TYROSI NE- PHOSPHORYLATED WBP2, A NOVEL CANCER TARGET AND Bl OVARKER

CROSS- REFERENCE TO RELATED APPLI CATI ON 1011. This application clains the
benefit okoSvigapmpe Patent Application No. 201006302- 2 ptirlsedoq/modd3 August
2010, the entire contents of which are incorporated herein by reference.

FI ELD OF I NVENTI ON 1021. The invention relates generally to nethods and
kits for determnin redi sposi tion, or diagnosis and/or treatnent of
cancletROENERIHOERH ARD YR 2 i NQVELM%@E%H%GEBANQQQ@#%%&O t he
invention is intended to facilitate an understandi ng of the present

i nvention. However, it should be appreciated that the discussion is not an
acknow edgnent or adm ssion that any of the material referred to was
publ i shed, known or part of the comron general know edge in any
jurisdiction as at the priority date of the application. [4]. Potentiation
of gene transcription b%‘nuclear hor none receptors involves its interplay
wi th co-GROSYREFERENGE (IQLRELATED ABRLYGATONnal nachi nery t hr ough
protein-protein interactions (1, 2). Co-activator can act as
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t r anscr i didgnosis ahd/on atitmant@f sanaére enmer gi ng as a group of proteins
increasingly inplicated in cancer devel opnent (3-5). [5]. Transcription
co- act i VBACKGROWENDf t en subject to posttranslational nodification, e.qg.
phosphoryl ati on. Phosphoryl ati on of specific nenbers of SRC/ pl60 fam |y of
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interactions with non-nucl ear receptor activators (7 . o
understanding of the present invention. However, it should be appreciated that the discussion is
not an acknowledgment or admission that any of the material referred to was published, known
or part of the common general knowledge in any jurisdiction as at the priority date of the

application.

[04]. Potentiation of gene transcription by nuclear hormone receptors involves its interplay
with co-activators and the basal transcriptional machinery through protein-protein interactions
(1, 2). Co-activator can act as transcriptional adaptor or modify chromatin through histone acetyl
transferases (HAT) or nucleosome remodeling complexes. Furthermore, coactivators regulate
mRNA transport, translation and posttranslational modification of the synthesized proteins.
Some of the known nuclear hormone receptor coactivators include p160 family members of co-
activators, SRC-1, SRC-2[TIF-2/GRIP-1/NCoA-2], SRC- 3[pCIP/ACTR/AIB-1/RAC-3/TRAM-
1], NRIF-3, E6-AP and WBP2. Due to their pleiotropic roles, it is not surprising that
transcription co-activators are emerging as a group of proteins increasingly implicated in cancer

development (3-5).

[05]. Transcription co-activators are often subject to posttranslational modification, e.g.
phosphorylation. Phosphorylation of specific members of SRC/p160 family of proteins enhanced

their nuclear localization (6), inhibited their interactions with non-nuclear receptor activators (7)



or stinulated their intrinsic coactivator activity (8). Phosphorylation of
Al Bl and PGC-1 regul ated both their half-life and activity (9, 10).

Fur t her nowe,2of@naegbor yl ati on of NRI F3 via Pakl pronot edpER&GRé@Ne@O8 1 vati on
t hrough increased ERa-NRIF3 interaction (5). [6]. WMdormai n bi ndi ng
protein (WBP2) is a transcription coactivator denonstrated to sel ectively
and specifically enhance ERa and PR transactivation via hornone-dependent
ERcx/ PR-WBP2 interaction and recruitnment of WBP2 to hornone-responsive

el ements (11). WBP2 contains an intrinsic activation domain. One of its
three pol yproline (PPXY) notifs-PY3 is essential for its coactivating
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as a novel tyrosine kinase substrate that displayed differential
phosphori§¢lat V6W-deoairs binding mEFnCATBRDdis| 2 tenssriptéent caagliator dsmogsteatadi on ((16) .
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conprising the steps of: a) Measuring an anount of a pol ypeptide of SEQ I D
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impact of WBP2 phosphorylation on its coactivator activity. The role of WBP2 and its tyrosine

phosphorylation on the ER-positive breast cancer biology and the underlying mechanisms were

also investigated.
Summary

[08]. Accordingly one aspect of the invention includes a method of detecting cancer in a
patient comprising the steps of:
a) Measuring an amount of a polypeptide of SEQ ID No. 1 with a phosphorylated tyrosine

at Y192 in a first sample isolated from the patient; and

b) Comparing the amount of polypeptide of SEQ ID No. 1 with a phosphorylated tyrosine at
Y192 in the sample to an amount of polypeptide of SEQ ID No. 1 with a phosphorylated tyrosine

at Y192 in a second sample isolated from normal, non-cancerous cells,

wherein an amplified amount of polypeptide of SEQ ID No. 1 with a phosphorylated tyrosine at
Y192 in the first sample relative to the amount of polypeptide of SEQ ID No. 1 with a
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2 phosphorylated tyrosine at Y192 in the second sanpl e indicates cancer is
present in the first sanple. [09]. Preferably the anmount of the pol ypeptide
of SEQ | Dvbao12lo3wsoth a phosphoryl ated tyrosine at Y192 ipaTiSleeotfiion&93 and
second sanpl e al so detects phosphorylation of tyrosine at Y231 of the

pol ypeptide of SEQ ID No. 1 wherein an anplified anmount of pol ypeptide of
SEQ ID No. 1 with a phosphorylated tyrosine at Y192 and Y231 in the first
sanple relative to the anount of polypeptide of SEQID No. 1 with a
phosphoryl ated tyrosine at Y192 and Y231 in the second sanpl e indicates
cancer is present in the first sanple. [010]. Preferably the cancer is
caused pposphaiyiatesttpgsing atde9e irdp secord BEPR indicalscanagr ipgreserE thfirst V\BP2 or
E2F expr%i?\%pn or activity. [011]. Preferably the anount of the pol ypeptide
of SEQ I .1 with a phosphorylated tyrosine is neasured with an isol ated
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sel ect i seinpletimlidatee cpwbrippesantia thef firlSE@mMpP. No. 1 only when t he pol ypeptide is
phosphoryl ated at the tyrosine Y192, or tyrosine Y231, or the tyrosine Y192
under suPtMbPesfdrghly ihei caneey icenuskidt by indtiatesher depynddett acEGHR, @bsg, ehYish.a5R.f or ned

bet ween GW&%Q?EQF e,ggrésgggﬁ omqvﬂ}he pol ypeptide of SEQ ID No. 1

phosphoryl ated at said tyrosine.
[011]. Preferably the amount of the polypeptide of SEQ ID No. 1 with a phosphorylated

tyrosine is measured with an isolated phosphorylation site-specific antibody that specifically
binds to a WW-domain binding protein of SEQ ID. NO. 1 only when the polypeptide is
phosphorylated at the tyrosine Y192, or tyrosine Y231, or the tyrosine Y192 and the tyrosine
Y231 wherein the antibody does not bind the polypeptide of SEQ ID No. 1 when it is not
phosphorylated at said tyrosine.

[012]. Preferably the method further comprising the steps of:

a) bringing the polypeptide of SEQ ID No. 1 into contact with a polynucleotide probe or
primer comprising a polynucleotide sequence capable of hybridising selectively to the
polypeptide of SEQ ID No. 1 only when the polypeptide is phosphorylated at the tyrosine Y192,
or tyrosine Y231, or the tyrosine Y192 under suitable hybridising conditions; and

b) detecting any duplex formed between the probe or primer and the polypeptide of SEQ ID
No. 1 phosphorylated at said tyrosine.

[013]. 6. The method of any one of claims 1 to 3 whereby the amount of the polypeptide of SEQ
ID No. 1 with a phosphorylated tyrosine is measured with an isolated phosphorylation site-
specific aptamers that specifically binds to a WW-domain binding protein of SEQ ID. NO. 1
only when the polypeptide is phosphorylated at the tyrosine Y192 or Y231 or the tyrosine Y192
and the tyrosine Y231 wherein the aptamers does not bind the polypeptide of SEQ ID No. 1
when it is not phosphorylated at said tyrosine.



[013]. 6. The nethod of any one of clainms 1 to 3 whereby the anmount of the
pol ypeptide of SEQID No. 1 with a phosphorylated tyrosine is neasured with
an i sol atwa 2pteaspiver yl ati on site-specific aptamers that pepsGoii®adoy bi nds
to a WMdomain binding protein of SEQID. NO 1 only when the pol ypeptide

i s phosphorylated at the tyrosine Y192 or Y231 or the tyrosine Y192 and the
tyrosi ne Y231 wherein the aptaners does not bind the pol ypeptide of SEQ ID
No. 1 when it is not phosphorylated at said tyrosine. [ 14] . Anot her
aspect of the invention includes an agent to interfere with phosporylation
of tyrosine Y192 and/or Y231 in the polypeptide of SEQID NO 1. [15].
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Pr efera |Lin conprises a human | gGl constant region wthin
a heavy C héa{ﬁqg&a &%%ﬁbgl obulin and a human constant region within a
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i munogl obul i n conprises ful'ly or part regl ons Wi t hin
t he heawpaishain and within the |ight chain.

[017]. Preferably said antibody is an immunoglobulin comprising an immunoglobulin light
chain.

[018]. Preferably the immunoglobulin is an IgG1 kappa immunoglobulin.

[019]. Preferably the immunoglobulin comprises a human IgG1 constant region within a heavy
chain of the immunoglobulin and a human constant region within a light chain of the

immunoglobulin.

[020]. In one embodiment the immunoglobulin comprises fully or partially human framework

regions within the heavy chain and within the light chain.

[021]. In one embodiment the immunoglobulin comprises murine framework regions within the

heavy chain and within the light chain.
[022]. Preferably the antibody is able to be produced in a cell line.

[023]. Preferably the agent comprises an isolated phosphorylation site-specific aptamers that
specifically binds to a WW-domain binding protein of SEQ ID. NO. 1 only when the polypeptide
is phosphorylated at the tyrosine Y192 or the tyrosine Y192 and the tyrosine Y231 wherein the
aptamers does not bind the polypeptide of SEQ ID No. 1 when it is not phosphorylated at said

tyrosine.

[024]. In one embodiment the agent comprises a small interfering RNA such as SEQ ID NO. 2.



[21]. I n one enbodi nent the inmunogl obulin conprises nurine franmework
regions within the heavy chain and within the light chain. [22].

Pr ef er ablwot2be/sodozrbody is able to be produced in a cel lpclriseeo11/0p@2383 .
Preferably the agent conprises an isol ated phosphorylation site-specific
aptaners that specifically binds to a W¥donmai n binding protein of SEQ ID.
NO. 1 only when the pol ypeptide is phosphorylated at the tyrosine Y192 or
the tyrosine Y192 and the tyrosine Y231 wherein the aptaners does not bind
the polypeptide of SEQrD No. 1 when it is not phosphorylated at said

tyrosine. [24]. In one enbodi nent the agent conprises a small interfering
RNA suc H%ﬁd gEOJhPDSN@t ofthe invérpiBh inchidet dncageri b thetinvghtienHfer yseyetheitedmieplc| udes
an agent hpe i nvention for use in the treatnment of cancer. [26].
Preferab e agent of the invention is for use in the treatnent of breast
cancer am@k ' Per G2 apent b i inyhKL Flke nfife FARAL: OF brelle chrSiHi B}
further conprisingt conpound of FH535 of formula 1.

cancer.

[027]. Preferably the agent of the invention further comprising the compound of FH535 of

Cl
R C
JOUDY
o
NO,

[028]. Another aspect of the invention includes a composition comprising the agent of the

formula 1.

invention and the compound of FH535 of formula 1.

cl
\ C
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[029]. Another aspect of the invention includes a method of treating a patient afflicted with
cancer, comprising the steps of:
(a) administering to the patient an agent to interfere with phosphorylation of tyrosine

Y 192 and/or Y231 in the polypeptide of SEQ ID NO. 1,

Brief description of the drawings

[030]. Preferred embodiments of the invention will be described with reference to the following
drawings of which:

Figure 1: Estrogen and Progesterone-induced Tyrosine Phosphorylation of WBP2 at
Tyr192 and Tyr231 via EGFR Cross-talk

[031]. A: Serum-starved cells were stimulated with 50ng/ml EGF (E) for Smin or hormone-
stripped cells were stimulated with 10nM Estrogen (E2) or 100nM Progesterone (P4) for 24hr
with/without 10uM Iressa (Ir) pre-treatment for lhr. Whole cell lysates were used for IP/IB
analysis with antibodies indicated. B: HeLa were co-transfected with EGFR and V5-tagged WT-
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NO2 [28]. Anot her aspect of the invention includes a conposition
conprising the agent of the invention and the conpound of FH535 of formula
1. OO | NB20{248b302Anot her aspect of the invention incl pdescacmmmbiéos of
treating a patient afflicted with cancer, conprising the steps of: (a)
admnistering to the patient an agent to interfere with phosphoryl ation of
tyrosi ne Y192 and/or Y231 in the pol ypeptide of SEQ ID NO 1, Brief
description of the draw n2s

WBP2 or individual Y—F mutants. C: HeLa were co-transfected with EGFR and V5-tagged
wild type, individual single mutant (Y192F, Y231F, Y253F) or double mutant (Y192-231F) of
WBP2. For experiments B and C, 24hr post-transfection, cells were serum-starved overnight and
stimulated with 50ng/ml EGF for 5min. Whole cell lysates were used for IP/IB analysis with
antibodies indicated. D: Serum-starved MCF7 were stimulated with 50ng/ml EGF (E) for Smin
or hormone-stripped cells were stimulated with 10nM estrogen (E2) or 100nM progesterone (P4)
for 24hr with/without 10uM Iressa (Ir) pre-treatment for 1hr. Whole cell lysates were used for
IP/IB analysis with antibodies indicated. E: HeLa were co-transfected with EGFR and V5-tagged
WT-WBP2 or individual Y—F mutants. F: HeLLa were co-transfected with EGFR and V5-tagged
WT-WBP2, individual single mutant (Y192F, Y231F, Y253F) or double mutant (Y192-231F) of
WBP2. For experiments B and C, 24hr post-transfection, cells were serum-starved overnight and
stimulated with 50ng/ml EGF for S5Smin. Whole cell lysates were used for IP/IB analysis with
antibodies indicated. G: MCF7 were transfected with V5-tagged WT-WBP2 or Y192- 231F-
WBP2 mutant. 24hr post-transfection, serum-starved MCF7 were stimulated with 50ng/ml EGF
(E) for 5min or hormone-stripped cells were stimulated with 10nM Estrogen (E2) or 100nM
Progesterone (P4) for 24hr. Whole cell lysates were used for IP/IB analysis with antibodies
indicated. “O” denotes “untreated/vehicle-treated”

Figure 2: Regulation of WBP2 Tyrosine Phosphorylation by c-Src

[032]. A: HeLa were co-transfected with EGFR and V5-tagged WT or individual Y—F mutant
of WBP2. 24hr post-transfection, cells were serum-starved and stimulated with 50ng/ml EGF for
Smin with/without lhr pre-treatment with 10uM Iressa or 1uM AZDO0530. Whole cell lysates
were used for IP/IB analysis with antibodies indicated. B: HeLa were co-transfected with EGFR
and V5-tagged WT or individual Y—F mutant of WBP2 in the absence or presence of Src-DN
overexpression. C: HeLa were co-transfected with (a)WBP2; (b)WBP2 and EGFR; (c)WBP2
and wild-type(WT) Src; (d)WBP2 and constitutivelyactive (CA) Src; (¢)WBP2, EGFR and WT-
Src; (NWBP2, EGFR ad CA-Src; (g)Y192-231F, EGFR and WT-Src. For experiments B and C,
24hr post-transfection, cells were serum-starved overnight and stimulated with 50ng/ml EGF for
Smin. Whole cell lysates were used for IP/IB analysis with antibodies indicated. D: HeLa were
co-transfected with EGFR and V5-tagged WT or individual Y—F mutant of WBP2. 24hrpost-

transfection, cells were serum-starved and stimulated with 50ng/ml EGF for 5min with/without



[30]. Preferred enbodi nents of the invention will be described with
reference to the follow ng drawi ngs of which: Figure 1. Estrogen and

Pr ogest erwoesizmdosped Tyr osi ne Phosphoryl ati on of VWBP2 atT/hgrdQaoeesl Tyr 231
via EGFR Cross-talk [31]. A® Serumstarved cells were stinulated with
50ng/ ML EGF (E) for 5mn or hornone-stripped cells were stinulated with

| OnM Estrogen (E2) or 100nM Progesterone (P4) for 24hr wi th/w thout 10AM
Iressa (Ir) pre-treatnment for [ hr. Wwole cell |ysates were used for | P/ 1B
analysis with anti bodi es indicated. B: HeLa were co-transfected with EGFR
and V5-tagged WI- WBP2 or individual Y--->F nmutants. C. HelLa were
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st i mul atedingividvab GhgF minuRaF oFf OWBER i thé gbeenee|dr prgsrace P wetcdDNHKEA5 ¥or
| P/ LB angl.ys

t
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were used for J@%ﬂlzBégﬁglaé E IA?SSr% @# ant |3gF gf}gfé%%ﬂﬁrfe %e?ﬁ%ktg ]%/Neﬁl?ie
co-trans§ ééhem)swrmhfeE@ﬁRthdv%smagg@dewvwgﬂ and siimulateil chith| 50ivg/mlk Eilit ant s.
F: HelLa . CQnt f i th ual
single rrﬁéf g‘ﬁ{n' ?@f&%@ﬁ I%Eﬁg'e%g% E%PF %gﬂ%/se&?rgtggtgbt %@?@Eﬁtﬁ 1@ V\BP2.
For ex pewérmtrsnS&cad ovitB, V2 thggedpyBP2 bnthnﬁfeend:game coumrbll SRMAY @YssemRNAsQrar ved
overnlght e i es were
used for §§Pﬁg\$ l)?g&lse \‘/’ﬁrﬁ %35&&5%:# {%éa‘fs @eﬁm&ﬂﬁg&% O$%§lg§ﬁtsf ected
w th V5- andggeuiaww;th\Bm&/mt EG’H% Smi8 IR Inyates wereAs bd fop BXIB 4mabysis fegtht | on,
serumstaE eddes cat re stinmulated with 50ng/nl EG-F (E) for 5mn or

hor none-% Is were stimulated with | OnM Estrogen (E2) or 100nM
Pr ogest elfngpme 3( Réguliﬁrm I AVBP2 Wsmed’hbdphbmaiomsbwtei’es used for |P/LE3

| ysi j t / ted"
anal voi ol N e Pk pllsale o 5 da90l soiphsaa osl ol sgng oot e
HelLa vver(e)VéB)PZt/Y 899334 Et ad wlﬂhypEGFlR) afed; V@W&l@@ét?%%lﬁ,r EGﬁBl anidd YET-Yes; >F
t ant -
sti mul an a7y Con AR IRkl 20 TR R e GBS T oSl BEe RO
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V5- tagge °ndi Vi d € absence or presence
of Src- DNr@de_xvemmhem somula@'d vHEL S ngler E@ofor Saurs V8ol ectliviytates (ayeABBR for( b) BP2

and EGF P2 ar ttut ctive
om0 EThrbo RS WL ALY TERUEL, S IR0 L A
EGFR andb)WBEY¥ 19221 Fexpat i méiHRs HCH\NBPﬂlenhi?leosandt rmm{mn Ycel S
were ser W e h rséh?f;
Whol e ce bY !%gzéﬁféahgélhdfor if’/(i r‘12a %/dsy:is3 Wit Qﬁ n{ltgve a(%@vﬁ cat ed.
D. HelLa ‘ﬂﬁﬂéﬁ?@ﬁ;— W/‘é'd:%elﬁ 1\ EGFE@EFCAMSVB Halyrgwdrevkﬂb-tmnsﬁeq:tcﬁ wutUl]\éﬂ Y- - >F.
g;'l;[ ?nr'}][ a? V#F\)%ﬁP% etrtl.:n@r aga S];ec%t tlfﬁa N 11\}\”&8 efs hs1 R UTER saﬂil\\llgd 798 goth
experiments, 24hr posttransfectlon cells were serum-starved overmght and stimulated with
50ng/ml EGF for 5min. Whole cell lysates were used for IP/IB analysis with antibodies
indicated.

