Met hod for diagnosing cancers expressing the HER2 receptor or its truncated
variants Tne present invention relates to a nethod of diagnosis in isolated
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regul ate constitutively in “open” conformation.

The dimerisation directed by the extraceliular domain leads to interaction of the

20 intraceliular kinase of HER receptors and to the subsequent transphosphorylation of
some tyrosine residues. These phosphotyrosines, , act as couplers of a group of
intracellular phosphotyrosine-binding proteins . The interactions established at the
piasmatic membrane are transduced to the celi nucieus by means of different
signalting routes, such as the protein kinase route activated by mitogen activated

25 protein kinase (MAPK), the protein kinase route activated by stress (JNK),
phospholipase C gamma, etc. All of these signalling circuits control the expression of
genes that act in a coordinated way to modify determining aspects of the state of the
cell, such as celi proliferation, migration, survival and adghesion. Thus, depending on
the cell context, activation of the HER receptors results in a dramatic cell response,

30 which can range from transformation into a malignant cell to a pramature
senescence.

In agdition tc the canonical signalling mode, the HER receptors or fragments thereof
can be endocyted and transported to the nucleus, where they can directly reguiate
35 the expression of certain genes. This fact has been cbserved for the spacific case of
HER2 (Wang et al., “Binding at and transactivation of the COX-2 promoter by nuclear
tyrosine kinase receptor ErbB-2”, Cancer Cell-2004, Vol. 6, pp. 251-261), as well as




the expression of certain genes. This fact has been observed for the
specific case of HER2 (Wang et al,, "Binding at and transactivat on of tne
COX- 2 pr owotero/wysesucl ear tyrosine kinase receptor XrbBPRT/EPSHNOEIIT6
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ant i body ? gre?ttﬂ ﬁ’ep%%%é%tdﬁg%]wg'%ﬁ@é’ “org iﬁgg%erqt%‘ggh F'%%lzh%jsg'ﬁfﬁfofe@éh on WO
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on time and even more to determine whether it is in a complete or truncated (CTF)

20 form.

Nowadays, at the level of routine clinical tests antibodies are usad to detact the
presence of the compiete form of HERZ, in order to determine the type of breast
tumour in question, in the event of detecting the presence of HER2, the

25 recommended therapy consists of administering therapeutic monocional antihodies,
such as Genentech’s trastuzumab. The use of this monocional antibody for the
treatment of cancer is described in the application WO 8906692 on behalf of
Genentech. WO 8908692 describes monocional or polyclonal antibodies directed
against the extracellular region of HER2, this exiraceliular region matching with the

30 complete external part of the protein, which is its N-terminal end. As previously
mentioned, the epitopes recognised by the antibodies cited in WO 8906832 ars
antigenic regions of the extraceliular domain of the HER2 complete form and ars not
included in truncated forms or carboxy terminal fragments of HER2. Therefore, with
the antibodies and the diagnosis method described in WO 8908692 it will not be

35 possible to detect the presence of truncated HER2 (CTFs). Also, in breast tumours
where said CTFs of HERZ are expressed, antibodies such as trastuzumab are not
therapeutic, since they do not recognise any epitope. This fact expiains the



menti oned, the epitopes recognised by the antibodies cited in WD 8906692
are antigenic regions of the extracellular domain of the HER2 conplete form
and are WO 20rvadoosbed i n truncated fornms or carboxy ter mPORIEPROQYHENE S Of
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ransmembrane domain of HERZ. Specifically, the methionines for the alternative

20 initiation of transtation correspond to methionine 611 and methicnine 687 of the
amino acid sequence with access number M11730.1 of the UniGene database of the
National Center for Biotechnology information (NCBI). This document also shows that
these alternative forms of the HER2 receptor (CTFs) are present in breast tumours.
in particular, it indicates that the most abundant corresponds to the form known as

25 CTF687, or in other words, 1o the protein obtained by the alternative initiation of
transtation starting from the methionine in position 687. Anido et al, proposes as
therapy the use of inhibitors of the tyrosin kinase activity of HER2, such as lapatinib,
in order to minimise the growth of the tumours expressing these truncated forms of
HERZ. The inhibitors of tyrosin kinases act by interacting with the C-terminal end of

30 the HERZ2 receptor that is present in an integral manner in both the compiete receptor
and in the CTFs derived from it or produced by alternative initiation of the translation.

The document of Scaltriti et al, "Expression of p25HER2, a tfruncated form of the
HER2 Receptor, and response to anti-HER2 tharapies in breast cancer”, Journal of

35 National Cancer Institute-2007, Vol. 99, pp. 628-368, represents an exampie of a
study into an aiternative methodoiogy for detecting the presence of one of the HER2
receptor truncated forms and lists some of the possible causes of resistance to the
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has been extenS|v as a Powever ,
it s not cl éﬁ@sﬂfﬁﬁ?étﬁ@ﬂesﬁﬁh%trmah@dfeéml ciently distinguishes those t unour s
expressing the conplete formof HER2 fromthose that express the truncated

forms There a need to |locate new and efficient targets for diagnosis and
t her apy, JBEF? {F Tor59EP cate ey andeigiget isretdacdronpsfuestihenpandonsiat nmake

it possi bI e doorefread toahe fybeef vdridar @ﬁfcfue@n@n&ndLhw@me&§péé&@§@zotLHJEE@H% gmBavi ng
the wor st 28“/991”&% Sat the'rgé:lgsr 91 gtumours 1fﬁavmg the worst prognosis, discarding from the

outset those therapies that have been seen not to be effective.
The present invention offers benefits related to the probiems cited above and
represents a novel soiution in the early classification of cancer, specifically breast

25 cancer.

SUMMARY OF THE INVENTION

it has been determined that the presence of one of the truncated forms {CTF) of
30 HER2, generated by the aiternative initiation of translation, correlates very well with
the prediction of the type of cancer to be treated, making easier the task of the
physician at the moment of prescribing a course of treatment. This HER2 truncated
form (CTF-611) has been identified and found to have the seduence SEQ D NO:1.

35 This sequence has been used to develop ssveral tools for detecting its presence in

tissue samples, thus providing a new and solid diagnosis set that is aiso applicable in
clinical routine,



outset those therapies that have been seen not to be effective The present
i nvention offers benefits related to the problens cited above and

repr esentwoaonapeiéssol ution in the early classificati onPofi/EPat00®66976
specifically breast cancer SUMVARY OF THE I NYENTIiON it has been determ ned
that the presence of one of the truncated forns (CTF) of HER2, generated by
the alternative initiation of translation, correlates very well wth the
predi ction of the type of cancer to be treated, making easier the task of
tne physician at the nonment of prescribing a course of treatnment. This HER2
truncat ed fofim pE€FehtGiven)orhase beeiics dentartibeteandirdguads trerdbdvieat he
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avai | abl e re%: r%]sl%; %%&%ggg ﬁ%ﬁé% eﬁ??ﬁ'ﬁi‘ﬁ'éﬂ QE% a]P PEFF P i cult to
di scri mi nat ea\f%lﬁiﬂ et HEkigrandispdies, dims yﬂtﬁalémsfdemnbpaﬂWS@rweExm»eﬂgsbm@td—lERZ and
CTFs In cqet@@simwguew%a}bto%ﬁ p%ﬂéx‘;ts'é‘% f*?sgﬁﬁs the antibodi es

descri bed here preferentlaly nd to owm ng to identify
patients expressing this CIF The present |nventi on also refers to a nethod

of cancer dlagan;@@ls@wtlrﬂ/eﬁ&iriﬁﬁ reSEHETR @%éﬁﬁ@&cﬁﬁ&@@a’@%@s&hﬁpﬂ%ﬁ%&& of the
presence in said sanp rec or_truncated form consisting of

SEQ I D NO 1 “fhig" ﬁ?’BBéSr?P ’{h%‘”éﬂ‘fe‘iOBr‘PRﬁles%reﬁ giluedd sREPR S s HERS "%&P1%hody or
fragment t herreohtedfictheorpraéisgnt SE@UBMI.on for the di agnosis and

determ nation of prognosis in isolated sanples of cancers where the HER2
receptor expressed The present invention further provides an agent of d
agnosi s and U& RemHatesiPraiisppioyinesiis yas df §ul attbddsarfiesrofhecaotihs wher e

the HER2 recgpient iRBAON 1ok @Ed8nBak and determination of prognosis in isolated
sampies of cancers where the HER2 raceptor is expressed.

20 The present invention further provides an agent of diagnosis and determination of
prognosis in isolated samples of cancers where the HER2 recaptor and/or C-terminal
fragments is expressed, which comprises at least one antibody or a fragment thereof
‘as described above.

25 The present invention also provides a kit of diagnosis and determination of prognosis
in isolated samples of cancers, where the HER2 receptor is expressed, that
comprises means for detecting the presence in said sampie of the HERZ recepior
truncated form consisting of the SEQ 1D NO: 1.

30 The invention also provides an antibody or a fragment thereof as described ahove for
use in therapy or in the manufacture of a medicament. in particular, the medicament
is for the treatment or prevention of cancers where at Isast the HER2 receptor
truncated form consisting of the SEQ ID NO: 1 is expressed.

35 According to another feature of the invention, the use of antibodies or fragmants is for
the manufacture of a medicament for treating or preventing breast cancers in
mammals, including human beings.



fragnents is expressed which conpi isee at |east one aniiDody or a fragment
tnereof as descri bed above The present invention also provides a kit of

di agnosi sweandiodebssm nati on of prognosis in isol ated sarpra&P2@b/os@neer s
where the HER2 receptoi is expressed, that conprises neans for detecting
the presence in said sanple of the HER2 ieceptor truncated form consisting
of the SEQ I D NO 1 The invention also provides an anti body or a fragnent

t hereof as descri bed above tor use mtherapy or in the manufacture of a
medi canment In particular the nmedicanent is for the treatnent or prevention

of cancers whesteeradbjdcedste phesehRzertien &4 SharhiauBeREe AL anshst i ng of
the SEQ D N%ﬁlti S ecgpressed Accorqi ng to ?‘th her feature of the invention,
the use of aht1Bodi BS28re s MAGEAEHIES §erdrie Feehion THAERH BB LOiIsiBaICt anent
for treatingSoR IpidYrentiengrebsanshicoancerised am amtivoe) s; a fraghueitngebiuzan
bei ngsAnot ke J I (R I i rpaceut |
conposi ti o? éﬁ?ﬁ%ﬁé%e&%g&ﬁ%ﬁ{%a%f&%apﬁgg}r%&m%rh iaﬁ%%}t%}ggéﬁ'p’?'ﬁean recept or
truncated foYd%donsisting of SEQ 1D NO 1 is expressed, which conprises an
anti body or a fragnment thereof as described above and at |east one
pharmaceutically accept abl e exci pi ent and/ or vehicle. BRI EF DESCRI PTI ON OF
THE DRAWNGS FIG 1 Diagramof the protein sequence of the truncated form
CTF-61 1, coBpHEFEESCRIPTION GRUYHEMRAWINEBe conpl ete HXR2 receptor and with
the truncgted formknown as p95 (648-CTF p95), product of the proteolysis
by ai pha-secretases The transnenbrane domain is represented as a neli coi dal
line. The renai hilAigomsl eidhbe erdten sealiepat etitheittuncaicgfey GTs1 Themsagaence of
t he peptide r (cn t. i

Wigef s keg9sne O@‘H'f% M%t@piri:@or%%%tcgrga?& vgﬁvsthg Qrgb:@ageoafgprﬁ?tﬁgwn

underlined. The positions of intranolecu _ ges are al so
i ndi cat ed wi P CIRMEETTEIPS ) deedused! thparaisaltss hegphEpgreiagbedhe ophor esi s and

Viési er n- bl ottrdrisranmhate dondeeaRedned 2Daeasici@ANSE THSa8MkL ARy toMc Bans
defqect conpl ete

soluble fraction and (Jvl) negbrane f ract on in order to

eRe and {pareinel Iy il SR TR BiGesct B hedPalit dFeviio segr et eredomal n

of the prot gichslonet entbseids aPbiard acddriafeel. Jehyositgenaseratissediaagisgionti ol )
bridges are also indicated with connections between the cysteines.

FIG. 2! Electrophoresis and Western-blot (transfer to membrane) of breast cancer
20 samples. {S) means soluble fraction and (M) membrane fraction. in order to datact

complete HERZ2 and the CTF-611 form, antibodies directed to the cytoplasmic

demain of the proteins were used. DHL: Lacatate dehydrogenase (used as control).

