WO 2012/ 023112PCT/ 1 B2011/ 053635 1 BARDL | SOFORMS | N LUNG AND COLORECTAL
CANCER AND USE THERECOF Field of the Invention 5 The present invention

rel ates twonen/BaRDL i sof orns specific to | ung cancer amrdTaBiooi/esscz

cancer, a nethod for detecting thereof and a nethod for treating and/or
preventing lung cancer and col orectal cancer. 10Background of the Invention
Lung cancer is the |eading cause of cancer death worl dw de. Treatnent

met hods o rQi I ' ce.
Thus. i rer BRI ISCHORNERLLBNE 0B COLOIBETALCANTIER 000 L1k TRNIERORC
urgently needed. Colorectal cancer is another |eading cause of 15
cancer-rel ated death and the fourth nost common cancer worldw de. The
survival and prognosis of col or &igldof themyention i ent s depends on the stage
of the tunmor at the tinme of diagnosis. Early stages of colorectal cancer
can be curable. Unfortunately, over 57% have regional or distant spread of
t he di sdaseratntibecrtioneclots @i @GNBARD 1 ik¥fBiIhd $esifighs fung@dicer Aivesisreatl and
advances in the nmanagenent of cancer, the five-year survival is only 15%
for adv&Aess oethad brdsicstieg thareof ant e mefwdifanredtingapd/ft pPipveiHigyuRg GUpY have
addr ess i.snms that drive |lung cancer by conparing protein, RNA
and m c‘r%gg{k&%fen #E%{&SI?S with healthy tissue. Besides TP53, the npst
frequently deleted or nutated gene in |ung cancer, conponents of the

p53- ARF pat hway are 25al so consistently del eted, nutated, or epigenetically
nmodilfi ed. As to the col or ect dpadkgneund ofithe Inyeutiosnges are to understand the
nol ecul ar basis, and to determne factors that initiate the devel opnent,
and drive the progression. The nol ecul ar events involved in col orectal
cancer (Lrﬂﬁg_fca@dé@'isr’fﬁé Radiakiceuse 0P IARESHQIM WOMEWRIR! YreR@RMt RRfHoUSbIhY: Ghar i fi ed.
Recent studi es have reveal ed the potential use of nol ecular and bi ochem cal
mar ker s sirgeryodro neicteay citimreneand loapiogdsisianc@0Tloust pwoightsanid thesipdogyeofilong

chenot herapy, |ike M HL, NSH2 - Cat eni n,, and p53. . WO .

015 0o AP0 Rar e FopRanG IO Bfiieeis drabericaips gust 8 of
the 1Br eaglccra06@l dﬁdtﬁghéﬂﬁ%ﬁﬂtlpﬁo&%%mcﬁﬁa%r WERIVAHO PO A1 REPInosti c

and predictive marker for response to treatnment in NSCLC. Concerning

col or ectpadgnosis of colotckrl singdi picofs dependBRCAle stage ofahatuyndr ianiht eignd of
colorectal cancer rijsk d BRCAL nutations. Several studies t ted to
Cor ol et eBROAE A HEr b B ST ot B Cird Eeniortugatcly gv 3t ®any
clear c i rent L Rl V iyl I i,de; BRCA
it at i on P o B e
However ahthedwpecs ifiitlc malage@bntBRCAdcee Xinr fasya@n surnivabis onlcitsél foradeaiced s
unclear. BRCAL is _expressed in many proliferating tissues and acts as a
tumglr  Stigpreloustal cHeNPtEDtSy epai r pat hways and cel |l cycle control. BRCAL
protein stability and function depend on its interaction with BARDL ( BRCAL
associ ated RING domain protein 1). The BRCAl- BARDL heterodi ner has E3

ubi qui t iRectitias@anagtoups hive adbtessed aind mhodHahidhs g dEt@kink ichyeeoby K@yipdrgget
proteins through ubiquitination. BARDL is al so involved in p53-dependent
apopt osiPEoteighRBA, pad meqrpRNEnN thmowss syith healihytissee BesidgnRB’, $hampsti zes p53

and pr ot it [ OoN,..an ess] RO ¢l St i.red for
o oper Pty R AR B D RS R by Bl TR I 0 <
duablsr olagoicondistemlir desdtg) hegged dr efigeritibal LB fiBArAN®thd®folbrtial BRI tirnd
p53. Several studies have shown that BARD1 is upregul ated during mtosis,
t r anscr icptlicoge arg toyndepstangribie piedactienbasisatndbivadotgympie fpetorsghgriyitiaeiteh, and

t
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onset and metastatic progression have only been partially clarified. Recent studies have
revealed the potential use of molecular and biochemical markers in colorectal cancer to predict

30  outcome and response to chemotherapy, like MLH1, MSH2, 3-Catenin, and p53.

Molecular profiles are emerging as predictive and prognostic parameters in non-small-cell lung

cancer (NSCLC), including genes involved in DNA damage repair, such as ERCCI, RRM1,



20 gene comonly associated wth hereditary nonpol yposis col orectal cancer
(HNPCC) and mutations of hMSH2 appear to account for approximately 30-40%
of HNPCC.wODebhearsiizn t he BRCAL - hMSH2 signal |i ng proces®cCiranzhii/os3cscr eased
susceptibility to turmri genesis. WO 98/ 12327 (Board of Regents, the

Uni versi t f  Texas stem), discl. ose veral genes, 25j.dentif in

ser oen 18 24647 TR BHEUBH HPRUIA LB Pire Brad pegineaiop ok el RCABREAL
One of RARDL, i ts with
BRCAL and 'I's Fs\e(g %Oﬁtelggffid@gse I na{/lge{@gygp?gﬁitgrt{é?{enk%{té%ﬂgleggost| c and

t her apetﬂancem&tgrmdxcctqd&anceu: thastugtics hbthe BRI b etcathimfytlimitudeéasdlpreotabeanaer and

uterine cancer. 30WD 2008/119802 (Universite de neyv di scl oses that in
gynecol &jﬁ BREHlomutatigny. SpyH-stysicsatiqppicdde 69 @fBPéi@abfl%% tions and

over gxprd 8&)?&%1%@%6?‘{:1%{,&)?% tﬂodt% %l:feé%%n]:ﬁsfoﬁ? 13%)4&9&1 @ gﬁrrém qj]n{lgﬁ'a(lallable

expression correlate poor Pprognosis 1 n breast and ovarian cancer.
Structu reaideﬁcrbaBRﬂASnmfaubh esIelersssthf)ﬂdmé reduodichstah Righ triRk Yorl cdbd¢etaltdagedregi ons
that interact with or WD 2012/023112PCT/ 1B2011/ 053635 3 i nduce
apopt osiflowergedis Sp%ﬁ%mk%ofﬁ%céé@éprﬁﬁ%ow cglprrstalicaricE BluneAter s and are
termed as isofornms a, 13, ii, y, 8, cp, 6 and 0. Due to the severity and
incurability of lung and col orectal cancers, there is still a need to

Sdevel oBROA efisfapidsid 1dﬁta@9§>td1ﬂeraﬁﬁgﬁmllwylnafacmuh%rﬁ&)dr@ pragsot thEDNIAf i cat i on
of these cancers and further all ow devel opnment of effectlve net hods and

conpBsi terstrpatiyrays pededtegyclegoniple BREA lomoteﬁea*t@l@hty apdunregion depamdicantsi s t hat
hi s pr oo i BRRIPHFRCRL el Ol BudiR PR RER T Qb Bles o

ven rnve n provides a

et hod freferdtithCids F3 bifuiti BSAD a&ively, @uBéﬁi@rJemrﬁgqh@ stabisiBes Kok Gark&@ protBlhs

cancer and col orectal cancer in a biological sanple obtained froma subject
conpr i sithigughebigeisipatiohn. BeR&Y't is algo iimvobesiddn Béﬁrﬁtl@nétnt IaB%@Slfo N@ll@f is tihféCIBARDl

f fic t t al ted f
orovp. chiRrdk St BN G S PR MR b, SRS
actijye forf@mam 1str9<$fn%€ff®r ﬁBp@f P58 FHRAGRINDFY LiBBalRt do%ﬁis a%é ﬁ@nnhfggy to SEQ
ID NO 1, E I§

. and isoform | c conprising SEQ i ol ogi cal |

active fBPalglaiaptays hdndoble 1mtuna)lseqmmcﬂsmnham lvlgdlag phﬁa@“tof 96%3&(676[1 agyprbd SEQ
I D NG 2,, 20wherei n t he, prese f said i.sof or s ecific | ung
cancer  SEATEOTEEUHSF SRR BA BARD |3 ABFEUIARE AHEaE Gt BRrcTIroRHb bei cat i on
t hat sai | i | t er,

I rSii é)gg&r?l:lsgak[%%%ﬂl}% E;E]gl%csm%rglrahgﬂ%}lg ?rﬂ@%‘li%n?ig%ﬁltrlt GLQRBAE! mRaHS

has an increa ctal cancer, and/or has a
ri sk of Aceoutimgtocehafstuelicsabdth &RGrehand BARDINgere ahawen toaumcbi oot vmhl ovisde
can% 25The present jnvention further provides an isol aqt ed (g(éd/ or

ie

pur EPOIYHERRlY desosBtRdr ith hgedtaey nePIPois colopich sficeniH P
fragment,, (R&58Q hMErH QMS’A Soudtidr dh’agpx%%mhft‘élﬁtso 9%% E‘Plgﬂ / DefecrbRildd NO
to an

1 for use as a bionar |nt erret an 1sol ated
and/ or BRGCAI-@VSH yipedidgdeocosizad &i ingreS=@ slidoeibilty ta tihodigegedal |y active
fragnment thereof, or a sequence having at |east 95% honol ogy to SEQ I D NG
2 for use as a biomarker in the 30 nethod of clains 1 to 6.

WO 98/12327 (Board of Regents, the University of Texas System) discloses several genes,

25  identified in screening assays based upon binding to the breast cancer protein, BRCA1. One of
these genes is termed BARD1, a RING protein that interacts with BRCA1 and is envisioned
for use in various cancer-related diagnostic and therapeutic methods, particularly those

connected with breast, ovarian and uterine cancer.

30 WO 2008/119802 (Universit¢ de Geneve) discloses that in gynecological cancers, deletion-
bearing isoforms of BARD1 are overexpressed and aberrantly localized to the cytoplasm, and
their expression correlated with poor prognosis in breast and ovarian cancer. Structural

analysis of these isoforms showed that they lacked the regions that interact with BRCA1 or



WO 2012/ 023112PCT/ 1B2011/ 053635 4 Anot her object of the present invention
is a peptide selected fromthe group conprising SEQ ID NGOs: 13 to 80 for
use i n a weth28e det ecting the presence of BARD1 i sofromrmB20ai/0i36ss pr esent
invention. 5 A further object of the present invention is a kit for

detecting,the rese[rjr?le Qfgﬁf‘gARDl i sof or ms sgﬁegoi f.ii?g to lung cancer, and

col or ectZ{UCE ARORIPSIS:  NSSCISQIITRS Y SRIHEGORY BRI EAGHFACETS 4BE Afs FORgeps at
| east ong palynuclepti de {ger or probe wherein said pol ynucl eotide priner
or pr obg&)ifs sp%?fbi@%f gPsgﬁ(}og‘ﬁynucl eotide that encodes at |east one of the

BARDL i sof ornms conprising am no acid sequences sel ected fromthe group
conprising SEQ ID NGs: 1-7, 105- 10106, bi olggi cally active fragnents
t her eof Dugrie tly scxeidtyend dxcukility gf hing pad selogstd erasers digreivstpaqep tnos:  1- 7,

105- 106, o ' ' [ f er-eof

speci i Sa gt B fGRRR, Bbe Rl Bl ALk heB ity floy GRATERRGHIAGH Pe Mty

i sof or Mg Gifet SildvY davsldpRncae bfleffREVE AR RS BhEedresbstivarfdrhia@iaypr conpri si ng
SEQ I D NGs: 1-7, 105-106, biologically active fragnents thereof, 15or
sequenc @sevsatiomidicot. | Thgsnaig Bogblasiisl thefyo defe SEEfipenagethadspor straggiredaveand/ or
at | east_on ti,de selected frgmthe group conprising SEQ ID NGs: 13 to
80. The bﬁ?légee‘%fd%le%\gpe%‘felr%oﬁma ?@W@F% es to a nethod for discrimnating |ung
cancer and col orectal cancer from gynecol ogi cal cancers, said nethod
conprising the step of detecting in a biological 20 sanple obtained froma
subjlect at |east one of the BARDImapwdbthednsgyinfic to | ung cancer and

col orectal cancer selected fromthe group conprising isoformit
conprising SEQID NGO 1, a biologically active fragnment thereof, or a
sequencernRaylsag iﬁ@ani@ﬁ‘%%ov%%a%cpﬂ)y de@ctrfE@né BrddBice bf a®MRD1 isoform
isoformlc conmprising SEQ ID NO 2, a biologically active fragnment thereof,
or a 25 spestfiretodengdeancerpnetcologasd! c@ids mombibbgicat anBlE@ttdnddfrod.a subject

wherein the presence of, sai.d BARDL i so forns specj fi Q | cancer and
ol or eCMPEIAER N dreRati B emare f ot e BB selbiter Ser e
Canger . jynoAdHlEdiaABRbIgYectdl BaRb L8R ed MR M @Buff Bliifhifnd © anti body,

reconbi nlzlin S{;RNaA an er?oaduailator ofe 30 the %Buolf ogni%%:al éacti vity of the BARDL
i sof ornms of tidodonpr 2 sempridimySRQIIDNNOoL, alsielogivally aeivh ddgfont thereaff, bong and/ or
preventing lung cancer and col orectal cancer. WD

2012/ 02399uepesriavEEnt 19063098 5050ey &9 SRS NRY ilo#'df the Figures Figure 1
h BARD1 I I: 11 St ): d>5
700" NS & cadtloir R ko SERTR Y0%: TN AR T et P o REG IR ° ()

Schemat isequehesieavil it ders095BARDDlogy e SEQUIDIND: 2 t h protein notifs indicated
above as RING finger (RING, ankyrin repeats (ANK), and BRCT donuai ns.
AppEBxi mat e PESTAT BPreseneEntts ¢ b gpesiic todunmensersandisolesdiles are
desi gnat

Soal ot N Psanlplrrolting sbidbeis hEie iR IRl S Qlhid [T NS %

showed eyh@phasst lgeanldaatershaiiin@easaddsisoNBhg bRRcCHldngablozedalicanddie same
cells or regions. BARD1 PVC and WS staining was cytoplasm c or diffusely
nucl ear aaf@r Bga opskaefceurreBROAlicrst tedafineny ferdeg edncoteand(grichloBmRITanged st ai ni ng
(B). Exanples of no or little staining with PVC and WFS (C) and negligible
staining wwth N-19 and C20 (D) are shown. Scale bar are indicated (upper
paneks The@PeeseiBint@¥iBh fieHe bfovided @R isblatdd: andfer plBfiédssy el ds tahpi 9kQ73 of
100 NSCLC %geées pr obed vvithball four N19, PVC,p VS, a%%@CZO. "ﬁﬁﬁfgndi%at es
posi t i véDsS¥@| hialyologically antiive frgscmdhgredtver ssequenogdiavipgat terst &5 aomolagy wi t h

If i bodi t he most . fr. t i ttern. (F) Pairwi
compar i SBATBHIENEET R Ge Boiormeser & A Eoy St PEFRT, W e il =686 ana
PVC and pWifeas1 @Eéﬁ@@&hyﬁ %@D@g:z\!\ﬁ%l&g@m RV B dnPheVRE, fhiser ved

bet ween N19 and” PVC, N19 an
sequence having at least 95% homology to SEQ ID NO: 2 for use as a biomarker in the

30 method of claims 1 to 6.



20 and PVC, C20 and WFS. Figure 2 shows Conparison of BARDL expression
in tumour and pen-tunour tissues and correlation with clinical features.

(A) Conmpawo=orz/mB11iBARDL N19, BARDL C20, and BRCA1 st ai nipao@/iBr11/038638 and
pen-tunour tissues of 20 (10 fenale atwd 10 mal e) NSCLC pati ents. St ai ni ng

for all antibodie S increased i.n tunour tissyes as are rmal"
25 tissyd¥t he(fB JC @\gﬁl@ REPEFIL BXRFHONE5 8 peathcgese ?L%?E%ﬁﬁ%’i@l%“@”cs&&
tumour tHse8es 3408 SB?HP&sg iRt Bl ﬁ?tmg%ﬁ@teb&f% Sf BRR3H N{ S&%nﬁ%ff’ﬁb'

anti bodies was increased in tumours fromfenal e as conpared to nale

pat i ent presed)in@G@mnpar i son of BARD anti body staining and tunmour types in 100

NSCLC cases. Positive staining was nore frequent in non- adenocarci nona

(AC) (i ncI udi ng squanous cell carcinonma and |arge cell carcinoma) than in
[ r is

s R R S e e e S e S s

Kapl an- Mpytefic @rlaﬂlg/&nSercnfnddeﬁaﬁe& chiiceeinsaamipl@bbtiibESromecabitct) goimpridite

conbi nati ons of 4 antibodies posjtive st ai ning and | ess than 4 anti bodi es

positive st aizhleag ongpolyapsl ﬁ@uio CipRingyr §T prpfe whesciksai Belyvesjeotidg REMPEPS of

overal | . 402012 ﬁ%ﬂ&ﬁ?ﬁé&&%‘&%%@é&%ﬁ? ISR BRkiFERBRHk0D Lo the

conbi nat'i ons ositive stal ni antlbodles

posi ti veofipakiag @gmnmld@]‘quﬂﬁses bdledrd dfrorh he %roup corﬁp@ﬂlﬁgeSBQSID(NBs ti-me ogour se
of BARDL i sof orm expression in experinment nouse nodel of induced |ung

cand@r. 104 b@mmﬂka@@rv@ ﬁggmwts Herof pidics geavanesy havingat lepsifg”t heyselegysto

( Nor mal ), har n| mal s. BARD1 PVC and WFS epitopes were
det ecte Ekgl E\ﬁ%s%% eiﬁ% cyte but not in type |I pneunocytes at 16

weeks (vk). /c\bﬂnbﬁﬁh@rp@ﬁmml@s SXPIRERBhérBoft tHRepbdifigily tindReo HifRRG@YNDCYt es
at 24 weeks and 32 weeks, and expression was upregul ated from 24 weeks to
32 weekspit@rg of pilicasit nge obtbe BARID  isafarms cheposing ammosimdcmgu%mea selastgdat 16

weeks, ek ,staining at.2 ne [ 2 we 10
Barn exX st it SO TN 0P SoRa e e S Bierdl a1y
V\FS1@xpro%@qu@ﬂceé%@mgaf1%%'9@@%&61@ tﬂeﬁsﬁ@ 133 G8aks, 10800k eafd2d expressi on
was downregul ated from16 to C-D) Expression pattern of BARDL
epitopes in raolemloné@:ptahcketeuwd@ron(m)e gm@sqsvag)rtsfngtSEQH) MN@se 1B g0 8drmari zed.
The staining scores, percentage of positive cells, are indicated (O

i ndi cates negative staining, 1 to 4 indicate increasing intensities and
15nunberg,e es@ﬁl 1h§en%ﬁ BisB P8kl ¥Fa &Efﬁ'o& 'f&%scrlmmatm? 194 @anéer%ﬂﬁ%lo?@&@drl ession
and structure of BARDL transcripts in human [ung Cunour and pen-tunour

ti ssues.cafolr BpmRFynPEciogied cparefsopaie mevhoﬁhompnsmg sheastgl offdetanting mea lﬁnlogrcal

BARD1 codi ng regi on. or regi ons conpri xons - 1- 6. GAPDH
arrplZPf. éama OERGIFToNRE SPIRCt A ASPEAIE & h§ i’?@smm%@ lepg Gcep he

left. &ﬁg_} |y spllcedlsoforms are

i ndi cat e ﬁ)génwﬁﬁgﬁcre? @ﬁgmé&??%f{lé{%&ﬁ@pe%sa on in normal lung tissue.

RT- PCR per f origtésinon cdnup@suhg SPQITBSNOt 1, sisibloiiduidy sctint fiagieitheredflinga di seases
(see Met hods secti on) shows absence of BARDl expression in nost sanples and
anpl i fi caquesse vingwtileasaeae hpagtagy e SEQ 1IN ilyandy 5 cases of 8. (B)
Anplificatio f primer in
exon 1, and rq Seo\?éerrng]gc ]‘g\ﬁ'ﬁﬁrg1 ?ﬁég%ﬁb g%goqg%&ﬁ& a%ﬁ{?@ﬁ@ﬁé}lg IIeg)ero\cf)\’?&g’la| rs of
nor nal gequehwmng(d‘sl)eaamjs%thmurog@m SEQsiUEOare shown for tissues frommale
and femal e patients. Presuned FL BARD1 and differentially spliced isoforns
are indi cat edvhsrein fhe Presgge ofrﬂ@ludr%‘bRQﬂdew&peqlﬁ@w@@g e30seieansl cofpeecdddne
pattern sof or 1t06was performed to

di sti nguclg% anég%t?%%gﬁﬁgn nggﬁe Or|Csoo rec(%xl And it. Isoformit is
specifically expressed in tunmours, but not or weakly in normal 30 tissues.

(D) Expression of Estrogen Receptor a, determ ned by RT-PCR was found in
rmst caséeiﬁltlmﬂy tharpresgpfriesaition rqlatoelosaniibpdy, fesombinant siBNAsandzmedulainnel , i n

| k BARD1 f d .l
T a0? "l B E TR ek DA IS af e PSR R SIS s refHod £55
str UCt UhRa@he &ld/B g%hﬁg‘éﬁ@de? ah E e8] (ARG ANK, WO
2012/ 023112PCT/ 1B2011/0



BRCT) and nucl ear localization signals (NLS) and positions of primers are
i ndi cated. Schematic presuned protein structures of isoforns are shown

bel ow i n woeayi12/msneodi ng exons in white, and alternativecoppmwiremsding
frames (13, y and i) in light grey dofs (points). Novel isoformK is shown
wi th deletion of exon 3 and presuned translation start (ATG wthin exon 5
4. Novel isoformit is designed with deletion within exon 4, and known
BARD1 nut ations and pol ymrpﬂ%i@f@es&h?ﬁoﬂﬁptﬁ@ iBhfest his region are

i ndi cated. Designated nanmes of I1sofofns are shown on the left, size (am no
aci ds) and nol ecul ar weights (MN on the right side. Figure 5 shows
conpari son of BARDl1, BRCAL and Aurora B expression norphaol ogically nornal
pen-t unour ( FagYre Ishaws BARIHD gpression e NSCLg Ammugehistephamistanwanpariormed NscLC
pati ent 4Gk enm i $i i p BRCA1,
B Aur o7 R Ay S S D TR A ST R0 R WS, B BReSH, P

Denot at iSeherfatie pru@he@ibn 8 BARDIgexons (1-11)Rvigup@tdin sloafsinaichted asdvc\we RINIG ci ng
and/or transcription initiation within exon 4, (A) D agram of various

f r agnentiBzer (RENQDIankpHR rapcaty (MNKD, 0Bl i dpmpinsr ADRIPEIRIaE ROSBIONG BK) 4,

)
15exon 5..and exon. 6.(opn the left), .and reverse i i 1 (0R, the
oney SeidRS SRR by her R b Bl e SRS R SR (B | o
in par erH:ARBRS of MhundhBko ABMidaf it&iaink @Bine BABGRDIntHoaRs 6hd BREA INafivo®N | ung
tumour tissues (T) and adjacent normal pen-tunour tissues (h? of male (left

pandl) dMRPEMPeand G2§showad ey typlNSOE Qravatar siainsngnpndsqmmdtinmms sologelizedtethei n A

hown, t hat 1jficati ith pri it hin 4] i abl
" drrt onane e gnens BARR | 6P S s S Rlng B e & At Rt s e
exon 5 Qhd eydplafinicVBRICAL @N8ink BoBARREd Withids A0 1 N 10t:lifin S XD, ERShHRs TGNt be

due to alternatively spliced or differential initiation of transcription in
t hi s regr ttile staining withd\\(@aid WHOWE ) enhpeligehdnstainthgoathr Bt 1@t dndrC2¥ (CBARDL nmRNA

i sof orm expressjqn i n.tunmou Tunour en-t unour rmal) tjssues of
fomal ¢ SMRFraicalpa prarpdcal 0%2\%1%9% 00 e Igaalﬁl_é% Gimbotbh s o
tumgyr/ mYeRed 0@inS ddf?gQHﬁ@ENS‘dL%Ha%e%‘r’&l?]éc?%ith'aﬂcf&ﬂ%ﬁg, P%,'WFS’,%nﬁ@O%O

femal es, were scor are presented. Expression was quantified wt

| maged sof indiraees (ppaavdiatinmgs -8 eadicaes)negdiine starsing tPosaive stamivgwitinall foeir f | gur es
as nmeans SE (standard error) of values. (A) Conparison of FL BARD1 and

i sof or mentibpdigsryasthsrmgst fgayehtsrpiresion pattres. (K PaifwisagompaisgppEBdREtled i n

tunour s W LSt .anifi N M J i SQf and
OB oI PR S s B RABH A ROF 19 0 PR LATWES L T
pen- t unMeufrelatcdS Wask ot ho betrdlatiaal wss dUSirvat dethhesmiNas aaLPVA N1B)anCowpsradxon of
BARDL expression between male and fermale in tunour tissues (D) and in

nor Afll tand BY&s (PByand BAF®1 i sof or ml3 and K are nore expressed in tissues

from mal es tli;an far‘r%l es donéjta%sjlggu?rfsf?%'lmo 2012/.0%3112PCT/ 18%011/ 053635 8

pen-tumour tis3UES " Th s Feal PSP P RERE, T PO AR v R BARDL

i so fornmmdYeorr8atidWith cHBYal RRNITEY. € (BXO6BpSREN o BARTSURSIfBARDI &), &%d t han
frommales, in tunour and pen- tunour tissues, but this is not

st at i st iBJHIAY steinggi ifiiteraeur. and Pyridompeartissess ob 20 K10 Rariby angdnld helof BB&ECi n young
< 60 . d ol > 6 pat i t . FL BARD1 qd i f

Sar 0w SRl et ol e SRy Albes? i fiant Buer i Kaate B upRRAPY Y
si gnkfi GRAles. FBIBARIBI N@QYﬁARD@@(E&n@ERCWH&?W@%@%&‘ir{ Nnffur BRBY and

BRCAL expression in colorectal cancer. |mmunohistochem stry was perforned
on sanpll@demile 248 1¢ olabr MECRC poberde Staiaise SorwilltantiBAREIW anin ¢rbastil @s tuNirs C20,

et  ame E T SHRHIBIe R LRt s KRR TGP A B Py gbody st ad
tumour types in 100 NSCLC cases. Positive staining was more frequent in non-
adenocarcinoma (AC) (including squamous cell carcinoma and large cell carcinoma) than in
30  AC. Increased PVC and WFS stainings were statistically significant. (D-E) Correlation of
BARDI expression with patient survival. (D) Kaplan-Meyer analysis of disease free survival
(DFS) according to the combinations of 4 antibodies positive staining and less than 4

antibodies positive staining, as defined in Fig. 1E. (E) Kaplan-Meyer analysis of overall