Figure 4: Tyrosine Phosphorylation of WBP2 Potentiates Its Coactivation Function in ER«x
Activity viaRegulation of its Nuclear Entry and Interaction with ERa

[034]. A: Hormone-stripped MCF7 or T47D were co-transfected with vector, WBP2-WT or
WBP2-Y192-231F mutant and ERE/PRE-Luciferase reporter constructs. Cells were either left
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| hr pre-treatnent with 10AM Iressa or | p. M AZD0530. Whole cell lysates were
used for IP/IB analysis with anti bodies indicated. E: HelLa were

co-t ransfwot2eth/osvioh EGFR and V5-tagged WI or indivi dual p¥TsE20mii0a0m03 of \\BP2
in the absence or presence of Src-DN K295M overexpression. F. HelLa were
cotransfected with (a)WP2; (b)WBP2 and EGFR, (c)WBP2 and wi | d-type(W)
Src; (d)WBP2 and constitutively-active(CA) Src-Y529F;, (e)WP2, EG-R and
WI-Src; (OWBP2, EGFR ad CA-Src; (g)Y192-231F, EGFR and WI-Src. For
experiments B and C, 24hr post-transfection, cells were serumstarved

overnight and stinmulated with 50ng/ mL. EGF for 5nin. Wole cell |ysates were
used f oralanppr girarated with (alisPre/mhEGD deti Sewn.i (Ab] Gedd EY100@M Refor 24k () E2/P4

co- transfgqigs j\iehd aééén&a&gggﬁéﬁﬁg%fam %t;eaﬁ{enﬂmt 10481 q&-ggra;m ERPYR,  C-Yes
Si RNA or c-Src siRNA. For experinments post-transtection, cells
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responsi ve target gene-cyclin Dl protein expression was regul ated by
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[037] . Sequence of WBP2 - Y192 and Y231 are highlighted in blue El The red
boxes indicate PY notif 1, 2 and 3. These hi ghlight and boxes are not in

t he ori giwel2famgugoe. Use this instead Figure 8 [ 38] . PCOBSROUBDOWH Of
prot ot ypes of WBP2-sequence derived peptides. Initially, peptides conprise
all PY notifs and tyrosine sites. If these peptides have anti-WBP 2 and
anti-breast cancer function, they will be refined (ie., shortened) to
determ ne the Shortest possible peptide that still retain the desired
activiti es NLS - nucl ear |ocalization signal to shunt peptide into the
nucl eus. gure 9 [ 39 Xenograft Studies of the Effect of WBP2 and
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Figure 6: Potential Mechanisms of Phospho-WBP2-mediated Breast Cancer Biology

[036]. A: Whole cell lysates from vector, WBP2-WT, WBP2-Y192-231E mutant and WBP2-
Y192-231F mutantexpressing MCF7 or Y192-231E mutant expressing MCF7 with WBP2
knockdown were used for IB analysis with antibodies indicated. B: Vector, WBP2-WT, WBP2-
Y192-231E mutant or WBP2-Y192-231F mutant-expressing MCF7 were co-transfected with

TOPFlash(top panel) or ERE-Luciferase(bottom panel) reporter conmstruct. For cells co-
transfected ERE-luciferase, they were either left alone or stimulated with 50ng/ml Wnt3a ligand
for 16hrs. TCF/ER« luciferase activities in various conditions were then assayed. **P<0.01,
**¥P<(0.001, Student’s t-test (2-tailed). C: Vector or WBP2-Y192-231E mutant-expressing
MCF7 were treated with indicated concentrations of Tamoxifen(Tam) and/or FH535. Cell
numbers were measured. D: Whole cell lysates from WBP2-Y192-231E mutant-expressing
MCEF7 treated with 2 uM Tam and/or 15 uM FH5353 were harvested at day 2-4 post-treatment

and used for IB analysis with antibodies indicated.
Figure 7

[037]. Sequence of WBP2 — Y192 and Y231 are highlighted in blue []. The red
boxes indicate PY motif 1, 2 and 3. These highlight and boxes are not in the original figure. Use
this instead

Figure 8

10



Figure 11 [41]. Protein Expression and/or Activity Changes Associ at ed
with WBP2 Overexpression and Tyrosi ne Phosphorylation in MCF10A, Whol e cell
| ysat es fwormizasbzmr, VWBP2-WI and WBP2- Y192- 231D expr es ecm@Ghidibodroser e
used for immunoblotting analysis with antibodies indicated. Figure 12
10421. Expression of WBP2 in HWM1 Undifferentiated vs Differenti ated Muse
Enbryonic StemCells Figure 13 10431. Abolishnment of WBP2 Tyrosine
Phosphoryl ati on Di srupted WBP2- TAZ Interaction in vivo, 293 cells were
co-transfected with Fl ag- TAZ and either vector, WBP2-W, phosphom mc

Y192- 231E and phosphodefective Y192-231F nutant and stinulated in the
presencd03. Sonsmeiéonop! BOtaigpeni of E¥BP2y@Pencgaderivadnpaptpsiea ci lpitially.epeptidésng V5
ant i body, t ' LR - .

co- i munsapaes CPL AP REGH AL RS G bUARSRIAR T 2 ndmtibet g
Tyr osi necaiieo §yphidamy they iwalh ba cefingditie dstEtFnedy to determine Vet Shertest\BBSIbIgPeptide
VBP2- Y19p- 23 22 - - e si ng. NCET . wer - ith E2F
ropor t er Eanb (i R KRASE LS THRLER Il Mh Rl b BREREI Y |0
assayed mapldusnor mal i zed agai nst constitutive TK pronoter renilla luciferase

activityFi u@g§ults wer e expressed as nunber of fold over vector.

[039]. Xenograft Studies of the Effect of WBP2 and Phosphorylation on Tumor Growth, Five
million MCF7 cells expressing vector control, WBP2, Y192-231E phosphomimic and Y192-
231F phosphodefective mutants were injected into the flanks of Balb/c nude mice and tumor
volume was measured after 3 weeks on Day 22 and Day 32. Top panel shows the distribution of
tumor volume by each mouse injected with different stable transfectants at both Day 22 and 32.
Bottom panels (left and right) show the average tumor volume generated from mice injected with
different stable transfectants. Asterisks indicate statistically significant difference relative to
vector control based on Student;s t-test (2-tailed) analysis. (* refers to p<0.05 and ** refers to
p<0.01)

Figure 10

[040]. Overexpression of WBP2 and Y192-231D Phosphomimic mutant in MCF10A and Their
Functional Studies, Top left: Immunoblot showing exogenous expression WT and Y192-231D
mutant of WBP2 in stable drug-selected pools of MCF10A. Top right: Cells were examined
morphologically in 2D culture. Cells were subject to cell proliferation assay (Bottom left),
anchorage-independent soft agar growth assay (Bottom middle) and cell invasion assay (Bottom
right). *p<0.05, **p<0.01 and ***p<0.001, Student;s t-test (2-tailed)

Figure 11

[041]. Protein Expression and/or Activity Changes Associated with WBP2 Overexpression and
Tyrosine Phosphorylation in MCF10A, Whole cell lysates from vector, WBP2-WT and WBP2-
Y192-231D-expressing MCF10A were used for immunoblotting analysis with antibodies

indicated.

Figure 12
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Figure 15 10451. WBP2 overexpression and tyrosi ne phosphoryl ation
activated cell cycle progression. MCF7 cells expressing WBP2- W,

VBP2- Y192wd3b2/@0sh2 V\BP2- Y192- 231F were pul sed with Br dUptarsG36i1/moenas es.
Cells were harvested after 48 hours. Incorporated BrdU were detected with
anti-BrdU fl uorescent antibody followed by flow cytonetry (left). Bar chart
(right) shows the percentages of BrdU positive cells. Figure 16 10461.
Upregul ati on of E2F proteins in MCF7 cells overexpressing WBP2 and its
phoshom m ¢ mutant. Wole cell |ysates fromvector, WBP2-W, WBP2-Y192-231E
and WBP2- Y192- 231Fexpr essi ng MCF7 were used for imunoblotting anal ysis

wi t h ant P#diEspressi of AYBRP inFHNUrlénditfer¢rpia®{l vs Biffeentiatod MonssdiloyenioSte®2F1 and
E2F3 on 7 cells overexpressing WBP2-Y192- 231E. A MCF7 cells expressing
VBP2- Y192- 231E were transfected with indicated si RNAs and knockdown

ef ficiendiguredd confirmed using western blotting. B. Cells were
co-transfected with indicated si RNAs and E2F reporter plasm d and harvested
for | uciPéHabolishameyt %ﬁ‘W&Pzwmrlﬂl.osphﬁuémoér@@@ptﬁ@%&g@%@raﬁ@ﬁm i zed

agai nst GaNsha Lk i _c-EK{aB%QJSfIQ& Rﬁgg Flg%-gwl%raaélhléﬁflér%é&&?m%,gﬁws&onﬁlcl S were

transfected with indicated s U I ncorporation assay was

per f or me¥il92p231 E end plgpsphodefe@ivd (Y 193-SR 1T metapedridsstimplatediiy thetpoeserpator abserdeRNA
treated geldys & RyP! WRHPAS WA ifHial ipttated e Lilife WO5€ hiigas! eghew th
i ndi cated si Rﬁl%ﬁ MI'S ‘assay was périﬁorohe&alpo%te_day lég. Par cent a egﬁ{l)f q1ceel I
prol i f erizmivpepreapitates were thercrypaddér coriRAneprecipitateddddgd-EA%ere plotted as bar

charts. IFnl @!érlﬁ 18

[044]. WBP2 Overexpression and Tyrosine Phosphorylation activated E2F Activity, Vector,
WBP2-WT, WBP2-Y192-231E and WBP2-Y192-23 1F-expressing MCF7 were transfected with

E2F reporter construct. 48 hr post-transfection, the luciferase activity was assayed and
normalized against constitutive TK promoter renilla luciferase activity. Results were expressed
as number of fold over vector.

Figure 15

[045]. WBP2 overexpression and tyrosine phosphorylation activated cell cycle progression.
MCF?7 cells expressing WBP2-WT, WBP2-Y192-231E and WBP2-Y192-231F were pulsed with
BrdU for 30 minutes. Cells were harvested after 48 hours. Incorporated BrdU were detected with
anti-BrdU fluorescent antibody followed by flow cytometry (left). Bar chart (right) shows the
percentages of BrdU positive cells.

Figure 16

[046]. Upregulation of E2F proteins in MCF7 cells overexpressing WBP2 and its phoshomimic
mutant. Whole cell lysates from vector, WBP2-WT, WBP2-Y192-231E and WBP2-Y192-231F-
expressing MCF7 were used for immunoblotting analysis with antibodies indicated.

Figurel7

[047]. Effect of knockdown of E2F1 and E2F3 on MCF7 cells overexpressing WBP2-Y192-
231E. A. MCF7 cells expressing WBP2-Y192-231E were transfected with indicated siRNAs and
knockdown efficiency was confirmed using western blotting. B. Cells were co-transfected with

indicated siRNAs and E2F reporter plasmid and harvested for luciferase assay after 48 hours.
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10481. Whole cell lysates fromvector, WBP2-W, WBP2-Y192-231E nutant and
WBP2- Y192-231F nut antexpressi ng MCF7 (A) or Y192-231E mutant expressing
MCF7 wi t hwBR/dsommekdown (B) were used for 1B anal ysis wctriscantijobexds es

i ndi cated. Their expression levels were quantified in three independent
experinments and the averages were presented relative to actin.
Representative blots (order in lanes fromleft to right: vector, WBP2,
Y192- 231E, Y192F) were presented as insets to the bar graphs. **P<0. 01,
***P<0, 001, Student's t-test (2-tailed) relative to vector. Vector,
VBP2- WI, WBP2- Y192- 231E nmut ant or WBP2- Y192- 231F nut ant - expr essi ng MCF7
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guant i f ilegnd for {l e ETGHQR RPN lucekmpsr dctieititsinavadoushrenditiensarpes thee psaypdesent ed

relative iin pI es ' I (e, i £k | ef ) right:
vect or, %%5%%?1&@%1?%?0 %?%%%1 wﬁ%é}ec%%t?oel'serﬁi g'gl’as *lbﬁ(ge ég{uggathsg t Ségé)gr aphs.
** P<0. 0Xtailedy. HPIBcOO0 b1 WRR2HEIR- 331E metint-¢&xPressing MOF7rvedrateated woh welidated.
Det ai | ed descr.i pti 501 ... T resen rel a to the
0 s coveryREREIRE bOR M byl (aB BRaEIEs VRERASIOY Ry SLER phitpd fere | o
denonst rredaauted dailyland Regpdred @ rielat veAR, veliiCletrbatethveetvirexmending 2Bllscar Bay O Vit | on

functi On\?ec?o‘r %/PdW]ﬁJZ?YfBiQﬁEr ngllntaar‘x?-se)l(pcl)'es%f?‘l i %19; “V/\éBrEZ treated with indicated
concentrations (0-50 (M) of FH535 for 2 days. Cell numbers were measured and compared in
relative to vehicle-treated cells. Their IC50 were analyzed statistically with SPSS 13.0. G: Whole
cell lysates from WBP2-Y192-231E mutant-expressing MCF7 treated with 2 uM Tam and/or 15
uM FHS5353 were harvested at day 2-4 post-treatment and used for IB analysis with antibodies
indicated. H: Vector or WBP2-Y192-231E mutant-expressing MCF7 were treated with indicated
concentrations of 100 nM fulvestrant and/or 15 0OM FH535 for 4 days. Cell numbers were

measured on day 2 and day 4 and compared in relative to vehicle-treated control at each day
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3. Affect breast cancer biology (in ternms of EMI, cell proliferation and

i nvasi on) [051]. Detection of phosphorylation at site-specific |ocations
Y192 or Ya2eendodd231 of WBP2 (SEQ ID NO. 1) with aptamecTeG2eniondesi es
such as nonocl onal anti bodi es or polyclonal antibodies or specific probes
or prinmers can be used to diagnosis cancer or prognoses of suitable
therapies for cancer. Further an agent that interferes with phosporylation
of tyrosine Y192 and/or Y231 in the pol ypeptide of SEQ ID NO 1. may be
used as a suitable treatnment of cancer. In one enbodi nent the cancer is
breast cancer. In another enbodi nent the cancer is lung cancer. The

t echnol d@ 9p Panebulhesdtraatedicelts warbibarvested denB andlusis witle antibpdintiadicateh(BoGPR,
c-Src, F £ ER, Wit or E2F such as Liver cancer; head and neck cancer;
col orecta cancer; bone cancer as well as others known to those skilled in
t he art .FigE@IDNO. 1 MALNKNHSEGGGVI VNNTESI LMSYDHVELTFNDM CNVPEAFKGTKKGT

T SHEO NPT VNI VISEATIOIES. st woer

CPPGYPYPﬁQ@QEﬂ?P@R@NW@@ﬁNEW%HQWHﬂPDYP@PNEPHV@@R@VE@&ENMEM@E&“Mh\VBPZ
EAAASAY* R EDKI]
tyr05|ne¥§§bspﬁ ry|a§§§§3535$%§§ |%%g?%gféﬁgég%gﬂagégﬂgs?g§W%EE2m
phosphorqpheified in direevihdcpendvdt M@Sﬁmwnts Andathe agemges owmme piesamted rreletl‘(qotocmnmer
progr es% gf&en't;e[mgmo WERldR, lnrl&}fgq m 1|3§ é@g e%%rx] \%’bp?’ ‘)9#92%?@ @fﬁ%? gver%ancer
or lung cancer progre sion erre en ‘erf'erénce may’ i ncl ude
monoc| orpagsested asbiosttsete theepigrapbs  **BR@DI, We@mle&udgnﬂamﬁsu Esfage delbtove
suppress, g%: expre55|on of WBP2 such as siWBP-2; aptaners and ot her
reagents t at interfere with Y192 phosphoryl ati on of WBP2 or Y192 and Y231
phosphorDetsitedclescpiptiolP2 f or breast cancer treatnent WBP2 as a drug target
and bi omarker for cancer [53]. W have identified WBP2 as a downstream
t ar get dPSURGEhEDRRb IschrpigERelaleyiedhe digcovew of awe tyadsins nhdephotylation sitesyas and
-Src t WyRpNG %hﬁéé%éaﬁ&nBH&é&h%@ upstream ki nase of WBP2 and nay
therefore reg@Phte 2 activity and function. [54]. W have identified
VBP2 to bel.pRegpainity EE&?@E@@NW@@@MHﬁHWMZQQW%ﬂdﬁgﬁ@mn t hat WBP2 expression
and phosph%rQkﬁvh@ﬁm@Gﬁﬁ@n$@@U & WHBP2 act or i ndependence | eading to
i ncreased 3yr &fifiest, breastsainderbiglogp in tawing pEENM G neet pepliferationi and inyasi@R+ br east
cancer cells. Silencing of WBP2 using si RNA and shRNA can abrogate
bi ol ogi gg&y)f E@&Et‘idﬁﬂﬁf pHéspﬁJr&lQﬁ& NS JeVific RIcEAE YIONGEY 1288k F2B D oM WiBPO

|nclud|ng roliferation, growh, mgration and invasion.
EQ ID NO. 1) with aptamer or antibodies such as monoclonal antibodies or polyclonal

antibodies or specific probes or primers can be used to diagnosis cancer or prognoses of suitable
therapies for cancer. Further an agent that interferes with phosporylation of tyrosine Y192 and/or
Y231 in the polypeptide of SEQ ID NO. 1. may be used as a suitable treatment of cancer. In one
embodiment the cancer is breast cancer. In another embodiment the cancer is lung cancer. The
technology is suitable with other cancers that are dependent on EGFR, c-Src, c-Yes, ER, Wnt or
E2F such as Liver cancer; head and neck cancer; colorectal cancer; bone cancer as well as others
known to those skilled in the art.
SEQIDNO.1:MALNKNHSEGGGVIVNNTESILMSYDHVELTFNDMKNVPEAFKGTKKGT
VYLTPYRVIFLSKGKDAMQSFMMPFYLMKDCEIKQPVFGANYIKGTVKAEAGGGWEGS
ASYKLTFTAGGAIEFGQRMLQVASQASRGEVPSGAYGYSYMPSGAYVYPPPVANGMYP
CPPGYPYPPPPPEFYPGPPMMDGAMGY*VQPPPPPYPGPMEPPVSGPDVPSTPAAEAKAA
EAAASAY*YNPGNPHNVYMPTSQPPPPPYYPPEDKKTQ

14



We di scovered that tyrosine phosphorylation at Y192 and Y231 regul ates WBP2
function, localization and interaction with target proteins such as ER and
possi bl e woher2/mmpegenes/ t unor suppressors. [55]. W siromsd20thavo2dBP2 and
its tyrosine phosphorylation activated ER, TCF/ b-catenin and E2F
transcriptional activities. W provided evidence that WBP2's role in the
activation of transcriptional activities was due to but not necessarily
limted to WBP2-nedi ated up-regul ati on of the expression and soneti nes
activation of nultiple oncogenes including c-nyc, wnt3a, bcatenin, c-yes,

YAP, ER, BCL2 and ot her netastasis-associated proteins including the

met al | odﬂ%’deé@@fiﬂm@\sﬂﬁ ‘é/iBfé winsie eghwephonyiitionxar ¥£8% on igerfareneprofsWii2essor s
and ot het..gh tQ

over - exg(?rgs s?gﬁdg%% 0% %g}gg?@%%‘ﬁgigrgn c%e? calnl Sﬁogs é{% %a?ggs? éqsgr%s(s)l%ar ed to
nor mal déshtodinagnts mplgéfuels agéntomnaﬂwtor 3Wp bredshicanmlr gk esncepprairession.er ed
that 1/ | Sf ( ' had
undet ecfpar H&ﬁﬁg} F%P?nuceﬁé%%lhmgaﬁﬁg&eg@ﬁal aﬁ%%g{epc?%?ﬁ(l%s %Qggrﬁogéé:rgﬁ%,i ssues
(duct al sgR¥4idesigneditn swppress thcnvaxésmncﬁrWBHZJmhaastIWBPa%t@tanmrscmchhcma) had
noder at : udy of
vt £ gl u Ul Rt oG noSHion of it r 0P BNE YR IO fRTARY
tyr05|nemﬁMBBbﬁmbyhamadmaummmﬁﬂl231 but the cytosolic WBP2 were Iargely

h | a d tein 2 (WBP2) h b
ggprgngt ra g%xsl anérggﬁ%{)%n%t]bl%%qggclta&%f)grg telyPosi ﬁle Ki )nasgssuggtnr ate, to
ti t )
activa 30%3 (\/@Fﬁéévé FRRGELPWEDPD a@'addo%lst AVtafdel @ﬁcﬁ/gg?%%ﬁﬁgzﬁéég{ falin a""ever

t he rol rosi ne phosphor Ion I*n regul nd

breast c¥abavwe aﬂﬁood@gﬁed - Yign kadowBirc tidosiae kinesee st putdtive hledreaﬁﬂrznaas ogWBPRosi ne

phosphora}ghﬁltdg%retf@rgge Ia% ?5 Ecqg, c{iﬂﬁ'& ohng via EGFR crosstal k. Using
itu y~ ac

dom nant negative rve ive nutants, RNAI and phar macol ogi cal

studi es, ¥, §¥deﬁ’t§tﬁqV"@ﬁto%lg?ﬁ&gﬂ&'ﬁlat%ﬁ'apf'lﬁfanmgl d sh¥ th%?vv%@% Tyr231

coul d be regul at ed Src an I nases. W further showed t
abr ogat mxgremzarpihmmxlatm esmfermeg adrowt) fag0fousiepetence dpaslintge fo a@teasndt y

Put at | Vol forhoor DA BGOSR iRALEYo AR VR, Al Tt eract i on with ERa.

Conpar e Vector cont over expression o P7 "and its phospho-mimc
mut ant |Snlen@Fg7ofr\’é1§Eﬂ i althAan@élRNA:mrabrqgntemmwal fudetvosiof topks-negativel | - cel |

adhesi Orbreaé‘trkgﬁ‘d%i?@e‘i‘ls fifitro Rlc 'dl cﬁltférﬁlihnhéxg%ghmgﬁﬁic}n’}ﬂ% RERGISNT gr owt h,

m gration and 1 nvasion In estrogeh=dep -1'ndependent nanner,
events aje WldvBred fidl tf;m@ﬁeﬁh&?ﬂ&gm@utmab%%% YarUPBEX R lon of
phosphoryl ati on-defecCtive nu Hor none 1 ndependence o s’ expressi ng

WBP2 phdegshicatian ardointeraction wilnigregtrroteing sush apER landh posgihieenthen ome@s{almm
reportergantdyities. Wit/ (3-catenin inhibitor FH535 bl ocked phospho- WBP2-
nmedi ated cancer cell growth nore pronouncedly than tanoxifen and

ful vest rgas)., wdshppéd thRYWBPE M iRdybhia %I%g}ﬁ)?ﬁét% aBfivaleldERMEFRALNEYankH S

likely to be a critical conponent i ne di at ed breast cancer bi ol ogy.
[059]. AREoFrapsptignadaetiviiéigsecWeatroided ¢videaer theh WHRY e ing theegchHwtionfof

det ect i NALRAPGSHAI dchviiePRhd d%@tto s he%bgagﬂy Difhired %OWB@E meq)al\éa%%gmloﬁn
amount of a pol ypeptide of SEQ | th a phosphorylated tyrosine
of the expression and sometimes actlvatlon of multlple oncogenes including c-myc, wnt3a, b-

catenin, c-yes, YAP, ER, BCL2 and other metastasis-associated proteins including the metallo-
proteases. WBP2 also suppressed the expression of tumor suppressors and other growth

modulators like p21 and p16.

