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(57) ABSTRACT 

Combinations of agents that have a synergistic effect for the 
treatment of a tumor are disclosed herein. These combina 
tions of agents can be used to treat tumors, Wherein the cells 
of the cancer express a mutated BRAF. Methods are disclosed 
for treating a subject diagnosed With a tumor that expresses a 
mutated BRAF. The methods include administering to the 
subject (1) a therapeutically effective amount of an antibody 
or antigen binding fragment thereof that speci?cally binds 
glucose regulated protein (GRP) 94; and (2) a therapeutically 
effective amount of a BRAF inhibitor. In some embodiments, 
the tumor is melanoma. In some embodiments the method 
includes selecting a subject With primary or secondary resis 
tance to a BRAF inhibitor. In further embodiments, treating 
the tumor comprises decreasing the metastasis of the tumor. 
In additional embodiments, the BRAF inhibitor comprises 
PLX4032 or PLX4720. 

22 Claims, 9 Drawing Sheets 
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METHODS FOR TREATING A TUMOR USING 
AN ANTIBODY THAT SPECIFICALLY BINDS 

GRP94 

PRIORITY CLAIM 

This claims the bene?t of US. Provisional Application No. 
61/419,208, ?led Dec. 2, 2010, which is incorporated by 
reference herein. 

FIELD 

This application relates to the treatment of cancer, speci? 
cally to the use of a combination of an antibody that speci? 
cally binds glucose regulated protein (GRP) 94 and a BRAF 
inhibitor. 

BACKGROUND 

Melanoma is a malignant tumor of melanocytes that are 
predominately found in skin, but can also be found in the 
bowel and eye. Although melanoma is not the most common 
form of skin cancer, it causes the majority of skin cancer 
related deaths. Melanoma incidence and mortality rates in 
fair-skinned populations are increasing worldwide. Approxi 
mately 160,000 cases of malignant melanoma are diagnosed 
in the world each year. Current treatments include surgical 
removal of the tumor, adjuvant treatment, chemotherapy, 
immunotherapy and radiation therapy. 
RAF protein kinases are key components of signal trans 

duction pathways by which speci?c extracellular stimuli 
elicit precise cellular responses in mammalian cells. Acti 
vated cell surface receptors activate ras/rap proteins at the 
inner aspect of the plasma-membrane which in turn recruit 
and activate Raf proteins. Activated RAF proteins phospho 
rylate and activate the intracellular protein kinases MEKl and 
MEK2. In turn, activated MEKs catalyze phosphorylation 
and activation of p42/p44 mitogen-activated protein kinase 
(MAPK). Several cytoplasmic and nuclear substrates of acti 
vated MAPK are known that directly or indirectly contribute 
to the cellular response to environmental change. Three dis 
tinct genes have been identi?ed in mammals that encode Raf 
proteins: ARAF, BRAF and CRAF (also known as RAF-1). 

Inhibitors of RAF kinases have been suggested for use in 
disruption of tumor cell growth and in the treatment of can 
cers, such as histiocytic lymphoma, adenocarcinoma, small 
cell lung cancer, melanoma and pancreatic and breast carci 
noma. Speci?c inhibitors of BRAF mutants, such as V600E 
(BRAF V6OOE mutant) are known and have been used for the 
treatment of cancer. However, some subjects are refractory to 
treatment with BRAF inhibitors. Furthermore, some subjects 
develop secondary resistance to BRAF inhibitors, such that 
regression induced by a BRAF inhibitor is only temporary. 
Thus, a need remains for agents that augment the effect of 
BRAF inhibitors, such as a combination of agents of use for 
treating cancer and for inhibiting secondary resistance to a 
BRAF inhibitor. 

SUMMARY 

Combinations of agents that have a synergistic effect for 
the treatment of cancer are disclosed herein. These combina 
tions of agents can be used to treat cancers, wherein the cells 
of the cancer express a mutated BRAF. The compositions 
include a therapeutically effective amount of a BRAF inhibi 
tor. 
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2 
Methods are disclosed for treating a subject diagnosed with 

a tumor that expresses a mutated BRAF. The methods include 

administering to the subject (1) a therapeutically effective 
amount of an antibody or antigen binding fragment thereof 
that speci?cally binds glucose regulated protein (GRP) 94; 
and (2) a therapeutically effective amount of a BRAF inhibi 
tor. 

In some embodiments, the tumor is melanoma. In further 
embodiments, treating the tumor comprises decreasing the 
metastasis of the tumor. In additional embodiments, the 
BRAF inhibitor is vemurafenib (PLX4032). The disclosed 
methods are of use to treat a subject that has primary or 
secondary resistance to the BRAF inhibitor. The cells in the 
tumor can have a BRAF V600E mutation. 

In some embodiments, the methods include administering 
to the subject a therapeutically effective amount of an anti 
body or antigen binding fragment thereof that speci?cally 
binds GRP94. For example, the antibody can be a monoclonal 
antibody, wherein the heavy chain of the antibody comprises 
the amino acid sequence set forth as amino acids 26-33 of 
SEQ ID NO: 3 (CDR1), amino acids 51-58 of SEQ ID N013 
(CDR2), and amino acids 97-103 of SEQ ID NO: 3 (CDR3) 
and/or wherein the light chain of the antibody comprises the 
amino acid sequence set forth as amino acids 27-32 of SEQ 
ID NO: 4 (CDR1), amino acids 50-52 of SEQ ID NO: 4 
(CDR2), and amino acids 89-97 of SEQ ID NO: 4 (CDR3). 
The foregoing and other objects, features, and advantages 

of the invention will become more apparent from the follow 
ing detailed description, which proceeds with reference to the 
accompanying ?gures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1. Effect of BRAF-I on GRP94 expression by M21 
melanoma cell line. Cells (2x105/ml) were incubated in 
RPMI 1640 medium containing 10% FCS with 1 uM of 
BRAF-I for 14 days. Cells were harvested, stained with 
GRP94-speci?c fully human antibody (mAb) W9, human 
IgG (HIg) as negative control, and analyzed by ?ow cytom 
etry. Untreated cells were used as control. Percentage of 
stained cells and mean ?uorescence intensity (MFI) are indi 
cated. 

FIG. 2. GRP94 expression in BRAF-I resistant M21 mela 
noma cell line. The melanoma cell line M21 acquired resis 
tance to BRAF-I PLX4720 following repeated exposures to 
this inhibitor namely M21R. BRAF-I PLX4720 resistant 
M21R cells (red) and parental melanoma cells M21 (black) 
were cell surface stained with GRP94-speci?c mAb W9. 
Human immunoglobulin (HIg) was used as control. Stained 
cells were analyzed with a ?ow cytometer. Percentage of 
stained cells and mean ?uorescence intensity (MFI) are indi 
cated. 

FIG. 3. Synergic anti-cell growth effect of GRP94-speci?c 
mAb W9 combined with BRAF-I PLX 4720 on melanoma 
cells. Human melanoma cells (MV3, M21R) were seeded 
(2.5><103 cells per well) in a 96-well plate (RPMI 1640 media 
plus 1% FCS) and treated with GRP94-speci?c mAb W9, HIg 
(negative control) in presence of BRAF inhibitor PLX4720 (5 
uM) for 1, 2, 3, 4, 5 days at 37° C. in a 5% CO2 atmosphere. 
Cells were then tested by MTT assay. The 0D. values at 540 
nm indicate the living cells. *p value<0.05; **p value<0.01 
(W9 vs W9+BRAF-1). 

FIG. 4. Synergic anti-cell growth effect of GRP94-speci?c 
mAb W9 combined with BRAF-I PLX 4032 on melanoma 
cells. Human melanoma cells (M21, M21R, Colo38, 
Colo38R) were seeded (2.5><103 cells per well) in a 96-well 
plate (RPMI 1640 media plus 1% FCS) and treated with 
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GRP94-speci?c mAb W9, HIg (negative control) in presence 
ofBRAF inhibitor PLX4032 (500 nM) for 1, 3, 5 days at 37° 
C. in a 5% CO2 atmosphere. Cells were then tested by MTT 
assay. The 0D. values at 540 nm indicate the living cells. *p 
value<0.05; **p value<0.01 (W9 vs W9+BRAF-1). 

FIG. 5. Inhibition by GRP94-speci?c antibody W9 com 
bined with BRAF inhibitor PLX4720 of M21R cells migra 
tion. M21R cells were incubated in RPMI 1640 medium 
containing 1% FCS with W9 Ab, HIg, BRAF Inhibitor 
PLX4720 (BRAF-I) combined with W9 Ab, BRAF-I com 
bined with HIg, or BRAF-I in a 24-trans-well plate (2.5><104 
per well) for 3 days in a migration assay. Cells incubated in 
RPMI 1640 medium containing 1% FCS was used as a ref 
erence for 100% cell migration. The results are expressed as 
% inhibition of migration, utilizing the values obtained in 
RPMI 1640 medium containing 1% FCS without Ab as a 
reference. *p value<0.05; **p value<0.01. 

