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“Monokl onal Anti body agai nst CD44v6 The invention relates to a nonocl onal

anti bady agai nst "an epitope which is coded by 5 the variant exon v6 of the
CD44 gene, antibody nol ecul es derived therefromand uses of the antibody or
anti body nol ecul es for diagnostic and therapeutic purposes. Recently it has
been shown that the expression of variants of the surface glycoprotein CD44
I s necessary and sufficient for causing so-called spontaneous netastatic
behavi our of 10 a non-netastasizing rat pancreatic adenocarci nona cel

line as well as a non-netastasizing ratqyfibrosarcoma cell line [err] et

al., 1991). Wiile the smallest CD44 isoform the standard form CD44s (or
CD44std), Ke168u3064t ously expressed in different tissues incl-uding
epithelial cells, certain CD44 splice variants (CD44v, CD44var) are
expressed only in a subset oHonpcloid ArtibodpbgainstTB44BA4 vari ants are
generated by alternative splicing in a way 15 that the sequences often
exons (v1-v10) are conpletely excised in CD44s but can appear in the bigger

variants in di Tﬁ@{,ﬁ)@?ﬁ%%@% £Onéchora? ahiy tgaﬁﬂnﬁtv ﬁe}?t%ge nfbticHl is®odéd by

1993; Hof mann et al. . _The varla,ntg dif I.n, }il . fferent a
aci d sequetiesariantexpn ¥ of Big GP44.gene, aniibady molecples derived thergfram apd nisesefithe of

the protei ﬁnﬁlﬁiﬂ?ﬁbr%ﬂﬁb&ﬁﬁofé&ﬂe@ﬁ:rﬁﬁ%ﬁ@&tﬁ%nﬂmété}iehﬁﬂﬁlgggmn tunor cells as
well as in human tunor tissue. So, the expression of 4 20 wvariants in
the course of colorectal carcinogenesis has recently been investigated

(Hei der et al . Redfigd) hasTheen shgwiethat the expresiianiof variantstof thessufase glycoprotein nal

8, LTSl s b Sl Sl st

proliferating cel Jil rypts. In ] . .
pr ogr est} 0@, naa-yetastasiziag fepenereaimedsnocarcingma celh line pp Well 25 p108-meiAFtasiAing of
CD44. Ti ssyg AEREAEEMA e lindqGuathert@pt, 1995, Wikile the \wedallestSCBU4 dsdfesmi the own

o s R T B A e

e l993) . Exon v.6
ERBroft du defrent dstnes fidTndine
spread (Rudpithé¢lizlcells, 1c@8ain. CDA4 aplicenvarizntsni@44v, &44var)iaes cxpressed tonly6in a
specific ep] Jul. S_—_vi . . L at 6 cel
t he growt h%gﬁé%'?rgf %@@%@S&E@eﬁeﬁbﬁ O%?&%t%g% : tF%)i)ségﬁé r@%‘lﬁ‘ge}]ép %gr i ir{?)%aa@g v6
expr esslon thasthesequencespf teneuons (vEvdE) ars spwpletely excisegdn &D44s but cangippeanin
gaSt ric Pafﬁﬁ% L wa}*iﬁltn@&ﬁrcﬁﬁ’éﬂetﬁpcmlﬁbi?ﬂidﬁgwe%h éi @y ][n@?%; qg_ f@kat., 11993;

i stinguish_tundrs o estina e fromthpse. of .the use type
(Hoi der et Hafmanncesoal, 1993 Hie et s i, Bk cdfercn amipg aeid setiefoss He
been det er rihgeted bitsd ¢egtaiinsite of tiecextragedlulas part 6f the protein. Such variants can be detected

' in various human tumor cells as well as in human tumor tissue. So, the expression of CD44
20 variants in the course of colorectal carcinogenesis has recently been investigated (Heider et

al., 1993a). The expression of CD44 variants is absent in normal human colon epithelium,

and only a weak expression is detectable in the proliferating cells of the crypts. In later

stages of the tumor progression, e.g. in adenocarcinomas, all malignancies express variants
of CD44. Tissue expression of variant CD44 on a high level has also been shown in
25 aggressive Non-Hodgkin lymphomas (Koopman ef al., 1993).

