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(57) ABSTRACT 
The invention provides methods for determining Whether a 
subject is suffering from a rheumatoid arthritis associated 
With the BRAF oncogene comprising contacting isolated 
?broblasts from the subject With a molecule or pool of mol 
ecules directed to the BRAF oncogene; and culturing the 
sample in the presence of the agent and determining Whether 
BRAF oncogene expression by the cell is decreased and/or 
Whether cells in the sample return to a less transformed phe 
notype, exhibit decreased cell proliferation and/or exhibit 
increased contact inhibition, any of Which is indicative that 
the subject is suffering from a rheumatoid arthritis associated 
With the BRAF oncogene. 
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Figure 4 (continued) 
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METHODS FOR DETERMINING AND 
INHIBITING RHEUMATOID ARTHRITIS 

ASSOCIATED WITH THE BRAF ONCOGENE 
IN A SUBJECT 

This patent application claims the bene?t of the ?ling date 
ofU.S. Ser.No. 61/472,119, ?ledApr. 5, 2011,the contents of 
all of Which are herein incorporated by reference in their 
entireties into the present patent application. 

Throughout this application various publications are refer 
enced. The disclosures of these publications in their entireties 
are hereby incorporated by reference into this application in 
order to more fully describe the state of the art to Which this 
invention pertains. 

BACKGROUND OF THE INVENTION 

Synovial ?broblasts destroy articular cartilage and bone in 
rheumatoid arthritis, but the mechanism of ?broblast trans 
formation remains elusive. Since gain-of-function mutations 
of BRAF can transform ?broblasts, We examined BRAF in 
rheumatoid synovial ?broblasts. The strong gain-of-function 
mutation, V600R, of BRAF found in melanomas and other 
cancers Was identi?ed in ?rst passage synovial ?broblasts 
from tWo of nine RA patients and con?rmed by restriction site 
mapping. BRAF-speci?c siRNA inhibited proliferation of 
synovial ?broblasts WithV600R mutations. A BRAF aberrant 
splice variant With an intact kinase domain and partial loss of 
the N-terminal autoinhibitory domain Was identi?ed in ?bro 
blasts from an additional patient, and ?broblast proliferation 
Was inhibited by BRAF-speci?c siRNA. Our ?nding is the 
?rst to establish mechanisms for ?broblast transformation 
responsible for destruction of articular cartilage and bone in 
rheumatoid arthritis and establishes a neW target for thera 
peutic intervention. 

Rheumatoid arthritis (RA) is a chronic in?ammatory dis 
ease that occurs in 1% of the population and is characteriZed 
by progressive erosive arthritis of multiple joints associated 
With increased mortality. Although the in?ammatory reaction 
contains numerous cell types, synovial ?broblasts have been 
identi?ed as the cell responsible for invasion and destruction 
of cartilage and bone (Muller-Ladner, U., et al. (1996) Am J 
Pathol, 149, 1607-1615; Pap, T., et al. (2000) Arthritis Res, 2, 
361-367; Buckley, C. D., et al. (2001) Trends Immunol, 22, 
199-204; Muller-Ladner, U., et al. (2005) Nat Clin Pract 
Rheumatol, 1, 102-110; Pap, T., et al. (2005)Ann Rheum Dis, 
64 Suppl 4, iv52-54; KarouZakis, E., et al. (2006) Immunol 
Lett, 106, 8-13; Huber, L. C., et al. (2006) Rheumatology 
(Oxford), 45, 669-675). Rheumatoid synovial ?broblasts 
shoW evidence of transformation indicated by excessive pro 
liferation, loss of contact inhibition, and increased migration 
(Pap, T., et al. (2000) Arthritis Res, 2, 361-367; KarouZakis, 
E., et al. (2006) Immunol Lett, 106, 8-13; Mercer, K., et al. 
(2005) CancerRes, 65, 11493-1 1 500). Transformation of RA 
synovial ?broblasts has also been demonstrated in an animal 
model of RA employing xenograft implants of RA synovium 
as evidenced by metastasis of implanted synovial ?broblasts 
With localiZation and binding to cartilage (Lefevre, S., et al. 
(2009) Nat Med, 15, 1414-1420). The mechanism of RA 
synovial ?broblast transformation has not been identi?ed, but 
it is critical for the rational design of therapies to prevent joint 
destruction. In spite of evidence for neoplastic transformation 
of RA synovial ?broblasts, oncogenes potentially responsible 
for transformation have not been identi?ed. Since gain-of 
function mutations in the BRAF oncogene have been shoWn 
to transform embryonic ?broblasts but not several other 
somatic cell types, We examined rheumatoid synovial ?bro 
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2 
blasts for the presence of BRAF mutations (Mercer, K., et al. 
(2005) Cancer Res, 65, 11493-11500). 

SUMMARY OF THE INVENTION 

The invention provides methods for determining or diag 
nosing Whether a subject is suffering from a rheumatoid 
arthritis (RA) associated With the BRAF oncogene. In one 
embodiment, the method comprises contacting isolated ?bro 
blasts from the subject With a molecule or pool of molecules 
directed to the BRAF oncogene. The method further com 
prises detecting association of the agent With the BRAF onco 
gene, e.g. such that BRAF oncogene expression is decreased 
and ?broblasts return to a less transformed phenotype, 
decreased cell proliferation and increased contact inhibition, 
being indicative that the subject is suffering from a rheuma 
toid arthritis associated With the BRAF oncogene. 
The invention additionally provides methods for inhibiting 

cells having a mutant BRAF associated With RA and methods 
for treating subjects having RA associated With the BRAF 
oncogene. 
The invention further provides methods for identifying 

molecules that bind or block the BRAF protein in a rheuma 
toid arthritis cell. The method comprises contacting a mol 
ecule of interest With the BRAF protein. The method also 
comprises determining Whether the molecule of interest alters 
BRAF protein activity, alteration of the BRAF protein activ 
ity being indicative that the molecule of interest binds or 
blocks the BRAF protein in the cell. 

Additionally provided are compositions containing one or 
more agents that bind or block BRAF for inhibiting RA. 

BRIEF DESCRIPTION OF THE FIGURES 

FIGS. 1A-1C. PCR ampli?cation of BRAF from RA ?bro 
blasts. FIG. 1A. Loss of ?broblast contact inhibition. Rheu 
matoid synovial ?broblasts Were groWn in T25 ?asks and 
observed microscopically. Fibroblast transformation is sug 
gested by the loss of contact inhibition. A representative 
example is shoWn. Bar, 20 um. FIG. 1B. BRAF ampli?ed by 
RT and nested PCR. Nested PCR ampli?ed a DNA fragment 
of about 2300 bp in all patients. DNA sequencing con?rmed 
the presence of BRAF. Aberrant splice variants Were 
observed in RA6, RA8, and RA9 as con?rmed by DNA 
sequencing. FIG. 1C. Splice variants of BRAF from rheuma 
toid synovial ?broblasts. ShoWn are the deletion of exons in 
splice variants from RA6, RA8, and RA9. RA8 has a splice 
variant that deletes a portion of the BRAF autoinhibitory 
domain but retains the kinase domain. 

FIG. 2. Mutations of BRAF from rheumatoid synovial 
?broblasts. V600R Was identi?ed in BRAF from RA synovial 
?broblasts in 2 of 9 RA patients. The ?rst tWo panels shoW 
chromatograms from RA1 and RA6 consistent With tWo sepa 
rate nucleotide sequences encoding tWo different amino acids 
at residue 600, Wild-type and V600R mutant. Panel 3 is a 
chromatogram from patient RA3 shoWing the Wild-type 
nucleotide sequence encoding valine at residue 600. 

