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Mammalian MyD88 is an adaptor protein in the signal transduction
pathway mediated by interleukin-1 (IL-1) receptors and Toll-like receptors
(TLRs). TLRs and receptors of the IL-1 family interact with the protein MyD88.
Specifically, the carboxy-terminal Toll/IL-1 receptor (TIR) domain of MyD88

25  interacts with the cognate domains in the intracytoplasmic tails of the TLRs.
Then, MyD88 interacts with the Pelle-related kinases of the IRAK (IL-1 receptor
associated kinase) family. Specifically, the amino-terminal death domain of |
MyD88 mediates interaction with the corresponding domain of IRAK. A result of
these interactions is the activation of the Rel transcription factor NF-kB, which

30  results in the activation of inflammatory response genes.



MyD88 or a biologically active fragnent thereof; and
b) neasuring MyD88 expression level in said cell,
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anti-cancer agent if the test sanple causes decreased
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Detailed Description of the Invention

All publications cited herein are incorporated by reference in their entirety.

Definitions

The term "agent" means any molecule or compound, such as a small
molecule (an organic molecule), an antibody or antibody fragment, siRNA, an
antisense nucleic acid, a ribozyme, a polypeptide, DNA and RNA.

The term "antibody" means an immunoglobulin, i.e., containing two Fg,

fragments connected to a F;fragment. The term "antibody" includes polyclonal,



"anti body" includes any one of the five major classes
of i mmunogl obulins: 1gA 1gD IgE 19gGand IgM and

walsw/eubel asses (i sotypes) of i mrunogl obul i nsSPCT/US2005/025152
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The term "treatment" means therapeutic, prophylactic or suppressive
measures for a disease or disorder leading to any clinically desirable or
beneficial effect, including, but not limited to, alleviation of one or more
symptoms, regression, and slowing or cessation of progression of the disease or
disorder.

The term "siRNA" means short interfering RNA.

The terms "express", "expresses”, "expression" and "expressing” all mean
the transcription and translation of a nucleic acid to produce a polypeptide. In a
cell, this means that the polypeptide will either be secreted, remain in the
cytoplasm, or reside at least partially in the cell membrane.

The term "ligand" means any molecule that is capable of specifically
binding to another molecule. A "ligand" can be, for example, a small molecule



cell, this nmeans that the polypeptide will either be

secreted, remain in the cytoplasm or reside at |east
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means any nol ecule that is capable of specifically
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conpl ete open reading frane of the human MyD388 gene

c afugheas Fuaat-canesi efesthBank(r) dat abase accession no.

BC013589. In addition, the am no aci d sequence of
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capgibepgetivesss, IRNAP6R! using standard molecular biology techniques.
These molecules can then be used to provide a cell having a vector comprising a
nucleic acid encoding MyD88 or a fragment thereof.
The present invention is based, in part, on the discovery that almost no
25 MyD88-/- mice developed tumors when subjected to a DMBA/TPA two-stage,

ras-dependent skin carcinogenesis protocol.

Contacting a Test Sample with a Cell that Expresses MyD88

A step of the method of the invention involves contacting a test sample
30  with a cell that expresses MyD88 or a biologically active fragment thereof. The
contacting step involves bringing the test sample and the cell into close physical
proximity such that the sample and cell may contact each other. The contacting

step will allow the sample to enter into the cell so that the sample’s effect on the
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Contacting a Test Sanple with a Cell that Expresses
MyD88 A step of the nmethod of the invention involves
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or cross-Tinked or conjugated to a carrier nolecule
r estBslitetinng, de/elions, and variants of a protein. The polypeptides, elther alone

or cross-linked or conjugated to a carrier molecule to render them more
immunogenic, are useful as antigens to elicit the production of antibodies. The
antibodies can be used, e.g., in immunoassays of the intact protein, for

immunoaffinity purification, etc.