FIG. 3; Results of the evaluation of the number of tumours developad in transgenic

25 mice that express the truncated CTF-811 (FIG. 3A) form in comparison with
fransgenic mice that express the complete HER2 receptor; and the results of the
volums of detected tumours. (FIG. 3B). On the Y axis, N and V mean Number of
Tumours and Volume of Tumours, respectively. On the X axis, T refers to Tima in
weaeaks.

30
FI1G. 4: FIG. 4A shows an electrophoresis and Western-Blot (transfer to membrang)
revealed with an antibody (CB11) that recognises the cytoplasmic domain of the
HERZ receptor (common domain in all complete and truncated forms) or with
polyclonal antibodies generated against the peptide of SEQ 1D NO: 3 (a-611-A and a-

35 811-B). The tracks correspond to MCF7 cell lysate extracts (previously transformed
with the constructions of FIG. 1) that express the complete form of the HER2
receptor, the CTF-611 truncated form and p95 fruncated form. FIG. 4B shows the



FiG 3 : Results of the evaluation of the nunoer of tunours devel oped in
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Char acterization of epitopes Fig 8{A G aph showing the primry seqguence of
t he juxtanmenbrane region of 6 1 1-CTF and the seauence of the different
constructs FlG.7: Characterization of monoclonal antibodies by immunohistochemistry

20 FIG. 8: Characterization of epitopes. Fig. 8(A): Graph showing the primary sequence
of the juxtarnembrane region of 811-CTF and the sequence of the different constructs
used to map the epitopes- Fig. 8(8) Weastern biots.

FIG. 9: Analysis of breast cancer sampies. Fig. 9(A) Table with analytical results. Fig.
25 8(B) immunocytochemical staining.

ETAILED DESCRIPTION

CTF-611
30
As previously mentioned, the inventors found that, surprisingly, the differential
detection of said HER2 fruncated form with SEQ 1D NO: 1 correlates vary well with
the manifestation of a common type of cancer in breast tissue with a poor prognesis,
Thus, FIG. 3 shows the results of the evaluation of the number of tumours deveioped
35 in transgenic mice expressing the truncated form CTF-811 (SEQ ID NO: 1).

In order to obtain the resuits of this FIG. 3, cDNA constructs wers expressed in the



used to map tne epitopes- Fig 8(B) Western blots FIG 9 Anal ysis of breast
cancer sanples Fig 9(A) Table wth analytical results Fig 9(B)
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experl ment s
the truncated form of sequence SEQ 1D NO: 1 showed higher lung metastasis indices

than those cbhserved in the wmours expressing MER2/neu. Further experiments

20 proving the clinical relevance are provided in Example 9 below.

All of this data with transgenic animals reveals that the differential detection of the
HER2 receptor truncaied form of SEQ ID NO: 1 in respect of the complete form of the
recaptor is very necessary.
25
Evidently, said SEQ 1D NO: 1 inciudes all variants derived from alielic variations
between individuals, which entail variations in number and type, of some amino
acids, such as more or less than two or three amino acids, or ths replacement of an
amino acid by ancther one which does not modify the overall recepior’s structure
30
These truncated forms of HERZ can contain neo-epiiopss, in other words, new
antigenic ceterminants not present in the molecule of the whole receptor, meaning
that they do not interact in the same way with the molecules as with the whole
receptor {antibodies, medicaments, eic.).
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and immunohistochemistry in samples from patients. It is particularly preferred that

the distinction can be quantified both in flow cytometry and immunoprecipitation,
20
According to the present invention, the binding of the antibodies of the present
invention to 611-CTF is preferably at least 300 times, more preferably at least 1000
times, most preferably 1000 to 2000 times stronger than their binding to HER2 in an
immunoprecipitation experiment, as described in more detail in Example 3 (using 5
25 microgram of 32H2 and 5 microgram of 20F4),

As noted above, the antibody can be polyclonal or monoclonal.

in the sense of the present invention, “polyclonal antibody” shall be understood to

30 mean the group of antibodies produced by different B cell lines (B iymphocytes).
Polyclonal antibodies are mixiures of immunoglobulins secreted against an antigen
(macromolecuie), each one of these immunoglobulins being capabie of recognising a
different epitope, since it comes from a different B cell. Thus, within the different
populations of immunoglobulins contained in a polycional antibody, there is a type of

o)
wu

immunoglobulin that recognises the epitope or epitopes of interest of a specific
antigen.
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Manoclonal antibodies produced with thess hybridoma cell lines, as well as

monoclonal antibodies that are functionally at least equivalent are particuiariy

20 preferred. Functionally at least equivalent are those antibodies that can discriminate
between CTF-611 and HER2 equally well or aven better.

Useful antibodies aiso inciude humanized and human antibodies.

25 The present invention thus also provides the isolated peptides of sequence SEQ ID
NO. 2, SEQID NO. 3, SEQ ID NO: 4 or SEQ ID NO: 5.

instead of the complete antibody, a fragment thereof may be used according to the
presentinvention. The antibcdy fragments are selected from the group comprisad by

30 F(ab), F(ab’) and Fv. in the context of the present invention, a fragment of an
antibody refers to a part of the antibody which is of enough size and appropriate
structure to bind to an epitope present in the HER2 receptor fruncated form and thus
permit its detection in a sample.,

35 Examples 2 and 3 show specific antibodies. Evidently, the invention extends to other
polycional or monoclonal antibodies directed against the epitope of the CTF-611
truncated form which is defined by the sequences SEQ ID NO: 2 and SEQ ID NC: 3,
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hybridonma cell |ine capable of producing nonoclonal antibodies directed
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t he cont ext t?é deherpiesent i nvention, any anal ytical technique that allows
o

separation the conpounds to be detected on the basis of then different
nobility i'A a specif,c nmobile phase stationary pnase system such as an

el ect r ophor %ét@ctsoﬁuﬁﬂ&»ugh fifiier@nhi rﬁghambh EModl@Ye Qﬁd&%@@%’o J%éaﬁ zﬁ’H‘ %%gr ont

el ectrical e mtne conpound ferent nol ecul ar wei ght or
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affinity for
compaounds o be detecied on the basis of thelr different mobility in a specific mohile
phase - stationary phase system, such as an electrophoresis. Such different mobiiity
20 may be caused by a different electrical charge in the compound, different molecular

weight, or different affinity for othar compounds.

This differential detection can be carried out through analytical technigues known by
the skilled in the art such as protain electrophoresis, molecutar exclusion

25 chromatographies, antibody affinity tests, immunofiuorescence,
immunocytochemistry, immunohistochemistry, flow cytometry, etc, Particularly
preferred is immunohistochemistry. One or more of thess methods can be combined
to enhance reliability,

30 Differential detection of the HERR2 receptor truncated form consisting of SEQ 1D NO:
1, also referred to in this invention as CTF-811, in respect of the whole or complsts
HER2 receptor, impiies being able to visualise two proteins with different moiecuiar
weights and different sequences as can be desired from FIG. 1. The truncated form
with 82Q 1D NO: 1 consists of the protein resulting from the alternative initiation of

35 transiation through methionine 611 of the complete sequence of the HER2 receptor.
This form or CTF thus comprises a new extracellular domain, a transmembrane
fragment, and a cytosolic domain. The transmembrane fragment and the cytosolic
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1, conprises the detection vmth at | east one antibody as defined above In a
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consisting of the sequence SEQ 1D NO: 1 in a sample.

20
In the same way, it is contemplated for the diagnosis agent containing at least the
antibodies to be adhered fo a solid support, directly or indirectly by means of a spacer
arm. An agent of this type allows capturing of the form of sequence SEQID NO: 1 of
a sample, in order 1o determine its presence afterwards with other non-specific

25 antibodiss (such as CB11).

The agenis of diagnosis and determination of prognosis according to the invention
can aiso be applied in immunohistochemistry protocols. To this effect, the (primary or
secondary) monocional or polycional antibodies must be duly marked to give a visible
30 signal, and in the best of cases quantifiablz, once they have come into contact with
the tested tissue and they have been allowead to interact with the proteins intended for

detection, in other words, with the CTF fragment of HER2 of sequence SEQ 1D NO:
1.

35 With the aim of facilitating the task of analysis, diagnosis and determination of the
prognosis to the physician, it is contemplated that the diagnosistic agent is provided
in the form of a kit which inciudes, besides the antibodies, the reagents (e.g. reagents
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pnysi ci an, Ctuanstah‘mwremmcatmwmml ddsey &rdgnostestinaticagé MER2Ssprhond ded n t he
formof a Kidg, g\%gggm ncI udes, besides the antibodies, the reagents (e.g.
reagentsrequired for 'the i munohi et ochei cai st ai ni ng), buffers and
aetection solutions adapted to determ ne the presence of the truncated form

of SEQ [ D NOhlsi ﬂhean\/%ﬂﬂm 950\/|§9§§|kmdf bél@lané 'dbtderﬁmé@mcﬁsti%’éﬂoagoéﬁé fferent
expressi on ai so detail ed instructions,

I Si
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al so conpri Smganemebsisg tapattasiryéagisout tha esmpe dpiiasd by BECME NO:2 or SEQ
i mrunohi st o rolnation of HE
Her cept est (tq%%%& @é@% Vgt I TV e'}él ﬁ%ﬁ&% %ot% § ri?e‘rims anlé)?bdﬁ‘fggn%)g%@e i
det er mi nat i dﬁfrtﬁmtqw@th}@rmigf?@wrsoﬁﬁm @rhtxtwdvrmth mem’@p@ eagthadne awmrisbelly or a
fragment theseh byq%easr;m kBadyear: fragment being capabl e of recognising the
epi tope defined by SEQID NO 2 or SEQID NO 3 or SEQID NO S, in addition
to the redgent means and buffers suitable for carrying out the interaction

of the anti bodyiagiob:id ﬁ%ti‘@@b& @@%r@é@iﬂu Inb@tﬁtloﬂr gnextenst M@'pyes}@?h@?\fvﬂaam{mt hose

skllledlnthe t The the present i nvention, and tne
kit of the prpaéys% fwﬁ\pé%cha%g c?al me%as?aas poCY pro nosxss and resistance fo
Hercmh%m‘

20 Another type of kit also object of the invention, comprises all the nacessary means for
carrying out detection through differential migration of the HERZ2 receptor truncated
form consisting of the sequence SEQ ID NO: 1, in relation to the complete form of the
HERZ receptor.

25 Within the group of cancers that express the HER2 receptor or its truncated variants,
breast cancer stands out. Other cancers where these proteins are also expressed
include the cancer of lung, pancreas, colon, stomach, prosiate, head and neck, skin,
kidney, testicie, thyroids, urinary bladder, uterus, vulva, endometrial, ovary,
oesophagus, mouth, salivary gland, larynx, peritoneum, nose and throat region,

30 Faliopian tubes, Wilms tumors as well as lymphomas, Swing sarcomas, synovial
sarcoma, medulloblastomas, trophobiastic tumors, glyomas, glyoblastomas,
cholangiocarcinomas, cholesteatoma, chondrosarcoma, ependymoma,
neurilemmomas, neuromas, rhabdomyosarcomas. The diagnostic method of the
present invention is thus particutarty suitable for diagnosing one of these cancers.