FIGS. 3A-3C. Restriction enZyme mapping. FIG. 3A. The 
SfcI restriction site includes the ?rst nucleotide of the codon 
for BRAF residue 600. FIG. 3B. Incomplete SfcI digestion of 
2300 bp BRAF cDNA obtained by PCR (inverted image) is 
consistent With V600R of BRAF from RA6. In contrast, 2300 
bp BRAF cDNA from RA3 Without BRAF mutation shoWs 
complete digestion by SfcI. FIG. 3C. Incomplete SfcI diges 
tion of 191 bp BRAF cDNA fragment obtain by “Fast COLD 
PCR” (inverted image) is consistent With V600R of BRAF 
from RA1. In contrast, 191 bp BRAF cDNA from RA3 With 
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out BRAF mutation shows complete digestion by SfcI. 
Arrows indicate uncleaved cDNA following digestion with 
excess SfcI. 

FIGS. 4A-4B. Inhibition of RA ?broblast growth by BRAF 
siRNA. FIG. 4A. Synovial ?broblasts from 5 RApatients and 
1 OA patient were cultured for 72 hours in the presence of 
control and BRAF-speci?c siRNA. Signi?cant inhibition of 
growth in response to BRAF siRNA was observed in ?bro 
blasts from RA1 and RA6 with a V600R mutation of BRAF 
and in RA8 with a BRAF splice variant containing a partial 
deletion of the autoinhibitory domain. FIG. 4B. BRAF 
siRNA inhibits production of BRAF. Synovial ?broblasts 
from RA6 were incubated with BRAF siRNA for 72 hours 
and assessed for BRAF production by Western blot. Actin 
served as a loading control: 

FIGS. 5A-5B. BRAF Aberrant Splice Variants in Rheuma 
toid Arthritis Synovial Fibroblasts. FIG. 5A. Synovial tissue 
was obtained from patients with rheumatoid arthritis under 
going joint-replacement surgery. Synovial tissue was treated 
with collagenase, and cell suspensions were cultured in 
DMEM/F12 (1:1) medium containing 10% FCS. RNA was 
isolated from pure ?broblast cultures, and cDNA was pro 
duced with BRAF-speci?c primers outside of the coding 
sequence by RT-PCR. Nested PCR was performed with 
BRAF-speci?c primers within the coding sequence. Aberrant 
splice variants were identi?ed by direct nucleotide sequenc 
ing of gel-puri?ed DNA. FIG. 5B. Direct sequencing of gel 
puri?ed DNA showed aberrant BRAF splice variants charac 
teriZed by exon skipping. Shown are deleted exons of BRAF. 

FIG. 6. RNA was isolated from rheumatoid synovial ?bro 
blasts, and KRAS cDNA was obtained by RT-PCR with 
KRAS-speci?c primers located in the non-coding sequence. 
Nested PCR was then performed with KRAS-speci?c prim 
ers located within the coding sequence. PCR fragments were 
then ligated into PCR2.1 for DNA sequencing. KRAS 
mutants were identi?ed in synovial ?broblasts from 7 of 9 
patients. 

FIG. 7. COS-7 cells transfected with an expression vector 
containing KRAS mutants in order to determine whether 
KRAS mutations were responsible for constitutive MAPK 
activation. Mutant G12D served as a positive control. 
Mutants T74A and E31Q constitutively activated MAPK 
activity. 

DETAILED DESCRIPTION OF THE INVENTION 

De?nitions 

Unless de?ned otherwise, all technical and scienti?c terms 
used herein have the same meaning as is commonly under 
stood by one of ordinary skill in the art to which this invention 
belongs. All patents, applications, published applications and 
other publications referred to herein are incorporated by ref 
erence in their entirety. 

The term “BRAF oncogene” includes nucleic acid 
sequences containing one or more additions, deletions or 
substitutions relative to the BRAF oncogene described 
herein, e.g., SEQ ID NO:1 and BRAF oncogenes from 
humans and other species. In addition, the term “BRAF onco 
gene” includes RNA transcripts containing all or a portion of 
the nucleic acid sequence described in SEQ ID NO: 1, as well 
as the genomic sequences corresponding to the SEQ ID NO: 1 
along with its transcripts and the associated introns, exons, 
untranslated leader region, splice donors, splice acceptors, 
polyadenylation signals, promoter, and transcriptional 
enhancers, as may be found in publically available sequence, 
bibliological, and journal article databases, such as but not 
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4 
limited to those housed at the National Center for Biotech 
nology Information, Bethesda, Md. (web address: 
www.ncbi.nlm.nih.gov) and HUGO Gene Nomenclature 
Committee, Cambridge, UK (http://www.genenames.org) 
and their associated web links. Another name for “BRAF” is 
“v-raf murine sarcoma viral oncogene homolog B1.” 
The term “BRAF protein” includes proteins encoded by 

the nucleic acid sequence provided in SEQ ID NO: 1 and may 
contain one or more additions, deletions or substitutions rela 
tive to the wild-type as given in SEQ ID NO:2 and includes 
the variants described herein. Furthermore, the term “BRAF 
protein” includes BRAF proteins from humans and other 
species. 
The phrase “mutant or variant BRAF or aberrant BRAF 

splice variants” refers to a BRAF oncogene that can be pro 
cessed or spliced, by one or more processing reactions, to 
produce mutant or variant BRAF or aberrant BRAF splice 
variants. BRAF variants may generally contain either a dele 
tion (part or whole) of a RAS-binding domain (RBD) at exons 
3-5 (including anywhere between exons 3-5) or a deletion 
(partial or whole) of the RBD and the kinase domain (e.g., at 
exons 11-17 (including any change that would eliminate the 
kinase activity of the oncogene)). Additionally, the change 
may include mutations that results in BRAF proteins that 
exhibit gain-of-function. The gain-of-function mutation 
includes point mutations such as that affecting valine at 
amino acid 600 or deletions of the BRAF protein. 
The source of BRAF can be a live organism (including a 

human patient, or a laboratory or veterinary animal, such as 
dog, pig, cow, horse, rat or mice), a sample therefrom (such as 
a tissue or body ?uid, or extract thereof), a cell (such as a 
primary cell or cell line, or extract thereof), extracellular 
medium or matrix or milieu, or isolated protein. 
The phrase “inhibit” or “inhibiting” with respect to cells 

(e.g. ?broblasts) associated with rheumatoid arthritis (RA) 
having the BRAF oncogene, refers to any one or more of a 
detectable inhibition of the growth of cells (e.g. ?broblasts) 
(in or from the subject); BRAF oncogene expression is 
increased; cells (e.g. ?broblasts) return to a more transformed 
phenotype; and decreased contact inhibition by the cells (e.g. 
?broblasts). Inhibiting cells (e.g. ?broblasts) associated with 
RA having the BRAF oncogene can be evidenced, for 
example, by a decrease of at least 5%, such as at least 10%, 
20%, 30%, 40%, 50%, 75%, 90% or more, ofthe number, or 
relative number, of cells (e. g. ?broblasts), relative to a refer 
ence level. Inhibition can be a decrease that is a statistically 
signi?cant difference relative to the reference level. 
The phrase “contacting or exposing” refers to bringing into 

association, either directly or indirectly, two or more sub 
stances. Contacting may occur in vivo, ex vivo or in vitro. For 
example, a source of BRAF e.g., a cell or tissue, that is a 
human or other animal may be contacted with an agent (e. g., 
a molecule (such as nucleic acid molecules), compound or 
antibody including fragments thereof), for example, by thera 
peutic or prophylactic administration of the agent. A source of 
BRAF that is a ?uid, such as extracellular medium, can be 
contacted with an agent, for example, by admixing the agent 
with the ?uid. 
The phrase “treating” or “treatment” refers to any manner 

in which one or more of the symptoms of a disease or disorder 
(such as RA) are ameliorated or otherwise bene?cially 
altered, whether in a permanent or temporary manner, which 
can be attributed to or associated with administration of the 
agent or composition herein. The term encompasses any phar 
maceutical use, including prophylactic uses in which the 
development of one or more of the symptoms of a disease or 
disorder (e. g., RA) is prevented, delayed or reduced, whether 
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in a permanent or temporary manner, Which can be attributed 
to or associated With administration of the composition. 