FIG. 6. Inhibition of melanoma cell M21R signaling path 
ways RAS-MEK-ERK and FAK by BRAF-I in combination 
with GRP94-speci?c Ab W9. The human melanoma cell 
M21R was serum starved for 3 days then seeded at the con 
centration of 1.0><105 per well in a 6-well plate in RPMI 1640 
medium without serum and incubated with W9 Ab, the 
human IgG (HIg), or untreated in presence of BRAF inhibitor 
PLX4720 (5 nM) for 72 hours at 37° C. Cell lysate were tested 
in Western blot with anti-RAS, c-RAF, phosphorylated (p) 
MEK, p-ERK1/2, ERK1/2, (p)-FAK (Tyr397), FAK, and 
PKCa mAbs. Calnexin and [3-actin was used as the loading 
control. The density of resultant bands was determined with 
IMAGE]TM software, normalized to that of Calnexin and 
[3-actin, shown below the respective bands. Data are 
expressed as the percentage of the expression in untreated 
control cells. 

FIG. 7. Synergic pro-apoptosis of GRP94-speci?c mAb 
W9 combined with BRAF-I PLX 4032 on melanoma cells. 
Human melanoma cells (M21 and M21R) were starved for 12 
hours and seeded at a density of 2><105/ml in a 6-well plate 
and treated for 6 hours with BRAF-I PLX4032 (500 nM) and 
Grp94-speci?c mAb W9 (20 ug/ml) in RPMI 1640 medium 
plus 1.5% FCS. Cells were stained with Annexin V-FITC and 
PI, and evaluated for apoptosis by ?ow cytometry according 
to the manufacturer’s protocol (BD PharMingen, San Diego, 
Calif., USA). The early apoptotic cells (annexin V-positive, 
PI-negative) were determined using a ?ow cytometer. 

FIG. 8. Synergic inhibition by Grp94-speci?c mAb W9 
combined with BRAF-I of BRAFV600E mutant and BRAF-I 
resistant melanoma CICs proliferation in vitro. Cells growing 
in the exponential phase were seeded at a density of 2><105/ 
ml. The cells were treated for 3 days with BRAF-I PLX4032 
(500 nM) and Grp94-speci?c mAb W9 (20 ug/ml) in RPMI 
1640 medium plus with 1.5% FCS. Cells were stained with 
ALDEFLUOR® according to the manufacturer’s protocol 
(Stem Cell Technologies). Incubation of cells with ALDE 
FLUOR® in the presence the ALDH1 -speci?c inhibitor 
diethylaminobenzaldehyde (DEAB), was used as a negative 
staining control for the assay. Then cells were stained with 
ABCB5-speci?c mAb RKl (1 ug/ml) for 30 min at 4° C., and 
incubated with APC-conjugated secondary mAb (1:200) 
(Jackson Immunoresearch). 

FIG. 9. Synergic targeting multiple signaling pathways by 
GRP94-speci?c mAb W9 combined with BRAF-I PLX 4032 
on melanoma cells. Cells growing in the exponential phase 
were seeded at a density of 2x105/ml. The cells were treated 
for 3 days with BRAF-I PLX4032 (500 nM) and Grp94 
speci?c mAb W9 (5 pg/ml) in RPMI 1640 medium plus with 
2% FCS. Then the cells were collected and lysed in lysis 
buffer [10 mM Tris-HCl [pH 8.2], 1% NP40, 1 mM EDTA, 
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4 
0.1% BSA, 150 mM NaCl) containing 1/ 50 (vol/vol) of pro 
tease inhibitor cocktail (Calbiochem, La Jolla, Calif.)]. Equal 
amount of proteins (80 pg per well) were separated by sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS 
PAGE) and transferred to polyvinylidene ?uoride (PVDF) 
membrane of 0.45 pm pore size (Millipore, Bedford, Mass.). 
After blocking the membranes with 5% nonfat dry milk plus 
2% BSA at room temperature for 2 hrs, membranes were 
incubated overnight at 4° C. with anti-RAS, c-RAF, phospho 
rylated (p)-MEK (Ser217/221), p-ERK (Thr202/Tyr204), 
p-AKT, PI3 Kp1100t, cleaved PARP, SHg, GLI and [3-actin 
mAb. The appropriate peroxidase-conjugated secondary 
mAb (Cell signaling technology) was added and incubation 
was continued at room temperature for an additional 1 hr. 
After washing the membrane, the bound antibodies were 
detected using ECL PLUSTM Western Blotting Detection 
System (GE Healthcare, Buckinghamshire, UK), and bands 
were visualized using the FOTO/ANALYST® Investigator 
Eclipse System (Fotodyne Incorporate, Hartland, Wis.). The 
[3-actin was used as the protein loading control. 

SEQUENCE LISTING 

The Sequence Listing is submitted as an ASCII text ?le 
[8123-86316-03_Sequence_Listing.txt, Dec. 1, 2011, 21.8 
KB], which is incorporated by reference herein. 
The nucleic and amino acid sequences listed are shown 

using standard letter abbreviations for nucleotide bases, and 
three letter code for amino acids, as de?ned in 37 C.F.R. 
1.822. Only one strand of each nucleic acid sequence is 
shown, but the complementary strand is understood as 
included by any reference to the displayed strand. 
SEQ ID NO: 1 is the amino acid sequence of GRP94. 
SEQ ID NO: 2 is an exemplary nucleic acid sequence 

encoding GRP94. 
SEQ ID NO: 3 is the amino acid sequence of a heavy chain 

of an antibody that speci?cally binds GRP94. 
SEQ ID NO: 4 is the amino acid sequence of a light chain 

of an antibody that speci?cally binds GRP94. 
SEQ ID NO: 5 is the amino acid sequence of a Pseudomo 

nas exotoxin. 

SEQ ID NOs: 6-7 are the amino acid sequence of 
Pseudomonas exotoxin motifs. 

DETAILED DESCRIPTION 

Disclosed herein are methods for treating a tumor in a 
subject. The methods include selecting a subject with a BRAF 
mutation, and administering to the subject a therapeutically 
effective amount of 1 an antibody that speci?cally binds 
glucose regulated protein (GRP) 94; and 2) a BRAF inhibitor. 
The use of a combination of an antibody that speci?cally 
binds GRP94 and a BRAF inhibitor for the treatment of 
cancer provides an unexpectedly superior result for the treat 
ment of a tumor, wherein cells in the tumor comprise a BRAF 
mutation. In some embodiments, the tumor is a melanoma. In 
other embodiments, the BRAF mutation is aV600E mutation. 
In additional embodiments, the subject has resistance to the 
BRAF inhibitor. In some speci?c non-limiting examples, the 
BRAF inhibitor is PLX4032 or PLX4720. 

Disclosed herein are methods to treat a subject diagnosed 
with a tumor, such as a tumor that expresses GRP94. Methods 
are also provided for treating a melanoma. Melanoma 
includes spreading melanoma, nodular melanoma, acral len 
tiginous melanoma, and lentigo maligna (melanoma). How 
ever, the methods disclosed herein can also be used to treat 
other cancers, such breast cancer, prostate cancer, ovarian 
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cancer, thyroid cancer, colon cancer, stomach cancer, pancre 
atic cancer, glioma, chordoma, chondrosarcoma, glioma or a 
squamous cell carcinoma. Squamous cell carcinomas 
include, but are not limited to head and neck squamous cell 
carcinoma, and squamous cell cancers of the skin, lung, pros 
tate, esophagus, vagina and cervix. 

In some embodiments, the disclosed methods can also be 
used to prevent metastasis or decrease the number of 
micrometastases, such as micrometastases to regional lymph 
nodes. 

Pharmaceutical compositions are also provided that 
include a therapeutically effective amount of an antibody that 
speci?cally binds GRP94 and a therapeutically effective 
amount of a BRAF inhibitor. In speci?c, non-liming 
examples, the BRAF inhibitor is PLX4032 or PLX4720. 

TERMS 

Unless otherwise noted, technical terms are used according 
to conventional usage. De?nitions of common terms in 

molecular biology may be found in Benjamin Lewin, Genes 
V, published by Oxford University Press, 1994 (ISBN 0-19 
854287-9); Kendrew et al. (eds.), The Encyclopedia of 
Molecular Biology, published by Blackwell Science Ltd., 
1994 (ISBN 0-632-02182-9); and Robert A. Meyers (ed.), 
Molecular Biology and Biotechnology: a Comprehensive 
Desk Reference, published by VCH Publishers, Inc., 1995 
(ISBN 1-56081-569-8). 