35 In addition to ex-vive detection of-CTFs the antibodies could be used for in vivo
imaging.



may ail ow the prediction of nodal netastasis, poor prognosis, and

resi stance to Another type of kit also object of the invention conprises
al | the rwoessenmyseieans for carryi ng out detection throrgh/Ep2dobesE@Nsi a!
mgration of the HER2 receptor truncated form conststsng of the seauence
SEQ[DNO1inrelation to the conplete formof the HER2 receptor Wthin
the group of cancers that express the HER2 recepio or its truncated
variants breast cancer stands out. O her cancers where these proteins are
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rhabdonyosarEﬁﬁﬁﬁﬁﬂﬁﬁﬁﬁﬁéﬁﬁégﬁ@ﬁxhethod of the present invention is thus

particularly suitable for di agnosi ng one of these cancers In addition to
[ the anti bodi es could be used for in vivo
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of cancer, Opéao r@ éthlﬂ ﬁggﬁﬁéssseghﬂ%e %on[? %QJ;?H%PF %egRsﬁLEr gceptor or its

truncat ed varlan and man anti s t her eof ,
are preferr e@amﬁéc%ﬁ@&'b/wp@@abie velhitiss bneeiti$ron aa@‘ et igse dnakstbody that

har naceuti c I whi ch at
st e Hogy §OTRn SHIORS dda d by hokollif oLt SRLTBNO Y o ARSI
expressed TheSdSI#HB ?@ﬁ%ﬁC@Sﬁﬁ?”@b@aYﬁ@@égﬁﬁﬁﬁ%ﬁééﬁvWﬁéﬁﬁvxé%@éb@%bIe

vehi cl es or mxRicoiaaninghedythidte pregst: BRI tbRawY otr{éabmft%@@g@g?&ﬂgm@@z
epi t ope dg%l ned %\éﬁ%ﬁﬁ?seau%{iessHSE I B, NO 2 or SEQ ID NO 3 The

phar maceut ' cal' %€ i8h = ar$6"Bnprise a mxture of antibodies that,
besi aes an anti body of the present invention, contains otner antibodies

agai nst HERzBé%'édfon"%Pgérﬁ@}rés b%@fd@gﬁﬂereﬁwu% ﬁ\%ay@g}f\%% Eﬂﬁ\}srpative but not fimiting

examples, below there are described the method of diagnosis and determination of
prognosis of cancers where ine BERZ receplior and/or its carboxy terminals

20 fragments (truncated variants) are expressed; new peptides and specific antibodies
against said peptides; new cell iines; diagnosis agents and kits for detection, all of

which being objecis of the invention.

Although not specified, all technical anc scientific terms usad in the specification have

25 the meaning that a skilled in the art, to who the invention belongs, would assign to
them. Similar or equivalent methods and materials to those described herein may be
used in the practice of the present invention. Throughout the description and claims
the word "comprise” and variations of the word, such as "comprising”, is not intendead
to exciude other technical features, additives, components, or steps. Additional

30 objects, advantages and features of the invention will become apparent to thoss
skilled in the art upon examination of the description or may be learned by practice of
the invention. The foliowing examples and drawings are provided by way of
ilustration, and are not intendsd to be limiting of the present invention.

35 Also, it shall be understood that the present invention covers all possibie
combinations of preferred and particular groups described above.



Based on the figures provided herein and always by way of illustrative but
not limting exanples, below there are described the method of diagnosis
and det erwobnatwwnsesf prognosis of cancers wnere me HER PETHEPR@V/08G36 Or itS
carooxy termnals fragments (truncated variants) are expressed new peptides
and specific antibodi es agai nst said peptd des, new cell Iines, diagnosis
agents and kits for detection, all of which being objects of the invention
Al though not_specified, ali tecnnical and scientific terns used in the
specificatidﬂgﬁﬁﬂb-ﬁne meaning tnat a skilled in the art, to who the

i nvention belongs woul d assign to them Simlar or equival ent nethods and

materi al s t e aescnbed Herein may be ysed in the practice of the
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Addi ti onal ects antages an ur es ion wll become
apparent to those skilled in the art upon exam nation of the description or

may be iear E@e%e%gﬁ%b&&r of the invention The follow ng exanpl es and
drawi ngs ar € provi de y y of illustration, and are not intended to be
limting of tne present invention Also, it shaII be understood tnat the
present i nvegylisOMCTOVEESOR| dellBIBSI b&iSRIH i iarbl ARB BhcPELEBIT %@d and

MPLES. The_ f
G fer ont e8] CHBR O 15q 1RO Braseitanin, 1o timiatea) oMol sequence
SEQ | D NO 1,Glutarainei( @éwatr.mbraambe cnzmganx:@mgf(cat&ja;e antiype/mhat expresses
e S ey R R ISP B PR IR S o S 1o
CO2 m DVEM nﬂlqszm(is PYIYT FEEENED (et ) nginutsEBS o{i@w@&:w}th PAHND L34t amme
(PAA Labor atipiig as.fpmaaum r48d ik GoRERy AR ol AR, rﬁ ah'gﬁe (Sigma).
AT

FUGENES ( Rl o8 b 67 8EaENS o6l Dhel) (4-0 SRS 6B SR BRI T
i ntegrat ed wmﬁﬁnsat@ﬁb?demmmthkﬁﬂﬁéﬁﬁmhVQMQﬁMQbHs3&#@déﬁ&%@8&@9ﬁ@b%&
Expression f'{rr%@, RUWPHA %FB@B? agwecu[%'i\wléese time by cen*nf%ganon and the medium
changed 10hours after seeding in culture dishes. Homogeneity of the
individual clones was checked by immunofiuorescence confocal microscopy
20 with an antibody against the cytoplasmic domain of HER2. Two independently
selected stable clones were used in the experiments-.

Western blot. Cells expressing the different HER2 isoforms were lysed in modified

25 RIPA buffer (20mM NaH2PO4/NaOH pH7.4, 150mM NaCl, 1% Triton X-100, 5mM
EDTA, 100mM PMSF, 256mM NaF, 16pg/ml Aprotinin, 10pg/mi Leupeptin and 1.3mM
Na3V04) and protein concentrations determined with DC protein assay reagents
(BIO-RAD). Samples were mixed with loading buffer {final concentrations: 62mMM Tris
pHB.8, 12% glycerol, 2.5% SDS} with 5% betaMercaptoethanol and incubated at

30 98°C for dmin before fractionation of 15ug protein by SDS-PAGE. Specific signals in
Western blots were quantified with the software imaged 1.38 (Ni-).

immunoprecipitation. Cell lysates were incubated with different antibodies during 1
hour at 4°C. Then, immunocomplexes were purified with protein A.

W
{3}

Immunoprecipitates were washed three times with lysis buffer, mixed with loading
buffer and anaiyzed by Weastern blot.



was i nduced by renoving doxycycisne First the cells were detached with 0 5%
Trypsm EDTA (A BCO, washed three tine by cenirifugation and the nmedi um
changed Mbaoreoedsser seedi ng m cul ture di shes honogeneiPCY/ErRomssomrasvi duai
cl ones was cnecKed by i nmmunof| uorescence confocal mcroscopy 20 with an

ant i body agai nst the cytoplasm c aomain _of HER2 Two i ndependently seiecied
stable clones were used in the experi ments- Western bfot Cells expr essi ng
the different HER2 i soforns were lysed in nodified 25 RIPA buffer (20rM

NZEZ P%/ N;’alﬂ'C@lsi?oriinﬂm Wld&a&;denb%rﬂ'ihi'dsté_ﬂp%sé&%d %@&QW&%Ft 25mvi

, rotij . eupept | n . and protesn
concent pgti ofi& 8@'{‘”&%@#}36‘%%F]%g[%%?fgfﬂé%h&ig@i?f Buyand Ee%ﬁa%ﬂ‘?&[ﬂ‘thsarml es
were m xed W% TricadXn§o Buf fogiin.(fombiockiop e et bnétodo b d62nmd JedcseFiHain8, 12%

| ycerol, 2 BY-SRS) svi 9 5 .capt ' J.. 99C for
gmyn before i‘/rooaB?gf 2c))'ri\gl‘f F%‘?\&ﬁ Q%ﬁégggﬁro e?%g@%%@%ﬂ%%%%g@?ﬁ@kﬁ dal's in
West ern bl 8t Yeqier ebeairiepfied with the software Imaged 1 38 (N H)

nmunopreci pitation. Cell iysates were incuoated with different antibodies
dunng 1 hour_at 4C Then | noconp exes V\grzevéﬁurifi ed with protein A 35

| r nmunopr eci PPV EYEIMGIEY-¢ IFEdS BXY 8IS ed2 i it HE 1581 &b titerevashegiated wit h
| oadi ng buf f£€ vethdZhahy dedchyd Wescamtdtiog SeiM sf FoTA iDanmetluer eseence

m cr oscopy ver.-slips_were hed w PBS,. fixed with 4%
par af or mal déﬁf}%g{%‘d %‘@W%ﬁg“ %eﬁf‘%gbrp?ri‘offeo&aﬁ'ﬁﬁoﬁy. Q%éﬁ)f é‘%—”@ég" ?% i
1Grm. ForlObpogkiingtdiid veastiebedy skimdifergoveinus ¢eC PBS Rl G-hodjogBRAantd 1%
Saponi n and Q,Q2% &880 ARhKIRR AW DG VES §§DBS%¢F@@@C’R’2@{ ]\_/gag_?_(:t or

| aboratories). Flow c(%/tomat ry. NCF7 cells expressing 2, F or 648-
ver e washed ®1'¢£0¢€ it HrapBSnadd (FeeatRerr i PEYED (AN Agkissm of EDTA.

Det ached celinsnusetgombepbat. edowhiti VI8 ngdym  of anti - 32H2 nonocl onal
anti body in PBS containing 5% BSA for 30 nm at 4C washed and stained for 30

ram at 40C with FTC-conjugated anti nouse |1gG (Becton-Di ckinson) in PBS
cont ai ni ngs Sy BeAstoPhewiseyt OITHRT gellvasyrdone; BRa, FACSTABr 643-ng&EACScan

Ei)séar ch soffWALe - BeclaNpRsCLNA R LATUNOCYL QIEL LV Ry 8¢ epMRUALAI D VI ew.
were centrifuged and cell pellets were fixed in 10% neutral formalin, dehydrated and
embedded in paraffin, Sections from cell petlets or from human tissues of a thickness
of 4 um were placed on poly-lvsine-coated glass slides. Immunohistochemistry

20 analyses ware performed using the following protocol:
1. Deparaffinizing and rehydrating the section
1.1 Incubate the slides 30 min at 60°C.
1.2 Deparaffinize the siides with three 5 min. incubations of clean xylene, followad by
two 3 min washes with absolute ethancl.
25 1.5 Gradually bring to distilled water: Ethanol 95°C 3 min, Ethanol 70°C 3min,
Ethanci 50°C 3 min, distilied watsr,
2, Anfigen retrieval
PT Link at low PH (8), ENVISION FLEX TARGET RETRIEVAL SOLUTION HIGH Ph
10x. DM 812, 20 min a 85°C.
30 Wash with Envision Fiex wash buffer x10 DM 811 15min.
3. Immunohistochemical staining
AUTOSTAINER plus Link DAKO
KIT: ENVISION FLEX + MOUSE, High Ph ( Link):
Envision Fiex Peroxidass Blocking SMB01.
35 Envision Flex/ HRP SM 802.
Envision Flex DAB+CHROMOGEN DM 807.
Envision Flex Substrate Buffer SM 803.



| munhi st ochei tststry. MCF7 cells exoressing HXR2, 6 11-CTF or 648- were
washed at 4cC with PBS and detached in PBS containing 5mM of EDTA. Then,
cel | s werwocemoopfesged and cell pellets were fixed in leeamPatmasesior mal in,
dehydrai ed and enbedded in paraffin. Sections fromcetf peiieis ot from
human tissues o a thickness of 4 nmwere placed on poiy-lysine-coate a

gl ass sliaes. | munohistochem stry anal yses were perforned using the

foll owi ng protocol: 1. Deparaffinizing and rehydrating the section 1. 1

| ncuoat e theE@I?ﬁi@b@e&WaﬂW&’cuffeow DW. 8 ‘Depar af pnze the slides with three 5

mm i ncubai i gNgsiof Fiek € il \g@% washes wi th absol ute
ethanol. 1.3 GaﬂgLa yg%ﬁ(ﬁ%@%cﬁ %E%%NB“’% hanoi 95C 3 mm Et hanol

70GC 3min , EMMRGTesobeuss e&l%\tqlsm ed water. 2. Antigen retrieval PT

Link at | ow PHokiBlse FENA SIOMaSrLEX, TARGETLRETR EVAL SOLUTI ON HI GH Ph 10x DM
8 12. 20 mn a. 95 h. Envi sion Fl ex wash buffer x 10 DM8 1 1 15m n
3. 1 mundhi’st 66%%8%\%%15“&% ng AUTOSTAI NER plus Link DAKO KIT: ENVI S| ON
FLEX + MOUSE//asii ghh Rhsting.bufkdr. Envi si on FlI ex Per oxi dase BI ocki ng SMBO1 .
Envi si on Fl ex/ HRP SM 802. Jamsi SR H@% 80r4 dlﬁﬁ SI on

FIl ex Substrate Buffer SM 8q aq ggﬁqwgzrhp%& Eéh sh Buf er 10x

Envi sion Flex Target Retriev Ox DM 812 Envi SI on F| ex+
Mouse ( linker) SM 84 Per odeasmtBeramibumh wi th washing buffer. Protein

Bl ock 5% 15-20 nm Wash vvlth washi ng_buf f er
0 8 Secondary ?Fiev HEP, Flex+Mouse/Rabbit) 20 min.