[056]. We found over-expression of WBP2 in breast cancer cell lines and tissues compared to
normal cells and tissues. From about 376 clinical samples, we discovered that % or more non-

cancer tissues (normal, hyperplasia and benign) had undetectable level of nuclear WBP2 whereas
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at Y192 in a first sanple isolated fromthe patient; and WO

2012/ 030302PCT/ SG2011/ 000293 d) Conpari ng the anount of pol ypeptide of SEQ

| D No. 1 wibtzhi2zo3pdeesphoryl ated tyrosine at Y192 in the samsicGeotimoe3 anount
of polypeptide of SEQID No. 1 with a phosphorylated tyrosine at Y192 in a
second sanpl e isolated fromnormal, non-cancerous cells, wherein an
anplified anount of polypeptide of SEQID No. 1 with a phosphoryl ated
tyrosine at Y192 in the first sanple relative to the anount of pol ypeptide
of SEQID No. 1 with a phosphorylated tyrosine at Y192 in the second sanple
I ndi cates cancer is present in the first sanple. [60]. Preferably the
anmount dle mageripo bl paneen tssuesf (ABEA) ¢aringoma in ity Hnvasiyh esysinomy | aad gdetasfatissi ne at

tyr osi né ol sAUERSERIA AR YEuSEREE] PENS Pl Wherern an anpl i fi ed
amount Qe BOWKARAL LR lrBEG) Pl BB ROP SRR b OSLN 2

Y192 an |rst sa e relative e anount pol'ypepti de of
SEQ | D NYBP2 wigfet ttyrcamptvbgwh@rygal@taéd( 19928k ibniethatcytpsdie WBE2 ved largely hen-second
sanpl e ilﬂggpﬁglly% sgcancer is present in the first sanple. [61]. Preferably
the can reast cancer and | ung cancer. [62]. Preferably the anount

of the 36’3 pW'b‘?rﬁlu%f gx?el%gu 2o 2)1h‘§41§e9n Qle&@&s?rgféﬁrl}{'cﬂffé‘rgnttéfﬁcgés' &B%i%

measured Wth an Is ory atlon site-specific antibody t
speci fi éﬂmlgﬂ kingrdsubstratg, mmﬁﬁaﬁﬁlin@mepmp@taed tp Pty SEl UDbrepgd carcepn| y

I g S e s e R R
pol ypeptcarber biploSFEG unknowm. Heraptwerestablished WRP23h adphsing phasplvrdationdangettofr osi ne.
estrogen signaling via EGFR crosstalk. Using dominant negative, constitutively active mutants,

RNAI and pharmacological studies, we demonstrated that phosphorylation of WBP2 at Tyr192
and Tyr231 could be regulated by c-Src and c-Yes kinases. We further showed that abrogating
WBP2 phosphorylation impaired >60% of ERa reporter activity putatively by blocking nuclear
entry of WBP2 and its interaction with ERa. Compared to vector control, overexpression of
WBP2 and its phospho-mimic mutant in MCF7 resulted in larger tumors in mice, induced loss of
cell-cell adhesion, enhanced cell proliferation, anchorage-independent growth, migration and
invasion in both estrogen-dependent and -independent manner, events of which could be
substantially abolished by overexpression of phosphorylation-defective mutant. Hormone
independence of cells expressing WBP2 phospho-mimic mutant was associated with heightened
ERo and Wnt reporter activities. Wnt/B-catenin inhibitor FH535 blocked phospho-WBP2-
mediated cancer cell growth more pronouncedly than tamoxifen and fulvestrant, in part by

reducing the expression of ERe. Wnt pathway is likely to be a critical component in WBP2-

mediated breast cancer biology.

[059]. Accordingly one aspect of the invention includes a method of detecting cancer in a
patient comprising the steps of:
c) Measuring an amount of a polypeptide of SEQ ID No. 1 with a phosphorylated tyrosine

at Y192 in a first sample isolated from the patient; and
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[63]. Preferably the nmethod further conprising the steps of: c¢) bringing
the polypeptide of SEQID No. 1 into contact with a polynucleotide probe or
pri mer conprosiogiea pol ynucl eoti de sequence capabl e of Ipghricdigiongss
selectively to the pol ypeptide of SEQID No. 1 only when the pol ypeptide is
phosphoryl ated at the tyrosine Y192 or the tyrosine Y192 and the tyrosine
Y231 under suitable hybridising conditions; and d) detecting any dupl ex
formed between the probe or primer and the polypeptide of SEQID No. 1
phosphoryl ated at said tyrosine. [64]. 6. The nethod of any one of clains
1 to 3 whereby the anount of the polypeptide of SEQID No. 1 with a
phosphord)| at &gmpgringshevamqust efrabpemride af SEQ 3 Nos bwith e hesinbarplated yyrasineom

site-sp
protelne%¥ﬁ %fQ&ﬁﬁﬁﬁﬁmfﬁéﬁw§ﬂgﬂgﬁﬁﬁﬁ% 5¥j%g§?|@%a?¥w%ﬁ%s§%§?§1ate at the
tyr05|neHYlgénmmwwmémmmﬂemhbwdﬁpmswnyﬂvxgzmanﬂN$h@htyr05|ne Y231 wherein

the aptaners does not bind the polyp eptide of SEQID No. 1 when it is not
phos phorwhezginah amplidigd emeynt Oéll'qlweptl%é% PEQARANh éwitharbesphetylatdddyropipedit i on

i ncl ude e Y192 and/ or
V251 i Y 2 8 Bl b ol Bl Rl RBEIAR of BROD NofT R B
conpris e@owhonybmdayrednm a@gh orthe spepnsisagipledndigatesichnoer igmrestnd eythe Aest

speci fi g binds to a WWdonain binding protein of SEQID. NO 1 only
¥ S to
when the pol ypeptide i s phosphorylated at the tyrosine Y192, Y231 or the

tyrosingg éﬁ}%re?é?&’o *?t?e Bﬁ%lﬂﬁ'd?eché( %§11ypéﬁ4fﬁﬂ£ %lfrsg@%aﬁ& ' PQH% 9$ﬁ§spﬁ&§la@d”d the

polypeptlde of when | T not phosphorylated at said tyrosine.
tyrosine at Y192 m the ﬁrst and second sample also detects phosphorylation of tyrosine at Y231

of the polypeptide of SEQ ID No. 1 wherein an amplified amount of polypeptide of SEQ ID No.
1 with a phosphorylated tyrosine at Y192 and Y231 in the first sample relative to the amount of
polypeptide of SEQ ID No. 1 with a phosphorylated tyrosine at Y192 and Y231 in the second

sample indicates cancer is present in the first sample.
[061]. Preferably the cancer is breast cancer and lung cancer.

[062]. Preferably the amount of the polypeptide of SEQ ID No. 1 with a phosphorylated
tyrosine is measured with an isolated phosphorylation site-specific antibody that specifically
binds to a WW-domain binding protein of SEQ ID. NO. 1 only when the polypeptide is
phosphorylated at the tyrosine Y192 or the tyrosine Y192 and the tyrosine Y231 wherein the
antibody does not bind the polypeptide of SEQ ID No. 1 when it is not phosphorylated at said

tyrosine.

[063]. Preferably the method further comprising the steps of:

c) bringing the polypeptide of SEQ ID No. 1 into contact with a polynucleotide probe or
primer comprising a polynucleotide sequence capable of hybridising selectively to the
polypeptide of SEQ ID No. 1 only when the polypeptide is phosphorylated at the tyrosine Y192
or the tyrosine Y192 and the tyrosine Y231 under suitable hybridising conditions; and

d) detecting any duplex formed between the probe or primer and the polypeptide of SEQ ID
No. 1 phosphorylated at said tyrosine.
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10671. Preferably said antibody is an i munogl obulin conprising an

I mmunogl obulin heavy chain. [68]. Preferably said antibody is an

i mmunogl oWwol201e/308wpr i si ng an i nunogl obul i n 1'ight chai npcT[sé3911/0Bw205 er abl y
t he i mmunogl obulin is an 1gGlL kappa i munogl obulin. [70]. Preferably the
I munogl obul i n conprises a human I gGl constant region within a heavy chain
of the inmmunogl obulin and a human constant region within a |light chain of
t he i munogl obulin. 10711. In one enbodi ment the i mmunogl obulin conprises
fully or partially human framework regions within the heavy chain and
within the light chain. [72]. In one enbodi nent the i munogl obulin

conpr i sc964tu6i Hee Ifl‘?tbﬂﬁe‘%@nkomee{j iclaimss Wiot whereblysheraserpnt eflibd polyneptidgiof BERQ t he

l'i ght t tid
bgged gﬂﬁgﬂgeahiﬁ%% %&Bﬁﬁ?ﬁ@ ﬁggﬁﬁosphory gﬁ%ﬁ”?%%%%?ﬁ% %%% %QHQ 33 gr
Y192 anobp@ﬁmamm@s(lhat Fpezifgally WindsPre Wikelomeinoutiing progfimphFEQ H@ blébtll de is
descri beghJ Pndn HYESyeptidME bEQYnGRRE RS L8Ry RE A ¥ PSSty rdhe Y192

and the tyrosine Y231 wherein the aptamers does not bind the polypeptide of SEQ ID No. 1
when it is not phosphorylated at said tyrosine.

[065]. Another aspect of the invention includes an agent to interfere with phosporylation of

tyrosine Y192 and/or Y231 in the polypeptide of SEQ ID NO. 1.

[066]. Preferably the agent comprises an isolated phosphorylation site-specific antibody that
specifically binds to a WW-domain binding protein of SEQ ID. NO. 1 only when the polypeptide
is phosphorylated at the tyrosine Y192, Y231 or the tyrosine Y192 and the tyrosine Y231
wherein the antibody does not bind the polypeptide of SEQ ID No. 1 when it is not
phosphorylated at said tyrosine.

[067]. Preferably said antibody is an immunoglobulin comprising an immunoglobulin heavy

chain.

[068]. Preferably said antibody is an immunoglobulin comprising an immunoglobulin light

chain.
[069]. Preferably the immunoglobulin is an IgG1 kappa immunoglobulin.

[070]. Preferably the immunoglobulin comprises a human IgG1 constant region within a heavy
chain of the immunoglobulin and a human constant region within a light chain of the

immunoglobulin.

[071]. In one embodiment the immunoglobulin comprises fully or partially human framework

regions within the heavy chain and within the light chain.

[072]. In one embodiment the immunoglobulin comprises murine framework regions within the

heavy chain and within the light chain.

[073]. In one embodiment the agent may be a refined peptide based on a sequence flanking the

phosphorylated tyrosine Y192 or, Y231 or Y192 and Y231 or PY1, PY2 and/or PY3. The

method of refining the peptide is described in Figure 8. Whereby construction of prototypes of
18



VBP2- sequence derived peptides includes the phosphorylated tyrosi ne Y192
or, Y231 or Y192 and Y231 and the am no acids flanking either side of the
phosphor yweater/393oesi ne Y192 or, Y231 or Y192 and Y231l. pCmisGredilog)29pept i des
conprise all PY notifs and tyrosine sites. If these peptides have anti-\WBP
2 and anti-breast cancer function, they will be refined (ie., shortened) to
determ ne the Shortest possible peptide that still retain the desired
activities. The peptides further include a nuclear |ocalization signal

(NLS) to allow themto be capable or shunting the peptide into the nucl eus.

Any suitable NLS known to those in the art would be suitable in the
exanpl esVBB2eequense Nerdy od dgpitdqe includes thephaspirikxpted paesire; Y 2| of, Badsw: Y192

Exanpl o< ot thaatneacs 1Rk SAER or (RGP SRR ko | o

NO. 4 PIQGWJISP\@PMI[ Mgﬁ]allgﬁ@pgiq_ﬂ dq4@prise all PY motifs and tyrosine sites. If these

WGPPSR R ARACRARGAT O (L4 i By shorenes) oy

ant i bodydefesmiabltlee t $holtest poerihic @eptide thatcstilll refaimthe depivegl] actiPities. Fhglpeptiddse agent

. eal at vl ati ) X
epeot 11 a1 Eh-R GERARGNBhuRNLS) L BRAELA PSRRI by g
when t heepaleyiptephd telqus. fonosishide WLt ledwatto those inythe sit rveouldl¥2sugtable fretheyr osi ne

Y192 and_t he tyrosi Y231 wher ej rs does not bind the

pol ypeptelxagrépg l}ggﬁ%e?%slﬁg. ?ﬁcevﬁaéﬁﬁﬁk?g}ﬁgée%gﬁglzyphor yl ated at said tyrosine.
[77]. I n one enbodi riende: " HeCQHAGAASARGESAAAGGIB] i nterfering RNA such as
SEQ ID NO. 2. (5'-ACCA € CUCAAUGG- 3' Anot her aspect of

t he i nvention i nclAndisenced’-@4ERITTECCOITCIACIREHEN3 use in the treatnent

of cancer. o
[074]. Examples of the peptides include:

SEQ ID NO. 3 [NLS]-PPGYPPPYPPPY

SEQ ID NO. 4 PPGYPPPYPPPY- [NLS]

SEQ ID NO. 5 [NLS]-YVQPPPPPYPGPMEPPVSGPDVPSTPAAEAKAAEAAASAY
SEQ ID NO. 6 YVQPPPPPYPGPMEPPVSGPDVPSTPAAEAKAAEAAASAY - [NLS]
[075]. Preferably the antibody is able to be produced in a cell line.

[076]. Preferably the agent comprises an isolated phosphorylation site-specific aptamers that
specifically binds to a WW-domain binding protein of SEQ ID. NO. 1 only when the polypeptide
is phosphorylated at the tyrosine Y192 or the tyrosine Y192 and the tyrosine Y231 wherein the
aptamers does not bind the polypeptide of SEQ ID No. 1 when it is not phosphorylated at said

tyrosine.

[077]. In one embodiment the agent comprises a small interfering RNA such as SEQ ID NO. 2.
(5’-AGCAUCCGCUGUCCGAACUCAAUGG-3")

[078]. Another aspect of the invention includes an agent of the invention for use in the treatment

of cancer.

[079]. Preferably the agent of the invention is for use in the treatment of breast cancer and lung

cancer.
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[79]. Preferably the agent of the invention is for use in the treatnent of
breast cancer and lung cancer. 10801. Preferably the agent of the

i nvent i onwbuotansozoeonpri sing the conpound of FH535 of f ecmsicaoil/ooodER
[081] . Anot her aspect of the invention includes a conposition conprising
the agent of the invention and the conpound of FH535 of forrmula 1. NO2

[080]. Preferably the agent of the invention further comprising the compound of FHS535 of

formula 1.

0 0

Cl
\ C
ﬁ L
NO,

[081]. Another aspect of the invention includes a composition comprising the agent of the

invention and the compound of FH535 of formula 1.
Cl

[082]. Another aspect of the invention includes a method of treating a patient afflicted with
cancer, comprising the steps of:
(a) administering to the patient an agent to interfere with phosphorylation of tyrosine

Y192 and/or Y231 in the polypeptide of SEQ ID NO. 1.

[083]. We propose to measure nuclear WBP2 expression as a more accurate method for cancer
diagnosis and prognosis. WBP2 is a transcriptional regulator and aberrant expression of nuclear

WBP2 is likely to be a causative mechanism in breast cancer.

[084]. We disclose 2 phosphorylation site of WBP2 — Y231 and Y192 and in addition showed
that phosphorylation of these 2 tyrosine sites regulates breast cancer biology.

[085]. Nuclear expression level of WBP2 can be used as a diagnostic or prognostic biomarker
for cancer, particularly Breast cancer. Detection kit for WBP2 - be it nucleic acid, antibody,
aptamer or other reagent-based could be used for early detection/screening of breast cancer,
confirmation of histopathologically uncertain cases or suspicious cases following
mammography. Total WBP2 or nuclear expression of WBP2 may also be used to predict

response to drug.

[086]. Phosphorylation site-specific antibodies, aptamers or other reagents may be used to detect

phosphorylated WBP2 as a diagnostic or prognostic feature in breast cancer and cancers from
20



[82]. Another aspect of the invention includes a nethod of treating a
patient afflicted with cancer, conprising the steps of: (a) adm nistering
to the pawDent2/@moagent to interfere with phosphoryl ati enTeG20pMoewne Y192
and/ or Y231 in the polypeptide of SEQID NO 1. [83]. W propose to
measur e nucl ear WBP2 expression as a nore accurate nethod for cancer

di agnosi s and prognosis. WBP2 is a transcriptional regulator and aberrant
expression of nuclear WBP2 is likely to be a causative nmechani smin breast
cancer. [84]. W disclose 2 phosphorylation site of WBP2 - Y231 and Y192
and in addition showed that phosphorylation of these 2 tyrosine sites

r egul at exhdyosigins. ddiscie supriogkdyy .our fjggwhidiudibwed thak BYRIsis gnphospherylgion\Bp2
can be di L G A0St | | r :

part i cul ey P EOTR SRAREIEL Ao Ao th 8 R en |l 0 Bperromt in
ant i bodytermstf ®mpression aytahiavityrie anpen thuinas eahcers,uk thebws thatendy feanrcersawithyany of

det ect | QLS &8RN QLAY s BRBER e LADLIW 8Ll BligRat hol ogical |y

uncertain cases or susprcious cases followng na otal WBP2 or

nucl ear r ' YB3 . ' 0, dr ug.

[ 86] . Pﬁggﬁh§§§+%??g%fsitefggé???ﬁ@’%ﬁﬁ#%%gF%gﬁggg%gﬁgﬂgﬁggqgﬁﬁgél?gaggnts
may be wged madecglss.een bplengpitadrty (bick ganaBP@rowth, grodifagivosmigration, PreasgmoBt i C
feature xhé?aspa'éﬁ Aftfrer QiﬁQ&%E 1n%glbﬁﬁﬁ&%§h I)tfl&'%gts An example of an siRNA is SEQ ID

NO. 2: 5'“AACGTGCCAGAAGCCTTCAAACCTGTCTC-3',

[088]. An example of an effective composition was an agent that interfered with the

phosphorylation of WBP2 tyrosine at Y192 and Y231and compound of FH535 of formula 1

Cl
= C
JONP
ZF -
Cl =
o KO\O\
NO,

A B-Catenin/Tcf Inhibitor, FH535, Molecular Formula: C;3H;oCI;N>04S, Molecular Weight:
361.2 g/mol.

[089]. Interference of WBP2 tyrosine phosphorylation at Y192 and Y231 or WBP2 nuclear
localization could be used to block breast cancer growth, proliferation, migration, invasion
and/or metastasis either directly or by regulating the expression or function of other oncogenes
and tumor suppressors. In addition to small molecules, we propose that protein sequences
comprising the PY motifs and/or sequence flanking and including Y192 and Y231 could be
exploited to block WBP2 phosphorylation and therefore be used for breast cancer treatment
either singly or in combination with other therapeutic strategies. We further propose that
sequences apart from PY motifs, Y192 and Y231 derived from WBP2 could be exploited for
breast cancer treatment either singly or in combination with each other or with other therapeutic

strategies.

[090]. Our data provides direct scientific evidence on the role of i) WBP2 through
overexpression and knock down studies in at least 2 breast cancer cell lines and ii) the two
tyrosine sites on breast cancer biology. For the latter, we showed that mutations of the 2 tyrosine

sites reduced various aspects of breast cancer biology in breast cancer cells.
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other origins. This is supported by our data which showed that WBP2 is a
phosphoryl ation target of EGFR, Src and Yes. As these tyrosine |cinases

t hat havewbeenuemerted to be aberrant in ternms of expressisenoQro@osi vity
i n many human cancers, it neans that any cancers with any of these kinase
activities heightened is likely to have increased WBP2 phosphoryl ati on.

[ 87]. Modul ation of WBP2 expression by any neans including but not limted
to RNAI and small nol ecul es, can be exploited to bl ock cancer grow h,
proliferation, mgration, invasion or nmetastasis either singly or in
conbination with other targets. An exanple of an siRNA is SEQ ID NO 2:

5' - AACGRBBEAEAABIIPIIhAADCT GRAIGKIWBP2 figglion inganegrbiplogy, tifesahsites prgct i ve

conposi t j-an. [ nterfered with the phosphoryl ati on of WBP2
tyrosi neéfgzt}l\)\é(%g?qg&ntg %%géc%ngﬁghéé%#bound of FH535 of formula 1 A

0- Cat eni jdq] C B st B -?ég,h W} rﬁwkéiH&%éJal QCLANEOBPd
Mol ecul a[r Jéif“g?]t.: %61?%%%%%??61 df& !eﬁa%gr?%rencé of VABP2 t'yrosi ngfs
phosphomgt aedegarilyt contio®e witlel atV3y, »mopBPgpontaef detarminentadf disgasecophenditibalisbe used
to bl ock, ast cancer growth, proliferation, mgration, invasion and/or

met astasl s either directl y or by regulating the expression or function of
ot her 0”[6%].9 B Socliidrel iV AR boubt BRY SSHRMife the h@sﬂﬁ'&r&gﬂag& §t&?§5@¢VBPm RGY £S, we
propose that protein sequences conprising the PY motifs and/or sedquence
f | anki ndpearmorg pd¢vianti (fhyreiorg mopmnpyRB) disgngbtit featuretipringist étl expsespion (Rur\igR2
phosphorylald @R Wi (e LaSBhGIRR rpt%?%@ SPERPEGRR! 51t 2PGE Thisk G AP et her
singly or in conﬁllﬁnat | o% V\Ptﬁyot%er }1erap’eut I'C s_t’r ategies. W %?St eer
pr opose kitrats thas hareenfzses repprigd: tofoe ebgrfayt imgemfsof expiression ot a8y irdepny/launanr om
VBP2 coyl g che b fSahs i Phatth§ Qe S MGESy bF BRI BMse SiviE heightBPIYikely 1 N
conbi nat i on Wit eac%l otsrlleraor9vm th otﬁeryt Eerapeutfe stfa‘tﬂggl es. y

to have increased WBP2 phosphorylation. Hence, the application of phosphorylation site-

specific antibodies extends beyond breast cancer. In fact, our data shows that the nucleus species

of WBP2 (ie., the functional form of WBP2) is tyrosine phosphorylated whereas the bulk of

WRBP2 (probably the non-functional form) resides in the cytosolic compartment. This means that

the phosphorylation specific WBP2 antibodies would detect the nuclear/active form of WBP2

that are more relevant to cancer than the non-active ones picked up by non-phosphorylation

specific WBP2 antibodies.

[093]. Expression level of WBP2 has also been detected to be lower in normal lung cells
compared to a panel of lung cancer cell lines. In some lung cancer cell lines, WBP2 was found

to be constitutively phosphorylated at tyrosine residues.