10five sanples were eligible for analysis after immnohi stochem stry assay.
(A) Frequency of positive staining cases with anti bodies for BARD1 and
BRCAI . Posot2nizé23tiai ni ng rates for each of the four antPoOdBEE1/0&635

vari abl e. BARD1 N19 and C20 stainingséwere |ess frequent, as well as BRCAl

stai ni ng. BAl PVC and WES posi.tive stainings wer.e observed, in st of the
co or ecHHV b AdSacEadae © ) Joogimiwmf‘gg@ﬂbaﬂleba%%W%amg&%:leé%{@fl 4
15cancer,E3#Rdgsiion tgﬂ,%egpéeﬂﬂggﬁlp@tﬁ ned with four BARD1 anti bodies
based on positive +§ and’ negative (-) staining for each of the cases. PVC

and WFS posi tHigwae 3hbwhllithcarodrs€20 BadJat issformteapimresdign inaspérdrecmashodse equent

expression pattern, "all four antibodies positive" staining was the second,
N19 negd®qdebolindycsd g capges A BARD hewiressipa s orphiolrpicadly nomaldume tipswpost
frequen r ' n. - .
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and C20 tgfeovpaedydyp, B61ToE igfypalbadunsdcdtclian g6 waeid (k)| At apitapedwee t he sane
cells or regions. BARDL PVC and WS staining was di ffusellgﬁl cytopl asm c.
BRCAL stcaPisbseq imevde &k anduveg I preupeeyics it 28y Bthd2 migekse ard cprepmON &S of

posi tive_ st ajni Wit h nt i, hodi nd BRCAL ti bod ) ...hegligible
Brat i ngPel St g D 15 S o A Sk PR oSt

ant i bodisgsnirB4E)e @Ms,r\e&ﬂttsita{ﬁn? LB My BEks WA RINGS reB)tivar2 33 hewks. B8al e bars
are shown (upper panels = 200 l'am |ower panels =50 |am. Figure 9
showd cdrARDrkprpssivat ingemouts sinitmooutangions BARD A PNiGandf specipiipWBRd BRCAL i n
col orectal cancer. (A rrel ation.of BARD1 . N PVC, WFS, and C2

tai i nd PSR “RESVRRIHSLTRT 0P A8 Rk YISk GR LB HEN Res VBRI wes,
PVC and 2016 ansh WEsksaneC-#0 E%Eés%@gmé?ﬂ oPBA RIS ir)'(\sﬁ&thrﬁhﬁél%é) atP
correlation was observed between N19 and PVC, an 9 and WFS. (B)

Cor r el attimoouroD)dmsuch ol thret micaiisgnoharBRCATheastrdniBARDLes, BRCATtagt afipositige was not

correlated with_ an taining of the four BARDl.anti bodi.es. WD
2012/ 025%" Szﬁﬂ@ﬂ%%ﬁ /leé%tﬁgn@%aﬂve staingigy | Q4 MslicaffoiRereryng wicupiighansk

di stiknct, eRLLYPESIQLit L -anchiBRCAL expression with clinical variables in
col orectal cancer. BARD1 N19 posTtive staining was nore frequent in fenale
gender (P = Figiré} shbyvs charession anldastriuotnraesi BAR DU ndnixeipwae hudiah fegeatour

anti bodi es of BARDLl and BRCAl staining and tunour histopathol ogi cal grade
(Grade) 2pdperitymoniitissise @rPbRIBEByvasipsdpengdviisprimers rmpbibiing fhepntiey nph
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shows exph@sIR TIPCRN A& Edulks st en@kerBARDhrct shaws ohitid 18fti PreG@h&l EIC BARTRARET

tissue (T%qﬁand nor mal pen-tunour tissue (N). (A Anplification of FL BARD1
and28r wiffeventtally splics srofmy graigdiceedvan thegighier(4) B hRINA expecspiendr se

i i -  (BX le. 4). | i f
e ¢ urdrrais dsbbR T PERneonr s R fishisotinfiioutR AR I Shn
A ycer algkehyd esc3 MIRsRRBé RnY Sl H3&1a 5 BARA D)y r&¥ibh @8 oS kaplcgagan f or

the sanme sanples as standard. Mol ecular marker is shown on the |eft

Pr esunmednplifi@aRDd{ andaviduali sofred (¥, Sof pnrpscaagseofidn d Badmdlibeativhef FL g3{RD1
Pen-t unour, an tunpur,. ti ssues,. ex ressed.differen(ﬁ]gﬁ,atter.ns of isgf or ms:
less fr&ffieh m%%%ﬁdéé%fpw PSRV A REIRCT i SRl AR EYCBS PHASEI $28dU&E. Two
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col orectal cancer. (B) Anplification of estrogen receptor a (ERa) in sane
sanpl es tispEF{ipmumslcusé tenzde poeitsi Rieswoett IFlo BARD hind) diffientiERy sphiq@desdororns was
observed in.col grectal tissues, neither.in pen-tupour nor in tunour sanples
of -l edreidiciaan £ Tight fpanal snd e Sisiigs Prigen e A S 6o m
expr essi [(WeRE r T 2 : r t kS f mal e
and fena eAp thitﬁg?l@shov\fn%?ﬂﬁsco or ect ﬁ)élgggfeé&%ués%g%l an lBA’R%f%q;ﬁ)gglf orns of
20 pai r Ssodbrnisunad fasoformmaris §pesBivalysapiles ioturt@lrariaehél oroadakBrin nbisdludi ng
10 mal es and 10 fenmal es, were scored and are presented. Expression was
quandPi f itespchbadBg Espropyien ehBsragen Rsemerer. seteanpee §% RINPCR. wactpusd in mest

pen-t umour . tumour sanples (A .. and for each of the isofar B D).
(%) Comptier Sumi e BB R ot s potms RSy oub " pi Rt Puntlis

i ncl udi ng) SRudBeT knb@ABAFED RRFforMs @th@%&ambﬁﬁmk}@ﬁsﬂnﬁ@o@%ence or
presence of any of the fornms of BARDL. BARD1 expressi on was nore abundant
and nor & dndequdaiitmane exgles 11y smctwreoliFs BARIN] ped protammbuatisey RING ANIO3) |
both in females (P = 0.0010) and in nmales (P = 0.0679). (B) Conparison of
FL BARD1 and isoform expression in pen-tunour and tunour tissues. Al forns
were upregulated in tunours with statistical 30 significance (P < 0.05 for
all). (C/ D) Comparison of FL BARD1 and i sof orm expression in col orectal
tissues frommales and fenmal es. The expression of FL BARD1 and i sof orns was
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10 Figure 13 shows correlation of FL BARD1 and i sof ornms nRNA
expression with clinicopathol ogical variables in colorectal cancer. (A
Conpar i sonoab12#i23BARD1 and i sof orm expressi on i n youngePCfABBA1/YBass) and
ol der (> 60 years) patients. FL BARDl17and all isofornms, except isoform 13,

wWer e nor regul ated in older th in younger patients. . 5Specially,

expr casiH- brargtFBrreceBates Sl (L hapd Peraaiiel SHRETyATa L8EBId: o i ¢ h

ol der pajh&Rts drBsumcd pPdtbin stifcfalesRA AR Howhlbe 8 ,%oh&gfiﬁ)gr &Rns
5 l'ynp an

expression wth primary tunor an node st at us, unor stage and

grade. BARBite,andfabemutis copen esslimfraas (8] gmd ) cianighygrag dosi(péiad). Wdwvel | ar ge
tunor size or nearby tissue invasion (B), |ynph node involvenent (C), and
advancedsoderaye i shavgewith delatien ef\grop Byand Recsumed eratlition sipt(A Hahwithio chet ween

BARDL i sof or ression and. . _hi st opat hql ogi.cal E)..The P
DT | AR § XU B P R b PRS2 AR Ry o REBA ik il
Figure 14 saf tHRXAEP Wt thislebSon hRShditAkd. hated QAAESBISRIGINY fre
anti bodies detection in blood or Sserum Figure 15 shows anplification of

i sof or mshewmon thedefitrszed aminoAT@shmt meleetlhoweights MVBho BicmightsidA second
isoform 7C, derived from additi I | ef i of ,.exon 2 is i.dentified.
i gur e 16 shaEIRECIEM SO BTN PR AUk 47 ASBRT BBt e, MOR7, RPEL
and N'—Fn‘r‘c%lllo‘iogi@zﬁl %hﬂéﬂ'peﬁ'—-tﬁﬂq%m( @éfl) dAnQGRAMAS B GRS b ofSRR@MeHd hialem d exon
4. Ab PGP was gengr at ed ‘agal nst epi't opes encoded by -specific alternative

ORF1Dn &xQCLA patiRetso BRI (MNBIERDH CADfaod Gi-errandl-Ho&ROL antswidgpth BBCA-15ard 3' )

and BARD1 i saof or 1. 20Figure shows si repressi on of BARD1 i sof orns.
A) Loc at' ' gfreds a@iﬁ?ﬁﬂ%?%%%@&iéﬁd@@%@?@%@ PERBHOR NS I9Eed, K401
and K42:§tah{§ﬁl£1, | ocated within the deletion of isoformpi, K423 is upstream
of deletion.”B-C) K401 had | ess effect on growh than K423. B) si RNA
expressi on i Figurem shdws altéonitivexypliass wmlior thérRyripaiibitivttorcelthis casre4.gr(@m ng i n
K401 expressing cells, few are grow ng _in K423 expressing.cells. C Gowh
curves dYAERMATYSHoR: TaenEgtsof BARRbampliicd witlhfarrarsprangts sithi gxpn4Ex) 4,

reyiou epar iC .all. fqr A o igure 18
s et a8 Pt Dl AR i PO S BERSo. i 0
that al lprik@f@Endadxp EARDYiz@6 Pangdlifigh bhnd ik eRFIRRISE PalR)ithBidR(BH3. (BIeShplificabibot
shows strong repression of FL, p and it by m R 203 overexpression. WO

2012/ 0238 I rRRoLpt 05RE8S ing pepartisshed €Banidpdiagentaprmilecrity@ati on

Al th h. met d material s, siml ivalent. to t. descti bed
e o1 ne disoies L8RS (RRiRAd Panks Bindls' Bpo a1 iahS iR IS TGRS
sui t abl gn mefrb getsvANG b I FH R aféBwHE pEMbREHA IR bAWM 4 AlvaripIBld GfticanS,

patent applications, patents, and other references nentioned herein are

i ncdPpomramplds. byt alésanmerceaniba atipdified withiprigteys inThen pabiapdt. iManstiemdn
ot or t VR AT ARG Bd b Tre g BeBhee GisP LTV aNeY N AuORERE 1 < o
be constifiyathmas tARs@Hbadl @R LtFdh. the present invention is not entitled to
10ant edat e such publication by virtue of prior invention. In addition, the
material s, ndtigoed, shawd cemamﬁoesandwmélhﬁamsdfr%@é RN A imf«_xi’nm@rmioniimt ended
;[ (r)]C Pﬁd: Iﬁéfnnéllérp Q%HP{OSQ%, R%Iaiarst&mgf gl{nla %igéueg Qfe feglrafesa%gtmaﬁg ga%}e];l![s? ﬁi 'BAkD1
25  and BARDI isoforms of 20 pairs of tumour/morphologically normal tissue samples, including
10 males and 10 females, were scored and are presented. Expression was quantified with
Image] software (see Methods section). The results are shown in the figures as means + SE
(standard error) of values. (A) Comparison of FL BARDI1 and isoforms in peri-tumour and
tumour tissues. All forms are upregulated in tumours with statistical significance, with
30  exception of isoform  and k. (B-C) FL BARDI1 and BARD1 isoforms are more abundant in
tumour than in peri-tumour tissues, in both males (B) and females (C). (D/E) Comparison of

BARDI1 expression between male and female in tumour tissues (D) and in normal tissues (E).

BARDI isoform 3 and k are more expressed in tissues from males than females in tumour and



Unl ess defined otherw se, all technical and scientific terns used herein
have the sane neaning 15 as is conmmonly understood by one of skill in art
to whi ch wbeosuhpaet natter herein bel ongs. As used her ecm/iBtheo33633 ow ng
definitions are supplied in order to 8acilitate the understanding of the

present invention. The term'co ise’ | erall ed.in the sense
D 5 el G- saes, B0 dy B g e Fo oo pEBL GhE BARD T RERoERS ror o
feature r n I L.l i | ai .
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| east one BARD1 iso form 25 As used herein the term"isofornt is any of
sever al iwifermsrinpeuredrr) Ysrrs) ped eldie 68rvstis) paticaisaowns. BARBARD} andispfor 1t he
present invention.,.Differ for f arotein, . such as BARD 1, may be

pr oplg_ce(?“f Fomerd eéitllééfo%%ggéq 366?“@%}%3}%‘ gglsflgr %[?ﬁl%t]ﬁ%lyyssé lﬁcgaélﬁe by alternative
splicing. A IRg@R Sr‘sihﬁti/@'éxﬁﬁﬁ)lbsﬁﬁfiﬁhﬁﬁoﬁiﬁt%pm&@ﬂomm%ﬂﬂ(@Aﬁ@iprgé%ion

pol ynor phi sns or SNPs, small genetic 30differences between alleles of the
sane genecoldreetibcancetimaungtpgioscnustiyndasnatioanchor baseplesoy [d8sotorentd within a

ggﬂa ecyc\glctzﬁ’?%g%ggv%é%i él%]dflels@?ﬁgﬁPWﬁgﬂ@?&Qnéﬁ%ﬁ@%@% her ei n

to refenrdendd ARATRE mi@0srAPRih RIRERIARIYr AchYMBR.caldd. ORFRuRRRLHIINBALS, the
subject 'is a subject in neéd of treatnment or a subject with [ung and/ or

col dPectfiak soaplcewercHbgilogior analysotdfier inenmbodistechtsstryhesagubj ect can be a

nor mal subj ect who s not devel oped | ung. and/ or 5 re | . .cancer.

synpt ons @ﬁf%@gw SOPIRNA FARAE P afﬁlﬂ?a@ﬁbgwfﬁﬁbfé% ]_%gﬁtAla PHE 1 ung
and/ or_ GOlihLELAl o CARARH helBE: EHBUACGS NAkJIENSARDE 0BT bl Altaifilg, OF SeX.
Thus, adult and newborn subjects, whether nmale or fenmale, are Intended to

be covemvede lcAsfrepedt, hewell ng BRIGA 1t @ainihg.' BARDIARVC atip WdiSepasitive spdiygsepire de” ,

"pol ypeptidic"' and "peptidic" 10are used interchangeably to desicgnate a

series OPSHKhB st ot hesplptecsal canrseeaset (B BABLDY: H@FesHgn patirin dectignsetal

bet ween - am I, &€ I s rary
o vnat o B ARG AL, A0 ARl iR AR Rl b ARERLs bR MR P I 2
sanpl e fandAeguti Q) RRMmisdRE kachadfithd euaes. PATaId WNS@otivarat A19ahd €abor ect al
cancer patient cohort two new 15 additional BARDL isoforns besides al ready
known i S8EBPRStaging was the most Fequept cxpprepsign CattpnotHdpusantibpdiss pRpithEat ure i s
that is .m a hn.eac W’l%”! > a a 5

col or ect(:g gal%{u%‘%%@%ﬁg Oﬁlg%l?:g%a%tvgw%ﬁggg%hew I s@f %g&ng&aeg’ree%t%ﬁe@%w géﬁ}ec and
7E. |1 ndegied BORDlequs@iyastiBrve& pX@eSRM pattin. afC-FREkemplel Bf intitidhistdstsis Of
NSCLC and col orectal cancer, they all expressed two new isofornms K and 7c,
whi A diubing BARI aBARDIEs jasdB&IGA! andibady. f BABRDI 1NN Phegpdnazl ovgd satopbiamicer s (WO

2008/ 119802) . Thi.s fi ndi ..ndi cated th b ' BARD1

i ght  berats apdite e PR RIS Bsremicn Adneo i AL FERR ¥ none
dependeRfaitidRUS diffuSSH8foplastBVBR 6Af QfaMihEwadEfah@ar & vl &kdRiknPingexon 3,
Transl ation of exon 2 into exon 4 is not in-frame, 25but translation may be

i ni tiat edcluint kixampleonf dositfeestaigegvith MARIP beetibedjes edd BR GAoudndibbdy €)mi | ar i n
anti body reactivity to | or w i.soformit .carrije | et.j op of 408
bp.  encokhgammitt b Bb G ual Ty ees il e SRS kSTt or m
it weul 4§ esthdoalitt RaiR@WEIHNT @Q‘étaké"gloWnt. BcANbdrD A BSwhR YipRP PadiS: 260t

30l acki ng i mportant NLSS (Fig. , Eand Fig. 6). Isoformit is derived

from a nowddbwsplancls rpOnroNani sm t hat generates a partial del etion of exon
4, but retains the exons 1- 3 and the_ beginnin

. f 4, th I nt ai ni
the BRCAL bi HdFHE “RNRIES CPHgRHOYRTFH diptett iRy gﬁa@%? s BARO b BREAT G 5
and the ;pEgh ARt Gartlr. SKHC Srelk o BIRRBPN19PBYC 47291 1hd 890 RaifiC BHID 1

N19 and C20 staining was strongly correlated, PVC and WFS, PVC and C20, and WFS and

30  C20 staining was weakly correlated. No correlation was observed between N19 and PVC, and
N19 and WES. (B) Correlation of antibody staining of BRCA1 and BARD1. BRCAL staining

was not correlated with any staining of the four BARD1 antibodies.



WO 2012/ 023112PCT/ 1B2011/ 053635 13 WFS, a conbi nati on of epitopes not found
in any other isoform Isoformit can be detected with antibodi es PVC and
WS; t heswoant¥thsedzes show i ncreased staining in advancedTnBud e033a3%g
tumours. Thus, isoformit may be an ofcogenic driver of tunour progression

in NSCLC. The_partial deletion of exon4|n|s t be an.
3? lgél'ws RATglRian Qflistingl epifop éfl%%%?%%lﬁg and

i nportant redi
NLS ( Fi Gyigthphica M BT alBlorE Rl hétr BRREMNCR) ARG old ehdoRNOfucfiMr and
WFS st ai nl} ng }Ac\l%errantemlnnt roe{ceF]l In d ocal i zat?of)sn cosu%gﬁ% ect pro ee?n

nodi fi cdtmaagender ¢F =Ehoisiplaay. Woa&ormhtmmdvepe Giveid hepraeh differem taetilielids@s .

| soform it seens ggt icularly inportant for lung cancer as it is the only

i sof or mEAMRP | pad BE&GAYNt#niRg sad jumgyr hisganathodegisah Zradagrade) dhyBimayg size ohpsent

or oRly ;

i sof ?)r nél%§£1¥%§é%§1§§§% &Fﬁ% b g g pg%ﬁ‘tﬁ)mr%ss&g‘bél | Eﬁ?ﬁ%@%%
Fig. 7).(MEestai) (E)aind dehedr @Jge(’(StagXpOFR ATHeeRUSuE B dbessedWy Aoy 2 p@er t ant NLS
on BARDL that m ght explain the cytoplasmc |ocalization. 15An additional

i soform 7C, ddguredd Showsrﬁxmb@tqn@md@fm@txmffARa@étr@@c@wpmes@emcw ¢ancers of or m

it inl C and. col orect The Lic hat FL
sarDn (ot oAG ROBRRS T s TS (L AP et ARG A Lour and
nor mal  pRRACAHARY orkk SSHE f&%rdﬁ‘;ﬁﬁérﬁ@%r{l %H‘%este?setﬂ%mqnéiynf[ﬂla@anl BQand
progression. However, isoformit is specifically expressed in nours and

m ght bexom¢oExéd4). Asanmglempalrpoﬁpﬁremomn and-tunPARDIsucs o X priessdd fomalkche
MRNA | evel., but there.is ei.n translati on of 1. Thus. on the

pr ot ei nPIaE?}EfI‘ areéf&m Glygyrald deémhow = é&@gfﬁgé%wmﬁ each
sampl e fhHQgh ?or%Q@sa!}l%QaB AR &akdrd. CI%QE&EJ ﬁhrk%@ﬁ%ﬁ‘&wﬂ@h 'ttf‘e%ﬂ Mgoﬂ‘rfesudle'%i()f orm
expression and |l ocalization I's not correlated wth 1, ating that
the 25 E&BAR@JlmldmruhcgmesofommsareOMCajéd bﬂn&eB@(BA]P—eBAR&buhmtcbﬂm@unmsuase

j eopardi zed i es o] ncer,. RCAl protein stahility and
| ocal i zgﬁpr@ﬁﬁeﬁé}f%éw Pakgrang ’c%ta Bﬁcﬁﬂfsi CAYI RERI CHHONAN pBrAﬁmourc%%qSﬁbanabsence

of 15 LB SHRPEESSRLaTuRGHEONS 0T, AR A NI RIS o pas0am R -

i nst abi | resistance to apop 104 §

BARDL, tchﬁsr@(ﬁrca@épr §85 aghpliftdt Rtk det rédé}ptcﬁ%&'(]i%ﬁ% sdrfO§RHpIEs, NROF-he
drivers of tunorigenesis. 30 Alternative splicing is a frequentfy observed
phenonervan used dsyngitvaroergl (apld).Hes EBeenxpissromsiis absedvetion calorearabassue,

regul atory proteins. Splicing isoforms can be traqsl ated into aberrant
prot ei nnﬁ%erf%%twq%naa%swww@&fm@ﬁgd 9SS has been denonst rat ed

for two WO ?%%Smﬂ%ﬁ_ﬁ@ var BARDI
and BARD16, \%lnqéﬁ/hqggstil &éggg‘%ﬁ}%glt}?) £§ %%g hﬂﬁgsﬁ?noﬁghlggﬁit abi | i ang
Aur @0a BTamdu)andEpRe-turesyredloimds) yssua'm&nalBédRDﬂemaSE@ﬁ@rems axifir @b@tanl dancddSCLC
m ght not rrerely be a bystander, but may be a driver  of tum)rl enesi s.

| ndeed, H }b/fso &pme ofe QPWH@O%%%W tHsym@mples @@Fﬁ%d by
anti bod ta es of
Ming ¢ Bl \’l?cr%%ﬂ Yﬁale% R L e i

tunour  JoagntiRE-batsdw prédedsdier $h3EHk ©F cPERsRASN AAG R ItBOp&H-fiBndud i Ghmdhr
gynaecol ogi cal cancers; specifically isoform6. BARDL isoform6 binds and

st abi | | e8P EREA), g@cb@geﬁ@l @fithe isoforms (B, C, D). (4) Comparison of BARD1 expression

25  in peri-tumour and tumour tissues, including in males, females and in combined samples, based

on absence or presence of any of the forms of BARD1. BARDI expression was more abundant
and more frequent in tissues from tumours than peri-tumours (P = 0.0003), both in females (P
=0.0010) and in males (P = 0.0679). (B) Comparison of FL BARD1 and isoform expression
in peri-tumour and tumour tissues. All forms were upregulated in tumours with statistical

30  significance (P < 0.05 for all). (C/D) Comparison of FL BARD1 and isoform expression in
colorectal tissues from males and females. The expression of FL BARD1 and isoforms was
similar in tissues from males and females, both in peri-tumour (C) and in tumour (D) tissues (P

> (.05 for all). The P value is obtained by the %2 test.



10 function of the BRCALl-BARDl heterodiner. Since ERa is al so expressed in
all sanples, BARDl isoforns m ght be upregul ated by estrogen and invol ved
in estrogeo2eiygnaiizng in | ung cancer. Thus, several BARPBLTIIBDfionise3seemto
be associated with carcinogenesis. Aslocancer cells need BARDL or BARD1
isoforns to proliferate, BARDL isqgfo pression i NSCLC and

col orectal g Behng: COREFIRHgR qﬁﬁy]é&ﬁﬁe%n, lqﬁﬁ?mﬁaﬁg\ KPESHIOR Mithf
tunor i 9eRRsh S @lidnesli 061 C¥R bhOPEE b B [sBfofONS 3
and 4 SennebihFoRE vEitiey R EYBHRY iRt T O5in R0 SPE PPN 281101

col or ecteapressaviciaryourdgre $€ 6@ paropesl oldor €> 60 yeagupaaced. FINBARIASandealk unours in
t he nouse | ung cancer nodel. The BARDL isoforns expressed in NSCLC and

col or ectiggformsnexseptapeions P wet MPiSHParLdtedin Qldesthin v yoyngEdatiantanpl e t he
splicing isofornms 20can..be translated into aberrant protein isoforns wth
ant agon BT GHUE BT TRTTTIhG: B drnee g R bR P

sanpl es (x5 655 %) WdthpaBQ PSP IOB ARPYRMAiso ORE &pWRS oA itk RRin} mor
expression in the series of colorectal cancer cases, and no differences
wer e f ound yngthween sBARDInd tsofoostage exjgreds iBAR AN dof@ndieexpr@sionntar est i ngl y,

however, . hi gh frequencg of N19 positive staining was significantly
associ atsEfiganty peadnted gt large Bemes s s ne iy Beud fasiop (Bh lymphgiadet hi s

finding.jsin Li i : . . S e
T TRl 1 MR ey R B L B AR
0. 050) . betwdNB hiisgformRNApe el andxpmes bistopatiloBRRDRrads@)oTheP yalu8is 30 and

i were observed in female, while isoforms 13 and K were over expressed in
mal es. lobsfinedriy the whtrs8 (wuasisei ©n Fcod0d wee ngeshesined by BARDL N19, while

isoforms 13, K and, ,could not. T protein, level and nRNA | evel. of BARD1
coforme exprasBRdd uEPL L ey i EorsellsSkbt PastiPhe RRE B plbPriet. maron
i sof or NcREBoLHUIESSEL ek t NESe cancers. WO 2012/ 023112PCT/ 1B2011/ 053635
15 BARD1 iso fornms showed a different pattern of expression in tunour

ti ssues ver s&gyenstshowsamplifisitions of RoNSCTIGyailn primotsar AdiGadndcdiaen. judcnioNSCLC,
all isofornms, with the exception of isoformit, were expressed in
pendfumdife- fisexnnd ispherny A’ ydesivedsFemaddifiopalgdetegion af expn % igadsutified.ssues, but

| ess or no expressi.on of wany for BARD1 . was., Qbhser v i t tissues
Sobtat ned 1 r dleBerego gt BRlkh Rl LBTRPaRS o FLLOME P RER MfCer
BARDL i 9afEdIB. ABBRHPRESTE @%ﬁ@&dg}ﬁi&&@%i%%@@ndoﬂe& RN exbh S NBPGIWhRs NOt  Or
| ess expressed in pen-tunour tissues. is result m ght be expl ai ned by

di ver se genaaticd ezanst ehitepas eneralcil by Psykeific alicragvor@RINm axondi Reengaires cel |

R
tissges. 10 RAY shb¥§ siRINH RipRGsiBR LA BARD WMsbfdrsb LA oBNEn @f‘kthﬂlSAd&ir R VS

anti body or with both of themis correlated with reduced survival of NSCLC
pat i ent scqudove Vavo, siRbids g ptorbbdicesuspd 40 1vead KARIBnKAQL, padtateerwitina she
significant.l ssoci at i.th | onger. sur.vival i | orectal cancer, as well
as the daEH0R g 18&?9%)&334% & By 'ﬁ&?%-?@%&ogﬁagiﬂﬁ%e%%PPig%mQ_tt%ﬂnni ng
pattern s g HARH ¥pldS Elriftls(ﬁl}pf‘eq dHp e}?ﬁséi%. M&H@N JftlveRuils LIRS fn
positive staining I ndividual. Fn fact, erent ressi on paftterns not
onl y r efld4édtexpixpyigssillonfeafard piofréngint K B2ARRbrdssing talsn€) Guiwthlcaoes senffror ns
cominatjon., According to the cqrrelation of different_ epitaopes of BARD1
expreéssitii J<4§é\y@%raqsemﬂ%[grow§b¥&? e@@&wwwgovsg%%%?&wh@wﬁ{%ﬂ all, and
Cterm YofiBARSRt €d formand internally deleted forns in both NSCLC and
col orectal cancer, as well as additional formof 20loss of NN terminus in

col orectal caigaik.18khewexikreRBiAGRffpatBARDIfa0d BARD1 RofornastpessipoRT-PTR
stai ni ng does not indicate expression of isoformit, but mght reflect

. : but
si nul t anBevisthakadl Psmp ehBARDY e shighily repyemed s meR-28ARNesteblotahpws singmy
i sof orm,j rq\'ﬁi | qn-?i_ ent. W t he epitopes recogni zed by PVC and
25 WFS, 1r%il&r(e:ol i hat |’§%n%$[ bg'pl o%%ss&;r?{)?p#egﬂhg in any other isoform Indeed,
PVC3gnd WFS staining is cytoplasmc. Expression of PVC and WFS is clearly
| i nked wi th poor prognosis in both NSCLC and col orectal cancer, PVC and WS
staining also correlated with cancer progression in the nouse |ung cancer
nodel .



