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Combination of a BRAFV600E inhibitor and MerTK inhibitor to treat melanoma

Vemurafenib is a small-molecule drug that was recently approved for first-line clinical therapy of

metastatic melanomas harbouring the oncogenic BRAFV 00 mutation. Although Vemurafenib

treatment has shown pronounced improvement in response rate and progression-free survival, the

limited durability of the response (Chapman, P.B., Hauschild, A ., Robert, C , Haanen, J.B. , Ascierto, P.

et al. N Engl J Med 364 (26), 2507-251 6) indicates an acquired drug resistance associated with RAF-

independent reactivation of MAPK (Johannessen, CM. , Boehm, J.S. , Kim, S.Y., Thomas, S.R. ,

Wardwell, L . et al., Nature 468 (7326), 968-972), enhanced CRAF (Heidorn, S.J. , Milagre, C ,

Whittaker, S., Nourry, A ., Niculescu-Duvas, I . et al., Ce// 140 (2), 209-221 ) , elevated PDGFR

(Nazarian, R., Shi, H ., Wang, Q ., Kong, X ., Koya, R.C. et al., Nature 468 (7326), 973-977) in tumour

cells and remodeling of the cancer stroma (Straussman, R., Morikawa, T., Shee, K., Barzily-Rokni, M.,

Qian, Z .R. et al., Nature 487 (7408), 500-504).

Melanoma is one of only three aggressive cancers whose incidence and mortality have increased

continuously over the past two decades (Siegel, R., Naishadham , D., & Jemal, A ., CA Cancer J Clin

63 ( 1 ) , 11-30). Compared with the commonly used chemotherapeutic agent Dacarbazine,

Vemurafenib results in improved overall survival in melanoma patients carrying mutant BRAF

(Sosman, J.A., Kim , K.B. , Schuchter, L , Gonzalez, R., Pavlick, A.C. e al., N Engl J Med 366 (8), 707-

7 14). However, tumour recurrence occurs after 6-7 months, indicating the development of neutralizing

mechanisms in cancer cells that antagonize environmental stress. Bypassing BRAFV 00 activity,

resistant melanomas often exhibit reactivation of the interconnected MAPK and PI3K/Akt axes, driven

partly by elevated PDG FR in a subset of melanoma cells (Schlegel, J., Sambade, M.J., Sather, S.,

Moschos, S.J., Tan, A.C. et al., J Clin Invest 123 (5), 2257-2267).

There is hence a need in the art to understand an acquired drug resistance associated with the

treatment of melanoma using BRAFV 00 inhibitors.

To dissect the underlying molecular mechanism of adapted reactivation of the RTK/MAPK signaling in

response to Vemurafenib, the inventors conducted transcriptome gene profiling in Vemurafenib-

treated melanoma cells.

The inventors serendipitously found that BRAF-inhibition induced upregulation of Mer tyrosine kinase

(MerTK). This novel molecular mechanism shows that MerTK, a master regulator of phagocytosis,

contributes to acquired resistance to Vemurafenib in BRAFV 00 melanoma. The inventors also found

that MerTK activation not only protects melanoma cells from Vemurafenib-promoted cell-cycle arrest

but also accelerates early cell dissemination.

The inventors results indicate that MerTK activation in BRAFV 00 melanoma is stringently regulated by

autophagy, an evolutionarily conserved cellular self-defense machinery that is activated by

Vemurafenib-triggered deactivation of mTORCI . Pharmacological and genetic inhibition of mTORCI

upregulated MerTK, which was re-suppressed by inactivating autophagy. Notably, co-targeting MerTK

and BRAFV 00 significantly released tumour burden in xenografted mice, which was pheno-copied by



co-inhibition of autophagy and BRAFV 00 . The data hence reveal MerTK as a novel mediator driven

by mTORCI /autophagy signaling that promotes cancer cell survival, and suggest that combinatorial

inhibition of BRAFV 00 and the autophagy/MerTK axis would provide a therapeutic strategy

overcoming acquired resistance in melanoma patients.

The invention hence provides a combination for use as a medicament to treat melanoma in a subject,

which combination comprises (a) compound inhibiting BRAFV 00 and (b) a compound which inhibits

MerTK activation ; for simultaneous, separate or sequential use. In some embodiments, the compound

which inhibits MerTK activation inhibits autophagy, thereby inhibiting MerTK activation . The compound

which inhibits MerTK activation can be selected from the group comprising 3-Methyladenine,

Bafilomycin A 1 , Chloroquine, LY294002, B2021 90, SB203580, Hydroxychloroquine sulfate, Pifithrin-

mu, Amurensis H , Hydroxychloroquine niosomes, Ribavirin/hydroxychloroquine and Wortmannin. The

compound inhibiting BRAFV600E can be selected from the group of PLX4032 (Vemurafenib, RG7204,

R051 85426 ) and Dabrafenib mesylate. In some embodiments, the compound which inhibits

BRAFV 00 is PLX4032. In some embodiments, the compound which inhibits BRAFV 00 is Dabrafenib

mesylate. In some embodiments, the compound which inhibits MerTK activation is Chloroquine.

The present invention also provides amethod using a compound inhibiting BRAFV 00 for treating a

melanoma in a subject, said method being characterized in that a therapeutically effective amount of a

compound which inhibits MerTK activation is administered simultaneously, separately or sequentially

in combination with the BRAFV 00 inhibitor to said subject.

The present invention also provides a pharmaceutical composition comprising such a combination as

decribed herein-above; the use of such a combination for the preparation of a medicament for the

treatment of a melanoma; a commercial package or product comprising such a combination as a

combined preparation for simultaneous, separate or sequential use; and to a method of treatment of a

warm-blooded animal, especially a human.

The terms "combination" and "combined preparation" as used herein also define a "kit of parts" in the

sense that the combination partners (a) and (b) as defined above can be dosed independently or by

use of different fixed combinations with distinguished amounts of the combination partners (a) and (b),

i.e. simultaneously or at different time points. The parts of the kit of parts can then, e.g., be

administered simultaneously or chronologically staggered, that is at different time points and with

equal or different time intervals for any part of the kit of parts. The ratio of the total amounts of the

combination partner (a) to the combination partner (b) to be administered in the combined preparation

can be varied, e.g. in order to cope with the needs of a patient sub-population to be treated or the

needs of the individual .

As shown in the examples, it has been found that combination therapy with a BRAFV 00 inhibitor and

different inhibitors of MerTK results in unexpected improvement in the treatment of tumor diseases.

Determining a synergistic interaction between one or more components, the optimum range for the

effect and absolute dose ranges of each component for the effect may be definitively measured by



administration of the components over different w/w ratio ranges and doses to patients in need of

treatment. For humans, the complexity and cost of carrying out clinical studies on patients renders

impractical the use of this form of testing as a primary model for synergy. However, the observation of

synergy in one species can be predictive of the effect in other species and animal models exist, as

described herein, to measure a synergistic effect and the results of such studies can also be used to

predict effective dose and plasma concentration ratio ranges and the absolute doses and plasma

concentrations required in other species by the application of pharmacokinetic/pharmacodynamic

methods. Established correlations between tumor models and effects seen in man suggest that

synergy in animals may e.g. be demonstrated in the tumor models as described in the Examples

below.

In one aspect the present invention provides a combination for human administration comprising (a)

compound inhibiting BRAF V 00 and (b) a compound which inhibits MerTK activation, or

pharmaceutically acceptable salts or solvates thereof, in a combination range (w/w) which

corresponds to the ranges observed in a tumor model, e.g. as described in the Examples below, used

to identify a synergistic interaction. Suitably, the ratio range in humans corresponds to a non-human

range selected from between 50 :1 to 1:50 parts by weight, 50:1 to 1:20, 50:1 to 1: 1 0 , 50:1 to 1: 1 , 20: 1

to 1:50, 20:1 to 1: 20, 20:1 to 1: 1 0 , 20: 1 to 1: 1 , 10:1 to 1:50, 10:1 to 1:20, 10:1 to 1: 1 0 , 10:1 to 1 :1 , 1 :1

to 1:50, 1. 1 to 1:20 and 1: 1 to :1 0 . More suitably, the human range corresponds to a non-human

range of the order of 10:1 to 1 :1 or 5:1 to 1 :1 or 2:1 to 1 :1 parts by weight.

According to a further aspect, the present invention provides a combination for administration to

humans comprising (a) compound inhibiting BRAF V 00 and (b) a compound which inhibits MerTK

activation, where the dose range of each component corresponds to the synergistic ranges observed

in a suitable tumor model, e.g. the tumor models described in the Examples below, primarily used to

identify an interaction.

In accordance with a further aspect the present invention provides a combination for administration to

humans comprising (a) compound inhibiting BRAFV 00 at 10%-1 00%, preferably 50%-1 00% or more

preferably 70%-1 00%, 80%-1 00% or 90%-1 00% of the maximal tolerable dose (MTD) and (b) a

compound which inhibits MerTK activation at 10%-1 00%, preferably 50%-1 00% or more preferably

70%-1 00%, 80%-1 00% or 90%-1 00% of the MTD. In an embodiment one of the compounds, e.g. the

compound inhibiting BRAF V 00 is dosed at the MTD and the other compound is dosed at 50%-1 00%

of the MTD, preferably at 60%-90% of the MTD. The MTD corresponds to the highest dose of a

medicine that can be given without unacceptable side effects. It is within the art to determine the MTD.