[094]. Although transcription co-activator WBP2 has been demonstrated to activate ER/PR
function, its mode of regulation, impact on breast cancer biology and underlying mechanisms are
unknown. We established WBP2 as a tyrosine phosphorylation target in estrogen signaling via
EGFR crosstalk. c-Yes—mediated phosphorylation of WBP2 at Tyr192 and Tyr231 depended on
EGFR activation whereas c-Src may act directly or upstream of EGFR. Abrogating WBP2
phosphorylation impaired its coactivator activity on ER« transactivation by blocking nuclear
entry and interaction of WBP2 with ERca. Overexpression of wild-type and phospho-mimic
mutant of WBP2 in MCF7 induced loss of cell-cell adhesion proteins, enhanced cell

proliferation, anchorage-independent growth, migration and invasion in both estrogen-dependent
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[90] . Qur data provides direct scientific evidence on the role of i) WBP2

t hrough overexpressi on and knock down studies in at |east 2 breast cancer
cel | |inesoanth/i3ddo2t he two tyrosine sites on breast caneemrsichelimgyes For the
| atter, we showed that nutations of the 2 tyrosine sites reduced various
aspects of breast cancer biology in breast cancer cells. 21 Since tyrosine
phosphoryl ati on can bl ock WBP2 function in cancer biology, these 2 sites
are effective sites for targeted cancer therapy. [91]. WBP2 expression
coul d conceivably serve as a bi omarker. However, as expression does not
necessarily correlate with activity, a nore inportant determ nant of

di sease aphenepepdent nmnnzeeients of Wizh could he substahtéally abelishesl koeMstexpiessioneodani ni ng
t he pho N i.S: | : Y

(¢ her of SroahEL L EREATE Wiefs Mk fnit S bk RALLRE VR By
dat a showmécenhimetd \WBR2nédiated pétostidioof |ERa dumctiar, getentiillyERy UpGERlat8rec theYes.
These ar It i i nas t hat hav e rrant in
terns of&%r)%%)s}oélsés/fir]%ﬁa’ (rbéfca%?:ltni a\lllﬁt%ym?% vr\r/gtni} aﬁﬁ%r@{aé g@%‘geqﬁlg&lyt\/%g{% %ftEﬁQes tﬁgbgns is

t hat anyriteahderWBRRhriediarey otast haser kélhasdifaaiony Ouy findingh pedidesmoblekddry t o
have i ”%‘?%[%se%to"\%ﬁ’ 2, RO0S R AL oo, Hence, Jrfasein%‘@%‘n' Cv%igﬂ "B and Wat,
phosphoryﬁ I on SIte-specific arfty BT EE XY Ehds eygnd Peast “cancer. In
fact, ouUVBBAjansshovesk bhaicldahbormoot eeptapeadtystosfthalBR2intressing itdpiicdtedniat | onal

f or m of V\BF;Z i s tyrosi ne phosphoryl ated whereas the bul k of WBP2 (probably
the non-OFGHceTShal fornm resides in the cytosolic conpartment. This means
tha]t th/ rQerDrSeHQOli)X(li‘ati an specific WBP2 anti bodi es woul d detect the

nucl ear

Fve-Tormr o WBP2 that are nore rel evant to cancer than the
non- act iW’ﬂPQUﬁ%@eﬂ‘lﬁﬂpfrbgo%g;%iﬁﬂ%?@ﬂ?@ﬂn&}i on specific WBP2 anti bodi es.

[ 93] . Expression level o as al so been detected to be |l ower in normnal

lung celjbgs).c VBB ®EWLRRINISAGhg Potdid! MOw ARG SMpE@Led ih bRES cank tﬁl%ﬁ?i dung
cancer cell lines, WBP2 was found to be constitutively phosphorylated at
t yr osi n@Prevess ghesghoprqtepmics sareem oyt MGEINSd iepegrafhderyed spespit i lippmodelas peen

denonst r@hgdard GreA€tdn¥@ipto bR WHEACHWBPD wak FuniRsise @ffeleRetnl %ﬁ&s%goryiaf@ac_t on
breast cancer bi ol ogy and underlyi ng nechani sns_are_ unknown. est abl i shed

WBP2 as dring fbarasty sanspio dpisiopyient: i WA Haye qdio shovasity tgba ay gibentis gt iaseEGRR
crosst akﬁospﬁé%@ﬁéﬂ@?ﬁe@&%mg NRE YA 2EdIRW W stddBREe Rlund dhad WBB2 3Reskiph231

depended on EGFR activation ereas c-Src may act directly or upstream of
EGFR.  ABYasdav ioh gndwmmseblm sspmmel brsest spitheliplasetle fuf peerexprsste Vi therasta®drsfi t y on

ERa t r ansafdski¥Rtdodd a0 WeRhOmkitipe todks! @Ader 88sI0Y vatRls bibRe@athbRfbrOfweWBR2 Wi th
ERa. Oveérexpression of wld-t g}i%gand phospho-m m ¢ mitant of WBP2 in MCF7

i nduced ¢ Bysstigte ghe|ancegenie relgip R Ihthe SRV andenipRIpReiof Of Bymandienst §a8eet i on,

anchor aggiod AIRPERAEN bv@EPsfion Tha kbR piRRshoyIMAS W fifkt BRbIEd the EGF-
est rogen- dependent . .
dependent tyrosine phosphorylation sites on WBP2 and identified a member of the Src family of

tyrosine kinases as the putative upstream kinase of WBP2. Next, we found that Estrogen (E2)
stimulation could similarly induce tyrosine phosphorylation of WBP2 via a crosstalk between
EGFR and ER pathways. Subcellular fractionation study revealed a phosphorylation-dependent
nuclear entry of WBP2 upon E2 or EGF stimulation. Consistent with the reported role of WBP2
as a coactivator for nuclear hormone receptor (ERa/PR), abrogation of tyrosine phosphorylation
on WBP2 significantly impaired the E2-induced ER transactivation through reduced E2/EGF-
stimulated nuclear entry of WBP2 and in vivo E2-dependent WBP2-ER interaction. Stable
overexpression of wild type and phospho-mimic mutant of WBP2 in ER-positive MCF7 breast
cancer cell enhance its cell proliferation, anchorage-independent growth in soft agar, cell

migration and cell invasion in the E2-independent and/or E2-dependent manner. These cellular
23



and i ndependent manner, events of which could be substantially abolished by
over expressi on of phosphoryl ati on-defective nutant. Phospho-m m c WBP2

pot ent | y wotwaiem2t he Wit pat hway and enhanced Wht - medipatrad2eatosas i on of
ERa function, potentially by up-regulating the expression of ERce,
(3-catenin and Wit 3a. Wit signaling was subsequently denonstrated to be
critical in WBP2-nedi ated breast cancer cell proliferation. Qur findings
provi de nol ecular insights into the intricate interaction and signaling
networ ks invol ving WBP2, ERa and Wit. WBP2 joins the rank of nucl ear

hor none receptor coactivators that are increasing inplicated in breast
cancer . pRicefsey qoutdl kerihlgbiitadeaitlenst inBRR, by the NensphorPatopdetecircopentafiWBPAh Br east

Cancer [ : }éﬁl{’ - damL . 0di AMvAY ' Laplicated in

br east (:Pgﬁgaelarl t r%‘ﬁsg\%éur pr@%@é%ngﬁ%%ﬁ%gérfot eo“r)ne{vgvg1 l;::é rrgstgﬁ&!gﬁ t he MCF10AT

xenogr af eV i i I j . E c r

progr ess[{)%‘s(rﬂ', W\fhggoek%%?%vé?g oﬂdlr?%# tH %Vgggm% ?@ﬁ?ﬁgﬁ‘?{}’gﬁ%?p%%%??séd

during IMRASYIBE3hcadso prefavhdlpmshibited\brepsiveanedr sesllulanmrpcpssest sucheasagrodtihent i ¢

tyrosi ”%r&ﬂ%%éoﬁz}’ Aoh Qg Losgaet of EGFR signaling. In a follow up study, we
at 2 <

found ti pression was | ow or undetectable in normal breast

epi t hel '[@d@.cet,{le%ﬁgéf;, R HngHp! ﬁa%éqgfwareprtﬁ@ $teft BN 6L WEV20 £ERIPPhdIPElR! as
wel | as ‘muftiple breast cancer cells of various subtypes. Therefore, we aim
t o i nvegniqpatein il ERgnendgBRy brepsy|cancgs, InBPgonceivabieethgt SR anddprpisoigrosingi on of
human by ' BB ARG HePPedarkt IS uln
phosphoPg?s?%?rg%g(a%m#%&Pgﬁgﬁggii%&%rhleﬁé&%etpen ent tye%ggl?near%hosphoryl ation
sit es orbreaBRancaneh elleaoiblr esgices typentveh aplung ¢pac@r ¢ fanmi |y of tyrosine ki nases
as the putative ugétpream ki nase of WBP2. Next, we found that Estrogen (E2)
sti nul atMaferizglsandiMethadsar | y i nduce tyrosi ne phosphoryl ation of WBP2 via a
cr osst alAutibedigfeen EGFR and ER pat hways. Subcel lul ar fractionation study

reveal eqogg] PRIRSRLLNIMIY, BR: #6 RERARALn AL ok c16RM! hititdbieY\RRHhsLWEP2 Base@r EGF
stinmulation. Consistent with the regorted role of WBP2 as a coactivator for

nucl ear oRdr iformeine aeig N GNDMHWY PR} FKEBKEGTG 9 mersrdetsgqusaterrepgsied spARBArat i on
on VBP2 (g4 nngm,C%Aw WP ahmaly t ARifked- Lid ety t VaRAREE V1Y abbRfhrdhe Ough
reduced E27 EGFstinul ated nucl ear” entry of WBP2 and in_vivo E2-dependent
VBP2- ER ifnpresbipitingowith Sedmmenosraims:iphepisense of WRPRepecjliseand santih agpides: ni mi ¢
mut ant QL MBRR? intniHdpREBitHUE M ExbeHBAF! GRASET Gl SN CRotelnS A€ |
proliferation, anchorage-independent growh in soft agar, cell mgration
and cel immpnebiaténg with epfetagand naeydritRetntibadiey Gatamp! deyanderit WREAnEPUSe These
cel | ul armoneél&%@%@§u&9¢§le&i B Aﬂftuvt;lcto%, Tabei! BA%hn;] AiRB0.HIY, HREGFR,
phosphoryl ation-defective nutant of VBP2.” Potential nechanisms of

VBP2- nedhtifedicnincad ani-¥ et mayss monpslenab e dbjainsd figmeBRritiesgienceso¥p. Diggo. al so
found t kol (abhe ANRHRIIMNERL. WREAoidho RGB! d¥BsrBl S8Ry IHABESME! | S,
MDA- MB- 23T al so profoundly inhibited breast cancer cellular processes such

as gr owMyc, prtbp2li entirpl @ rentin? gr anti: MMParaadiant£4)-3 meabbit[phjclondp pnteERpAB Y, our
findi ng%mg. EinUDE PEIE IndrldBoRA! ©2hti-BADHH %ﬁ?%nﬁ‘@irﬁenﬂﬁ%gz Bgﬁglem op&epr ot ein

in ER+ an R- breast cancer, 1t is conceivabl e that for its

t yr osi nebishied fieor §anta Cupz {Hietashoolokyi InseSauta dguz GfotléMtii aaki-phpoiadse¥ ¢l%ar ker
or ther -ﬁb’Fﬁ, E&Eﬂﬁﬁl,faﬂﬁ-}ﬁéf&%%&? 'éﬁt%%%ca%l&ﬁ:@ﬁ%ntiﬁ%n%,l alnti-%fﬁﬂit, E&ﬁf—pl’ﬁ)@ﬂﬁ)er types

such as lung cancer. Materials and
GSKg-S9, anti-Bcl2, anti-Akt and anti-pERK1/2-Thr202/Tyr204 rabbit polyclonal, anti-pAkt-

S473 and anti-ERK1/2 mouse monoclonal and were obtained from Cell Signaling Technology

Inc., Danvers, MA, USA; anti-V5 mouse monoclonal and anti-V5-HRP were obtained from
Invitrogen Corp., Carlsbad, CA, USA; anti-Yes rabbit polyclonal was obtained from Millipore
corp., Billerica, MA, USA; anti-phospho-FAK1-Y397 rabbit polyclonal was obtained from
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Anti bodies [98]. Through NeoMPS, Inc, we generated in-house polyclonal

anti bodi es agai nst WBP2 based on a 17 am no acid (N - NDVKNVPEAFKGTKKGT- C' )
pepti de swquempsoszoeported in another study (11), which werscabfiioniy
purified and stringently validated via conparative i munoblotting with
pre-imune serum in the presence of WBP2-specific and control peptides,
reci procal i nmunoprecipitation of exogenously expressed tagged WBP2 protein
and i nmunobl otting with anti-tag and anti-WBP2 anti bodi es (data- not

shown). Anti-WBP2 nouse nonocl onal was purchased from Abnova Corp., Taipei,

Tai wan; anti-PY20-HRP, anti-EG-R, anti-O-catenin and anti-Yes nouse

monoc| orlicagie Fembridesi HKd Antionqust-aBligahbiiteand canti-gGatnhoiceagish pepxidassa{HRP)

anti - Act wwadbiraERa% f iosRNQ JhOStEBQusc—'M@ @oti-Src, anti-cyclin Bl,
anti - cI\/yd((:)ﬂjug!!:igrvY pZE"L ca% rc%?% gmgn ?r?p27 anti - MVP2 ‘and anti-ZO 2 rabbit
pol ycl orﬁj,sm,ap;ddﬁgﬁ,répsd anti-cyclin D1 nouse nonocl onal " anti-GADPH and
anti-vinentin goat clonal were obtained from Santa Cruz Bi ot echnol ogy

Inc., SdA%- ePBA fOCAVﬂ e- W2 W%@@E‘h@“&@@- Reglville MP) murubcened -ivap | -
anti - H %Qmﬂgéﬁ Db tionb- C’I@@% lvBotorP4Hd m?’@nw h @HPF mutations were

anti - phosphoGSKO-S9, anti-Bcl2, anti A{I) ct and anti-pERKL1/ 2- Thr 202/ Tyr 204

r abbi t rﬂ?ﬁ?@t%\*ﬁd}&th‘aﬁﬂkcbmg? i3 SiugRiregied MpRgenesss Kis(Steatagsrfdc] onal and wer e

obtained from Cell Signaling Technol o%l nc., Danvers, MA, USA; anti-V5
mouse rofHI-Shese vesre ki tgitts/s Storpldiype (B onsimtvelTAck YR (GA) d rlonrnagt-

Car | sbagegdite (DR ﬁpS@ﬁtﬁlonga?aH ebbinkidpe | BB OMaLs- W@%@@A@(WF{ Fr oM NYArdidsi por e
corp. ?I erica USA; anti - phospho- FAK1- Y397 rabbit ycl onal was

obt ai necﬁufi?loﬂﬁanﬁbea}rﬁ @ﬁﬁb??‘E@ETAM ipefty i Lusotnde2 XERf-TATADETy ity &Pmi - goat
nor Ser adsesf pDENRIFLEIASAHIR) USRI BALAS IRNCE R RSP LRSS BB AL O | Ch.
St. Louis, M) A’ Plasm ds and Reporters 10991. cDNA for w | d-type- WBP2
was frorﬂR@Tlééﬁepl(rF@éMQmanWE) and subcl oned into pcDNATn6. 2- Di recti onal -

TOPCS vector and pCEP4 (Invitrogen). Y->F nut ati ons were gener.ated
Ui ¢ HEIGLFREA R wE RV B Crisana Rodkyalfe S1b URA Sisbapagdne)

[0100] . emmemdebmam@b%Vegespmwpt@ph YRCitroM¥h)., AIERDGBEbrls Werd 8ln¥ragat | Ve
(CA) and dom nant - negative ( pSGT from Sar ah Court nei dge, L; Yes-WI

and CA ("8 #m Qpikghangs 1§ ¥5 Sdg recteearlrwgerlels oA (Steatageney yorerent Afrabrolqeiss| y Luc
and 2XPRE, DR Eiafaethy Ub!ﬂlﬁ ﬁh"e%@@@ﬂld%lﬁﬁd%ﬁgﬁlrt@:@w e\ggnsﬁ%tlv%tlv-gaalzl ash
|

reporter pI asm d from Yos urchased from

aki lto, Singapore
Pr omega.(CAGHBPT) amdamsnsnt-nigptne (PHE2ABE)-PHEE fw%@?medgﬁm US4 o,
USA and ywihet Qﬁl@@A' (Y597 NN ER uL shol, asdnb MR ap A, TG IXEMETATA - 1%@'1 QEP4

(I'nvi trogen% nut ati ons were generated using the i kChan XL

Si t e- Di reg¢ g BRWPéFgAeﬁeeﬂYsL% fronrl §F?fa?a]§fb’\‘?éd H@Pslt‘éhtTXTQ AnEPBSIa rep?réer Sant a
dara, GhmtdSMm YRRSE 18 st 8 RILTR wasubcnidel Cfrowpl%n{e corp, Madison
constitutively-active (CA Y52 F and dom nant - negati ve Cr20§ -pSGT from

Sar ah CoWhkU$éi dge, EMBL, USA; Yes WI and CA (Y537F) from I\/arr us Sudol
Danville, PA USA, 2XERE-TATA-Firefly Luc and 2XPRE- TATA-Firefly Luc from
Dean P. GelhfaHtyge andbiransiestion.  USA: TOPFl ash reporter plasmid from Yoshi aki

Ito, SingaRpMVEF7PRIDAKIBES , puDhased fndoAufr Q¥R &omC AkRricdMB S0 Cuitie, USA.
Cell Culture and transfection
Collection. MCF7, HelLa and MDA-MB231 were maintained in RPMI1640 (Sigma) containing
10% FBS (Hyclone) and 100U Penicillin/Streptomycin (Invitrogen). T47D was maintained in
RPMI1640 containing 10% FBS, 10pg/mi Insulin (Sigma) and 100U Penicillin/Streptomycin
Pen/Strep. A431 were maintained in DMEM (Sigma) containing 10% FBS and 100U
Penicillin/Streptomycin. Cell lines were authenticated by short tandem repeat (STR) profiling
carried out by the suppliers. The ERa status of MCF7 and T47D ER-positive breast cancer cell

lines were authenticated by western blot to determine ERa expression, and all cells were tested
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101021. MCF7, NDA-MB231, T47D, HeLa and A431 were from Anerican Type Cul ture
Col l ection. MCF7, HeLa and MDA- MB231 were maintained in RPM 1640 (Signa)
cont ai ni ngo20P4BREH2( Hycl one) and 100U Penicil i n/ Strept eoxsicrolijons2os r ogen) .
T47D was mai ntai ned in RPM 1640 contai ning 10% FBS, 10pg/nl Insulin (Signma)
and 100U Penicillin/ Streptonmycin Pen/Strep. A431 were naintained in DVEM
(Sigma) containing 10% FBS and 100U Penicillin/Streptomycin. Cell Iines
were aut henticated by short tandemrepeat (STR) profiling carried out by
the suppliers. The ERa status of MCF7 and T47D ER-positive breast cancer
cell lines were authenticated by western blot to determ ne ERa expression,
and al | tedk Mycopesarfeest adl expwrmtwqepala@dmutfbeéfeeenmlwsamdeandrﬂ@nﬂgllsv@r e

SR S e W R b e v O

accor di nipvitwgehecoeding @Ghmamfas:nuﬂ§tlnmtm@ns Li gands and Drug Treat nent
101031. For all experinents involving estrogen/progesterone (Sigm), MCF7
and T47igands andiPrug Ereatmer®henol - Red Free RPM 1640 (Signma) contai ni ng 5%
Char coal Oft@o]q:&aﬁll %ﬁén%ﬁg 1E%£ﬂﬁ}o%g%rog&fer(ﬁlte %3%5 NICHRYaRd PRI7Y Rere

sti mul atlon fromM I ore was from R&D syst ens,
Tanoxi f enlterad HFH@B@ Rﬁér}"éeef RO 1@4@1 (RiEmb) qoetamprmsﬁ% CaprgoahZexss8 (Ftimpeéd FBSom
Astraze rtﬁg,@on&f&ssa 11@33{ ﬁ"ans/ sHiste shfRIaiGP e v%;geﬁimﬁm%oﬁémt% likdn Ak fEent
that last "for nore than 1 day. lysis, SDS-P and | nmunobl otting Cell
Cul t ur e,frdm B&hysydicms, Tmtfmem@lﬁ&i Werg f@ml%mmwhm?ssa RDAAKBE330 W7D,
HeLa and, MR e Vi I La and
VDA BTy e e R AR b bl S S By ML ot BT o)
and 100ungetagil ldhy.n/ St r ept onyci n (1 nvi trogen) T47D was mai ntai ned i n RPM
1640 containing 10% FBS, 10/ig/ml Insulin (Signme) and 100U

Peni ci | |Gal/lgis, SPSAAE and [mmunebloing i nt ai ned i n DVEM F12 (Si gma)

cont ai niG¢ell GYsurpigand/drugtreatmpntaged bysises previ ously described (17). For all

experi "gﬂi(ﬁ 1. M9 YDA MVESE31 0 98T PHAGESIEVIORE0A St Bdm AMebricaf NYpd €hkuseer e
cultured in Phenol-Red Free RPM 1640 (Sigma) contai ni ng 5% Char coal dextran

St ri ppedotipiopTMEFRoH e andtMPAMBEIY Were magrgjngd in FPARI649T(SigumAcontaiping: | east
2 days hebotrBs sirididleptad mo&%mﬁ@% lhl(wgfogen)vmﬂwag daRhiN@Sinf rom

R&D systens Inc., Mnneapolis anoxi f ful vestrant and FH535

were frdRMGlgthcankinies 10%dJEBS, aﬁag/mtmsém (Siema) mdomowslemawgea)t@mrapor e

Pte Ltdmé&k ﬂﬂa@&reQnaulf—t!":uﬁc?(i1 mhlgM'mﬂ ﬂ(%ﬁn%%nﬁaﬁﬁlgeﬂ% shed s%x‘ﬁﬁf Mltg a¥difitds
treatnment that last for nmore than 1 'ysis was perfornmed as per

previ oudrevigyely tdegerigyd (1|7)nﬁ9nelﬂ)ﬁﬁ@rlme@tamvemr@oesvw&ﬂe@@iom (Sam@nMCW
and T47D were cultured in Phenol-Red Free RPMI1640 (Sigma) containing 5% Charcoal-

dextran Stripped FBS (Thermo Scientific Hyclone, South Logan, UT, USA) for at least 2 days

before stimulation. EGF was from Millipore, Wnt3a ligand was from R&D systems Inc.,
Minneapolis, MN, USA, tamoxifen, fulvestrant and FH535 were from Sigma while Iressa and
AZDO0530 were from AstraZeneca Singapore Pte Ltd, Singapore. Fresh hormone/drug was
replenished every day for treatment that last for more than 1 day. Cell lysis was performed as per

previous report (18).