Methods of the Invention 

The present invention provides methods for determining or 
diagnosing Whether a subject is suffering from a rheumatoid 
arthritis associated With the BRAF oncogene. 

In an embodiment of the invention, the method comprising 
contacting a sample from the subject With an agent (eg a 
molecule or pool of molecules) directed to the BRAF onco 
gene or its transcript(s). The method further comprises detect 
ing association of the agent With the BRAF oncogene or its 
transcript(s) (e.g., by detecting a complex betWeen the BRAF 
oncogene or its transcript(s) and the agent). The association 
may be indicative that the subject is suffering from a rheuma 
toid arthritis associated With the BRAF oncogene. In an 
embodiment of the invention, the BRAF oncogene has a 
mutation so that the codon encoding valine at nucleotide 
position 1798-1800 of SEQ ID NO:1 is changed to any ofthe 
codons CGU, CGC, CGA, CGG, AGA, and AGG Which 
encodes arginine. 

In another embodiment, the method comprises contacting 
a sample from the subject With an agent or agents directed to 
different portions of the BRAF oncogene; and detecting the 
association or lack of association of the agent or agents With 
different portions of the BRAF oncogene. Further, the 
method provides quantifying the amount of association to 
different portions of the BRAF oncogene. In this embodi 
ment, the changes in the amount of association affecting one 
or more portion(s) of the BRAF oncogene but not other(s) is 
indicative that the subject is suffering from a rheumatoid 
arthritis associated With the BRAF oncogene. Further, in this 
embodiment, the BRAF oncogene is a mutant BRAF onco 
gene. 

In a further embodiment, the method comprises (a) con 
tacting or exposing a sample (e.g. isolated ?broblasts) from 
the subject (e.g., a subject suffering from rheumatoid arthri 
tis) With an agent (eg a molecule or pool of molecules) 
directed to the BRAF oncogene. Further, the method com 
prising detecting association of the agent With the BRAF 
oncogene in the sample such that (1) BRAF oncogene expres 
sion is decreased, (2) ?broblasts return to a less transformed 
phenotype, and/or (3) ?broblasts exhibit decreased cell pro 
liferation and/or increased contact inhibition, one or more of 
these features being indicative that the subject is suffering 
from a rheumatoid arthritis associated With the BRAF onco 
gene. 

In another embodiment, the method comprises contacting 
a sample from the subject With an agent (e.g., a molecule or 
pool of molecules) directed to the BRAF oncogene. Further, 
the method comprises culturing the sample in the presence of 
the molecule or pool of molecules and determining Whether 
BRAF oncogene expression by the cell is decreased and/or 
Whether cells in the sample return to a less transformed phe 
notype, exhibit decreased cell proliferation and/ or exhibit 
increased contact inhibition, any of Which is indicative that 
the subject is suffering from a rheumatoid arthritis associated 
With the BRAF oncogene. 

In accordance With the practice of the invention, the mol 
ecule that is directed to or binds the BRAF oncogene may be 
a nucleic acid molecule. In one embodiment, the nucleic acid 
molecule may be a RNA molecule, and the RNA molecule is 
a siRNA molecule. Additionally, the nucleic acid molecule 
may be an antisense molecule. In a further embodiment, the 
siRNA or antisense molecule is directed to the BRAF onco 

gene sequence. 
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6 
In an embodiment of the invention, the sample is a cell 

sample, a biological ?uid sample (e.g., synovial ?uid) or 
tissue sample. 

In one embodiment, the sample includes ?broblasts, e.g., 
?broblasts isolated from synovial tissue or ?uid from the 
subject. 

In another embodiment, the BRAF oncogene comprises 
one or more nucleic acid mutations in nucleotide position 
1798 to nucleotide position 1800 of SEQ ID NO:1. For 
example, in one embodiment, the mutation results in a BRAF 
protein, Wherein valine at amino acid position 600 of SEQ ID 
NO:2 is changed to an amino acid other than valine (such as 
alanine, arginine, asparagine, aspartic acid, cysteine, 
glutamine, glutamic acid, glycine, histidine, isoleucine, leu 
cine, lysine, methionine, phenylalanine, proline, serine, 
threonine, tryptophan, and tyrosine). In a preferred embodi 
ment, the mutation at amino acid position 600 of SEQ ID 
NO:2 is a change from valine to arginine (V600R). The 
V600R change involves replacing the codon GTG (at nucle 
otide positions 1798-1800 of SEQ ID NO: 1) Which encodes 
valine With any of the codons CGU, CGC, CGA, COG, AGA, 
and AGG Which encodes arginine. 

In a further embodiment, the BRAF oncogene is analyZed 
for a mutation or mutations in codon 600 by reverse transcrib 
ing RNA isolated from the ?broblasts from synovial tissue of 
the subject so as to obtain cDNA. The BRAF oncogene may 
be analyZed for a mutation or mutations in codon 600 also by 
amplifying the cDNA so obtained and determining Whether 
the BRAF oncogene at codon 600 is mutated such that codon 
600 valine is replaced With an amino acid other than valine 
(e.g. arginine). 

In another embodiment, the BRAF oncogene encodes a 
BRAF protein as shoWn in SEQ ID NO:2 beginning With 
methionine at amino position 1 and ending With histidine at 
amino acid position 766. In this embodiment, the BRAF 
oncogene begins With adenosine at nucleotide position 1 and 
ends With cytosine at nucleotide position 2298 of SEQ ID 
NO:1. 

In an embodiment of the invention, the BRAF oncogene 
encodes a BRAF protein having an auto-inhibitory domain 
Which has an amino acid sequence beginning at position 47 
through position 245 of SEQ ID NO:1 encoded by a nucleic 
acid sequence beginning With nucleotide position 139 and 
ending With nucleotide position 735 of SEQ ID NO:1, respec 
tively, and a kinase domain Which has an amino acid sequence 
beginning at position 433 and ending With position 726 of 
SEQ ID NO:1 Which is encoded by a nucleic acid sequence 
beginning With nucleotide position 1297 and ending With 
nucleotide position 2178 of SEQ ID NO:1, respectively. 

In a further embodiment, the BRAF oncogene encodes a 
mutant BRAF protein Wherein the auto -inhibitory domain of 
the BRAF protein is deleted, e.g., entirely or partially. In one 
example, the kinase domain is intact or remains unchanged 
and is functional (i.e., retains its catalytic function) and/or is 
constitutively active, the latter, a gain-of-function mutation or 
activating mutation Within the kinase domain. In another 
example, the kinase domain is changed (e.g., by mutating one 
of more amino acids Within position 433 throughposition 726 
of SEQ ID NO: 1) but the kinase domain remains functional 
and/or is constitutively active, the latter, a gain-of-function 
mutation or activating mutation Within the kinase domain. 

In an additional embodiment, the BRAF protein is a mutant 
BRAF protein of SEQ ID NO:1 Wherein the auto-inhibitory 
domain of the BRAF protein beginning With amino acid at 
position 47 and ending With amino acid at position 245 
(Which is encoded by nucleic acid sequence beginning at 
nucleotide position 139 and ending With nucleotide position 
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735 of SEQ ID N011), is deleted, entirely or partially, but the 
kinase domain beginning With amino acid at position 433 and 
ending With amino acid position 726 of SEQ ID N012 (Which 
is encoded by nucleic acid sequence beginning at nucleotide 
position 1297 and ending With nucleotide position 2178 of 
SEQ ID N011), is intact or may be altered at one or more 
nucleic acid or amino acid position but remains functional as 
a kinase domain (e.g., such as that exhibited by the kinase 
domain of unaltered BRAF oncogene). 