For instance the MTD can suitably be determined in a Phase I study including a dose escalation to

characterize dose limiting toxicities and determination of biologically active tolerated dose level.

The term "treating" or "treatment" as used herein comprises a treatment affecting a delay of

progression of a disease. The term "delay of progression" as used herein means administration of the

combination to patients being in a pre-stage or in an early phase of the proliferative disease to be

treated, in which patients for example a pre-form of the corresponding disease is diagnosed or which



patients are in a condition, e.g. during a medical treatment or a condition resulting from an accident,

under which it is likely that a corresponding disease will develop.

The subject to be treated is usually a human. Although mostly referring to human, the present

invention is however not limited to human. In the present invention, the subject can be any warm

blooded animal, including, next to human, but not limited to, animals such as cows, pigs, horses,

chickens, cats, dogs, camels, etc.

The structure of the active agents identified by code nos. , generic or trade names may be taken from

the actual edition of the standard compendium "The Merck Index" or from databases, e.g. Patents

International (e.g. IMS World Publications). The corresponding content thereof is hereby incorporated

by reference.

It will be understood that references to the combination partners (a) and (b) are meant to also include

the pharmaceutically acceptable salts. If these combination partners (a) and (b) have, for example, at

least one basic center, they can form acid addition salts. Corresponding acid addition salts can also be

formed having, if desired, an additionally present basic center. The combination partners (a) and (b)

having an acid group (for example COOH) can also form salts with bases. The combination partner (a)

or (b) or a pharmaceutically acceptable salt thereof may also be used in form of a hydrate or include

other solvents used for crystallization.

A combination which comprises (a) compound inhibiting BRAFV 00 and (b) a compound which inhibits

MerTK activation, in which the active ingredients are present in each case in free form or in the form of

a pharmaceutically acceptable salt and optionally at least one pharmaceutically acceptable carrier, will

be referred to hereinafter as a COMBINATION OF THE INVENTION.

The COMBINATION OF THE INVENTION has both synergistic and additive advantages, both for

efficacy and safety. Therapeutic effects of combinations of compound inhibiting BRAFV 00 and a

compound which inhibits MerTK activation can result in lower safe dosages ranges of each component

in the combination .

The pharmacological activity of a COMBINATION OF THE INVENTION may, for example, be

demonstrated in a clinical study or in a test procedure as essentially described hereinafter. Suitable

clinical studies are, for example, open label non-randomized, dose escalation studies in patients with

advanced solid tumors. Such studies can prove the additive or synergism of the active ingredients of

the COMBINATIONS OF THE INVENTION. The beneficial effects on proliferative diseases can be

determined directly through the results of these studies or by changes in the study design which are

known as such to a person skilled in the art. Such studies are, in particular, suitable to compare the

effects of a monotherapy using the active ingredients and a COMBINATION OF THE INVENTION.

Preferably, the combination partner (a) is administered with a fixed dose and the dose of the combination

partner (b) is escalated until the Maximum Tolerated Dosage (MTD) is reached.

It is one objective of this invention to provide a pharmaceutical composition comprising a quantity,

which is therapeutically effective against a proliferative disease comprising the COMBINATION OF

THE INVENTION. In this composition, the combination partners (a) and (b) can be administered



together, one after the other or separately in one combined unit dosage form or in two separate unit

dosage forms. The unit dosage form may also be a fixed combination.

The pharmaceutical compositions according to the invention can be prepared in a manner known per

se and are those suitable for enteral, such as oral or rectal, and parenteral administration to mammals

(warm-blooded animals), including man. Alternatively, when the agents are administered separately,

one can be an enteral formulation and the other can be administered parenterally.

The novel pharmaceutical composition contain, for example, from about 10 % to about 100 % ,

preferably from about 20 % to about 60 % , of the active ingredients. Pharmaceutical preparations for

the combination therapy for enteral or parenteral administration are, for example, those in unit dosage

forms, such as sugar-coated tablets, tablets, capsules or suppositories, and furthermore ampoules. If

not indicated otherwise, these are prepared in a manner known per se, for example by means of

conventional mixing, granulating, sugar-coating, dissolving or lyophilizing processes. It will be

appreciated that the unit content of a combination partner contained in an individual dose of each

dosage form need not in itself constitute an effective amount since the necessary effective amount can

be reached by administration of a plurality of dosage units.

In preparing the compositions for oral dosage form, any of the usual pharmaceutical media may be

employed, such as, for example, water, glycols, oils, alcohols, flavoring agents, preservatives, coloring

agents; or carriers such as starches, sugars, microcristalline cellulose, diluents, granulating agents,

lubricants, binders, disintegrating agents and the like in the case of oral solid preparations such as, for

example, powders, capsules and tablets, with the solid oral preparations being preferred over the

liquid preparations. Because of their ease of administration, tablets and capsules represent the most

advantageous oral dosage unit form in which case solid pharmaceutical carriers are obviously

employed.

In particular, a therapeutically effective amount of each of the combination partner of the

COMBINATION OF THE INVENTION may be administered simultaneously or sequentially and in any

order, and the components may be administered separately or as a fixed combination. For example,

the method of delay of progression or treatment of a proliferative disease according to the invention

may comprise (i) administration of the first combination partner in free or pharmaceutically acceptable

salt form and (ii) administration of the second combination partner in free or pharmaceutically

acceptable salt form , simultaneously or sequentially in any order, in jointly therapeutically effective

amounts, preferably in synergistically effective amounts. The individual combination partners of the

COMBINATION OF THE INVENTION can be administered separately at different times during the

course of therapy or concurrently in divided or single combination forms. Furthermore, the term

administering also encompasses the use of a pro-drug of a combination partner that convert in vivo to

the combination partner as such. The instant invention is therefore to be understood as embracing all

such regimes of simultaneous or alternating treatment and the term "administering" is to be interpreted

accordingly.



The COMBINATION OF THE INVENTION can be a combined preparation or a pharmaceutical

composition.

Moreover, the present invention relates to a method of treating a warm-blooded animal having a

proliferative disease comprising administering to the animal a COMBINATION OF THE INVENTION in

a quantity which is therapeutically effective against said proliferative disease.

Furthermore, the present invention pertains to the use of a COMBINATION OF THE INVENTION for

the treatment of a proliferative disease and for the preparation of a medicament for the treatment of a

proliferative disease.

Moreover, the present invention provides a commercial package comprising as active ingredients

COMBINATION OF THE INVENTION, together with instructions for simultaneous, separate or

sequential use thereof in the delay of progression or treatment of a proliferative disease.

In further aspects, the present inventions provides

• a combination which comprises (a) a COMBINATION OF THE INVENTION, wherein the

active ingredients are present in each case in free form or in the form of a pharmaceutically

acceptable salt or any hydrate thereof, and optionally at least one pharmaceutically

acceptable carrier; for simultaneous, separate or sequential use;

• a pharmaceutical composition comprising a quantity which is jointly therapeutically effective

against a proliferative disease of a COMBINATION OF THE INVENTION and at least one

pharmaceutically acceptable carrier;

• the use of a COMBINATION OF THE INVENTION for the treatment of a proliferative disease;

• the use of a COMBINATION OF THE INVENTION for the preparation of a medicament for the

treatment of a proliferative disease;

Moreover, in particular, the present invention relates to a combined preparation, which comprises (a)

one or more unit dosage forms of a (a) compound inhibiting BRAFV 00 and (b) a compound which

inhibits MerTK activation.

The effective dosage of each of the combination partners employed in the COMBINATION OF THE

INVENTION may vary depending on the particular compound or pharmaceutical composition

employed, the mode of administration, the condition being treated, the severity of the condition being

treated. Thus, the dosage regimen the COMBINATION OF THE INVENTION is selected in

accordance with a variety of factors including the route of administration and the renal and hepatic

function of the patient. A physician, clinician or veterinarian of ordinary skill can readily determine and

prescribe the effective amount of the single active ingredients required to prevent, counter or arrest the

progress of the condition. Optimal precision in achieving concentration of the active ingredients within

the range that yields efficacy without toxicity requires a regimen based on the kinetics of the active

ingredients' availability to target sites.

When the combination partners employed in the COMBINATION OF THE INVENTION are applied in

the form as marketed as single drugs, their dosage and mode of administration can take place in



accordance with the information provided on the package insert of the respective marketed drug in

order to result in the beneficial effect described herein, if not mentioned herein otherwise.

As demonstrated in the examples, the term "compound" as used herein also includes siRNA

decreasing or silencing the expression of a target gene. "RNAi" is the process of sequence specific

post-transcriptional gene silencing in animals and plants. It uses small interfering RNA molecules

(siRNA) that are double-stranded and homologous in sequence to the silenced (target) gene. Hence,

sequence specific binding of the siRNA molecule with mRNAs produced by transcription of the target

gene allows very specific targeted knockdown' of gene expression. "siRNA" or "small-interfering

ribonucleic acid" according to the invention has the meanings known in the art, including the following

aspects. The siRNA consists of two strands of ribonucleotides which hybridize along a complementary

region under physiological conditions. The strands are normally separate. Because of the two strands

have separate roles in a cell, one strand is called the "anti-sense" strand, also known as the "guide"

sequence, and is used in the functioning RISC complex to guide it to the correct mRNA for cleavage.