In order to facilitate review of the various embodiments of 
this disclosure, the following explanations of speci?c terms 
are provided: 

Animal: 
Living multi-cellular vertebrate organisms, a category that 

includes, for example, mammals and birds. The term mam 
mal includes both human and non-human mammals. Simi 
larly, the term “subject” includes both human and veterinary 
subjects. 

Antibody: 
A polypeptide ligand comprising at least a light chain or 

heavy chain immunoglobulin variable region which speci? 
cally recognizes and speci?cally binds an epitope of an anti 
gen, such as GRP94, or a fragment thereof. Antibodies are 
composed of a heavy and a light chain, each of which has a 
variable region, termed the variable heavy (V H) region and 
the variable light (V L) region. Together, the VHregion and the 
VL region are responsible for binding the antigen recognized 
by the antibody. 

Antibodies include intact immunoglobulins and the vari 
ants and portions of antibodies well known in the art, such as 
Fab fragments, Fab' fragments, F(ab)'2 fragments, single 
chain Fv proteins (“scFv”), and disul?de stabilized Fv pro 
teins (“dst”). A scFv protein is a fusion protein in which a 
light chain variable region of an immunoglobulin and a heavy 
chain variable region of an immunoglobulin are bound by a 
linker, while in dsts, the chains have been mutated to intro 
duce a disul?de bond to stabilize the association of the chains. 
The term also includes genetically engineered forms such as 
chimeric antibodies (for example, humanized murine anti 
bodies), heteroconjugate antibodies (such as, bispeci?c anti 
bodies). See also, Pierce Catalog and Handbook, 1994-1995 
(Pierce Chemical Co., Rockford, Ill.); Kuby, 1., Immunology, 
3” Ed., W.H. Freeman & Co., New York, 1997. 

Typically, a naturally occurring immunoglobulin has 
heavy (H) chains and light (L) chains interconnected by dis 
ul?de bonds. There are two types of light chain, lambda (7») 
and kappa (k). There are ?ve main heavy chain classes (or 
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6 
isotypes) which determine the functional activity of an anti 
body molecule: IgM, IgD, IgG, IgA and IgE. 

Each heavy and light chain contains a constant region and 
a variable region, (the regions are also known as “domains”). 
In combination, the heavy and the light chain variable regions 
speci?cally bind the antigen. Light and heavy chain variable 
regions contain a “framework” region interrupted by three 
hypervariable regions, also called “complementarity-deter 
mining regions” or “CDRs.” The extent of the framework 
region and CDRs has been de?ned (see, Kabat et al., 
Sequences of Proteins of Immunological Interest, US. 
Department of Health and Human Services, 1991, which is 
hereby incorporated by reference). The Kabat database is 
now maintained online. The sequences of the framework 
regions of different light or heavy chains are relatively con 
served within a species, such as humans. The framework 
region of an antibody, that is the combined framework regions 
of the constituent light and heavy chains, serves to position 
and align the CDRs in three-dimensional space. 
The CDRs are primarily responsible for binding to an 

epitope of an antigen. The CDRs of each chain are typically 
referred to as CDRl, CDRZ, and CDR3, numbered sequen 
tially starting from the N-terminus, and are also typically 
identi?ed by the chain in which the particular CDR is located. 
Thus, a VH CDR3 is located in the variable domain of the 
heavy chain of the antibody in which it is found, whereas aVL 
CDRl is the CDRl from the variable domain of the light 
chain of the antibody in which it is found. An antibody that 
binds GRP94 will have a speci?c VHregion and the VL region 
sequence, and thus speci?c CDR sequences. Antibodies with 
different speci?cities (i.e. different combining sites for dif 
ferent antigens) have different CDRs . Although it is the CDRs 
that vary from antibody to antibody, only a limited number of 
amino acid positions within the CDRs are directly involved in 
antigen binding. These positions within the CDRs are called 
speci?city determining residues (SDRs). 

References to “VH” or “VH” refer to the variable region of 
an immunoglobulin heavy chain, including that of an Fv, 
scFv, dst or Fab. References to “ L” or “VL” refer to the 
variable region of an immunoglobulin light chain, including 
that of an Fv, scFv, dst or Fab. 
A “monoclonal antibody” is an antibody produced by a 

single clone of B-lymphocytes or by a cell into which the light 
and heavy chain genes of a single antibody have been trans 
fected. Monoclonal antibodies are produced by methods 
known to those of skill in the art, for instance by making 
hybrid antibody-forming cells from a fusion of myeloma cells 
with immune spleen cells. Monoclonal antibodies include 
humanized monoclonal antibodies. 
A “chimeric antibody” has framework residues from one 

species, such as human, and CDRs (which generally confer 
antigen binding) from another species, such as a murine anti 
body that speci?cally binds GRP94. 
A “human” antibody (also called a “fully human” anti 

body) is an antibody that includes human framework regions 
and all of the CDRs from a human immunoglobulin. In one 
example, the framework and the CDRs are from the same 
originating human heavy and/or light chain amino acid 
sequence. However, frameworks from one human antibody 
can be engineered to include CDRs from a different human 
antibody. A “humanized” immunoglobulin is an immunoglo 
bulin including a human framework region and one or more 
CDRs from a non-human (for example a mouse, rat, or syn 
thetic) immunoglobulin. The non-human immunoglobulin 
providing the CDRs is termed a “donor,” and the human 
immunoglobulin providing the framework is termed an 
“acceptor.” In one embodiment, all the CDRs are from the 
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donor immunoglobulin in a humanized immunoglobulin. 
Constant regions need not be present, but if they are, they 
must be substantially identical to human immunoglobulin 
constant regions, i.e., at least about 85-90%, such as about 
95% or more identical. Hence, all parts of a humanized immu 
noglobulin, except possibly the CDRs, are substantially iden 
tical to corresponding parts of natural human immunoglobu 
lin sequences. A “humanized antibody” is an antibody 
comprising a humanized light chain and a humanized heavy 
chain immunoglobulin. A humanized antibody binds to the 
same antigen as the donor antibody that provides the CDRs. 
The acceptor framework of a humanized immuno globulin or 
antibody may have a limited number of substitutions by 
amino acids taken from the donor framework. Humanized or 
other monoclonal antibodies can have additional conserva 

tive amino acid substitutions which have substantially no 
effect on antigen binding or other immunoglobulin functions. 
Humanized immunoglobulins can be constructed by means 
of genetic engineering (see for example, US. Pat. No. 5,585, 
089). 

Binding af?nity: Af?nity of an antibody for an antigen. In 
one embodiment, af?nity is calculated by a modi?cation of 
the Scatchard method described by Frankel et al., Mol. Immu 
nol., 16:101-106, 1979. In another embodiment, binding 
af?nity is measured by an antigen/ antibody dissociation rate. 
In another embodiment, a high binding af?nity is measured 
by a competition radioimmunoas say. In another embodiment, 
binding af?nity is measured by ELISA. An antibody that 
“speci?cally binds” an antigen, such as GRP94 with a high 
af?nity and does not signi?cantly bind other unrelated anti 
gens. 
BRAF: 
A member of the Raf kinase family of serine/threonine 

speci?c protein kinases. This protein plays a role in regulating 
the MAP kinase/ERKs signaling pathway, which affects cell 
division, differentiation, and secretion. BRAF transduces cel 
lular regulatory signals from Ras to MEK in vivo. BRAF is 
also referred to as v-raf murine sarcoma viral oncogene 
homolog B1. 
BRAF Mutant: 
A mutated form of BRAF that has increased basal kinase 

activity relative to the basal kinase activity of wildtype BRAF 
is also an activated form of BRAF. More than 30 mutations of 
the BRAF gene that are associated with human cancers have 
been identi?ed. The frequency of BRAF mutations in mela 
nomas and nevi are 80%. In 90% of the cases, a Glu for Val 
substitution at position 600 (referred to as V600E) in the 
activation segment has been found in human cancers. This 
mutation is observed in papillary thyroid cancer, colorectal 
cancer and melanoma. Other mutations which have been 
found are R462I, I463S, G464E, G464V, G466A, G466E, 
G466V, G469A, G469E, N581S, E585K, D594V, F595L, 
G596R, L597V, T599I, V600D, V600K, V600R, K601E or 
A728V. Most of these mutations are clustered to two regions: 
the glycine-rich P loop of the N lobe and the activation seg 
ment and ?anking regions. A mutated form of BRAF that 
induces focus formation more ef?ciently than wild type 
BRAF is also an activated form of BRAF. 