In another embodiment, the BRAF oncogene is a mutant 
BRAF oncogene (e.g. so that it is an alternatively spliced 
BRAF transcript as shoWn in SEQ ID N01 1) Which is missing 
exons 3-8 beginning With nucleotide position 241 through 
nucleotide position 1140 of SEQ ID N011 and encodes a 
mutant (e. g., truncated) BRAF protein that is missing an 
amino acid sequence beginning With amino acid position 81 
to amino acid position 380 of SEQ ID N011. 

In a further embodiment, the BRAF oncogene is an alter 
natively spliced BRAF transcript as shoWn in SEQ ID N011 
Which is missing the nucleic acid sequence beginning at 
nucleotide position 505 to nucleotide position 1992 so that it 
encodes a mutant BRAF protein shoWn in SEQ ID N011 but 
Which is missing an amino acid sequence beginning at amino 
acid position 169 through amino acid position 664. 

In a yet further embodiment, Wherein the BRAF oncogene 
is an alternatively spliced BRAF transcript as shoWn in SEQ 
ID N011 Which is missing the nucleic acid sequence begin 
ning at nucleotide position 139 to nucleotide position 1992 so 
that it encodes a mutant BRAF protein shoWn in SEQ ID 
N01 1 but Which is missing an amino acid sequence beginning 
at amino acid position 47 through amino acid position 664. 

In a still further embodiment, the BRAF oncogene is an 
alternatively spliced BRAF transcript as shoWn in SEQ ID 
N011 Which is missing the nucleic acid sequence beginning at 
nucleotide position 139 to nucleotide position 1860 so that it 
encodes a mutant BRAF protein shoWn in SEQ ID N011 but 
Which is missing an amino acid sequence beginning at amino 
acid position 47 through amino acid position 620. 

In an additional embodiment, the BRAF oncogene is an 
alternatively spliced BRAF transcript as shoWn in SEQ ID 
N011 Which is missing the nucleic acid sequence beginning at 
nucleotide position 505 to nucleotide position 1695 so that it 
encodes a mutant BRAF protein shoWn in SEQ ID N011 but 
Which is missing amino acid sequence beginning at amino 
acid position 169 and ending at amino acid position 565. 

The invention additionally provides methods for determin 
ing Whether a subject is suffering from a rheumatoid arthritis 
Which is associated With either a mutant BRAF oncogene or 
an aberrant activation of the RAS-ERK-MAPK signaling 
pathWay or both. In one embodiment, the method comprises 
determining Whether the subject is suffering a rheumatoid 
arthritis associated With a mutant BRAF oncogene by a 
method described above. The method also comprises deter 
mining Whether the subject is suffering from a aberrant acti 
vation of the RAS-ERK-MAPK signaling pathWay for 
example by isolating nucleic acid sequence of each compo 
nent of the signaling pathWay from the sample; determining 
the nucleic acid sequence and comparing it to the Wild-type 
nucleic acid sequence to identify presence of a mutation(s) in 
the coding region; expressing the mutant protein in a mam 
malian cell so as to be able to determine its activity relative to 
the non-mutant or Wild-type protein, similarly expressed; and 
determining the phosphorylation state of different compo 
nents of the signaling pathWay, such that an increase in the 
phosphorylation state observed With the mutant protein rela 
tive to the non-mutant or Wild-type protein being indicative of 
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a subject suffering from a rheumatoid arthritis associated 
With aberrant activation of the signaling pathWay. 

In accordance With the practice of the invention, a compo 
nent of the signaling pathWay includes HRAS, NRAS, 
KRAS, ARAF, BRAF, CRAF, MEKl, MEK2, ERK1 and 
ERK2 coding sequences. 

Further, in accordance With the practice of the invention, 
the sample may be a cell sample, a biological ?uid sample 
(e.g., synovial ?uid) or tissue sample. The sample contains 
?broblasts such as ?broblasts. 

In an embodiment of the invention, the coding sequence for 
the mutant or Wild-type protein is expressed in a mammalian 
cell through the use of a mammalian expression system either 
inducible or constitutively, folloWing introduction of the 
mammalian expression system along With the coding 
sequences of interest into the mammalian cell. Examples of 
mammalian cells include COS-7 cell, HEK-293 cell, U20S 
cell, and HeLa. 

In an embodiment of the invention, the phosphorylation 
state of HRAS, NRAS, KRAS, ARAF, BRAF, CRAF, MEKl, 
MEK2, ERKl or ERK2 protein may be determined With a 
phospho-speci?c antibody. 
The invention additionally provides methods for inhibiting 

cells having an activated BRAF oncogene associated With 
rheumatoid arthritis. In one embodiment, the method com 
prises contacting the cells With an agent that binds the BRAF 
oncogene and thereby inhibiting the cells. 
The invention additionally provides methods for treating a 

subject suffering from rheumatoid arthritis associated With a 
BRAF oncogene. In one embodiment, the method comprises 
administering an agent molecule that binds the BRAF protein 
to the subject suffering from a rheumatoid arthritis associated 
With the BRAF oncogene and thereby treating the subject 
suffering from rheumatoid arthritis. 

In accordance With the practice of the invention, the agent 
may be administered in or around a joint area of the subject 
such as in the joint area of the knee, ankle, elboW, hand, 
shoulder, or hip. 

Also, in one embodiment, the agent that binds the BRAF 
protein is a BRAF inhibitor. In accordance With the practice 
of the invention, the BRAF inhibitor may be administered 
alone or in combination (concurrent or sequential) With one 
or more medications for rheumatoid arthritis (e.g., immuno 
suppression agents). 
Examples of immunosuppressive agents include methotr 

exate, cyclophosphamide, cyclosporine, cyclosporin A, chlo 
roquine, hydroxychloroquine, sulfasalaZine (sulphasala 
Zopyrine), gold salts, D-penicillamine, le?unomide, 
aZathioprine, anakinra, in?iximab (REMICADE®), etaner 
cept, TNFot, blockers, a biological agent that targets an 
in?ammatory cytokine, and, Nonsteroidal Anti-in?ammatory 
Drugs (NSAIDS). NSAIDs include, but are not limited to 
acetyl salicylic acid, choline magnesium salicylate, 
di?unisal, magnesium salicylate, salsalate, sodium salicylate, 
diclofenac, etodolac, fenoprofen, ?urbiprofen, indometha 
cin, ketoprofen, ketorolac, meclofenamate, naproxen, nabu 
metone, phenylbutaZone, piroxicam, sulindac, tolmetin, 
acetaminophen, ibuprofen, Cox-2 inhibitors and tramadol. 

Examples of suitable BRAF inhibitors include but are not 
limited to PLX4032 (also knoWn as N-(3-(5-(4-chlorophe 
nyl)-1H-pyrrolo[2,3-b]pyridine-3-carbonyl)-2,4-di?uo 
rophenyl)propane-1-sulfonamide) (Plexxikon, Inc., Berke 
ley, Calif.; (24)), RAF265 (also knoWn as 1-methyl-5-(2-(4 
(tri?uoromethyl)-1H-imidaZol-2-yl)pyridin-4-yloxy)-N-(4 
(tri?uoromethyl)phenyl)- 1 H-benZo [d] imidaZol -2 -amine) 
(CHIR-265; Novartis Pharmaceuticals, Basel, SWitZerland), 
Sorafenib (also knoWn as 4-[4-[[4-chloro-3-(tri?uoromethyl) 
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phenyl] carbamoylamino]phenoxy] -N-methyl-pyri dine-2 
carboxamide) (BAY43-9006; Bayer, Pittsburgh, Pa.), XL281 
(Exelixis, San Francisco, Calif), SB-590885 (also known as 
5 -[2- [4- [2-(Dimethylamino) ethoxy]phenyl] -5 -(4-pyridi 
nyl)-1H-imidaZol-4-yl]-2,3 -dihydro-1H-inden-1-oneoxime) 
(SmithKline Beecham, Philadelphia, Pa.), and PLX4720 
(also knoWn as N-(3-(5 -chloro-1H-pyrrolo[2,3-b]pyridine-3 
carbonyl) -2,4-di?uorophenyl)propane- 1 -sulfonamide) 
(Plexxikon, Inc., Berkeley, Calif). 