30 Strong expression of PVC and WFS reactive epitopes, coupled with weak
expression of NN termnal and C-term nal epitopes mght indicate that these
epi t opes wopeotmsked by steric configuration and/ or protPeTnBpoHIBi63s
interactions. Posttranscriptional regulation or differential WD
2012/ 023112PCT/ 1B2011/ 053635 16 protein stability of FL BARD1 versus BARD1l
i soforms m ght also account explain the absence of FL BARDL on the protein
level, while it is presentpoiikha ggﬂgﬁ, héteh I-R%Eit@ﬂpl i cants denonstrat ed
that BARDL i sof or s expr ESSIQ%I!I was mon i N ¢’and 5col orectal cancer.
Expressi on of these isoforns were significant associated with pr ognosi s in
NSCLC and col or ect ncer., ejtrer poor or better prognosi.s, and rongly
\ 3@% @me%

suggest “tiheueinmrfy BRicrals sinifag opPqRIe tq reimg and
| et hal i

di aggos{t%{ecprgn e%&g{gsﬁg tl cprjgae%gﬂ 1h§e91%§{1 @gﬁ{iﬁ}g%%@}{ g%ﬁ Igf}glﬁ% |a%%%@s with
poor pr dghes tlCpybdititins glatdnd bpptivhtoraget@ss iaé othe eaferemdes nieutiomlddercldpei nt
to a new direction for searching effective nolecul ar targeted therapies.

For exarffosParbey referaras thatemirey. The rubbications sedanpliseions digeyssed ksrcinew

strat egi ?ﬁs%xfo%a& H@&yg‘o‘ﬁthﬁ? AR ﬁx%'pngf?‘{bctﬁ§ filih ﬁétg%f*{he éap(gs‘e e{p?ﬂgdt]t%ﬁem fic

|soform3 an ent i |ca|ono t he

hi ghest Ndtsikg ho@fn idyd B@c@fstrh&ﬁls@n&ﬂdu@sﬁlrﬂhmh@bre@@m@ﬁfentb@‘f Bmet aéndlleato af t er
potentially curative surgical treatnment, since it is a critical step in

sel @Bt i gtedetpjsechpblieati @Fé@lﬁpftqféla’teﬁ’é@ﬁ dechtl@m jthpvapterighaneshedss . The
pr esent e| nvelntl Onﬂ@%% densI A {:Im 9 cfj & Pg t he presence of a BARDL
i sof orm ﬁﬁnt% 3 Yeh% e 8 Oand g% rgc{ml Zancer in a biol ogi cal

sanpl e obt ai ned from a subj ect corrprl sing the step of detecting in said
sanple at |east one of the BARDL isoforns specific to |ung cancer and
col or ectlatheaam@cogﬂicééhfem%embme@ﬁl@atgmuphtdmgﬂqﬁ@ltwgs will confrglo form it

conpri si S bi oI cal iV reo
cequenca ey Ao peube. SuSii ity Rkt A hatrdRE SRSy ¢
comysi Siafk BRkhd R Mlc?stodd QAeo&f‘sﬁﬁﬂ 1h)ért3eGWhY&1 thé ﬁ%j@c‘ﬂha&t@ﬁ’ie@&ﬁ behgd As
sequence having at |east 95% honology to SEQ I D NO 2, wherein the presence
of sai d uBARDIcinsibE dollvsvispedinitions ke supplipdonoder t@fadﬂmﬂ: treamdaistapding ©f then a
sanple fromsaid subject is an indication that said subject is afflicted
with | uRGSESHRE9Rd/ or col orectal cancer, has an increased risk of |ung
cancer and/or colorectal cancer, 30and/or has a risk of recurrence after a
treatment for |ung cancer and/ or colorectal cancer. WD
2012/ 023t 286T/coBDOIII] 10 586341y used in the sense of include, that is to say permitting the

20  presence of one or more features or components.

As used in the specification and claims, the singular form "a", "an" and "the" include plural
references unless the context clearly dictates otherwise. For exarnple a BARDI isoform means
at least one BARD1 isoform.

25
As used herein the term “isoform” is any of several different forms of the same protein, such as
BARDI protein in the present invention. Different forms of a protein, such as BARD1, may be
produced from related genes, or may arise from the same gene by alternative splicing. A large
number of isoforms are caused by single-nucleotide polymorphisms or SNPs, small genetic

30  differences between alleles of the same gene. These occur at specific individual nucleotide

positions within a gene.



17 to SEQ ID NO 1, and BARDlL isoformlc conmprising SEQ ID NGO 2, a
biologically active fragnment thereof, or a sequence having at |east 95%
honol ogy wo 26B02812NC. 2, Al so preferably the nmethod of wPhe/1BrMeEN36EM
conprises the step of det ecting in sai2d biol ogical 5 sarrpl e BARD1 isoform

it consistin .and BAl isoformlc stln of SEQ I D
NO 2. ThAeW?B ?TH”HFQ[ !\Iéi?'@?la?ﬁ‘tl%npﬁ‘ttﬂanD#éF W@hﬁﬁ%g&g& det é‘ftr P &Y d

bi ol ogi G@lciPRTRlE AL mla‘%ﬂﬁltl ARG plehRaBARREmLS. %%ﬂﬁ% eﬁl%b&iﬁ{eﬁ% fle QM E‘fi
group conprising 10isoformit" conprising SEQ I 5, a biol oglc]

active fis aguhgert irt Mdexﬁfrpatmenaowﬂ)w%mthmngmgdwr cd)leasstal &fiteh dlostemgy it O SEQ
I D NO 105 m O conpri si ng NG 5, a ogi aIIy ctive

f ragnemoﬂ%qﬁéméa@hmeaw 'gle@élaﬁ%tr?é’ébﬁé\l}P%a? %JP%&‘%O @5@)@%@%‘0@@6} ®r| D

NO 5

fr ag?rentco%o eecrtaég?nde ngét%Qggﬁ%gﬁ@%btﬂghqsﬁag agtljtga(?};qulste rggg% NGMD egla a:{nS@

NO 6, amnéd/or colordetbtaicen. he aoiprdoes AGt BnQiel dpaN@ular age bt @éxoghasalamylt a@d [ ve
fragment thereof, or a sequence having at |east 95% honology to SEQ ID

NO 7, newboingwbiseirashetberiple of fegnabrera ipfenddiiode caveiE®l ogi cal |y acti ve
fragrrent thereof, or a sequence having at |east 95% honol ogy to SEQ I D NO
106, 20 Preferabl y the nmethod of the invention further conprises detecting
in saidAjabobien, teanmlse paptideeaFiotoie, ‘PblypbstiBARBbIypseidE andSpbgetied from
t he group conpri sing isoformit' conprising SEQ ID NO 105, a

bi ollggl @& pspd a@@HCb@gﬁa@g ﬁﬁsmSIgnﬁ‘@r?e@fleS ofranaing agjd apradueh avrmgteétto tl@apéher 95%

honol og E NO. 105, . 251 sof orm Qnprisin

bi o1 og1 5P e DR ek R REpEaR Cof bt el ol Ramat | Sast 5%
honmol ogy to SEQ I D NO 5, |soforrrfL3 conprising SEQ I D NG 106, a
biologically active fragment thereof, or a sequence having at |east 95%
honol og;ﬁomﬁa@EtQ wh:at N@s eOB:ctedothal Anplipanes kavalsinprisinglyridentifiad of cacheariplo érmi on

h d f
conet st irigtapneeea e e e s BT tsrel SPET G asPT B'ReFY and
BARDS | %8&1%!?&1%%%%?&&9 Lol SR D0 s YRLLD1P1 0231 12BCTS 4ERIALD5 3635

In the context of the present invention "biologically active fragnent"
r ef er s tsorpremi deesurofis thheisBRDL wasaibesnin ﬁBfChBiitﬁpllerfmmh il 60 N SehiCcdndar B5
necessary for normal function, for exanple, ant agom stic fungtl ons of BARDL

i sof or msOlorgel §aRees Prtjenaefhore FhesyRenise larpes M dowisihesd B dadwed BRR ng

201 sodt R RAPRESE Bl R ) AT RAQRRUPNS Gy EanflRblck &?aég?%tt%lm "
anm no ackpigsdeiano hbe ifofdims t eniot, WIBARBIct S6HBAED 1 datbrexhddatificdin | east one

ant agoni stic activity. \)h/’ pically, biologically active fragnments conprise a
don@Pn cgtynmolioglcah qancess (WEa230841 880 Bbis rfﬁmdmgench@atwd/ﬁh@twbnmrmﬁl @ngssml qu

f
Poat T s BAHT Higfe SRFE iSRRI Rordiogt SodeVE M At R SR P g bR

| engt h. tﬁ@g@qﬁgﬁes_ ot her 10bi ol ogically acti ve fragments, in which other
regions are del eted, can be prepared by

New isoform « carries a deletion of exon 3, Translation of exon 2 into exon 4 is not in-frame,
25  but translation may be initiated within exon 4. The resulting protein product would be similar

in antibody reactivity to isoform .

New isoform & carries a deletion of 408 bp, encoding amino acids 301 to 436 within exon 4.
Translation of isoform © would result in a protein reacting with antibodies PVC and WFS, but
30 lacking important NLSs (Fig. 4C, E and Fig. 6). Isoform = is derived from a novel splicing
mechanism that generates a partial deletion of exon 4, but retains the exons 1- 3 and the
beginning of exon 4, thus maintaining the BRCA1 binding RING finger domain. Isoform =

retains the exons 1 to 3 and the beginning of exon 4, thus the epitopes recognized by PVC and



reconbi nant techni ques and evaluated for one or nore of the functional
activities of a native BARDLl isoforns of the invention. For exanple one
bi ol ogi cavoaotzoesiibr agnent of isoformit can consi st i nPEBE@IDI/N3SE one
15bi ol ogi cal active fragnent of isofoBm|c can consist in SEQID NO 4 and

one biologjcal active fragment of isoformO can consist in SEQID NO 4. In
a furt hé’fng%»r?o‘iﬁﬁ]il jon Oém?ﬂpeﬁ %tr%%@imcﬁnw%rm - I59dorsT gahby d55esied de t hat
conpri s AN i | £ | % . 8Q9 9 %.0r 99%
o of cr aby  BURBCLPE a FREIAGR AR By RESkel Nihinldihoriiis SR

NGs: 1 thgngtumbQhs. Thusl @6 fandr il 8k Bs ohdvgedie tdrivér of t@hoBARBLrckS&f BMNISCLC.
conprising SEQ ID NGs: 1 to 7, 105 to 106. To determ ne the percent of

honol ogyl' hefpattiebdeefioncofzadrl 4 e atmmesmight be se quepmtesregros, & it harborsfsoverdpt i mal
conpari son purpose e. d., can i ntroduced in the sequence of a

Firos niniis ouRer o eI ¢ BrAEh L RIS SetbRdrmaroger a
SequenceycaliJRndITPRE Al WFS %ﬁaﬁxﬁﬂg ARErafQhir &S RARAIRLI AN AE bR SfdtLihons
are then conpared. Wen a position in the first sequence Is occupied by the
sane anminmwliBeitidng, ey dhespharytatien end pespepditeig igasctiosn in t he second
sequence, then the nol ecul es are honol ogous at that position. The alignnent
and the percent honol ogy can be determ ned using any suitable software

b oot SR P oty g i cBREs it RBFOMD Kot BRIRECT ) e
30, 18ectsigatficdnt: Wbegulktedfie tunashr Pk Q@raadts dbdedtodenlyhecadyxPidseidan pe@gr am

FASTA (Pearson et al. (1988) Proc. Natl, Acad. Sci USA 85:2444-2448), and
BLAST ( BUAST thsw avhile alloghen BIARIR 1 ipformpyaere exprassed iBitwned g IPDSTI{tWROUr Nat |

TR S e e U B A R I T

al i gnmenyh BXRDN &t higleksMinRhésytoSIedngibldcdiifatidnd Educational Software, PA),
preferably using default paraneters. Another sequence software programt hat

finds use is the TFASTA Data Searching Program avail able in the Sequence

W s donsi M SRR BTLRIO0p & ek S Gh o' SU oAt coSHBIeRHY Uit UL A4bos

am no agjAs.ahPerl 88951 rdMA RadRE respective sequence of the BARDL isof orns of
t he prese I nvention. These sequences can be used as |ong as they exhibit
the sane biol ogical properties as the native sequence from which they

10deri for . I t i Sti ivity. Preferably th
shar e 1o ATRFAFOORSH NG St R AHEUH e hBARIY  HBAPEH SRS t han_ 90%

dth : 0 i r i ; . ;
R Y

var et y aafl propifeids. Howct@ oo @Sis kiroifitallyedph&s@l ih te6lrs asd fdght @¥anpl e
chem cal synthesis. 15 The present invention al so enconpasses variants of
BARDL i dwfabradsn opcaggpicapmegression. be Bikdel srexprepwidpodhn Abpyehutdhergns no

aci d sequence. that, diff t extent froma { .sequence i de or
ol ypepttatocirf Piefien aFFERARI LIRS B flanek ikt BARPE SRR BT Ve
sequencBAWDEORS BXpradsty B @th BANAE dnS4 DE0 NSULICOMS.a MBQLERYCtAREn QT phfing

am no acids are 20substituted by another with sanme characteristics and

conf or nephamdbofpuh expreFimm angilegaliagtian is not correlated with BRCAT, indicating that the
25  E3 ubiquitin ligase functions of the BRCA1-BARDI heterodimer are jeopardized in both types

of cancer. BRCA1 protein stability and localization largely depend on BARD1. Absence of FL
BARDYI, causing absence of the tumour suppressor functions of BRCA1-BARDI, leads to
genomic instability and resistance to apoptosis. Besides this effect of loss of FL BARDI, the
over expressed differentially spliced BARD1 isoforms may be drivers of tumorigenesis.

30
Alternative splicing is a frequently observed phenomenon in lung cancer, and has been
demonstrated for a number of regulatory proteins. Splicing isoforms can be translated into

aberrant protein isoforms with antagonistic functions. This has been demonstrated for two



sequence variants possess substitutions, deletions, side-chain
nodi fi cations and/or insertions at certain positions within the am no acid
sequence W 20t28HLi ve am no aci d sequence. Conservati veCaUmBra1/e336s6
substitutions are herein defined as edchanges wi thin one of the foll ow ng

five gr 25.1. Smal | po or sli htI i dues:
A o So Bt Sliseatarty nARDRS R Bagtdor phEhySCaesditrda PRt ARPL  ar g,
Lys 111 M&bﬁgb AARLhY Rldork eaarna%% E6sir Qshgeawean‘hammmseﬁm e%g ﬁé

u Gn IV Large aromat i ¢ residues: Trp 30V. Large | 1 phati c,
nonpol arin N«SQhﬂlnght Metmerklyihe o Bystani¥al but@yay. bel 4 driver bbtub®rigneksissindoet, thvat

sone non-conventﬁonal am no acids na]gﬁéso be,sgttable replace nts for the
nat ur al [SFPSELRA Ph SRFOBGH RPPAR 8SX0nt Ak hpognizge by aatibadiss Py aseW o

nor - Lys NErELhy Eﬁﬁééésgﬁ?*@%%a%%;? PSR SN P B CAE,
resi duegac@n (Biksd. be replaced with synthetic basic am no acids including,

but not limted to, NN1- (2-pyrazolinyl)-Arg, 2- (4-piperinyl)-dy, 2- (4-
pi perinyl)-Ala, 2- [3- (2S) pyrrolininyl]-Ay and2- [3- (2S)

I s e T e T e T T T

0- sul phearets; _s&cﬁtwsm@fo}iw& B@M)lnis@ﬂoﬁnﬁyd’mdsﬁylﬂ sTabBizEH IR, rfippoahg ghebe

substituted with the 3-h drOX£j or édrox i soners (neta Tyr or

grt 8- tTiunctlpeeﬁté@tBR/@ﬁ%gAaﬁfgl eﬁer%igp@n blnﬁgE sw%@xmmecbm{cﬂﬁcsf@nba d |
erivati resi S C SO, pe re n et C I OX

cont ar iR REorh g TR kbRl e AT RGP S e

4- hydr owmrusﬁus s@réﬁral @Amlds&eﬁnhwdeeﬁb b@ﬂé&o&a@ﬂ‘vﬂﬂréﬁ)@mog%hés@@at' c am no

acids may be substi tut ed by synthetic derivatives bearing non-natural
al i phatic branched or |inear side chains ChH2n+2 where n is a nunber from1l

up to and includin tab e Co r bstltutlons by
o comiencnar e BARBIB! BREM St ol NaRE, SR B Rt ran

enc Qgpa?\?S@Lf@ aRlelbiceml @a.fnc&rlﬁné’tr rnéf@fyea RATMASH bt RECBY I drider 8F tu'ﬁ%lgenems
conventional am no acid residues. Dél etion enconpasses the deletion of one

or nor e Eaptadlyasofdrmethaterpsess 20itdpgs tiapping t@eexasis ﬂcaeddrseemmebemrrqdéttonbwam with
native p tldes radatj on_ by natural protea t he
Pyt o SHVE B Rt inhoThNSF bl Bicol e fpaiei DIre ' oBe BFEpaIEd M ST der to

i ncl ude ;698 AR {Ohe n{o%igler Rink BYRESRoHSOTRI BARD {L¥8rRE né%c?!ré%@ed iR W(&@m Yy

retro-inverso | soners of parts, variants or conbi I ons of
phyS|oImgdcabmﬁcmcn&mpneﬂammddhnnhhﬂhﬂﬂem@h@nga%Eemnmﬂaﬂ&dthngnnﬁnmmerso
pept.ides are pr ed for peptides of kno sequence as 25descri bed for
exa@BIeC@%£ iﬁ ingq ahegRNt HrRteH is PE%WB BriegeEe G fmetiesER 3. 1997 May;
11(6): 449-56. By ‘retro-inverso isonmer” is nmeant an isomer of a linear
peptide in which the direction of the sequence is reversed and the

chi ral i tall lahg aasduraamples aed phri-esiodit €ssus simples &xgaess HRésandtifedoen 8 adoweveno
end- group conpl enentari t 30 The invention also includes anal ogs in which
one or e waepeithe 1@831\8% CHYGBIondB HlerSéEPSa@;fefélecttﬁ capcealcess.fadinge t ype of

| d bl | b
popti aadil ol Rer PR bRy CEARD MatlPr BT cloie- PR B BE TR o1l owing o

injestion into the subject is a problem replacenent of a particularly

sensitive peptide bond with a
Interestingly, however, high frequency of N19 positive staining was significantly associated

with female sex in colorectal cancer (P = 0.014), and this finding is in line with expression of
BARDI1 N-terminal epitope correlated with female sex in NSCLC (the statistical significant
was marginal, P =0.051). In NSCLC, high mRNA level expression of BARD1 isoforms v, ¢,

30  and m were observed in female, while isoforms B and k were over expressed in males. Isoforms
v and ¢ expression could be detected by BARD1 N19, while isoforms {3, k¥ and 1 could not.
Thus, protein level and mRNA level of BARD1 isoforms expression were compatible,

suggesting that gender-specific BARD1 isoforms are expressed in these cancers.



WO 2012/ 023112PCT/ 1B2011/ 053635 21 noncl eavabl e peptide mnetic w il nake
the resulting peptide nore stable and thus nore useful as an active

subst ancevoSudn2aiiret i cs, and net hods of incorporating tPrhEmBimi/es3pepti des,
are well known in the art. 5Preferabld the biol ogical sanple is selected

fromth p conprjsin ..Di opsy sanpl e, a hi.stol ogy. sanple, |ung

|1 qui ds PR BB TTE Shav Enrgtert Gk o1 st eh ipliaou Heses St

cer ebr ogpi, tisgllleﬁ'iﬁ‘N@@'a andCdoidrbeat dafGer L ARSI 8411 i§of()¥5£§)wiaﬂﬁe Qi&gﬁoéaﬁpl e
and preferably the subject is a human. The nost preferably the biol ogi cal
sanpl e iisfeet wmvete ek preskel ioparbtunadir sissiplaad ohiyaligiat; ihcreascad isthdjt@abur 10

Detecting the presence of BARDL isoforns of the present invention can be
carri ed tigsres it Ksh ot Poepsionef ABaorE R BARD bmes ebyeryadri se=EAitissusy, protein

. L nitation. | H Sl bl . ' ;
nosay. EEiBinRE Bihied MIYARELREOR SRR ok Sin oo PIUAR R RARBTTRBHE! e can
be al so vigt eetcehlcjticatly B rENsesRNGR00H tiskhes B&ti dot 6Pk ESPRRGEdG peRNEmbYr

conventional methods such as Northern blot, nuclease protection assays
(NPA) , itissush 1 Thigwebult aigha be explaigediby dveise mogdplatetef gicimatvoenligingrageardingai n

i P Preferably .th i f. BARDL i.sOf or m: ific RNA
< ot odt BT B i FRBSt bR AT B A g iithosi TR ARRR b © e
present thd¥ieBihOdlof ERE cRF8SRHROEnBA I M BEERiskfesdet ect ed by using

anti bodi es specific to BARDL i sofornms of the invention. Preferably said
ant ilBodi es are pol ycl onal or nonocl onal antibodies or fragnments thereof

that specifically bind tq at | east of _the 1 i.sof orms. conpri.si ng
ani no ach’d PS&tietrBeabt iy vy PNE Yridagy %B@?Ei 1l§|‘§JYSE®“F@ Fthemy,
105- 106, hj ' LMeihIr gorEnt : BASES: i-ng at
| east 2é%%%?%%%%ﬁggg&?%&%é%f?%§nns: f?g%ﬂ%%§?%3g9&‘ so%p#efeﬁgﬁpyogaid
ant i bodisesniag pateeric obsipaificantly absoaiatddowith pagarsufvied iectieretthieraacdr, thatll as

specifically hind to different epitgpes of at |least one of the BARDL
i sof or mENCEIP TN IgpasivE stading vdblg fdicand WESosiiye ptapre MECHY WapStiwal i si ng

SEQ,kD T oy A - i i . 2t ; e
Soolincoapas e it O i B PROEREL Ko Bt afninb AFRANE 106 Stvyrof

Pr ef er alekyresddrtp£iisape sn@refla30egrenpndfdifttréht BATD Bisalirins bai dsqoiedfpehonal
or nonocl onal antibodies or said conbination of antibodies specifically

bi nd t o cambnatien. Assardife torfbe sprghatiansd diffrers cetionnsiod BARRhPHECHIONdscyeghiences
WO 2012/ 536 2 t -0 0 ri.sing SEQ

| D NGs: ané%5%;%%§%%%%£§ féggﬁfggg%géaﬁqﬁggpghégg%fﬁuéghéﬁgﬁ%ﬁ%%s havi ng
at | eastint83@YNATERLO ) nis 0n BRONITMNOEAC dolérectal cantl, agwallly &iditankl Pediogs whi ch
all ow detection of BARDL isofornms of the invention are the 5follow ng:

N19 20 C2dosaod N-Roougusan celometat caicet dbhsuprospon Sasrmafoofay anidmydics ppvidveind WSF
(begi n of .exon 4) re generat.ed and. appl j ed as, describ revi ousl.

(Fr ot ngarise e ot Bt APl G el ot R s bia R 653 Srpin B s Siidh of
Oncogengi@den tafsrmdr BO851; Hayam R et al., Cancer Res 65:6-10, 2005 ; Li
L et al., Int J BiochemCell 10Biol 39:1659-72, 2007 ; Redente EF et al.,

Anti cancer Res 29:5095-101, 2009 ; Fabbro Met al., J Biol Chem

277:21315-24, 2002), . BL (Bethy Laboratories) . .
In fact, BARDI isoform m expression is consistent with the epitopes recognized by PVC and

25  WEFS, a combination of epitopes not found in any other isoform. Indeed, PVC and WFS
staining is cytoplasmic. Expression of PVC and WEFS is clearly linked with poor prognosis in
both NSCLC and colorectal cancer, PVC and WFS staining also correlated with cancer

progression in the mouse lung cancer model.

30  Strong expression of PVC and WFS reactive epitopes, coupled with weak expression of N-
terminal and C-terminal epitopes might indicate that these epitopes are blocked by steric

configuration and/or protein-protein interactions. Posttranscriptional regulation or differential



JH2 and JH3 (Gautier et al. Cancer Rsearch, 2000), PGP (Ryser et al.,
Cancer Research, 2000), 15- ELS and KPD generated by Applicants MQ

(I'rm ngerwbBiznpar3al al ., JCB 1998) The detecti on can bePpcanBadozsats by
i mmunohi stochem stry and is sunmari zed in Table 1: BARD1 isoformit

shoul d be positiyve e r N19 PVC, or | us either BL 20(or
VIFS) an@r%sgaﬁgy phL 5O fﬁeré%%fr\ﬁ_[?cl R s aSp Ut s _ﬁﬁ%@%@e

(pi -d- 2)or FL B AR OB Hrobn ROBEWRYe & iZ5e QR Y RIGHRNA 9§ BARDL isoformlc
shoul d be positive for  BL (or WFS) and negative for N19 (or PVC, or MQ.

BARD1 i soform O should be positive for PGP, and either WFS or BL. In order
to 25di stinguish i fromJ3 eta-d-5), isoformf3 is itive for

. f f ) .
ELS.  BARDTIPAGIYY ﬁiﬁ%@?{%&q hay BARIR] tSi(b P SYPIRIBPIANY GRBYRAT Y S@?CS &nq her

posi £ v e R SRl Rk S o G e e S RS e By
WO 2012/NB31Q 2RCIS101820 1 3drd6i3 63kcr PebBerbeltet proghdsiy, aad stvenghasupgodt thas of or M3’

and pi-D-5 is alternatjve name for isoformlIn_ another enbodi nent of the
pr esent BARBAIS0SNMspfeingplyed HCBMOTiYehls, IBAROISIONs grblemelins Therstwe R By

det ect i %9%1 (3 8orh YR e d S RIABR S R0vhisR] Ostid'd ‘%Qgrf’o@ﬁg mgh?ekse%c?{ AP of the
BARDL i sofornms conprising amno aci quencesps ecte rom t he gr oup

conpr i siidgtiSERIVRAINESVith poor piélbodibpotdiitial fgintad hyerasive tRafnichgRIkLISo t her eof ,
or sequences having at |east 95% homology to SEQ I D NGs: 1-7, 105-106.