= Wash with washing buffer,
= DAB 5 min,

= Wash with wash buffer.

e Hematoxyiin

15 = Wagh with distilied water.

3. Dehydrating and stabilizing with mounting medium

3.1 Gracually wash with increasing concentrations of ethano! (50%, 70%, 25%, 2 min

each wash}.

3.2 Gradually bring to distilled water (ethano! 85%, 70%, 50%, distilisd water, 3 min
20 each wash).

3.3 Wash with Xyiene/eucalypto! (3 washes 2 min each).

3.4 Mount with DPX.

Transgenic Mice

25 TG 811 and TG 687 mice were enginserad by cloning the sequences encoding 687-
CTF and 611-CTF into the multiple cloning site i downstream of the Rous sarcoma
virus enhanced mouse mammary tumor virus long terminal repeat of the pMB vector
(a kind gift from Dr. Marcos Malumbres, CNIO, Madrid), Founder lines wers
generated by microinjecting linearized plasmid DNA into fertilized cozytes harvested

30 from superovulated FVB mice in the Centre of Animal Biotechnology and Gene
Therapy (Centre de Biotecnoiogia Animal | Terapia Génica, Universitat Autdbnoma de
Barcelona ). Founder mice were genotyped by Southerm hybridization analysis. After
identification of founder animals, routine colony maintenance was performed by PCR
genotyping. The male and female FVB/N-Tg(MMTVneu)202J mice were obtained

35 from the Jackson Laboratory (Bar Harbor, ME).



" 32H2 diluted 1 1000-1 3000 ( 1 ng/m stock) or 20F diluted 1.20-1 :50 (
1ng/m stock) 2 hours Wash with washing buffer. B Secondary (Fiex HRP

FI ex+MouswORatmion36s20 nm B Wash wi th washi ng buffer DABPETMPREINSEM6 Wi t h
wash buffei Hematoxylin. Wash wsth distilled water 3 Dehydrating and
stabilizing with mounting medium3 1 Gadually wash Wh increasing
concentrations of erhanof 50% 70% 95% 2 mn each wash) 3 2 Gadual ly
bring to d ,stilled watei (ethanoi 95% 70% 50% distilled water, 3 mm
each wash). 3 3 Wash with Xyi ene/eucal yptoi (3 washes 2 nm each) 3 4 Mount

wi th DPX Tr apsgeiieuMsCoidlishiddy and TG 687 nmice were engi neered by cloning
CT

t he sequences encodi ng 687- and 6 11-CTF into the nultiple cloning site

Il downst r eafRBMaheapIgesdPbYRd 97 plass diskardbed onpngat wedthary tunor virus

| ong ternmi na;baré@ﬂﬂ@itﬁefqigeta@@ trl@ldwyﬁeﬁlewﬁtm efrrnki. s g%d‘efg »x{)ér@ﬂh&rdgn g\{%‘%eeg??rng

Mai unbres, .CNi O rid). nder |ines were generate MBCr Oi Nj ec

| i neari zed Sp?ra'grﬁng(%%{i}fcg’Htagil[{‘%eidﬁqlq“%&f @%i?‘f%@‘%&?@%@%é@%%ﬁ%%%l at ed
FVB ni ce in tdiedGes sagueftiafinivihldeBicatiac hoadcagytianachi %aeomeh@pwtté@@?@re ;1e
Bi ot ecnoi ogi (g =T r api.a - It t onoma Bar.cel ona
Founder m ceé\cfjvé? érl;rg]leeﬁﬂ {%/-%égg%f%ﬂgﬁgpﬁg%r%&?g @Eaetdf\gtlganndgr\f‘é r%/g?)gk%{'Per

i denti fi cat i BHalgh. Festionsder daipivgr svithiheotineircathaysimmai nt enance was .
performed by PCR genotyping The male and femal e FV3/ N- Tg( MMT'Vneu) 202J mi ce
were ootained fromthe Jackson Laboratory (Bar Harboi , ME)Wole Munts and
Hi st ol ogy 'NeRalMELEaRaeciry & the lineeentsn SFRIENG| | theaughfdifiesantiayer ni ght i n

4% migration.

In F1G. 2, which corresponds to an image of an electrophoresis gel and subseguent
Westemn-type transfer (Western-blot), different samples of breast cancer {108, 114,

15 101, 103, 131, 134 and 145) were icaded on the tracks. From each sampie both the
soluble fraction (8) and the membrane fraction (M) of the call lysate wers analysed, in
oraer to visualise what type of HERZ molecule was present and in what fractions. in
principle, it is expacted that both the complete receptor and the form of the SEQ 1D
NC: 1 are in the cell membrane. For the cetection of compiete HERZ and of CTF-611

20 form, antibodies were used (CB11) directed 10 the cytoplasmic domain of the
proteins, which is a common domain in both protein forms, As an anatysis’ control the
presence of the lactate dehydrogenase (DHL) enzyme was detected. In most
samples, bands corresponding to the complete HERZ2 receptor and in the membrane
fraction, a band corresponding to form CTF-811 of SEQ ID NO: 1 appears.

25
FIG. 2 therefore shows that detection of the type of truncated forms of the HER2
receptor can be carried out through a protein electrophoresis analysis. Furthermore,
the presence of a fragment of HER2 of sequence SEQ 1D NO: 1 is indicative of a
certain type of cancer, in the case of the example, breast cancer, which neads to be

30 evaluated and treated as an individual case within the cancers that express HERZ.

EXAMPLE 2. Detection of the presence of the HER2 fragment of sequence SEQ 1D
NO: 1 with polyclonal antibodies directed to nec-epitopes defined by the SEQ 1D NO:
2or SEQID NO: 3.

35
With the aim of being able to detect the presence of the HER2 truncated form, whose
sequence is the one described in SEQ 1D NO: 1, using altemative means o those of



par af or mal dehyde and transferred to 70% ethanol. The slides were rinsed in
water for 5 5mn and stained in a filtered solution of 0 2% carm ne for
24hour s Gvardry/onedsé t nen dehydrated sequentially w th decTE®R3000856976
concentrations of etnanoi, then defatted and stored in nethyl salicylate
For histol ogical analysis, fixed glands V\%re bl ocked in paraffin, _
sectioned, and stained with hematoxylin and eosin. 10 EXAMPLE 1: Deiection
of the fragment of SEQ D NO 1 through differential mgration. In FIG 2,
whi ch cor r espaad®ntiorcagh diffagetiafm:aratieh ecéicaphabesissa g@d)t;dam@v@glﬂ%quent

To5, 114 "1 HGLe, SO Jaibhlesei AT Ta S b e Fr om
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| he cell || ysate.chero Anakrens non. of dsn Pn%s%’%éfé%!sﬂ%véé"ﬂ?é 7 1e4RE.0b, FERZ

nol ecul e was res nt an in what fractions m exp ec¥ed t hat
both the c@ nif? SR BPS et FOD RS TV ET Th@h@”@E@@UmP"anﬁwhbiﬁ the ceil

menor ane For lirhe h@&zbeﬁt—irler@(L(B{), conpl ete HXR2 ana of CTF-61 1 0 form

anti bodi es were used (CBl1 1) directed io the cytoplasnic domain of the
proteins, which is a conmon domain in both protein forms As an anal ysi s’
control the %E@é@rﬂt{é dofortehporidactatrehy pdeoige rassaibbHL Yh2pz SAE DA @et ect e

e momoet SAFRLER A BRRUP 0L S5 BONIBIGAL b e SBIRLELE, EERG SRR 2705 |

t he rrerrbrane correspondi n To NO 1
appears. QOP{V@UQG?VH@P%W &W@Bd'ﬁﬁéﬁeﬂ%ﬁi wmﬁﬁweoayntmmeg*/pept@fe SFQiticat ed

fornms of t heNﬁ%sH"@é‘cﬁr@b@@m%e Reit&RS ddipdy BthI HEQYE rNOa Spdfr%e‘?ﬁ P the

el ectro hore5|s a ence_ of it sent of
CERS. of coq bicataRes T ¢ Rer 2t s SE D 0P STaTr af . Bl aarieer i n
the case of ithe axaa{rpﬂoeodmEk@&ﬁth&@@@ﬁs;zm%é@ﬁhé@d&ommrrh@rs@ﬂ@w\/@ljé%se&l EXiRIODILE
treated as ual . Wi t hi.n.the cancers ess

2 Detecti onaé}%dl?%g}\@ %e@éhggg%Prg?% AR $PRG REIE © %)P]es @Cgﬁ@' ID NO 1
with pol yd|5dﬁfé‘?l’fecéﬁ?tfh@@Eﬁr@@f?idﬁ?‘rmteemetf%u’ftewtépmntnmqm cdii@tteid@@aiay‘imheﬁ&Q | D
NO 2 or SEQdikdNe¥s shuivdlent and therefore useful for the same purpose.

A SDS electrophoresis anc subsequent Western transfer of MCF7 celi lysate extracts
(previously transformed with the constructs of FIG. 1), expressing the complete form

20 of the HER2 receptor, the CTF-611 truncated form and the p95 truncated form were
carried cut. The truncated form of SEQ 1D NO: 1 appsared in fact as two fragments of
similar molecular weight. As can be derived from tests performed with Glycosidase-F,
an enzyme that eliminates N-glycans from proteins (not shown), the fragment CTF-
€11 is a substrate of post-transiational modifications. Specifically, a fragment with

25 approximately 110 kDa corresponds to the form that is synthesized and subsequently
entsrs into the secretary route, where it becomes N-giycosylated,

The serum of two of the immunised rabbite recognised both the complete HERZ
receptor, and CTF-611. This can be seen from FIG. 44, where the bands

30 corresponding to both the complete HERZ receptor and the form of SEQ D NO: 1 or
CTr-611 are detected. As indicated in said FIG. 4A, the Western biot was revealed
with an antibody (CB11) that recognises the cytoplasmic domain of the HER2
receptor (domain common in all forms, complete and truncated); or with the
polycional antibodies generated against said peptide of SEQ 1D NO: 4 (0-611-A and

35 0-611-B) and that are present in the serums of rabbits. Because it is comparable to
the signal of complete HERZ and CTF-611, it is conciuded that the antibodies o-811-
A and a-611-B recognise a linear epitope that is present in both forms of the recepior.



Wth the aimof being able to deiect the presence of the HER2 truncated
form whose sequence ss the one described in SEQ ID NO 1, ussng alternative
means t o wbasw/diet ecti on through differential m grati @OTIEP2009/056976

el ectrophoresis, a peptide having the sequence SEQ I D NO 4 was synt hesi zed
and foui rabbits were inmunised with saig peptide This peptide corresponds
to the 32 amno acids of the NNtermnai end of the CTF-61 1 formor of SEQ
D NO 1, in which nost cysteines have been replaced by serines for the
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CTF-61 1 d t t f ed out The

Truncat edt;g@%%g& %é%%g%%ﬁk? %ngag rP@'raéjrg%gﬁg P“%&QP%W?SS ngﬁ‘f@ebf s mlar
mol ecul ar waipghe'. As ffedradse otlehicly 8 r‘eswmqféﬁlsmpembmcmdﬁwadsaﬁ yicossdase- F,
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CT - 611|sasubstrateo ost-transiatjon pecifically,

a fragment WaR<appriok ey in)’ff@EﬁéreééYﬁ@ééDééﬁﬂiﬁsﬁ%s tHeedtetm that i s
synt hesi zesl iapdingpHasigfRAt Y tﬁ@bﬁéfen‘t BhibobiRe. BROWRLRFYhHIEOMELWOREL it

b N- t ed sed rabqits recognised
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the Western ot was
Input: 5yl lysate mix (Full length HER2: CTF811: CTF648,1:1:1)

20 IP: 50 pl lysate mix + 5l anti 611CTF serum from rabbit or CB11

In the tracks corrasponding to the immunoprecipitation with the antibodias 0-811-A
and 0-611-B, there can be distinguished bands that are clearly more intense than the
rest in those molecular weights corresponding to the givcosylated and non-

25 glycosylated form of CTF-611. That is, said antibodies directed against the peptide of
SEQ 1D NG: 4 do not immunoprecipitate the complate form of the HER?2 raceptor,
which means that they really recognise an epitope which is masked when the
complete MERZ receptor is not denaturalised. Therefore, it can be concluded that the
antibodies 0-611-A and ¢-611-8 are specific for CTF-611,