Nucleic Acids and Expression Vectors
As used herein, the term "isolated nucleic acid" means a nucleic acid,
such as a RNA or DNA molecule, or a mixed polymer, which is substantially

separated from other components that are normally found in cells or in
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generate a single genetic entity encoding a desired combination of functions not
found together in nature. Although restriction enzyme recognition sites are often

25  the targets of such artificial manipulations, other site-specific targets, e.g.,
promoters, DNA replication sites, regulation sequences, control sequences, or
other useful features may be incorporated by design. Sequences encoding
epitope tags for detection or purification as described above may also be
incorporated.

30 A nucleic acid "fragment" is defined herein as a nucleotide sequence
comprising at least 17, generally at least 25, preferably at least 35, more
preferably at least 45, and most preferably at least 55 or more contiguous

nucleotides.
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Insertion of the DNAs encoding MyD88 into a vector is easily

accomplished when the termini of both the DNA and the vector comprise
compatible restriction sites. If this cannot be done, it may be necessary to
modify the termini of the DNA and/or vector by digesting back single-stranded
DNA overhangs generated by restriction endonuclease cleavage to produce
blunt ends, or to achieve the same result by filling in the single-stranded termini
with an appropriate DNA polymerase.

Alternatively, desired sites may be produced, e.g., by ligating nucleotide
sequences (linkers) onto the termini. Such linkers may comprise specific
oligonucleotide sequences that define desired restriction sites. Restriction sites
can also be generated by the use of the polymerase chain reaction (PCR). See,



sequences that encode antigens having i nmunogeni c or
antigenic activity in common with the wild-type
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TR e Lhe iy e i PRl RLRB e e A

vefragmentsmpay gleo bermpedified, & requitad, by homopolygwricitailingi s

connot Rl oMy QA RALY 4 JbAY 4 oy s

si raplieatistgrRiNAed RDMAcmwmngmrgmrg raickic bgids eatodiog MyD88 or

5 Zgﬁggrﬁ%t{gﬁ@erg§t§%ﬁ§l Qe?%@y ﬁr%q%ﬁﬁ gsu, %ISI? ﬁgﬂéﬁc gont}o?elements

10

15

si trgit ares¢arp@b(ha@f regmlahrrng expressiamobipp mpleicmcedsDN/bompatnble host

poI se. t ve desired sites

e e ot e ey RS G T ok Vel RpRter system or
( I ea@y@ﬁc pfrathérth(ptetﬁrslgsnmontr&gg/@tdm,rd;ﬁrtgpm?}y ineI0pe gased
speciT1 C Ol 1 gonucl eotll de, sequences t ha I ne esire
S Enacp oA SrarBster L ohtionel BHeTSlDy ILcatial e egher
geﬁsﬁﬁr@ﬂo@wédaenmﬁ\ éHhahbérsRe ETBIEARE |SRALNMRAECERBssion, a
(PCR ee, e , Saiki_et al/., Science 239:487 (1988).
Th éeq,*leé@@ éQﬁRﬂé‘@P%‘PS asditalie “PNQ"‘PEP E‘Qﬁ*é‘ﬂt%ten%@'d BEENpRS that

O firffle trahsdrP@bh bRE traR¥alAORYEEREH Gedtdls dIdWmay contain an
Reconbi nant expression vectors used in this invenfion

ar erigip of eenlicgtianeihet afgwscthevagtopigreplicataindepradenitytof the host
cogpyising nucleic acids encoding MyD88 or fragnents

thereof, usually operably linked to suitable genetic

cont r ol Vestersshakcauithbe aised iretpisineentipn ingjudeamiongpial plasmids,
R
LS55 e D H LR 1oy R BB it may
pr tacilitatotintegrationof the rs.yml@m:ldas indo thekganpota of the binst dtlasmids
I
%aeeié rrg%t cﬁﬂ]tn[nc%% &e ﬁ%aoﬁQ/gct%)y g%tgﬁeﬂ Agﬁeefrfgfrky gfv@ctors which
COBblvelant émn\mm&urm‘tlohmdmu:rpaneonr beaomes &npwhiirothe art are

S0 QA o 1B PETBuSEoas Gul e 71 o CIRL R ooratory

25

si vanuand 986 que BLpplentaits, tEtsemleTaNe( I ardhRodrigiiezost adrfeds.),
L kP B B O B 540 bR R R
r eutieriwrihnsgesendeal | y of the host cell.