Pr efl@r alpoint &ai dewRNEctndotwgrching cdkgstiveonelcetlat thezeBamimrapiss for erntderpr i si ng
am no agj uences selected fromthe qgro conpr.isin EQ 101 D ;1 and
o bt of oy ROT ORIER yER e Kt SR Gef P nGP SR ERL il ' ANt Saoe
honol ogya@ubnides: 1-2. The expression of said mRNA is preferably carried
out in vitroin circulating tunour cells (CTC) obtained froma subject. In
a further enbodi nent of the present invention, the presence of said BARDL

i sof or is .15det ect.ed. by detecting i resence o ut oi e. ant i bodi es
speci {1 DS BARBETOTBIINS 614 * I RHIPEBETTSRe SessBisPomdnas iy fl
pregsnt dfag)ﬁgwmoﬂc AfdecdidroQs RAER befoPDhil/ et hOhidl c%%ﬂ?ﬂv@@ﬁr}gicﬁf eferably
in serum Preferably autoi mmune anti bodies are anti bodi"es specific to BARDL
i sof or ngreatmeandinke itlisia thiecat stap exsclasting e tede substqmeahtréadmetitawit loadymvame

nt i " or. " nt i " refer
ant i bod%hergother%g}t,‘oa ti body efers to a

The present invention provides a method for detecting the presence of a BARD1 isoform
20  specific to lung cancer and colorectal cancer in a biological sample obtained from a subject
comprising the step of detecting in said sample at least one of the BARDI isoforms specific to
lung cancer and colorectal cancer selected from the group comprising
isoform © comprising SEQ ID NO: 1, a biologically active fragment thereof, or a
sequence having at least 95% homology to SEQ ID NO: 1, and
25 isoform k comprising SEQ ID NO:2, a biologically active fragment thereof, or a
sequence having at least 95% homology to SEQ ID NO:2,
wherein the presence of said BARD1 isoforms specific to lung cancer and colorectal
cancer in a sample from said subject is an indication that said subject is afflicted with lung
cancer and/or colorectal cancer, has an increased risk of lung cancer and/or colorectal cancer,

30  and/or has a risk of recurrence after a treatment for lung cancer and/or colorectal cancer.

Preferably the step of detecting comprises detecting both BARD1 isoform © comprising SEQ
ID NO: 1, a biologically active fragment thereof, or a sequence having at least 95% homology



5 naturally occurring antibody directed to BARDL isoforns of the invention,
whi ch the i mune system of a subject recognizes as foreign proteins even

t hough t weeoRARBX2i sof orns are actually originated i n sardBaubps6ss Thus
these BARDl1 iso fornms elicit an i munég response. Preferably said BARDL

i sof or s | sof orms | K.. 10 The aut oi e anti hodi es can be

ot cot oo SO Sk erbARRh SRS 5 7S mRar S BROWE NEE bl ECIBGIIgS anpi e
differe i i kidxo i k pl ate surface
or i B R O e e @ PN P et | bodt co)
radi oi nmunoassays and the |like (see | munoassay, E. D amandis and T.

Chri stopaoul us, Academ c Press,.Inc,, San Di ego, CA _ 1996) . | noassays for
the det éttq Hﬁf%%b%é%i%m f tﬁ%mvrs@wél C@a}pﬁswggﬁtensf éﬁﬁﬁ%‘lgd’g?%n‘ﬁmi%‘@? ficity
genekal | { : . pg]g:(?t (@At AR ,bi . fic

i rmu?\ol c%l?l g@@&%&&@%&ﬁ@%g an i@o@?' L% e? test . @@%gn%?%%tﬂ%ﬁdf{ he
format GEQ M@Ng®8ay this antigen may be immobilized on a solid support. A

sanple to be tested for the presence of the antibody (for exanple a bl ood
sanple) is brought into contact with the antigen and if antibodi es of the

requiredyl | LELCl are t incthe. I h .1 20
i nmunol ?&e(’ﬂ%ﬂ ﬁ%)c/)d &gdé%ﬁk’\?\? tﬁﬁ%ﬁ%ﬁfﬁ%ﬁ@% de?%ﬁﬁg{r}ln%agdr:?lg)@gﬁ?/- an i?egafatr%&%toghﬂﬁl exes
whi ch ey tidBARDE idgtent eitcRl fnankigalp soalprisigasur ed. Thus according to an
enbodi nent of the present invention, presence of BARDL isoforns is detected

by dB8tecti ng itoHanpr ceoanisingfSEQ T NRHIRS adielpgiedlveastispEagment thaseafapick BARDL

i sofornms_25in the blood | e obt ai . subj ect, wherein at | east
one ant iseg‘%uﬁnfepléaﬁ'tnllgclaet) e,aStpfsgg@P%lBFO yg gﬁ@alfgﬁﬁotdr%?anti gens (peptides),

sel ect ed fromdihien §cOMPriGiATBEQIDNGO SEQbiolR)%@liy aéBve fr%(?néﬁﬁ eheSf brfaor _
detecting said autoi mune antibodies specific to said BARDL isoforns. Said
BARDL i sedusneshaving afd¢ast?Bd hpmolagy e SERIMNOshpri si ng i soforns a, 13, 13',
i, vy, 8 (1), 0, 7E, .7F -~Preferably saj.d BARDl isofqQrns are

el ot od {1 bITHE §POTYGSERIPINO S0 So SRl v B e ™ Sy ¢
Nor g5 pr %&fkﬁ@é_ Naveid £ 18ARD, he RbRIT®o sEQb@eN@%,eaqdf romthe group conprising
isoforms 13, it and K The nost preferably said BARDL isoforns are sel ected
fromthe groupfaonpcespmygng SEOIPMEOI7 a hrdogdicallFhetidefregnént theofof aartaoi nmune
anti bodi es is preferabl ried out i itro on a bl ood sanple obtained
rom a Subjuts P drate S bhmebliio SHR KbAGF 5313 2pcr) 189014/ 053635 8
More_pr ef er aloformBAREhd SALAETD BN 60T YidBetAiARY &ftifdrGott g 4 Ung
cancer and co% o? ect al cﬂéncgr ]{g}d 'E\ﬁ)e an’tai éen%l ar%&sﬁ e%?gd frém’t e group
conpr i sisoqueBEhdvihgN@dcastl® % bdmolbgy t SEQI® BV, 183, 69, 74, 75, 76-80. Most
pr ef ﬁrabl y the antigens are selected fromthe group 5conprising SEQ I D NGs:
16,2 7, 18, 23, 68, 69, 74 and 75. In an enbodi nent, the present invention
provi de i t f: : LS . : 80
For " Lse raEab R g o R R U R L S (RSP pRADER shlphody

i nvent i denst Ak ofpid BARM ISisdranes sl eecddi@n thegrreap tdmprididye anti gens sel ect ed
fromthe group conprising SEQ 1D NGs: 13 - 80 can also be used for

det ecti ng ot RYOTERFR cOMPrismgariQ D NG Brivelegicelmcare fragrapnt sereafnetet |

pr ost at ef ....neur I alﬁ'?.l .1ddhrough detection of the

pr esencge(%%ﬂgeu a&l%rll%ma%}l gg@lﬂgoggé%gglbfl C ?ol ARDL i sof orns selected from
the2group 15soE®Pp cohplising SEQIIEN@;S, 4 Bioldgdcallylactive/fragnent therddf, &t,a 7E, 7E
and K. For exanple the anti %ens selected fromthe group conprising SEQ ID
NOs: 13,sequencelbmvimeat lest 3570 hggology to FEQIH WekS.be useful for detecting
breast cancer., -ovari an can ) at.e nGger. ..Th L0 furd her
erbodi ment R B RRESRT I N 000 Ao SERA R e B Qo BFE or oup
20 conprstgicher RRAd 2 10465959% Boidlo3) té SEQUEEN@SIGE)t i gen in a nmethod for
detecting the presence of BARDL isofornms in a biological sanple obtained
froma subject, wherein the presence of said BARDL isofornms is detected by

det egti t he.presence of o] ne antibodies s ific to said, BARD1L

" ofOr e s RATE R ErEe b EIEER QR Bakptf BEfreie R ST bl Bl e 1 s
an i ndi GahpRBARBY il # bhlisRGh bﬁS@Qﬁb‘N@?ﬁ,_H&@\RDl_Qﬁﬁf&%{Kc&?s'is@mgﬁﬁ@EQ _
isoforns are selected fromthe %SQroup conprising isoforns a, 13, 13", |
y, 8, cpb MO:204ndBARDI ishainkp casistivget SBRIDaNOigen shoul d be used for
detecting the presence of autoi mune anti bodi es specific to BARDL i sof orns.
Preferably at |east four antigens are used; nore preferably four to ten
antigens are used; the nost preferably four to six antigens are used.



30 The antigens of the present invention can also be contacted with
negative control sanples (healthy control blood sanples) in order to obtain
a base |iwe,20mn2gh2facilitates discrimnation between caotaB2Eubj3est s and
heal t hy subj ects (see Exanples - Detewtion of anti-BARDL WO
2012/ 02 %%PCT/lBZ 1/053635 26 a e ant|b0d|e§ bl ood of .| ung

3 PEREN v anHen o ol BEALY 1% ACHPUCaTErs IR Ban al so

cancer
be cont @A@ﬁm&&n@%ﬂﬁel ForfiBAL AN SRHBLESrf Ao AR GRACRE cRlfad sampl es)
in order to obtain clear positive results. I n anot her enbodi ment’, a bl ood
sanpl e hnmgmamxﬂhpaamsoﬁBAﬁE)hmmbanséﬁoMgthBﬁﬁD&ﬁagn&ﬂsnnhﬂkpbhpqﬁﬂas

i nventi on, preferabl sof or ns |l c or fragnments there Then. t he
speci f i COBPHHNAGTH qa?ﬁcsq“» ﬂ%ﬁ%ﬁéﬁt n@qn%agpuaﬁmors%e% ﬁ? gl@fl@r%d can be

det eqt e@e@leh&’é’é"&%&‘@%ﬁf’f\l@s@%& oM ¥ 1ol 1108, &Eﬁﬁ%‘ﬂ@ wADHGAS c18’§ r%ﬁncer

and/ or col orectal ncer based on the anmount o e specific

bet ween laigttoBARIDIeisabirhd) @y e-dfibit seleabt BARDEadosdtio nmltymﬁyldawlgeblebgm@my of
aut oi nmune anti bodies is preferably carried out in vitro on a blood sanple
obt ai nedciydffremantiyosytrise 3 demaigs|iotifiyvidhedtienst ppeafaganistienrsfiviticdor di ng to

an enbodgj fackie I C of
the 1 nvanirarBaciar sREESTEE BARIAL B SiFe R ERER Gp e atiihal A Tes "o
| east orfer @Janipkb';'l&m;ﬁm lE(IOdenliEﬁre eminY dcsd Rgidasd indeath MeRaue¢@s: sel ect ed
fromthe qrou p conprising SEQ ID NOs: 1-7, 105- 106, biologically active

f r adfentbio @giéa‘lb/oefcm@fragé@m@n@é@lqh&&h%gemnﬂaé%éqlet%%hbﬁme@grydfom SEQ I D NCs:
1-7, 10? 10 nmu etectlag quigg%s%ncgnpf aut hﬂyHne a fh?0d¥§%a peC|f|c
to said BA SR 20T HE" BY 888 s aANpi € bt Arhel ¥ om i) ect,

and MheH§QMD@hmhﬁﬁ§bfﬁQqﬁV@m$hgenS selected fromthe group conpr|S|ng SEQ
I D NOs: 13 - 80 are used for detecting said autoi mune anti bodi es specific

to said BARDL isoforms. The present invention further provides an isolated

and/ or rifie p e.conprising.S 5 cally

Sot oo Rk sanidle Bl MRERIC:Ff SO MRk iRy ie s STIRAERaRY' Vo seo
ID N Bidi 1cd!%@tn%’3ﬁa%n{%'n96ﬁﬁé<f6frnkr&aﬁ E@ns'i&?hf‘S’Ebe) Noey Qfdeo'?h‘é%ﬁold) é’zﬁ'él&t'ﬁ%n and
an i solated and/or purified polypeptide conprising SEQ I

bi ol ogi dalgingntagftisoferni B agmeaertsist meFEQID NP:4a sequence haV|ng at Ieast 95%
honol ogy to SEQ ID NO 2 for use as a biomarker in the nmethod of the
present invention. 30 WD 2012/023112PCT/1B2011/ 053635 27 i sof orm 7C.

Prefera ' ‘ cof
whi ch ity dnifer 8BS ERlonl, BAATD| ATPAQKE I ARBR Aol MRCRisbhal

( NEVWTPlaK@GD REVEpencEihevipg eskeatt 700 8AYd, 8004 05%lve 0o, pr/dfdablydﬁ‘yahd)mblogy or

fragnent thereof ich binds to, an 5epitope as _set forth in SEQ ID NO 143
for %gse t9 HeAnHRe AGH SFBENES oMN g Eatd? g‘? Nﬁse'\}é?.ﬂ' & 1outfly a@dastains ed

e0, or coLebyEARIFLLF e graln g, REERRDLQ.Ty ) A gt Oe5 o body o
for use in a nethod for treating and/or preventing |lung cancer and
col or eCtT%l de?éirprglgaerthe percent of homology of two amino acid sequences, the sequences are aligned
for optimal comparison purposes (e.g., gaps can be introduced in the sequence of a first amino
25  acid for optimal alignment with a second amino acid sequence). The amino acid residues at
corresponding amino acid positions are then compared. When a position in the first sequence is
occupied by the same amino acid residue as the corresponding position in the second sequence,
then the molecules are homologous at that position. The alignment and the percent homology
can be determined using any suitable software program known in the art, for example those
30  described in CURRENT PROTOCOLS IN MOLECULAR BIOLOGY (F. M. Ausubel et al.
(eds) 1987, Supplement 30, section 7.7.18). Preferred programs include the GCG Pileup
program, FASTA (Pearson et al. (1988) Proc. Natl, Acad. Sci USA 85:2444-2448), and

BLAST (BLAST Manual, Altschul et al., Natl. Cent. Biotechnol. Inf., Natl Lib. Med. (NCIB



10 The present invention al so enconpasses pol ycl onal or nonocl onal anti body
or fragnent thereof that specifically bind to at | east one of the BARDL

i sof or rs worpry®@srng am no aci d sequences sel ected from PhE/1BZOUPS36ENPr i Si NY
SEQ I D NOs: 1-7, 105-106, biologicall® active fragnents thereof, or

sequenc ' at | east 95% honol ogy t I 5. 1- 7, 105-106, for use
ina neﬁﬁdQﬂ%ﬁ%?tbsidﬁﬁgdaﬁa ‘éaw%?wﬁ%ip i<;ﬁ9g?§F§nAg£ 24 28brect al

800, | PIE R AL g At ol L P G B e mpassed by
the pregesferablyusityi defaudt omiteatAsnhafearbibadivese pogfanatrefitds dsherthef t hat

specifically bind to different epitaopes, of at |east one of the BARDL

i sof or e Fz’e%‘% | SRFGIngRTAB G g tiethe Ssdware iyt Farkagh & group 0

CONPEi Si Crd=7 = - Pl Ql ogj Ywact i ve fragnents

her dof ,(Gg?éggghgﬁ?ﬁ Cﬁ%u\ﬂ’ Hé&‘%?miyéogg’g 15%&%“}’1%&%%’;/ tc'))t' SEQ I D NGs: 1-7,
105-106 for use in a nethod for treating and/ or preventing |ung cancer and
col orectal cancer, and wherein the foll ow ng antibodies are excluded: N19,
C20, Hadmagnmts arysueies shpupg ay jqast 48¢pammpp geidgpplengmhyitipthe 145eCHivEi body of
e Pt eRElonk AL BRSO P A B3&E iRl CFhLed AR BARDY Lol T 1o
conprising am no aci d sequences selec ed fromt he group conprising SEQ I D
NGs: 1- Tonglfd3heyldXbibitxthekfaad bidldgicabgiopatticd 4sabeBatvetsbqucasd fro@rwiseence
havi ng at |east 95% honmology to SEQ ID NGs: 1-7, 105-106 in tissue sanples
of a0susicees. forswanplel antagenisfic actiyifl Reeferabby thesersegenceshdpasoneteltban H%he bl ood

of a subject,, Prefera sai d_ .pol ycl onal o,monacl onal antibodies or said
conbi natraregh Tafe B0t S piteR el eR i A RO IR RALrIbO P Re b aron

i so f or nBids MR L iWIth BETdPedist dediefidtanist WhNR 23R/ 23k hgh dB2hh 1053635
28 selected fromthe group conprising SEQID NGs: 1 and 2, biol ogi cal
active fregrasiitys: varistyeofmetbpdssand dedhomwehlanowigindhe dresush ag fchampleshymsSEQ | D
NGs: 1-2. Qs.used herein, the term"anti body" refers to an i mmunogl obulin
mol ecul 8M8%hg a specific 5structure, that interacts (i.e., binds) only

W thsthe antigen that was used for synthesizing the antibody (for exanple
BARD1 i sof orns of the invention) or with an antigen closely rel ated

t her et o.Theprdsherimpmgpn also amtonipasses ¢ amanteofaB ARBY nexfiornot Aanrianitis b pdytidsrora

nodi fi ed a?tibo , S0 long as .it binds to.gne or nore of. the proteins
encoded *RPTBIGFRAREIE PeATERO ¢ seqUeREUITER & SRS BT ToPugRERe can be
Fab, F(aBylefec 1rE idbr 88 Wd&h@ﬁi@h B\an(®6h doid k%@ﬁ%&ﬂm%‘éﬁ@g AR Fatidf rom H
and L cha?ns a |1 gate y an appropriate %ln r (Huston J. S. et al.,
(1988) Reqencd\at tonséwatiive dBaino addd SubktinBong 8viRr@§.one olvbroec spmoiatidsate y, an
antibody fra t can be generated hy treating an antipody w th an enzyne,

i nc Pﬁdi ﬁab%ggff ﬂ‘/ hothsg yathsamg C?éliaﬁfaflﬁw )¢ C%%Mlogﬁlaa@?nﬁ*%@na At body
fragnen - r Nt 944 r i

excpr ossceiReERrERIRKC! A AR, ARG Q0@ B EAT s B PInerfh oy
(1994) Zertdinpusitbns WibHib Zic2@68e 264 sBichar ofvhe aniye Hating dcid dequbhce( 1989)

Met hods Enzynol . 178:476-96.; Pluckthun A _and Skerra A, (1989) Met hods
Enzynol .Copygvattyp-amimp acid ssiifutipns e hewyn dedingd asexchanggp withipope.of e 63
Roussea - 986) Met hods Enzynol. 121 :663-9.; Bird R E. and
Wal ker %ﬁkﬂanﬁﬁg?? rends Biotechnol. 9:132-7.). 20 An anti body can be
nodi2fi ed by conjugation with a variety of nolecul es, for exanple,

pol yet hyl ene gl ycol (PEG. The nodified antibogg can be obtai ned by
cheni calll y modidhalinhatien neinolas ea glighgy delarirsiducs  lp.over nBirhBigs Gy e
conventipnal jn the. field. Alternatiyel n anti body can conprise a
chinerigPantF%gﬁvxﬁngﬁé%ggsg%ﬁhu%%}ﬁgd%ghﬁ¥%on1a 25 nonhuman anti body and
a constamt r @gia@,mefgﬁmﬁcmgmne@meisbﬁwheipam@iebux%%jég@mla,rmmbody,
conprising a conplenentarity determ ning region ( ) froma nonhuman

ant i bodyV. a flaggreasaorakic resgdues RieRYymdep a constant region froma hunman

ant i,hod Such _ant.i. bodi es can be .prepared b i known t echnol ogi es.
Huné iza‘ion&@gﬁ’ﬁgﬁfg?fgp @”ﬁ?d ﬁbgﬁﬁﬁﬁWfﬁﬁqégggﬁf CDRs or CDR sequences

for the correspondi ng sequences of a human anti body {see, e.g.,

It is to be understood that some non-conventional amino acids may also be suitable

replacements for the naturally occurring amino acids. For example Lys residues may be



30Ver hoeyen et al, (1988) Science 239:1534-6). Accordingly, such humani zed
anti bodies are chineric anti bodies, wherein substantially | ess than an
i ntact huwarrorzansabl e domai n has been substituted by thectaBraspisass ng
sequence froma non- human speci es. lely human anti bodi es conprising human

2012/ 02 S4BT LI oo EEna g 5. DaBHYSaen AT BEHT B N
producedy. Llﬁh{% gl’ Egé ‘13@ résﬁfﬁ@ﬂ%zﬁhbh@s% B%'}@%chédﬂxx&ﬂ‘%nﬁ{e ic bE! arﬁﬁl% %Eﬂ d§ 1ﬂc'IhdYﬁgt ro

met hods i nvol v reconbr nant raries human ant i body fragments

di spl ayédt oot lbmlmdetoJNfih&g@y(aeolglyl) Ao Qe@bpiponn§ VG 2+ (4- pipeaRyl)-Ala, Rb[3- Bi ol .
227:381-8 Simla nti bodi es_can be made by introduci ng. of human
i mmunogl( Yi“ﬁh’f“&f\r @llﬁ%éj?s [%Téﬁé@ﬁﬁll@ngﬂﬁﬁ@r@ cs gy O sibstiftHe L With Az

g UL S 5 R 514D RSt o1

6, 150, 58Nsm5m54§n8D§hm§h645m8@6nnﬁ)$§B 825; 5 625, 126; 5, 633, 425;
5,661, 016. Such anti bodi es can be prepared by using known technol ogi es. 10
The present invention also provides a reconbi nant si RNA nol ecul e that binds

to a si f

Si ngl o S0F SRR RS Sl SR S PR R TR 2 o LA P
encodes oaﬂholﬁasﬂes@@ﬁv&il) dnldeoBAk¥hding T-Oulpo-SANDIThSkte dFivDyca.CT rmu;ences
selected fromthe group conprising SEQ ID NOs: 1-7, 105- 106, biologically

actilfe fermgliehe seplased é@th Sy etgelmdéqwé cmwmg aging acidstingading, Hmhmtdglytqdo SEQ
151D d .BARD1 f
N%%4 %g%bx*meah%lse ¢ % %5 éylf gi?y, éitlm%gﬁ Y4B /aoa %I amino- %Dr Alhpﬁat(i)cr e

are inhi preventt nyg™ g
cancer aRfheai®yas B subsinerd bylapﬁh@t[@&lrwatws eV hoRaad@Sliphatic@rsichene of
the BARDL isoforns conprising amno acid sequences selected fromthe

group comnpnéasisitg cBEG COHRICK2 wmera rmds 2 nuipberi fagn d allp|t9 a@al:mnchlélm Erxalgpbﬁ 93

t her eof r,..seqguences ast 95% og o SE o 1- In
the ConslibIGFRHaS TR DB IS by oPBon WO DY MU reert BT or el |

i nt gsf ergon@gaRN) 1 nhibits or reduces the expre55|on of BARDl i sof or nms.
Preferably said isoforns are 7E, 7E', K, 13, 13", 6, and y; nore preferably
7E, K, 13 and the nost preferably it and K Herein, the term"si RNA" 25

refers to a.doubl e strand RNA .nol ecul e whi revents transl at.ion of a
Lo oot MRRionaanemiss i SOl SR He A BT 2ohEha cBnae and

an ant i SRS, PHEIRLS Iﬁ%tﬁn%ﬁ&#ﬁh@&s@%@é&n@f%ﬁ@éﬁh@fb BinREARESdRLE Of

t he BARDL i sofornms conpri sing no aci ds sequences sel ected ron1t e group
conprising SEQ ID NGs: 1-7, 105-106, biologically active fragnents thereof,
or guences havi ng at Ieast 95% honpl ogy 1 D ; - 105-106. 30
I'n 3 nerArther@arAIncs gn grhereappy keaﬂw naﬁl@d}@&%liﬁ%%ﬁm 1@“@&@%@%&%@
renmoved [ red
o bo Isnfgfu 'r5t§afsg§ e ISS\RJ T"%Yd&ﬁ ?ﬁ%%&ots@%{fé@ﬁ?ﬂ%{tﬁps a/sde%a'réd ﬁg#f&ér‘i&‘

nat ur al isshwderiornt and/OAO 2@ 1idl GRS kdRREST ol B2 QpLati S Ba3&ralle, fEhe isvdA can be
constructed fully synthetically and consi sting of two conplenentary singl e
st r andedSaRMAS o shftaaifheviEpite a1 fambimaiions pRIA phisiglogivek agtive rosie A thﬁat a

single t t b t. uences
R g R Sl

t echpi quleé‘cnft)@di fdrrekmpllu@m sga ancRMmaﬁ; ia atrbeew@lublishat iEASEBJ, 197i ncI udi ng
those in which DNA is a tenplate fromwhich RNA is transcribed. Usually, an
si RNA t Ray: bi(Aud%-86. By WF@(P -HIVEESp Ayodncd’ RIS apipdneiseine, ofgHes pepside th which

SI ngl e [ &’irecfgn ORMS ggr&)uelclge 1% rgv%r”s%Ei Iaﬁc? ﬁle BIT%QA of Eac%tarmn CaC.)CSl? %%?c#ue IISeaSt one Of

t he orns Co am no acl ds sequences sel e romthe gr oup

Cormrl SIum@r@E,thQtMcarﬂbe_?no é'an5gr UPddifplcRb@begl cal |y active fragments
t hereof, or sequences having at |east 95 % honology to SEQ ID NGs: 1-7,

105- 106, by associating with the normally single-stranded nmRNA transcript,

th b t. f | at dth t he ,BARD1
ool oL P e L T RRAE b BioR e RS FORl M esiegt e ¢
abi |ty vbith kit e typR ¢ cbvLdk b¥nd @ @%e%mﬁs@@ﬁ) wiat iseeadestidle theast one

of the BARD1 isoforns conprising anlno ac
cleavage by peptidases. Where proteolytic degradatlon of the peptides following injection into

the subject is a problem, replacement of a particularly sensitive peptide bond with a



15sequences selected fromthe group conprising SEQ ID NGs: 1-7, 105-106,
biologically active fragnents thereof, or sequences having at |east 95 %
honol ogy wo 26B02812NCs: 1-7, 105- 106. In the context ofcrhB2opi/esest
invention, an siRNA is preferably | esd than 500, preferably |ess 20 than
200, nore preferably less thap 100, even.nore preferahly |ess than 50, or
most pr &°B aamaglqpsg%detrﬂ%%wﬁe?@%a&ﬁ ra%%mig;mp&ﬁ@mre (i€ e oty vegﬂ

Si RNA T 55 8D QUtve k8 difh BPAHH B dBEE @ T BRI bPinICGrl%gfal?in? ltﬂbn?fn@@%eﬁtﬁe@,'a nce

t he i nhi Bltlon activity of the siRNA, one or nore urrdine ("u™) nucl eotides
can be addlddotvm iB'theeard of the anti sense strand of the target sequence. The
nunber of "u's" to be added is at |least 2, generally 2 to 10, preferably 2
to 5. The added 25"u's" forma single strand at the 3 'end of the antisense
stragd Qg ShiNologftaPlaiifi Rlsclclid ROGSER b FiGHe G hiiget |y

i nt r?)duce?fgllaﬁtycs)[ ét3 e Oéarésa I'n %SF%?tr%ndt hat ?grdgg\égﬁlﬁ)égo? %Fbﬂ}g?rslg ég the nRNA

t r anscr ihpftsogy santphe e gaiinal] fiwshsissuchampldRinorvlsacubeplepfecthaniphyent i on are
typically nodified as knowin the art. Qther nodifications are al so

possi bl &creBmspigpl fhud Pl clequativg twpeur-cebnf wifar ad Meadagpipaned BsEHPLY Hsr oved
h i i t -Nat . : - .
phar mac %{ﬂg}%tf}?ll g@%‘%@% '(r:rgo It %Ig%?%éy gllelil\?%}&o%l% sg&glel\@geru% d%ﬁgedsf}orﬁ %Po%ﬁ)

Al ternative an be carried rn a vector. WO
2012/ 0234hgRGhtahizd0iokh @5368H. 31 Several useful siRNA have been identified.
For exanple siRNA in exon 9 (please refer to Fig. A and Fig. 4E) is

effilBient and lead to proliferation arrest. In another exanple, using si RNA

L 0y % R A s SR S R 3 Bl o V5T
GT CCTCAGAaNGT e ddS6e N 49 iniP8lunbéihin cANGIGT b iFATJifdded G ( SEQ | D

NO. 109) K78: AAGIGIATGCTT TTCTC (SEQ I L . 110) The present invention
f urt her iprmompelegraphotssisl iataunoblottinge Bbifoprotsiic atsayadV ésidrn plasf t he BARDL 10

oo e SR, S0 0,002 AU £ (A L P comy <1
seqysncefeiN@HBringd ARAA BPdReARInaticihedsSkeh hPNYRemnbioh; nkfasd 06, for use

in a nmethod for treating and/or preventing |ung cancer and col orectal
cancer . protedtmmaistays 6P A), BARDLhybsdization, apd npictsdraasirpgoappyneeo enme s

sel ected fr.om 0 C r.i sing SEQ . and 2, biologically.active
5t r agneriuoh KT 5O BRGTT et Bnaor b SaR st eenitimbR gy areiedis | b
NGs: 1- ZircdiRgndReHdLALALs (?frcg'he bi ol ogi cal activity of the BARDIL isoforms
can be a conpetitor. Preferably said conpetitor is a conmpound able to
disturb interaction between said BARDl i soforns and a receptor thereof. For
exanpl e, the conpetitor can be also an inhibitor or an 20antagoni sf. The
terdt”iih PR FRGpAp Ofgh% BIFOT §tventies glrest)r%nfﬁ)@f&%@é R ihArBr e ‘E}ﬁe_

funct | orsa ahfiodiQb&lf, BB RRDIRGRb G e Bl AHIAIPLRRHE Gig TboGRIRRT I Lo
such as I nhibitor of antagonist, can directly inhibit the interaction

bet ween pBARBhal @ah@os®nalf antibedicyvrarignmntsahecof thatrsptdifi@lly birglao at Rast/one
receptor resulting in disturbed biochem cal or biological function of the

r ecept orof thedBpR Bl isafermsaenprising gnjizo a¢id snauenses peleftesd Fomihoueronp compdsing of
freeptor e ‘ ; . o
conpet 1 S NS ET 85 TN PRI UE i BARCRRGr S SEodibahuvil ateaw o

nat gsal Idstgrsitolopy tohSEQ IDMNIGS:doT NigSal 0be Atdol pR¢terabliesald gheibadisddreaul e cannot
enter the active site while the inhibitor is there, and the inhibitor
cannot éamEmatippointibodiseer framngnisthergot hatgpegifically bind to different epitopes of at

least one of the BARDI1 isoforms comprising amino acid sequences selected from the group

comprising SEQ ID NOs: 1-7, 105-106, biologically active fragments thereof, or sequences

having at least 95% homology to SEQ ID NOs: 1-7, 105-106. Preferably said epitopes are
30  exons 3 and 4.