In another embodiment, the method for treating a subject 
suffering from rheumatoid arthritis associated With a BRAF 
oncogene comprises administering a molecule that targets the 
BRAF oncogene or transcripts thereof in the subject and 
thereby treating the subject suffering from rheumatoid arthri 
tis. 

In accordance With the practice of the invention, the mol 
ecule that targets the BRAF oncogene or transcripts thereof 
may be a nucleic acid molecule. For example, the nucleic acid 
molecule may be a RNA molecule such as a siRNA molecule. 
In one embodiment, the siRNA molecule is directed to the 
BRAF oncogene sequence. 

In another embodiment, the method for treating a subject 
suffering from rheumatoid arthritis associated With the BRAF 
oncogene comprises administering an agent (e.g., a mol 
ecule) that inhibits the RAS-RAF-MAPK signaling pathWay 
to the subject suffering from a rheumatoid arthritis associated 
With the BRAF oncogene and thereby treating the subject 
suffering from rheumatoid arthritis. 

In an embodiment, the agent that inhibits the RAS-RAF 
MAPK signaling pathWay is a MEK inhibitor or an ERK 
inhibitor. Suitable examples of MEK inhibitors include but 
are not limited to AZD6244 (also known as 6-(4-bromo-2 
chloroanilino)-7-?uoro-N-(2-hydroxyethoxy)-3 -methylben 
ZimidaZole-5-carboxamide) (ARMY-142886; AstraZeneca, 
London, England), PD0325901 (also knoWn as (R)iN-(2,3 
dihydroxypropoxy)-3,4-di?uoro-2-((2-?uoro-4-iodophenyl) 
amino)benZamide), CI-1040 (also knoWn as 2-(2-Chloro-4 
iodophenylamino)-N-(cyclopropylmethoxy)-3,4 
di?uorobenZamide), and XL518 (also knoWn as (S)-(3,4 
di?uoro-2-((2-?uoro-4-iodophenyl)amino)phenyl)(3 
hydroxy-3 -(piperidin-2 -yl)cyclobutyl)methanone) (Exelixis, 
San Francisco, Calif). 

Suitable examples of ERK inhibitors include but are not 
limited to FR180204 (also knoWn as 5-(2-Phenyl-pyraZolo[1, 
5 -a]pyridin-3-yl)-1H-pyraZolo[3,4-c]pyridaZin-3-ylamine) 
(EMD4Biosciences, Merck KGaA, Darmstadt, Germany), 
CAY10561 (also knoWn as N-[1-(3-chloro-4-?uorophenyl) 
2-hydroxyethyl]-4-[4-(3-chlorophenyl)-1H-pyraZol-3 -yl] - 
1H-pyrrole-2-carboxamide) (Cayman Chemical, Ann Arbor, 
Mich.) and 328006 (also knoWn as 3-(2-Aminoethyl)-5-(4 
ethoxyphenyl)methylene)-2,4-thiaZolidinedione) (Merck 
KGaA, Darmstadt, Germany). 

The amount of an agent administered to a subject varies 
depending on several factors including the e?icacy of the 
drug on a speci?c subject andthe toxicity (i.e. the tolerability) 
of a drug to a speci?c subject. 

In one embodiment, the agent may be administered to the 
subject With an immunosuppressive agent (concurrently or 
sequentially). In another embodiment, the agent may be 
administered before or after administration of the suppressive 
agent. 
Screening Assays 
The invention further provides a method of identifying or 

screening molecules that bind or block the BRAF protein in a 
rheumatoid arthritis cell comprising contacting a molecule of 
interest With the BRAF protein, and determining Whether the 
molecule of interest alters BRAF protein activity, alteration 
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of the BRAF protein activity being indicative that the mol 
ecule of interest binds or blocks the BRAF protein in the cell. 
Compositions of the Invention 
The present invention relates to compositions comprising 

an immunosuppressive agent and a BRAF inhibitor that bind 
and/or are directed to the BRAF oncogene or proteins. In 
accordance With the invention, the composition may further 
comprise an agent that inhibits the RAS-RAF-MAPK signal 
ing pathWay such as MEK inhibitor or an ERK inhibitor. 

In one embodiment, the BRAF inhibitor may be a nucleic 
acid molecule, eg a RNA molecule such as a siRNA mol 
ecule. 
The invention also relates to BRAF inhibitor molecules or 

agents of the invention that bind a portion of a BRAF protein 
as shoWn in SEQ ID NO:1 beginning With methionine at 
nucleotide position 1 and ending With histidine at nucleotide 
position 2298. 

In one embodiment, the molecule or agent may be a protein 
or polypeptide such as an antibody or fragment thereof that 
binds a BRAF protein. For example, an antibody that speci? 
cally binds the BRAF protein at its C-terminus (e.g., the 
portion encoded by exon 18 as shoWn in SEQ ID NO:1). 
Antibodies again BRAF are Well knoWn. Examples include 
LS-C97196, LS-B1627, LS-B3862, LS-B3444, and 
LS-C49616 (all from Lsbio.com). Antibodies against a 
BRAF protein at its C-terminus are Well knoWn (Clampi et al. 
J. Clin Invest. 115:94-101 (2005); Lsbio.com). The antibody 
may be polyclonal, monoclonal, chimeric, or humanized. The 
antibody may be a full length antibody or may be a fragment 
of an antibody such as a Fab molecule or F(ab')2 molecule. 
Another antibody fragment can have as the variable region, an 
Fv or single chain Fv con?guration. 

In a further embodiment, the agent may bind to a portion of 
a BRAF protein Wherein the auto-inhibitory domain of the 
BRAF protein beginning With nucleotide position 139 at 
amino acid position 47 and ending With nucleotide position 
735 at amino acid position 245 of SEQ ID NO:1 is deleted, 
entirely or partially, but the kinase domain beginning With 
nucleotide position 1297 at amino acid position 433 and 
ending With nucleotide position 2178 at amino acid position 
726 of SEQ ID NO:1 is intact or remains functional. 
Examples of immunosuppressive agents include methotrex 
ate, cyclophosphamide, cyclosporine, cyclosporin A, chloro 
quine, hydroxychloroquine, sulfasalaZine (sulphasalaZopy 
rine), gold salts, D-penicillamine, le?unomide, aZathioprine, 
anakinra, in?iximab (REMICADE®), etanercept, TNFO. 
blockers, a biological agent that targets an in?ammatory 
cytokine, and, Nonsteroidal Anti-in?ammatory Drugs 
(NSAIDS). NSAIDs include, but are not limited to acetyl 
salicylic acid, choline magnesium salicylate, di?unisal, mag 
nesium salicylate, salsalate, sodium salicylate, diclofenac, 
etodolac, fenoprofen, ?urbiprofen, indomethacin, ketopro 
fen, ketorolac, meclofenamate, naproxen, nabumetone, phe 
nylbutaZone, piroxicam, sulindac, tolmetin, acetaminophen, 
ibuprofen, Cox-2 inhibitors and tramadol. 