Exon v6 appears to play a special role especially in the course of metastatic spread,
(Rudy e al., 1993). In an animal model, antibodies against v6 specific epitopes could pre-
~vent the settlement of metastatic cells and the growth of metastases (Seiter ef al., 1993). In
30 colon carcinomas, v6 expression correlates with tumor progression (Wielenga et al., 1993).
In gastric carcinomas, v6 expfession is an important diagnostic marker to distinguish
tumors of the intestinal type from those of the diffuse type (Heider et al., 1993b). In the
latter two publications, v6 expression has been determined using antibodies against v6
specific epitopes. |
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"specific epitopes. 35 -2- Monocl onal anti bodi es agai nst epitopes coded
by exdn v6 are known in the state of the art (Hof mann et al., 1991;
Welenga et al., 1993). Because of the high potential utility such

anti bodi es could have in diagnosis and therapy, there is a great need of
anti bodies wth inproved properties. 5 The present invention has the object
of providing an antibody with significantly better properties as conpared
to the known v6 specific antibodies. The present invention has succeeded in
this aim It relates to an antibody witsh the 10 designation VFF-18. The

I nvention further relates to a hybridoma cell |[ine which secretes this

ant i body - and hitonpelonal dntihedies against épitopels eodesddhysesion v rmoerkmowiDiBMhé\SGte i THe

with the u ggﬂg H,

I\/ascher oder B:g 8@41 yg&ﬁgékv\%{} 399_%6?@”&&!35 Hﬂ&h%ﬁ;%#ﬂ# ﬁﬁirﬁrtgrlm@b
"ant i body" 2Bft SRy tere ista grepbneadnofyantibodisaprith e

| mmunogl obithprdved fopahﬁg eqw vaI ent subst ances with regard to binding

speC|f|rc§|ty and affinity as well as the anti body derivatives and

reconbi mant anti body nol ecul es descri bed. The anti body VFF-18 has been

p[) tepar e(cji _ ]E)y a 'Iihmlzsmtéaﬁgnﬁohl@thzzﬁnetmfmﬁdin'gé hnzl?ibodym':lﬁmgmtﬁﬁmﬂyiiefl?r bef
obt ai ne ﬂ&&)ﬁ)é'*‘ﬁ is within the skills o
t he averaggm?et [ sanx{gﬁél prggoaglghcherl \R/}gts Ves ¢ ﬁlg anti body of the invention

or, starting froma sequence analysis of the anti body and/or by use of the
hybr i dora cel | Thé PresertGfivitiofl Hab isGeodbdediaditis difd. Mt 26lates td ﬁﬁ(&ﬁﬁb&@nwh the

the sand aAFHiER G harion Vil 3. e ¥Foting SRUngF Stetet o, B brsoomigloelie which soraetet e
(conpl emantlas antjbodgtand i been deposited and<cil) aasssidiﬂnmiﬁelr DSM A\(RE 2134 withahe
der | vati vepshi ifidcnd St ' MikidtdaRhen "Bl 2Rl G, W eroder

explicitl I NC
P yWeg 1b, D-38124 Braunschweig, Germany.

15 The terms "antibody" or "antibody molecules" hereinafter refer not only to complete
immunoglobulins but also equivalent substances with regard to binding specificity and
affinity as well as the antibody derivatives and recombinant antibody molecules described.

The antibody VFF-18 has been prepared by a process according to example 1. The
20 antibody can also be obtained from the hybridoma cell line deposited. It is within the skills
of the average artisan to prepare derivatives of the antibody of the invention or, starting
from a sequence ahaIysis of the antibody and/or by use of the hybridoma cell line producing
this antibody, to prepare recombinant antibody molecules with the same idiotype, i.e.
antibody molecules having the same amino acid sequence in the region of the antigen
25 binding site (complementarity-determining regions, CDR) as the antibody VFF-18. Such
derivatives as well as recombinant antibody molecules are therefore explicitly included in

the present invention.

For example, Fab or F(ab"), fragments or other fragments could be generated from the

30 complete immunoglobulin of the VFF-18 antibody (Kreitman et al., 1993). For diagnostic
procedures, VFF-18 antibody molecules, fragments thereof, or recombinant antibody -

molecules with the same idiotype, for example, could be linked to radioactive isotopes like

131], ]y, ®¥=Tc or radioactive compounds (Larson et al., 1991; Thomas et al., 1989; Sri-

vastava, 1988), enzymes like peroxidase or alkaline phosphatase (Catty ef Raykundalia,

35 1989), fluorescence dyes (Johnson, 1989), or biotin molecules (Guesdon et al., 1979). For



“the -ﬁresent invention. For exanple, Fab or [err] fragnents or other
#ragments could be generated fromthe 30 conplete i munoglobulin of the
VFF-18 antibody (Kreitman et al., 1993). For diagnostic procedures, VFF-18
anti body nol ecul es, fragments thereof, or reconbinant antibody nol ecul es
with the sane idiotype, for exanple, could be |linked to radioactive

i sotopes like [err] or radioactive conpounds (Larson et al., 1991; Thomas
et al., 1989; Sri- vastava, 1988), enzynes |i ke peroxidase or al kaline
phosphat ase (Catty et Raykundalia, 35-1889), fluorescence dyes (Johnson,
1989), or biotin nolecul es (Guesdon et al., 1979). For -3- therapeutic

appl i cati omh,eramnc appligations; VEF- to1 VEB-18rterivedigntitody moleculesawoutd lhﬂlﬂldeﬂk@d
to toxins (e tvmtaaaé 198 il b kg b, (0 R