This use of "anti-sense", because it relates to an RNA compound, is different from the antisense target

DNA compounds referred to elsewhere in this specification. The other strand is known as the "anti-

guide" sequence and because it contains the same sequence of nucleotides as the target sequence, it

is also known as the sense strand. The strands may be joined by a molecular linker in certain

embodiments. The individual ribonucleotides may be unmodified naturally occurring ribonucleotides,

unmodified naturally occurring deoxyribonucleotides or they may be chemically modified or synthetic

as described elsewhere herein.

In some embodiments, the siRNA molecule is substantially identical with at least a region of the coding

sequence of the target gene to enable down-regulation of the gene. In some embodiments, the degree

of identity between the sequence of the siRNA molecule and the targeted region of the gene is at least

60% sequence identity, in some embodiments at least 75% sequence identity, for instance at least

85% identity, 90% identity, at least 95% identity, at least 97%, or at least 99% identity.

Calculation of percentage identities between different amino acid/polypeptide/nucleic acid sequences

may be carried out as follows. A multiple alignment is first generated by the ClustalX program

(pairwise parameters: gap opening 10.0, gap extension 0 .1, protein matrix Gonnet 250, DNA matrix

IUB; multiple parameters: gap opening 10.0, gap extension 0.2, delay divergent sequences 30%, DNA

transition weight 0.5, negative matrix off, protein matrix gonnet series, DNA weight IUB; Protein gap

parameters, residue-specific penalties on, hydrophilic penalties on , hydrophilic residues

GPSNDQERK, gap separation distance 4 , end gap separation off). The percentage identity is then

calculated from the multiple alignment as (N/T) * 100, where N is the number of positions at which the

two sequences share an identical residue, and T is the total number of positions compared.

Alternatively, percentage identity can be calculated as (N/S) * 100 where S is the length of the shorter

sequence being compared. The amino acid/polypeptide/nucleic acid sequences may be synthesized

de novo, or may be native amino acid/polypeptide/nucleic acid sequence, or a derivative thereof. A

substantially similar nucleotide sequence will be encoded by a sequence which hybridizes to any of



the nucleic acid sequences referred to herein or their complements under stringent conditions. By

stringent conditions, we mean the nucleotide hybridizes to filter-bound DNA or RNA in 6x sodium

chloride/sodium citrate (SSC) at approximately 45°C followed by at least one wash in 0.2x SSC/0.1%

SDS at approximately 5-65°C. Alternatively, a substantially similar polypeptide may differ by at least 1,

but less than 5 , 10 , 20, 50 or 100 amino acids from the peptide sequences according to the present

invention Due to the degeneracy of the genetic code, it is clear that any nucleic acid sequence could

be varied or changed without substantially affecting the sequence of the protein encoded thereby, to

provide a functional variant thereof. Suitable nucleotide variants are those having a sequence altered

by the substitution of different codons that encode the same amino acid within the sequence, thus

producing a silent change. Other suitable variants are those having homologous nucleotide sequences

but comprising all , or portions of, sequences which are altered by the substitution of different codons

that encode an amino acid with a side chain of similar biophysical properties to the amino acid it

substitutes, to produce a conservative change. For example small non-polar, hydrophobic amino acids

include glycine, alanine, leucine, isoleucine, valine, proline, and methionine; large non-polar,

hydrophobic amino acids include phenylalanine, tryptophan and tyrosine; the polar neutral amino

acids include serine, threonine, cysteine, asparagine and glutamine; the positively charged (basic)

amino acids include lysine, arginine and histidine; and the negatively charged (acidic) amino acids

include aspartic acid and glutamic acid. The accurate alignment of protein or DNA sequences is a

complex process, which has been investigated in detail by a number of researchers. Of particular

importance is the trade-off between optimal matching of sequences and the introduction of gaps to

obtain such a match. In the case of proteins, the means by which matches are scored is also of

significance. The family of PAM matrices (e.g., Dayhoff, M . et al. , 1978, Atlas of protein sequence and

structure, Natl. Biomed. Res. Found.) and BLOSUM matrices quantify the nature and likelihood of

conservative substitutions and are used in multiple alignment algorithms, although other, equally

applicable matrices will be known to those skilled in the art. The popular multiple alignment program

ClustalW, and its windows version ClustalX (Thompson et al. , 1994, Nucleic Acids Research, 22,

4673-4680; Thompson et al . , 1997, Nucleic Acids Research, 24, 4876-4882) are efficient ways to

generate multiple alignments of proteins and DNA. Frequently, automatically generated alignments

require manual alignment, exploiting the trained user's knowledge of the protein family being studied,

e.g. , biological knowledge of key conserved sites. One such alignment editor programs is Align

(http://www.gwdg. de/dhepper/download/; Hepperle, D., 2001 : Multicolor Sequence Alignment Editor.

Institute of Freshwater Ecology and Inland Fisheries, 16775 Stechlin, Germany), although others, such

as JalView or Cinema are also suitable. Calculation of percentage identities between proteins occurs

during the generation of multiple alignments by Clustal. However, these values need to be

recalculated if the alignment has been manually improved, or for the deliberate comparison of two

sequences. Programs that calculate this value for pairs of protein sequences within an alignment

include PROTDIST within the PHYLI P phylogeny package (Felsenstein ; http://evolution.gs.



washington.edu/ phylip.html) using the "Similarity Table" option as the model for amino acid

substitution (P). For DNA/RNA, an identical option exists within the DNADIST program of PHYL1 P.

The dsRNA molecules in accordance with the present invention comprise a double-stranded region

which is substantially identical to a region of the mRNA of the target gene. A region with 100% identity

to the corresponding sequence of the target gene is suitable. This state is referred to as "fully

complementary". However, the region may also contain one, two or three mismatches as compared to

the corresponding region of the target gene, depending on the length of the region of the mRNA that is

targeted, and as such may be not fully complementary. In an embodiment, the RNA molecules of the

present invention specifically target one given gene. In order to only target the desired mRNA, the

siRNA reagent may have 100% homology to the target mRNA and at least 2 mismatched nucleotides

to all other genes present in the cell or organism. Methods to analyze and identify siRNAs with

sufficient sequence identity in order to effectively inhibit expression of a specific target sequence are

known in the art. Sequence identity may be optimized by sequence comparison and alignment

algorithms known in the art (see Gribskov and Devereux, Sequence Analysis Primer, Stockton Press,

1991 , and references cited therein) and calculating the percent difference between the nucleotide

sequences by, for example, the Smith-Waterman algorithm as implemented in the BESTFIT software

program using default parameters (e.g. , University of Wisconsin Genetic Computing Group).

The length of the region of the siRNA complementary to the target, in accordance with the present

invention, may be from 10 to 100 nucleotides, 12 to 25 nucleotides, 14 to 22 nucleotides or 15 , 16 , 17

or 18 nucleotides. Where there are mismatches to the corresponding target region, the length of the

complementary region is generally required to be somewhat longer. In an embodiment, the inhibitor is

a siRNA molecule and comprises between approximately 5bp and 50 bp, in some embodiments,

between 10 bp and 35 bp, or between 15 bp and 30 bp, for instance between 18 bp and 25bp. In

some embodiments, the s iRNA molecule comprises more than 20 and less than 23 bp.

Because the siRNA may carry overhanging ends (which may or may not be complementary to the

target), or additional nucleotides complementary to itself but not the target gene, the total length of

each separate strand of siRNA may be 10 to 100 nucleotides, 15 to 49 nucleotides, 17 to 30

nucleotides or 19 to 25 nucleotides. The phrase "each strand is 49 nucleotides or less" means the total

number of consecutive nucleotides in the strand, including all modified or unmodified nucleotides, but

not including any chemical moieties which may be added to the 3' or 5' end of the strand. Short

chemical moieties inserted into the strand are not counted, but a chemical linker designed to join two

separate strands is not considered to create consecutive nucleotides.

The phrase "a 1 to 6 nucleotide overhang on at least one of the 5' end or 3' end" refers to the

architecture of the complementary s iRNA that forms from two separate strands under physiological

conditions. If the terminal nucleotides are part of the double-stranded region of the siRNA, the siRNA

is considered blunt ended. If one or more nucleotides are unpaired on an end, an overhang is created.

The overhang length is measured by the number of overhanging nucleotides. The overhanging

nucleotides can be either on the 5' end or 3' end of either strand.



The siRNA according to the present invention display a high in vivo stability and may be particularly

suitable for oral delivery by including at least one modified nucleotide in at least one of the strands.