Examples of suitable BRAF inhibitors include but are not 
limited to PLX4032 (also knoWn as N-(3-(5-(4-chlorophe 
nyl)-1H-pyrrolo[2,3-b]pyridine-3-carbonyl)-2,4-di?uo 
rophenyl)propane-l-sulfonamide) (Plexxikon, Inc., Berke 
ley, Calif; (24)), RAF265 (also knoWn as 1-methyl-5-(2-(4 
(tri?uoromethyl)-1H-imidaZol-2-yl)pyridin-4-yloxy)-N-(4 
(tri?uoromethyl)phenyl)- 1 H-benZo [d] imidaZol -2 -amine) 
(CHIR-265; Novartis Pharmaceuticals, Basel, SWitZerland), 
Sorafenib (also knoWn as 4-[4-[[4-chloro-3-(tri?uoromethyl) 
phenyl] carb amoylamino]phenoxy] -N-methyl-pyri dine-2 
carboxamide) (BAY43-9006; Bayer, Pittsburgh, Pa.), XL281 
(Exelixis, San Francisco, Calif), SB-590885 (also knoWn as 
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5 -[2- [4- [2-(Dimethylamino)ethoxy]phenyl] -5 -(4 -pyridinyl) 
1H-imidaZol-4-yl] -2,3 -dihydro-1H-inden-l-oneoxime) 
(SmithKline Beecham, Philadelphia, Pa.), and PLX4720 
(also known as N-(3-(5 -chloro-1H-pyrrolo[2,3-b]pyridine-3 
carbonyl) -2,4-di?uorophenyl)propane- 1 -sulfonamide) 
(Plexxikon, Inc., Berkeley, Calif). 

Suitable examples of MEK inhibitors include but are not 
limited to AZD6244 (also known as 6-(4-bromo-2-chloroa 
nilino)-7-?uoro-N-(2-hydroxyethoxy)-3-methylbenZimida 
Zole-5-carboxamide) (ARRY-142886; AstraZeneca, London, 
England), PD0325901 (also known as (R)iN-(2,3-dihy 
droxypropoxy)-3,4-di?uoro-2-((2-?uoro-4-iodophenyl) 
amino)benZamide), CI-1040 (also known as 2-(2-Chloro-4 
iodophenylamino)-N-(cyclopropylmethoxy)-3,4 
di?uorobenZamide), and XL518 (also known as (S)-(3,4 
di?uoro-2-((2-?uoro-4-iodophenyl)amino)phenyl)(3 
hydroxy-3 -(piperidin-2 -yl)cyclobutyl)methanone) (Exelixis, 
San Francisco, Calif). 

Suitable examples of ERK inhibitors include but are not 
limited to FR180204 (also known as 5-(2-Phenyl-pyraZolo[1, 
5 -a]pyridin-3-yl)-1H-pyraZolo[3,4-c]pyridaZin-3-ylamine) 
(EMD4Biosciences, Merck KGaA, Darmstadt, Germany), 
CAY10561 (also known as N-[1-(3-chloro-4-?uorophenyl) 
2-hydroxyethyl]-4-[4-(3-chlorophenyl)-1H-pyraZol-3 -yl] - 
1H-pyrrole-2-carboxamide) (Cayman Chemical, Ann Arbor, 
Mich.) and 328006 (also known as 3-(2-Aminoethyl)-5-(4 
ethoxyphenyl)methylene)-2,4-thiaZolidinedione) (Merck 
KGaA, Darmstadt, Germany). 

A. Compositions for Oral Administration 
Oral pharmaceutical dosage forms are either solid, gel or 

liquid. The solid dosage forms may be tablets, capsules, gran 
ules, and bulk powders. Types of oral tablets include com 
pressed, chewable loZenges and tablets which may be enteric 
coated, sugar-coated or ?lm-coated. Capsules may be hard or 
soft gelatin capsules, while granules and powders may be 
provided in non-effervescent or effervescent form with the 
combination of other ingredients known to those skilled in the 
art. 

1. Solid Compositions for Oral Administration 
In certain embodiments, the compositions are solid dosage 

forms, in one embodiment, capsules or tablets. The tablets, 
pills, capsules, troches and the like can contain one or more of 
the following ingredients, or components of the composition 
of a similar nature: 

a binder; a lubricant; a diluent; a glidant; a disintegrating 
agent; a coloring agent; a sweetening agent; a ?avoring agent; 
a wetting agent; an emetic coating; and a ?lm coating. 
Examples of binders include microcrystalline cellulose, gum 
tragacanth, glucose solution, acacia mucilage, gelatin solu 
tion, molasses, polyinylpyrrolidine, povidone, crospovi 
dones, sucrose and starch paste. Lubricants include talc, 
starch, magnesium or calcium stearate, lycopodium and 
stearic acid. Diluents include, for example, lactose, sucrose, 
starch, kaolin, salt, mannitol and dicalcium phosphate. 
Glidants include, but are not limited to, colloidal silicon diox 
ide. Disintegrating agents include crosscarmellose sodium, 
sodium starch glycolate, alginic acid, corn starch, potato 
starch, bentonite, methylcellulose, agar and carboxymethyl 
cellulose. Coloring agents include, for example, any of the 
approved certi?ed water soluble FD and C dyes, mixtures 
thereof; and water insoluble FD and C dyes suspended on 
alumina hydrate. Sweetening agents include sucrose, lactose, 
mannitol and arti?cial sweetening agents such as saccharin, 
and any number of spray dried ?avors. Flavoring agents 
include natural ?avors extracted from plants such as fruits and 
synthetic blends of compounds which produce a pleasant 
sensation, such as, but not limited to peppermint and methyl 
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salicylate. Wetting agents include propylene glycol 
monostearate, sorbitan monooleate, diethylene glycol mono 
laurate and polyoxyethylene laural ether. Emetic-coatings 
include fatty acids, fats, waxes, shellac, ammuoniated shellac 
and cellulose acetate phthalates. Film coatings include 
hydroxyethylcellulose, sodium carboxymethylcellulose, 
polyethylene glycol 4000 and cellulose acetate phthalate. 
The components of the composition could be provided in a 

form that protects it from the acidic environment of the stom 
ach. For example, the composition can be formulated in an 
enteric coating that maintains its integrity in the stomach and 
releases the active components of the composition in the 
intestine. The composition may also be formulated in com 
bination with an antacid or other such ingredient. 
When the dosage unit form is a capsule, it can contain, in 

addition to material of the above type, a liquid carrier such as 
a fatty oil. In addition, dosage unit forms can contain various 
other materials which modify the physical form of the dosage 
unit, for example, coatings of sugar and other enteric agents. 
The composition can also be administered as a component of 
an elixir, suspension, syrup, wafer, sprinkle, chewing gum or 
the like. A syrup may contain, in addition to the active com 
ponents of the composition, sucrose as a sweetening agent 
and certain preservatives, dyes and colorings and ?avors. 
The active materials can also be mixed with other active 

materials which do not impair the desired action, or with 
materials that supplement the desired action, such as antacids, 
H2 blockers, and diuretics. The active ingredient is an agent 
or pharmaceutically acceptable derivative thereof as 
described herein. Higher concentrations, up to about 98% by 
weight of the active ingredient may be included. 

In all embodiments, tablets and capsules formulations may 
be coated as known by those of skill in the art in order to 
modify or sustain dissolution of the active ingredient. Thus, 
for example, they may be coated with a conventional enteri 
cally digestible coating, such as phenylsalicylate, waxes and 
cellulose acetate phthalate. 

2. Liquid Compositions for Oral Administration 
Liquid oral dosage forms include aqueous solutions, emul 

sions, suspensions, solutions and/or suspensions reconsti 
tuted from non-effervescent granules and effervescent prepa 
rations reconstituted from effervescent granules. Aqueous 
solutions include, for example, elixirs and syrups. Emulsions 
are either oil-in-water or water-in-oil. 