Breast Cancer: 
Aneoplastic condition of breast tissue that canbe benign or 

malignant. The most common type of breast cancer is ductal 
carcinoma. Ductal carcinoma in situ is a non-invasive neo 
plastic condition of the ducts. Lobular carcinoma is not an 
invasive disease but is an indicator that a carcinoma may 
develop. In?ltrating (malignant) carcinoma of the breast can 
be divided into stages (I, IIA, IIB, IIIA, IIIB, and IV). 
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Chemotherapeutic Agents: 
Any chemical agent with therapeutic usefulness in the 

treatment of diseases characterized by abnormal cell growth. 
Such diseases include tumors, neoplasms, and cancer as well 
as diseases characterized by hyperplastic growth such as pso 
riasis. In one embodiment, a chemotherapeutic agent is an 
agent of use in treating a melanoma or another tumor. In one 

embodiment, a chemotherapeutic agent is a radioactive com 
pound. One of skill in the art can readily identify a chemo 
therapeutic agent (see for example, Slapak and Kufe, Prin 
czples of Cancer Therapy, Chapter 86 in Harrison’s Principles 
of Internal Medicine, 14th edition; Perry et al., Chemo 
therapy, Ch. 17 inAbeloff, Clinical Oncology 2”ded., © 2000 
Churchill Livingstone, Inc; Baltzer, L., Berkery, R. (eds.): 
Oncology Pocket Guide to Chemotherapy, 2nd ed. St. Louis, 
Mosby-Year Book, 1995; Fischer, D. S., Knobf, M. E, 
Durivage, H. J. (eds): The Cancer Chemotherapy Handbook, 
4th ed. St. Louis, Mosby-Year Book, 1993). Combination 
chemotherapy is the administration of more than one agent to 
treat cancer. One example is the administration of an antibody 
that binds GRP94, used in combination with a BRAF inhibi 
tor, such as a chemical compound. 

Decrease in Survival: 
As used herein, “decrease in survival” refers to a decrease 

in the length of time before death of a patient, or an increase 
in the risk of death for the patient. A decrease in survival also 
can refer to a decrease in the average time to death in a group, 
such as a group of patients diagnosed with a cancer, such as 
melanoma. 

Diagnosing: 
Refers to the process of identifying the nature or cause of a 

disease or disorder. 
Effector Molecule: 
The portion of a chimeric molecule that is intended to have 

a desired effect on a cell to which the chimeric molecule is 
targeted. Effector molecule is also known as an effector moi 
ety (EM), therapeutic agent, or diagnostic agent, or similar 
terms. 

Therapeutic agents include such compounds as nucleic 
acids, proteins, peptides, amino acids or derivatives, glyco 
proteins, radioisotopes, lipids, carbohydrates, or recombinant 
viruses. Nucleic acid therapeutic and diagnostic moieties 
include antisense nucleic acids, derivatized oligonucleotides 
for covalent cross-linking with single or duplex DNA, and 
triplex forming oligonucleotides. Alternatively, the molecule 
linked to a targeting moiety, such as an anti-GRP94 antibody, 
may be an encapsulation system, such as a liposome or 
micelle that contains a therapeutic composition such as a 
drug, a nucleic acid (such as an antisense nucleic acid), or 
another therapeutic moiety that can be shielded from direct 
exposure to the circulatory system. Means of preparing lipo 
somes attached to antibodies are well known to those of skill 
in the art (see, for example, US. Pat. No. 4,957,735; and 
Connor et al., Pharm. Ther. 28:341-365, 1985). Diagnostic 
agents or moieties include radioisotopes and other detectable 
labels. Detectable labels useful for such purposes are also 
well known in the art, and include radioactive isotopes such as 
358’ 11C, 13N’ ISO, 18F, 19F, 99mTC’ 1311’ 3H, 14C, ISN’ 9OY’ 
99Tc, 1 11In and 125 I, ?uorophores, chemiluminescent agents, 
and enzymes. 

Epitope: 
An antigenic determinant. These are particular chemical 

groups or peptide sequences on a molecule that are antigenic, 
i.e. that elicit a speci?c immune response. An antibody spe 
ci?cally binds a particular antigenic epitope on a polypeptide, 
such as GRP94. 
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Glucose Regulated Protein (GRP)94 (Also Known as 
Endoplasmin): 
A protein which is the endoplasmic reticulum (ER)-resi 

dent member of the heat-shock-protein 90 (Hsp90) family. In 
vivo, hsp90 and GRP94 interact with client proteins and 
function to protect them from ubiquitin-dependent proteaso 
mal degradation. Although the GRP94 protein is expressed 
constitutively in all cell types, its expression is up-regulated 
under various stress conditions including low glucose levels, 
low extracellular pH, expression of mutated proteins, and 
viral infections. Heat-shock proteins have a cytoprotective 
function and modulate apoptosis directly or indirectly. 

It has been shown that expression of GRP94 is increased in 
tumor cells, including hepatocellular carcinoma, colorectal 
carcinoma and lung cancer cells, and that GRP94 has an 
anti-apoptotic effect on some tumor cells. Moreover, 
increased levels of GRP94 were observed when a chronic 

hepatitis B virus (HBV) infection progressed to cirrhosis and 
hepatocellular carcinoma (HCC). Inhibitors of Hsp90 and 
GRP94 (such as geldanamycin (GA) and its less toxic deriva 
tive 17-AAG) have been investigated for ef?cacy in cancer 
treatment. 

GRP94 (endoplasmin) may be encoded by the following 
genes, but not limited thereto: GENBANK® Accession Nos. 
NMi003299, BC066656 (Homo sapiens); NMi011631 
(Mus musculus); NMi001045763: (Xenopus (Silurana) 
Zropicalis); NMi214103 (Sus scrofa) NMi98210 (Danio 
rerio); NMi001012197 (Rallus norvegicus); 
NMi001134101: Pongo abelii; NMi001003327 (Canis 
lupus familiaris) heat shock protein 90 kDa beta (GRP94); 
NMi204289 (Gallus gallus). 

Expression Control Sequences: 
Nucleic acid sequences that regulate the expression of a 

heterologous nucleic acid sequence to which it is operatively 
linked. Expression control sequences are operatively linked 
to a nucleic acid sequence when the expression control 
sequences control and regulate the transcription and, as 
appropriate, translation of the nucleic acid sequence. Thus 
expression control sequences can include appropriate pro 
moters, enhancers, transcription terminators, a start codon 
(i.e., ATG) in front of a protein-encoding gene, splicing signal 
for introns, maintenance of the correct reading frame of that 
gene to permit proper translation of mRNA, and stop codons. 
The term “control sequences” is intended to include, at a 
minimum, components whose presence can in?uence expres 
sion, and can also include additional components whose pres 
ence is advantageous, for example, leader sequences and 
fusion partner sequences. Expression control sequences can 
include a promoter. 
A promoter is a minimal sequence suf?cient to direct tran 

scription. Also included are those promoter elements which 
are suf?cient to render promoter-dependent gene expression 
controllable for cell-type speci?c, tissue-speci?c, or induc 
ible by external signals or agents; such elements may be 
located in the 5' or 3' regions of the gene. Both constitutive 
and inducible promoters are included (see e.g., Bitter et al., 
Methods in Enzymology 153:516-544, 1987). For example, 
when cloning in bacterial systems, inducible promoters such 
as pL of bacteriophage lambda, plac, ptrp, ptac (ptrp-lac 
hybrid promoter) and the like may be used. In one embodi 
ment, when cloning in mammalian cell systems, promoters 
derived from the genome of mammalian cells (e.g., metal 
lothionein promoter) or from mammalian viruses (e.g., the 
retrovirus long terminal repeat; the adenovirus late promoter; 
the vaccinia virus 7.5K promoter) can be used. Promoters 
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10 
produced by recombinant DNA or synthetic techniques may 
also be used to provide for transcription of the nucleic acid 
sequences. 

Inhibitor: 
As used herein, an “inhibitor” refers to any compound that 

is capable of reducing or altering the expression or activity of 
a target molecule. In some embodiments, the inhibitor is an 
inhibitor of BRAF. 

Isolated: 
An “isolated” biological component, such as a nucleic 

acid, protein (including antibodies) or organelle, has been 
substantially separated or puri?ed away from other biological 
components in the environment (such as a cell) in which the 
component naturally occurs, i.e., other chromosomal and 
extra-chromosomal DNA and RNA, proteins and organelles. 
Nucleic acids and proteins that have been “isolated” include 
nucleic acids and proteins puri?ed by standard puri?cation 
methods. The term also embraces nucleic acids and proteins 
prepared by recombinant expression in a host cell as well as 
chemically synthesized nucleic acids. 

