to the present disclosure. For
example, the phosphoruscontaining silsesquioxane may be present in an
amount in a range of from 1 to 20 percent by weight, typically 4 to 10
percent by weight, and more typically 4-8 percent by weight, based on the
total weight of the curable and/or cured composition. The curable
compositions may be formed by simple mixing; however, it is generally
desirable to use a technique capable of forming a uniform dispersion. In
one technique, flame retardant and/or phosphorus-containing silsesquioxane
are mixed into the thermosetting resin using a high shear mixer such as,
for example, a high speed mixer available as SPEEDMIXER DAC 150FVZ from
FlackTek, Inc. of Landrum, South Carolina. The curable compositions may be
cured, for example by conventional methods well known in the art, including
by mixing (in the case of two-part thermosetting resins), heating, exposure
to actinic or thermal radiation, or any combination thereof resulting in a
cured compositionObjects and advantages of this disclosure are further
illustrated by the following nonlimiting examples, but the particular
materials and amounts thereof recited in these examples, as well as other
conditions and, details, should not be construed to unduly limit this
disclosure. EXAMPLES Unless otherwise noted, all parts, percentages,
ratios, etc. in the Examples and the rest of the specification are by
weight. Materials used in the example are listed in Table 1 (below). TABLE
1 Hexyltrimethoxysilane was obtained from TCI America of Portland, Oregon.
Methyltrimethoxysilane was obtained from Aldrich Chemical Co. of Milwaukee,
Wisconsin. Hexamethyldisiloxane, hexamethyldisilazane, and formic acid were
obtained from Alfa-Aesar Co. of Ward Hill, Massachusetts.
Diethylphosphatoethyltriethoxysilane was obtained from Gelest Inc., of
Morrisville, Pennsylvania. SC4 refers to 3M SCOTCHCAST ELECTRICAL
INSULATING RESIN 4, which is a two-part epoxy resin obtained from 3M
Company of St. 



Paul, Minnesota. OP1230 refers to EXOLIT OP1230 a flame retardant based on
a metal organophosphinate salt obtained from Clariant Corp. of Charlotte,
North Carolina. UL94 20 mm Vertical Burn Test The UL 94 "Standard for Tests
for Flammability of Plastic Materials for Parts in Devices and Appliances",
Section 8, 20 mm Vertical Burning Test (updated June 8, 2000) issued by
Underwriters Laboratories of Northbrook, IL was used, except that only
theindicated number of replicates were tested. Summary criteria for the
test are given in Table 2 (below): TABLE 2 In Table 2 (above) T refers to
the afterflame time after first flame application. T2 refers to the
afterflame time after second flame application time. T3 refers to the
afterglow time after second flame application. Cone Calorimeter Burn Test
Cone Calorimeter burn test were done in accordance to ASTM El 354-08,
"Standard Test Method for Heat and Visible Smoke Release Rates for
Materials and Products Using tin Oxygen Consumption Calorimeter" (2008).
Fire Growth Rate (FIGRA), which is not included in ASTM E1354-08 was
calculated as the peak heat release rate divided by the time to peak heat
release. Percent Reduction of FIGRA was determined using a control specimen
tested on the same day as the test specimen. Comparative Example A
Methyltrimethoxysilane (100 grams, 0.73 mole), hexyltrimethoxysilane (151.5
grams, 0.73 mole), and formic acid (202.7 grams, 4.40 moles) were placed in
a 1-liter round bottomflask with magnetic stirring. The flask was heated in
a 70 0C oil bath for 35 minutes with distillation to collect the volatile
byproducts. Hexamethyldisiloxane (96 grams, 0.59 mole) was then added and
the solution was heated in a 65 0C oil bath at reflux for 50 minutes.
Volatile byproducts were then removed under vacuum. Hexane (200 mL) and
hexamethyldisilazane (97 g, 0.60 mole) were added and the solution was
suction filtered. The volatile components of the filtrate were removed
under vacuum, first at room temperature and then with heating in a 90 0C
oil bath. The resulting product, Comparative Silsesquioxane A, was a
viscous, colorless liquid. H NMR analysis was consistent with the following
formula: [(CH3)3Si0 1/2]o.4[CH3Si0 3/2]o.5[C6Hi3Si q 3/2]o.5. The number
average molecular weight was measured by GPC relative to polystyrene
standards as 680 grams/mole. Example 1 Methyltrimethoxysilane (15 grams,
0.1 10 mole), hexyltrimethoxysilane (22.7 grams, 0.1 10 mole),
diethylphosphatoethyltriethoxysilane ( 1 1.9 grams, 0.036 mole) and formic
acid (35.4 grams, 0.770 mole) were combined in a 250-milliter
round-bottomed flask, and magnetically stirred in an 80 0C oil bath with
distillation of volatile byproducts over 25 minutes. Hexamethyldisiloxane
(32 grams, 0.197 mole) was added and the mixture was stirred for an
additional 65 minutes in the 80 0C oil bath. Volatile byproducts were
removed under vacuum. Hexane (25 g) and hexamethyldisilazane (25 g, 0.155
mole) were then added and the solution was stirred for 35 minutes. The
volatile products were removed under vacuum to give Silsesquioxane 1 as a
viscous, colorless liquid. H NMR analysis was consistent with the formula:
[(CH3)3SiOi/2]0.38[CH3Si q 3/2]0.43[C6Hl3Si q 3/2]0.43[(C2H 5O)2PO(CH2)2Si