Immunoprecipitation/Co-immunoprecipitation

[0105].Immunoprecipitation and Immunoblotting were carriedout as previously described (19).
For co-immunoprecipitation, cells were lysed in ice-cold buffer (SOmM Tris, pH7.5; 150mM
NaCl; ImM EDTA; 10% glycerol; 0.5% Nonidet P40; 0.5% Triton X-100; 50mM NaF; 1X

protease inhibitor; lmM Na;VQy) and incubated on ice for 15 min for complete lysis. Prior to
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101051. I nt nunopr eci pi tati on and | nmunobl otting were carriedout as
previously described (19). For co-imrunoprecipitation, cells were lysed in

i ce-col d Wof2bev03¢®0mM Tri s, pH7.5; 150nM Nad ; 1mM EDTApCcIG@giipoeddl ; 0. 5%
Noni det P40; 0.5% Triton X-100; 50mM NaF; 1X protease inhibitor; 1nM
Na3VO4) and incubated on ice for 15 mn for conplete lysis. Prior to

i nmunopr eci pi tation, 500-1000ftg of |ysates were precleared by incubation
with 50/21 of 50% slurry of anti-nouse/rabbit-I1gG agarose (Sigm) for |hr

at 4C. Meanwhi | e, equival ent anobunt of anti-nouse/rabbit-1gG agarose was

bl ocked with 5% BSA overni ght, 4C. Precleared |ysates were then incubated

wi th 1-2nguaepredpitities 90d0b0ughef lisates oGre preniarred b iplubstios widréoltll@ériO%apt ur ed
by incub igb | t 4o0C.
et or e vaupalt iU RBhAEEBRRRL (SRR I e G RARE BB sl 3%
5 mn ealfhnwmduseimabﬁlelg(i( zfgamm s bloclm With55% BS@nivetragdt,; 4°C et BITAl 1ysades

gl ycerol éH{V‘ V%a ' r ient t abl e
Tr ansfectl on eﬁd%%e?__ ran itagtrﬁhozﬁteégges?l |t21?10% uélg-v?/er e)géegevé%gq%etﬁ 70- 80%
confl ueruaytureld b@Olnmbatlcdn with prebleckddbrngtmasé/rabbit-tgselngamoserfer Zayat Be€ oBefore
transfectl nsf e th. 4. | a 0 §NA and
12 A Ilvf)eoS %e gg Tﬁtawsr%ereen %‘é%’ér eg‘/ 0t grﬁ%n% w?%/?é#f

i nstr uct(ISOmM Tr@ebHI%SWéﬂmMHa(VleMMEIZEAAE)%eg@wtO 5%afi§ﬂe@5%6mtod%-r10®,ever se
transfect rﬁ IIs were transfected while they were still in suspension
(1.e. af]t Py |n|zat|on and prior to plating). For stable transfection,
MCF7 or with pCEP4 vector, WBP2-WI, WBP2- Y192-231E,
V\BP2- Y19'g{§§§£l)@ §t%%2§w§%§& 31F/ pCEP4. 48hrs post-transfection, cells
wer e exd@meotrw@nbquqthn, reolls worgesaydefl 26 J080% eanflhency MCHEY-man dlishoin 50
001 AR Lo ARl 3R B0RERENG ol MR GULA Dy SIRRREONA

Sel ect e ones were mal nt al ne sane se tion pressure.
V\BP2 ex rﬁﬂelsﬂﬁnmh SiBNA @Mbkehlimqmn@%ﬂqoﬂnvmm)eacwﬁﬂng tp e rEpuidgiviressment

[0107] . ey es] i ;s
transf ect e %mt?ﬁceg‘%é%fq&a&té tglt g‘? 2h: %Bozly(&grgé'\%\ g&wg"fé %eg%éﬁg?\fe oeltEere
VBPD. Y10@asfeasd wigkitiey Behstiibontuseonsing fiscalteo rypukdton et priasipplstae)t o

250ug/ i FHGLAMKCHRFS LPYICHI A chliected RS AL SEF SPBEEVFOWNER?

proteln expressi on ones were pool € and nmal’ntalin
sel ect i OVl BrASEUWBP2\NEP2-23 KD raed SVBPR-Wa%2- I EREEPH ethuschastatdngfectjcdl odls.

Subcel | g fo8%t b 3B nBRin (Invitrogen) [250 Cg/ml for MCF7 and for 50 ng/ml MCF10A1]

for 3 weeks and screened for WBP2 protein expression. Selected clones were pooled and

o

maintained with same selection pressure. WBP2 expression was checked periodically.

Stable Cell Line Establishment

[0107].For WBP2 gain-of-function overexpression studies, MCF7 was transfected with pCEP4
vector, WBP2-WT, WBP2-Y192-231E and WBP2-Y192-231F/pCEP4. 24hr post-transfection,
cells were exposed to 250ug/ml of Hygromycin (Invitrogen) for 3 weeks and screened for WBP2
protein expression. Selected clones were pooled and maintained with same selection pressure.

WBP2 expression was checked periodically.
[0108].

Subcellular Fractionation
[0109].The subcellular fractionation was carried out according to a protocol by Dr. Richard

Pattern, Tufts-New England Medical Centre
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[0109] . The subcel lular fractionation was carried out according to a
protocol by Dr. Richard Pattern, Tufts-Newkngl andMedi cal Centre

(http:// wse.2ateasos0eont i ndex. ht M ?pageconfi g=r esour ce&r i e¢etbé&2d)i/008308t on,
MA, USA. Briefly, cells on plate were rinsed once with ice-cold PBS and
scraped in ice-cold hypotonic lysis buffer (20 nM Hepes, pH7.4; 10 nM KC31,
2 ™ Md 2; 1 mM EDTA;, 1nmM EGTA; 1 mM DIT; 1X Protease Inhibitor Cocktail;
50 mM NaF; 1 mM sodi um ort hovanadate) and i ncubated on ice for 1 hr. The

| ysate was passed through a 25G needle 15 tinmes. The nucl ear pellet was

centrifuged out at 3000_rpmfor S min and washed twice with EI potonic lysis
buf f er H&f cabeaTH e b e PR{EE=IG A 14’&3%4 Bastonf eMANEBAysi s

Buf f er %ﬁglc%?fggﬁ%&@we ffx{agd Jn&%ﬁgwec Q?P&J% apod ?Jg%o%ﬁ%p&nthﬁ_?_ #ngm cat ed

briefly superhatant was centrifuged at 800

resul ti rigffeu@e mdtRapes, wild -4 he mivf ksl WMEQZFEWMEBTN aoM BGTATHinsM
super natgg. 1‘9@1%&9{ tIHl‘BBn %tci&th{l] %%\A%a#l@%? sB&Hbfo%o%anQJa m?mrcgo%%lédt I'ng
super natant’ 'was co e cytosolic fraction u0| rase eport er
Assay [ Ohlicd fOTHehrDEbd Ly&an@ hepase thiduglepdbGearedis dayiney.sthemu¢lPraregayaswas
used for t_.of Fi \ f

activit |cé3§tgg%§‘giogﬂt jﬁ%a%ﬁg?gc ﬁragfﬁ ‘iag{légstﬁ%g‘?% ﬁg}ldt(&‘l’ ﬁgflsfb?l(rf:tgf ?%fﬂreof

| uci f er aswspeoding iand bsmﬁen eudear ysidbuffer (WH) hysiaBhiferi witned% rglycsiot anr )%
10111]. | S ( ed for
sequent 14O e e taL e bl sROREE S e PRI MR H P s0th
accor di rmgmt ﬁ)r rfe . aﬂlwreeultmg iswEtatant vam she Quasilic f 4nd amerobramef fiactonf dhase

act|V|t|es Sar u L rius. B I nc,
Ger rrany) | er 1%y y, 1imans et mﬁhdr}glﬁgéqjﬁrgm% g?%tréeSH&glFes%%rpn%%g ‘gﬁce W th
i ce- col ccoPBEdan thelcywedicifractiof. Passi ve Lysis Buffer (PLB) for 15 mn at RT.
The crude |ysate was first incubated with Luciferase Assay Substrate (LAR
1) to riss;ifclraeeRblmrteirmﬁdyy | uci ferase activity, followed by incubation with
Stop an e v, |
based agsgygﬁ%tﬁ% fa?e ;ﬁ? Sr%(;a(rﬁg{ P %ﬁ ég%df(ﬂdﬁégﬁ) %S Edélér?%lyenhge
Cel | Ti t encag@¢mynt A’qEneqﬂygnd)RenlEb@luatﬁrrm aplbyitirRagonding ioman@famsyer AdnstryctRaagent
(Promeg ng CytoSel ect
%u& Ttlli@axl_@ﬂ"&h? ifdhSe éé&@&%ofagr% Qhrridd %&n%‘%ﬁmﬂﬁ&ﬂéf%gw%&g

96- wel | ranst ormation orlrretrchs y Kit ( I ol abs).

Chenot a)ﬂ)ﬁlf‘ﬁﬁe Qﬁlai Llllc,ni‘éﬁﬁé GI*M qgﬁﬁ%ls a Qéﬁf(@f&?&g )u%ggse@’ fo? %%Jll?eﬁ&algfs vel |
Cell Mgration Assay K abs studies using kits were
done acdesasirergent of FﬁmﬂyfaaéBeméfp 1U§1f¢fﬁﬁ§taﬁtﬁi‘é‘tl¢séﬁ‘§’rdl%ﬁo MY REUFE S IsHYClig8say, a
wound ‘A@ﬁlahpﬁdaﬁgrgof lﬂcﬁ'eﬁﬁe GaRtley GRte GRleh ogptﬁﬂlgaaylﬁﬁnn%tlr iR&OBemidrebst | P

The cel I's were washed once to renove cell debris and to smoothen the edge
of Inc, Germany). Briefly, transfected cells in 24-well plate were rinsed once with ice-cold PBS and

lysed in 1X Passive Lysis Buffer (PLB) for 15 min at RT. The crude lysate was first incubated
with Luciferase Assay Substrate (LAR II) to measure the firefly luciferase activity, followed by

incubation with Stop and Glo Substrate to measure the Renilla luciferase activity.

Cell based assays

[0112].Cell Proliferation Assay was performed using the CellTiter 96® Aqueous One Solution
Non-Radioactive (MTS) Assay Reagent (Promega). The anchorage-independent growth was
assayed using CytoSelect 96- well Cell Transformation Colorimetric Assay Kit (Cell Biolabs).
Chemotaxis and cell invasion assays were performed using CytoSelect 96-well Cell Migration
Assay Kit, 8 um (Cell Biolabs). All studies using kits were done according to manufacturer’s
instructions. For wound healing assay, a wound was incised in the confluent cell monolayer with

a p200 pipet tip. The cells were washed once to remove cell debris and to smoothen the edge of
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the scratch and then replaced with fresh growth nedium The cells were

i ncubated at 370C and their mgration into the scratch area was nonitored

up to 24 Wo1248038g a phase contrast m croscope, the i negescabiiiobeoscrat ch
at the same field were captured at 0, 8, 16 and 24 hrs after scratch. The

relative wdth of the scratch was neasured quantitatively using Photoshop

5.5. si RNA sequences 101131. Yesl si RNA (5" - UUCUCCUACAAGAAUAUUAGCACCC- 3'),
v-Src si RNA (5' - GCCUCUCAGUGUCUGACUUCGACAA- 3'), Luciferase-A.2 si RNA

(5" - CGQUACGCGGAAUACUUCGA- 3" ), WBP2 si RNA (5' - AGCA CUCAAUGG- 3')

and WBP2 UTR-si RNA (5' - CAGGAACUAGCAUUGUGGGACAUUA-3') were from I nvitrogen.
| mrunof |thosceasdheanddhenorenlaced wirhl fresh greowsh medinm. Ghe esbly averd inpubated a3 {96 andp| at e.

Fol | owi vari ok I . i iy t par yde at
Foom t erit k@, PSR (68 S MG P o s AR TR
bl ocki ngnigiosdeps¥heEBAgéscf the sermteh at thesamefield weeer aapiurediuab 81t & d6 wid P4 ys iafierr y

ant i bodi % [ [ i - aptg - - rin

r abbi t pso Vgl ?%é;re%{fe 1‘%@tﬁ1 Oafrlftﬁl3 %@%aab I %Jr %d(; yaélflg)aﬁg{?? ’uilﬂg(%f Ssﬁgidsggms

f ol | onediRyAsagpencary anti bodi es conjugated to Al ex Fluor 488 (Ml ecul ar
Probes, Invitrogen) at 1:1000 dilution for 1 hour. The nuclei of the cells
wer e couftidl.Yiesl MRNAWF tBUGUECHIAAM AT ASUALRMGYAGREeY's (DAPI) at 1: 10000
dilution for 1 min. Coverslips containing the cells were then nounted onto
gl ass slvwresiRNA ﬁ’t@@CHGHCWWU@A@W%WﬁF)ade reagent (Mol ecul ar
Probes, Invitrogen) and sealed wth Eukitt quick hardening nounting medi um
( Fl uka, @Féﬁﬁ:m%?%yécm%pﬁ&w@m Zei ss Axioplan 2

fluorescence mcroscope (Carl Zeiss |nma igg Gottingen, Germany) with a
100X oi IWBRHERYASE - QQ@CUET'H@CM' HGReXdam! sof t ware was used to
d anal yze the i

capture an ITB.%E‘AS. )
CAGGAACUAGCAUUGUGGGACAUUA-3’) were from Invitrogen.

h
WBP2 UTR-s1RNA (5°-

Immunofluorescence

[0114].Cells were grown on coverslips in 6-well plate. Following various treatments, cells were
fixed with 4% paraformaldehyde at room temperature and permeabilized with 0.5% Triton-X-
100 in PBS. After blocking with 5% BSA for 1 hour, the cells were incubated with primary
antibodies overnight [anti-ER [Imouse monoclonal, 1:100, anti-E-cadherin rabbit polyclonal,
1:100, anti ZO-2 rabbit polyclonal, 1:100]. This was followed by secondary antibodies
conjugated to Alex Fluor 488 (Molecular Probes, Invitrogen) at 1:1000 dilution for 1 hour. The
nuclei of the cells were counterstained with 4,6-diamidino-2-phenylindole (DAPI) at 1:10000
dilution for 1 min. Coverslips containing the cells were then mounted onto glass slides with the
addition of Prolong anti-fade reagent (Molecular Probes, Invitrogen) and sealed with Eukitt
quick hardening mounting medium (Fluka, Sigma). Analyses were made using the Carl Zeiss
Axioplan 2 fluorescence microscope (Carl Zeiss Imaging, Gottingen, Germany) with a 100X oil
immersion objective. The Axiovision Rel4.6 software was used to capture and analyze the

images.

In vitro cell-based assays
{0115].Cell proliferation was measured using the CellTiter 96® Aqueous One Solution Non-
Radioactive (MTS) Cell Proliferation Assay Reagent (Promega). Briefly, 5000 cells per well

were seeded in triplicate in 100 pl culture medium in a 96-well plate on day 0 and the cell growth
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In vitro cell-based assays [0115].Cell proliferation was neasured using the
Cell Titer 96(r) Aqueous One Sol ution Non- Radioactive (MIS) Cell
Prolifer avpDani2Assay Reagent (Pronega). Briefly, 5000 celps/speoiiweddos wer e
seeded in triplicate in 100 Al culture nmediumin a 96-well plate on day O
and the cell growh was nonitored daily until day 4. 20 Al of the MIS
reagent was added to each well and m xed by swirling the plate. The
absorbance was neasured after an hour on a plate reader (Tecan G oup Ltd,
Mannedorf, Switzerland) at 490 nm The anchoragei ndependent growh was
assayed using CytoSel ect 96-well Cell Transformation Col orinetric Assay Kit
(Cel | Biwasataitpred dailySmtil diyelgd0 nioK the AN reagenterds pddego pachatelligad mixeddy mat ri x
was addeg,:i: t - se agar
QWidiflg H{aep%ége &thg Qo Nad fibdsudh afer S EE bn R bl Preadd PreckdBri

was sol idi . suspensi on/soft agar trix contalning 5000
cel | s wdgd,| Mgrewrdaf, Switzerfand)f a5 140 @ werd They argborageinsiependent igrawthwidb assaysdfusimg 10
days of 4 hO . B . i: 1] aggd § S were
det ect eéi ’E‘g%é%g‘t ?\%ﬁlelggfﬁzr? a(%?l@%‘é’gr gonce I{;/\(i{aéss\r%gg%tu gg@é(%lb%?g?’Gg% n%mb(l)’For

scr at ch G&dEA). Bedflys 50wl of weraeumanik ovag addsd|in e doorantieagh vk ofiaOpiwel

confl ue d was i e sed | cel | ol.aver wth a p200
o pet T E T E buse AN ool VA ot oo TR AN ol P el
debri s 060 talls s biytred o top, fotlgeeddfy $0hd of cwltirciedind. Aherl0deys ddamdbationh fresh
grow h j Th e e iLncubat 3 n hej. ] ' into

t he scr g‘t? gjﬁgg]r g}f & ag llrr}{i)tﬁf( \tm‘gése?f; I‘F}’gﬂgg %& rug. ‘Z%gi %égée%pﬁ%@e%—gﬁltas %iggpn

M cr oscojdeprbtiive wianmgasredfat §79¢6636 amaFatscedtclt ¥ssays actis Werededdedon® Gewglt pleted at 0,
8, 16 and,24 hrs.. I ratch. The r j ) B r.akC S
measur o ane puft by SE TR ol Sohd B s L Rl AdGSG AR e
det erm Lpa‘ml:t apg. TllmecetllatveraJWas:hledl lonew 'gitlagiogvmh nfeduncloenmbexihs call siahris zﬁldxtrc;105
overni ght serum st.arved cell.s e se incserunfree. nedi.umen the top
chanber BroGE" T S s et a e RERFSn D aRE AR I BBl 00 TP
por e si Zequbdfed 4t 3BpC land their angratiedintorthe sondteli arengaslidsifoeddalp th @4 ihrse Usieg am ( FBS)

wer e added, L0, L11e DOLLAM GHGIRel ; As LUg, GHRIRAL! Fas ANt AhSY 0% N
i ncubat i‘on, Top hon-mrgratory tells Were renoved, bottommgrated’cells

wer e firaad 2dibss aftdr atrecthf Tlenetahiee midv oé e, sctamhnwisysexdu@d duaytigatitvelly ivsithgusi ng

Oy Quant Pﬁoio];l{ouog.gsfé'neenéxte%}/%f %%p Lc"osourg nv;ﬂagzet Inmrri]ne N tﬂenrvt%séfo créll?{rsus aa¥ibn.21ﬁ)§]' 105
cell s serum stdarved overni g were seeded ITn serumfree medi am on e top
chanber shahot®bs sssan 3 -xnWel5| ovpingdhe semrh latapell yelbrioa sdedednipsbruanfeeecheadiloeos coat ed

it h i | f b i 8 i ._Cel |
Wt a l%ﬁ'e!, tﬁg Efé&g&%ﬁ (Sr{ 96o tra[n -g‘vseﬁ %%?%Iﬁﬁj? ?@{/%r $ g't% Heh%ra(ne cﬁa&{ﬁg%@? %\R}Z;Igoéee {Sﬂlaed ed to

Bi ol abs) a contar ni OoVi ne ‘serum
t he bot tGihRiblabs) end medifiinasontathingy 1004 fetdd v viod serdm GFBR)nvere vdisd ve the dottemwer e

renoved, ,baott om i nvaded cells re, first .dissociated fromthe nenbrane,
then | y<biaegs Ritmrgciy AR ianbaigs. PP porduEiey &6s e B8 Rfs 20
nm Tunbottote dgmiad tellswdNifiat dibsoeiatéd frdm|the embrand, theb 1yved kndoquantiferdalsiagnude
mce were jn ted s.q. | he Aj.nd Ianks.vvithSISQ N§F7 sta%hve of
o orC RS it die 1 9sd S0 B LY dna it 00 M &b Bed T 100
E 1 of MeemighevereBE)ded T smrimdiev ededfuneoi theatsp oambenr ddoands-wmed plteditbver y
3-4 day Spo yggrlt)énageal}ierrzll?rénelr\::%%rlillt)érg coated with a uniform layer of basement membrane matrix

(8 um pore size, Cell Biolabs) and medium containing 10% fetal bovine serum (FBS) were

added to the bottom chambers. After 24 hr incubation, top non-invasive cells were removed,

bottom invaded cells were first dissociated from the membrane, then lysed and quantified using

CyQuant GR fluorescent dye at 480 nm/520 nm.

Tumor Xenograft in Nude Mice
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Estrogen and Progesterone I nduced Tyrosine Phosphoryl ati on of WBP2 at
Tyr192 and Tyr231 via EGFR Cross-tal k [01171. Cross-tal k bet ween

est r ogen/woaegesisesoene and EGFR signaling is well report edr/(s220@Ap0295i nce
VWBP2 has been shown to be an EG-R target, we investigated whet her

est rogen/ progesterone coul d i nduce WBP2 tyrosi ne phosphoryl ation through
this crosstalk. As shown in Figure 1A WBP2 was tyrosine phosphoryl ated
upon estrogen/ progesterone stinmulation in MCF7, al beit weaker conpared to
EGF stinulation. Significant abolishnment of estrogen/ progesterone-induced
WBP2 phosphoryl ation by Iressa indicated that crosstalk with EG-R pl ayed a
rol e i n [8516].&gemqt-ygekseld farate rusld imiecowerg\BRoulptied 8 pHo ithel hind Bamks whésﬁ% Next ,

we soughicko smmst&e &9z de WT foyrmr@% pROSHNQL »Wam 339%959( S10N

VWBP2. 17 potentl al I‘OSI ne phosphorylation sites predict y vari ous

sof t war esugmetﬂqdh@ 460 @l of Matngel (BD). Tumor development was monitored and measured every

(http: //3/\4(\4@43 § k/ servi ces/ Net Phos/ ) HPRDPhosphonot i f Fi nder

(http:// ww. hlal t(ljlcgag ‘PhosphoMbtif _finder) and Net phoskK

(http:/ /e bs dtu. dlc./servi ces/ Net Phosk/)) were individually nmutated to
pheny| al Siteat nWTMBER @ ondih dTHirBihe B PR LW Mttty 2GR | nto Hela
cells, v@g \‘/i%ﬁ‘; @;bsglﬁ:qnte&ewt ¢ Bji(f}ty{?@: mut ants,” except Y192F
and Y231F, were tyrosine phosphoryl at ed to the sanme extent as WI V\BP2 upon

EGE sti nfii. iCé?FS'GqﬂF hetween @irogaupageceenpe andeEGHR sigadlingris well rappred (20r233i ne

phosphorgy} at 'WBPQ"aﬁaSObo%&{ Vehwahes Bot by Yé@?Ra@Qgé(Z&}e VR EsHEMERT Glethdr! gur e
10). [0119]. i nvesti gat ed whether E2/ P4 coul d | nduce endogenous WBP2

tyrosi neesma@s/ptmpmranq enld indenggWBPh itgosineophosptiokylation| througlethis erpsstatkedhswi t h E2
or P4 f%ﬁo% mkFlerQ(f’ﬁ ‘W@P§ “)Q@*@r(;sh]ﬁ: pﬁlbéﬁﬁo@f%e‘atupb'x?&qo%ﬁ/ﬂrg@stg{oﬁyBm\{m ﬁ)g

reported on the role of as a coactrivator for and P4 receptors (11).
Anot her ine¥¥dH, walbeit néeakerctcomna'@d Er/ Bk r sismulatighk SignificaBGrabslishment mef has

been att i nt
ot oo e pbebdbr Rl half PEEAULARNAPEn B 1ANAR ARCLBUBIEET i ne

phosphorEFER elayedpaple Ezesmgqn@r@eﬁtmn%tmedmted RVBP2 phosphorylation.