Melanoma: 
A form of cancer that originates in melanocytes (cells that 

make the pigment melanin). Melanocytes are found primarily 
in the skin, but are also present in the bowel and eye. As used 
herein, “melanoma” refers to any stage of melanoma, or any 
subtype of melanoma, such as super?cial spreading mela 
noma, nodular melanoma, acral lentiginous melanoma, len 
tigo maligna, melanoma-in-situ, mucosal melanoma and 
uveal melanoma. Melanoma in the skin includes super?cial 
spreading melanoma, nodular melanoma, acral lentiginous 
melanoma, and lentigo maligna (melanoma). Any of the 
above types may produce melanin or can be amelanotic. 
Similarly, any subtype may show desmoplasia (dense ?brous 
reaction with neurotropism) which is a marker of aggressive 
behavior and a tendency to local recurrence. Other melano 
mas include clear cell sarcoma, mucosal melanoma and uveal 
melanoma. 

Features that affect prognosis are tumor thickness in mil 
limeters (Breslow’s depth), depth related to skin structures 
(Clark level), type of melanoma, presence of ulceration, pres 
ence of lymphatic/perineural invasion, presence of tumor 
in?ltrating lymphocytes (if present, prognosis is better), loca 
tion of lesion, presence of satellite lesions, and presence of 
regional or distant metastasis. When melanomas have spread 
to the lymph nodes, one of the most important factors is the 
number of nodes with malignancy. The extent of malignancy 
within a node is also important; micrometastases in which 
malignancy is only microscopic have a more favorable prog 
nosis than macrometastases. When there is distant metastasis, 
the ?ve year survival rate is less than 10 percent; the median 
survival is 6 to 12 months. Metastases to skin and lungs have 
a better prognosis. Metastases to brain, bone and liver are 
associated with a worse prognosis. 
Melanoma can be staged as follows: 
Stage 0: Melanoma in Situ (Clark Level I), 100% Survival 
Stage I/II: Invasive Melanoma, 85-95% Survival 

Tla: Less than 1.00 mm primary, w/o Ulceration, Clark 
Level 11-111 

T1b: Less than 1 .00 mm primary, w/Ulceration or Clark 
Level IV-V 

T2a: 1.00-2.00 mm primary, w/o Ulceration 
Stage II: High Risk Melanoma, 40-85% Survival 

T2b: 1.00-2.00 m primary, w/Ulceration 
T3a: 2.00-4.00 mm primary, w/o Ulceration 
T3b: 2.00-4.00 m primary, w/Ulceration 
T4a: 4.00 mm or greater primary w/o Ulceration 
T4b: 4.00 mm or greater primary w/Ulceration 
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Stage III: Regional Metastasis, 25-60% Survival 
N1: Single Positive Lymph Node 
N2: 2-3 Positive Lymph Nodes OR Regional Skin/In 

Transit Metastasis 
N3: 4 Positive Lymph Nodes OR Lymph Node and 

Regional Skin/In Transit Metastases 
Stage IV: Distant Metastasis, 9-15% Survival 
M1a: Distant Skin Metastasis, Normal lactate dehydro 

genase (LDH) 
M1b: Lung Metastasis, Normal LDH 
M1 c: Other Distant Metastasis ORAny Distant Metasta 

sis with Elevated LDH 
Metastasis: 
Refers to the spread of cancer cells from the original tumor 

to other sites in the body. 
Monoclonal Antibody: 
An antibody produced by a single clone of B-lymphocytes 

or by a cell into which the light and heavy chain genes of a 
single antibody have been transfected. Monoclonal antibod 
ies are produced by methods known to those of skill in the art, 
for instance by making hybrid antibody-forming cells from a 
fusion of myeloma cells with immune spleen cells. Mono 
clonal antibodies include humanized and fully human mono 
clonal antibodies. As used herein a monoclonal antibody 
includes antibody fragments, such as, but not limited to scFv, 
Fv, dsRv, or Fab. 

Mutation: 
Any change of the DNA sequence within a gene or chro 

mosome. In some instances, a mutation will alter a character 
istic or trait (phenotype), but this is not always the case. Types 
of mutations include base substitution point mutations (e.g., 
transitions or transversions), deletions and insertions. Mis 
sense mutations are those that introduce a different amino 
acid into the sequence of the encoded protein; nonsense muta 
tions are those that introduce a new stop codon. In the case of 
insertions or deletions, mutations can be in-frame (not chang 
ing the frame of the overall sequence) or frame shift muta 
tions, which may result in the misreading of a large number of 
codons (and often leads to abnormal termination of the 
encoded product due to the presence of a stop codon in the 
alternative frame). 

This term speci?cally encompasses variations that arise 
through somatic mutation, for instance those that are found 
only in disease cells (such as cancer cells), but not constitu 
tionally, in a given individual. Examples of such somatically 
acquired variations include the point mutations that fre 
quently result in altered function of various genes that are 
involved in development of cancers. This term also encom 
passes DNA alterations that are present constitutionally, that 
alter the function of the encoded protein in a readily demon 
strable manner, and that can be inherited by the children of an 
affected individual. In this respect, the term overlaps with 
“polymorphism,” as discussed below, but generally refers to 
the subset of constitutional alterations that have arisen within 
the past few generations in a kindred and that are not widely 
disseminated in a population group. 

In some embodiments, a mutation in BRAF refers to a 
nucleotide substitution in the BRAF gene or cDNA, or an 
amino acid substitution in the BRAF protein. 

Neoplasia, Malignancy, Cancer or Tumor: 
The result of abnormal and uncontrolled growth of cells. A 

neoplasm is an abnormal growth of tissue or cells that results 
from excessive cell division. Neoplastic growth can produce 
a tumor, malignancy, cancer and tumor are often used inter 
changeably. The amount of a tumor in an individual is the 
“tumor burden” which can be measured as the number, vol 
ume, or weight of the tumor. A tumor that does not metasta 
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12 
size is referred to as “benign.” A tumor that invades the 
surrounding tissue and/or can metastasize is referred to as 
“malignant.” A “non-cancerous tissue” is a tissue from the 
same organ wherein the malignant neoplasm formed, but 
does not have the characteristic pathology of the neoplasm. 
Generally, noncancerous tissue appears histologically nor 
mal. A “normal tissue” is tissue from an organ, wherein the 
organ is not affected by cancer or another disease or disorder 
of that organ. A “cancer-free” subject has not been diagnosed 
with a cancer of that organ and does not have detectable 
cancer. 

Examples of hematological tumors include leukemias, 
including acute leukemias (such as 11q23 -positive acute leu 
kemia, acute lymphocytic leukemia, acute myelocytic leuke 
mia, acute myelogenous leukemia and myeloblastic, promy 
elocytic, myelomonocytic, monocytic and erythroleukemia), 
chronic leukemias (such as chronic myelocytic (granulo 
cytic) leukemia, chronic myelogenous leukemia, and chronic 
lymphocytic leukemia), polycythemia vera, lymphoma, 
Hodgkin’s disease, non-Hodgkin’s lymphoma (indolent and 
high grade forms), multiple myeloma, Waldenstrom’s mac 
roglobulinemia, heavy chain disease, myelodysplastic syn 
drome, hairy cell leukemia and myelodysplasia. 

Examples of solid tumors, such as sarcomas and carcino 
mas, include ?brosarcoma, myxosarcoma, liposarcoma, 
chondrosarcoma, osteogenic sarcoma, and other sarcomas, 
synovioma, mesothelioma, Ewing’s tumor, leiomyosarcoma, 
rhabdomyosarcoma, colon carcinoma, lymphoid malig 
nancy, pancreatic cancer, breast cancer (including basal 
breast carcinoma, ductal carcinoma and lobular breast carci 
noma), lung cancers, ovarian cancer, pro state cancer, hepato 
cellular carcinoma, squamous cell carcinoma, basal cell car 
cinoma, adenocarcinoma, sweat gland carcinoma, medullary 
thyroid carcinoma, papillary thyroid carcinoma, pheochro 
mocytomas sebaceous gland carcinoma, papillary carcinoma, 
papillary adenocarcinomas, medullary carcinoma, bron 
chogenic carcinoma, renal cell carcinoma, hepatoma, bile 
duct carcinoma, choriocarcinoma, Wilms’ tumor, cervical 
cancer, testicular tumor, seminoma, bladder carcinoma, and 
CNS tumors (such as a glioma, astrocytoma, medulloblas 
toma, craniopharyogioma, ependymoma, pinealoma, heman 
gioblastoma, acoustic neuroma, oligodendroglioma, menan 
gioma, melanoma, neuroblastoma and retinoblastoma). 