q 3/2]0.14 The number average molecular weight was measured by GPC relative
to polystyrene standards as 1600 grams/mole.Flame Retardancy Testing
Various thermosetting compositions were prepared and tested according to
the UL94, 20 mm Vertical Burn Test by combining the indicated flame
retardant(s) in SC4 epoxy resin in the amounts indicated in Tables 3 and 4
(below). All the compositions listed in Table 3 (below) had T3 = 0 seconds,
did not burn to the holding clamp, and did not ignite cotton as in UL 94
above. All the parameters in Table 4 are as defined in ASTM El 354-08
except FIGRA (column 7 in Table 4). FIGRA = Fire growth rate and is
calculated as the peak heat release rate (column 5 in Table 4) divided by
the time to peak heat release rate (column 6 in Table 4). Reduction of
FIGRA in Table 4 is the percentage difference in FIGRA for each row
compared to the control 100 parts SC4 (row 1). In Table 4,MJ = megajoules;
m = square meter; and kW = kilowatts. The cone calorimeter instrument
measurements have a known error on the order of +/- 10 percent.TABLE 3TABLE
4All patents and publications referred to herein are hereby incorporated by
reference in their entirety. Various modifications and alterations of this
disclosure may be made by those skilled in the art without departing from
the scope and spirit of this disclosure, and it should be understood that
this disclosure is not to be unduly limited to the illustrative embodiments
set forth herein.What is claimed is: 1. A phosphorus-containing
silsesquioxane represented by the formula [Rl3SiOi/2] m [R2 Siq 3/2]n [R3
Siq 3/2]p[(R4 O)2PO(CH2 )x Siq 3/2] q wherein each of R ,R ,R3 and R4
independently represents a hydrocarbyl group; 



x represents an integer of from 1 to 8; m is a positive number less than
1.5; n and q are positive numbers greater than 0 and less than 1; and p is
a number greater than or equal to 0 and less than 1, wherein (n + p)/q is
in a range of from 0.5 to 99, and further wherein (n + p + q ) = l . 2. The
phosphorus-containing silsesquioxane of claim 1, wherein each of RI, R ,R3
R4 independently represents an alkyl group having from 1 to 8 carbon atoms.
3. The phosphorus-containing silsesquioxane of claim 1, wherein: each R
represents a methyl group; and each R and R3 is independently selected from
the group consisting of a methyl group, a cyclohexyl group, a cyclopentyl
group, and an isopropyl group. 4. The phosphorus-containing silsesquioxane
of claim 3, wherein x is 2. 5. The phosphorus-containing silsesquioxane of
claim 1, wherein the phosphoruscontaining silsesquioxane has a number
average molecular weight in a range of from 500 to 10000 grams per mole. 6.
The phosphorus-containing silsesquioxane of claim 1, wherein the
phosphoruscontaining silsesquioxane has a number average molecular weight
in a range of from 1000 to 4000 grams per mole.7. A curable composition
comprising: a thermosetting resin; and a phosphorus-containing
silsesquioxane represented by the formula [Rl3SiOi/2] m [R2 Siq 3/2]n [R3
Siq 3/2]p[(R4 O)2PO(CH2 )x Siq 3/2] q wherein each of R ,R ,R3 and R
independently represents a hydrocarbyl group; x represents an integer of
from 1 to 8; m is a positive number less than 1.5; n and q are positive
numbers greater than 0 and less than 1; and p is a number greater than or
equal to 0 and less than 1, wherein (n + p)/q is in a range of from 0.5 to
99, and further wherein (n + p + q ) = l . 8. The curable composition of
claim 7, further comprising an effective amount of curative for the
thermosetting resin. 9. The curable composition of claim 7, wherein the
thermosetting resin comprises a curable epoxy resin. 10. The curable
composition of claim 7, wherein each R I represents a methyl group; and
each R and R is independently selected from the group consisting of a
methyl group, a cyclohexyl group, a cyclopentyl group, and an isopropyl
group, and x is 2. 11. The curable composition of claim 7, wherein the
phosphorus-containing silsesquioxane has a number average molecular weight
in a range of from 500 to 10000 grams per mole.12. A cured composition
comprising: a thermoset resin; and a phosphorus-containing silsesquioxane
represented by the formula [Rl3SiOi/2] m [R2 Siq 3/2]n [R3 Siq 3/2]p[(R4
O)2PO(CH2 )x Siq 3/2] q wherein each of R ,R ,R3 and R independently
represents a hydrocarbyl group; x represents an integer of from 1 to 8; m
is a positive number less than 1.5; n and q are positive numbers greater
than 0 and less than 1; and p is a number greater than or equal to 0 and
less than 1, wherein (n + p)/q is in a range of from 0.5 to 99, and further
wherein (n + p + q ) = l . 13. The curable composition of claim 12, wherein
the thermosetting resin comprises a curable epoxy resin. 14. The cured
composition of claim 12, wherein each R represents a methyl group; and each
R and R is independently selected from the group consisting of a methyl
group, a cyclohexyl group, a cyclopentyl group, and an isopropyl group, and
x is 2. 15. The cured composition of claim 12, wherein the
phosphorus-containing silsesquioxane has a number average molecular weight
in a range of from 500 to 10000 grams per mole. 