[0118].Next, we sought to map the EGF-dependent tyrosine phosphorylation site(s) on WBP2.
17 potential tyrosine phosphorylation sites predicted by various software (Netphos2.0
(http://www.cbs.dtu.dk/services/NetPhos/) ) HPRD Phosphomotif Finder
(http://www . hprd.org/PhosphoMotif finder) and NetphosK

(http://www .cbs.dtu.dk/services/NetPhosK/)) were individually mutated to phenylalanine. WT-
WBP2 6r Y—F mutant was cotransfected with EGFR into Hela cells, which were then treated
with EGF. All Y—F mutants, except Y192F and Y231F, were tyrosine phosphorylated to the
same extent as WT WBP2 upon EGF stimulation (Figure 1B). Near complete abolishment of
WBP2 tyrosine phosphorylation was observed when both Y192 and Y231 were mutated (Figure
1C).

[0119].We investigated whether E2/P4 could induce endogenous WBP2 tyrosine
phosphorylation through this crosstalk. Cells were treated with E2 or P4 for 24 h since this was
the time point used by the group which reported on the role of WBP2 as a coactivator for E2 and
P4 receptors (11). Another reason was the fact that E2/P4 cross talk with EGF signaling has been
attributed in part to upregulation of EGFR ligands and subsequent autocrine activation of EGFR
(23). As shown in Figure 1D, WBP2 was tyrosine phosphorylated upon E2 or P4 stimulation in
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MCF7, al beit weaker conpared to EG-(E) stinulation. Significant abolishnment
of E2/ P4- induced WBP2 phosphoryl ation by Iressa indicated that 101201. \BP2
or Y->F mwbpant2osem2co-transfected with EGFR i nto HelLa celhrsgcavhjoodposer e
then treated with EG-. Al Y->F. nutants, except Y192F and Y23 1F, were
tyrosi ne phosphorylated to the sane extent as WI WBP2 upon EGF stinul ation
(Figure 1E). Near conpl ete abolishnent of WBP2 tyrosi ne phosphoryl ati on was
observed when both Y192 and Y231 were nutated (Figure IF). To ascertain if
t he sarre two sites were tyrosine phosphorylated in response to

estrogen/ progesterone stinmulation, MCF7 transfected with WBP2 or Y192/ 231F
doubl e Bht alhgits weaken conpatid o ESHF(Byaimpatige Signifinaet shedishment of (E¥Rfki ne

phosphor; of both Y192 and Y231 al nost
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conpl ete e estrogen/ progesteronei nduced tyrosine
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Phosphoryl ati on .Src famly kinases are key downstream ki nases
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only c- %ﬁ&s G oYt a@wﬁr Alp6n & sﬂﬁmfa % ?f@ﬁ@ﬁ?)egleér"&o me%ommeﬁtt&f of

cel | types er eas e oth e|P ers are expressed pri ng ly 1n

hemat opdVer? tyresaielpbospharylatig wmmsc:r@w whenchotly ¥ 19RcandW 23y Weye MEees SOgYFi gur e
2A) and r G ( u 2 n tyr osi ne
phosphor%l ;ntr ?gﬁg%@%ﬂe‘e ng?stgvr?o{s:l 'teg &’Era @{O %Qc b?%ﬁ%lﬁ%nha%g&gzsél ted in
si gni fi estragen/prygestarens simul@pR MCFT transfagied vsthg‘éfB?E ion 192331} drableappianty e

ef f ect ly
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si nce c-Mrtgtiomeefi betkdY kﬂiomﬁh@'ﬂ% alnmash cofiplEERalvdishddetbn aseqren/peagestaonaicr ease

EGFR ac . . potentially act both upstream
and do Hﬁ‘%ﬁféedgﬁﬁgg‘ﬁgﬂtﬁgﬂ%ﬁ%‘gf@f?‘?ﬁ% e phosphoryl ati on. Over expr essi on
of wild- t%{,ggn&y\@e?ﬁ\%@ﬁ%g%E Sin¥ PRG h\‘ é@g) c-Src resulted in tyrosine

phosphor ation o | n an endent manner (Figure 2C).
Co- expr d lgqlbﬁrc\/\farrﬁyégmeﬁoeﬁeekﬁy favaytreane kmwz rﬁﬁ)@@%ﬂérfyx Hensgrcing | -y,
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t hrough Tyr192 and Tyr231. 101221. the role c-Yes in i nduced
VBP2 phdisphaiide aeriesn ofeeslli irpess WhgraQSeéhes pihere mempess @rﬁt@péﬁé%eé iy Ap (23),
whi ch | %Eﬁﬁt@ﬁ&lélcw,ehb (W%s&gﬁbn &53 Src% 1{/1k}ﬁb)¢7\§m530\%1$@92@)°‘a&f J&SinfRdi at ed

VWBP2 tyrosi ne phosphoryl ation was I nducib t hough t he basal and
EGr- | nnecivaBis (e 10 BRSHR G adicon SshnPahBlorleonc WHGakes t o WI
c-Yes (Eo@Hhf c%‘ﬁ) mhllbhlohscllsg%sﬁﬁiedt 1B%§gnnﬁ' cﬁ%e&ﬂégéﬂteébﬁ’wg&vm E)ltk%@ﬁh@t ron

was | ess remarkabl e as conpared to t i at ed . Istic

pot ent i &hat dhe a¢gatiBPeiiesh ®f shye yinkibition ObyWBBémpﬁ’élQWéﬁ‘%fwaé ni@sat PHUEGFR was
al so E C was
dependont i T SbBioTIRE, on POERAUERba DIPS, bR MFGnp APPBIV BN,
c-Yes r @QQﬁthrékau@h@fsﬁﬁBRWabﬁvftyrremrte\i\ﬂmcmaser?ﬁli@26&&16/ &Y Tparefore xoBT . The
roles of,, Woth NosiBha t I g t sed by
o R sto e R B I, Cah P e

conpl et ehgsphtrplatierh &4 elgypressiga oI witldd kWD aon gonstitusively getivie (€A1 enfrrc nsyll@d Src

Koo KO ot NS S, B SO IGRN Ao BT T BEE). oo

phosphory atiro rc col SS ef I clen noc domn of
cSrc or expressfouneith AR pateniiaigd by WBAnphosveayla@yl bleghtly.v Aflditionallyee-Sics nor e

ol r oot Ty o SO ERRR P B ol Ao RSB AT o Lo i e act

Wi th YAR) 03 V@Next"\(‘ﬂb fdle bift- Yékr iR dﬂﬁ%ﬁ’@c@‘i‘ Wﬁfﬁfm%&fh&ty%oﬁ Qraé Hﬁ/é‘s'hgﬁéd YhdVBP2

(27, 28). heref ore ask whether c-Src and c-Yes play a role In
EGF- i ndl)%,eedltmwxﬂym&’ (R, phisk prieregis with SYBP2H24,r 3t {ditee 6fSre; VEF endEfiovi ty by

AZD0530’Y52 niba @R YwRS) %Béﬂéa%hogml(%fléﬂﬁ%gs 1ﬁd1§fb‘féE€§? Bl Qﬂ%ﬁéﬂ E%F k41 Qha (Figure

2D) m nant negative c ure 2E)” abol uced
tyrosin @(ﬁhmé\p}hd)WPéttmﬁnQ)PhWBPWI@twnN@Eélghe’l fprsCA compagednio Vel cfirey (ﬁlEllrg ures 2D
and 2E that c-Src inhibition also res3?ited in reduction of EGFR activation
(EGFR aut o- phosphoryl ation). Hence, it is possible that the negative effect
of c-Src inhibition on WBP2 phosphoryl ati on m ght be nedi ated partly
through its inhibitory effect on EGFR activation. This is not surprising
since c-Src nedi ated phosphoryl ati on of EGFR had been reported to increase
EGFR activity (29). Therefore, c-Src could potentially act both upstream
and downstream of EGFR during WBP2 tyrosine phosphoryl ation. Overexpression
of wild-type (WI) or constitutively active (CA) c-Src-Y529F resulted in
tyrosi ne phosphorylation of WBP2, al beit in an EGFi ndependent manner
(Figure 2F Ieft panel) c- Src |nduced V\BP2 phosphoryl at| on was rredl at ed
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33 of c-Yes in WBP2 phosphoryl ati on was dependent on EGFR activation. As
in the case of c-Src, c-Yes regul ated phosphorylation of WBP2 at Tyrl 92
and Tyr 2380 2p213sI2The rol es of c-Yes and c-Src in VBP2Ppphmsspiargé2asi on
were further addressed by si RNA studies. EGFinduced WBP2 tyrosine
phosphoryl ati on was al nost conpletely abolished by c-Yes or c-Src si RNA
knockdown in HeLa (Figure 3E) and MCF7 cells (Figure 2G . The EGFi nduced
tyrosi ne phosphoryl ation signal of WBP2 in control siRNA transfected cells
was not as strong as previous experinents because EGFR was not
co-transfected with WBP2. Col |l ectively, both c-Yes and c-Src play a role in
EGF- i ndut/Bdlt isypotesl that cpfrsswadistegd] WBP2 phasphopdptiontvas 1¢sa sappriahleas spmpared to

differentl] ' LORRPS - j i : ct
dounst r et i MERRNRIRE SRERIEpAC G bOTRRE pXFSRbI LT By A fickibite
PhosphorgYest with EGFR\WABRo Bi§iFemtlicitle ddnts tigoalst aficaY ¢sdn WP phagphorylatioRa
Activity, Vi | at.i r ngk_ | r agl. QOR, WM a
(01261, A BPpRg Ao ity or Wl RAER o o Al B 8t S e
modul at gdhospherytatian of WBP3rt Tyrh¥tanddyi231ERa/ PR transacti vati on. As shown in
Figure 4A, cells expressing W-and Y192-231F-WBP2 di spl ayed hi gher basal
ERa r epdP123l. The tdlesiof g-Yes aphe-Ex¢ in QVERRZhospheotation wererfarthar addrebsesbbyesifiAc ed

fol |l ow t . j i ;
Furthor S, FORROHE Wil (isknt RAPAEDhron PAPURR Sefita LRy aRg 1550 05"
mut ant  dYesgkinegkdeiwn B8DA ladessergktenidact-$rg knenkdewn (Kigurg 3B dhe partial sefhuntiarr of
X . ; D : U ot er f
estr Oge%%ﬁéeg %gie %tg)g%ho%:@h *ggﬁ.rrsgés Sould ¥ R %éfhP h&s ét@lu@ﬁt.kﬁ&&'& Fe&m

endogen sl on was silenced using si agai nst
5 UTR s¥quenibesfuastignRedurepunyt fpmasdaysColigotedpde-Yes Yo 9pre ikFlyetopressi ng
cell's. eH{a{e!}ﬁIpstggaﬁ{ §t3y8pl %@;&S%E@%Wc}{%&g& MARRPREEYeR . (data not

shown) . I's 1ndicates that nut at1 on”does not” exert a dom nant

negat i vao 4. BE L LVEash m%elp&pérpéa% xﬁtafaét%)t}p?%ﬁgﬁ’@i, ;;v?ﬁcﬂ o nBRd U%]egll y

require I

of Its coactivation of ERa activit erence int
pot ent i ademignstiated o \eragh itk WBP2237,R28). (W rerafora nskawhétheatcr ap anhe Yesbogguent | y

Cont e WEGARCEPUS Ertiam R P SRR SaE by aese. dene
repor t era kighly v¢leojive, riuglasperifig\Sreshid iinapninfibgor @ighrs 21 9¢@-degrinantinegeiione-
o St gl 3 S O B R TS 1o
PR t r ansalt ituaindteshirero i gtrds @Ddhad E theat] c¥poinhibitien glse rasiltediimredadtion of EGHR al |
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inhibition on WBP2 phosphorylation might be mediated partly through its inhibitory effect on
EGFR activation. This is not surprising since c-Src mediated phosphorylation of EGFR had been
reported to increase EGFR activity (29). Therefore, c-Src could potentially act both upstream and
downstream of EGFR during WBP2 tyrosine phosphorylation. Overexpression of wild-type
(WT) or constitutively active (CA) c-Src-Y529F resulted in tyrosine phosphorylation of WBP2,
albeit in an EGFindependent manner (Figure 2F, left panel). c-Src-induced WBP2
phosphorylation was mediated largely through Tyr192 and Tyr231 (Figure 2F, right panel).
Unlike c-Src, WT and CA-Y357F-c-Yes-mediated WBP2 tyrosine phosphorylation was EGF-
dependent, although the basal and EGF-induced WBP?2 tyrosine phosphorylation was higher for
CA compared to WT c-Yes (Figure 3). It is noted that c-Yesmediated WBP2 phosphorylation
was less remarkable as compared to that mediated by EGFR. Synergistic potentiation of WBP2
phosphorylation by coexpression of c-Yes with EGFR was also EGF inducible. Hence, the role
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Iressa, pointing to the role of EGFR-nedi ated tyrosi ne phosphorylation in
nodul ating WBP2's coactivation function. Wile phosphorylation of Y192 and
Y231 wer eworprydzessk, they are not absolutely required fecrsceiiodo2ss

hor none- dependent transcriptional control. 10128]. OMng to its
transcription regulatory role, VVWBP2 should localize to the nucleus at sone
point intinme to carry out its function. As shown in Figure 4B, WBP2 was

| ocal i zed predom nantly in cytoplasm at basal state while nucl ear WBP2

coul d be observed upon estrogen stimulation. The |atter was reduced when

Iressa was applied. Figure 4B further showed that only the nuclear
| ocal | ze c\MEPIn %ﬁﬂ’%g}’@ﬁ@i’ﬁ@h@%hé@h@@é@ EGFRiaptivatierh Seriy e catesofikeye nade

when T475,a r}g%d}%é\@sﬁxggyla}f\ﬁﬁ@f ipIul QZXMdtT*}r gsF These pointed to a close

associ ation tyrosine p sphory ation’and its nucl ear translocation.

| ndeed, bfﬂ%?'l‘h@ﬂ:lés%"f@%*e@%ncp@91%95‘Wyﬂzg&hb%obﬁtlgﬁ%r%fy\gfﬁeémﬁ S

E2- dependen nucl ear entry (Figure hi"s may account | éast in part,

for the sthdisscBQE-indycqds Wéttenﬁmeph%nhmlamawmlmwwmle@éy alyghished by c-
EGF- i nduggd, LW OSIRRG, RRMRRRINY iYL b QPiofleS1E) faﬂ& Mdﬁﬁeﬁg el 985, BRIEYE-Of

VWBP2, it was not sufficient to potentiate’'th transactivation. Thus,
the fundadused rosingphosphorgRtion signshef WRELiio norér@bleNdrfaanlsiS?ctP(éqdiS eas Nt dser

factors F}B gl}é%iei’% ﬂr(eﬁg%@ca%ee@éﬁi@%s §'cBCtﬁmc Tl Wit et EoldcliberfzRa 1N

t he estroge manner, we studie ef fect of WBP2 tyrosine
phos phorbpihag-¥ enangre- $11cs>1aynat lelqazetEanmvlmeﬁ tEF&ane F’@SE}W@MIW rof FYBRZ but based

Y192- 23 ed..I: N i 2 and
tRox. [ OTA0Y Al BBRRAEL. G BO PR G ol 0 e P BF AR 0 el 0o
transcr iBsiiRowhile Q:Smeltalywattlofhgcﬂmagﬁﬂq ned whether tyrosine phosphorylation
of WBP2 nodul ates its reported coactivator function in ERa/PR

t r ansactTywesineoPhosphorglatiomof YWBE2 Jlotentiates lfs gopct g’&hell Fungtion ig ERoActivigy| y

expr essivigRegybationof ity Ngolegrsimtry padintergetign wighh ERy gher basal ERa reporter
activit oRRaLednd® &R isCRMdL! tytRRL i gnéEenand g ng
estroge)n[ bu!mngt II%GF %ﬁ%eat mgnt (tFI ta'%e 41%%%8@%5 ting that ERa

t r anscr ipqtizaar fuaefins leﬁwmﬁnsenlva%oq Adubewn By Biguisi e selisyexpieseag Mgen. The
nunmber ofg Mbﬂzemwmlm1 £a ﬁ%&%@& ERE r&i&ﬂ@xn&ﬁdit}byorﬁdaf'ed% OS8RGBn@fl VBP2

here (10 fold) is simlar t previously reported (12 fol d;:‘
Rel at i véhat gowld degmhapsed &nge%tregﬁn\mpzot KGB jreptpept. tieh &b ﬁ%e?dd 60%
| oss of ceAch in@lePhoRftdiel thY¥ FIRPRp&R: LGEH. Thldiheaté W, TRod31i hahg the

possi bl e interference from endogenous V\Bg’ endogenous WBP2 expression was
si | encedlispiyery ~20%RNpss Rfatoagiivapr aEH‘F@YS‘GI?HEQﬁE%naHdSSEPEeﬁ/EC@p8@‘@?“0&5 days

repeat eceh}nﬂha%lt%g po?sl?lﬁé: iRREGRS Ot &ﬁl)ée?lousl\lﬁllf léﬁdd%@ﬁoug Qﬁﬁ?ﬁ%ﬁprés@mn was

ERat r ansact | vati on was observed (data not shown). This indicates that
Y192- 23 Bieneed esingoviRNA @gsit S eWER seqyerpshindda ieperter psseysaprealed aRP243A Bsi ne
phosphoraéﬁx@;s&@_r%el@é N\é\l%&’&ek dechle lamtnhewva&leg Wh{ Ssled Ol %{a%p@l@%j ¥fisi on of
ERa activity he difference 1n the potential between and Y192-231F in
ERa t r arisdicatdsvihati $ RO Fsmigiéepu deons| npt caert iar ¢rseinasy nggative refineti and erqgsimessi on
of an e%)tg{)sgg&?ﬁ[l&? pW%PQels tn%{ %Blu&%nf'equi?éﬁcilol‘ s %ac(lllzétgﬂ IoF Eﬁl})actl{'@yl‘?l% Ve

al so stu e effect of Y192-23TF nmutation on PR reporter activity in
T47D, wiifédrerics inthe potensiahegig¢aneV T @HCbVé%;?e%?( 1&rip FRadrapseptivatipowas fyhseanDily.  As

shown i no g %%/ drret ANA i exﬁ@é&%‘n \/\Bé%%sm%tb%& g%h& leﬁl%m ly (-50%

relative to vector an conpare Inpalre coacti vator

functi oneply ‘&%Paﬁsodét'ﬁdxéagth%f?&%%%%%ﬁ%ﬁ%&%ém répGrt@zJ detii ﬁST47D As
estrogen/ pr ogest erone-1nduced coactivator activitiés of WBP2 coul d be

abol i sheHovwyIn Figrs 4Ap &il - ?Hgmpt@tl?meglﬂ5¢aetlb(~39@mum|camek&te!wmlr%the
PhoSPhoroyl &40 fhfdsibed B! w&au»fz OadrfA ePA%QO@rC E)fo\éésttér&g:/é@p GhibQfeid. MBP2.
Wi | e phosphoryl ation of Y192 an 1 were ortant, they are not

absol ut elgplﬂcerqul?ﬂc dranfaghivagio conld 11‘?0‘#%@??@1 whep stimplations elonptinorbcasgsnt r ol .
[0131] . o BploBoddrshelHiGHIGEdH" LBVl UethiRl of WL WHEP S0 ablilnd 89! i z€ Lo
the nucl’@us at Some poi nt to carry out its ftunction. omn in
Figure 4F, WBP2 was | ocalized predom3antly to the cytoplasn1at basal state
whi | e increased nucl ear WBP2 coul d be observed upon estrogen stimnulation of
TA7D cells. Next, we wanted to know whet her nuclear |ocalization of WBP2

m ght be regul ated by WBP2 phosphorylation. To this end, we took the
cytosolic and nucl ear fractions, conducted i mmunoprecipitation of WBP2 and
exam ned its tyrosine phosphorylation status. As shown in Figure 4F, only
the nucl ear-localized WBP2 was tyrosi nephosphorylated. Sim |l ar observations
wer e made when T47D and MDA- MB-231 were stimulated with EG- (Figure 4K and
L). These pointed to a close association of WBP2 tyrosi ne phosphoryl ation
and its nucl ear translocatlon Indeed, i npai red tyrosine phosphorylation in
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Y192/ 231F phosphodefective nutant transfected MCF7 cells were untreated or

treated with E2 and the |ysates harvested. W consistently observed a

di mi ni shesol2ewa30mb ERcy in E2-stinulated cells. Wile tog/sceeamnds not

clear, it could be attributed to i) E2-induced high affinity binding of ERa

i nsol ubl e chromatin conpl ex that cannot be solubilized by the |ysis buffer

used and/or ii) E2-induced degradation of ERa (30). The |ysates were then

i mmunoprecipitated with anti-ERa anti bodies or control antibodies and the

i mrunopreci pi tates probed with anti-V5 to detect for exogenous WBP2 or its

mutant. As shown in Figure 4H, Y192-231F nutation inpaired estrogen-induced
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due to the short assay duration. On the other hand, WIWBP2 overexpression
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[0137] . To investigate the effect of WBP2 expression and phosphorylation in

ER- positive breast cancer biol ogy, we generated stable transfectants of

MCF7 cel lwoesms®izng t he vector, WBP2, Y192-231E phosplroTmsicria/oamnds

Y192- 231F phospho-defective nmutants of WBP2. Pool ed clones were used to

avoi d clonal variations. Expression of WBP2 and its nutants was nonitored

(Figure 5D). Note that the WBP2 Y192-231E phospho-m m ¢ nutant displayed a

nmobility gel shift. This is consistent with the observed gel shift caused

by tyrosine phosphorylation of WBP2 induced by pervanadate and EGF

treatment in our previous study (17). Overexpression of WBP2 and nore
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101421. WBP2 overexpression and its tyrosine phosphoryl ati on conferred
grow h factor independence. W asked if these estrogen-independent

phenot ypasonemrizmsodependent on ERa pat hway or entails oPbescamamgeesc

si gnal i ng pat hways. The basal expression |evel and in sone cases,
activation of c-Yes, YAP, ERa and cyclin D1 were up-regulated in the

VWBP2- Y192- 231E- but not Y192-231F-expressing MCF7 (Figure 18A). Consi stent
with the i munobl otting data, immunofl uorescence data reveal ed stronger and
nore prom nent nuclear ERa signal in WI and Y192-231E expressing cells
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vector-expressing MCF7 (Figure 18C). It hints that Wit inhibition may
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[0150] . Wiile the role of WBP2 in ERa and PR transactivation has been
reported (11), our data further revealed that WBP2's coactivation function

i s regul avecdotpy3vzoeosi ne phosphoryl ati on.
coactivators al so exploit phosphorylation to regulate their function.
exanpl e,
upon | GF1, EGF and estrogen treatnent (4).