Thus the siRNA according to the present invention contains at least one modified or non-natural

ribonucleotide. A lengthy description of many known chemical modifications are set out in published

PCT patent application WO 20037091 8 . Suitable modifications for delivery include chemical

modifications can be selected from among : a) a 3' cap; b) a 5' cap, c) a modified internucleoside

linkage; or d) a modified sugar or base moiety. Suitable modifications include, but are not limited to

modifications to the sugar moiety (i.e. the 2' position of the sugar moiety, such as for instance 2'-0-(2-

methoxyethyl) or 2'-MOE) (Martin et al. , Helv. Chim. Acta, 1995, 78, 486-504) i.e. , an alkoxyalkoxy

group) or the base moiety ( i .e. a non-natural or modified base which maintains ability to pair with

another specific base in an alternate nucleotide chain). Other modifications include so-called

'backbone' modifications including, but not limited to, replacing the phosphoester group (connecting

adjacent ribonucleotides) with for instance phosphorothioates, chiral phosphorothioates or

phosphorodithioates. End modifications sometimes referred to herein as 3' caps or 5' caps may be of

significance. Caps may consist of simply adding additional nucleotides, such as "T-T" which has been

found to confer stability on a siRNA. Caps may consist of more complex chemistries which are known

to those skilled in the art.

Design of a suitable siRNA molecule is a complicated process, and involves very carefully analyzing

the sequence of the target mRNA molecule. On exemplary method for the design of siRNA is

illustrated in WO2005/0591 32. Then, using considerable inventive endeavour, the inventors have to

choose a defined sequence of siRNA which has a certain composition of nucleotide bases, which

would have the required affinity and also stability to cause the RNA interference. The siRNA molecule

may be either synthesized de novo, or produced by a micro-organism . For example, the siRNA

molecule may be produced by bacteria, for example, E. coli . Methods for the synthesis of siRNA,

including siRNA containing at least one modified or non-natural ribonucleotides are well known and

readily available to those of skill in the art. For example, a variety of synthetic chemistries are set out

in published PCT patent applications WO2005021 749 and WO20037091 8 . The reaction may be

carried out in solution or, in some embodiments, , on solid phase or by using polymer supported

reagents, followed by combining the synthesized RNA strands under conditions, wherein a siRNA

molecule is formed, which is capable of mediating RNAi. It should be appreciated that siNAs (small

interfering nucleic acids) may comprise uracil (siRNA) or thyrimidine (siDNA). Accordingly the

nucleotides U and T, as referred to above, may be interchanged. However it is preferred that siRNA is

used. For the avoidance of doubt, the term siRNA as used herein also includes miRNA, shRNA and

shRNAmir.

Gene-silencing molecules, i.e. inhibitors, used according to the invention are in some embodiments,

nucleic acids (e.g. s iRNA or antisense or ribozymes). Such molecules may (but not necessarily) be

ones, which become incorporated in the DNA of cells of the subject being treated. Undifferentiated

cells may be stably transformed with the gene-silencing molecule leading to the production of



genetically modified daughter cells (in which case regulation of expression in the subject may be

required, e.g. with specific transcription factors, or gene activators). The gene-silencing molecule may

be either synthesized de novo, and introduced in sufficient amounts to induce gene-silencing (e.g. by

RNA interference) in the target cell. Alternatively, the molecule may be produced by a micro-organism,

for example, E. coli, and then introduced in sufficient amounts to induce gene silencing in the target

cell. The molecule may be produced by a vector harboring a nucleic acid that encodes the gene-

silencing sequence. The vector may comprise elements capable of controlling and/or enhancing

expression of the nucleic acid. The vector may be a recombinant vector. The vector may for example

comprise plasmid, cosmid, phage, or virus DNA. In addition to, or instead of using the vector to

synthesize the gene-silencing molecule, the vector may be used as a delivery system for transforming

a target cell with the gene silencing sequence.

The recombinant vector may also include other functional elements. For instance, recombinant vectors

can be designed such that the vector will autonomously replicate in the target cell. In this case,

elements that induce nucleic acid replication may be required in the recombinant vector. Alternatively,

the recombinant vector may be designed such that the vector and recombinant nucleic acid molecule

integrates into the genome of a target cell . In this case nucleic acid sequences, which favor targeted

integration (e.g. by homologous recombination) are desirable. Recombinant vectors may also have

DNA coding for genes that may be used as selectable markers in the cloning process.

The recombinant vector may also comprise a promoter or regulator or enhancer to control expression

of the nucleic acid as required. Tissue specific promoter/enhancer elements may be used to regulate

expression of the nucleic acid in specific cell types, for example, endothelial cells. The promoter may

be constitutive or inducible.

Alternatively, the gene silencing molecule may be administered to a target cell or tissue in a subject

with or without it being incorporated in a vector. For instance, the molecule may be incorporated within

a liposome or virus particle (e.g. a retrovirus, herpes virus, pox virus, vaccina virus, adenovirus,

lentivirus and the like). Alternatively a "naked" siRNA or antisense molecule may be inserted into a

subject's cells by a suitable means e.g. direct endocytotic uptake.

The gene silencing molecule may also be transferred to the cells of a subject to be treated by

transfection, infection, microinjection, cell fusion, protoplast fusion or ballistic bombardment. For

example, transfer may be by: ballistic transfection with coated gold particles; liposomes containing a

siNA molecule; viral vectors comprising a gene silencing sequence or means of providing direct

nucleic acid uptake (e.g. endocytosis) by application of the gene silencing molecule directly.

In an embodiment of the present invention siNA molecules may be delivered to a target cell (whether

in a vector or "naked") and may then rely upon the host cell to be replicated and thereby reach

therapeutically effective levels. When this is the case the siNA is in some embodiments, incorporated

in an expression cassette that will enable the siNA to be transcribed in the cell and then interfere with

translation (by inducing destruction of the endogenous mRNA coding the targeted gene product).



As demonstrated in the examples, the term "compound" as used herein also includes antibodies.

Antibodies of the invention include, but are not limited to, polyclonal, monoclonal, multispecific, human,

humanized or chimeric antibodies, single chain antibodies, Fab fragments, F(ab') fragments,

fragments produced by a Fab expression library, anti-idiotypic (anti-Id) antibodies (including, e.g., anti-

Id antibodies to antibodies of the invention), and epitope-binding fragments of any of the above. The

term "antibody," as used herein, refers to immunoglobulin molecules and immunologically active

portions of immunoglobulin molecules, i.e. , molecules that contain an antigen binding site that

immunospecifically binds an antigen. The immunoglobulin molecules of the invention can be of any

type (e.g. , IgG, IgE, IgM, Ig D, IgA and IgY), class (e.g., IgGI, lgG2, lgG3, lgG4, IgAI and lgA2) or

subclass of immunoglobulin molecule.

In addition, in the context of the present invention, the term "antibody" shall also encompass

alternative molecules having the same function of specifically recognizing proteins, e.g. aptamers

and/or CDRs grafted onto alternative peptidic or non-peptidic frames.

In some embodiments the antibodies are human antigen-binding antibody fragments and include, but

are not limited to, Fab, Fab' and F(ab')2, Fd, single-chain Fvs (scFv), single-chain antibodies, disulfide-

linked Fvs (sdFv) and fragments comprising either a VL or VH domain. Antigen-binding antibody

fragments, including single-chain antibodies, may comprise the variable region(s) alone or in

combination with the entirety or a portion of the following : hinge region, CHI , CH2, and CH3 domains.

Also included in the invention are antigen-binding fragments also comprising any combination of

variable region(s) with a hinge region, CH1, CH2, and CH3 domains. The antibodies of the invention

may be from any animal origin including birds and mammals. In some embodiments, the antibodies

are human, murine (e.g. , mouse and rat), donkey, sheep, rabbit, goat, guinea pig, camel, shark, horse,

or chicken. As used herein, "human" antibodies include antibodies having the amino acid sequence of

a human immunoglobulin and include antibodies isolated from human immunoglobulin libraries or from

animals transgenic for one or more human immunoglobulin and that do not express endogenous

immunoglobulins, as described infra and, for example in, U.S. Patent No. 5,939,598 by Kucherlapati et

al. The antibodies of the present invention may be monospecific, bispecific, trispecific or of greater

multi specificity. Multispecific antibodies may be specific for different epitopes of a polypeptide or may

be specific for both a polypeptide as well as for a heterologous epitope, such as a heterologous

polypeptide or solid support material. See, e.g. , PCT publications WO 93/1 771 5 ; WO 92/08802; WO

9 1/00360; WO 92/05793; Tutt, et al . , J . Immunol. 147:60-69 ( 1 991 ) ; U.S. Patent Nos. 4 , 474,893 ;

4,71 4,681 ; 4,925,648; 5,573,920; 5,601 ,81 9 ; Kostelny et al., J . Immunol. 148:1 547-1 553 ( 1992).

Antibodies of the present invention may be described or specified in terms of the epitope(s) or

portion(s) of a polypeptide which they recognize or specifically bind. The epitope(s) or polypeptide

portion(s) may be specified as described herein, e.g. , by N-terminal and C-terminal positions, by size

in contiguous amino acid residues.

Antibodies may also be described or specified in terms of their cross-reactivity. Antibodies that do not

bind any other analog, ortholog, or homolog of a polypeptide of the present invention are included.