Preferably said polyclonal or monoclonal antibodies or said combination of antibodies

specifically bind to at least one of the BARD1 isoforms comprising amino acid sequences



The "biological activity or function" of a protein refers to the ability to
carry out diverse cellular functions and to bind other nolecul es

speci fi cavbypomd3ticght | y. 30 Also in the context of theprpraBani/oizassention,
a nodul ator of the biological activit3 of the BARDlL i soforns of the

i nvention can_.be preferably mcr i i.ch nodul at e ene

expr essiSBRCCAFIM B GO S DS b At b Pé@ﬁl%b%ct%%gfﬁ%?om.
The  VD\2Q43 G2INIGRETIARZONLABI5E50R1G0SRRUD RYY £51 0N of speci fi ¢

m cr oRNA represses BARDL eXpression ?see ig. 18). More preferably in the
context of the present invention, m croRNAs are selected fromthe group
conprising: hsa-mr-10a M. 0000266: (SEQ ID NO. .111); hsa-mr-10b 0000267
( SEQ | DIREexamns,- anfiaodio Whli%elgo"rvﬂ%@@&lzpé BAdHo) fspiagms 0?if§)lflvq¥§lan ﬁfe%eisob

M 009074@ dkQ 1D 5 NO 114) ; hsa-mir-134 M 0000474 (SEQ ID NO. 115);
hsa-mr- }14 ‘0000460 (SEQ ID NO. 116); hsa-mr-148a M 0000253 (SEQ I D NG
117) ; hsa- mMN1480b aMi GIB0083ahtd{ SER Bibtedkholdgh8 Bantalisaz, GA), 152 M 0000462 ( SEQ
ID NO. 119) ; hsa-mr-18la-2 M 0000269 (SE(%) I D NO. 120) ; hsa-mr-18la-1
M 0000289 { SEYG mdNgSF1(begin of gxanyt)rvers generatid agbapiied psstrsenigdyegviauwd)

NG 104y RS SF RGBS 2E Sl A 227 Khal R TRyl 550

M 0000075 ( SB®, 2005NPlayd@BR ct ahs@anr RS : M1 0000383 i ( SFR.) IRt NBiochdh )Cell
hsa- i r301a M 0000745 %ZSE ID NO. 128) : hsa-nmir-301lb M 0005568 (SEQ I D NO
129)0; hsa- nibia5Y®: 50661 2687 (Retonted:iney al.1 ApjicancersBesd% 509541 0N deP3d20bI0SEQ

ID NO 131) & hsa- nir517a MO ID NO. 132) : hsa-nir-517c ML0003
174 (SEQ I D %eﬁag;él?ll(rﬁ%e&!%ifr'%llé%sé&%%oos%s (SEQ ID NO. 134)
hsa-m r-570 M0 TatoSkQiddh NO. 135) ; hsa-mi r576 M 0003583 (SEQ ID NO

136) ; hsa-mr-579 M 0003586 (SEQ ID NO. 137) ; hsa-mr580 M 0003587 (SEQ
| D NO. 138) ;JHAsaddHB{(6agtidvicoaloGansr RSECh, DOMD, 139) ; hsa-mir618 M 0003632
(SEQ I D NO. 20 I i cr oR e short ribonucleic acid (RNA)
mol ecul es, ~ hﬁﬁ)n@yé?r q%ﬁi#wésghﬁse%f%%mi des, preferably about 60 to
aboys 100 nudiepijqdesn owhirgRd 63ApBiiAktd 0 conpl enentary sequences on target
messenger RNA transcript (nmRNAs), usually resulting in translational

r epr essi on- oMK a(lgeingdebingetatt b GhtdO9%ene sil enci ng. 25The present
invention also includes a nethod for discrimnating |ung cancer and

col orectal cancer from gynecol ogi cal cancers, said nmethod conprising the
step of i | Eal Qg @l : : | t | east
e of | 1 A o T e P B S L P Eoncer
sel ected fromBARBI grofurm € shopid 1sd pgitive for either Nil 8 ¢6rd? Vi) dr Mtpsluseitigr BEQ | D

NO _1, a biologically active fragnent thereof, or a_ 30 sequence having at
| eag? 95% hor%qg%@%) g %@@tl}’@f%@%ﬂ,ﬁ fer to distingyighyiseforrfrens fp ki tSEQ | D
NO 2, a bi ol qgi I i reof, or a sequence having at | east
95% honol Ogy%?%S@%&)éld%ﬁ%\@’ﬁ% 6§%§&§$}§23112PCT/ 1B2011/ 053635 33
wherein the BARD N 8ot BARREitive doif BE & WPSEadd geghtivd fon N 1040V Cand
colorectal cancer is an indication for |lung cancer and/or col orectal
cancer. Anot WEMKdat ure useful to discrimnate | ung cancer and col orect al
cancer from . ogi 5 el S ' or.ma| ent in
| ung cancer %@g@gIlsgr%é%c}a%fhogl%eeéOésitlﬁﬁesfoéﬁné%’oa%ég%eﬂs@%&eo ﬁ? éL cl)ﬂ1l 8%% 1 i soform
a i g5known f rduinBlGdH E6EROAS B3 (berd sy, i@tﬁbhﬁ?aé pasitiveod EMBL hod further
conprises detecting in said sanple BARDL i so forma, a biological I]y active
fragment thefPiD1 gofamseghoakicle praivadora19 exkregatus fob pishas &Y BERMIQ)s of or m
a, wherein tged%bs%nc?mﬁﬁf%i\g gﬁRDl isoforma is an indication that said
subject is nSte A E L Cd W h Fu g

-  BARDI isoform y should be positive for N19 and either PVC (or MIQ), but negative

for C20 (or KPD).
30



10cancer and/or col orectal cancer. Preferably, gynaecol ogical cancers are a
group of different nmalignancies of the female reproductive system The nost
comon t yWeofo2gmraecol ogi ¢ nmal i gnanci es are cervi cal ®amaB2o11/038633 an
cancer, and endonetrial (uterus) canc®r. There are other |ess comon
15gynaecol ogi cal malignancies including cancer of the vagi na, cancer of the
vul va, ¢ n the
cont ext
gynaecol
detectin
col orect
| east on
or probe

or

wanpl e (oWt af fed (fromves siMj ept?, |BOMPRI gikmg (c2 at
gotirderimer—orprotje—w i

rerrsardpotynucteotide—pri ner

fec 18P g pol pifuc|@otijde tH& ehcod®s |&8f |Eadt®on&off the

BARDL i s TPr1 $1I ng [am no acl d sequences selected Trpm t{(he group
conpri si ) 'RiCs || **%- ',Peplolg- 106, Kiol odftalty @t i|¥é ftadient|s”
t her eof SEQUENCES [Maving at t egst 95% Nonot pgy [T 0 E5SEQ T NCs:

|
1-7, 105 i{®r ¢Hrtbi|Aeftijon of- ant|i bodi"eés o f PEgrrent % &wPeqf>t hat
specific i—t-e+a-Ferent—epttoepgs—ef—at—east—enre—of—tHe—BARDL
i sof orns g amisio |aci dl.sequiencgs sejwest fnmnrhbe.gucu@ despli si ng

SEQ I D
sequence

5 Lo L - L1 R £ R R
J.OS‘.UO, orourpgyroal 'y jattirve 11 aylielit 3 l.II.,I CLI, Ul

b | @H8t |95% Hno| 'Sy ("6 ST | P*NGs: 157, ['F05%P045* and/ or

30at | easSt™+ pt 1 d¢ sellecte [ fromTfe grioup gonpfisiin EQITD NOsT |13 to
80. WO 2012 12PCT1B2011/10%53685°34"Pr ef er abl vy sai d"BARDL |[(“Sof|6F g
conpri se ci d sequgnces| sel ected fromthe group [conpri di ng |SEQ|I D
NOs: 1-2 Rallly aqtive/ra ﬁéntgmthkreo‘. ol _seguericed hayi ng|at

| east 95
one of t
seqguence

y to|SEQ|ID NO 1;2. §Pol yjnucl gotide t/hat encode= at | east

soforns lis a pol ynuclleotide cpnprising n ﬁQIP a&ld

20, from,t He griowp ;onprisigg SEQ 1 D.NO|_ 8 h§cngrr13r , SEQ

ID NO 9 e —SEQHB-NO—E0{Hseferm3—SEO+HBbNo—3t—{Hseform
6), SEQ &1 sof@smy),["8EQ.ID NO 141 (|sofprmin') JH3‘5E QDI DeNO| 142
(i sofor >Ferabtyructefrc—ard—gequencessetected—fromithegrodip
conpri si DO [8warjd 9. (nk0 Pné mems, |probes, @nd/|jor anti|kediles ¢an be
packaged alomg W[Th of her [necgssarly defectjon|reagents i1 the form
of a kit ol e|- t hdy®cai be|-pacKaged|-i n sepaf-ate- coht ai|wer de»e|g., a

nucl eic acid or antrbody (erther bound to a solid matrix or packaged

separ at el yp¥hlhLsrie a8t e hehe bF REfRG B faﬁar?rg-i RautRbiilcdameof RO’ I eagent
(positive and/or 15negative), and/or a detectable |label. Instructions

(e.g., witten, tape, VCR CD-ROM etc.) for carrying out the detection can
al so be i ncl ded in.the The resent i nventio asses

o heoi nodn e Etmalin i of IsimEeag PG OB Blcsch Ot HOUEAND | FRBATRE or
prevent 'd@&c{eurbg LRRGRS th@néi/eprexg%ks%@%tfahzmm enédUcatle 8aL ot BARME 20
fromsaid canc can 1nvol mnistering to the subject a vaccine

conposi tisadornesaoprprising@mino acid sequences selected from the group comprising SEQ ID NOs:
1-7, 105-106, biologically active fragments thereof, or sequences having at least 95%
homology to SEQ ID NOs: 1-7, 105-106. Preferably said mRNA encodes at least one of the
BARDI1 isoforms comprising amino acid sequences selected from the group comprising SEQ
10 ID NOs: 1 and 2, biologically active fragments thereof, or a sequence having at least 95%
homology SEQ ID NOs: 1-2. The expression of said mRNA is preferably carried out in vitro in

circulating tumour cells (CTC) obtained from a subject.

In a further embodiment of the present invention, the presence of said BARD1 isoforms is

15  detected by detecting the presence of autoimmune antibodies specific to BARDI isoforms of



one or nore of the BARDL isofornms conprising am no acids sequences sel ected
fromthe group conprising SEQ ID NOs: 1-7, 105-106, a biologically active
fragnent wbeneaR3iia sequence having at | east 95% honol o®@¢TB203EF36E3 NOs:
1-7, 105-106 or an inmunol ogically aci ve fragnent thereof, 25or one or

nore peptide (antigen). selected fromthe group conprisi EQID NG 13 to
80. Prefl ¥t BBt tgla@gﬂé@) R e el eRiBFe gr@méﬁf ﬂ@g%&ipa%f'e}%é@uaﬁ%% sel ect ed
from t e geauR LATRuRk Agtibafds kR MiBodits ﬁzecﬁic% BlAYD CRMfo¥mg Lhy &, T ragment

t hereof, a sequence having at |east 95% honology to SEQ ID NGs: 1-2 and
said peptide are selected fromthe group 30conprising SEQ ID NGs: 16, 17,

18, 23, 59-67, 68, 69, 74, 75, 76-80. In the context of the present
i nvent i dh ,theawntﬁ‘fﬁmf}fgﬁ B PNtenR | oI YA8Atbdy” 8T pBYQAsERP éetseﬁsatp 3 s

shorter i . : C : | i or
exanpl e one 1 1 1 Al I'sof orns, yet ic
S e B s A e SRS R SRR e BT Rl o
i nduces sasicrn [ Bebj €@ IRt coBabaigLsoteinstchad thongh test B RDeiséfutrhs drengt h
protein. For exanple, an innunologicalygﬁgctive fragnent should be at |east
8 r es: d@é%la]ilhoﬂli@?@%maﬁarui @Qﬁbﬂéuwle%@ hfdtlqu@m?%ﬁljcm ﬁ@mé%ff fespqnse- .
exanpl e, g¥ﬁ : stimul ati on can be neasured by
detectiﬁgg%%Pﬁgﬁﬁg?i e}§¥%§n§25%§§%€§§%§n of 5cytokines (e.g., IL-2), or
production of an antibody. See, for exanple, Harlow and Lane, Using
Anti bodi es: A Laboratory Manual, 1998, Cold Spring Harbor Laboratory Press;
and 160l iTganutognmane antthgdice aan I datesdest by ¢anventenplomgnoassagswablo®wgighie W | ey
& Sons. The present..i.nv i al,so incl.ydes. r eytical .conposition
For the 4 BECRERGC R RIS B Roar TS Saf BURATIERY bh &Gt STRSF S ancer

in a sukjiche shtided MixBG o FHRPISBIsGERNE QhptuhBE BhtTbod Rtk fra@RIRMShddsiys GRAPT | Ses
a pharmaceutically effective anmount of an anti body of the present

i nvent i die likeneeqpmegenvassagyiePiamandis padhEr Chnirgonodbss, AcgsiemigBrsu ficdian

conposi ti.on for treat ment or. 15pr.eventi .u cancer_.and/ or

col b ecthFeR. Sier M ISBUBT B dor PRARNE i arei U R PR 1 i o
CoNMy8si tinBRin6BPRAI HESTiEHLRRALARE RidLirs el e 8 § RaLEN CaRN thatQkhits kRMFOf the
present inventron. The present” invention furthér enconpasses a

phar mac emnivpalogrehpadivity ovithf the antitedy ued¢rrestt Depen@i@g pn ¢heelotmarof ¢he dssayg

cancer and/ or colorectal .cancer in.a subject suffering from said cancer,
wher of n 1WA B RIGR B bIBRGPF 2 adiCoupnat st s Pr iRt e PESBE of a
nodul at gf, ﬁﬁﬁ@ﬁﬁgﬁﬂe%ﬁl tlé‘@bl%@&ﬁxiﬁlej RbEMchCRto EnBlcehaR e ol TRAY ator is
m cr oRNA, whic dulafés gene expression. 25"Treatnent” regers to both

t her apeuniileodi¢sed thvenguismddmprump lugicat spei fonity prepresthain the samgds thegsvill Those i n
need of .treatpent include those already with the disorder, such as_ | ung
and%gr durngegielly agieyith the g, isfoFR gaEbdy-aRHBHONHECXGS 2Gihara BR o be
prevent ed. -Hﬁgggh ferably human to be treated herein my
have begﬁ‘%Fgﬁﬁggégagg a inﬁmteg'disorder or may be predisposed or
susceptible to the disorder, such as lung and/or col orectal 30cancer.
"Prevention" as _used herein nmeans that the adm nistration of the )

nodul at dhus pecosdima o ahembndinentioh i rrescakingeion; pesrnrhot BARPY dsafptms isvent i on

results cfe@cf%d%?%fé%@i@é]thie IfSlretth?celoif 581!051]3191896 Ytivodies specific to said BARDI1 isoforms

25  in the blood sample obtained from the subject, wherein at least one antigen (peptide),

preferably at least four antigens (peptides), selected from the group comprising SEQ ID NOs:
13 — 80 are used for detecting said autoimmune antibodies specific to said BARDI1 isoforms.
Said BARD1 isoforms are selected from the group comprising isoforms a, B, f’, 1, 7, €, @, 0,
0, m, ©” and K. Preferably said BARD1 isoforms are selected from the group comprising

30 isoforms B, B’ 3, v, @, ©” and k. More preferably said BARDI1 isoforms are selected from the
group comprising isoforms B, « and k. The most preferably said BARDI isoforms are selected
from the group comprising isoforms © and k. The detection of autoimmune antibodies is

preferably carried out in vitro on a blood sample obtained from a subject, preferably in serum.



WO 2012/ 023112PCT/ 1B2011/ 053635 36 probability that a subject at high risk
for lung and/or colorectal cancer wll indeed devel op said cancer. "A
phar macewocaldoz3abf ecti ve amount™ refers to an active pognBzhienidcss or
exanpl e chem cal or 5 biological matexsial) which, when admnistered to a
human or ani mal organi sminduces a detectabl e pharnmacol ogi ¢ and/ or
physi ol ogi ¢ effect. The respective pharmaceutically effect anmount can
depend qfiofheSREE! BARISIURDBFhs 4R iRforhfsSdmadk 5 eiﬁt:fa@hﬁ&g%gﬁc%? ab Pcdibrebiapat ed
and on the thod"of adm nistration. The treatnent usually 10conprises a
mul ti pl easctramd thematigams aof setdeeedftoan rhegeodi cahproorgofisQ tDOs: Usull, 1y, 25
intervals of several hours r weeks. The pharmaceutically effective

amount  oP-%> 884 um-t/o8- %\4(193%/ Er@?qr%y thegnggensiire sedqread zem ha §BRIy, si RNA

or aczno . e i n . is in the range of 0.001
ng tg 1%gﬁﬁgggégh§%ﬁ§§?%o§§q&é?%E@’%%Q?héygu ?%Ztlfolbe treateg. It is

under stood that the suitable dosage of an active ingredient of the present
invention will be 15dependent upon the age, sex, health, and weight of the
reci pi et an RinBRIBIENG BisdueseBhNVeHieaDRBRAtes Neptidmsplosind frome theaaropncamprisig

ef fect ' Ok . S 1.C: LAl ' t her apeutd ctd ve
arount o GES0s5 S [V ERE A ALT Rl tne Bl R ARY L ARY YRR Yr
exanpl e thaindl@s®ncan be forrmulated in animal nodels to 20achi eve a
circulating concentration range that includes the 1C50 as determ ned in
cel I0cul ture. Such information can be used to nore accurately deternine
useful dases in humans. Initial, K daoses can also.be estimted f.romd {Vvo
data. o PSR SeoVortd Myt OE2RTrGR St RE 05 B2 HiolP Ripi T S art
One or diNwy:i1BY- &Kdahnlaldorbetled frideotihEoth@adhbats 9REdtEl SBormdbrealt sidcat,i on to 25
humans based on animal data and wll, of course, depend on the subject

bei ng t roeatiavcaneer, plestatsitoness neyroddstyma andleulgemes, througf dateasiogiof dreder , t he

manner of admi nistration d.the j e f the prescri.bin hysi ci an.
Tadn ni rerrstg svigunp SRl Sackits S TR oo RE ESRA Prle BE Cont act
of the [ 3 it |, O 0,1t ] f,ef man.
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The antigens of the present invention can also be contacted with negative control samples
(healthy control blood samples) in order to obtain a base line, which facilitates discrimination

between cancer subjects and healthy subjects (see Examples — Detection of anti-BARD1
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(Table ]1)h'e p'?gslent invention further provides an isolated and/or purified polypeptide comprising SEQ

25 ID NO: 1, a biologically active fragment thereof, or a sequence having at least 95% homology
to SEQ ID NO: 1 for use as a biomarker in the method of the present invention; and an
isolated and/or purified polypeptide comprising SEQ ID NO:2, a biologically active fragment
thereof, or a sequence having at least 95% homology to SEQ ID NO: 2 for use as a biomarker
in the method of the present invention.

30
The present invention also provides an antibody or fragment thereof which binds to an epitope

as set forth in SEQ ID NO: 143 (DTKSRNEVVTPIKGDIPSVEYLLQNGS) on BARD1
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thereof that specifically bind to at least one of the BARD1 isoforms comprising amino acid
sequences selected from the group comprising SEQ ID NOs: 1-7, 105-106, biologically active
fragments thereof, or sequences having at least 95% homology to SEQ ID NOs: 1-7, 105-106,
for use in a method for treating and/or preventing lung cancer and colorectal cancer, and

15  wherein the following antibodies are excluded N19, C20, H300, PVC, WSF, BL, JH2, JH3,
PGP, ELS, KPD, MIQ.

It is also encompassed by the present invention a combination of antibodies or fragments
thereof that specifically bind to different epitopes of at least one of the BARD1 isoforms

20  comprising amino acid sequences selected from the group comprising SEQ ID NOs: 1-7, 105-
106, biologically active fragments thereof, or sequences having at least 95% homology to SEQ
ID NOs: 1-7, 105-106 for use in a method for treating and/or preventing lung cancer and
colorectal cancer, and wherein the following antibodies are excluded: N19, C20, H300, PVC,
WSEF, BL, JH2, JH3, PGP, ELS, KPD, MIQ.

25
The antibody of the present invention can be also used for detecting the BARDI1 isoforms
comprising amino acid sequences selected from the group comprising SEQ ID NOs: 1-7, 105-
106, biologically active fragment thereof, or sequence having at least 95% homology to SEQ
ID NOs: 1-7, 105-106 in tissue samples of a subject, body fluids of a subject, or circulating

30  cells in the blood of a subject.

Preferably said polyclonal or monoclonal antibodies or said combination of antibodies

specifically bind to at least one of the BARDI isoforms comprising amino acid sequences
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selected from the group comprising SEQ ID NOs: 1 and 2, biologically active fragments
thereof, or sequences having at least 95% homology SEQ ID NOs: 1-2.

As used herein, the term "antibody" refers to an immunoglobulin molecule having a specific
structure, that interacts (i.c., binds) only with the antigen that was used for synthesizing the
antibody (for example BARD1 isoforms of the invention) or with an antigen closely related
thereto. Furthermore, an antibody can be a fragment of an antibody or a modified antibody, so
long as it binds to one or more of the proteins encoded by the marker genes. For instance, the
antibody fragment can be Fab, F(ab')2, Fv, or single chain Fv (scFv), in which Fv fragments
from H and L chains are ligated by an appropriate linker (Huston J. S. et al., (1988) Proc. Natl.
Acad. Sci. U.S.A. 85:5879-83.). More specifically, an antibody fragment can be generated by
treating an antibody with an enzyme, including papain or pepsin. Alternatively, a gene
encoding the antibody fragment can be constructed, inserted into an expression vector, and
expressed in an appropriate host cell (see, for example, Co M. S. et al., (1994) J. Immunol.
152:2968-76; Better M. and Horwitz A. H. (1989) Methods Enzymol. 178:476-96.; Pluckthun
A. and Skerra A. (1989) Methods Enzymol. 178:497-515.; Lamoyi E. (1986) Methods
Enzymol. 121 :652-63.; Rousseaux J. et al, (1986) Methods Enzymol. 121 :663-9.; Bird R. E.
and Walker B. W. (1991) Trends Biotechnol. 9:132-7.).

An antibody can be modified by conjugation with a variety of molecules, for example,
polyethylene glycol (PEG). The modified antibody can be obtained by chemically modifying an

antibody. Such modification methods are conventional in the field.

Alternatively, an antibody can comprise a chimeric antibody having a variable region from a
nonhuman antibody and a constant region from a human antibody, or a humanized antibody,
comprising a complementarity determining region (CDR) from a nonhuman antibody, a frame
work region (FR) and a constant region from a human antibody. Such antibodies can be
prepared by using known technologies. Humanization can be performed by substituting rodent
CDRs or CDR sequences for the corresponding sequences of a human antibody {see, ¢.g.,
Verhoeyen et al, (1988) Science 239:1534-6). Accordingly, such humanized antibodies are
chimeric antibodies, wherein substantially less than an intact human variable domain has been
substituted by the corresponding sequence from a non- human species. Fully human antibodies

comprising human variable regions in addition to human framework and constant regions can
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also be used. Such antibodies can be produced using various techniques known in the art. For
example in vitro methods involve use of recombinant libraries of human antibody fragments
displayed on bacteriophage (¢.g., Hoogenboom & Winter, (1992) J. Mol. Biol. 227:381-8).
Similarly, human antibodies can be made by introducing of human immunoglobulin loci into

5  transgenic animals, e.g., mice in which the endogenous immunoglobulin genes have been
partially or completely inactivated. This approach is described, e.g., in U.S. Patent Nos.
6,150,584; 5,545,807; 5,545,806; 5,569,825; 5,625,126; 5,633,425; 5,661,016. Such

antibodies can be prepared by using known technologies.