Q her st er oi d PhmrSGRoE/00@9B Pt Or

For

Affil was found to be tyrosine phosphorylated by c-Abl at Tyrl 357

Tyr osi ne phosphoryl ation of Al Bl

altered its interaction with ERa, histone acetyltransferase (CBP/p300) and
met hyl transferase (CARML) (4). On the other hand, serine phosphoryl ation of
NRI F3 enhanced its nuclear localization, interaction with ERa and

subsequdf13s8}).In the wawnsdhaaieg aysay:sthe molitityi oh Y {19223 IBymhtagipexpregsing eglls 1wasr e

embeddedy i Lfah iy, grﬂx@noggld%}[ B thO S5 E s ARMRER (195w BB EdHarddQ0SH95 93 PE three

hi ghly conserved

mutant, WBP2 expressing cells had much lesser motility whereas Y192-231F mutant-expressing
cells displayed the least motility. In the chemotaxis assay (Figure SH), Y192-231E-expressing
cells displayed the highest migratory potential. WBP2 and Y192-231F-expressing cells also
showed increased cell motility relative to vector control but did not differ much from each other.
The effect of estrogen was not analyzed due to the short assay duration. On the other hand,
WBP2 overexpression increased estrogen-induced invasion of MCF7 while Y192-231E mutant
drastically enhanced its basal invasive properties independently on estrogen (Figure 5I). WBP2-
mediated cell invasion were significantly abolished when Y192/Y231 phosphorylation was
blocked. In a number of the above assays, phospho-defective mutant displayed a slightly stronger
phenotype compared to vector control. This implies that other functional regions of WBP2, aside

from Y192 and Y231, may contribute to WBP2 function and remains to be investigated.

[0139]. WBP2’s ability in regulating the migratory and invasive properties of cells prompted us
to examine its role in epithelial-mesenchymal transition (EMT). Overexpression of Y192-231E
mutant induced MCF7 cells to be more scattered in 2D culture compared to Y192-231F-
expressing and control MCF7 cells which grow as islands of cells (Figure 5J, top panel). WBP2-
expressing MCF7 retained the epithelial clustering characteristics but were less densely packed.
Immunofluorescence studies carried out as previously described (31) showed that WBP2 and
Y192-231E, but not Y192-231F-expressing MCF7 displayed loss/decrease of E-cadherin (Figure
5], middle panel) and ZO-2 (Figure 5J, bottom panel) tight junction protein expression at the
cell-cell junctions. Vimentin expression on the other hand was upregulated in WT and Y192-

231E-expressing MCF7 (Figure 6E).

[0140].To obtain a more physiological assessment of the role of WBP2 expression and
phoshorylation on tumor growth, we injected Balb/c nude mice with stable transfectants of
MCEF7 expressing WBP2 and its mutants. The result shows that vector control MCF7 cells were
weakly tumorigenic while cells expressing WBP2 and Y192-231E phospho-mimic mutant
formed about 3-4 times bigger tumors than control cells (p<0.05). Cells expressing phospho-
defective WBP2 mutant produced only marginally larger tumors than control cells (Figure 5K).
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PY notif nediates protein-protein interaction and is present in many
transcription factors and coactivators, including c-Jun (32), AP-2 (33),

C/ EBPa ( 34 2ameh3PBPs (35). It is conceivabl e that phospoosgheatijooseef Tyrl
92 and Tyr231 regul ates the transcriptional coactivator role of WBP2 by
controlling the PY notif-nediated interactions wth other partners in the
transcriptional and/or epigenetics nachinery. Protein interactions studies
are underway to test this hypothesis. However, the coactivator activity of
VWBP2 was not absolutely regul ated by the tyrosine phosphorylation at Tyrl
92 and 231, inplying that other regions of WBP2 are also critical for its
f unct i orl014thReeontiyns paper Frpofteshidat WBPB| alefiervasofot plligientt® nrpgais anehpragse pro

line-ri qmeéghdent growth of MCF10A normal mammary epithelial cells. Instead, interaction of TAZ
with WBP2 was required (32). This prompted us to ask the question as to whether tyrosine
phosphorylation of WBP2 could confer anchorage independent growth to MCF10A cells. To this
end, we performed soft agar colony formation assay on MCF10A cells stably transfected with
vector, WBP2 and Y192-231D phospho-mimic mutant (for some unknown reasons, we did not
manage to obtain stable transfectant of Y192-231E mutant in MCF10A cells). Consistent with
the report by Chan et al., WBP2 did not confer anchorage independent growth to normal
mammary epithelial cells. In contrast, WBP2 phospho-mimic mutant expressing MCF10A cells
grew 5 fold more than vector control in soft agar (Figure 5L). In conclusion, the ability of WBP2
phosphorylation in promoting/enhancing growth in soft agar colony assay can be demonstrated
in cancer and normal mammary epithelial cells.

Mechanisms of WBP2-mediated Breast Cancer Oncogenesis-Critical Role of Wnt-ERo
Crosstalk

[0142].WBP2 overexpression and its tyrosine phosphorylation conferred growth factor
independence. We asked if these estrogen-independent phenotypes remain dependent on ER«
pathway or entails other oncogenic signaling pathways. The basal expression level and in some
cases, activation of c-Yes, YAP, ER« and cyclin D1 were up-regulated in the WBP2-Y192-
231E- but not Y192-231F-expressing MCF7 (Figure 18A). Consistent with the immunoblotting
data, iMunoﬂuorescence data revealed stronger and more prominent nuclear ERa signal in WT
and Y192-231E expressing cells compared to Y192-231F and control transfected cells. These
data suggests that the ERa pathway may account for some of the WBP2-mediated effects.

[0143]. Wnt signaling has been well implicated in breast cancer (27, 28). Members of the nuclear
receptor (NR) superfamily, including ERc, had been demonstrated to be modulated by
components of Wnt signaling pathway (29). As shown in Figure 18A, increase in Wnt3A
expression in WBP2-WT and Y192-231Eexpressing MCF7 was concomitant with an increase in
phosphorylation-mediated inhibition of the GSK3p, stabilization of B-catenin and increased
expression of Wnt pathway target genes such as c-Mycand cyclin D1. Other changes observed
include i) down-regulation of the expression of cell-cycle checkpoint proteins, CDK inhibitors-

p21 and pl6, ii) up-regulation of Bcl-2 anti-apoptotic molecule expression and elevation of the
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regi on of WBP2 suggests that regulation of protein stability (e.g. of
transcriptional conponents) may be anot her node through whi ch WBP2

r egul at eswbramnscoiopt i on (36, 37). [0151]. Energi ng evi degess20ax060293
denonstrated the inportance of transcription coactivator in oncogenesis.
Overexpression of TAZ in normal breast epithelial cells-MF10A i nduced

nor phol ogi cal changes characteristic of cell transformati on and enhanced
cell mgration/invasion (3). Overexpression of NRIF3 and its S28E
phosphoryl ation-minic nutant in MCF7 increased cell proliferation and
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transcription co-regulators (e.g. 13-catenin) that it upregulated? Dd WBP2
al so engage chromatin renodeling conplexes or facilitate the fornmation of

hi gher order conpl exes such as |ong range chromatin interactions? These are
guestions that will be addressed. [0154]. Qur data provide new insights
into how Wit signaling may nodul ate estrogen signaling. The increase in ERa
expression in MCF7 expressing phospho-m mc WBP2 coupled to the observed
down-regul ati on of ERa expression followi ng Wit inhibition suggest that ERa
gene itself could be a target of LEF1l/ TCFnedi ated transcription. This is
not mnthout precedence - AR nRNA was hlghly up- regul ated by the activation
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[ 01551. Al t hough transform ng activity in normal mammary epithelial cells
has not yet been assessed, WBP2 behaves |i ke an oncogene. Tyrosine
phosphor weat2om3efo2VWBP2 serves as a nol ecul ar on/ of f swpCElsGeéatoo@9st r ol s

t he crosstal k between Estrogen, EGF and Wht/ ot her oncogeni c signaling

pat hways | eading to anplification of ER receptor activity, dysregulation of
mul tipl e oncogenes and tunor suppressors. Al these may act cooperatively
to pronote uncontrol |l ed breast cancer growth. Qur study has added WBP2 to
the increasing |list of nuclear receptor coactivators (MB 1, NRIF3, YAP,
TAZ, etc) that are inplicated in breast cancer. Overexpression of WIld
Type andePhosipressingriMCIVL(Eigure IBPR It rhimiCRiTat PVoinnhibitiocnumey shesifieally ¢eleétn vi vo
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cell - T0A. lf\'/brphol ogical exam nation in 2D culture revealed that there
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with Df I on
concentration. One hundred nM fulvestrant almost completely abolished ER¢; expression (data

not shown). Next, we compared the growth and proliferation of WBP2 phospho-mimic mutant
expressing MCF7 in the presence of 100nM fulvestrant or 15uM FH535. The results show that
fulvestrant inhibited growth of MCF7 cells expressing vector and Y192-231E mutant by about
50% and 40%, respectively at day 4 (Figure 6H). In contrast, FH535 reduced proliferation of
MCF7 cells expressing vector and Y192- 231E mutant by about 30% and 65%, respectively at
day 4. Little synergy was observed between fulvestrant and FH535. Hence, inhibition by FH535
produced a more marked difference in the interference of cell proliferation between the vector
control and WBP2 phospho-mimic mutant. A more pronounced inhibition by FH535 is not
surprising since Wnt may not only regulate expression of ERa (Figure 18G) but also possibly
42



[01591. A correlation study was carried out to see if WBP2 plays a role in
stem cell signaling. Expression of WBP2 was examined in HW1 cells, which
are defi cwenvizazodvgpoxant hi ne phosphori bosyl transferaseciideaTi)i/ 000298 e
derived from HPRT-deficient strain 129 mice and characterized as highly
pluripotent. Interestingly, WBP2 expression was downregul ated upon

I nduction of differentiation of HW1 cells (figure 12). Tyrosine
Phosphoryl ati on of WBP2 Regulates Its Interaction with TAZ 101601.1i was
recently shown that WBP2 is required for TAZ-nedi at ed oncogeni c
transformation via WBP2-TAZ interaction. W therefore examne if tyrosine
phosphorojlieaoneogenss. ThBREsulte gugeastdhat iwhile iBRocaxaresdiomisvimpprtany AVBRZ phcmagm in

Fi gure 1 YEOS ' P j mul ati on
potentif];{r;ﬁlenéi(E %‘%ﬁV\B 21-O g\ia?%{%%g%%@gﬁmnﬁé \l}g‘gﬁléfggr:tlﬁ‘g%yed when the tyrosine
phosphorpylakiiaR was abolished. E2F reporter activity was enhanced in MCF
cel I's overexpressing VVBP2-Y192-231E [0161] . WBP2 has been previously

i dent i f i [@H9-Stitalation rodnERmopitive rusastc sarger i GeHE ovith | qstrpgen| jerdy \fo t tysasingpp2
exerts ighSsphblyBAbS oOWBPIRAS{H Sadiiyi? Al B BEIR QG PRBPIRYSsphdi9latisleRt i Ty
potential pathways that could account for WBP2 effects, we scréened a

nunber deguiriedtwerySte énstreasy downgiseann it Rand eAfes (rephablyedovastrdam e EGIR)
i ncr easgglolifle Glabes. %ﬁgﬁ%ﬁ;ﬁb&ﬁﬁwp&h&%m J%%mﬂ%cieﬂéilvﬁégeeitt hat

phosphoryl ati on of activateés the E2F pat hway. is is the 3r
oncogeniroteptallyWayms tansopptional eomgller tWithi BRI ang lgads de en gegralliinggpasgpprargett he
other bejng (A :uiﬁtl'k% R RALNRY S depkih 33G0erC GdigHtdich SWRPEILETILIBN HRS
observe?eﬁl / cel I's over}ggpreegs{fﬁr\?g. VBP2- Y1927 231E [0162?]&). Increased E2F
act i vi t yhpsphemykitior nahenlyl ppteatizto ERatsigdalingtoathyay but@lsolagtiyateogultiplsionepgemise Br dU

I ncor porg] SUEELaNO R e leh it A2 burllBY SRR QRS SLERBNT OUGN
t he S—pﬁg%ﬂe?ﬁ%ﬁg%?%garéogg\%hgﬁo%ﬁ;%ﬁcgteﬁaet R%?F? ce snlglgprgss?nth

VBP2- Y1SnaigHEndapeefienisefeastrogent-call efhwluehy bontrihating kq the yaggressivEZRitp obbreast | evel s
were ingieased in cells overexpressing VWBP2- Y192- 231E

=

[0150]. While the role of WBP2 in ERa and PR transactivation has been reported (11), our data
further revealed that WBP2’s coactivation function is regulated by tyrosine phosphorylation.
Other steroid hormone receptor coactivators also exploit phosphorylation to regulate their
function. For example, AIB1 was found to be tyrosine phosphorylated by c-Abl at Tyr1357 upon
IGF1, EGF and estrogen treatment (4). Tyrosine phosphorylation of AIB1 altered its interaction
with ERc, histone acetyltransferase (CBP/p300) and methyltransferase (CARM1) (4). On the
other hand, serine phosphorylation of NRIF3 enhanced its nuclear localization, interaction with
ERa and subsequently increased ERa transactivation (5). Tyr192 and Tyr231 are embedded
within the polyproline-rich domain of WBP2 that consists of three highly conserved PY muotifs.
PY motif mediates protein—protein interaction and is present in many transcription factors and
coactivators, including c-Jun (32), AP-2 (33), C/EBPx (34) and PEBPs (35). It is conceivable
that phosphorylation of Tyr192 and Tyr231 regulates the transcriptional coactivator role of
WBP2 by controlling the PY motif-mediated interactions with other partners in the
transcriptional and/or epigenetics machinery. Protein interactions studies are underway to test
this hypothesis. However, the coactivator activity of WBP2 was not absolutely regulated by the
tyrosine phosphorylation at Tyr192 and 231, implying that other regions of WBP2 are also
critical for its function. For example, the reported binding of Nedd4 E3 ligase to the proline-rich
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101631. The E2F pat hway conprise of several transcription factors
categorized as activators or repressors. Increase in E2F activity may be
at t ri but estot2012/036302ased | evel s of E2F transcription act ipgatsonei1/odées ef or e
we probed for expression of E2F1, E2F2 and E2F3. Detectable increases in
protein levels were seen in cells expressing WBP2-Y192-231E. 47 Knockdown
of E2F1 and E2F3 reduced E2F activity, cell cycle progression and cell
proliferation in MCF7 cells expressi ng WBP2-Y192-231E 101641. E2F1 and E2F3
have both been |inked to cell proliferation and cell cycle progression. To
i nvestigate whether increases in the |levels of E2F1 and E2F3 coul d account
for the regiecel/ WBPp h@s@%ty@etsregqlﬁ@nmmt@@ btrbility(e g esdsraasesiptignal Bmonongys). 231E
vwer e trapRfiRGhaer 5d|3th"}b Wb p%uﬁ?eﬂa&@ﬁptﬁ%'i% 39). RNAs against E2F1
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and is pres anscr ors an ors, 1ncluding
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transcriptional coactivator for multiple other nuclear receptors beside ER¢, including E2F-1 (38),

NF-KB (6) and STATG (39).

[0152].WBP2 and its tyrosine phosphorylation contribute to the hallmarks of cancer via

regulation of gene expression. A number of signaling perturbations associated with EMT (e.g.

down-regulation of ECadherin and ZO-2 tight junction proteins) and resistance to apoptosis (€.g.

up regulation of BCL2) have been detected in our study. Up-regulation of genes associated with

ERa (YAP, ERe, Cyclin D1) and Wnt (Wnt3a, phospho-GSKB, B-catenin, Cyclin D1, c-Myc)
a4



domain with the PY notif of WBP2 has been reported to be required for the
oncogeni c property of TAZ (32). It is conceivable that tyrosine

phosphor yweat2nm3efo2VWBP2 regul ates its interaction of TABCarsd20thsneby
pronmoting their transcriptional coactivator activity thereby driving
oncogenesi s. Studies are underway to test this hypothesis. However, the
coactivator activity of WBP2 was not absolutely regulated by the tyrosine
phosphoryl ation at Tyrl 92 and 231, inplying that other regions of WBP2 are
also critical for its function. For exanple, the reported binding of Nedd4
E3 ligase to the proline-rich region of WBP2 suggests that regul ation of
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m ght explain part of the regulatory nmechanism Using pharmacol ogi cal
inhibitors, we showed that interference of WBP2- induced Wit pat hway
reduced ERa expression and that WBP2-nedi at ed breast cancer is nore

dependent on Wht than on ERa pathway. Al the data put together, we have
identified WBP2 as a novel nediator in the putative

est rogen- >EGFR- >\\BP2- >Wht - - *ERa pat hway (sinplistically put). Qur data

showed t hat WBP2 upregul ated signaling conponents in estrogen and Wit

pat hway. However, it remains to be investigated how these were achieved.
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101711. Any manufacturer's instructions, descriptions, product
specifications, and product sheets for any products nentioned herein or in
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Overexpression of both WBP2-WT and its phosphomimic mutant promoted cell proliferation

and invasive potential. However, WBP2-WT did not confer anchorage-independent growth to
normal mammary epithelial cells. In contrast, WBP2 phosphomimic mutant expressing
MCF10A cells grew 5 fold better in soft agar.

More Protein Expression/Activity Changes Associated with WT- and Y192-231E-WBP2
Overexpression

[0158].Changes in protein expression and/or activity were detected to be associated with WT-
and Y192-231D-WBP2 overexpression in MCF10A, as shown in Figure 11. Increased Wnt
pathway activation (Wnt3a, f-catenin, GSK, Myc, cyclin D1) was observed. Other changes
include increased Akt activity, upregulated expression of vimentin (EMT marker) and anti-

apoptotic protein Bcl-2 as well as downregulation of cell cycle inhibitor p16.

WBP2 Expression Correlates with Differentiation Status
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1532- 1539 reporter activity was enhanced in MCF cells overexpressing WBP2-Y192-231E

[0161]. WBP2 has been previously identified to be a transcriptional co-activator. It is likely that
WBP2 exerts its effects by impacting multiple signaling pathways. To identify potential
pathways that could account for WBP2 effects, we screened a number of pathway reporters. We
found that E2F reporter activity is increased in cells overexpressing WBP2-Y192-231E. This
may indicate that phosphorylation of WBP2 activates the E2F pathway. This is the 31 oncogenic
pathway that we have identified to be activated by WBP2 — the other being Wnt and ER
pathways.

Increased cell cycle progression was observed in MCF7 cells overexpressing WBP2-Y192-
231E

[0162].Increased E2F activity is most commonly associated with cell cycle progression. The
BrdU incorporation assay allows detection of cells that have progressed through the S-phase. The
results below indicate that MCF7 cells expressing WBP2-Y192-231E progressed faster through
the cell cycle.

E2F protein levels were increased in cells overexpressing WBP2-Y192-231E

[0163].The E2F pathway comprise of several transcription factors categorized as activators or
repressors. Increase in E2F activity may be attributed to increased levels of E2F transcription
activators. Therefore we probed for expression of E2F1, E2F2 and E2F3. Detectable increases in

protein levels were seen in cells expressing WBP2-Y192-231E.
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potentlally forms a transcr1pt10na1 complex W1th ERq and led to an overall increase in target gene

transcription in an estrogen-dependent manner. Heightened WBP2 expression and
phosphorylation not only potentiated ERa, signaling pathway but also activated multiple
oncogenes such as Wnt and promoted crosstalk with ERa leading to further enhancement of ERx
. signaling independent of estrogen - all of which contributing to the aggressive traits of breast
cancer. While the role of WBP2 in ERq and PR transactivation has been reported (11), our data
further revealed that WBP2’s coactivation function is regulated by tyrosine phosphorylation.
Other sferoid hormone receptor coactivators also exploit phosphorylation to regulate their
function. For example, AIB1 was found to be tyrosine phosphorylated by c-Abl at Tyr1357 upon
IGF1, EGF and estrogen treatment (4). Tyrosine phosphorylation of AIB1 altered its interaction
with ERe, histone acetyltransferase (CBP/p300) and methyltransferase (CARM1) (4). On the
other hand, serine phosphorylation of NRIF3 enhanced its nuclear localization, interaction with
ERe and subsequently increased ERq transactivation (5). Tyr192 and Tyr231 are embedded
within the polyproline-rich domain of WBP2 that consists of three highly conserved PY motifs.
PY motif mediates protein—protein interaction and is present in many transcription factors and
coactivators, including c-Jun (38), AP-2 (39), C/EBPa (40) and PEBPs (41). It is conceivable
that phosphorylation of Tyr192 and Tyr231 regulates the transcriptional coactivator role of
WBP2 by controlling the PY motif-mediated interactions with other partners in the

transcriptional and/or epigenetics machinery. Very recently, the interaction of TAZ via its ww
48



of Novel Tyrosine Kinase Substrates during Breast Cancer Devel opnent. Mol
Cell Proteornics 6, 2072- 2087 18. Lim Y. P., Dong, L. S., Q, R,
Druker, Bwyolo12/wosb2Epstein, R J. (2003) Phosphoprot eonchfsr;ngﬁmp(mmtlng of
epi der rral grow h factor signaling and anti cancer drug action in human tunor
cells. Mol Cancer Ther 2, 1369-1377 19. Toy, W, Lim S. K, Loh, M C.,
and Lim Y. P. (2010) EGFinduced tyrosi ne phosphorylation of Endofin is
dependent on PI3K activity and proper |ocalization to endosones. Cell

Signal 22, 437- 446 20. Fox, E. M, Andrade, J., and Shupnik, M A. (2009)

Novel actlons of estrogen to rormte proliferation: |ntegrat|on of
cyt opl aslemeingwigh the &Y epetifioh s bemaersrigd to7be regied dorihe onCogeMiGRTPREERi 0, A.