Antibodies that bind polypeptides with at least 95%, at least 90%, at least 85%, at least 80%, at least

75%, at least 70%, at least 65%, at least 60%, at least 55%, and at least 50% identity (as calculated

using methods known in the art and described herein) to a polypeptide are also included in the present

invention. In specific embodiments, antibodies of the present invention cross-react with murine, rat

and/or rabbit homologs of human proteins and the corresponding epitopes thereof. Antibodies that do

not bind polypeptides with less than 95%, less than 90%, less than 85%, less than 80%, less than

75%, less than 70%, less than 65%, less than 60%. less than 55%, and less than 50% identity (as

calculated using methods known in the art and described herein) to a polypeptide are also included in

the present invention.

Antibodies may also be described or specified in terms of their binding affinity to a polypeptide.

Antibodies may act as agonists or antagonists of the recognized polypeptides. The invention also

features receptor-specific antibodies which do not prevent ligand binding but prevent receptor

activation. Receptor activation (i.e. , signalling) may be determined by techniques described herein or

otherwise known in the art. For example, receptor activation can be determined by detecting the

phosphorylation (e.g. , tyrosine or serine/threonine) of the receptor or of one of its down-stream

substrates by immunoprecipitation followed by Western blot analysis (for example, as described

supra). In specific embodiments, antibodies are provided that inhibit ligand activity or receptor activity

by at least 95%, at least 90%, at least 85%, at least 80%, at least 75%, at least 70%, at least 60%, or

at least 50% of the activity in absence of the antibody.

The invention also features receptor-specific antibodies which both prevent ligand binding and

receptor activation as well as antibodies that recognize the receptor-ligand complex. Likewise,

encompassed by the invention are antibodies which bind the ligand, thereby preventing receptor

activation, but do not prevent the ligand from binding the receptor. The antibodies may be specified as

agonists, antagonists or inverse agonists for biological activities comprising the specific biological

activities of the peptides disclosed herein. The above antibody agonists can be made using methods

known in the art. See, e.g. , PCT publication WO 96/40281 ; U.S. Patent No. 5,81 1, 097; Deng et al. ,

Blood 92(6) :1 981 - 1988 ( 1998) ; Chen et al. , Cancer Res. 58(1 6) :3668-3678 ( 1998) ; Harrop et al., J .

Immunol. 16 1 (4) :1 786-1 794 ( 1998) ; Zhu et al. , Cancer Res. 58(1 5) :3209-321 4 ( 1998) ; Yoon et al. , J .

Immunol. 160(7) :31 70-31 79 ( 1998) ; Prat et al. , J . Cell. Sci. MI(Pt2) :237-247 ( 1998) ; Pitard et al. , J .

Immunol. Methods 205(2) :1 77-1 90 ( 1997) ; Liautard et al. , Cytokine 9(4) :233-241 ( 1997) ; Carlson et

al., J . Biol. Chem . 272(1 7) : 1 1295-1 1301 ( 1997) ; Taryman et al., Neuron 14(4) :755-762 ( 1 995) ; Muller

et al. , Structure 6(9) : 1 153-1 167 ( 1 998) ; Bartunek et al. , Cytokine 8(1 ) : 1 4-20 ( 1996) .

As discussed in more detail below, the antibodies may be used either alone or in combination with

other compositions. The antibodies may further be recombinantly fused to a heterologous polypeptide

at the N-or C-terminus or chemically conjugated (including covalently and non-covalently conjugations)

to polypeptides or other compositions. For example, antibodies of the present invention may be

recombinantly fused or conjugated to molecules useful as labels in detection assays and effector

molecules such as heterologous polypeptides, drugs, radionuclides, or toxins. See, e.g., PCT



publications WO 92/08495; WO 9 1/ 14438; WO 89/1 2624; U.S. Patent No. 5,31 4,995; and EP 396,

387.

The antibodies as defined for the present invention include derivatives that are modified, i . e , by the

covalent attachment of any type of molecule to the antibody such that covalent attachment does not

prevent the antibody from generating an anti-idiotypic response. For example, but not by way of

limitation, the antibody derivatives include antibodies that have been modified, e.g. , by glycosylation,

acetylation , pegylation, phosphorylation , amidation, derivatization by known protecting/blocking

groups, proteolytic cleavage, linkage to a cellular ligand or other protein, etc. Any of numerous

chemical modifications may be carried out by known techniques, including, but not limited to specific

chemical cleavage, acetylation, formylation, etc. Additionally, the derivative may contain one or more

non-classical amino acids.

The antibodies of the present invention may be generated by any suitable method known in the art.

Polyclonal antibodies to an antigen-of-interest can be produced by various procedures well known in

the art. For example, a polypeptide of the invention can be administered to various host animals

including, but not limited to, rabbits, mice, rats, etc. to induce the production of sera containing

polyclonal antibodies specific for the antigen.

Various adjuvants may be used to increase the immunological response, depending on the host

species, and include but are not limited to, Freund's (complete and incomplete), mineral gels such as

aluminum hydroxide, surface active substances such as lysolecithin, pluronic polyols, polyanions,

peptides, oil emulsions, keyhole limpet hemocyanins, dinitrophenol, and potentially useful human

adjuvants such as BCG (bacille Calmette-Guerin) and corynebacterium parvurn. Such adjuvants are

also well known in the art.

Monoclonal antibodies can be prepared using a wide variety of techniques known in the art including

the use of hybridoma, recombinant, and phage display technologies, or a combination thereof. For

example, monoclonal antibodies can be produced using hybridoma techniques including those known

in the art and taught, for example, in Harlow et al. , Antibodies: A Laboratory Manual, (Cold Spring

Harbor Laboratory Press, 2nd ed. 1988) ; Hammerling, et al., in : Monoclonal Antibodies and T-Cell

Hybridomas 563-681 (Elsevier, N.Y. , 1981 ) . The term "monoclonal antibody" as used herein is not

limited to antibodies produced through hybridoma technology. The term "monoclonal antibody" refers

to an antibody that is derived from a single clone, including any eukaryotic, prokaryotic, or phage

clone, and not the method by which it is produced. Methods for producing and screening for specific

antibodies using hybridoma technology are routine and well known in the art.

Antibody fragments which recognize specific epitopes may be generated by known techniques. For

example, Fab and F(ab')2 fragments of the invention may be produced by proteolytic cleavage of

immunoglobulin molecules, using enzymes such as papain (to produce Fab fragments) or pepsin (to

produce F(ab')2 fragments). F(ab')2 fragments contain the variable region, the light chain constant

region and the CHI domain of the heavy chain.



For example, the antibodies can also be generated using various phage display methods known in the

art. In phage display methods, functional antibody domains are displayed on the surface of phage

particles which carry the polynucleotide sequences encoding them. In a particular embodiment, such

phage can be utilized to display antigen binding domains expressed from a repertoire or combinatorial

antibody library (e.g. , human or murine). Phage expressing an antigen binding domain that binds the

antigen of interest can be selected or identified with antigen, e.g. , using labeled antigen or antigen

bound or captured to a solid surface or bead. Phage used in these methods are typically filamentous

phage including fd and M 13 binding domains expressed from phage with Fab, Fv or disulfide stabilized

Fv antibody domains recombinantly fused to either the phage gene II I or gene V III protein. Examples

of phage display methods that can be used to make the antibodies of the present invention include

those disclosed in Brinkman et al., J . Immunol. Methods 182:41 -50 ( 1995) ; Ames et al. , J . Immunol.

Methods 184:1 77-1 86 ( 1995) ; Kettleborough et al. , Eur. J . Immunol. 24:952-958 ( 1994) ; Persic et al. ,

Gene 187 9-1 8 ( 1997) ; Burton et al. , Advances in Immunology 57:1 9 1-280 ( 1994) ; PCT application

No. PCT/GB91 /01 134; PCT publications WO 90/02809; WO 9 1/ 10737; WO 92/01 047; WO 92/1 861 9 ;

WO 93/1 1236; WO 95/1 5982; WO 95/20401 ; and U.S. Patent Nos. 5 , 698,426; 5,223,409; 5,403,484;

5,580,71 7 ; 5,427,908; 5,750,753; 5,821 , 047; 5,571 , 698; 5,427,908; 5,51 6,637; 5,780,225 ; 5,658,727;

5,733,743 and 5,969, 108. As described in these references, after phage selection, the antibody coding

regions from the phage can be isolated and used to generate whole antibodies, including human

antibodies, or any other desired antigen binding fragment, and expressed in any desired host,

including mammalian cells, insect cells, plant cells, yeast, and bacteria, e.g. , as described in detail

below. For example, techniques to recombinantly produce Fab, Fab' and F(ab')2 fragments can also

be employed using methods known in the art such as those disclosed in PCT publication WO

92/22324; Mullinax. et al . , BioTechniques 12(6) :864-869 ( 1992) ; and Sawai et al., AJRI 34:26-34

( 1995) ; and Better et al. , Science 240:1 041 - 1043 ( 1 988).