10 The present invention also provides a recombinant siRNA molecule that binds to a single-
stranded or double stranded RNA molecule, wherein said single-stranded or double stranded
RNA molecule comprises an mRNA that encodes at least one of the BARD1 isoforms
comprising amino acid sequences selected from the group comprising SEQ ID NOs: 1-7, 105-
106, biologically active fragments thereof, or sequence having at least 95 % homology to SEQ

15 ID NOs: 1-7, 105-106 and whereby the expression of said BARDI1 isoforms are inhibited, for

use in a method for treating and/or preventing lung cancer and colorectal cancer.

Preferably said mRNA encodes at least one of the BARD1 isoforms comprising amino acid
sequences selected from the group comprising SEQ ID NOs: 1 and 2, biologically active
20  fragments thereof, or sequences having at least 95% homology to SEQ ID NOs: 1-2.

In the context of the present invention, the sSIRNA (RNA interferent or small interfering RNA)
inhibits or reduces the expression of BARDI1 isoforms. Preferably said isoforms are w, 7’ «, f,
B’, 0, and y; more preferably =, k, B and the most preferably @ and k. Herein, the term "siRNA"
25  refers to a double stranded RNA molecule which prevents translation of a target mRNA.
Usually the siRNA comprises a sense nucleic acid sequence and an anti-sense nucleic acid
sequence against expression of one or more of the BARD1 isoforms comprising amino acids
sequences selected from the group comprising SEQ ID NOs: 1-7, 105-106, biologically active
fragments thereof, or sequences having at least 95% homology to SEQ ID NOs: 1-7, 105-106.
30
In general, siRNA can be isolated. An "isolated" siRNA is one that is removed from its original
environment. For example, a siRNA is considered to be isolated if it is cloned into a vector that

is not a part of the natural environment.
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The siRNA can be constructed fully synthetically and consisting of two complementary single
stranded RNA or biosynthetically. The siRNA is constructed such that a single transcript has
both the sense and complementary antisense sequences from the target gene, (e.g. a single
hairpin RNA or shRNA). Standard techniques for introducing siRNA into the cell can be used,
including those in which DNA is a template from which RNA is transcribed.

Usually, an siRNA that binds to a single-stranded RNA molecule, wherein said single-stranded
RNA molecule comprises an mRNA that encodes at least one of the BARD1 isoforms
comprising amino acids sequences selected from the group comprising SEQ ID NOs: 1-7, 105-
106, biologically active fragments thereof, or sequences having at least 95 % homology to
SEQ ID NOs: 1-7, 105-106, by associating with the normally single-stranded mRNA
transcript, thereby interfering with translation and thus, expression of the BARDI isoforms.
Thus, siRNA molecules of the invention can be defined by their ability to hybridize specifically
to mRNA or cDNA that encodes at least one of the BARD1 isoforms comprising amino acids
sequences selected from the group comprising SEQ ID NOs: 1-7, 105-106, biologically active
fragments thereof, or sequences having at least 95 % homology to SEQ ID NOs: 1-7, 105-
106.

In the context of the present invention, an siRNA is preferably less than 500, preferably less
than 200, more preferably less than 100, even more preferably less than 50, or most preferably
less than 25 nucleotides in length. More preferably an siRNA is about 19 to about 25
nucleotides in length. In order to enhance the inhibition activity of the siRNA, one or more
uridine ("u") nucleotides can be added to 3' end of the antisense strand of the target sequence.
The number of "u's" to be added is at least 2, generally 2 to 10, preferably 2 to 5. The added

"u's" form a single strand at the 3 'end of the antisense strand of the siRNA.

A siRNA of the present invention can be directly introduced into the cells in a form that is
capable of binding to the mRNA transcripts. In these embodiments, the siRNA molecules of
the invention are typically modified as know in the art. Other modifications are also possible,
for example, cholesterol-conjugated siRNAs have shown improved pharmacological
properties. Song, et al, Nature Med. 9:347-51 (2003). Alternatively, a DNA encoding the

siRNA can be carried in a vector.
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Several useful siRNA have been identified. For example siRNA in exon 9 (please refer to Fig.
1A and Fig. 4E) is efficient and lead to proliferation arrest. In another example, using siRNA
within exon 4 is important for BARDI isoform 7 (see Fig. 17). Some useful siRNA are:
K34: CATTCTGAGAGAGCCTGTG (SEQ ID NO. 107)

5 K423: GTGCTCAGCAAGACTCATA (SEQ ID NO. 108)
K401: AAGTCTCTTTACCATTGGCTG (SEQ ID NO. 109)
K78: AAGTGTATGCTTGGGATTCTC (SEQ ID NO. 110)

The present invention further provides a modulator of the biological activity of the BARDI
10 isoforms comprising amino acid sequences selected from the group comprising SEQ ID NOs:
1-7, 105-106, biologically active fragments thereof, or sequences having at least 95%
homology to SEQ ID NOs: 1-7, 105-106, for use in a method for treating and/or preventing
lung cancer and colorectal cancer. Preferably said BARDI isoforms comprise amino acid
sequences selected from the group comprising SEQ ID NOs: 1 and 2, biologically active
15  fragments thereof, or sequences having at least 95% homology to SEQ ID NOs: 1-2.

The modulator of the biological activity of the BARD1 isoforms can be a competitor.
Preferably said competitor is a compound able to disturb interaction between said BARDI
isoforms and a receptor thereof. For example, the competitor can be also an inhibitor or an

20  antagonist. The term “inhibitor” or "antagonist" refers to molecules that inhibit the function of
the protein or polypeptide by binding thereto. The competitor, such as inhibitor or antagonist,
can directly inhibit the interaction between BARDI1 isoforms of the invention and its natural
ligand and/or receptor resulting in disturbed biochemical or biological function of the receptor.
Competitive inhibition is a form of inhibition where binding of the inhibitor prevents binding of

25  the ligand and vice versa. In competitive inhibition, the inhibitor binds to the same active site as
the natural ligand, without undergoing a reaction. The ligand molecule cannot enter the active
site while the inhibitor is there, and the inhibitor cannot enter the site when the ligand is there.
The “biological activity or function” of a protein refers to the ability to carry out diverse
cellular functions and to bind other molecules specifically and tightly.

30
Also in the context of the present invention, a modulator of the biological activity of the
BARDI isoforms of the invention can be preferably microRNA (miRNA) which modulates
gene expression. Applicants found that BARDI1 can be target of many microRNAs. The
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517a M10003161 (SEQ ID NO. 132) ; hsa-mir-517¢ MI10003174 (SEQ ID NO. 133) ; hsa-mir-

15 553 MI0003558 (SEQ ID NO. 134) ; hsa-mir-570 MI0003577 (SEQ ID NO. 135) ; hsa-mir-
576 M10003583 (SEQ ID NO. 136) ; hsa-mir-579 M10003586 (SEQ ID NO. 137) ; hsa-mir-
580 M10003587 (SEQ ID NO. 138) ; hsa-mir-613 MI10003626 (SEQ ID NO. 139) ; hsa-mir-

618 M10003632 (SEQ ID NO. 140).

20  Usually microRNAs are short ribonucleic acid (RNA) molecules, having at least about 22
nucleotides, preferably about 60 to about 100 nucleotides, which can bind to complementary
sequences on target messenger RNA transcript (mRNAS), usually resulting in translational

repression or target degradation and gene silencing.

25  The present invention also includes a method for discriminating lung cancer and colorectal
cancer from gynecological cancers, said method comprising the step of detecting in a biological
sample obtained from a subject at least one of the BARD1 isoforms specific to lung cancer and
colorectal cancer selected from the group comprising

isoform © comprising SEQ ID NO: 1, a biologically active fragment thereof, or a

30  sequence having at least 95% homology to SEQ ID NO: 1, and

isoform k comprising SEQ ID NO:2, a biologically active fragment thereof, or a
sequence having at least 95% homology to SEQ ID NO: 2.
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wherein the presence of said BARDI1 isoforms specific to lung cancer and colorectal

cancer is an indication for lung cancer and/or colorectal cancer.

Another feature useful to discriminate lung cancer and colorectal cancer from gynecological
cancers, 1s that BARD1 isoform a is absent in lung cancer and colorectal cancer. The amino
acid sequence of BARD1 isoform o is known from PCT/EP2008/053881. Thus optionally, said
method further comprises detecting in said sample BARD1 isoform a, a biologically active
fragment thereof, or a sequence having at least 95% homology BARD1 isoform a, wherein the
absence of said BARDI isoform o is an indication that said subject is not afflicted with lung

cancer and/or colorectal cancer.

Preferably, gynaecological cancers are a group of different malignancies of the female
reproductive system. The most common types of gynaecologic malignancies are cervical
cancer, ovarian cancer, and endometrial (uterus) cancer. There are other less common
gynaecological malignancies including cancer of the vagina, cancer of the vulva, gestational
trophoblastic tumours, and fallopian tube cancer. In the context of the present invention, breast

cancer is also included in gynaecological cancers.

The present invention further provides a kit for detecting the presence of BARDI1 isoforms
specific to lung cancer and colorectal cancer in a sample obtained from a subject, comprising

at least one polynucleotide primer or probe wherein said polynucleotide primer or
probe is specific for a polynucleotide that encodes at least one of the BARD1 isoforms
comprising amino acid sequences selected from the group comprising SEQ ID NOs: 1-7, 105-
106, biologically active fragments thereof, and/or sequences having at least 95% homology to
SEQ ID NOs: 1-7, 105-106, and/or

combination of antibodies or fragments thereof that specifically binds to different
epitopes of at least one of the BARD1 isoforms comprising amino acid sequences selected
from the group comprising SEQ ID NOs: 1-7, 105-106, biologically active fragments thereof,
or sequences having at least 95% homology to SEQ ID NOs: 1-7, 105-106, and/or

at least one peptide selected from the group comprising SEQ ID NOs: 13 to 80.
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Preferably said BARD1 isoforms comprises amino acid sequences selected from the group
comprising SEQ ID NOs: 1-22, biologically active fragments thereof, or sequences having at
least 95% homology to SEQ ID NO: 1-2.

5 Polynucleotide that encodes at least one of the BARDI1 isoforms is a polynucleotide

comprising nucleic acid sequences selected from the group comprising SEQ ID NO: 8 (isoform
7), SEQ ID NO: 9 (isoform k), SEQ ID NO: 10 (isoform ), SEQ ID NO: 11 (isoform 0),
SEQ ID NO: 12 (isoform v), SEQ ID NO: 141 (isoform "), SEQ ID NO: 142 (isoform f3’);
preferably nucleic acid sequences selected from the group comprising SEQ ID NO: 8 and 9.

10
Primers, probes, and/or antibodies can be packaged together along with other necessary
detection reagents in the form of a kit. For example, they can be packaged in separate
containers, ¢.g., a nucleic acid or antibody (either bound to a solid matrix or packaged
separately with reagents for binding them to the matrix), a control reagent (positive and/or

15 negative), and/or a detectable label. Instructions (e.g., written, tape, VCR, CD-ROM, etc.) for

carrying out the detection can also be included in the kit.

The present invention also encompasses vaccines and vaccination methods. For example,
methods of treating or preventing lung cancer and/or colorectal cancer in a subject suffering

20  from said cancer can involve administering to the subject a vaccine composition comprising

one or more of the BARDI1 isoforms comprising amino acids sequences selected from

the group comprising SEQ ID NOs: 1-7, 105-106, a biologically active fragment thereof, a
sequence having at least 95% homology to SEQ ID NOs: 1-7, 105-106 or an immunologically
active fragment thereof,

25 or one or more peptide (antigen) selected from the group comprising SEQ ID NO:13
to 80.
Preferably said BARD1 isoforms comprise amino acids sequences selected from the group
comprising SEQ ID NOs: 1-2, a biologically active fragment thereof, a sequence having at
least 95% homology to SEQ ID NOs: 1-2 and said peptide are selected from the group

30  comprising SEQ ID NOs: 16, 17, 18, 23, 59-67, 68, 69, 74, 75, 76-80.

In the context of the present invention, an immunologically active fragment is a polypeptide

that is shorter in length than the full-length naturally-occurring protein, for example one of
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BARDI1 isoforms, yet which induces an immune response analogous to that induced by the
full-length protein. For example, an immunologically active fragment should be at least 8
residues in length and capable of stimulating an immune cell, for example, a T cell or a B cell.
Immune cell stimulation can be measured by detecting cell proliferation, elaboration of

5  cytokines (e.g., IL-2), or production of an antibody. See, for example, Harlow and Lane, Using
Antibodies: A Laboratory Manual, 1998, Cold Spring Harbor Laboratory Press; and Coligan,
et al., Current Protocols in Immunology, 1991-2006, John Wiley & Sons.

The present invention also includes a pharmaceutical composition for the treatment or
10  prevention of lung cancer and/or colorectal cancer in a subject suffering from said cancer,
wherein said composition comprises a pharmaceutically effective amount of an antibody of the

present invention.

The present invention further includes a pharmaceutical composition for the treatment or
15  prevention of lung cancer and/or colorectal cancer in a subject suffering from said cancer,
wherein said composition comprises a pharmaceutically effective amount of a siRNA of the

present invention.

The present invention further encompasses a pharmaceutical composition for the treatment or
20  prevention of lung cancer and/or colorectal cancer in a subject suffering from said cancer,

wherein said composition comprises a pharmaceutically effective amount of a modulator

according to the present invention. Preferably said modulator is microRNA, which modulates

gene expression.

25  “Treatment” refers to both therapeutic treatment and prophylactic or preventative measures.
Those in need of treatment include those already with the disorder, such as lung and/or
colorectal cancer, as well as those in which the disorder is to be prevented. Hence, the
mammal, preferably human to be treated herein may have been diagnosed as having the
disorder or may be predisposed or susceptible to the disorder, such as lung and/or colorectal

30  cancer.

“Prevention” as used herein means that the administration of the modulator(s), siRNA and/or

antibodies as described in the present invention results in a reduction in the likelihood or
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probability that a subject at high risk for lung and/or colorectal cancer will indeed develop said

cancer.

“A pharmaceutically effective amount” refers to an active ingredient (for example chemical or
biological material) which, when administered to a human or animal organism induces a

detectable pharmacologic and/or physiologic effect.

The respective pharmaceutically effect amount can depend on the specific subject to be treated,
on the disease to be treated and on the method of administration. The treatment usually
comprises a multiple administration of the pharmaceutical composition, usually in intervals of
several hours, days or weeks. The pharmaceutically effective amount of a dosage unit of the
active ingredient, such as antibody, siRNA or a modulator of the present invention, usually is in
the range of 0.001 ng to 100 mg per kg of body weight of the subject to be treated. It is
understood that the suitable dosage of an active ingredient of the present invention will be
dependent upon the age, sex, health, and weight of the recipient, kind of concurrent treatment,

if any and the nature of the effect desired.

For systemic administration, a therapeutically effective amount or dose can be estimated
initially from in vitro assays. For example, a dose can be formulated in animal models to
achieve a circulating concentration range that includes the IC50 as determined in cell culture.

Such information can be used to more accurately determine useful doses in humans.

Initial doses can also be estimated from in vivo data, ¢.g. animal models, using techniques that
are well known in the art. One ordinarily skill in the art could readily optimise administration to
humans based on animal data and will, of course, depend on the subject being treated, on the
subject’s weight, the severity of the disorder, the manner of administration and the judgement

of the prescribing physician.

“Administering”, as it applies in the present invention, refers to contact of the pharmaceutical

compositions to the subject, preferably a human.
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The pharmaceutical composition may be dissolved or dispersed in a pharmaceutically
acceptable carrier well known to those skilled in the art, for parenteral administration by, e. g.,

intravenous, subcutaneous or intramuscular injection or by intravenous drip infusion.

As to a pharmaceutical composition for parenteral administration, any conventional additives
may be used such as excipients, adjuvants, binders, disintegrants, dispersing agents, lubricants,
diluents, absorption enhancers, buffering agents, surfactants, solubilizing agents, preservatives,

emulsifiers, isotonizers, stabilizers, solubilizers for injection, pH adjusting agents, etc.

Acceptable carriers, diluents and adjuvants which facilitates processing of the active
compounds into preparation which can be used pharmaceutically are non-toxic to recipients at
the dosages and concentrations employed, and include buffers such as phosphate, citrate, and
other organic acids; antioxidants including ascorbic acid and methionine; preservatives (such as
octadecyldimethylbenzyl ammonium chloride; hexamethonium chloride; benzalkonium
chloride, benzethonium chloride; phenol, butyl orbenzyl alcohol; alkyl parabens such as methyl
or propyl paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and m-cresol); low
molecular weight (less than about 10 residues) polypeptides; proteins, such as serum albumin,
gelatin, or immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino acids
such as glycine, glutamine, asparagine, histidine, arginine, or lysine; monosaccharides,
disaccharides, and other carbohydrates including glucose, mannose, or dextrins; chelating
agents such as EDTA; sugars such as sucrose, mannitol, trehalose or sorbitol; salt-forming
counter-ions such as sodium; metal complexes (e.g. Zn-protein complexes); and/or non-ionic

surfactants such as TWEEN®, PLURONICS® or polyethylene glycol (PEG).

The form of administration of the pharmaceutical composition may be systemic or topical. For
example, administration of such a pharmaceutical composition may be various parenteral
routes such as subcutancous, intravenous, intradermal, intramuscular, intraperitoneal,
intranasal, transdermal, buccal routes or via an implanted device, and may also be delivered by

peristaltic means.

The pharmaceutical composition comprising an active ingredient of the present invention may

also be incorporated or impregnated into a bioabsorbable matrix, with the matrix being
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administered in the form of a suspension of matrix, a gel or a solid support. In addition the

matrix may be comprised of a biopolymer.

Sustained-release preparations may be prepared. Suitable examples of sustained-release
preparations include semi permeable matrices of solid hydrophobic polymers containing the
antibody, which matrices are in the form of shaped articles, e.g. films, or microcapsules.
Examples of sustained-release matrices include polyesters, hydrogels (for example, poly(2-
hydroxyethyl-methacrylate), or poly(vinylalcohol)), polylactides (U.S. Pat. No. 3,773,919),
copolymers of L-glutamic acid and [gamma] ethyl-L-glutamate, non-degradable ethylene-vinyl
acetate, degradable lactic acid-glycolic acid copolymers such as the LUPRON DEPOT(TM)
(injectable microspheres composed of lactic acid-glycolic acid copolymer and leuprolide

acetate), and poly-D-(-)-3-hydroxybutyric acid.

The formulations to be used for in vivo administration must be sterile. This is readily

accomplished for example by filtration through sterile filtration membranes.

Those skilled in the art will appreciate that the invention described herein is susceptible to
variations and modifications other than those specifically described. It is to be understood that
the invention includes all such variations and modifications without departing from the spirit or
essential characteristics thereof. The invention also includes all of the steps, features,
compositions and compounds referred to or indicated in this specification, individually or
collectively, and any and all combinations or any two or more of said steps or features. The
present disclosure is therefore to be considered as in all aspects illustrated and not restrictive,
the scope of the invention being indicated by the appended Claims, and all changes which come

within the meaning and range of equivalency are intended to be embraced therein.

The foregoing description will be more fully understood with reference to the following
Examples. Such Examples, are, however, exemplary of methods of practising the present

invention and are not intended to limit the scope of the invention.
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staged according to American Joint Committee on Cancer classification. All patients were

informed and compliance was obtained as well as approval of the local ethical committees.

A total of 168 cases with colorectal cancer containing 20 cases from Cagliari and 148 cases

from Germany were examined (Table 2). Twenty cases from Cagliari including both tumor

tissue and their adjacent morphologically normal tissue (peri-tumor) samples were used for

reverse-transcriptase PCR detection. 148 cases with colorectal cancer from Germany were

DNA purification.

074

used for immunohistochemistry on tissue arrays. These 168 cases were composed of 106 colon

cancers and 62 rectal cancers, they were all adenocarcinomas. The patients were 93 males and

75 females, with age at diagnosis ranging from 33 to 78 years (median age, 61 years). 21

patients had stage I disease, 34 stage 11, 50 stage III, and 23 stage IV; the remaining 40

patients were of unknown stage since the primary tumor or/and the regional lymph nodes

or/and distant metastasis could not be assessed. Ten patients had well differentiated (G1), 116

moderately differentiated (G2), and 38 poorly differentiated (G3) tumors; the remaining 2

patients were unspecified (GX).

The sections used for immunochemical staining were tissue microarrays with tetramerous for

cach case. 75 of 148 cases had follow-up records, follow-up was from one to 72 months, and



QzZI 06 06 09 09 09 v a ."0 ,...... , 414 9S 9S 9S 9S 9S 9S 9S 9S 9S 9S
C.) =rS 60SlI 08ZZ Sl 8l
WO 2012/023112 PCT/IB2011/053635
41

remaining 73 patients had no survival data. Of these 75 patients with follow-up records, 22

were dead, 48 were lost, and five were still alive during last follow-up period.

Table 2. Patient characteristics of colorectal cancer

5
Samples Germany | Cagliari | Total
Cases 148 20 168
Gender | Male 83 10 93
Female 65 10 75
Age Range 41-97 33-73 33-97
Median 73 60.5 71
Normal (peri-tumor) 0 20 20
Tumor 148 20 168
Histology | Adenocarcinoma 148 20 168
Grade Well-differentiated 10 0 10
Moderately differentiated 105 12 117
Poorly differentiated 32 6 38
Undifferentiated 0 0 0
Unspecified 1 2 3
Tumor T1 3 1 4
T2 32 4 36
T3 69 13 82
T4 42 2 44
TX 2 0 2
Node NO 74 7 81
N1 34 7 41
N2 36 6 42
N3 1 0 1
NX 3 0 3
Metastasis | MO 101 15 116
M1 44 5 49
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MX 3 0 3
Stage I 26 4 30
II 38 3 41
I 35 9 44
v 44 4 48
Unknown 5 0 5
Immunohistochemistry

Immunohistochemistry was performed on adjacent sections with antibodies against different
regions of BARD1 and against BRCAI.

Antibodies against different regions of BARDI1 used, namely N19 (exon 1) (sc-7373) and C20
(exon 11) (sc-7372), were purchased from Santa Cruz (Santa Cruz Biotechnology, Santa
Cruz, CA), PVC (exon 3) and WSF (begin of exon 4) were generated and applied as described
previously (Irminger-Finger I et al., Mol Cell 8:1255-66, 2001 ; Feki A et al., Oncogene
24:3726-36, 2005 ; Hayami R et al., Cancer Res 65:6-10, 2005 ; Li L et al., Int J Biochem Cell
Biol 39:1659-72, 2007 ; Redente EF et al., Anticancer Res 29:5095-101, 2009 ; Fabbro M et
al., J Biol Chem 277:21315-24, 2002). Antibodies against BRCA1 were from Santa Cruz
(D16; Santa Cruz Biotechnology, Santa Cruz, CA). Staining was visualized by secondary
antibodies (goat antirabbit or rabbit antigoat) conjugated with HRP were applied in 1:100
dilutions at room temperature for 1 hr. DAB staining was for 2 to 15 min at room temperature.
Slides were counterstained with hematoxylin before dehydration and mounting. To ascertain
sensitivity and specificity, immunohistochemistry was performed omitting the primary
antibodies on control sections. To quantify expression of BARD1 or BRCAI, 4 different
regions were chosen for each tumor section; the percentage of positive cells and intensity of
staining were combined to calculate an average score of each sample. Three persons performed
this quantification independently and without any knowledge of clinical data.

For immunohistochemistry performed on mice with induced lung cancer, treated and age-
matched untreated mice were sacrificed after 16, 24, and 32 weeks, and tumors dissected and
analyzed by immunohistochemistry using antibodies PVC, WFS, and C20 on two control and

three tumor bearing mice. Analysis and quantification was as described for human samples.

Formalin-fixed and paraffin-embedded 5 um tissues sections were de-paraffinized in xylene and

re-hydrated through descending ethanol concentrations (100% alcohol, 95% alcohol, 70%

(9



7S7Z (Itxa) ZSZZ (1txa) ZSZZ Sequence 5 ATTGCAGGCTGGGTTTGCACTGAAG 3' ( SEQ
ID NO 95) 5 TTTTGATACCCGGIGGTGIT 3' (SEQ ID NO. 96) 5'

CGAACCCTGYGRGO®E®ATA 3' (SEQ ID NO 97) 5' CGAACCCTCTCTBGEIBATA0SB63Y SEQ | D
NO 98) 5 CGAACCCTCTCTGGGTGATA 3' (SBQ ID NO 99) 5 CGAACCCTCTCTGGGTGATA

mﬁ?@é@&%‘#&g &eﬁ%é%%%b%@%%m 33%&@%% FORGERT aé'“% SEQ I D

NG 103)ed0 ge%%@ég%%d%hdes were incubated overnight at 4°C in a

humidifying chamber with the first antibody after BSA (bovine serum albumin) blocking of the
non-specific epitopes. The primary antibodies used for BARDI detection were N19 (sc-7373,
5  Santa Cruz Biotechnology) (1: 25 diluted), PVC (1: 100 diluted), WFES (1: 100 diluted), and

C20 (sc-7372, Santa Cruz, CA) (1: 20 diluted), which recognize epitopes in exons 1, 3, 4, and
11, respectively; BRCAT antibody was C20 (sc-642, Santa Cruz Biotechnology) (1:100
diluted), recognizing BRCA1 C-terminal epitopes. Secondary antibodies (goat anti-rabbit or
rabbit anti-goat) conjugated with horse radish peroxidase (HRP) were applied in 1:100

10 dilutions at room temperature for 1 hour. Then diaminobenzidine (DAB) staining was
permitted for maximum 15 minutes at room temperature. Slides were counter-stained with
hematoxylin before de-hydration and mounting. To ascertain sensitivity and specificity,
immunohistochemistry was performed omitting the primary antibodies on control sections.
Expression levels of BARD1 and BRCA1 were measured semi-quantitatively. Staining was

15  scored using intensity and percentage of the stained tumor cells. The value of the staining
intensity and positive cell percentage were multiplied to get the final staining score. The total
staining score of each antibody is from 0 to 100, 25 or less staining score is definited negative

X

staining (“-”’), more than 25 is definited positive staining (“+”), and it was distinguished “+”,
“++7, and “+++” according to the total staining score more than 25 to 50, more than 50 to 75,

20  and more than 75. For statistical analysis, only positive versus negative cases were considered,
except the correlation of different antibodies staining using staining score. Four different
regions were chosen for each tumor section and scored independently by three observers (Y,Z;

L,L and J,W) without knowledge of clinical data.

25 RNA/RT-PCR analysis
RT-PCR was performed to qualitatively determine the expression of different isoforms and to
investigate their structure. RNA was isolated from frozen tissue sections using Trizol reagent.
Chloroform (0.1 ml) was added and samples centrifuged at 14,000 g for 15 min at 4 °C to
separate the phases. The aqueous phase was transferred to an RNase-free Eppendorf tube, and
30  an equal volume of isopropanol added for RNA precipitation. The RNA pellet was washed
with 75 percent ethanol and dissolved in 20 ul RNase-free water. Concentrations were

measured to ascertain that D260/D280 ratios were at least 1.8.