Elixirs are clear, sweetened, hydroalcoholic preparations. 
Pharmaceutically acceptable carriers used in elixirs include 
solvents. Syrups are concentrated aqueous solutions of a 
sugar, for example, sucrose, and may contain a preservative. 
An emulsion is a two-phase system in which one liquid is 
dispersed in the form of small globules throughout another 
liquid. Pharmaceutically acceptable carriers used in emul 
sions are non-aqueous-liquids, emulsifying agents and pre 
servatives. Suspensions use pharmaceutically acceptable sus 
pending agents and preservatives. Pharmaceutically 
acceptable substances used in non-effervescent granules, to 
be reconstituted into a liquid oral dosage form, include dilu 
ents, sweeteners and wetting agents. Pharmaceutically 
acceptable substances used in effervescent granules, to be 
reconstituted into a liquid oral dosage form, include organic 
acids and a source of carbon dioxide. Coloring and ?avoring 
agents are used in all of the above dosage forms. 

Solvents include glycerin, sorbitol, ethyl alcohol and 
syrup. Examples of preservatives include glycerin, methyl 
and propylparaben, benZoic acid, sodium benZoate and alco 
hol. Examples of non-aqueous liquids utiliZed in emulsions 
include mineral oil and cottonseed oil. Examples of emulsi 
fying agents include gelatin, acacia, tragacanth, bentonite, 
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and surfactants such as polyoxyethylene sorbitan 
monooleate. Suspending agents include sodium carboxym 
ethylcellulose, pectin, tragacanth, Veegum and acacia. SWeet 
ening agents include sucrose, syrups, glycerin and arti?cial 
sWeetening agents such as saccharin. Wetting agents include 
propylene glycol monostearate, sorbitan monooleate, dieth 
ylene glycol monolaurate and polyoxyethylene lauryl ether. 
Organic acids include citric and tartaric acid. Sources of 
carbon dioxide include sodium bicarbonate and sodium car 
bonate. Coloring agents include any of the approved certi?ed 
Water soluble ED and C dyes, and mixtures thereof. Flavoring 
agents include natural ?avors extracted from plants such 
fruits, and synthetic blends of compounds Which produce a 
pleasant taste sensation. 

For a solid dosage form, the solution or suspension, in for 
example propylene carbonate, vegetable oils or triglycerides, 
is in one embodiment encapsulated in a gelatin capsule. For a 
liquid dosage form, the solution, e.g., for example, in a poly 
ethylene glycol, may be diluted With a su?icient quantity of a 
pharmaceutically acceptable liquid carrier, e.g., Water, to be 
easily measured for administration. 

Alternatively, liquid or semi-solid oral formulations may 
be prepared by dissolving or dispersing the active compo 
nents of the composition or salt in vegetable oils, glycols, 
triglycerides, propylene glycol esters (e.g., propylene carbon 
ate) and other such carriers, and encapsulating these solutions 
or suspensions in hard or soft gelatin capsule shells. Brie?y, 
such formulations include, but are not limited to, those con 
taining components of the composition provided herein, a 
dialkylated mono- or poly-alkylene glycol, including, but not 
limited to, 1,2-dimethoxymethane, diglyme, triglyme, tetra 
glyme, polyethylene glycol-350-dimethyl ether, polyethyl 
ene glycol-550-dimethyl ether, polyethylene glycol-750 
dimethyl ether Wherein 350, 550 and 750 refer to the 
approximate average molecular Weight of the polyethylene 
glycol, and one or more antioxidants, such as butylated 
hydroxytoluene (BHT), butylated hydroxyanisole (BHA), 
propyl gallate, vitamin E, hydroquinone, hydroxycoumarins, 
ethanolamine, lecithin, cephalin, ascorbic acid, malic acid, 
sorbitol, phosphoric acid, thiodipropionic acid and its esters, 
and dithiocarbamates. 

Other formulations include, but are not limited to, aqueous 
alcoholic solutions including a pharmaceutically acceptable 
acetal. Alcohols used in these formulations are any pharma 
ceutically acceptable Water-miscible solvents having one or 
more hydroxyl groups, including, but not limited to, propy 
lene glycol and ethanol. Acetals include, but are not limited 
to, di(loWer alkyl)acetals of loWer alkyl aldehydes such as 
acetaldehyde diethyl acetal. 

Injectables, Solutions and Emulsions 
Parenteral administration, in one embodiment character 

iZed by injection, either subcutaneously, intramuscularly or 
intravenously is also contemplated herein. Injectables can be 
prepared in conventional forms, either as liquid solutions or 
suspensions, solid forms suitable for solution or suspension in 
liquid prior to injection, or as emulsions. The injectables, 
solutions and emulsions also contain one or more excipients. 
Suitable excipients are, for example, Water, saline, dextrose, 
glycerol or ethanol. In addition, if desired, the pharmaceutical 
compositions to be administered may also contain minor 
amounts of non-toxic auxiliary substances such as Wetting or 
emulsifying agents, pH buffering agents, stabiliZers, solubil 
ity enhancers, and other such agents, such as for example, 
sodium acetate, sorbitan monolaurate, triethanolamine oleate 
and cyclodextrins. 

Implantation of a sloW-release or sustained-release system, 
such that a constant level of dosage is maintained is also 
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contemplated herein. Brie?y, components of the composition 
provided herein may be dispersed e. g., in a solid inner matrix, 
e.g., polymethylmethacrylate, polybutylmethacrylate, plasti 
ciZed or unplasticiZed polyvinylchloride, plasticiZed nylon, 
plasticiZed polyethyleneterephthalate, natural rubber, poly 
isoprene, polyisobutylene, polybutadiene, polyethylene, eth 
ylene-vinylacetate copolymers, silicone rubbers, polydim 
ethylsiloxanes, silicone carbonate copolymers, hydrophilic 
polymers such as hydrogels of esters of acrylic and meth 
acrylic acid, collagen, cross-linked polyvinylalcohol and 
cross-linked partially hydrolyZed polyvinyl acetate, that is 
surrounded by an outer polymeric membrane, e.g., polyeth 
ylene, polypropylene, ethylene/propylene copolymers, ethyl 
ene/ ethyl acrylate copolymers, ethylene/vinylacetate copoly 
mers, silicone rubbers, polydimethyl siloxanes, neoprene 
rubber, chlorinated polyethylene, polyvinylchloride, vinyl 
chloride copolymers With vinyl acetate, vinylidene chloride, 
ethylene and propylene, ionomer polyethylene terephthalate, 
butyl rubber epichlorohydrin rubbers, ethylene/vinyl alcohol 
copolymer, ethylene/vinyl acetate/vinyl alcohol terpolymer, 
and ethylene/vinyloxyethanol copolymer, that is insoluble in 
body ?uids. The components of the composition diffuse 
through the outer polymeric membrane in a release rate con 
trolling step. The percentage of active components of the 
composition is highly dependent on the speci?c nature 
thereof, as Well as the activity of the components of the 
composition and the needs of the subject. 

Parenteral administration of the compositions includes 
intravenous, subcutaneous and intramuscular administra 
tions. Preparations for parenteral administration include ster 
ile solutions ready for injection, sterile dry soluble products, 
such as lyophilized powders, ready to be combined With a 
solvent just prior to use, including hypodermic tablets, sterile 
suspensions ready for injection, sterile dry insoluble products 
ready to be combined With a vehicle just prior to use and 
sterile emulsions. The solutions may be either aqueous or 
nonaqueous. 

If administered intravenously, suitable carriers include 
physiological saline or phosphate buffered saline (PBS), and 
solutions containing thickening and solubiliZing agents, such 
as glucose, polyethylene glycol, and polypropylene glycol 
and mixtures thereof. 

Pharmaceutically acceptable carriers used in parenteral 
preparations include aqueous vehicles, nonaqueous vehicles, 
antimicrobial agents, isotonic agents, buffers, antioxidants, 
local anesthetics, suspending and dispersing agents, emulsi 
fying agents, sequestering or chelating agents and other phar 
maceutically acceptable substances. 