Examples of techniques which can be used to produce single-chain Fvs and antibodies include those

described in U.S. Patents 4,946,778 and 5,258,498; Huston et al. , Methods in Enzymology 203:46-88

( 1 991 ) ; Shu et al. , PNAS 90:7995-7999 ( 1 993) ; and Skerra et al., Science 240:1 038-1 040 ( 1988). For

some uses, including in vivo use of antibodies in humans and in vitro detection assays, it may be

preferable to use chimeric, humanized, or human antibodies. A chimeric antibody is a molecule in

which different portions of the antibody are derived from different animal species, such as antibodies

having a variable region derived from a murine monoclonal antibody and a human immunoglobulin

constant region. Methods for producing chimeric antibodies are known in the art. See e.g. , Morrison,

Science 229:1 202 ( 1985) ; Oi et al., BioTechniques 4:21 4 ( 1986) ; Gillies et al. , ( 1 989) J . Immunol.

Methods 125:1 9 1-202; U.S. Patent Nos. 5,807,71 5 ; 4,81 6,567; and 4,81 6397. Humanized antibodies

are antibody molecules from non-human species antibody that binds the desired antigen having one

or more complementarity determining regions (CDRs) from the non-human species and a framework

regions from a human immunoglobulin molecule. Often, framework residues in the human framework

regions will be substituted with the corresponding residue from the CDR donor antibody to alter, and/or



improve, antigen binding. These framework substitutions are identified by methods well known in the

art, e.g. , by modelling of the interactions of the CDR and framework residues to identify framework

residues important for antigen binding and sequence comparison to identify unusual framework

residues at particular positions. (See, e.g., Queen et al . , U.S. Patent No. 5,585,089; Riechmann et al. ,

Nature 332:323 ( 1988).) Antibodies can be humanized using a variety of techniques known in the art

including, for example, CDR-grafting (EP 239,400 ; PCT publication WO 9 1/09967; U.S. Patent Nos.

5,225,539; 5,530, 10 1 ; and 5,585,089), veneering or resurfacing (EP 592, 106; EP 5 19,596; Padlan,

Molecular Immunology 28(4/5) :489-498 ( 1 991 ) ; Studnicka et al . , Protein Engineering 7(6) :805-81 4

( 1994) ; Roguska. et al., PNAS 9 1 :969-973 ( 1994)), and chain shuffling (U.S. Patent No. 5,565,332).

Completely human antibodies are particularly desirable for therapeutic treatment of human patients.

Human antibodies can be made by a variety of methods known in the art including phage display

methods described above using antibody libraries derived from human immunoglobulin sequences.

See also, U.S. Patent Nos. 4,444,887 and 4,71 6 , 111; and PCT publications WO 98/46645, WO

98/50433, WO 98/24893, WO 98/1 6654, WO 96/34096, WO 96/33735, and WO 9 1/ 10741 .

Human antibodies can also be produced using transgenic mice which are incapable of expressing

functional endogenous immunoglobulins, but which can express human immunoglobulin genes. For

example, the human heavy and light chain immunoglobulin gene complexes may be introduced

randomly or by homologous recombination into mouse embryonic stem cells. Alternatively, the human

variable region, constant region, and diversity region may be introduced into mouse embryonic stem

cells in addition to the human heavy and light chain genes. The mouse heavy and light chain

immunoglobulin genes may be rendered non-functional separately or simultaneously with the

introduction of human immunoglobulin loci by homologous recombination. In particular, homozygous

deletion of the JH region prevents endogenous antibody production. The modified embryonic stem

cells are expanded and microinjected into blastocysts to produce chimeric mice. The chimeric mice

are then bred to produce homozygous offspring which express human antibodies. The transgenic mice

are immunized in the normal fashion with a selected antigen, e.g. , all or a portion of a polypeptide of

the invention. Monoclonal antibodies directed against the antigen can be obtained from the

immunized, transgenic mice using conventional hybridoma technology. The human immunoglobulin

transgenes harboured by the transgenic mice rearrange during B cell differentiation, and subsequently

undergo class switching and somatic mutation. Thus, using such a technique, it is possible to produce

therapeutically useful IgG, IgA, IgM and IgE antibodies. For an overview of this technology for

producing human antibodies, see Lonberg and Huszar, Int. Rev. Immurnol. 13:65-93 ( 1995). For a

detailed discussion of this technology for producing human antibodies and human monoclonal

antibodies and protocols for producing such antibodies, see, e . g., PCT publications WO 98/24893 ;

WO 92/01 047; WO 96/34096; WO 96/33735; European Patent No. 0 598 877; U.S. Patent Nos.

5,41 3,923; 5,625, 126; 5,633,425; 5,569, 825; 5 , 661 ,01 6 ; 5,545,806; 5,81 4,31 8 ; 5,885,793 ; 5,91 6,771 ;

and 5,939,598. In addition, companies such as Abgenix, Inc. (Freemont, CA) and Genpharm (San



Jose, CA) can be engaged to provide human antibodies directed against a selected antigen using

technology similar to that described above.

Completely human antibodies which recognize a selected epitope can be generated using a technique

referred to as "guided selection." In this approach a selected non-human monoclonal antibody, e.g., a

mouse antibody, is used to guide the selection of a completely human antibody recognizing the same

epitope. (Jespers et al., Bio/technology 12:899-903 ( 1988)).

Furthermore, antibodies can be utilized to generate anti-idiotype antibodies that "mimic" polypeptides

using techniques well known to those skilled in the art. (See, e.g. , Greenspan & Bona, FASEB J .

7(5) :437-444; ( 1989) and Nissinoff, J . Immunol. 147(8) :2429-2438 ( 1 991 )). For example, antibodies

which bind to and competitively inhibit polypeptide multimerization. and/or binding of a polypeptide to a

ligand can be used to generate anti-idiotypes that "mimic" the polypeptide multimerization and/or

binding domain and, as a consequence, bind to and neutralize polypeptide and/or its ligand. Such

neutralizing anti-idiotypes or Fab fragments of such anti-idiotypes can be used in therapeutic regimens

to neutralize polypeptide ligand. For example, such anti-idiotypic antibodies can be used to bind a

polypeptide and/or to bind its ligands/receptors, and thereby block its biological activity.

Polynucleotides encoding antibodies, comprising a nucleotide sequence encoding an antibody are

also encompassed. These polynucleotides may be obtained, and the nucleotide sequence of the

polynucleotides determined, by any method known in the art. For example, if the nucleotide sequence

of the antibody is known, a polynucleotide encoding the antibody may be assembled from chemically

synthesized oligonucleotides (e.g., as described in Kutmeier et al., BioTechniques 17:242 ( 1 994)),

which, briefly, involves the synthesis of overlapping oligonucleotides containing portions of the

sequence encoding the antibody, annealing and ligating of those oligonucleotides, and then

amplification of the ligated oligonucleotides by PCR.

The amino acid sequence of the heavy and/or light chain variable domains may be inspected to

identify the sequences of the complementarity determining regions (CDRs) by methods that are well

know in the art, e.g., by comparison to known amino acid sequences of other heavy and light chain

variable regions to determine the regions of sequence hypervariability. Using routine recombinant

DNA techniques, one or more of the CDRs may be inserted within framework regions, e.g . , into human

framework regions to humanize a non-human antibody, as described supra. The framework regions

may be naturally occurring or consensus framework regions, and in some embodiments, human

framework regions (see, e.g., Chothia et al., J . Mol . Biol. 278: 457-479 ( 1998) for a listing of human

framework regions). In some embodiments, the polynucleotide generated by the combination of the

framework regions and CDRs encodes an antibody that specifically binds a polypeptide. In some

embodiments, as discussed supra, one or more amino acid substitutions may be made within the

framework regions, and, in some embodiments, the amino acid substitutions improve binding of the

antibody to its antigen. Additionally, such methods may be used to make amino acid substitutions or

deletions of one or more variable region cysteine residues participating in an intrachain disulfide bond



to generate antibody molecules lacking one or more intrachain disulfide bonds. Other alterations to the

polynucleotide are encompassed by the present description and within the skill of the art.

In addition, techniques developed for the production of "chimeric antibodies" (Morrison et al. , Proc.

Natl. Acad. Sci. 8 1 :851 -855 ( 1984) ; Neuberger et al., Nature 3 12:604-608 ( 1 984) ; Takeda et al. ,

Nature 3 14:452-454 ( 1 985)) by splicing genes from a mouse antibody molecule of appropriate antigen

specificity together with genes from a human antibody molecule of appropriate biological activity can

be used. As described supra, a chimeric antibody is a molecule in which different portions are derived

from different animal species, such as those having a variable region derived from a murine mAb and

a human immunoglobulin constant region, e.g. , humanized antibodies.

Alternatively, techniques described for the production of single chain antibodies (U .S. Patent No.

4,946,778; Bird, Science 242:423-42 ( 1 988) ; Huston et al., Proc. Natl. Acad. Sci. USA 85:5879-5883

( 1 988) ; and Ward et al. , Nature 334:544-54 ( 1 989)) can be adapted to produce single chain

antibodies. Single chain antibodies are formed by linking the heavy and light chain fragments of the Fv

region via an amino acid bridge, resulting in a single chain polypeptide. Techniques for the assembly

of functional Fv fragments in E. coli may also be used (Skerra et al., Science 242:1 038-1 041 ( 1 988)).