(SEQ ID NGO 104) Forward primer = 0S 0. (j x) 8Z- (I xa) 8Z- (I xa) 8Z- 438
(Ex 4) 461 (Ex 4) 783 (Ex 4) 986 (Ex4) 1280 (Ex4) (Sxa) 8LI (9 xa) 'ft'
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15
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For reverse transcription, 1 ug of RNA was used in 21 pul of reverse transcriptase buffer
containing 1 ul of ANTPs (10 mM), 1 ul of oligo dT, 2 ul of DTT (0.1 M), 4 ul of first-stand
buffer and 1 ul of Superscript II. Reactions were performed at 65 °C for 5 min, followed by 42
°C for 2 min, 42 °C for 50 min, and 70 °C for 15 min. Two ul cDNA was used as a template
for PCR with different primers.

Estrogen Receptor o (ERa) was amplified using annealing temperature 56°C and extension
times 1 min with primers 5’~ACAAGCGCCAGAGAGATGAT-3’ (SEQ ID NO: 81) and 5°-
GATGTGGGAGAGGATGAGGA-3’ (SEQ ID NO: 82). Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was amplified as internal control with primers 5°-
AGCCACATCGCTCAGACACC-3’ (SEQ ID NO: 83) and 5°-
GTATCTAGCGCCAGCATCG-3’ (SEQ ID NO:84). The same volume of PCR product was
used on agarose/TBE gels (0.8% for FL, 1% for others) containing 0.1ug/ml ethidium bromide
(EtBr) for analysis the same size fragment of BARDI (20 ul for exon 1-11, 10 ul for exon 1-4,
5 ul for others) and visualization under UV light.

PCR products (10 ul) were analyzed on 1% of agarose/TAE gels supplemented with ethidium
bromide and visualized under UV light. Please refer to Table 3 for a complete list of primers
and conditions.

The QIAEX II kit (Qiagen, Hombrechtikon, Switzerland) was used for DNA purification.

Sequencing was performed with internal BARD1 primers.



GAGGAGCCTTTCATCCGAAG

(SEQ ID NO 87) 5'
(SEQ ID NO 88) 5' GTCAGATATGPTETEAGTABAGCTTC3'

(SEQ ID NO 90) 5'

(SEQ ID NO 85) 5'

GAGGAGCCTTTCATCCGAAG 3'
GAGGAGCCTTTCATCCGAAG 3!
AGCAAGTGCECTCCTTGAGAG 3!

Sequence 5'

(SEQ ID NO 86) 5'
GI TTAGCCGVOGARBEMAGAAAG 3!
(SEQ ID NO 89) 5
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test. For all calculations, the tests were two-sided, and a value of P <
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were analyzed for each time point.

Statistical analysis

25  The Spearman’s correlation coefficient p was used to assess the correlation between
expression levels of BARDI1 and BRCAL epitopes. The %2 test was used to compare the
percentage of positive cases in tumor versus peritumor tissues, and correlation of positive
cases of BARDI expression with clinical variables. The T-test was used to measure the
correlation of BARDI1 expression level with clinical variables. For associations with survival,

30  patients were further placed into two groups according to their BARD1 expression levels.
Survival differences were estimated using Kaplan—Meier method and compared by the log-rank

test. For all calculations, the tests were two-sided, and a value of P < 0.05 was considered
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an indeﬂéng@ﬁ%’brognostlc significance. In the univariate analysis,
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17080 If&r MIouPartbodicd wadoBerveMlin the majority of tumors (Fig. 1A-E). Staining of adjacent

10  sections showed that different epitopes were expressed in different regions of tumor sections
and in different sub-cellular compartments (Fig. 1B-D), suggesting that different isoforms of
BARDI1 were expressed within a single tumor. Typically, BARD1-N19 (exon 1) and C20
(exon 11) showed cytoplasmic granular staining and were co-localized to the same regions of a
tumor. BARD1 PVC (exons 3) and WFS (exon 4) immunostainings were diffuse and in the

15  cytoplasm. These differences in intensity and intracellular localization of stainings suggested
that expression of all four epitopes did not reflect the expression of wild type BARDI, but

rather the simultaneous expression of different isoforms.

The expression levels of N19 and C20 strongly correlated with each other, as was the case for
20  PVC and WEFS (Fig. 1F), but other antibody staining patterns did not correlate. Thus it could
be concluded that N-terminally and C-terminally truncated forms, as well as forms with internal
deletions, are expressed in NSCLC. Particularly, the WFES (5’end of exon 4) staining was
upregulated in many lung cancers, in contrast to the epitope expression pattern observed for

ovarian cancers, where WFS staining was rare.

25
BRCA1 and BARD1 co-expression in adjacent tissue sections (Fig. 1B-D) was investigated.
BRCAT1 was expressed in 66.7% of NSCLC samples, but it did not correlate with expression
of any the BARDI1 epitopes. As BRCAL is not co-expressed with BARD1, these data suggest
that functions of the BRCA1-BARD1 heterodimer are lost in NSCLC.

30

BARDI expression in tumor and normal peri-tumor tissue was observed, although more
elevated in tumors (Fig. 2A; Fig. 5). Expression was generally higher in tumors from female

than from male patients (Fig. 2B).
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The expression of specific BARDI epitopes was less frequent in adenocarcinomas than in non-
adenocarcinomas (including squamous cell carcinoma and large cell carcinoma) (Fig. 2C).
However, no correlation of antibody staining with tumor grade and stage was found (data not

shown).

Individual epitopes of BARD1 expression and expression pattern with disease free survival
(DFS) and overall survival (OS) in 65 patients with follow-up data was also evaluated. Patients
with individual PVC and WES positive staining had significantly shorter DFS and shorter OS
than those with negative staining. Most importantly, patients with PVC and WFS
simultaneously positive staining pattern showed a very shorter survival compared with those
who had different combinations. No correlations were observed between N19, C20, and other

staining patterns and either DFS or OS.

Univariate and multivariate analysis using Cox’s proportional hazards model were performed
to evaluate whether the markers analyzed have an independent prognostic significance. In the
univariate analysis, pathologic stage also showed prediction of DFS and OS (Table 5). The
pathologic stage and another two possible prognostic factors, histologic type and patient
gender, were entered into a multivariate model. This latter analysis showed that individual PVC
and WFS positive staining, PVC and WFS simultaneously positive staining pattern, and

pathologic stage preserve independent prognostic significance for both DFS and OS (Table 5).



1000 L91'0 L8.0

‘0

0 00.0 Z09.0 61780 00.0 Z |

61780 SOO '

cL,

Sl

171170

PCT/IB2011/053635

WO 2012/023112

50

"SUOTJBUIQUIOD JOYIO [[B ‘S.2470 “ewiouIdIed [[90 9818] puB BWOUIOIRD [[99 snowenbs Surpnjoul )y

-UOU SeTIOUIdIROOURPE ) Jururels dAne3ou ‘Sau 3ururels dAISOod ‘sod ‘onfeA — g ‘g [BAIRIUL JJUIPPUOD %SG “TD %SE ‘onel piezey ‘Y[ 910N

$08°0 | LTT-SE0 63°0 P10 08°2-59°0 ST O[EUId) SA SR
LSS0 8T'T¥9°0 171 LEY'0 €8'1-19°0 90'1 09 < SA (9 > (S1e9K) 9By
8900 | 99'€-96'0 LT L9T°0 99'CT-¥8°0 0S'T T'1sAp ‘¢ opeID
pZ10 | vI'I-€€°0 790 T€T0 Y1110 Lo DV-UoU SA DY
0000 | T0'L-S8'T 09°¢ 100°0 LS 19T 0°¢ 11 ‘T SA Al ‘111 93818
160°0 18°€-160 98'T €210 LLETTT 70T s10y30 sA sod SqQV {
L100 | 9vL-TTl 20°¢ €000 96'9-6%'1 e s10130 sA sod SIM Pue DA
1180 | L92-9%0 111 6¥8°0 TE€T-05°0 80T s19730 sA sod 07D pue 6IN
180 | ¢I'v-15°0 Sp'l 209°0 86°C-€5°0 9T’ ou sa sod 07D
LY0'0 | 009-10°T LY'T €000 L9L-0S'T 6£°¢ ou sa sod SIM
2100 | T9I-1p'1 6Ly 000 L86°0S'T 8¢ 8ou sa sod DA
1180 | L92-9%0 111 6¥8°0 TE€T-05°0 80T ou sa sod 6N

d 1D %S6 IH d 1D %S6 ¥H S10)01poId

SO sdd

e1ep dn-morroy g syudned HTHSN $9 UI [BAIAINS JO SISAJRUR JJBLIBAIU() *§ B,




0.53-2.98 0.50-2.32 969-617'1

L9' L- Qg

I D %6 0.50-2.32 L8.6-0C |

80'i1 178

201 -1
PCT/IB2011/053635

1.11-3.77 1.61-5.72 0.41-1.24 0.84-2.66 8.1-19.0 087-C9'0

80WD 26/023140' Z 170

1

ZLO O g '

9Zi

6*

51

(xos pue o3e3s ‘A3010ysed)

[opow oy ut $10301paxd I10Y10 o3 [[B 10F pASnpe YH . "SUONBUIQUIOD JAYIO [[B ‘SL2y70 BWIOUIdIRD [0 9318] PUB BWOUIdIRD [[90 snowenbs urpnjour

‘D p-uou eWOUIdIBIOUIPE ‘D) “Jururels dAne3ou ‘Saou 3ururels dANISOd ‘sod onfeA — g ‘g [BAIRIUI OUIPPUOD %SG ‘TD %S6 ‘0wl paezey ‘Y 910N

8L9°0 1€¢-9%70 el L8TO 9C°¢-0L0 4! SBWJ SA 9B
61y 0 97590 1¢'1 8IL°0 80°C-09°0 40! JV-uou sA )y
0000 v0'8-C6'1 t6'¢ 0000 90°L-6L'1 9¢°¢ IT ‘T SA AT ‘TIT 93838
¥20°0 v6' L9011 t0'¢ ¢00°0 S6 L VS'1 05°¢ 510730 sA sod SIM pue DA
S¥9°0 6¢¢LY 0 9C'1 444 6¢ ¢ L0 851 S[BWJ SA 9[BJA
9¢¢0 $8°C0L0 11 8990 11°C-29°0 4N JV-uou sa )y
0000 SI'8¥6'1 L6'C 0000 117°L-98'1 IL°¢ IT ‘T SA AT ‘TIT 93838
9600 59860 (4 X4 <000 r0'6-19°1 18°¢ 539U SA sod SIM
$98°0 06T 1¥0 601 L9¢°0 £0'€-990 44! S[BWJ SA 9[BJA
8¢C0 10°¢€-9L°0 [ 87¢ 0 8Y'CT-¢L0 ve'l JV-uou sa )y
£00°0 009-9%'1 96'C 6000 S8 V9T Ly'T IT ‘T SA AT ‘TIT 93838
7900 1'CI-£6°0 9¢'¢ 7¢0°0 v6'L-60°1 v6'C 439U A sod DAJ

d 1D %56 dH d 1D %56 dH SI0}91Pald

SO S4d

e1ep dn-mofjoy Yy sjuoned HTHSN SO UT [BAIAINS JO SISA[BUE JJRLIBAIINA *S Qe L




90'1 g° 1 Predictors N19 pos vs neg PVC pos vs neg WFS pos vs neg C20 pos
vs neg N19 and C20 pos vs others PVC and WFS pos vs others 4 Abs pos vs

ot hers StwgeoiZd23iikV vs |, Il AC vs non-AC Grade 3, 4 veCI/IBRDIAgS6§years) <
60 vs > 60 Male vs female 51 SO cls2 17900 00.0 8z*0 g98.0

In another example of the present invention, a correlation of BARDI isoforms with initiation
and progression of lung cancer was showed, wherein BARD1 expression in experimentally
induced lung cancer was monitored. Multiple injections of urcthane into BALB/c mice induce
5  primary lung tumors progressing into adenocarcinomas. This treatment leads to macroscopic
tumors at 16 weeks; they become larger at 24 weeks, and invade into normal adjacent tissue
after 32 weeks. Normal tissues and tumor regions at all stages were selected and scored the
antibody staining (Fig. 3). Consistently, expression of PVC and WFS was weak, and C20 was
strong in control animals. This pattern was similar in 16 weeks tumors. However, in 24 week

10 tumors, PVC and WFS expressions increased in comparison to C20 and were highly
upregulated in 32 week tumors. These experiments demonstrate that the BARD1 expression
pattern changes during different stages of tumorigenesis and suggest that BARD1 epitopes
mapping to exons 3 and 4 may be involved in tumor promotion and progression towards an
invasive stage.

15
The structure of different isoforms expressed in NSCLC was determined by RT-PCR with
primers amplifying the entire BARD1 coding region from samples of 10 female and 10 male
patients. RNA was extracted from tumor tissue and from normal peri-tumor tissue. Normal
lung control tissue was obtained from patients with benign respiratory pathologies. BARD1

20  expression in normal lung was absent or very low; only weak expression of BARD1 was found
in controls by RT-PCR (Fig. 4A) and by immunohistochemistry (data not shown). RT-PCR
from NSCLC patients showed expression of FL BARD1 and several different isoforms thereof
in most tumor and peri-tumor samples. In most cases, the specific expression pattern of FL
BARDI and isoforms were identical in normal peri-tumor and tumor tissues (Fig. 4B).

25  To distinguish isoforms of similar molecular weight, RT-PCR was performed with primers
amplifying the exons 1 and 4, or 1 and 6. It was found, in addition to FL. BARDI, the
expression of already know isoform [, but not o (WO 2008/119802) and additional two new
isoforms k and &t (Fig. 4B, C, E, Fig. 6 and Fig. 7).

30  The expression of isoforms obtained by RT-PCR in female and male cases was quantified. FL
and isoforms were similarly expressed in tumors and in peri-tumor tissue, in contrast to the
significant upregulation of BARD1 isoforms at the protein level (Fig. 1A and Fig. 5).

Expression of isoforms BARDI1 and « was significantly upregulated in males as compared to
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females (P < 0.05), while expression of isoforms BARDIn, BARD1y, and BARD1¢ was

upregulated in females as compared to males (Fig. 7).

In another example of the present invention, ERa expression was found in all lung tissues from
females and males, both in normal and peri-tumor tissues (Fig. 4D), which suggests that

BARDI isoforms might be related to estrogen signalling in NSCLC.

I1I - Results

BARDI expression in colorectal cancer was investigated by performing IHC on tumor sections
from 148 paraffin-embeded tissue samples of colorectal cancer presented as tissue microarray
with tetramerous for each of the cases (Table 2). One hundred and forty-five cases were
eligible for analysis after IHC assay, and they were analyzed in this study. Four antibodies
(N19, PVC, WES and C20) against different regions of BARD1 (exon 1, exon 3, exon 4 and
exon 11, respectively) were used to distinguish different BARD1 epitopes on adjacent tissue
sections (Fig. 1A). BRCA1 expression was also investigated using BRCA1 C20 antibody
against C-terminal epitope of BRCAL.

The positive staining for each of the four antibodies was variable in colorectal cancer (Fig.
9A). BARDI1 N19, PVC, WEFS and C20 staining were classified as positive in 36 (24.8%), 122
(84.1%), 129 (89%) and 61 (42.1%) cases of colorectal cancer, respectively. 142 cases were
observed with at least one antibody positive staining, and no expression of BARD1 was found
in only three cases (Fig. 9B). In other words, 97.9% (142 of 145) of colorectal cancer cases
expressed at least one epitope of BARDI.

Although in principle 16 different combinations for expressing of the 4 epitopes are possible,
only three major combinations were found (Fig. 9B). These 3 BARD1 expression patterns in
colorectal cancer included: expression of only the middle epitopes was the most frequent
(38.6%) (Fig. 2B, D), staining for all four antibodies was the second (18.6%) (Fig. 8B, C, E),
loss of the N-terminal epitope was third (17.9%) (Fig. 8B, F) most frequently observed

expression pattern.

Like BARDI1 expression in NSCLC tissues, it was found that all four antibodies staining were

cytoplasmic but in different regions. BARD1 N19 and C20 showed granular staining, while
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PVC and WFS showed diffuse staining, and they were colocalized to the same cells or same
regions, respectively (Fig. 8C-F). To investigate this further, the expression pattern obtained
with each antibody was quantified and compared the results. Strong correlation was observed
between expression levels of N19 and C20 (p = 0.71; P = 0.000). Others, comparisons such as
PVC and WFS (p = 0.39; P =0.000), PVC and C20 (p = 0.36; P =0.000), and WFS and C20
(p=0.27; P=0.001) showed weak correlations. No correlation was found between N19 and

PVC, and N19 and WFS staining (Fig. 10A).

From the different epitope expression levels, the intracellular localization, the intensity of
staining with different antibodies, the correlated or uncorrelated expression of different
BARDI epitopes, and the expression patterns with four antibodies against different BARD1
epitopes, it was possible to conclude that N-terminally and C-terminally truncated forms, loss
of the N-terminus forms, as well as forms which contain the four epitopes reactive with

antibodies used in this study, were expressed in colorectal cancer.

IV - Non-coordinate expression of BARD1 and BRCA1

Unlike BARD1, BRCALI staining showed both cytoplasmic and nuclear granular staining
within the same cell (Fig. 8C). BRCAI positive staining was observed in 22.1% (32 of 145) of
colorectal cancer cases, while N19 positive staining was observed in 24.8% (36 of 145) cases.
Interestingly, only 7 of 61 cases (11.5%) that were N19 positive were also BRCAL1 positive.
Moreover, no correlations were found between BRCA1 expression and distinct epitopes of
BARDI expression (Fig. 10B). These results demonstrated that BRCA1 expression was not

coordinated with BARDI1 in colorectal cancer.

V - Correlation of BARDI1 protein expression with clinicopathological characteristics
and patients prognosis

Frequency of N19 positive staining was significantly associated with female sex (P = 0.014)
(Fig. 11A), this is consistent with the results that BARD1 N19 over expressed in female than in
male in NSCLC (Fig. 2a-B). BARDI different epitopes expression and BRCA1 expression
were not correlated with any of other clinicopathologic variables, e¢.g. tumor grade, primary
tumor, lymph node and distant metastasis status, and tumor stage (Fig. 4B-F). In addition, no
significant correlation was obtained between different expression patterns and

clinicopathological variables (data not shown).
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The correlation of BARD1 and BRCAT1 expression with survival was also assessed by
comparing different BARD1 expression patterns (Fig. 9B) and expression of individual four
epitopes of BARD1 and BRCA1 with survival in 75 colorectal cancer cases with follow-up
data. It was found (Table 6) that patients with BARD1 N19 positive staining had higher 1-
year, 2- year and 3- year survival rates, patients with C20 positive staining had higher 1- year
and 3- year survival rates, as compared with their negative staining. No differences were
obtained from comparison of BARD1 PVC and WFS (negative staining cases were not enough

for further analysis), and BRCAI positive and negative staining with survival.

When expression pattern was used as comparison (Table 7), it was found that the expression
pattern of all four antibodies positive staining correlated with higher 1- year, 2- year and 3-
year survival rates as compared with expression patterns of only the middle epitopes
expression and other expression patterns in group. However, expression pattern of only the
middle epitopes expression (detected with PVC and WFS) was correlated with lower 1- year,
2- year and 3- year survival rates as compared with other expression patterns in group, as well
as comparison with all four antibodies positive staining pattern. No correlation was found
between expression pattern of loss of the N-terminus epitope and other expression patterns,
including expression pattern of all four antibodies positive staining (with the exception of 1-
year survival rate), only the middle epitopes expression pattern, and all the other expression

patterns in group.

Taken together it was possible to conclude that BARD1 expression pattern of all four
antibodies positive staining is a positive prognostic factor, as well as expression of N-terminal
epitope of BARDI1; inversely, only the middle two epitopes simultancous expression is a

negative prognostic factor, but not their individual epitopes expression in colorectal cancer.
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Zg'i  Predictors PVC pos vs neg* Stage Ill, IVvs I, Il ACvs non-AC Ml e
vs female WS pos vs neg* Stage IIl, IVvs I, Il AC vs non-AC Ml e vs
femal e RVG2amh2%HS pos vs others* Stage 111, 1V vs |, PCTARRME033635 AC Mal e
vs female WO 2012/023112PCT/ 1B2011/ %3635 52 I n anot her exanple of the
present invention, a correlation of BARDL isoforns with initiation and

progressi on of | ghg CBRELH—HGS showed—wher ei n BARDL expression in
experinmental Iy ipdu¢ed [Fung dandex nitored. Multiple injections of
urethane into BALE ¢3ni|ee [durdS |ui y lupg tunors progressing into
adenocar ci nonmas. |Fhilg, fredtigrt (ltads fo recrgscopi ¢ tunors at 16 weeks;
t hey becone | argg¢ I—[‘?’ﬂ—wecko, o e i ngo nornmal adjacent tissue
after 32 weeks. Narmal [t qsudse gqnd [t fegi®dns at all stages were
sel ected and scof£d @e-@arm H&dy ost (Fig. 3). Consistently,
expressi on of PV{:and \ES SW\E@, @ PO vigs strong in control animals.
This pattern was|sifil 3F i|la" 46 eek s. Fowever, in 24 week 10 tunors,
PVC and WFS expr ¢ssferd—Herqasee—Hr—eprpRar i sgn to C20 and were hi ghly
upregul ated in 32 weex|turarq._ Thesle ekperinedits denonstrate that the BARDL
expressi on pattefn ¢Ranged @ different stiages of tunorigenesis and
suggest that BARDE eEi t?)e?. n@) i ggo expns ‘g and 4 may be involved in
tunmor pronotion %d r §Jr 4S5i[6n |t owar dE” ah |n8a5|ve stage. 15
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The structure of different isofornms expressed in NSCLC was determ ned by
RT-PCR with priners anplifying the entire BARD1 codi ng region from sanpl es
of 10 fermsbeomnd3ti® nmal e patients. RNA was extracted frecrtuBmoi/oidxsssue and
fromnormal pen-tunor tissue. Normal 38ung control tissue was obtained from
patients with benign respiratory pathol ogies. BARDL 20 expression in nornmal
| ung was absent or very |ow, only weak expression of BARDL was found in
cont r ol s/ fYSRIcREF A BARD 148 foRRE B ebsTHYR Qo pANGHLGL Y (data not shown).
RT- PCR from NSCLC patients showed expression of FL BARDLl and several

di f f er eBARBOhdRMA 1¢viebexgpodssion was asscssadby RARACRan 20 turoor tssaugs| add petivtumons t
cases, the specific expression pattern of FL BARDL and i sof orns were

i dent i cdiSsuct IRGHNAE 1P akIG Wdoi0 famalercarisr RINAs¥testippted ?rozslysﬂ?zewsw sections.

di st kngwsB i l; i aht - r d with
pri rrgr sl%%f:?{fs‘g{ls ge %ﬁgé%ﬁ%%%o %{r@r@?&g?gﬁd@n%{aé? V%re %}g@]}#@ﬁﬁ)@% l|l(r)la[nggdi tion
to FL BARbh 4 to tpligxhe BaRDncafingdepdadyexiondvio ics@f 0r,rnd 3xobUto ¢x@h 49, (WO
2008/ 119802[)_7 and additional two new isoforns Ic and it (Fig. 4B, C_E, Fig.
6 and FiGA PO was@mphiicdspransrel.dipgether, dd¥covasalapamplified fiym feseemcs af f enal e
and mal e_cases : Lfi.ed . FL and isoforms were simlarly expressed in
tunors ARUPIP aﬁ?ﬁf‘flmf‘? f%lgu%l,A)i n contrast to the significant upregul ation
of BARDL isofornms at the protein level (Fig. |A and Fig. 5). Expression of

isoforms BARD 1f3 and K was significantly upregulated in nmales as conpared
to 100 20dke 0RNICRLPCBARBPDNRNISSGE8ssBB platiemal vesse (Mtecdiffe®B) in twhidt Bssesgpandssi on

corpar cdTauRAY BT ghe syrectiny FEAEROY B aBrERorTt AaisPs ERerAd Bt o
ERa expresiebPRmtRSathPOMobn 181dr 20 WRGs); ibaseerlth A8t BiesRhe B A0 BRLESionPOt h
in normal and pen-tunor tissues (Fig. 4D), which suggests that BARD1

i sof or nevasifgiqticls€6¥%) B et msest T ogen(3§Vg rapicssed FILBARDILOnlyt ddd/er I&ssul t s
BARD1 expression. in col.orectal canc i stigated erform ng | HC on
Cunr S aRFiENs | TiSPYAS SAS S s R Eﬁnﬁﬁﬁ@@ﬁﬁwﬁ@a&m@% vEfe 413 Shsered
cangsr i FARDIEF0 384105 RYG QYA L 8619 R PR ARI 050 105 1836 v

cases (Table W One hhnggeecd a forty-f)iave cases \/Sere e??gi bl gpfol?’ F

anal ysi gPaf0.e010)gasXay AllaBARDH aeyoforatse whithl were dxpressthindNSC LA yissueour

anti bodi.es (N19, PVC, WS and C20) against different regions of BARDL (exon
1, exon pludismpewisgfoamesarithindelgtionpd exon & apfl ngerigofored Wb aiddetiondfid9h

di £ er e, BORPH 0PI oBeS. . Al agePl S LIsHs ARSESH RS LELD: T caRRAAL
expression was dl'so i nvestigated usimg C20"ant’ 1 body” dagai nst

G-t er m Rl BRRDIoRE a0BARCAisofoh wia@s Frbdqueat]$ aprdised id @moeasucfibut REs draier

anti bodi es was variable in col orectal cancer &Fi g. 9A). BARDL N19, PVC, WFS
and 2620 csprgbsiomig PReirtemer Hssops (Fed 048 fpoddDt (Rie 12B)-36 (24.8%, 122 20(84.19%,
129 (89% and 61(42.1% cases of colorectal cancer, respectively. 142 cases
were observed with at |east one antibody positive staining, and no

expr essivgl - imBARBPA RBS eXreqtbrl patfithobslves irf BiSRR ffdth Snal&Bind fehadsher

words, 97.9% (142 of 145) of colorectal cancer cases expressed at |east one
epi t ope BARBARDIGrms Bomidtxhwerg vignHicprtlynan okelated inllung disswtirasomslenand ons f or

expressi.ng of the 4 epit s are possible, anly_ three j or combi nati ons
were f odeOIP}ﬁi% Y a@é)s. %E@E efgprgm%in @‘% fIes %@H}/ f?&taéeér Hg&]ferfné‘&g&sé% al
caneer i y I, QMm: 1 ddl.e -ept
eSSy PP PLROTARorARL LI ol UGS MR ERl

second (ahd f&@hfles( FicudingBn p&i-tuhor tisoss (67> 0.0 fdd-alle (FipnElC) epd iroeondissuchi r d

17. 99 Fig. 8B, F) .nost frequently observed 30expression pattern.
( " ($3>|(9.05 §or all) %Flg. 12D). qu y v Xp i P

No ERa expression was found in colorectal tissues in the series samples, including in peri-
30  tumor tissues and tumor tissues, in males and females (Fig. 11B). This result could, at least
partially, explain that there was no correlation of BARD1 expression with males and females in

colorectal tissues, as compared BARD1 expression in lung tissues.