Examples of aqueous vehicles include Sodium Chloride 
Injection, Ringers Injection, Isotonic Dextrose Injection, 
Sterile Water Injection, Dextrose and Lactated Ringers Inj ec 
tion. Nonaqueous parenteral vehicles include ?xed oils of 
vegetable origin, cottonseed oil, corn oil, sesame oil and 
peanut oil. Antimicrobial agents in bacteriostatic or fungi 
static concentrations must be added to parenteral preparations 
packaged in multiple-dose containers Which include phenols 
or cresols, mercurials, benZyl alcohol, chlorobutanol, methyl 
and propyl p-hydroxybenZoic acid esters, thimerosal, benZa 
lkonium chloride and benZethonium chloride. Isotonic agents 
include sodium chloride and dextrose. Buffers include phos 
phate and citrate. Antioxidants include sodium bisulfate. 
Local anesthetics include procaine hydrochloride. Suspend 
ing and dispersing agents include sodium carboxymethylcel 
luose, hydroxypropyl methylcellulose and polyvinylpyrroli 
done. Emulsifying agents include Polysorbate 80 
(TWEENTM 80). A sequestering or chelating agent of metal 
ions includes EDTA. Pharmaceutical carriers also include 



US 8,680,066 B2 
15 

ethyl alcohol, polyethylene glycol and propylene glycol for 
Water miscible vehicles; and sodium hydroxide, hydrochloric 
acid, citric acid or lactic acid for pH adjustment. 

The concentration of the pharmaceutically active compo 
nents of the composition is adjusted so that an inj ection pro 
vides an effective amount to produce the desired pharmaco 
logical effect. The exact dose depends on the age, Weight and 
condition of the patient or animal as is knoWn in the art. 

The unit-dose parenteral preparations are packaged in an 
ampoule, a vial or a syringe With a needle. All preparations for 
parenteral administration must be sterile, as is knoWn and 
practiced in the art. 

Illustratively, intravenous or intraarterial infusion of a ster 
ile aqueous solution containing active components of the 
composition is an effective mode of administration. Another 
embodiment is a sterile aqueous or oily solution or suspen 
sion containing an active material injected as necessary to 
produce the desired pharmacological effect. 

Injectables are designed for local and systemic administra 
tion. In one embodiment, a therapeutically effective dosage is 
formulated to contain a concentration of at least about 0.1% 
W/W up to about 90% W/W or more, in certain embodiments 
more than 1% W/W of the active components of the compo 
sition to the treated tissue(s). 
The components of the composition may be suspended in 

microniZed or other suitable form or may be derivatiZed to 
produce a more soluble active product or to produce a pro 
drug. The form of the resulting mixture depends upon a num 
ber of factors, including the intended mode of administration 
and the solubility of the components of the composition in the 
selected carrier or vehicle. The effective concentration is 
suf?cient for ameliorating the symptoms of the condition and 
may be empirically determined. 

C. LyophiliZed PoWders 
Of interest herein are also lyophiliZed poWders, Which can 

be reconstituted for administration as solutions, emulsions 
and other mixtures. They may also be reconstituted and for 
mulated as solids or gels. 

The sterile, lyophiliZed poWder is prepared by dissolving 
the components of the composition provided herein, or a 
pharmaceutically acceptable derivative thereof, in a suitable 
solvent. The solvent may contain an excipient Which 
improves the stability or other pharmacological component 
of the poWder or reconstituted solution, prepared from the 
poWder. Excipients that may be used include, but are not 
limited to, dextrose, sorbital, fructose, corn syrup, xylitol, 
glycerin, glucose, sucrose or other suitable agent. The solvent 
may also contain a buffer, such as citrate, sodium or potas 
sium phosphate or other such buffer knoWn to those of skill in 
the art at, in one embodiment, about neutral pH. Subsequent 
sterile ?ltration of the solution folloWed by lyophiliZation 
under standard conditions knoWn to those of skill in the art 
provides the desired formulation. In one embodiment, the 
resulting solution Will be apportioned into vials for lyo 
philiZation. Each vial Will contain a single dosage or multiple 
dosages of the components of the composition. The lyo 
philiZed poWder can be stored under appropriate conditions, 
such as at about 40 C. to room temperature. 

Reconstitution of this lyophiliZed poWder With Water for 
injection provides a formulation for use in parenteral admin 
istration. For reconstitution, the lyophiliZed poWder is added 
to sterile Water or other suitable carrier. The precise amount 
depends upon the selected components of the composition. 
Such amount can be empirically determined. 

D. Topical Administration 
Topical mixtures are prepared as described for the local and 

systemic administration. The resulting mixture may be a solu 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

16 
tion, suspension, emulsions or the like and are formulated as 
creams, gels, ointments, emulsions, solutions, elixirs, lotions, 
suspensions, tinctures, pastes, foams, aerosols, irrigations, 
sprays, suppositories, bandages, dermal patches or any other 
formulations suitable for topical administration. 
The components of the composition or pharmaceutically 

acceptable derivatives thereof may be formulated as aerosols 
for topical application, such as by inhalation. These formu 
lations for administration to the respiratory tract can be in the 
form of an aerosol or solution for a nebuliZer, or as a micro?ne 

poWder for insuf?ation, alone or in combination With an inert 
carrier such as lactose. In such a case, the particles of the 
formulation Will, in one embodiment, have diameters of less 
than 50 microns, in one embodiment less than 10 microns. 

The components of the composition may be formulated for 
local or topical application, such as for topical application to 
the skin and mucous membranes, such as in the eye, in the 
form of gels, creams, and lotions and for application to the eye 
or for intracisternal or intraspinal application. Topical admin 
istration is contemplated for transdermal delivery and also for 
administration to the eyes or mucosa, or for inhalation thera 
pies. Nasal solutions of the active components of the compo 
sition alone or in combination With other pharmaceutically 
acceptable excipients can also be administered. 

These solutions, particularly those intended for ophthalmic 
use, may be formulated as 0.01% 10% (vol %) isotonic solu 
tions, pH about 5.7, With appropriate salts. 

E. Compositions for Other Routes of Administration 
Other routes of administration, such as transdermal 

patches, including iontophoretic and electrophoretic devices, 
and rectal administration, are also contemplated herein. 

Transdermal patches, including iontophoretic and electro 
phoretic devices, are Well knoWn to those of skill in the art. 

For example, pharmaceutical dosage forms for rectal 
administration are rectal suppositories, capsules and tablets 
for systemic effect. Rectal suppositories are used herein mean 
solid bodies for insertion into the rectum Which melt or soften 
at body temperature releasing one or more pharmacologically 
or therapeutically active ingredients. Pharmaceutically 
acceptable substances utiliZed in rectal suppositories are 
bases or vehicles and agents to raise the melting point. 
Examples of bases include cocoa butter (theobroma oil), 
glycerin-gelatin, carboWax (polyoxyethylene glycol) and 
appropriate mixtures of mono-, di- and triglycerides of fatty 
acids. Combinations of the various bases may be used. Agents 
to raise the melting point of suppositories include spermaceti 
and Wax. Rectal suppositories may be prepared either by the 
compressed method or by molding. The Weight of a rectal 
suppository, in one embodiment, is about 2 to 3 gm. 

Tablets and capsules for rectal administration are manufac 
tured using the same pharmaceutically acceptable substance 
and by the same methods as for formulations for oral admin 
istration. 

F. Targeted Formulations 
The components of the composition provided herein, or 

pharmaceutically acceptable derivatives thereof, may also be 
formulated to be targeted to a particular tissue, receptor, or 
other area of the body of the subject to be treated. Many such 
targeting methods are Well knoWn to those of skill in the art. 
All such targeting methods are contemplated herein for use in 
the instant compositions. 

In one embodiment, liposomal suspensions, including tis 
sue-targeted liposomes, such as tumor-targeted liposomes, 
may also be suitable as pharmaceutically acceptable carriers. 
These may be prepared according to methods knoWn to those 
skilled in the art. Brie?y, liposomes such as multilamellar 
vesicles (MLV’s) may be formed by drying doWn egg phos 






