30
This specificity is corroborated by indirect immunofivorescence assays (not shown) in
which the affinity purified poiycional antibodies o-611-A and 0-611-B only aliow the
staining in samples expressing the truncatad fragment CTF-611. This fact involves
the advantage of making it possible to use them to detect differentially what form of

35 the HERZ receplor is expressed in an isolated sample of umour tissue. Affinity
purification of the polyclonal antibodies was performed as follows:



with an antibody (CBl1 1) that recognises the cytoplasm c domain of the HER2
receptor (domain common in all fornms, conplete and truncated), or with the
pol ycl onaoantwdvossses gener at ed agai nst sai d pepti de of PEERPRMINGD6 (a- 61
1-A and a-61 1-Bj and that are present in the seruns of rabbits Because it
s conparable to tne signa. of conplete HER2 ana CTF-61 1, it is concluded
that the antibodies a-61 1- A and a-61 1-B recognise a Ilnear epi t ope that
is oresent in both forns o the receptorAs a negative control in the SDS

el ect r ophor e§i '$ta > pedficaran m*ma@ﬁ%@?r@@m Hy satuen (©priediarg).t he
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that the ag gh%s di rected agai nst the peptide of SEQ ID NO 4

pr eci pltate fefabiy the truncated formof the receptor (CTF-61 1) The

m xture that s, subjected to i mmunoprecip tation contained a proportion of
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of which thd 78 B G HEY P AN BPEE SR ‘F eﬁ@é’ﬁ%‘e PRYNEant i bodi es
a-61 1 A a- BIlﬂdlngBatéi@d WHHO%wesHe@a/dé*dOAotascm\rdmmésrcactjmc(ngmmtbb anwas | oaded
with the %%Mé@mlm%cﬂwﬁ &merbégg g‘hgﬁ’%? 9L ?Lﬁ N%?ﬁebﬁ%%@ %.S&%?Q to

i nTnunoprecipitati on with tne di anti I es bi'ot was
reveal ed w t'FH-'cBl 81 (Approx 105 ceils expre55| ng fuN-1ength HXR2 6 1 1-CTF
oi 648-CTF were lysed in 500 m of lysis bufler (50 mivi Tris HCL pH7 4,
137mM NaCl ZifFEEFAhe D086ad srciepadyt wad e NPADRgdiys S#E$s0. ev.eNadzari fi ed by cent
pfuga'ion at 14000 g X 30 mm I nput 5m Ilysate mx (Full length HER2 CTF61 1
CTF648.1 1 1) IP 50 M lysate mx + 5m am 6 11CTF serum fromrabbit or

CB1 11In tnav@r@%tag@m%@@é&b%r&p%w%dsmﬂ@%@%e%,% %Etr Wi bt he
antloodsre;z?s 61 1- can di stingul shed bands that are

or e
ctearly e°9'fit Eﬁg@a‘f‘%ﬁv ?{ﬁg‘%“@gtdelW@%é@'?ﬁ?ﬁ%&ﬁf@r RePYHESIZUIEEs pondi ng
to the gl yccﬁ&wmw&ds‘@n@snﬁmﬂrmwlfazﬁ"ed'ﬁ:(mm @ﬁaf@l&;@bcl’sgﬂw NDs{, said
anft DQdi es di, %th ai nst. Dept i SEQ 1D not,
i munopr ecsps% s The coc\‘ ente:%fnor NS ?\%éo h‘P%@@(ﬁQ“’dr e established to

stabil nqﬂ tne homodime"s of this truncated form. As can be derived from FIG. 4 as a

whole, one must conclude that the zone close 1o the celi membrane of the truncated

20 form of SEQ D NO: 1 is aniigenically differant from its equivalent in the complete
HERZ receptor. From this, it is derived that it can be detected differentialiy according

to what has been previously indicatad.

Quantification of the different HER2 isoforms in the input, CB11 and ant-611-8
25 immunprecipitates normalized to the amount of HER2 shows are as foliows:

input | CB11 | Anti-
£11-B
HER2 1 1 i
611-CTF 147 | 127 2320
646-CTF 1153 276 124

The guantification was carried out using imagaJ 1.38.

30 EXAMPLE 3: Detection of the presence of the HERR fragment of sequence SEQ ID
NO: 1 with monoclonal antibodies directed at neo-epitopes defined by SEQ 1D NO: 2



whi ch neans that they realty recogni se an epitope which is nmasked when the
conplete HER2 receptor is not denaturalised Therefore, rt can oe conclu aed
t hat the wototwad)sss a- 61 1- A and a-61 1-B are specific POI/BEI09IOI6916 Thi s
specificity JS corroborated by indirect immunofl uorescence assays (pot
shown) n which the affinity purified polyclonal antibodies a-6 1 1-A and
a-61 1-B only allow the staining in sanpl“es expressing the truncated
fragnent CT -61 1 This fact involves the advantage of nmaksng it possible to
use tnemto getmpiD diof erentially wnat formof the HER2 receptor is
expressed in an isolated sanple of iunour tissue Affinity purification of

t he polyclonal antibodies was perfornmed as follows(i) Total 1gG
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been previ owSMpiatnipiroat edid recepior, which means that it really recognises a new epitops
(nec-epiiope) that inciudes the primary amino group on the N-terminal end of the
CTE-811 form of the recepior.
20
In & simitar way, when an immunoprecipitation assay was carried out with the
monocional antibodies 20F4 and 32H2 in comparison with the antibody CB11 {which
recognises the cytosolic domain of the receptors), it was detected that the
monoclonal antibody directed against the peplide of SEQ ID NO: 3 precipitated
25 exclusively the truncated form of the recepior (CTF-611). These results are svident in
FIG. 5B. In this figure, there are shown the results of 2 SDS electrophoresis and the
subsequent Western transfer, on the tracks of which the resuits of the
immunoprecipitation assays with the antibodies 20F4, 32H2 and CB11 wers loaded.

30 On the track corresponding to immunoprecipitation with the antibodies 20F4 and
32H2, only the bands of the giycosviated and non-glycosviated form of the CTF-811
truncated form can be distinguished, That is, antibodies 20F4 and 32H2 do not
immunoprecipitate the compiete form of the HER2 receptor, Therefore, it can be
conciuded that the antibodies 20F4 and 32H2 are highly speacific to CTF-611 and do
not recognise the compiete form of HER2, meaning that it can be used for the

(0
8]

differential and highly selective detection of what form of the HER2 receptor is
expressed in an isolated sample of tumour tissue,



Quantification of V e different HER2 ssoforns in the input, CBt 1 and
anti-61 1-B i munprecspitates nornalized to the anount of HXR2 shows are as
fol |l ows TWO 2quénbicsi cati on was earned out using SmageJ PCIEPRNOMRIIES 3

Det ection of the presence of the HER2 fragnent of sequence SEQ ID NO 1

wi th nonocl onal anti bodi es directed at nzei?-epi topes defined by SEQ !D NO
2or SEQ ID NO 3 Using the sanme peptide 0of SEQ ID NO 4 of exanple 2 ,
nonocl onal anti bodi es were obtained. Fromall of them nonoclonal antibody
20F4 produced by the hybpdoma cell line with access nunber DSM ACC2904 and
nmonocl onal aftib produc he rido |l line with access
nunber DSM Al 9@%&\/\%&3@% egfeﬁgn%%gart egﬂ?ﬁt Sduegb[&grieﬁgeg WSt hit s PY dfi’body
are shown t ncFISEPHAINg & i Mg df-lanayaks3sd mrexampicelofy, stqusase cardiiedTut a
SDS el ect r ophekesi He apdich 3 A in d1f. 1

m xt ure of I\/&:% 1%ell | . satb % Oi%@?@%@rﬂrﬁasggﬂqg%gll%ﬁgﬁgﬁg? oﬁertrtE[?gp_c\%ieéBL i % Ne
const r uct s 2of IG5 ePGPRA ArLXBRIESSRY thHae MERDiZasiapieaiie apapl igteet delt-m  or
the CTF-61 %Qnamimﬁaatoedofr Qﬂﬁeﬁndiiﬁfreﬁiﬁfbﬁaﬁm f&.crfmfaaurecklhégcmﬂ FBHE aff 20 ﬁh ihs
a phot ogr aph, i.he. menbrane q st e r aled wt 11 or with the
nonocl onal azm%?%wgaelcgggggﬁgf@%iga%;%%e W@”L@n”%%%s?%ﬁafﬁﬁé@ “er recogni se
specifically the truncated form of HER2 corresponding to the receptor CTF-
6 110 SEQIDNO 1 apdsdogsuhot -pegsent any detectable cross-reactivity
with the CONQEE 2] TorTof Diid receptoriwhich neans that it really

recogni ses a-new-epi-t-ope—neo-—epiepel—that includes the ppmary am no group
on the N-ter®iinair endidf i ha4TTE: 630418 or m of t he receptor In a simlar
way, when ane4sadiopr eciopi t afi on agsay was earned out with the nonocl onal
anti bodi es 20F4 and 32H2 in conparison with the aptibosy CB1 1 (which
recogni ses_the cytosolic domain of the receptors), it was detected that the
monocl onal'®ant i bo ay directed against the peptide of SEQ ID NO 3

preci pitated exclusively the truncated formof the receptor (CTF-61 1).

Th 't ident in FIG 5B In this fi . there are shown th
fosults of ML b elrTosne rhaoLtiL ey Soesrarn \FERGFLR, on

t he tracks oftivhifchy tdvecytesairys of the i nmunoprecipitation assays with the
ant i bodi es 20F4, 32H2 and CB1 1 were | oaded.

15 (A) MCF7 cells expressing HERZ2, 611-CTF or 848-CTF were analyzed by flow
cytometry using different concentrations of 32H2, a monacional antibody raised
against the peplide MPIWKFPDEEGASQPSPINSTHSSVDLDDKGC (see Fig. 1).
See Figure 8(A).

(B} The results of two indgependsnt experiments performed as in (&) were quaniified

20 and the average are shown. Ses Figure 6(B).

(C) MCF7 celis expressing HERZ, 611-CTF or 648-CTF were analyzaed in a confocal
microscope by indirect iImmunofiuorescence with the indicated antibodies.

As fluorophore-coupled secondary antibody, Alexa Fluor 488 goat-anti mouse oG
from invitrogen (A110011) was used. To assess unspecific binding as a negative

25 control, FACS was carried out without 32H2 serum but in the presence of this
secondary antibody (“2ary”).

Conclusion:The epitope recognized by the antibody 32H2 is exposed in live celis
expressing 611-CTF but masked in live cells expressing HERZ.

30 EXAMPLE 8; Characterization of monoclonal antibodies against the N-terminus of
611-CTF by immunohistochemistry



On the track corresponding to i munoprecipitation wth the anti bodi es 20F4
and 32H2. only the bands of the glycosylated and non-gl ycosyl ated form of

t he CTF- swoX2otwoenssat ed f orm can be di stingui shed, That PST/ERnM0vbocd7e€s 20F4
and 32H2 do not i mrunoprecptate the conplete formof the HER2 receptor.
Therefore, it can be conciuded that the antibodies 20F4 and 32H2 are highly
specific to CTF-61 1 and do not recogni sE" t he conplete form of HERZ2,
meaning that it can be used for the differential and highly selective

det ef:t i o][l of tnwﬁafaocmnmmxf:rﬁtmww@azMm_czaﬁns)éxdr@?smgm eesed 1:@?@& e‘b@g_tﬁi ed
sanmple of tu ssue,. characterization of no onal anti bodies
di rect ed aga‘fwﬁ@{:By’%pﬁrﬁt'aggyc%qﬁj%sg AR gori”ﬁ@*l- b‘é{'l?h W ani no
aci d-1 ong, sedemancentofior®cbnii L 11eOHF kntihctilke rekéds bexcs tiof pepitie ope(s)
masked in fu I - _€TF.Th I are
masked both VﬁT\?EgQQEFHE{gﬁ%N%ﬁg?g@gbgﬁgﬁﬁe? n{ggé%wggé??rgg%gﬁﬁ%i cation
of the difPef®ERt SHBRYN §5BP¥EMS in the CB1 1, 32H2 and 20F4

i mmunpreci pitates normalized to the anmount of HER2 shows are as foll ows.
EXAM LE Char act %rizati n of one nonocl onal anti body aF%ai nst the N-term nus

of 6 11-CTF By 3R By Ppes ’REORESH ehE NEBGISSSTARAERSH2 1§ SXa0€HF o r
648- CTF wer einanbd spesbsing &1 eV & yhovmicryy ingsnghidicbhenent. ic epment rat i ons of
32H2, a nono i rajse i.nst_the oept,id

VP! WKFPDEEGAL |y|\@%@@\8/g%ﬁ3@’ %segggﬁ%ﬁ?s 7y° @%%‘peﬂi'%ﬁ}eef UsERF (B he
resul ts ofl Ot e'erdeperrientit exqaeicduiasitrelepet boingeoe &st fhat fAoheteheuiamt i f i ed

and the average: @k hiRo0WRhoe8 Sorfrh SUT&1RE Blst (Gh cel|'s expressing HER?,
6 11-CTF or 648-CTF were a?llal yzred irrl a' consgoca?wﬁlﬁ%roscope by indirect

i mmunof | uorescence with the indicated antibo aies As fl uorophore-coupl ed
secondary aptkhgayE sAbexacklibgondthoaabp S ciIER) 0 Mertibayi trogen (Al

1001 1) was used . To assess speci fi,c._binding as a negative control FACS
) i'ea SHECUPT AU 3B EB i 0 T

was carried O he presence of this secondary
anti Dody (i52ary") Concl usion The eoitope recognized by the anti body 32H2 is

2§B?Z§gi Ing L‘Eﬁ%oﬁ@%ét& s%émnﬁstﬁé Bgmgryjse%&g@:e Pile j%gﬁ%%ﬁr%el rje\éx%n Gkl S
CTF. The N- and the C- termini of the molecule are indicated. The transmembrane
and the kinase domains are indicated by a dashed and a grey box, respactively. The
sequence of different deletion constructs in indicated. See Figure 8(A}.