Castori gy 1%z 3 (I\/IB It@?%@é&ﬂ)’le tMtit{krng@ﬁﬁysﬁxorﬁhtlonlo(P Wﬂegul%s 1t@ﬁteﬁ@dl&pof A,

Nanayakkar a, , Varricchio, L., and Auri cch| o,
F. (2006)AZx adls tﬂmr¢be@rmng EGER trarscanttonaln sedctizators tastiviyd thaehyptdsiving Ann N

Y Acad %%E %Qé% sthids %Q,qmggﬁ% kARG his G es‘szﬁg\gz\{emgé Q&C %%cﬁ’\tn of

cross-ta et ween sterol none rec tOI’S an i ntracel U ar na [ ng
pat hway sSWBRhwasidt kbselwedy tegelated by thadyrasindmblosingdation acl yr 19, and @81, stlwn23

Ve at eatteofhrsefiofs ot BeBRE SR tofuy Bueydhf Fon BELAR 0 A pérca bRl O | 1
Manmar y Naddh @3 éla@ke it tHd@rﬂmmDeqmmdéM%@Mﬁy@Mm@ 10§ prokddr mlﬁhtbfc er 1,

229-244 éBé 5)f %ﬁs%ﬁ]lgt%'nal dom %nenté) Srﬁéf ?%"%éotlhg Gae tﬁ&déﬁawh&l Whp2 Z%?e@r sons,

S. J. ne kinase si gh Breast cancer epi d growt h
factor rtsosppmn(éM% Src interactions in breast cancer. Breast Cancer Res
2, 203-210 25. Brown, M T., and Cooper, J. A (1996) Regul ati on,

subst r atl8¥6hEhefgingcevideness dbve danongiratechihmiBpasiahgesofdeanscrippiga] caaztivateroin

oncogenesis. Overexpression of TAZ in normal breast epithelial cells-MCF10A induced
morphological changes characteristic of cell transformation and enhanced cell
migration/invasion (3). Overexpression of NRIF3 and its S28E phosphorylation-mimic mutant in
MCF7 increased cell proliferation and anchorage-independent growth (5). Similarly,
overexpression of AIB1 and its Y1357E phosphorylationmimic mutant in MEF induces focus
formation (4). Phospho-Y 1357 level of AIB1 was also found to be increased in mammary tumors
developed in the MMTV-driven HER2/neu transgenic mouse model (4). Our findings that WBP2
overexpression and its tyrosine phosphorylation play critical roles in cell proliferation,
anchorage-independent growth, migration and invasion, paved the way for future studies into
cancer therapeutics exploiting WBP2 as a drug target for treatment of ERo/PR-positive breast
cancer to complement hormonal therapy or even other subtypes such as the triple-negative breast
cancer of which there is no standard treatment regime. Our preliminary screening showed that
WBP2 expression was also overexpressed in ER-negative breast cancer cells (unpublished data).
Although WBP2 enhanced E2/ERe signaling, the overexpression of WBP2 in ER-negative
breast cancer cell lines suggests that the function of WBP2 is not strictly dependent on nor
restricted to ERa. This is consistent with the observations that overexpression of WBP2 and its
phospho-mimic form alone could drive many biochemical and cellular processes in the absence
of E2/ERq signaling. It is conceivable that WBP2 could exert its transcriptional coactivator
function on other transcription factors, ¢.g. AIB1 is a transcription coactivator for multiple other

nuclear receptors besides ER¢, including E2F-1 (44), NF-KB (6) and STAT6(45).

49



26. Sudol, M (1994) Yes-associated protein (YAP65) is a proline-rich
phosphoprotein that binds to the SH3 domain of the Yes proto-oncogene
product. Wocopansesd, 2145-2152 27. Chen, H. |., Ei nbon#cTAG20MHwadk93S. J.,
Linn, H, Koepf, E., Peterson, S., Kelly, J. W, and Sudol, M (1997)
Characterization of the WWdomain of human yes-associated protein and its
pol yprol i necontaining |igands. J Biol Chem 272, 17070-17077 28. Chen, H
., and Sudol, M (1995) The WN domai n of Yes-associated protein binds a
proline-rich ligand that differs fromthe consensus established for Src
honol ogy 3-bi ndi ng nodul es. Proc Nat! Acad Sci U S A 92, 7819-7823 29.

Bi scar dil0167).VBP2 red itsMyrogine phogrhoryiiation contipute o the, hallmarks qf cagcer Fiad

Par sons, . 9 - Gred] I ' : ' growt h
factor rré%?'é%rt%‘é rO(C % %%T%/XP %%51 an dh%l%g ? 8 %@%ﬁgggﬁgg%& ggfino%lﬂgdrm@% Iqag\{i%g'of

r ecept ordopanedghlgtion 9f Bi Gadh@ireand27Q;2 6g85wg84B pra@dns Savkll ge upeulatipndof

Ri chard- : ' = . ation
by tne. py g and ~lec oA (T O RN RRRE HCTaT Rk sgh REfEgel AET,
Lim S. skdy. UphegulgtioiCof gemasl adspeigtedywith ERBG-AR diRoe €ytlir B) and WhoEFhday| at i on

endosomb iR BREhiy) s DYy R BB  RRlyod ApcheFhdethckite.

C., Chorjenotpefe.g. ligharcell pelifdrativ, transoguing, Wigraory #BH duvesivo pltential iPthe

o myoriente o800k Wrelh kBl Db HTRAY G EE kS Tl "o

Cl ever s,upkégula@@0&) ER\atd Waat patiowdyelryi WBPR g@eoss-regulationde\ N htopathevaly camgorbntsease.

Cel | 127with4r§1%fem4r%9eptor family members has become increasingly important in endocrine biology
(35). B-catenin associates with ERc, and their interactions are enhanced in the presence of
estrogen (46), thereby promoting ERa transactivation. However, the regulation of ERo/3- catenin
interaction in promoting estrogen signaling and tumorigenesis remains unclear. S-catenin has
been demonstrated to recruit coactivators, such as p300/CBP complex (47) and components of
SWI/SNF and RSC chromatin remodeling complexes (48), that might explain part of the
regulatory mechanism. Using pharmacological inhibitors, we showed that interference of WBP2-
induced Wnt pathway reduced ER« expression and that WBP2-mediated breast cancer is more
dependent on Wnt than on ERa pathway. All the data put together, we have identified WBP2 as
a novel mediator in the putative estrogen—EGFR—WBP2—Wnt—ERq pathway (simplistically
put). Our data showed that WBP2 upregulated signaling components in estrogen and Wnt
pathway. However, it remains to be investigated how these were achieved. Did WBP2 work
directly by cooperating with relevant transcription factors to drive gene expression or did it work
indirectly through the transcriptional co-regulators (e.g. B-catenin, YAP) that it up-regulated?
Did WBP2 also engage chromatin remodeling complexes or facilitate the formation of higher
order complexes such as long range chromatin interactions? These questions are currently being
addressed in our laboratory. Our data provide new insights into how Wnt signaling may
modulate estrogen signaling. The increase in ERq expression in MCF7 expressing phospho-

mimic WBP2 coupled to the observed down-regulation of ERc, expression following Wnt

inhibition suggest that ERa gene itself could be a target of LEF1/TCF-mediated transcription.
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suppressors. Our study adds WBP2 to the list of nuclear receptor coactivators (AIB1, NRIF3,

YAP, TAZ, etc) that are increasingly implicated in breast cancer.

[0169]. Those skilled in the art will appreciate that the invention described herein is susceptible
to variations and modifications other than those specifically described. The invention includes all
such variation and modifications. The invention also includes all of the steps, features,
formulations and compounds referred to or indicated in the specification, individually or

collectively and any and all combinations or any two or more of the steps or features.

[0170]. Each document, reference, patent application or patent cited in this text is expressly
incorporated herein in their entirety by reference, which means that it should be read and
considered by the reader as part of this text. That the document, reference, patent application or

patent cited in this text is not repeated in this text is merely for reasons of conciseness.

[0171]. Any manufacturer's instructions, descriptions, product specifications, and product sheets
for any products mentioned herein or in any document incorporated by reference herein, are

hereby incorporated herein by reference, and may be employed in the practice of the invention.

[0172].The present invention is not to be limited in scope by any of the specific embodiments
described herein. These embodiments are intended for the purpose of exemplification only.
Functionally equivalent products, formulations and methods are clearly within the scope of the

invention as described herein.
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p300/ CBP ace ansterases function as transcriptional coactivators of
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chr omat i[B174bfbeghountyisfspesifiati®y, gnlgssitie eontext requikes pthirestise, hawerd isomprisst onot e

target ge0s:A6hd a4 ;Frg@s@ 1]"20%1 nﬁ% D3P fSundérd X?d'i%pl he i QE@B M W,
Terry, % ,ﬁvac erot. Em em's, Dr L. ,g’gapodllmce, 03: , K t}?;j ews | ,nﬁ. , de la
Tai | | e, stated iBeges ongrowy of@ntegeGulynt ndvt the exchisiBabf ryrotheRintqeROT@youBEpiteskrs.
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as "comprises", "comprised"”, "comprising" and the like can have the meaning attributed to it in

U.S. Patent law; e.g., they can mean "includes", "included", "including", and the like; and that

terms such as "consisting essentially of and "consists essentially of have the meaning ascribed to

them in U.S. Patent law, e.g., they allow for elements not explicitly recited, but exclude elements

that are found in the prior art or that affect a basic or novel characteristic of the invention.

[0175].Other definitions for selected terms used herein may be found within the detailed
description of the invention and apply throughout. Unless otherwise defined, all other scientific
and technical terms used herein have the same meaning as commonly understood to one of

ordinary skill in the art to which the invention belongs.
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Claims: 1. A nethod of detecting cancer in a patient conprising the steps
of : e)Measuring an anount of a polypeptide of SEQID No. 1 with a
phosphor weteth/dsysoesi ne at Y192 in a first sanpl e isol ated/stremonérss
patient; and OConparing the anount of polypeptide of SEQID No. 1 with a
phosphoryl ated tyrosine at Y192 in the sanple to an anount of pol ypeptide
of SEQID No. 1 with a phosphorylated tyrosine at Y192 in a second sanpl e
i solated from normal, non-cancerous cells, wherein an anplified anmount of
pol ypeptide of SEQID No. 1 with a phosphorylated tyrosine at Y192 in the
first sanple relative to the amount of polypeptide of SEQID No. 1 with a
phosphordy TalukdsriAsdbsling. @t Mynoathi, B.tand R (208f)3eaing AZphosphosyletinddr i s
pr esent NRIFB genfers jts go-activporfunctipn farpstregsn Frseptorf-alphadransattivghien-gogame anount
of the pd)$338ide of SEQID No. 1 with a phosphoryl ated tyrosine at Y192
in the fq paf RAADHEGORENIANBIE, Moi® IIKLEE RaP §OB PR W1 AL hRNOMalicy/®Si Ne at
Y231 of Wh@omlRé%ﬁmﬁdn%@ sRE.-3GRIP/AC ATB- PRRCSS TR AR ATRaliafel YR BY 1 OF
pol ypepty,0e ®linatQbRodBioloMs 54y ephosphoryl ated tyrosine at Y192" and Y231
in the first sanple relative to the anount of ol(%ge%tide of SEg%)D No. 1
& k3

with a phbagsrod i aBaileyR I eanddasst Ay Bo @A yelin P-¢dkd peivity srogplate l e
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4. The method of claim3 whereby the cancer is breast cancer and | ung
cancer. 5. The nethod of any one of clains 1 to 4 whereby the anount of

t he pol ypept2otb30502SEQ I D No. 1 with a phosphoryl at ed t ycosicrerjosoxneasur ed
wi th an isol ated phosphoryl ation site-specific antibody that specifically
binds to a W¥domain binding protein of SEQID. NO 1 only when the

pol ypeptide is phosphorylated at the tyrosine Y192 or the tyrosine Y192 and
the tyrosine Y231 wherein the anti body does not bind the pol ypeptide of SEQ
ID No. 1 when it is not phosphorylated at said tyrosine. 6. The nmet hod of
any one of clains 1 to 4 further conprising the steps of:
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7. The method of any one of clains 1 to 4 whereby the anmpbunt of the

pol ypeptide of SEQID No. 1 with a phosphorylated tyrosine is neasured with

an i sol atwa 2pteaspiver yl ati on site-specific aptamers that pepsGoii®adoy bi nds

to a WMdomain binding protein of SEQID. NO 1 only when the pol ypeptide

I s phosphoryl ated at the tyrosine Y192 or Y231 or the tyrosine Y192 and the

tyrosi ne Y231 wherein the aptaners does not bind the pol ypeptide of SEQ ID

No. 1 when it is not phosphorylated at said tyrosine. 8. An agent to

interfere with phosporyl ation of tyrosine Y192 and/or Y231 in the

pol ypeptide of SEQ ID NO. 1. 9. The agent of claim8 conprising an

i sol at edB2phbaphoVyLéni ©d., Huarg, Ep&dpig, ¢ - BnGupaalye.thds HegweKiAgal |y binds to
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phosphor¥bed ieémpartanter thy peroigenic progaty of T3Z. Orcaghee 30y 6@sblie Y192 and the
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15. The agent of claim 11 wherein the i munogl obulin conprises nurine
framework regions within the heavy chain and within the |ight chain. 16.
The agentwof2od@dsm8 conpri sing a pepti de capabl e of bi rdirsg201/080208rti on
of SEQID. NO 1 that includes the phosphorylated tyrosine Y192 or, Y231 or
Y192 and Y231 and the ami no acids flanking either side of the

phosphoryl ated tyrosine Y192 or, Y231 or Y192 and Y231. 17. The agent of
claim 16 wherein the peptide conprises SEQID. NO 3; or SEQID. NO 4 ; or
SEQID. NO 5; or SEQID. NO 6 and a nuclear localization signal. 18. A
cell line producing an agent of any one of clains 8 to 17. 19. The agent
of cl ai rfi7gHedbigr-i \demgclan Ki.seramist M Rosph Bey | Fatand KemlarR - 4208) The apt aner s

t hat sp@BP¥CBRlapsyylspnstpsasesofupctipmagisrasriptions ¢pasyvaiers oEbata-eatengED | D, NO. 1
only mhé/ﬁﬂ@ﬂﬁ@espﬁsﬁlﬁ%bi%d&391-15185{53hosphpryI ated at the tyrosine Y192 or the

t yr osi net8YBgkeraNgHurigoney Ag Musisi, o Mileshds Bienz.tMe andftlavess. 8. (FOEH st bi nd t he
pol ypeptehepmagh regrdeliifg Rgtor Branhimteracts with brta-catdnasto pommydtetacagt 2ane sefivatianyr osi ne.
20. The EMBQAY 20f4985-4P48 8 conprising a small interfering RNA. 21. The agent
of cl ai M920angh¥r, &hen, MV sherry. Si, iYiaetrekadr F.nBenRD. dorgappdies I SEQUeW kNG, d9. 22,
The agenia Talle,anyBeosmn, M. ColGuionX., 8nd Buttyan,fRo (2006 EComplehregtlateamtabbmanf cancer .

androgen receptor expression by Wnt signaling in prostate cancer cells. Oncogene 25, 3436-3444
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23. The agent of claim 22 whereby the cancer is dependent on EGFR, c- Src,
c-Yes, ER, Wht, WBP2 or E2F. 24. The agent of claim 22 or 23 wherein the
cancer i swbnremsisomancer and | ung cancer. 25. The agent pofr/SGhaitron@sr 24
further conprising an anti- wnt pathway, anti-EGFR, anti-src, anti-Yes,
anti-E2F, anti-WBP2 and anti-ER conpounds. 26. A conposition conprising
the agent of any one of claim8 to 24 and an anti-estrogen conpound 27.
The agent of claim25 or the conposition of claim26 wherein the anti-Wt
pat hway conpound is an FH535 of formula 1. 28.The agent of claim25 or the
conposition of claim26 wherein the anti-estrogen receptor conpound is a

Ful vest daimspf fornula 2 HO
1. A method of detecting cancer in a patient comprising the steps of:

e) Measuring an amount of a polypeptide of SEQ ID No. 1 with a phosphorylated tyrosine
at Y192 in a first sample isolated from the patient; and

) Comparing the amount of polypeptide of SEQ ID No. 1 with a phosphorylated tyrosine at
Y192 in the sample to an amount of polypeptide of SEQ ID No. 1 with a phosphorylated tyrosine

at Y192 in a second sample isolated from normal, non-cancerous cells,

wherein an amplified amount of polypeptide of SEQ ID No. 1 with a phosphorylated tyrosine at
Y192 in the first sample relative to the amount of polypeptide of SEQ ID No. 1 with a
phosphorylated tyrosine at Y192 in the second sample indicates cancer is present in the first

sample.

2. The method of claim 1 whereby the amount of the polypeptide of SEQ ID No. 1 with a
phosphorylated tyrosine at Y192 in the first and second sample also detects phosphorylation of
tyrosine at Y231 of the polypeptide of SEQ ID No. 1 wherein an amplified amount of
polypeptide of SEQ ID No. 1 with a phosphorylated tyrosine at Y192 and Y231 in the first
sample relative to the amount of polypeptide of SEQ ID No. 1 with a phosphorylated tyrosine at

Y192 and Y231 in the second sample indicates cancer is present in the first sample.

3. The method of claim 1 or 2 whereby the cancer is dependent on EGFR, c-Src, c-Yes, ER, Wnt
, WBP2 or E2F.

4. The method of claim 3 whereby the cancer is breast cancer and lung cancer.

5. The method of any one of claims 1 to 4 whereby the amount of the polypeptide of SEQ ID No.
1 with a phosphorylated tyrosine is measured with an isolated phosphorylation site-specific
antibody that specifically binds to a WW-domain binding protein of SEQ ID. NO. 1 only when
the polypeptide is phosphorylated at the tyrosine Y192 or the tyrosine Y192 and the tyrosine
Y231 wherein the antibody does not bind the polypeptide of SEQ ID No. 1 when it is not
phosphorylated at said tyrosine.

6. The method of any one of claims 1 to 4 further comprising the steps of:
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OH 29. A nethod of treating a patient afflicted with cancer, conprising
the steps of: (a) admnistering to the patient an agent to interfere with
phosphor wetmmsefozt yr osi ne Y192 and/ or Y231 in the pol ypepGzea/ 0§295EQ | D
NO. 1. 30. The nmethod of claim?29 wherein the agent conprises any one of
claims 8 to 24 31. A nethod of treating a patient afflicted with cancer,
conprising the steps of: (a) admnistering to the patient a conposition
conprising an agent to interfere with phosphorylation of tyrosine Y192
and/or Y231 in the pol ypeptide of SEQID NO 1. and an anti-estrogen

recept or congqund. _ )
€) ringing the polypeptide of SEQ ID No. 1 into contact with a polynucleotide probe or

primer comprising a polynucleotide sequence capable of hybridising selectively to the
polypeptide of SEQ ID No. 1 only when the polypeptide is phosphorylated at the tyrosine Y192
or the tyrosine Y192 and the tyrosine Y231 under suitable hybridising conditions; and

) detecting any duplex formed between the probe or primer and the polypeptide of SEQ ID
No. 1 phosphorylated at said tyrosine.

7. The method of any one of claims 1 to 4 whereby the amount of the polypeptide of SEQ ID No.
1 with a phosphorylated tyrosine is measured with an isolated phosphorylation site-specific
aptamers that specifically binds to a WW-domain binding protein of SEQ ID. NO. 1 only when
the polypeptide is phosphorylated at the tyrosine Y192 or Y231 or the tyrosine Y192 and the
tyrosine Y231 wherein the aptamers does not bind the polypeptide of SEQ ID No. 1 when it is
not phosphorylated at said tyrosine.

8. An agent to interfere with phosporylation of tyrosine Y192 and/or Y231 in the polypeptide of
SEQ IDNO. 1.

9. The agent of claim 8 comprising an isolated phosphorylation site-specific antibody that
specifically binds to a WW-domain binding protein of SEQ ID. NO. 1 only when the polypeptide
is phosphorylated at the tyrosine Y192, Y231 or the tyrosine Y192 and the tyrosine Y231
wherein the antibody does not bind the polypeptide of SEQ ID No. 1 when it is not
phosphorylated at said tyrosine.

10. The agent of claim 9 wherein said antibody is an immunoglobulin comprising an

immunoglobulin heavy chain.

11. The agent of claim 9 wherein said antibody is an immunoglobulin comprising an

immunoglobulin light chain.
12. The agent of claim 10 or 11 wherein the immunoglobulin is an IgG1 kappa immunoglobulin.

13. The agent of claim 12 wherein the immunoglobulin comprises a human IgG1 constant region
within a heavy chain of the immunoglobulin and a human constant region within a light chain of

the immunoglobulin.

14. The agent of claim 11 wherein the immunoglobulin comprises fully or partially human

framework regions within the heavy chain and within the light chain.
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32. The nethod of claim 31 wherein the anti-estrogen receptor conmpound is
an FH535 of fornmula 1. NO2 WD 2012/ 030302PCT/ S&011/000293 33. The net hod
of cl ai mBd 20fra3e¢30m t he anti-estrogen receptor conpoundpics/sa26ufovessr ant of
formula 2 HO

15. The agent of claim 11 wherein the immunoglobulin comprises murine framework regions

within the heavy chain and within the light chain.

16. The agent of claim 8 comprising a peptide capable of binding to a portion of SEQ ID. NO. 1
that includes the phosphorylated tyrosine Y192 or, Y231 or Y192 and Y231 and the amino acids
flanking either side of the phosphorylated tyrosine Y192 or, Y231 or Y192 and Y231.

17. The agent of claim 16 wherein the peptide comprises SEQ ID. NO. 3; or SEQ ID. NO. 4 ; or
SEQ ID. NO. 5; or SEQ ID. NO. 6 and a nuclear localization signal.

18. A cell line producing an agent of any one of claims 8 to 17.

19. The agent of claim 8 comprising an isolated phosphorylation site-specific aptamers that
specifically binds to a WW-domain binding protein of SEQ ID. NO. 1 only when the polypeptide
is phosphorylated at the tyrosine Y192 or the tyrosine Y192 and the tyrosine Y231 wherein the
aptamers does not bind the polypeptide of SEQ ID No. 1 when it is not phosphorylated at said

tyrosine.

20. The agent of claim 8 comprising a small interfering RNA.

21. The agent of claim 20 wherein the small interfering RNA comprises SEQ ID NO. 2.
22. The agent of any one of claims 8§ to 21 for use in the treatment of cancer.

23. The agent of claim 22 whereby the cancer is dependent on EGFR, c-Src, c-Yes, ER, Wnt,
WBP2 or E2F.

24. The agent of claim 22 or 23 wherein the cancer is breast cancer and lung cancer.

25. The agent of claim 8 or 24 further comprising an anti- wnt pathway, anti-EGFR, anti-src,
anti-Yes, anti-E2F, anti-WBP2 and anti-ER compounds.

26. A composition comprising the agent of any one of claim 8 to 24 and an anti-estrogen

compound

27. The agent of claim 25 or the composition of claim 26 wherein the anti-Wnt pathway

compound is an FH535 of formula 1.
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28.  The agent of claim 25 or the composition of claim 26 wherein the anti-estrogen receptor

compound is a Fulvestrant of formula 2

29. A method of treating a patient afflicted with cancer, comprising the steps of:

(a) administering to the patient an agent to interfere with phosphorylation of tyrosine
Y192 and/or Y231 in the polypeptide of SEQ ID NO. 1.

30. The method of claim 29 wherein the agent comprises any one of claims 8 to 24
31. A method of treating a patient afflicted with cancer, comprising the steps of:

(a) administering to the patient a composition comprising an agent to interfere with
phosphorylation of tyrosine Y192 and/or Y231 in the polypeptide of SEQ ID NO. 1. and

an anti-estrogen receptor compound.

32.  The method of claim 31 wherein the anti-estrogen receptor compound is an FH535 of

formula 1.
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33.  The method of claim 31 wherein the anti-estrogen receptor compound is a Fulvestrant of

formula 2
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