In several examples, a tumor is melanoma, breast cancer, 
prostate cancer, glioma or a squamous cell carcinoma, such as 
head and neck cancer. 

Nevi: 
Melanocytic lesions that can be considered regional mel 

anocytic hyperplasias. The term “nevi” includes all types of 
nevi, such as congenital nevi, acquired nevi, intraderrnal nevi, 
compound nevi, dysplastic nevi, atypical nevi, and junctional 
nevi. 

Nevus: 
The term “nevus” encompasses one or more nevi, includ 

ing one or more in vivo nevi cells and one or more in vitro nevi 
cells. A “nevus” also encompasses one or more melanocytic 
lesions that can be considered regional melanocytic hyper 
plasias. The term “nevus” as used herein includes all types of 
nevi, such as congenital nevi, acquired nevi, intraderrnal nevi, 
compound nevi, dysplastic nevi, atypical nevi, and junctional 
nevi. 

Nucleic Acid: 
A polymer composed of nucleotide units (ribonucleotides, 

deoxyribonucleotides, related naturally occurring structural 
variants, and synthetic non-naturally occurring analogs 
thereof) linked via phosphodiester bonds, related naturally 
occurring structural variants, and synthetic non-naturally 
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occurring analogs thereof. Thus, the term includes nucleotide 
polymers in which the nucleotides and the linkages between 
them include non-naturally occurring synthetic analogs, such 
as, for example and without limitation, phosphorothioates, 
phosphoramidates, methyl phosphonates, chiral-methyl 
phosphonates, 2-O-methyl ribonucleotides, peptide-nucleic 
acids (PNAs), and the like. Such polynucleotides can be syn 
thesized, for example, using an automated DNA synthesizer. 
The term “oligonucleotide” typically refers to short poly 
nucleotides, generally no greater than about 50 nucleotides. It 
will be understood that when a nucleotide sequence is repre 
sented by a DNA sequence (i.e.,A, T, G, C), this also includes 
an RNA sequence (i.e.,A, U, G, C) in which “U” replaces “T.” 

Conventional notation is used herein to describe nucleotide 
sequences: the left-hand end of a single-stranded nucleotide 
sequence is the 5'-end; the left-hand direction of a double 
stranded nucleotide sequence is referred to as the 5'-direction. 
The direction of 5' to 3' addition of nucleotides to nascent 
RNA transcripts is referred to as the transcription direction. 
The DNA strand having the same sequence as an mRNA is 
referred to as the “coding strand,” sequences on the DNA 
strand having the same sequence as an mRNA transcribed 
from that DNA and which are located 5' to the 5'-end of the 
RNA transcript are referred to as “upstream sequences;” 
sequences on the DNA strand having the same sequence as 
the RNA and which are 3' to the 3' end of the coding RNA 
transcript are referred to as “downstream sequences.” 
“cDNA” refers to a DNA that is complementary or identi 

cal to an mRNA, in either single stranded or double stranded 
form. 

“Encoding” refers to the inherent property of speci?c 
sequences of nucleotides in a polynucleotide, such as a gene, 
a cDNA, or an mRNA, to serve as templates for synthesis of 
other polymers and macromolecules in biological processes 
having either a de?ned sequence of nucleotides (i.e., rRNA, 
tRNA and mRNA) or a de?ned sequence of amino acids and 
the biological properties resulting therefrom. Thus, a gene 
encodes a protein if transcription and translation of mRNA 
produced by that gene produces the protein in a cell or other 
biological system. Both the coding strand, the nucleotide 
sequence of which is identical to the mRNA sequence and is 
usually provided in sequence listings, and non-coding strand, 
used as the template for transcription, of a gene or cDNA can 
be referred to as encoding the protein or other product of that 
gene or cDNA. Unless otherwise speci?ed, a “nucleotide 
sequence encoding an amino acid sequence” includes all 
nucleotide sequences that are degenerate versions of each 
other and that encode the same amino acid sequence. Nucle 
otide sequences that encode proteins and RNA may include 
introns. 

“Recombinant nucleic acid” refers to a nucleic acid having 
nucleotide sequences that are not naturally joined together. 
This includes nucleic acid vectors comprising an ampli?ed or 
assembled nucleic acid which can be used to transform a 
suitable host cell. A host cell that comprises the recombinant 
nucleic acid is referred to as a “recombinant host cell.” The 
gene is then expressed in the recombinant host cell to pro 
duce, such as a “recombinant polypeptide.” A recombinant 
nucleic acid may serve a non-coding function (such as a 
promoter, origin of replication, ribosome-binding site, etc.) as 
well. 
A ?rst sequence is an “antisense” with respect to a second 

sequence if a polynucleotide whose sequence is the ?rst 
sequence speci?cally hybridizes with a polynucleotide whose 
sequence is the second sequence. 

Terms used to describe sequence relationships between 
two or more nucleotide sequences or amino acid sequences 
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14 
include “reference sequence,” “selected from, comparison 
window,” “identical,” “percentage of sequence identity,” 
“substantially identical,” “complementary,” and “substan 
tially complementary.” 

For sequence comparison of nucleic acid sequences, typi 
cally one sequence acts as a reference sequence, to which test 

sequences are compared. When using a sequence comparison 
algorithm, test and reference sequences are entered into a 
computer, subsequence coordinates are designated, if neces 
sary, and sequence algorithm program parameters are desig 
nated. Default program parameters are used. Methods of 
alignment of sequences for comparison are well known in the 
art. Optimal alignment of sequences for comparison can be 
conducted, for example, by the local homology algorithm of 
Smith & Waterman, Adv. Appl. Math. 2:482, 1981, by the 
homology alignment algorithm of Needleman & Wunsch, J. 
Mol. Biol. 48:443, 1970, by the search for similarity method 
of Pearson & Lipman, Proc. Nal’l. Acad. Sci. USA 85:2444, 
1988, by computerized implementations of these algorithms 
(GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin 
Genetics Software Package, Genetics Computer Group, 575 
Science Dr., Madison, Wis.), or by manual alignment and 
visual inspection (see for example, Current Protocols in 
Molecular Biology (Ausubel et al., eds 1995 supplement)). 
One example of a useful algorithm is PILEUP. PILEUP 

uses a simpli?cation of the progressive alignment method of 
Feng & Doolittle, J Mol. Evol. 35:351-360, 1987. The 
method used is similar to the method described by Higgins & 
Sharp, CABIOS 5:151-153, 1989. Using PILEUP, a reference 
sequence is compared to other test sequences to determine the 
percent sequence identity relationship using the following 
parameters: default gap weight (3.00), default gap length 
weight (0.10), and weighted end gaps. PILEUP can be 
obtained from the GCG sequence analysis software package, 
such as version 7.0 (Devereaux et al., Nuc. Acids Res. 12:387 
395, 1984. 

Another example of algorithms that are suitable for deter 
mining percent sequence identity and sequence similarity are 
the BLAST and the BLAST 2.0 algorithm, which are 
described in Altschul et al., J. Mol. Biol. 215:403-410, 1990 
and Altschul et al., Nucleic Acids Res. 25:3389-3402, 1977. 
Software for performing BLAST analyses is publicly avail 
able through the National Center for Biotechnology Informa 
tion (http://www.ncbi.nlm.nih.gov/). The BLASTN program 
(for nucleotide sequences) uses as defaults a word length (W) 
of 11, alignments (B) of 50, expectation (E) of 10, MIS, 
N:—4, and a comparison of both strands. The BLASTP pro 
gram (for amino acid sequences) uses as defaults a word 
length (W) of 3, and expectation (E) of 10, and the BLO 
SUM62 scoring matrix (see Henikoff& Henikoff, Proc. Natl. 
Acad. Sci. USA 89:10915, 1989). 

Operably Linked: 
A ?rst nucleic acid sequence is operably linked with a 

second nucleic acid sequence when the ?rst nucleic acid 
sequence is placed in a functional relationship with the sec 
ond nucleic acid sequence. For instance, a promoter, such as 
the CMV promoter, is operably linked to a coding sequence if 
the promoter affects the transcription or expression of the 
coding sequence. Generally, operably linked DNA sequences 
are contiguous and, where necessary to join two protein 
coding regions, in the same reading frame. 

Patient: 
As used herein, the term “patient” includes human and 

non-human animals. The preferred patient for treatment is a 
human. 
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Pharrnaceutically Acceptable Vehicles: 
The pharmaceutically acceptable carriers (vehicles) useful 

in this disclosure are conventional. Remington ’s Pharmaceu 
tical Sciences, by E. W. Martin, Mack Publishing Co., Easton, 
Pa., 15th Edition (1975), describes compositions and formu 
lations suitable for pharmaceutical delivery of one or more 
therapeutic compounds, molecules or agents. 