20 (B} MCF-7 celis transiently transfected with cDNA deletion constructs starting at the
indicated amino acids were lysed. Cell lysates were analyzed by Westarn blot with
CB11, an antibody against the cytoplasmic domain of HERZ, or with two independent
monoclonal anti-611-CTF antibodies raised against the peptids
MPIWKFPDEEGASQPSPINSTHSSVDLDDKGC. See Figure 8(B)

25 Cenclusions. The epitopes recognized by the antibodies 32H2 and 20F4 are

contained or at least overiap with the sequence MPIWKFPDEEC,

EXAMPLE 7: Analysis of human breast cancer sampies with a monoclonat antibody
30 against the N-terminus of 611-CTF or with Harceptest! M

(A} The expression of HERZ in the indicated samples was analyzed with
HerceptestTM, Fiuorescence in Situ Hybridization (FISH) or Westemn blot, Those
samples expressing deteciabie levels of HERZ carboxy terminal fragments (aiso

35 known as P25 as judged by Western blot are indicated (see (Scattriti, M., Rojo, F.,
Ocana, A., Anido, J., Guzman, M., Cortes, J., Di Casime, S., Matias-Guiu, X., Ramon



EXAMPLb 5 Characterization of nonoclonal antibodi es against the N-term nus
of 6 11-CTF by smmunonst ocher ni stryf mmunocyt ochem cai staining of MCF7

cell s expwozsinmyoidER2, 6 1 1-CTF or 648-CTF with CBH anPamtEPR@dps@gai nst
the cytoplasm c domain of HER2 or with two i ndependent nonocl onal aptt-61
1- CTF anti bodi es rai sed agai nst the peptide _
MPI WKFPDEEGASQPSPI NSTHSSVDLDDKGC (see Fig 1) was carried out The result is
shown in Figure 7 Conclusions The epitopes recogni zed by the anti bodi es
20F4 and 32Hg Geglexptyisidds.idn apelBaseigr pt. ¢23¥17hg Nt/ ahe ETRs catds y 2281658},

i mmunohi st ochegirgfifyodan contrast, as judged by the sane technique, these
epi topes are masked in the full-length HER2 nol ecule This result is

parti cul ar | y(FeMEVAREYIGIGMIRG! BREITRE e Frife Prrsabiinsecehetsas y A. gitthe

techni que of 3&3’&@aCrﬁofﬁcﬁﬂorﬁD@iti-GﬂUM’P@nﬁ&ﬁE/ rdiBed E'c?ari]r%lt‘tﬂ'@ ;erl%éé'\/rfn?_ pdl es
Char acteri zat) n e nonoc| ona

agai nst t hé MPM%EFRE§W§#H@$T%§§%%&%?§%%¢)K%§ﬁéﬁM’TP\@r W%HEW?H‘&FT;/T. sequence
of the juxtawbebstre thegitomaehicGioblkin CTHERIIB=eNFig@ad(®ne C term ni of the
nol ecul e ar eqj,pai e h iase_domains a

"ndli cat od by 2 oueREG ey RO S e b R s GBS ST

di ffei ent defBCPofRreRpsPieMersY Knownih earesd cStastabiagavas 8{ A) F¢. By jMgE< Bycel | s
transiently tv-ansipeted with cDNA del etion constructs starting at the

i ndi cat ed %rri no acids were lysed Cell lysates were analyzed by Wstern bl ot
w th CBl 11, an anti body against the cytoplasm c domain of HER2, o- with two
i ndependent nonocl onal anti-61 1-CTF anti bo aies iaised against the peptide

Fecogni 260 Do tRECemt Ehe 0 SArUTAUOSOEE GrteRarTa R d=g SC Feast over! ap
witn the sequeniessWPN\WEPDEEC EXAMPLE 7 Anal ysts of numan or east _ %?_Ecg;
jma{rﬁl aZr\(I:Met [] ’\eﬂg%%%&%gﬁé}'ﬁh%%;ggg@%h@%‘Oﬁ&%m?%ﬁF {If;gee@'?bripdch crg?a Ee sanpl es was
anal yzed \Rngt W'%P%ﬁt’é@% iy oRggerEssernceciae S tzg iBybeeeincardterial MeSH) oi
West ern bl ot estiinisees 88 EXEY BRI X0raehg et alie | euels BhibERS.Ga5eXY
termnal f rar%%%a%y IQJ%wlosr(\)firus-long terminal rapeat, which is preferentially active in the
mammary gland. Although the cellular modeis indicated that sclubie intracellular
CTFs are inactive, to further explore the consequences of expression of thase
20 fragments, we also gensrated TG animals expressing 687-CTE. As a conirol, we
used the ciassical and weli-characterized modsl expressing wild type HER2 (i.e. rat
neu),
At age 7 weeks, the levels of 611-CTF expressed in the haterozygous TG 611 lines
F3 and F2 were ~ equal to and 1/3%, respectively, the levais of endogenous HERZ,
25 while the level in F1 was below the detection threshoid. The levels of 887-CTF in the
homozygous lines developed varied from ~ double to half the levels of HER2 in the
TG 687 lines F2 and F1, respectively.
Mammary glands of the TG animals exhibited no macroscopic abnormalities at 7
weeks age. However, morphological examination of carmine-stained whole mounts
30 revealed hyperplasic abnormalities in the mammary ductal trees of TG HER2 mics.
Similar abnormalities, albeit less pronounced, were pregent in all three lines of TG
611 mice. in contrast, the glands of TG 887 mice were indistinguishable from those of
wild type mice.

35 EXAMPLE ¢: 811-CTF expression leads to the development of aggressive mammary
tumors



known as P95) as judged by Western DIO are indicated (see (Scait pt', M
Rqro F, Ccana, A, Anido, J. GQuznman, M, Cortes, J, D Cosino S.,

Mat i as- GWO0 2K10/00B50Nny Cajal, S., Arpbas, J., and Basei @aT/EP2009(02004) J
Nat| Cancer Inst 99(8), 628-638)), See Figure 9(A) (B) immnocytochem cal
staining of the sane breast cancer sanples as in A, wth 32H2, a nonocl onal
anti-61 1-CTF anti body rai sed agai nst the peptide

MPI WKFPDEEGASQPSPI NSTHSSVDLDDKGC (see Rg 1) or with Herceptest(tn) s which
stains the cYEREdERMErapRaryCces NyErplasiadn FRguEB2 om®) theCbreel lnss ohl G By

si mmunohi St O@’ﬂﬁmlﬁwfars)ﬁevélbﬁecambFe%es%%%u@b%‘lﬂ%rﬁ‘éfwﬂurﬁl’)%%éﬁ&g%% 32”?' €s
ged By Western

previously kno | E%_P'ex etectabl e | evel s of as Jju
bl ot . EXAMPLE"SA %rri?‘i"%r?” fURRT RB¥eiVbdel s to Characterize the Effect of
CTF Expression In Vivo Muuse nodel s have been instrunental in show ng the
oncogeni ¢ ROARRLhAly alfhdkel evance of HER2 in tunor progression. To
characteri Z8 LIS ONCOgen, T otentd db we—est abl i shed transgenic (TG m ce
expressing 6 CFF—under e Eeht-ot—8f—t he nouse mammary tunor
vi rus- | ong t%ﬁ#rﬁgpu} epeat , gt ¢8 i s préterentially active in the manmary
gland. Althotighi't he cel | ul &6-ivbdél s i ndifcated that sol uDi e intracel | ul ar
CTFs are inaeti-Ve, to furtheér2e%pl ore the consequences of expression of
t hese fragnemtistiwe al so gexerated TG ani mal s expressing 687-CTF. As a
control, we I J. expressing wld
Cype HER2. (1 e PR e e s P e & B P e "o pr esse
in the heterozygous TG 6 11 lines F3 and F2 were ~ equai to and 1/3 rd ,
respecti vel yNottbmo}sey%bﬁozﬁfa ienRdogeneusEER2T G War beintdes@vfiler b BBy dpwas
bel ow t he de&%g ? thnreeshol d. The levels of 687-CTF nt he hom)zygous l i nes
devel oped vari et a@ ¥6lbl e to half the levels of HER2 in the TG 687
| i nes F2 afd-iFcbgjcar espect dhvied wmdvaemaway gk aads taficatl headie @cmaumb@laexhl bi t ed
No Macr osco |

RlaciaRA0L MBlLcdd §5H %tﬁ@%eﬂ%me"'ﬂ% %h'm?[?@fcﬁ} @@?Y&‘me

exam nation of carm ne- st al nec unt's revear
abnor mal i ti e€tveet e twapwmarijeeniey HERCrand$ 16fCTIIGVHERRIgEClRUMber of mitotic

images in the ones from TG 611 mice.

As previously shown, TG HERZ mice developed lung metastasis. Three to six weaeks

15 after detection of tumoers, ~ /4" of the TG HER?2 animals had detectable nodules in
the lungs:
Mice Lung metastasis n
HER2 (Neu) 22 9
611-F1 F2. F3 56 9

(Mice were sacrificed 3-6 weeks after tumor detection by palpation, and the
appearance of metastasis monitored by immunohistochemistry).
20
Histological analysis of the lung metastases confirmed the expression of HER2 and
staining with cytokeratin 18 verified that the celis originated from the primary tumor. In
comparison io TG HER2, the number of animals expressing 611-CTF with detectabie
metastases was more than double. This shows that the tumors initiated by this CTF
25 have a more pronounced tendency to invade the jungs.