Expression of nucleic acids encoding MyD88 can be carried out by
conventional methods in either prokaryotic or eukaryotic cells. Although strains
of E. coli are employed most frequently in prokaryotic systems, many other
bacteria, such as various strains of Pseudomonas and Bacillus, are known in the
art and can be used as well.

Prokaryotic expression control sequences typically used include

30 promoters, including those derived from the B-lactamase and lactose promoter

systems [Chang et al., Nature, 198:1056 (1977)], the tryptophan (irp) promoter
system [Goeddel et al., Nucleic Acids Res. 8:4057 (1980)], the lambda P

promoter system [Shimatake et al., Nature, 292:128 (1981)] and the tac
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may facilitate integration of the nucleic acids into
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expression systems, mammalian cells are preferred. Transformation or
transfection and propagation of such cells have become a routine procedure.
Examples of useful cell lines include Hela cells, Chinese hamster ovary (CHO)
cell lines, baby rat kidney (BRK) cell lines, insect cell lines, bird cell lines, and
monkey (COS) cell lines.

Expression vectors for such cell lines usually include an origin of
replication, a promoter, a translation initiation site, RNA splice sites (if genomic
DNA is used), a polyadenylation site, and a transcription termination site. These
vectors also usually contain a selection gene or amplification gene. Suitable

expression vectors may be plasmids, viruses, or retroviruses carrying promoters



different species. As used herein, E. coli and its
vectors will be used generically to include equival ent
woegismeniased in other prokaryotes. A represenpariuges/025152
vector for anplifying DNA is pBR322 or many of its
derivatives. Vectors that can B8 used to express M/D88
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antibody fragment may be used to bind to and measure the expression level of a

25 protein. Also, cells may be lysed to determine the expression levels of a
particular protein (by Western blot) or a particular RNA (by Northern blot). For
example, a group of cells may be sacrificed to determine an average leve! of
MyD88 expression, such as with a control cell in an experimental control. The
level of MyD88 expression in cells that are contacted with a test sample can then

30  be compared to the level of MyD88 expression in the experimental controls to

identify an anti-cancer agent.



A nucleic acid encoding MyD88 or a fragnent thereof

may be operably linked to a reporter gene. The term
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an immunogenic carrier molecule renders them more immunogenic through what
is commonly known as the "carrier effect".
Suitable carrier molecules include, e.g., proteins and natural or synthetic

25 polymeric compounds, such as polypeptides, polysaccharides,
lipopolysaccharides, etc. Protein carrier molecules are especially preferred,
including, but not limited to, keyhole limpet hemocyanin and mammalian serum
proteins, such as human or bovine gammaglobulin, human, bovine or rabbit
serum albumin, or methylated or other derivatives of such proteins. Other

30 protein carriers will be apparent to those skilled in the art. Preferably, but not
necessarily, the protein carrier will be foreign to the host animal in which

antibodies against the fragments are to be elicited.



concatenated or attached to a carrier. Because it is
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25 covering methods for preparing polyclonal antisera include Microbiology, 1969,
Hoeber Medical Division, Harper and Row; Landsteiner, Specificity of
Serological Reactions, 1962, Dover Publications, New York, and Williams, ef al.,
Methods in Immunology and Immunochemistry, Vol. 1, 1967, Academic Press,
New York.