In general, the nature of the carrier will depend on the 
particular mode of administration being employed. For 
instance, parenteral formulations usually comprise injectable 
?uids that include pharmaceutically and physiologically 
acceptable ?uids such as water, physiological saline, bal 
anced salt solutions, aqueous dextrose, glycerol or the like as 
a vehicle. For solid compositions (for example, powder, pill, 
tablet, or capsule forms), conventional non-toxic solid cani 
ers can include, for example, pharmaceutical grades of man 
nitol, lactose, starch, or magnesium stearate. In addition to 
biologically-neutral carriers, pharmaceutical compositions to 
be administered can contain minor amounts of non-toxic 
auxiliary substances, such as wetting or emulsifying agents, 
preservatives, and pH buffering agents and the like, for 
example sodium acetate or sorbitan monolaurate. 

Pharmaceutical Agent: 
A chemical compound or composition capable of inducing 

a desired therapeutic or prophylactic effect when properly 
administered to a subject or a cell. 

Polymorphism: 
Variant in a sequence of a gene, or any genomic sequence, 

usually carried from one generation to another in a popula 
tion. Polymorphisms can be those variations (nucleotide 
sequence differences) that, while having a different nucle 
otide sequence, produce functionally equivalent gene prod 
ucts, such as those variations generally found between indi 
viduals, different ethnic groups, and geographic locations. 
The term polymorphism also encompasses variations that 
produce gene products with altered function, i.e., variants in 
the gene sequence that lead to gene products that are not 
functionally equivalent. This term also encompasses varia 
tions that produce no gene product, an inactive gene product, 
a truncated gene product, or increased or increased activity 
gene product. 

Polymorphisms can be referred to, for instance, by the 
nucleotide position at which the variation exists, by the 
change in amino acid sequence caused by the nucleotide 
variation, or by a change in some other characteristic of the 
nucleic acid molecule or protein that is linked to the variation 
(e.g., an alteration of a secondary structure such as a stem 
loop, or an alteration of the binding a?inity of the nucleic acid 
for associated molecules, such as polymerases, RNAses, a 
change in the availability of a site for cleavage by a restriction 
endonuclease, either the formation of a new site, or lose of a 
site, and so forth). 

Polypeptide: 
A polymer in which the monomers are amino acid residues 

which are joined together through amide bonds. When the 
amino acids are alpha-amino acids, either the L-optical iso 
mer or the D-optical isomer can be used. The terms “polypep 
tide” or “protein” as used herein are intended to encompass 
any amino acid sequence and include modi?ed sequences 
such as glycoproteins. The term “polypeptide” is speci?cally 
intended to cover naturally occurring proteins, as well as 
those which are recombinantly or synthetically produced. 

The term “residue” or “amino acid residue” includes ref 
erence to an amino acid that is incorporated into a protein, 
polypeptide, or peptide. 

Conservative amino acid substitutions are those substitu 
tions that, when made, least interfere with the properties of 
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the original protein, that is, the structure and especially the 
function of the protein is conserved and not signi?cantly 
changed by such substitutions. Examples of conservative 
substitutions are shown in the following table: 

Original Conservative 
Residue Substitutions 

Ala Ser 
Arg Lys 
Asn Gln, His 
Asp Glu 
Cys Ser 
Gln Asn 
Glu Asp 
His Asn; Gln 
Ile Leu, Val 
Leu Ile; Val 
Lys Arg; Gln; Glu 
Met Leu; Ile 
Phe Met; Leu; Tyr 
Ser Thr 
Thr Ser 
Trp Tyr 
Tyr Trp; Phe 
Val Ile; Leu 

Conservative substitutions generally maintain (a) the struc 
ture of the polypeptide backbone in the area of the substitu 
tion, for example, as a sheet or helical conformation, (b) the 
charge or hydrophobicity of the molecule at the target site, or 
(c) the bulk of the side chain. 
The substitutions which in general are expected to produce 

the greatest changes in protein properties will be non-conser 
vative, for instance changes in which (a) a hydrophilic resi 
due, for example, seryl or threonyl, is substituted for (or by) a 
hydrophobic residue, for example, leucyl, isoleucyl, pheny 
lalanyl, valyl or alanyl; (b) a cysteine or proline is substituted 
for (or by) any other residue; (c) a residue having an electrop 
ositive side chain, for example, lysyl, arginyl, or histadyl, is 
substituted for (or by) an electronegative residue, for 
example, glutamyl or aspartyl; or (d) a residue having a bulky 
side chain, for example, phenylalanine, is substituted for (or 
by) one not having a side chain, for example, glycine. 

Preventing, Treating or Ameliorating a Disease: 
“Preventing” a disease (such as metastatic melanoma) 

refers to inhibiting the full development of a disease. “Treat 
ing” refers to a therapeutic intervention that ameliorates a 
sign or symptom of a disease or pathological condition after 
it has begun to develop. “Ameliorating” refers to the reduc 
tion in the number or severity of signs or symptoms of a 
disease. 

Prognosis: 
The likelihood of the clinical outcome for a subject 

a?licted with a speci?c disease or disorder. With regard to 
cancer, the prognosis is a representation of the likelihood 
(probability) that the subject will survive (such as for one, 
two, three, four or ?ve years) and/or the likelihood (probabil 
ity) that the tumor will metastasize. A “poor prognosis” indi 
cates a greater than 50% chance that the subject will not 
survive to a speci?ed time point (such as one, two, three, four 
or ?ve years), and/ or a greater than 50% chance that the tumor 
will metastasize. In several examples, a poor prognosis indi 
cates that there is a greater than 60%, 70%, 80%, or 90% 
chance that the subject will not survive and/ or a greater than 
60%, 70%, 80% or 90% chance that the tumor will metasta 
size. Conversely, a “good prognosis” indicates a greater than 
50% chance that the subject will survive to a speci?ed time 
point (such as one, two, three, four or ?ve years), and/or a 
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greater than 50% chance that the tumor will not metastasize. 
In several examples, a good prognosis indicates that there is a 
greater than 60%, 70%, 80%, or 90% chance that the subject 
will survive and/or a greater than 60%, 70%, 80% or 90% 
chance that the tumor will not metastasize. 

Proliferation: 
One or more cellular events that result in cell growth. 

Proliferation includes any of a number of growth activities 
including increase in the number of cells, increase in the rate 
of cell division, increase in the number of cell divisions, 
increase in the size of a cell, change in cellular differentiation, 
transformation to a malignant state, metastatic transforma 
tion, change in cell cycle phase to a more mitotically active 
cell cycle phase (e.g., S phase), or a combination of two or 
more of those activities. Cell growth (either in vitro or in vivo) 
can be a hyper-proliferative condition, such as is characteris 
tic of certain disorders or diseases, for instance neoplasia or 
tumor formation. 

Inhibiting proliferation includes any of a number of anti 
growth activities that reduce or even eliminate the ability of a 
cell to proliferate. Inhibiting proliferation includes, for 
instance, decreasing cell number, decreasing colony forming 
ability, decreasing the rate of cell division, decreasing the 
number of cell divisions, stopping cell division, inducing 
apoptosis, inducing senescence, inducing quiescence, chang 
ing cell cycle phase to a less mitotically active cell cycle 
phase, decreasing cellular de-differentiation, preventing 
transformation to a malignancy, decreasing malignant poten 
tial, decreasing metastatic ability or potential or a combina 
tion of two or more of those activities. 

Resistance: 
The lack of response of a disease, such as a cancer, to a 

therapeutic agent. In some embodiment, the agent is a BRAF 
inhibitor. Primary resistance is the lack of a response to a 
therapeutic agent upon initial treatment with the agent. Sec 
ondary resistance is the lack of a response to a therapeutic 
agent, wherein the cancer in the subject is initially susceptible 
to treatment with the agent. Resistance of a cancer to an agent 
can be measured by an increase in tumor burden, an increase 
in the number of metastases, or an increase in the amount of 
a tumor marker present in the subject. 

Sample: 
A biological specimen containing genomic DNA, RNA, 

protein, or combinations thereof, obtained from a subject. 
Examples include, but are not limited to, peripheral blood, 
urine, saliva, tissue biopsy (such as skin tissue), surgical 
specimen, and autopsy material. In one example, a sample 
includes a biopsy of a melanoma tumor or a sample of normal 
tissue, such as skin tissue (from a subject not a?Ticted with a 
known disease or disorder, such as a cancer-free subject). 