The present invention encompasses antibodies recombinantly fused or chemically conjugated

(including both covalently and non-covalently conjugations) to a polypeptide (or portion thereof, in

some embodiments, at least 10 , 20, 30, 40, 50, 60, 70, 80, 90 or 100 amino acids of the polypeptide)

to generate fusion proteins. The fusion does not necessarily need to be direct, but may occur through

linker sequences. The antibodies may be specific for antigens other than polypeptides (or portion

thereof, in some embodiments, at least 10 , 20, 30, 40, 50, 60, 70, 80, 90 or 100 amino acids of the

polypeptide). Further, in some embodiment of the invention an antibody, or fragment thereof,

recognizing specifically IL8 and/or CXCR1 may be conjugated to a therapeutic moiety. The conjugates

can be used for modifying a given biological response, the therapeutic agent or drug moiety is not to

be construed as limited to classical chemical therapeutic agents. For example, the drug moiety may be

a protein or polypeptide possessing a desired biological activity. Such proteins may include, for

example, a toxin such as abrin, ricin A , pseudomonas exotoxin, or diphtheria toxin ; a protein such as

tumor necrosis factor, a-interferon, B-interferon, nerve growth factor, platelet derived growth factor,

tissue plasminogen activator, an apoptotic agent, e.g. , TNF-alpha, TNF-beta, AIM I (See, International

Publication No. W O 97/33899), AIM 11 (See, International Publication No. W O 97/3491 1) , Fas Ligand

(Takahashi et al, Int. Immunol. , 6:1 567-1 574 ( 1 994)), VEG I (See, International Publication No. W O

99/231 05) , a thrombotic agent or an anti-angiogenic agent, e.g. , angiostatin or endostatin ; or,

biological response modifiers such as, for example, lymphokines, interleukin-1 ("IL-1 "), interleukin-2

("IL-2"), interleukin-6 ("IL-6"), granulocyte macrophage colony stimulating factor ("GM-CSF"),

granulocyte colony stimulating factor ("G-CSF"), or other growth factors. Techniques for conjugating

such therapeutic moiety to antibodies are well known, see, e.g. , Amon et al. , "Monoclonal Antibodies

For Immunotargeting Of Drugs In Cancer Therapy", in Monoclonal Antibodies And Cancer Therapy,

Reisfeld et al. (eds.), pp. 243-56 (Alan R. Liss, Inc. 1985) ; Hellstrom et al., "Antibodies For Drug



Delivery", in Controlled Drug Delivery (2nd Ed.), Robinson et al. (eds.), pp. 623-53 (Marcel Dekker,

Inc. 1987) ; Thorpe, "Antibody Carriers Of Cytotoxic Agents In Cancer Therapy: A Review", in

Monoclonal Antibodies '84: Biological And Clinical Applications, Pinchera et al. (eds.), pp. 475-506

( 1985) ; "Analysis, Results, And Future Prospective Of The Therapeutic Use Of Radiolabeled Antibody

In Cancer Therapy", in Monoclonal Antibodies For Cancer Detection And Therapy, Baldwin et al.

(eds.), pp. 303-1 6 (Academic Press 1985), and Thorpe et al., "The Preparation And Cytotoxic

Properties Of Antibody-Toxin Conjugates", Immunol. Rev. 62:1 19-58 ( 1982).

Alternatively, an antibody can be conjugated to a second antibody to form an antibody

heteroconjugate as described by Segal in U.S. Patent No. 4,676, 980.

The present invention is also directed to antibody-based therapies which involve administering

antibodies of the invention to an animal, in some embodiments, a mammal, for example a human,

patient to treat cancer. Therapeutic compounds include, but are not limited to, antibodies (including

fragments, analogs and derivatives thereof as described herein) and nucleic acids encoding

antibodies of the invention (including fragments, analogs and derivatives thereof and anti-idiotypic

antibodies as described herein). Antibodies of the invention may be provided in pharmaceutically

acceptable compositions as known in the art or as described herein.

As used herein, the term "metastasis" refers to the spread of cancer cells from one organ or body part

to another area of the body, i.e. to the formation of metastases. This movement of tumor growth, i.e.

metastasis or the formation of metastases, occurs as cancer cells disseminate from the original tumor

and spread e.g. by way of the blood or lymph system. Without wishing to be bound by theory,

metastasis is an active process and involves an active breaking from the original tumor, for instance

by protease digestion of membranes and or cellular matrices, transport to another site of the body, for

instance in the blood circulation or in the lymphatic system, and active implantation at said other area

of the body.

Melanoma is a cancer of melanocytes. It is particularly common among Caucasians, especially

northern Europeans and northwestern Europeans living in sunny climates. There are higher rates in

Oceania, North America, Europe, Southern Africa, and Latin America. This geographic pattern reflects

the primary cause, ultraviolet light (UV) exposure crossed with the amount of skin pigmentation in the

population. Melanocytes produce the dark pigment, melanin, which is responsible for the color of skin.

These cells predominantly occur in skin, but are also found in other parts of the body, including the

bowel and the eye (see uveal melanoma). Melanoma can originate in any part of the body that

contains melanocytes. The treatment includes surgical removal of the tumor. If melanoma is found

early, while it is still small and thin, and if it is completely removed, then the chance of cure is high.

The likelihood that the melanoma will come back or spread depends on how deeply it has gone into

the layers of the skin. For melanomas that come back or spread, treatments include chemo- and

immunotherapy, or radiation therapy. Five year survival rates in the United States are on average

9 1% . Melanoma is less common than other skin cancers. However, it is much more dangerous if it is



not found in the early stages. It causes the majority (75%) of deaths related to skin cancer. Worldwide,

about 160,000 new cases of melanoma occur yearly and about 48,000 melanoma-related deaths.

C-Mer Proto-Oncogene Tyrosine Kinase (MerTK), also known as c-mer, Proto-Oncogene C-Mer, MER

Receptor Tyrosine Kinase, Receptor Tyrosine Kinase MerTK, STK Kinase, MER, Tyrosine-Protein

Kinase Mer, EC 2.7.1 0 .1, EC 2.7. 10 , and RP38, is a member of the MER/AXL/TYR03 receptor kinase

family and encodes a transmembrane protein with two fibronectin type-I l l domains, two Ig-like C2-type

(immunoglobulin-like) domains, and one tyrosine kinase domain. Mutations in this gene have been

associated with disruption of the retinal pigment epithelium (RPE) phagocytosis pathway and onset of

autosomal recessive retinitis pigmentosa (RP).

The following Examples illustrate the invention described above; they are not, however, intended to

limit the scope of the invention in any way. The beneficial effects of the COMBINATION OF THE

INVENTION can also be determined by other test models known as such to the person skilled in the

pertinent art.

FIGURE LEG END

Figure 1: Kaplan-Meier survival analysis of nude mice injected with A375p_shCTRL or

A375p_shMERTK and treated with PLX-4720 or Combo (Chloroquine (CQ) + PLX-

4720). Daily treatment started on day 34 (when the tumour volume was between 0.1 5 ~ 0.3

cm3) and stopped on day 97. The mice were necropsied when the tumor volume reached ~

1 cm3. Each group contained 8-1 0 mice.

EXAMPLES

To dissect the underlying molecular mechanism of adapted reactivation of the RTK/MAPK signaling in

response to Vemurafenib, the inventors conducted transcriptome gene profiling in Vemurafenib-

treated melanoma cells.

The inventors serendipitously found that BRAF-inhibition induced upregulation of Mer tyrosine kinase

(MerTK). This novel molecular mechanism shows that MerTK, a master regulator of phagocytosis,

contributes to acquired resistance to Vemurafenib in BRAFV 00 melanoma. The inventors also found

that MerTK activation not only protects melanoma cells from Vemurafenib-promoted cell-cycle arrest

but also accelerates early cell dissemination.

The inventors results indicate that MerTK activation in BRAFV 00 melanoma is stringently regulated by

autophagy, an evolutionarily conserved cellular self-defense machinery that is activated by

Vemurafenib-triggered deactivation of mTORCI . Pharmacological and genetic inhibition of mTORCI

upregulated MerTK, which was re-suppressed by inactivating autophagy. Notably, co-targeting MerTK

and BRAFV 00 significantly released tumour burden in xenografted mice, which was pheno-copied by

co-inhibition of autophagy and BRAFV 00 . The data hence reveal MerTK as a novel mediator driven

by mTORCI /autophagy signaling that promotes cancer cell survival, and suggest that combinatorial



inhibition of BRAFV 00 and the autophagy/MerTK axis would provide a therapeutic strategy

overcoming acquired resistance in melanoma patients.