30 Serum produced from animals immunized using standard methods can be
used directly, or the lgG fraction can be separated from the serum using
standard methods such as plasmaphoresis or adsorption chromatography with



the carrier nolecule used. When the inmunogenic
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ani mal s i"muni zed usi ng standard net hods can be
(hypoxanthine-aminopterin-thymidine) selection. Those secretmg the desired
antibody are selected using standard immunoassays, such as Western blotting,
ELISA (enzyme-linked immunosorbent assay), RIA (radicimmunoassay), or the
25 like. Antibodies are recovered from the medium using standard protein
purification techniques [Tijssen, Practice and Theory of Enzyme Immunoassays
(Eisevier, Amsterdam, 1985)].
Many references are available to provide guidance in applying the above
techniques [Kohler et al., Hybridoma Techniques (Cold Spring Harbor
30 Laboratory, New York, 1980); Tijssen, Practice and Theory of Enzyme
Immunoassays (Elsevier, Amsterdam, 1985); Campbell, Monoclonal Antibody
Technology (Elsevier, Amsterdam, 1984); Hurrell, Monoclonal Hybridoma

Antibodies: Techniques and Applications (CRC Press, Boca Raton, FL, 1982]].



used directly, or the 1gG fraction can be separated

fromthe serumusing standard nethods such as
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present invention can also be used to identify
25 particular cDNA clones expressing MyD88 in expression cloning systems.
Neutralizing antibodies specific for MyD88 can also be used as
antagonists (inhibitors) to block the protein. Such neutralizing antibodies can
readily be identified through routine experimentation, e.g., by using the
radioligand binding assay described infra. Binding to MyD88 can be
30 accomplished using complete antibody molecules, or well-known antigen binding
fragments such as Fab, Fc, F(ab),, and Fv fragments.
Definitions of such fragments can be found, e.g., in Klein, Immunology

(John Wiley, New York, 1982); Parham, Chapter 14, in Weir, ed.
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administration to a patient. In addition, the effectiveness of an agent in

preventing or treating cancer may be improved by administering the agent in

25 combination with a chemotherapeutic compound or treatment that is effective for
the same purpose. A treatment for cancer includes surgery, to remove a cancer,
and radiation treatment, to reduce or kill a cancer or tumor. Alternatively, the
effectiveness of an agent in preventing or treating cancer may be improved by
administering the agent in combination with other modalities, such as, for

30 examle, a farnesyl transferase inhibitor.



The anti bodi es of the present invention can al so be

used to identify particular cDNA cl ones expressing
wORDBA 20016 expr essi on cl oni ng systens. Neutral i PCWES2005/025152

anti bodi es specific for MyD88 can al so be used as

antagoni sts (inhibitors) to bl ®e6k the protein. Such

neutralizing antibodi es can readlly be identified

t hrough routi ne experinmenta .g., by using the
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72:1 130 (1973); Sharon et al., Biochem stry 75:1591
(1976); Ehrlich et al., U S Patent No. 4, 355,023] and
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be R SppRInsIss)) Tuidat RRtdddRingdoletist B/etbgyg@rmb/wn@ New
protein as anti ens Such anthgﬁ%gs C A be us

t hepridyniRiskeL (€40 BEBTIPIocole 0Re f0d ApguCatons,
'n\«@@blﬂébcfe%uattﬁésstmvet hods for identifying
anti-cancer agents using MyD88 as a therapeutic

20t arget. Based upon the bel ow exanpl es, we propose the
use of MyD88 expression i nhighhhpkes such as SI RNA

ri bozymes or antisense nucleic acids, or fun
i nhi bi t o7 these sets of exparMentsowe suPiestedwilsrya® i(V{ét) MyD88 -/- and

IL-1R-/- mice to a DMBA/TPA two-stage, ras-dependent skin carcinogenesis

10

protocol.

25 Wild type C56BL/6 mice were obtained from Charles River Laboratories
(L'arbresle, France). MyD88-/- mice were obtained from Dr. Shizuo Akira at
Osaka University in Japan. IL-1R-/- mice were purchased from the Jackson
Laboratory (Bar Harbor, Maine).