Somatic Mutation: 
An acquired mutation that occurs in a somatic cell (as 

opposed to a germ cell). 
Subject: 
Living multi-cellular vertebrate organisms, a category that 

includes both human and non-human mammals. In some 
embodiments, the subject is a human subject. 

Therapeutic Agent: 
A chemical compound, small molecule, or other composi 

tion, such as an antisense compound, antibody, peptide or 
nucleic acid molecule capable of inducing a desired therapeu 
tic or prophylactic effect when properly administered to a 
subject. For example, therapeutic agents for melanoma 
include agents that prevent or inhibit development or metasta 
sis of melanoma. In some embodiments, the therapeutic agent 
is an inhibitor of BRAF. 
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Therapy: 
The mode of treatment or care of a patient. In some cases, 

therapy refers to administration of a therapeutic agent. In 
some embodiments herein, therapy includes administration 
of a BRAF inhibitor. In other examples, therapy includes 
surgery, such as surgical resection of a melanoma tumor, 
chemotherapy, radiation therapy, or any combination thereof. 

Therapeutically Effective Amount: 
A quantity of an agent suf?cient to achieve a desired effect 

in a subject or a cell being treated. For instance, this can be the 
amount necessary to inhibit or to measurably reduce B-Raf 
activity in a nevi or to inhibit melanoma proliferation. A 
therapeutically effective amount of an agent may be admin 
istered in a single dose, or in several doses, for example daily 
or more often, during a course of treatment. However, the 
effective amount will be dependent on the particular agent 
applied, the subject being treated, the severity and type of the 
af?iction, and the manner of administration. 

Treating: 
Includes inhibiting or preventing the partial or full devel 

opment or progression of a disease or medical condition or 
abnormal biological state in a subject, for example in a person 
who is known to have a predisposition to or to be at risk for the 
disease or medical condition or abnormal biological state, or 
a cell or a lesion, for instance a nevus or a melanoma. Fur 

thermore, “treating” refers to a therapeutic intervention that 
ameliorates at least one sign or symptom of a disease or 
pathological condition, or interferes with a pathophysiologi 
cal process, after the disease or pathological condition has 
begun to develop. The therapeutic intervention can be pro 
phylactic inhibition of a disease or medical condition or bio 
logical state, and therapeutic interventions to alter the natural 
course of an untreated disease process or medical condition or 

a biological state, such as a tumor growth. The therapeutic 
intervention can be surgical, including but not limited to 
cryosurgery or ablation, such as laser ablation, and adminis 
tration of agents, systemically, regionally, or topically or 
locally. 

Unless otherwise explained, all technical and scienti?c 
terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
disclosure belongs. The singular terms “a,” “an,” and “the” 
include plural referents unless context clearly indicates oth 
erwise. Similarly, the word “or” is intended to include “and” 
unless the context clearly indicates otherwise. It is further to 
be understood that all base sizes or amino acid sizes, and all 
molecular weight or molecular mass values, given for nucleic 
acids or polypeptides are approximate, and are provided for 
description. Although methods and materials similar or 
equivalent to those described herein can be used in the prac 
tice or testing of this disclosure, suitable methods and mate 
rials are described below. The term “comprises” means 
“includes.”All publications, patent applications, patents, and 
other references mentioned herein are incorporated by refer 
ence in their entirety. In case of con?ict, the present speci? 
cation, including explanations of terms, will control. In addi 
tion, the materials, methods, and examples are illustrative 
only and not intended to be limiting. 

Antibodies that Speci?cally Bind GRP94, Antigen 
Binding Fragments and Immunotoxins 

Antibodies have been produced that speci?cally bind 
GRP94 (also known as endoplasmin) including monoclonal 
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antibodies, such as fully human monoclonal antibodies. 
These antibodies and/or antigen binding fragments thereof 
can be used in the methods disclosed herein. These antibodies 
can be conjugated to labels or effector molecules. The anti 
bodies used in the disclosed methods can be fully human 

20 
monoclonal antibodies and functional fragments thereof that 
speci?cally bind GRP 94 (endoplasmin). 
Exemplary GRP94 antibodies of use in the methods and 

compositions disclosed herein include those listed in the fol 
lowing table: 

Nalne Source Clonality/ S ource 

HSP90B1 antibody (Cat. # 60012-1 
1g) 
HSP90B1 antibody (Cat. # 14700-1 
AP) 
HSP90B1 antibody (Cat. # 10979-1 
AP) 
Human TRA— 1—60 MAb (clone TRA— 
1-60) 
Human TRA— 1—85 MAb (clone TRA— 

1-85) 
Human TRA— 1—85 phycoerythrin 
MAb 
(clone TRA— l -85) 
GRP94 polyclonal antibody 
GRP94 monoclonal antibody (9GlO), 
PE 
GRP94 monoclonal antibody (9GlO), 
DyLight 488 
Anti—human TRAl antibody (clone 
2H3) 
HSP90Bl antibody 
HSP90B antibody 
GRP94 antibody 
HSP90Bl antibody 
Anti-GRP94/TRA1 antibody 
Anti-HSP90B1 antibody 
Anti—human GRP94 antibody 
Anti—human TRAl antibody 
Anti—human TRAl antibody (clone 
2H3) 
Anti—GRP94 antibody 
HSP90Bl antibody 
GRP94 antibody 
Alexa Fluor TM 488 anti-human TRA— 

l-60-R 

PE anti—human TRA—l—60—R 
Heat Shock Protein 94 antibody 

Glucose—Regulated Protein 94 

Anti—human Heat Shock Protein 

90 kDa Beta (GRP94) Member 1 
antibody 
Anti-GRP94 

GRP94 antibody 
HSP90Bl antibody (N—term) 
GRP94 antibody 
TRA— l —60 antibody 
GRP94 antibody 
GRP94 antibody 
TRA-l-60 antibody (MG38) 
TRA—l—60(S) antibody 
TRA-l-85 rnAb 
HSP90Bl anti—mouse polyclonal 
antibody 
HSP90Bl anti—human polyclonal 
antibody 
HSP90Bl anti—chicken monoclonal 

antibody (9G10) 
GRP 94 (H-212) 

GRP 94 (C-1 9) 

GRP 94 (4E89) 

Glucose Regulated Protein 94 
antibody 
Anti-TRA-l-60, clone TRA-l-60 

Proteintech Group 

Proteintech Group 

Proteintech Group 

R & D Systems 

R & D Systems 

R & D Systems 

Enzo Life Sciences 
Enzo Life Sciences 

Enzo Life Sciences 

ATGen 

Epitomics 
Epitomics 
Epitomics 
OriGene 
Everest Biotech 
AbDSerotec 
AbDSerotec 
MyBioSource 
MyBioSource 

MyBioSource 
GeneTeX 
Abcaln 
BioLegend 

BioLegend 
Thermo Fisher 
Scienti?c 
Thermo Fisher 
Scienti?c 
ProSpec 

StressMarq 
Biosciences 
Abbiotec 
Abgent 
US Biological 
US Biological 
US Biological 
Novus Biologicals 
Novus Biologicals 
Cell Signaling Technology 
Cell Signaling Technology 
LifeSpan Biosciences 

LifeSpan Biosciences 

LifeSpan Biosciences 

Santa Cruz 
Biotechnology 
Santa Cruz 
Biotechnology 
Santa Cruz 

Biotechnology 
Biotrend 

Millipore 

monoclonal, mouse 

polyclonal, rabbit 

polyclonal, rabbit 

monoclonal, mouse 

monoclonal, mouse 

monoclonal, mouse 

polyclonal, rabbit 
monoclonal, mouse 

monoclonal, rat 

monoclonal, mouse 

polyclonal, rabbit 
polyclonal, rabbit 
monoclonal, rabbit 
polyclonal, goat 
polyclonal, goat 
polyclonal, rabbit 
polyclonal, rabbit 
polyclonal, goat 
monoclonal, mouse 

monoclonal, rat 
polyclonal, rabbit 
monoclonal, mouse 
monoclonal, mouse 

monoclonal, mouse 
polyclonal, rabbit 

polyclonal, rabbit 

monoclonal, mouse 

monoclonal, rat 

polyclonal, rabbit 
polyclonal, rabbit 
polyclonal, rabbit 
monoclonal, mouse 
polyclonal, goat 
polyclonal, rabbit 
monoclonal, mouse 
monoclonal, mouse 

monoclonal, mouse 
polyclonal, rabbit 

polyclonal, goat 

monoclonal, rat 

polyclonal, rabbit 

polyclonal, goat 

monoclonal, rabbit 

polyclonal, rat 

monoclonal, mouse 






























