WO 2012/ 023112PCT/ 1B2011/ 053635 54 PVC and WS showed di ffuse staining, and
they were colocalized to the sane cells or sane regions, respectively (Fig.
8C-F). ToworroesbkBgate this further, the expression pattecm/BBianizess Wt h
each anti body was quantified and conp®red the results. Strong correl ation

b b | | N19 0 =0.71; P =
0-000) - Al Fer St EEARDT stpiprra Soesptonaniah ey ardbio. b - 0. 000).
PVC and 1205 {RnF tlﬁt #6.8ARD1 An@BARD laﬂgfo%sc-‘w%féqn&%q}eﬁﬂer\il\tﬁx%?esséa i ggtiengsoj-)

showed weak correlations. No correlation was found between N19 and PVC, and
N19 and wiSigstrairiting (0Regrs thdquaFerdesstthen @ daer: Sptcialyi frexp&ney(qiﬁEARan

| evel s, the intracellular |ocalization, the intensity of 10stainin
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di f f o oo
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forms, as well as forns which contain the four epitopes reactive wth
ant i bodinede yelyemantt(A1sind NI P w042 0xprdesisented staged (stage 1Aland BLet = 15 |V -
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(Fig. 8@St01§%%lgl&@§fafdeﬁlgSIﬁ)nl ng was observed in 22.1% (32 of 145) of

col orectal cancer cases, while N19 positive staining was observed in 24.8%
(3616f 145) cases. 20 Interestlngly, only 7 of 61 cases (11.5% that were
N19 p05|t|ve wer e gtg] positive. Myeqver, IQ%rrelatlons were found
bet ween I8RdAgte tbﬁAzB%al av@emﬁwe@aﬂbaglég i plogd NG S PYHENEE g,
10B) . ThgSBod esults denonstrated that BRCAL1 expression was not coordinated
with BARDIJ%ﬁ colorectal cancer. 25 V - Correlation of BARD1 protein

expr essifpotestwisdevtiopeciogsed owimguoaibsotpaivaatsays sdingCthe antdggpabl #rtpsePpniognosi s

Frequency of N19 sitive staining was significantly associated with femal e
sex (P #ngay Bfiﬂg% peptadey) for garsuning Répiamayng sptibpdies ip ps hleed ok lung P?altcerBARol
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di f f er emt epi'topes exp ressi on Xpressi on were not cor Iated
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BARD1 expressi on patterns (Fig. 9B) and expression of individual four
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rates, as conpared with their negative staining. No differences were

obt ai ned Welbrre gnpdrthiso imes WBRARIBS. PVC and WFS (negative staining cases were
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staining correlated with higher 1- yéar, 2- year and 3- year survival rates
as corrpattexbmvtempee»qmeemﬂlxgltap@nter ns of only the middle epitopes expression

and ot her, pr essi.o S roup However, expression pattern of only
the 15 m%%ﬁé‘“éﬁlaflﬁa@é&e%# gg%?%‘ﬁ Y det ect ed with PVC and WFS) was
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conpared w th other exprgsy on patterns in group, as as compari son

wi t h al Idefeotion, acvctiotire mepaséd imneedsdtaliyni ng pattern. No cor relati on was
found between expression pattern of |loss of the N-term nus epitope and

ot heP expression patterns, including expression pattern of all four
anti bodi es positive staining (wth the exception of 1-



20year survival rate), only the m ddl e epitopes expression pattern, and all
the ot her expression patterns in group. Taken together it was possible to
concl ude wbav12BARI2 expression pattern of all four antilpoWiiB®1pOsS6IS ve
staining is a positive prognostic facior, as well as expression of

N-term agl 25epi tope of BARD1; inversely, only the mddle two epitopes
sinmulta S expression is a negative prognostic factor, but not their

i ndivid jubi : ' ' :

2012/ 023115001 RS CUERILOE R ERTEBE Sty TP from MRk cancer pomis nd e
of BARDbnandtr@dREAlplex fromdehldry bibdhdsory iSER 1D NOs546,030482050cEn Ry 16,
patients For WS, negative staining cases were not enough for further

anal ysi $2 280 2012/ 023112PCT/ 1B2011/ 053635 57 Table 7. Correlation of BARDL
exprgssion patterns with survival in 75 colorectal cancer patients Note:
++++, four Abs positive staining; -++-, only PVC and WS positive staining;
-+++, OMeyullNl9 negative staining; others, other than the expression pattern
which is conpared. WD 2012/ 023112PCT/1B2011/ 053635 58 VI_- Structure of
BARDL i 6 &gvie & glwdBeeontiplewpisrcanparcdcgtcleng sarerpaiia Vealyey messpiedssi on
was ass - - i n 1 SSU - ' |- ngl udi ng
10" mat o Bty SHeCv ol 9 bR AbET AP P pRES HAR) R Tt G
5 RT- PCRaklyas fop 86¥e@dl e ptides iréx@t§ o aels didtindfin bebwebidntroBREd C&UEF SBefl | MEr s
in exon 11 and exon 4 to anplify the BARDL codi ng regions (exon 1 to exon
11, 18nd sensdivity 108%esudrspagificigApiiHifid eangssiare edas control . Together, ERa
was also anplified fromthese series of sanples, as did in NSCLC (Fig.

11A).

Test description

For example it is possible to use serum from patients to detect autoimmune antibodies against
BARDI isoforms. In control samples (healthy blood donors) the reaction values are
15  significantly lower than in the cancer samples. Individual peptides can give high values for one

control, but the use of a combination of peptides leads to exclusion of false positives.



10 Unlike in NSCLC, BARDL nRNA expression pattern were quite different in
tunor tissues and pen-tunor tissues of the colorectum FL BARD1 and

i sof or rs wenei1dmsaegaent |y expressed in nost of tunor sanplCEaBi@0953638 of 20
cases); but in pen-tunor tissues, no @ARD1 expression was frequent (65% 13
of 20 cases), 7 cases (35% expressed FL BARD1 only and/or |ess isoforns.
This was statistically significant (P = 0.0003). The simlar results were
al so observed 15in males (8/10 vs 4&%9 &spectively) (P = 0.0679) and in
femal es (10/10 vs 3/10, respectively P = 0.0010) (Fig. 12A). Al BARD1

i sofornms, which were expressed in NSCLC tissues including new isoformK,
with a deletion of exon 3,  and new isoformit wth a d%Jetion of 408 bp
within thhe 3'ABREediordegisting thgiresearsef R pREd derform spesiitste ding capess aad
tissyes. - FLs : ' : uently
A el L i R e i S R SRR

ti ssues detectindinGaidfsampsd dt Jeast drie@f tH2BARDVlisoforni spetifit tBhRPtarexpaRiSSi on
pattern observed in tissue frommales and fenmal es BARDL i soforns O and |c
wer e si gRlorecsa sanepr sdeqtedyiipmtbiSonr FmRBitRSsue from nal es and iso forns ri,
y and 8 were.hi j ny ' in lung
tissue, 25 fH§€§Qh§§&%$3§§9%%§6?%gﬁd5#@%?@ﬁ%%ﬁﬂi%ﬁggégﬁﬁm§g%%5§P%?|ar in
col or ectsaquchtsisdiend 4t 0usnF %6 hoBIbel @FBEESID Nocliugidng i n pen-tunor tissues
(P> 0.05 for all) (Fig. 12C and in tunor tissues (P> 0.05 for all) (Fig.
12D)0 No ERa isfpines sooprisiesSEQURINDR. @ biddegealactiyasiageent therded, @er | es

sanples, including i.n pefd,> 30t unor, t.i and tunor tissues, in males and
fenalessﬁ$fﬁge ﬁﬁﬁgm%%§%§$%£ﬁ??ﬂg%ﬁ?gﬁﬁgﬁfﬁgggp partially, explain that
there was no vaRidigtRtpgr&en@f of BARRIA RBP i RFShRRp¥difi OtoTBhESandBChnd QORI &Sali N
colorectal tissues, as conpared BARDL expression in Iun%'tlssues. WO

2012/ 0231RPOTY $BR0A i 0536 3IBLEC iven indication thet siid sbjast is divgityflongrs
expressi on mﬁaﬂﬁclhniqgt variﬁbles | t S fogﬁd that F BAREFﬁ%qd BARD1

i sof or mSAURET 8T @1 RALRARETy Nas, AR AU sasqT Fisk PP FS LT L HEH €2 04F5n 60
yeans thadopasad rid ofl 8&RrdhPARER YR Bhht f&gﬁgg &lrlc¥n anff R LERIAEN a1 Rin BARDL

isofornms cp, 6 and it expression were significantly associated with ol der
age patients (P < 0.01) 5(Figure 13A). Mreover, BARDL isoform K expression

age 0. 01) 5(Fi ). Moreover, BARDL i sof orm K express
;Psngqiecggﬂ@ﬁ%¥$%ggﬁgh%%ﬂ’Fée&ig%%bgg Pdpéﬁﬁﬂ“%gggﬁﬂﬁgg%wiﬁégPR%NFeZLdY
N2) (P 5iflo 483 2mp ALY A0S £L 305 5t 965 1bNO ANt WARET if422) (Fio

correlation was observed bet ARD1 expression and tunor
hi st opatchodigge@AISEQr BYMBOEI g. 13E). 10 | X - Detection of anti-BARDL
autginnune anti bodies in blood of |ung cancer patients Method A test was
dev poped based on i nmune absorption assays using the antigens of the

present 4 nve%‘%%tﬂmﬁi@g@% Q%ﬂer@ﬁrswg?ﬂ%ﬁgéd ﬁ%g@#‘&%ﬂﬂ%‘&’et@dﬁh}g%% s in

t he bl ood of Tung cancer patients. use or tests perfornmed is an
adapt at ibislogitalaamprat fast onk bStheaBARDO dy feraptsuicttad fioasthe ghppaofpeisingy t he
foll ow ng protocol was applied: Mcrotiter plates (96 wells) are coated
with BARDL peyfeiaes qomprivingr gy HNOH 9. gitielegigallyrmeprsiragnent feaiendt 9oh over

ni ght at . I A I It osphat - buf fered sal i ne (PBS)
substi t 3?@%11\0/\% ltlaﬁlmtﬁ %ciﬁsﬁ%ﬁég‘%‘?&&%ﬁ%s%@ for one hour at room
temer at ure Wdfbrnag coraptigig SEGEDUND G a piatlogells aamet Rautidnd tigrddif] aitaed i n PBS
cont ai ni ng 1% bl ocking agent is added to wells and incubated for two hours

i s per f opdHSECSHRIIN Gl ¢aat 90 hamology e BERDIE Bt e.
isoform & comprising SEQ ID NO:6, a biologically active fragment thereof, or a
sequence having at least 95% homology to SEQ ID NO:6, and
isoform y comprising SEQ ID NO:7, a biologically active fragment thereof, or a
30  sequence having at least 95% homology to SEQ ID NO:7,
isoform B’ comprising SEQ ID NO:106, a biologically active fragment thereof, or a
sequence having at least 95% homology to SEQ ID NO:106,



Wlls are rinsed three times with PBS. Secondary anti - human anti body
coupled to HRP or Sulfo-Tag or equival ent detection 25 reactive, diluted in
PBS and Iw@n2bizaekiing agent, is added to wells and i ncubacedBior/oisess hour at

roomterrperature W th agi tati on. V2l s are washed with PBS three tines.
Read out rf ormed n ubstrate or substrates. for i val ent
ot hods o dfﬁ@m%ﬂﬁio o ngea}%ucfr@ﬁ@aﬁéampm?é&ﬁget&wn Saiggiologichl

2012/ 02314, P@A@?%% @&éls Iﬁssﬁ Thenhol | pxRBg @ﬁ&ﬂr@ﬁeénsﬁs%ﬁgfomﬁ vere

tested on serum sanples Trom | u g cancer pat’ients and on controfs sa

f r om hedDtX@: 2 nddBIA RIDh gsofornSEQdsBtihgef SBQ,ID3SO:48, 20, 50, 19, 22, 16, 32,
26 5 Results See Figure 14. Healthy controls were conpared with |ung
cancer patients. Values measured are arbitrary values. Values are generally

hi ghgr isn CcanGeh, fRld aeé@{y i&rgf}gfélduﬂs?Q@Hr@ﬂé&eln%ﬁ%&ggcé{% gl% éi YiecRQURIA!

pepti des results 1nac istinction between controls cancer cases:

10sensi tth/groyp tORYvidnga dippey faintild, ¥ hXbStof satiipld gl ldpaisafrezeussme shepte,
description For exarrpl e it is possible to use serumfrompatients to detect

aut oi MMiMBOHHSIHEEINS fegsapsaplcmsrabiospRak BreECSin cegHating tuawineds (Cheal t hy
bl ood d%ﬂ&’%}so)odtsg\-ﬁ reaction values are 15significantly lower than in the
cancer sanples % i vidual peptides can give high values for one control,
but the use of a conbination of peptides |eads to exclusion of false
positives. WD 2012/023112PCT/1B2011/ 053635 61 CLAIMS 1. A nethod for
det @Bt i g t hdhpmesshasascortling tBARDES | $0f orkaraipseidfsubicetds  bwgaancer and 5

col orectal cancer in a biological sanple obtained froma subject conprising
the step of detecting in said sanple at |east one of the BARDL isoforns

specifi g to luaeh&RICETclAMNd 160bOKB&ERIthe S%féﬁﬁfce 8£486 BARD I RHTot M isdeReRd
conpri sing isoformit conprising ID NO 1, a biologically active

f r agmentbytusmgaofibodags Saecsﬁqm@eBABﬂlngbfalﬁnﬂ east 95% honol ogy to SEQ I D NO
1, and 10isoformlc conprising SEQ ID NO 2, a biologically active fragnent
thereof, or a sequence having at |east 95% honol ogy to SEQ I D NG 2,

15 8. The method of claim 7, wherein said antibodies are a combination of antibodies or
fragments thereof that specifically bind to different epitopes of at least one of the BARD1
isoforms comprising amino acid sequences selected from the group comprising SEQ ID NOs:
1-7, 105-106 biologically active fragments thereof, or sequences having at least 95% homology
to SEQ ID NOs: 1-7, 105-106.

20
9. The method of claims 1 to 6, wherein the presence of said BARD1 isoforms is detected
by detecting the level of mRNA that encodes at least one of the BARDI1 isoforms comprising
amino acid sequences selected from the group comprising SEQ ID NOs: 1-7, 105-106,
biologically active fragments thereof, or sequences having at least 95% homology to SEQ ID

25  NOs: 1-7, 105-106.

10.  The method of claims 1 to 6, wherein presence of said BARD1 isoforms is detected by
detecting the presence of autoimmune antibodies specific to said BARD1 isoforms in the blood
sample obtained from the subject, and wherein at least four antigens selected from the group

30  comprising SEQ ID NOs: 13 — 80 are used for detecting said autoimmune antibodies specific
to said BARD1 isoforms.



wherein the presence of said BARDL isoforns specific to |lung cancer and
colorectal cancer in a sanple fromsaid subject is an indication that said
subj ect iwoabfddazstied with | ung cancer and/ or col orect al PcanBBN]1/03383 an

i ncreased risk of lung cancer and/or @ol orectal cancer, 15and/or has a ri sk
of recurrence, after eat nent f ancer an col orectal can

2. The it hod TFIecta ghe Jitg 1 0 Wik ﬁ%}&eefﬁﬁb%&@klﬁ OBfaf dgfected
detecti r@)g in said biological sanple BARDlL isoformit consisting of SEQ ID
NO 1 and BARDL isoformlc consisting of SEQID NGO 2. 20 3. The nethod of
claims 1 to Zetentiey thicheveboftnRidithibelt dngoddsent laasinpiciod ése BlaRBdtisafgrnisn sai d

bi ol ogi cal sanpl e at l east one elcl)f t he BARDL i soforns selected fromthe
group cSRPPIENEgMINe acid jegigphiciacted e Hestradp SETPTSHENG Q8BNS Hi 61188t cal 1 y

t f 5 SE
' n 108PBRLisHPARRL fraliharts AR TR AR e P P RAL ROSHBRLPRYSEG 5=
fragrrentIDtm@s elef, 106106, setjuence having at |east 95% honology to SEQ ID
NC 5, i soform 6 conprising SEQ ID NO 6, a hiol ogicall actlve
fragment t herdsrtingihe areseifgoh awolAMIIREMILOfighsRcCHBIE FEABATY! 156 OSEQH} D
NG 6,

a ﬁie blood §ant13.lle obtja%%a ool t%ggﬁgpgt'aﬁfd%eg Qa{ IQaA;I@L% anﬁg%gé}ggcéc? ﬁ‘ Ogy to

active fra ereo uence havin

SEQ I D &2 group co r1$1ﬁg)SEQfID3NOEOIHJ¥ 86 btQis&EQr |daeN€ﬁg1@ﬁ1 aBoidindlRGintiBddiys
active fragnent tﬁer eof, or a sequence having at |east 95% honol ogy to SEQ
| D N& 1@5601ﬁw82@11%5@31@w@w 1B2011/ 053635 62 4. The nethod of claim 3,
wherein said nmethod conprises detecting in said biological sanple BARDL
isoformit consisting of SEQID NO 1, BARD1l isoformlc consisting of SEQ

D NG 2 12nd BARKRYIafcd @h@bMpifdpdlypeptitt Bnpakiag ISBOND 5~IO 35 a Dhgogili i Qetive

according to clains 1 to 4, wherein said biological rrple is selected from
the gr od{agmm&lﬁr@pﬁ gra sm@p@/hagamt ¢castD Yt bowblogy te &E@I & NOuhdot usquas ds,
frozen ti S§ ue sanpl e, feces sanple, cerebrospinal

fluid ( ISSUE%WE%%WR@?@WB& f1s (CTC) and bl ood sanple. 106. The

nmet hgd according to clainms 1 to 5 wherein said subject is a human. 7. The
nmet hod of clains 1 to 6, wherein the presence of said BARDl isoforns is
det ect ed3by usi iﬂgiaiadtahcﬂiodpteiﬁeﬁmebipﬁpt@ietaommgm NEYL or bislogicBBy ddtioe

method of claim 7, .wherein said. ant are t f ant i bodi es
or 1 gt b O § HeCaFA IR b AEOTEIcay 14 SERND N 2dediar fas

| east ong,RirkiNE 1BARDLod 59&%@31 {(T)CHT‘DI’I sing am no acid sequences sel ected
fromthe group conprising SEQ ID NGs: 1-7, 105-106 biologically active

fragrrents t hereof , or sequences haV| ng at | east 95% honol ogy to SEQ | D NGs:
105-106. 20, 9. The nethod of clains 0 6 rein the presence of
sa| ao BARBYL i £apwwiq0?gé&%&ee%owcmr§&8 %%(5#%\7%&3@ &P forrNa R paethodc odes

at Ieastforo&qec(ﬁ;l fﬁp&o%@&%&@%ﬂfﬂ%é%m aci d sequences sel ected

fromthe group rrsin 6, biologically active
fragnments ther eof or sequences having at |east 95% honol ogy to SEQ I D
25NGs: 1-7, 105- 106.
15. 7 "Akit for detecting the presence of BARDI isoforms specific to lung cancer and
colorectal cancer in a sample obtained from a subject, comprising
25 at least one polynucleotide primer or probe wherein said polynucleotide primer or
probe is specific for a polynucleotide that encodes at least one of the BARD1 isoforms
comprising amino acid sequences selected from the group comprising SEQ ID NOs: 1-7, 105-
106, biologically active fragments thereof, and/or sequences having at least 95% homology to
SEQ ID NOs: 1-7, 105-106, and/or
30 combination of antibodies or fragments thereof that specifically binds to different
epitopes of at least one of the BARD1 isoforms comprising amino acid sequences selected

from the group comprising SEQ ID NOs: 1-7, 105-106, biologically active fragments thereof,
or sequences having at least 95% homology to SEQ ID NOs: 1-7, 105-106, and/or



10. The nmethod of clains 1 to 6, wherein presence of said BARDl isoforns is
detected by detecting the presence of autoi nmune anti bodies specific to

sai d BARDYOI2sfmB1® i n the bl ood sanpl e obtai ned from t reTaBy1®033635aNnd
wherein at |east four antigens select@®d fromthe group 30 corrpri sing SEQ ID
NGs: 13 - 80 are used for detecting said autoinu i.es ecific to
St BARDI | SDRIAE PR RSO SR HEBUIOMARE TQ3OT 15 BB et hod of
claims 1 to 6, wherein the presence of said BARDl isoforns is detected by

detecting the | evel of nRNA that encodes at | east one of the BARDL i soforns
conpri silbg am mothadifal Beguentmg v @oteadnd coimdc’raécglcem}bom@ymdobdgﬁrgd SEQ I D

v a1l Sl T AT
detecti f I ARD1
i sof gr mg 91? trelat%h %g%oog?g{a%n%%%bg b{%ﬁ%gsdg 3? érlgm lu Fg%&d goé&r{gd\/\% ggceé?n at

| east f gelectadtiogeths geaipeohgdisihgom t he group corrprl sing SEQ ID NOs: 13 - 80
are used for det ecting said autoimune antibodi es 10specific to said BARDL
i soforns. 1250 %n T sompiissee aR/IBrNButi & biglegisally prdive figemenherrel A2 SEQ 1 D

NO 1, 0 y a sequence havi ng at
| east 959 eglr:reo og Jt%eag@é)f{% {{1&?0%?%(? b[]ﬁ}jﬁ@( laQ‘L| omarker in the nethod of
claims 1 to 6sofdin x ESmpAling SBQaDEMO@)d/bislogictliyfceet Palnyde fekade, eranpr i si ng

SEQ 1D NO 2, a biologically active fragment thereof, or a sequence having
at |1@astse@@%mhﬁﬁmgoaj$ea§b95§5@mglqg®to SE N6:2as a bi omar ker in the nethod

f | d f h
Noss | 15 o a0 ety B dt oGRS dSRAIEARE) FRshfiiafe RUGHP SR G EaREe '

i sof or ngagder fs'a%'1H&1c§tldn(¥0161uné5aﬁekhﬁd/51@ol(ﬁ@étﬂcdah¢w the pr esence of BARD1
i soforms specific to lung cancer and colorectal cancer in a sanple obtained

froma subject, conprisi ng 25at | east one pol ynucl eotide primer or probe

wh d | eati d

OFLﬁL&lzﬁl. PR e e Pl e N B Rr 5 S0P s o8 s ng
am ng agh § nReYIEBEESc 3Rk A FeschtOHT BRRDY rlwf&n%qmmlabgiga@é%lefabw&d 1-7,
105 106, biologically active fragnents thereof, and/or sequences haV|ng at

| east QS“Whmﬂtdjjcxg,ywln@eﬁE@ prE)semI&of shid7BARDB- 1&df6mmdbmpt66®ydnhcm thon of

anti bodi es or fragments th of th spe ifi bi nds t di fferent
epi t opedIBFNegOf AR g{lmaﬂ%a%’f 178 SBSK -S%@ 1?113 e%ﬁ&smsepw givimige gessence

Sequencey '35‘18 IROGHIS Hish P iNGi DLaBiph: SAREiSHBE tRFGRid Qﬁﬁ@ s a]f’fll%tedjx@ﬁl 108,

biologically active fragnments thereof, or sequences having at |east 95%
honol ogyate@r.SEQ | D NOs: 1-7, 105-106, and/or WO

2012/ 023112PCT/ 1B2011/ 053635 64 at | east one peptide selected fromthe
gro@B conprising SEQ ID NGs: 13 to 80.

18.  An antibody or fragment thercof which binds to an epitope as set forth in SEQ ID NO:
144.

19.  An antibody or fragment therecof which binds to an epitope as set forth in SEQ ID NO:

25 144 for use in a method for treating and/or preventing lung cancer and colorectal cancer.

20. A recombinant siRNA molecule that binds to a single-stranded or double stranded RNA
molecule, wherein said single-stranded or double stranded RNA molecule comprises an mRNA
that encodes at least one of the BARD1 isoforms comprising amino acid sequences selected

30  from the group comprising SEQ ID NOs: 1-7, 105-106, biologically active fragments thereof,
or sequence having at least 95 % homology to SEQ ID NOs: 1-7, 105-106 and whereby the
expression of said BARD1 isoforms are inhibited, for use in a method for treating and/or

preventing lung cancer and colorectal cancer.



16. A method for discrimnating lung cancer and col orectal cancer from
gynecol ogi cal cancers, said nethod conprising the step of detecting in a

bi ol ogi cavozarypi2giiebt ai ned from a 5subj ect at | east onePofi/iBia1/BRREL
isoforms specific to lung cancer and &ol orectal cancer selected fromthe
group conpri sing isoformit conmprising SEQ 1D NO 1, a biologically
active fragnent thereof, or a sequence having at |east 95% honol ogy to SEQ
ID NG b and\ modulator of the bR AL ki R BIASBAR DIFQ hih NOnfpristheinfhoadigal 1 y
active fragnent t%ereof, or a 10 sequence having at |east 95% honol ogy to
SEQ | D N&juehces selected itoar thic igrdupecoprpeismg S&E(DID dedsd 1 BARDA-106,didloginslysqeaee f i C
to lung cancer and col orectal cancer is_an_ indicatign for Iung7cancer

and/ or  dBeBERE thareafapicisuencesshavrgstilepst Tap demetpey 1 rERQ® HPsup7e ¥t ¥&i ng
SE D : i i ti th
EQ 5D Wine R HOGelRE R0 PL SRR elind el RO kot 1 10 the

wherein the presence of said BARDL isoforns is detected by detecting the
presence of autoi mmune anti bodi es specific to said BARDL isoforms and

wher ei n 22he pghe sedakatesof &g olggirpiactixisy of the BAR hisafosmppf dains 2@ wvherdn cat i on
t hat sai_g. i | I i ! ybed r. fagment
thor eof A E s TR Flschid BoR3RF Boyp Eimp g SEAAT R0 198790
anti body or fragnent thereof which binds to an epitope as set forth in SEQ
I D NO 25144 for use in a nethod for treating and/or preventing |ung cancer
and col orectal cancer. 20. A reconbinant siRNA nolecule that binds to a

si ngl e-stranded or doubl e stranded RNA nol ecul e, wherein said

si ngl e-stranded or doubl e stranded RNA nol ecul e conpri ses an nmRNA t hat
encodes at | east one of the BARDL i soforns conprising am no acid sequences
sel ected 30fromthe group conprising SEQ ID NGs: 1-7, 105-106, biologically
active fragnents thereof, or sequence having at |east 95 % honol ogy to SEQ
I D NGs: 1-7, 105-106 and whereby the expression of said BARDL i soforns are
inhibited, for use in a method for treating and/or preventing |ung cancer
and col orectal cancer. WD 2012/023112PCT/1B2011/053635 65 21. A nodul ator
of the biological activity of the BARDlL isoforns conprising am no acid
sequences sel ected fromthe group conprising SEQ ID NGs: 1-7, 105-106,

bi ol ogically active fragnments thereof, or sequences having at |east 95%
honol ogy to SEQ ID NGs: 1-7, 105-106, 5for use in a nethod for treating
and/ or preventing lung cancer and col orectal cancer. 22. The nodul ator of
t he bi ol ogical activity of the BARD1 isoforns of claim 20, wherein said
nodul ator is a m croRNA selected fromthe group conprising SEQ ID NGs. 111
to 140.