For two-stage chemical carcinogenesis, the backs of 8-week-old mice
30  were shaved and treated with a single application of
7,12-dimethylbenz[alanthracene (DMBA, 25 uG in 200 ul acetone; Sigma, Lyon,
France), followed by biweekly applications of 12-O-tetradecanoylphorbol-13-
acetate (TPA, 200 pi of 10" M solution in acetone; Sigma, Lyon, France) for 20



conmpounds, as therapeutic agents for cancer therapy.
Once a suitable agent is identified, it nay be
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adm nistration to a patient. In addition, the
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Protocols in Ml ecul ar Biology, Geene/ WIley, New

York; Innis ef a/ (eds.) PCR Protocols: A Guide to

Met hods and Applications, 188Mpiégadem c Press, NY.

Exanpl e The data in the above example suggested another, non-inflammatory
function for MyD88 in ras-mediated tumor development. To address whether
MyD88 acts in a cell-autonomous fashion, we generated mouse embryo
fibroblasts (MEFs) from both wt and MyD88-/- mice.

For isolation of MEFs, day E14 embryos were harvested from pregnant
wild-type or MyD88-/- mice and placed in DMEM (Gibco). Ten embryos were
used to allow for collection of a sufficient quantity of cells for experimentation.
The head and liver were removed, and the carcasses were washed three-times
in DMEM. The embryos were then minced with a sterile razor blade, placed in 5
ml trypsin:versene (1:1), and incubated for 20 min at 37°C. The cells were
collected in media with 10% serum, then centrifuged and resuspended in 50 ml

DMEM plus 10% FCS, and seeded onto five 10-cm tissue culture dishes



In these sets of experinments, we subjected wld-type

(w), MyDB8-/- and IL-1R-/- mce to a DVBA/ TPA
woOwwmegege, ras-dependent skin carcinogenesi s pCoUSemS/025152
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m oo ¢ naretR P M gt i PRLEFALA Ryt more

150%sfly €hath \memEsS Thépefidre theestlsanceSG gD 84 Aedredsameibks
40% at 12 vveeksf % at 13 weeks, 70% at 14- 15 weeks,
gogreliferpgongrig Of MEN$. 8504 at 17- 20 weeks. The

percentage of IL- 1R-/- mce that devel oped tunors
over tinme was as follows: 0% for, OQ-10 weeks, 10% at 11
weeks, 20%at 12-13 weeks, SU9RE 3A4-17 weeks and 40%

at 18 “@/@@?ené@%dﬁﬁb@@érﬂgﬁ/oq’fbrwéﬁ§(N/IEFH) fesm toloét wt and
devel oped tunors over tine was as fol V@%ﬁpﬁ,@% t tod
zw\edtng&&r& Bigs aas descpibediahpye. Peothjvd %ﬂd\gbf -\ S Wer reate
al r%%*e it Mm%ﬁ@ar{d theh %?nce AUPEHOREN trPK%:Sthré%Jwtaét@ Obicol
the resi stance e MyD88-/- mce was not due q
abd¥EEe (wfand MyD88-/-) were untreated The plates were then flxed with 4%
paraformaldehyde, colored with 0.1% crystal violet, and foci were observed.
The results show that a moderate number of foci developed on the
25 untreated wt MEF plates whereas a large number of foci developed on the
treated wt MEF plates. In contrast, both the untreated and treated MyD88-/-
MEFs showed that no foci developed.
These data indicate that MyD88-/- MEFs were completely resistant to cell
transformation in vitro by DMBA/TPA. Therefore, the absence of MyD88

30 increases the resistance of MEFs to cell transformation in vifro by DMBA/TPA.