Simlar abnormalities, albeit |ess pronounced, were present in all three
lines of TG 6 11 mce, in contrast, the glands of TG 687 m ce were

i ndi sti ngeioshwloaséfr om t hose of wild type m ce EXAMPLE ®CTAEPXH0903FE76
expression |l eads to the devel opment of aggressive mammary tunorsDespite the
nmore pronounced hyperplasia in TG HER2 mce, the three lines of TG 6 11

ani mai s devel oped nore aggressive tumorsin terms of nunber of tunors per
animal, tunor growth and tunor onset: Mammary d ands M ce Average (weeks)
HER2 (Neu) 3€c8ueNCss 22 6 11-F1 26.3 4.6 6 6 1 -F2 22.2 4.8 12 6 1 1-F3
23.7 + 5.5 (The appearance of mammary tunors was nonitored by pal pation
weekly.) No tunors or abnornmalities were observed in TG 687 ani nais even
after a foli9®B N Tore than one year. Histological analysis of the
tumors showed the sane typical invasive soiid nodul ar carcinomas induced by
HER2 in the TG 6 11 mce. The only histological difference between the
tunors ini fi at edVByPRERITARY BraRiocTe WhsClH GiY dleebysraintue Cok nitotic i mages
in the ones from TG 6 11 mszce. As previougly shown, TGHER2 m ce devel oped
l ung nmetastasis. Three to six weeks after detection of tunors, 1/4sn of the
TG HER2 ani mal s adiedstndetsablr EismariutssVal se heuhgndsp LydbeCyaung et as t
asis n HER2 (Neu) 22 9 6yl 1-F1. F2. F3556 9__ (MceqgWere sacrificed 3-6
weeks after tunor detection by pal pation and the appearance of netastasis

noni tored by i nmilAdHE SHoERetE st $§° Prilstidine§etls Valfsryped ¥alof the | ung

met ast aseggconfirmed ghe expressiongef HER2 and 45

Val Gly lle Leu Leu Val Val Val Leu Giy Val Val Phe Gly lie Leu
50 55 B0
lle Lys Arg Arg Gin Gin Lys lie Arg Lys Tyr Thr Met Arg Arg Leu
85 70 75 80
15 Leu Glin Giu Thr Glu Leu Val Giu Pro Leu Thr Pro Ser Gly Ala Met
85 a0 g5
Pro Asn Gin Ala Gin Mst Arg lle Leu Lys Giu Thr Giu Leu Arg Lys
100 105 110
Val Lys Val Leu Gly Ser Gly Ala Phe Gly Thr Val Tyr Lys Gly lie
20 115 120 125
Trp lie Pro Asp Gly Giu Asn Val Lys lie Pro Val Ala lie Lys Val
130 135 140
Leu Arg Glu Asn Thr Ser Pro Lys Ala Asn Lys Glu lie Leu Asp Giu
145 150 155 180
25 Ala Tyr Val Met Ala Giy Val Gly Ser Pro Tyr Val Ser Arg Leu Leu
165 170 175
Giy lle Cys Leu Thr Ser Thr Val Gin Leu Val Thr Gin Leu Met Pro
180 185 190
Tyr Gly Cys Leu Leu Asp His Val Arg Giu Asn Arg Gly Arg Leu Gly
30 125 200 205
Ser Gln Asp Leu Leu Asn Trp Cys Met Gin e Ala Lys Gly Met Ser
210 215 220
Tyr Leu Glu Asp Val Arg Leu Val His Arg Asp Leu Ala Ala Arg Asn
225 230 235 240



staining with cytokeratin 18 verified that the celis originated fromthe

primary tunor. In conparison to TG HER2, the nunber of aninals expressing 6
11- CTF wiwb 20s@meicabl e net ast ases was nore than doubl e. PCHIEP2&00397¢ hat t he
tunors initiated by this CTF have a nore pronounced tendency to invade the
i ungs. SEQUENCES SEQID NO 1 Met Pro He _Trp Lys Phe Pro Asp Gu Gu Gy Al a
Cys Gn Pro Cys 1 5 10 15 Pro ile Asn Of$ Thr H's Ser Cys Val Asp Leu Asp

Asp Lys Gy Cys 20 25 30 Pro Ala Gu Gn Ar!c_? Ala Ser Pro Leu Thr Ser He Val
Ser Al a Val 35 4(F! k48U VallygSerHee petHisea s Ne/dhr Aen PheGhdiep Vai Vai Phe Gy
Ne Leu 50 55 60 He Lys Arggatgg Gn Gn Lysylie Arg Lyssslyr Thr Met Arg Arg
Leu 65 70 75 80 Leu G n Gu Thr Gu Leu Val GJu Pro Leu Thr Pro Ser Ay Al a
Met 85 90 95 Prd @& @nhley %S@'%A%@'UAT@ Qe Tredis|AsAep GVTRY Gl u Leu Arg Lys
100 105 110 Vval Lys Val b@y Gly Ser GysAla Phe Gy Fpr Val Tyr Lys Gy Ne
115 120 125 Trp lie Pro As Gu Asn Vai Lys lie Pro Val Ala lie Lys Val
130 135 14P Leu Lxg o 2Er @ 'J&sWSﬂﬁfP Mg Alaprey GliSenfliy LASAEHE Bigu |ie Leu Asp G u
145 150 155 160 Ala Tyys Val Met AlaglGy Vai Gy ger Pro Tyr Vai Ser Arg Leu

Leu 165 170 175 Gy ile s Leu Thr_Ser Thr Val G n Leu Val Thr Gn Leu Met
Pro 180 185 190 Phe Thr His Gin Ser Asp Val Trp Ser Tyr Gly Val Thr Val Trp Glu

2390 295 300
Leu Met Thr Phe Gly Ala Lys Pro Tyr Asp Gly Hie Pro Ala Arg Giu
10 305 310 315 320
lle Pro Asp Leu Leu Glu Lys Gly Glu Arg Leu Pro Gin Pro Pro lie
325 330 335
Cys Thr lie Asp Val Tyr Met lie Met Val Lys Cys Trp Met lie Asp
340 345 350
15 Ser Glu Cys Arg Pro Arg Phe Arg Glu Leu Val Ser Giu Phe Ser Arg
355 360 365
Met Ala Arg Asp Pro Gin Arg Phe Val Val lle Gin Asn Glu Asp Leu
370 375 380
Gly Pro Ala Ser Pro Leu Asp Ser Thr Phe Tyr Arg Ser Leu Leu Giu
20 385 390 335 400
Asp Asp Asp Met Gly Asp Leu Val Asp Ala Giu Glu Tyr Leu Val Pro
405 410 415
Gin Gin Gly Phe Phe Cys Pro Asp Pro Ala Pro Gly Ala Gly Gly Met
420 425 430
25 Val His His Arg His Arg Ser Ser Ser Thr Arg Ser Gly Gly Gly Asp
435 440 445
Leu Thr Leu Gly Leu Giu Pro Ser Giu Giu Glu Ala Pro Arg Ser Pro
450 45 460
Leu Ala Pro Ser Glu Gly Ala Gly Ser Asp Val Phe Asp Gly Asp Leu
30 465 470 475 480
Gly Met Gly Aia Ala Lys Gly Leu Gin Ser Leu Pro Thr His Asp Pro
485 490 495
Ser Pro Leu Gin Arg Tyr Ser Glu Asp Pro Thr Val Pro Leu Pro Ser
500 505 510

(8}



Tyr
Ser
220
235
250
265
280
295

Gy Cys Leu Leu Asp H's Vai Arg Gu Asn Arg Gy Arg Leu Gy 195 200 205
G n Asp Leu Leu Asn Trp Cys Met Anile Ala Lys Ay Met Ser 2 10 2 15

Tyr LwO208m0esp VaS Arg Leu Vai His Arg Asp Leu Al aPAB&EPAI0Y/08®M6 225 230
240Val Leu Vai Lys Ser Pro Asn His Val Lys lie Thr Asp Phe Gy Leu 245
255 Ala Arg Leu Leu Asp lie Asp Qu _Thr Gu Tyr Hs Ala Asp Gy Gy 260
270 Lys Val Pro lie Lys Trp Met Ala4’eu Gu Ser lie Leu Arg Arg Arg 275
285 Phe Thr His G n Ser Asp Val Trp Ser Tyr Gy Val Tnr Vai Trp Gu 290
300 Leu Met GrThpher GiwTwVal g rpieu Tir Cpspe @y ®s Frp &iAl a Arg Gl u 305

3 10 3 15 320 lie Progfsp Leu Leu G Lys Gy Gusfyg Leu Pro Gn Pro Pro

lie
Asp
Arg
Leu
Gu
Val

Ay

325 330 335 Cys Thr lie Asp Val Tyr Met He Met Vai Lys Cys Trp Met He
340 345 350 'Seral@si @ argrpredAmr iyordte Pap §raeber Rreiryali Ser Gl u Phe Ser
355 360 365 MeggAfa Arg Asp Brg G n Arg Phesyai Val lie Gn Asn Gu Asp
370 375 3SO Gy Pro Ala Ser Pro Leu Asp Ser Thr Phe Tyr Arg Ser Leu Leu
385 39b 395 fﬂméf%@i RepAladye (st PrgiAla fbpripdar Vel Ghsprosla Gu G u Tyr Leu
Pro 405 4 1344 15 G n G nggyy Phe Phe Gy Pro Asp Preghia Pro Gy ASa

GSy Met 420 425 430
Lys Thr Leu Ser Pro Gly Lys Asn Giy Val Va! Lys Asp Val Phe Ala

585 570 575
Phe Gly Gly Ala Val Glu Asn Pro Glu Tyr Leu Thr Pro Gin Gly Gy
10 580 585 590
Ala Ada Pro Gin Pro His Pro Pro Pro Ala Phe Ser Pro Ala Phe Asp
595 600 805
Asn Leu Tyr Tyr Trp Asp Gin Asp Pro Pro Glu Arg Gly Ala Pro Pro
810 615 620
15 Ser Thr Phe Lys Gly Thr Pro Thr Ala Glu Asn Pro Glu Tyr Leu Gly
625 830 835 640
Let Asp Val Pro Val '
645

20 SEQIDNGC: 2

Met Pro lle Trp Lys Phe Pro Asp Giu Giu Gly Ata Cys Gin Pro Cys

1 5 10 15
Pro lle Asn Cys Thr His Ser Cys Val Asp Lau Asp Asp Lys Gly Cys
25 20 25 30
Pro Ala Glu Gin Arg Ala Ser Pro Leu Thr
35 40
SEQIDNG: 3

30
Met Pro lie Trp Lys Phe Pro Asp Glu Glu Giy Ala Cys Gin Pro Cys
1 5 10 15
Pro lle Asn Cys Thr His Ser Cys Val Asp Leu Asp Asp Lys Gly Cys
20 25 30



Val Hs Hs Arg H's Arg Ser Ser Ser Tnr Arg Ser Ay Gy Gy Asp 435 440

445

Leu Thr Leu Gy Leu Gu Pro Ser Gw Gu Gu Ala Pro Arg Ser Pro 450 455 460

Leu Aila Pwo 288v00@68 Gy Aila Gy Ser Asp Va!l Phe Asp G yPASEPR@9/08®36 470
480 Gy Met Gy Ala Ala Lys Gy Leu Gn Ser Leu Pro Thr H's Asp Pro 485
495 Ser Pro Leu G n Arg Tyr Ser Gu Asp Pro Thr VvVal Pro Leu Pro Ser 500
510G u Thr Asp Gy Tyr Vai Aia Pro Leu Thf Cys Ser Pro Gn Pro Gu 5 15
525 Tyr Val Asn G n Pro Asp Val Arg Pro Gn Pro Pro Ser Pro Arg G u 530
540 Gy Pro BE@ PO a Ala Arg Pro Ala Gy Aia Thr Leu Gu Arg Al a 545
555 560 Lye Thr Leu Ser Pro Ay Lys Asn Gy Val Va! Lys Asp Val Phe A a
570 575 Phe Ay Gy Aia Val Gu Asn Pro Gu Tyr Leu Thr Pro An Ay Gy
585 590 Ai a A a PeoPdlle Tp by$HPse ProARr 6IUPBID Gy &lPher SerPrPiSer Al a Phe Asp
600 605 Asn Leu fyr Tyr Trp Asp G n Asp P]rﬂo Pro Qu Arg Gy Aia Pro Pro
6 15 620 Ser Thr Phe Lys Gy Thr Pro Thr a Gu Asn Pro G u Tyr Leu Gy
625 630 635 640 Pedlessy SaiThPHE Sl S645] SEQ ¢ DANOASRLIEEIYRIG |ie Trp Lys
Phe Pro Asp Gu Gu Gy fdla Cye G@n Pro. Cys

30
SEQIDNG: 5
10 Met Pro ile Trp Lys Phe Pro Asp Glu Giu Giy Als Ser
1 5 10

SEQUENCE LISTING FREE TEXT

15
SEQ 1D NO: 1 Truncated form or Carboxy Terminal Fragment (CTF) of the
human protein HER?

SEQIDNO: 2 Epitope of & truncated form of the human HERZ protein
20

SEQID NC: 3 Epitope of a truncated form of the human HER?2 protein

SEQ ID NO: 4 Synthetic peptide derived from an epitope of a truncated form of
the human HER?2 protein
25

SEQIDNG: 5 Synthetic peptide derived from an epitope of a truncated form of
the human HER2 protsin

475
490
505
520
535
550
565
580
595
610



1510 15 Pro lie Asn Cys Thr Hi's Ser Cys Vai Asp Leu Asp Asp Lys Gy Cys
20 25 30 Pro Ala Gu Gn Arg Aia Ser Pro Leu Thr 35 40 SEQ D NO 3 Met Pro
lie Trp Lwe 2Ptoa00b¥66 Asp Gu Gu Gy Ala Cys G n Pro CysPLTEPX@IN569R 0 |ie
Asn Cys Thr His Ser Cys Val Asp Leu Asp Asp Lys Gy Cys 20 25 30SEQ I D NO
4 Met Pro lie Trp Lys Phe Pro Asp Gu GlflGly Ala Ser Gn Pro Ser 1 5 10 15
Pro lie Asn Ser Thr H's Ser Ser Val Asp Leu Asp Asp Lys Ay Cys 20 25 30
SEQID NO 5 Met Pro e Trp Lys Phe Pro Asp Gu Gu Gy Ala Ser 1 5 10
SEQUENCE LI SELAMFREE TEXT SEQ ID NGO 1 Truncated form or Carboxy Terni nal
Fragment (CTF) of the human protein HER2 SEQ ID NO 2 Epitope of a
truncated formof the human HER2 protein SEQ ID NO 3 Epitope of a
truncated fobtm of At Aelidegirana HEGPepiBererhthsEecrmixeansepBype biet HERBept i de

derived froneaspeptirRBRdabmd shidpRBb&Beiheuaml dyheshmeri HERProdmi n SEQ
IDNO 5 S Eg?gi pepti de deri\L/!:Jl(’an(dFt %romgn epitcb)/peéc%]:‘ti a truncate?@ormof
t he human iﬁg %r%t ei nCLAIM5S 1 An anti body or a fragnent thereof that

recogni ses an epitope of a HER2 receptor truncated form said epitope being
defined by %.Sequﬁﬁcﬁwtfbegsl/ Hrdaef?ad;n%x%lﬁ%nleg a@%rd%g to claim 1, wherein said epitope
is one included in SEQ 1D NO: 3.