Culture of Human Melanoma Cell Lines. A375p, Mel-1 300, GR4 and DETT-Mel were described

previously (Penna, E., Orso, F., Cimino, D., Tenaglia, E., Lembo, A . et al.. EMBO J 30 ( 1 0), 1990-

2007) ; A2058, SKMel2, SKMel23, MALME, MALME-3M, HBL, C32 and NA8 were provided by

Matthias Wymann (Marone, R., Erhart, D., Mertz, A.C. , Bohnacker, T ., Schnell, C. et al. Mol Cancer

Res 7 (4), 601 -61 3 (2009)) ; LAU-T672E, LAU-Me246.M1 , LAU-T392E, and LAU-T387B were

established and characterized at the Ludwig Institute for Cancer Research (Lausanne) (Nikolaev, S.I. ,

Rimoldi, D., Iseli, C , Valsesia, A ., Robyr, D. et al., Nat Genet 4 (2), 133-1 39.) ; SKMel-1 9 , -29 and -

100 were from the Memorial Sloan-Kettering Cancer Center (Xing, F., Persaud, Y ., Pratilas, C.A. ,

Taylor, B.S., Janakiraman, M . et al. Oncogene 3 1 (4), 446-457) ; WM-35, -39, -278, -793b, and - 1 552c

were purchased from the Wistar Institute.

Human Melanomas. Human melanomas were obtained from the University Hospital of Zurich

(Biobank, Department of Dermatology, Zurich, Switzerland), University Hospital of Basel (Department

of Biomedicine and Institute of Pathology, Basel, Switzerland) and Papa Giovanni XXI I I Hospital (Unit

of Clinical and Translational Research, Bergamo, Italy). The use of completely anonymized human

tumour samples for retrospective studies was sanctioned by the Ethics Commission of Papa Giovanni

XXIII Hospital (Bergamo, Italy), Zurich (approval No. 647, Switzerland) and Basel (EKBB,

Switzerland).

Assays of Xenograft Tumour Formation and Lung Metastasis. Animal maintenance and

experimental procedures conformed to the Swiss and Italian Animal Protection Ordinance. A375p and

its derivatives ( 106 cells) were subcutaneously injected into nude mice (Charles River Laboratories).

The flank tumours were measured weekly, flash-frozen and lysed in RIPA buffer containing protease

inhibitor cocktail (Roche). For metastasis assays, 5 x 105 A75 cells (in PBS) were injected into the tail

vein of CB.1 7 SCI D mice. The lung macrometastases were dissected microscopically 49 days post-

injection, flash-frozen, and homogenized in lysis buffer ( 125 mM Tris-HCI, 2.5% SDS, pH 6.8).

In vivo Studies of Drug Inhibition. A375 melanoma cells and its derivatives were subcutaneously

injected into nude mice (Harlan France). PLX-4720 (stocked in DMSO and diluted in PBS containing

1% methylcellulose and 0.2% Tween 80) was administered orally at 45 mg/kg body weight daily

(Prahallad, A ., Sun, C , Huang, S., Di Nicolantonio, F., Salazar, R. et al., Nature 483 (7387), 100-1 03

(201 2)). CQ (dissolved in 0.9% NaCI) was injected twice a week at 50 mg/kg body weight (Sheen,

J.H. , Zoncu, R., Kim , D., & Sabatini, D.M. , Cancer cellΊ 9 (5), 6 13-628 (201 1)). The compounds were

freshly prepared before treatment. The treatments started when flank tumours reached ~ 150 mm3. In

the experiment of short-term treatment, the tumour-bearing mice were daily treated from day 3 1 for 14

days (day 3 1-45), following drug-free maintenance under standard conditions for additional 5 weeks

(day 46-80). In the experiment of long-term treatment, the daily treatment of PLX started on day 34

and ended on day 97. CQ was injected twice a week. Each group contained 8-1 0 mice and the



tumours were resected when the volume reached ~ 1 cm3 (in accordance to Swiss Animal Protection

Ordinance). The survival data and P value were presented with Graph Pad Prism .

Xenograft tumour lysis. Resected tumours were shortly rinsed with PBS and immediately flash

frozen in liquid nitrogen and stored at -80°C. Tumour blocks were directly incubated with 1X RIPA

buffer containing 25 mM Tris-HCI pH 7.4, 150 mM NaCI, 1% NP-40, 1 mM EDTA, 5% glycerol and

supplemented with protease inhibitor cocktail (Roche). Lysis was performed with mechanical tissue

disruptor on ice.

Reagents. PLX-4720 and Torin, Chloroquine, Rapamycin, BEZ235 and U01 26 were from Selleck

Chemicals, Sigma-Aldrich, MerckMillipore, Novartis and Cell Signaling Biotechnology, respectively.

shRNA targeting human MERTK was purchased from Open Biosystems, and shRNA targeting human

ATG7 was a gift from Masashi Narita. shRNAs targeting RPTOR and RICTOR (Sarbassov, D.D.,

Guertin, D.A., Ali, S.M., & Sabatini, D.M., Science 307 (571 2), 1098-1 10 1 (2005)) were from Addgene.

siULKI was from Cell Signaling Biotechnology. The antibodies against MerTK (FMI and Abeam),

Raptor and Rictor (Bethyl Laboratories), pan-Akt, Akt_pS473, S6K, S6K_pT389, S6, S6_pS235/236,

4EBP1 , 4EBP1 _pS65, cleaved caspase 3 , pMLC2, ULK1 , Atg7, LC3, p62, ERK, and pERK (Cell

Signaling Biotechnology) , fibronectin (BD Biosciences) and actin (Santa Cruz Biotechnology) were

applied according to the suppliers' instructions. The BioCoat Matrigel invasion chambers were from

BD Biosciences.

Short-term Proliferation Assay. Cultured melanoma cells were seeded into 6-well plates at 1-3 x 104

per well in the presence/absence of individual drugs for 72 ~ 96-h . The medium was daily refreshed

and cell number/viability was measured with Vi-Cell XR (Beckman Coulter). Samples were prepared in

triplicates.

Long-term Proliferation Assay. A375p, A2058 and SKMeH OO cells were seeded into 6-well plates at

500 cells per well in the presence/absence of PLX ( 1 or 2 µΜ) for 12 days or 24 days. The treatment is

daily. The colonies were fixed with PFA and stained with crystal violet for 30 min, following 3 times of

rinse with PBS, air-dry and the entire plates were photographed. The size and number of colony were

measured with ImageJ. Samples were prepared in triplicates.

Apoptosis Assay. Melanoma cells were seeded into 6-well plates in the presence/absence of

compounds for 24 ~ 72-h. Apoptosis was measured by Annexin V staining (BD Bioscience) and

analyzed by FACSCalibur. The results were from three independent experiments and presented as

mean ± standard deviation.

Transmission Electron Microscopy (TEM). A375p cells were grown on thermanox (Nalge Nunc

International) coverslips and treated with Vemurafenib ( 1 µΜ) for 3 days, following rapid rinse with

PBS and fixed with PFA. High osmium inclusion protocol for contrasting and embedding was applied.

After trimming, thin sections (60nm thickness) were collected on formvar coated single-slot copper

grids and visualized by transmission electron microscopy (TEM) (Yla-Anttila, P., Vihinen, H ., Jokitalo,

E., & Eskelinen, E.L., . Methods in enzymology 452, 143-1 64 (2009)).



Transcriptome Analysis and QPCR. Microarray analysis was performed using the Affymetrix

genechip following the instructions provided by the manufacturer. A375p and A2058 cells were treated

with PLX-4720 ( 1 µΜ) for 3 days by applying fresh solution each day. An equal volume of DMSO was

used as control. Each treatment was performed in triplicate. QPCR was performed with the

StepOnePlus Real-Time PCR System (Applied Biosystems). Primer design was based on the "Primer

databank" of Harvard University and validated. The data from microarray analyses were submitted to

the public databank Gene Expression Omnibus.



What is claimed is:

1. A combination for use as a medicament to treat melanoma in a subject, which combination

comprises (a) compound inhibiting BRAFV 00 and (b) a compound which inhibits MerTK activation ;

for simultaneous, separate or sequential use.

2 . The combination according to claim 1 wherein the compound which inhibits MerTK activation

inhibits autophagy, thereby inhibiting MerTK activation .

3 . The combination according to any of claims 1 or 2 wherein the compound which inhibits MerTK

activation is selected from the group comprising 3-Methyladenine, Bafilomycin A 1 , Chloroquine,

LY294002, B2021 90, SB203580, Hydroxychloroquine sulfate, Pifithrin-mu, Amurensis H ,

Hydroxychloroquine niosomes, Ribavirin/hydroxychloroquine and Wortmannin.

4 . The combination according to any of claims 1 to 3 wherein the compound inhibiting BRAFV 00

is selected from the group of PLX4032 (Vemurafenib, RG7204, R051 85426 ) and Dabrafenib

mesylate.

5 . The combination according to any of claims 1 to 4 wherein the compound which inhibits

BRAFV 00 is PLX4032.

6 . The combination according to any of claims 1 to 4 wherein the compound which inhibits

BRAFV 00 is Dabrafenib mesylate.

7 . The combination according to any of claims 1 to 6 wherein the compound which inhibits MerTK

activation is Chloroquine.

8 . A method using a compound inhibiting BRAFV 00 for treating a melanoma in a subject, said

method being characterized in that a therapeutically effective amount of a compound which inhibits

MerTK activation is administered simultaneously, separately or sequentially in combination with the

BRAFV 00 inhibitor to said subject.
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