IL-1 signaling because the IL-1 R/- mce, while |ess
susceptible than wt mce to tunor devel opnent, did
wdevslapiski n tunors in response to DVBA/ TPA. BRamsk®sa25152
The data in the above exanpl e suggested anot her,
non-inflammatory function for MyD38 in ras-nedi at ed
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Fol | owi ng fixation, perneabilization, and staining
with FITC | abel ed anti-BrdU mAb, the cells were

anal yzed by FACS. Exponentially growing cells were

i ncubated in culture nmediumcontaining 1 ng/n

Br onodeoxyuri dine (BrdU) for 1h. The | abeled cells
were washed twice with 1x PBS and then fixed 30mn
with 70% et hanol. The fixed cells were treated with 1M
HCI for 20 mn; neutralized by 1M borax for 3 mn and
washed twice with PBS/2.5% FCS. Cells were stained
with anti BrdU- FI TC anti body (BD Bi osci ences) and

propi diumiodide (Pl) for cell cycle analysis. The
data show that the percentage of w MEFs that

i ncor porated BrdU was 40% while only 26% of the
MyD88-/- MEFs incorporated BrdU. These data indicate
that MyD88-/- MEFs proliferated somewhat nore



slowly than wt MEFs. Therefore, the absence of MyD88

decreases the proliferation rate of MEFs. Exanple 3 W
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crystal violet, and foci were observed. The results
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genegllat ed nouse enbryo fibroblasts (MEFs) from both wt
and MyD88-/- mce, as described above. Both wt and
'\ D88-/- MEFs were transfected with ras and nyc and
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devel | 9k idegtifying amantirgrieer agent SoRprsige t hat

1AW D88- / “a %ﬁﬁacﬂﬁ’%ﬁ téﬁ@ﬁhﬁ)‘ieﬁ%ﬁh b8l HhARY alvctor comprising a
transfection with ras and c. Therefore, the absence

of MWa%e aridancadiag Mw&@sﬁl iolpgically, pctiverfgagnaent thereof; and
transf eqf) 'nﬁ’éhs\Mlh ré%ﬁbnvfév&hﬁhé‘ih ckli, A met hod

for |dent|f n ant ancer agent conpri Si ng: a)
cont act |vnl@9raby tegteﬁmme 5 ldﬁntﬁledéo contau arerpli-eanaes agent if the

My DRS¢ Smple %Héé%&&ééééd%&bé@ e%r@w thEH %Bﬁ%%reoa@da control

20 cell.

4) The method of claim 3 wherein the contacting step comprises introducing the
sample into the cell.

25 5) A method for identifying an anti-cancer agent comprising:

a) contacting a test sample with a cell having a vector comprising a
nucleic acid encoding MyD88 or a biologically active fragment thereof that is
operably linked to a reporter gene; and

b) measuring MyD88 expression level in said cell,

30 whereby the test sample is identified to contain an anti-cancer agent if the
test sample causes decreased MyD88 expression when compared to a control

cell.



b) neasuring MyD88 expression level in said cell

whereby the test sanple is identified to contain an
wanvic/eemnecer agent if the test sanple causes decraasmd025152

MyD88 expressi on when conpared to a control cell. 2)

The nethod of claim 1 wherein tfe contacting step

cona%ises introdugi%% the sanple into the cell. 3) A

met Pother method«ah claipinyhesindhe icostagting stegeamprises introducing the

conpuihSik Mo 18 caentacting a test sanple with a cel

having a vector conprising a nucleic acid encodi ng

MyD88 or a biologically active fragnent thereof; and

b) neasuring MyD88 expression level in said cell

whereby the test sanple is identified to contain an

anti-cancer agent if the test sanple causes decreased

MyD88 expressi on when conpared to a control cell. 4)
The nmethod of claim 3 wherein the contacting step
conprises introducing the sanple into the cell. 5) A

met hod for identifying an anti-cancer agent
conprising: a) contacting a test sanple with a cel
havi ng a vector conprising a nucleic acid encodi ng
MyD88 or a biologically active fragnent thereof that
is operably linked to a reporter gene; and b)
measuri ng MyD88 expression |level in said cell, whereby
the test sanple is identified to contain an
anti-cancer agent if the test sanple causes decreased
MyD88 expressi on when conpared to a control cell.6)
The nmethod of claim5 wherein the contacting step
conprises introducing the sanple into the cell