10 3. The antibody or fragment according fo claim 1 or 2, wherein the antibody or
fragment thereot is suitable to distinguish the protein of SEQ I3 NQ:1 from the HER2

receptor,

4, The antibody or fragment according to ons or more of the precading claims,
15 wherein the antibody or fragment thereof is suitable to distinguish the protein of SEQ
12 NO:1 from the HER2 receptor truncated form 648-CTF/pg5.
5. The antibody or fragment according to claim 3 or 4, wherein the distinction
can be visualized by one or more of immunofiucrescence, flow cytometry,
20 immunohistochemistry in cultured cells, and immunohistochemistry in samples from
patients,

8. The antibody or fragment thereof according to one or more of the preceding
claims, which is a polycional antibody.

25
7. The antibody or fragment thereof according to one or more of claims 1 to 6,
which is a monoclonal antibody or a fragment thereof.

8. The antibody or fragment thereof according to claim 7, produced by the

30 hybridoma cell iine deposited with the “Deutschiand Sammlung von Mikroorganismen
und Zeilen — DSMZ" with access number DSM ACC2904 or the hybridoma cell line
deposited with the “Deutschiand Sammiung von Mikroorganismen und Zellen -
DSMZ” with access number DSM ACC2880.

35 9. The antibody or fragment according to one or more of the preceding claims,
whetein the fragment is one selected from the group formed by F{ab), Flab’) and Fv.



2. The antibody or a fragnent thereof according to claim1l1, wherein said
epitope is one included in SEQ ID NO 3 3 The anti body or fragnment according
t o cl ai mwoan10dvoseher ei n t he anti body or fragnment there@®CTiIEP26i05@0é e to

di stinguish the protein of SEQ 1D NO 1 fromthe HER2 receptor. 4 The

anti body or fragnent according to one or nore of the preceding clains,
wherein the antibody or fragnment thereof:ds suitable to distinguish the
protein of SEQ 1D NO. 1 fromthe HER2 receptor truncated form 648-CTF/ p95 5.

The anti bodys or 1 & 800 ASSAIAIN. LrELAhNR 0Ly A WE b of he di stinction

can be visualized by one or i mmunot | uor escence, 'f1 6w cytonetry.
i mmunohi st schem stry in cultured cells, and i nmunohsstochem stry in

sanpl es frompati&hiethodGor JBGUMY kibeehboBY af ERAGRENT Bk BRfe Bﬁﬁé?miw;}g to one
| onal anti body 7 e

or nore of the ecedi ng clainms, which ss a polyc

anti body or ?’rj%\}é tﬂ?ﬁﬁ?‘éwat&’é‘c"lﬂm AEPIs Ui SopRisRPE IR ftPa? RESEQH 6 |
whi ch i s aSndhecbialis amtonblodyonprgasdfwiggreintndfegeeof 8 . The anti boay or
fragnent thereof according to ciaim?7, produced by the hyb paoma ceil |ine
deposited with the "Deutschiand Sanm ung von M kroorgani smen und Zeilen -
DSMZ' ' wit h BecesRéenusibed oDBNMATCRY 0atarnct shechybpdo petitogy | whidraeredeposi t ed

with the " Deybgesthand mrascam%ﬁ@@aa%hb@@@@@@hf%ﬂn&b@éﬂc&%ké,% giumZME” W th

access nunber DSM ACC%980 9 . e anti bod%/_ ‘ragnent according to one or
more of the [BF BPBAFATR GNRFIHY IS (Beareeh "PReNEMRfMEAt is one sel ected fromthe
group formed by F{ab). F{ab') and Fv10 A hyb pdoma produci ng the nonoci onai

anti body of cjaim7 8 1. net hod f.ar. Cl a_n antibody as

clained in o@é orEFn 'ﬁ@?%d&epg%eaiﬁﬁtmfsfsgg @%Cﬂ@gmg%q Wewgnﬁu%(ai@i on with
a peptide t HERH4cHBEID IOBEQ D NO3 or SEQID NO 4 , which is optionally
conjugated wth a n i munogen 12 The nethod o f claim1l 1 for obtaining a

monocl onal anti body, where the hybridoma cell |line according to claim10 is
grown n a sui‘t ableMelice ¢ eanfediaanesitd viitd wpooietiaidetastipbodye psseewover ed

from thi s1sRAHIMER? receptor truncated form consisting of the amino acid sequence SEQ iD
NO: 1 in a patient sample.

15. The method according to claim 14, wherein the detection is carried out with
means independently selected from the group comprising:

20 (i) detection through differential migration of the HER2 receptor truncated form
consisting of SEQ 1D NO: 1, in relation to a compiete form of said HER2
receptor; and

(i) detection by binding with one or more antibodies as defined in one or more of
claims 1 1o 12.
25
16, The method according to claim 14 or 15, which is a prognostic method
aflowing the prognosis of progression of tumor growth and/or metastases.

17. Use of an antibody or a fragment thereof according to any of the claims 110 9,
30 for the diagnosis and determination of prognesis in isolated sampies of cancers
wherein the HERZ2 receptor is expressed.

18. An agent for diagnosis and determination of prognosis in isolaied sampies of
cancers of the type that express the HER2 receptor or its truncated variants, which

35 comprises at least one antibody or a fragment thereof according to any of the claims
108,



13. A n isolated peptide that consists of SEQIDNO 2 , SEQID NGO 3 SEQID
NO4 or SEQID NO5 14 A nethod of cancer diagnosis, which conprises the
det ect i orwof2otmopsesence of the H EERR22 rreecceepptt o®co/EPeamostsee f or m
consisting of the amno acid sequence SEQID NO 1 in a patient sanple 15
The met hod according to claim1 , whe e in the detection ;s carried out

wi th nmeans i ndependently selected fromthe group conpi ising (i) detection
through differential migration of the HER2 receptor truncated form

consi sting ofg SE [ ation.fo, a e form of said HER2
receptor and (ii )Qr%e%\gegé% |focr)rcljpdgrhgélﬁ%%%p%ég&%%i%%gﬁée%ew'?‘r&\eeﬁn};{ﬂ?qﬁ;’ﬂfidi es as
defined i n ORI tifped ivdraagres a1sdiie suPpar6 The met hod according to claim
14 or 15 which is a prognostic nmethod all owi ng the prognosis of

progr essi oneéJOf tu _ragrowth and/ or metastases 17 Use of a n antibody o e
fragment theteof ‘AlLEY §1a95°5'D 2BhgEIMIPRR T Sreanosisinisgiatedfsgmmidseotdi agnosi s
and det er nbnatnbcen cbttfe ProgROSiBeddthe S@F};&U@def@:@'ii@&ruﬂ&atg@g@@n%, whghem t h?
HER2 recepto agent for di.agnosi s an rmnation o
prognosi s ing%@égé%)g‘%%ﬁg%psﬁggéégm@g EVESHIC R EG SRR Ridfe d85°Re HER2
receptor o rirynegiedfomcenrsdivari hatsEQI 86: tonprises a t | east one anti body
or a fragnent thereof according to any o f the clains 1 to 919 The agent
for diagnosis according to claim118, wherein the anti body or fragment
thereof is ar'ranged dricadiagnas# aGplmizgonokprognesis dcaghusiosiamds,

det er m natiDoshepéin piOGBARE & ddediis®bah8ths R8s ag%n‘?%lﬁ%iﬁ%ﬁfciéitlﬂg 1bype
t hat expressortgge HER2 receptor or its truncated variants, I ch conprises

the neans for “"detecting the presence in the sanple of the HER2 receptor
truncated formconsisting of the SEQIDNO 1 2 1. The kit for diagnosis and

determ nati o of RLQGN9SLiSHAS [ im22, 10 wherein the nmeans of
detection conprises at | e;a%rfo %ﬁ%%adg%geﬁ%%ggé@ﬁ%rﬁaw%s %ﬁcgf% @@‘aﬁp 2%8
wherein the means of detection consist of the detection by differential migration of the
15 HERZ receptor truncated form of SEQ ID NC: 1, in relation to the complete form of

said HER2 receptor.

23. Ar antibody or a fragment thereof according to one or more of claims 1 to 8
for therapeutic use.

20
24, The antibody or fragment according to claim 23, for use in the treatment or
prevention of cancers in which at least the HER2 receptor truncated form consisting
of SEQ ID NO: 1 is expressad.

25 25, The antibody or fragment according to claim 23 or 24, for use in the treatment

or prevention of breast cancers in mammaig, inciuding human beings.

26.  The antibody or fragment according to one or more of ciaims 23 o 25, for use
in the treaiment or prevention of cancers selected from the group comprising cancer

30 of lung, pancreas, colon, stomach, prestate, head and neck, skin, kKidney, testicie,
thyroids, urinary bladder, uterus, vulva, endometrium, ovary, cesophagus, mouth,
salivary gland, farynx, peritoneum, nose and throat region, Faliopian tubes, Wiims
tumors, as well as iymphomas, Swing sarcomas, synovial sarcoma,
medutioblastomas, trophoblastics tumors, glyomas, giyoblastomas,

35 cholangiocarcinomas, cholesteatoma, chondrosarcoma, ependymoma,
neurilemmomas, neuromas, rhabdomyosarcomas.



22 The kit for diagnosis and determ nati on of prognosis according to claim
20, wherein the neans of detection consist of the detection by differenti al
m gr at i orwof20tom®ossS HER2 receptor truncated form of SEQPCIVHREN09D56976
relation to the conplete formof said HER2 receptor 23 An anti body or a
fragnent tnereof according to one or nor.g, of claims 1 to 9 for therapeutic
use. 20 24 The anti body or fragnent accordlng to claim23 for use n the
treatment or prevention of cancers in which at |east the HER2 receptor
truncat ed fo¥m cohsssbi ayamnboSEQ rdyrNG: tHerss sexpliessiadn2ar #re Jngai@ptii body
or fragment [ | LN the treatnment or
prevention O§%ﬂgggéﬂqg%ﬁ%g¥€1f%%ﬁ%ﬁ%%%ﬁtmrﬁhﬁﬁéﬁﬂant ﬁ%%e%esngs 26. The
anti body or fragnent according to one or nore of ctasnms 23 to 25 foi use n

the treat rrenzs or PHLVERsRA d?)fmpﬁ@%#fo'?zﬁ@ﬂr&%w%qt d cgﬂaérg %g&ec 'g'klng

cancer 30 %Hgg ncreas, colon, stomach E@frOState
ki dney, test qCﬁgpéfngcat%l {oNACYNBINGEdar S5 6 S 1\iﬁu@%?’é?%@‘iiﬁdomet Fium
ovary, oesoptragiessrisa®ut that isabrwasey agIaamﬁbdyl@raw%mmfﬂepmgmrd;ﬁ@%@nd

Lhroat 1ol 904 FaL bR B WDSS AR LIS 0Ll 2 LURICTES, oW
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