1993; Theu t - al dytostatics
(Wang et aﬁ9 Sta%ﬁ{ﬁe%raﬁme ¢f1al., 199 aprodwugs éﬁ’gnaet ¢lué9925b3nn&mwéel 1989)

Fur t her mor ier ridieaomé Istimant ch lFl?ﬂlEﬁndrb niﬁ@f&n?ﬁoﬁ%zr 6%{%%) ?g S']ﬁll Sked ggtao okine or an

i mMmunonadu ide, for.exanpl.e

interl glﬁz ﬁ%‘q‘“ﬁﬁ‘gﬁﬁ‘éﬁ’ﬁﬁi’@ ypeptids, for ¢ tmyr nerosis factor ofdntgr E‘ElHB@nce of

the antibody VFF-18 and/or by use of the hybridoma cell Iine pr oduc![ ng t h| S

anti body, espe Eﬁnﬁgﬁi | mm q?gg g a#,n

wi thin these Cg‘.u]%én\ﬁo sé’?rﬂgeon Ié'ﬂﬁg %%b%?%ﬁggéﬁ@y 3 Sht

ant i body nr%b’é’éﬁ ok @%}tbﬁdpm cel} ine prndyeipg dhis gntilrerdy espesinliy byl shet analysts afithe

t hi Sbf orm @éﬂét}cofnﬂﬁﬁhﬁ%haﬁoﬁtaﬁiedt mt rlﬁlgssé: (Qélks?’ﬂ?én el tﬂhgfad %H%gg glgcaP g:ﬂ:gduce

anti bodjes _cou ni s

Seemanﬁioe Eﬂ%@gﬁx ’(’f‘o M?‘ég" 1tyneias JFE-18.ddetho ve thigo) |

single chafmrpaﬂboﬂﬂmsst@&o&ﬁ/theJmhlﬁnnempﬁ,rﬁch k@&lﬂbmﬁﬁlﬁu@t bdie®could be

fragnment ar uln’ﬁ}ﬂf m?lﬁg

Bar gas et gl %%%%ésg%ﬁ Pnﬁ@%—:r@?% e%{g%e% y @%Prﬁ??ﬂeﬁﬁé ?&gﬂ@ﬁ et

al ., 1994) (Weinesrar sdq 1993 Gquw@gl, rha§ @nqglmgh&?@nugqﬂaesegagw Inhnkgn éDBlrd%

raf ti ng. { EBYDPAAARI or TagiHRAGE. 16 BEAITIY051 § 5%932

'gll'o hurrg{y V\Baagﬁl bo é; get hootlipaluch as % ?oraexa &E&%g?g,?g% EP

043831 R es genera y c mter el a )
Humanised antlbodles may be produced, for example, by CDR grafting (EP 0239400).
Framework regions may also be modified (EP 0519596). To humanise antibodies, methods
such as PCR (cf. for example EP 0368684; EP 0438310; WO 9207075) or computer
modelling (cf. for example WO 9222653) may be used nowadays. Fusion proteins, e.g.

20 single chain antibody/toxin fusion proteins (Chaudhary et al., 1990; Friedman et al., 1993)

may also be produced. Antlbody molecules of this kind are therefore also included in the
invention.

It is further within the skills of the average skilled man to identify the exact epitope of
25 VFF-18 and, with this knowledge, to produce equivalent antibodies with the same binding
specifity. The exact epitope may be identified by peptide binding studies as in example 2,
e.g. by varying the sequence of the peptide Hul. Therefore, such antibodies are also within
the scope of the present invention.

30 A further aspect of the present invention is the use of VFF-18 or VFF-18 derived or
equivalent antibody molecules for diagnosis and therapy.

Diagnostic processes can be based on known procedures using the antibody molecules
_ of the present invention, for example enzyme-linked immunoassays (ELISA, Catty et
35 Raykundalia, 1989), radioimmunoassays (Catty e Murphy, 1989), immunohistochemical



"nodel | i ng (cf. for exanple WD 9222653) may be used nowadays. Fusion
gprotetns, e.g. 20 single chain antibody/toxin fusion proteins (Chaudhary
et al., 1990; Friedman et al., 1993) may al so be produced. Antibody

nol ecul es of this kind are therefore also included in the invention. It is
further within the skills of the average skilled man to identify the exact
epitope of 25 VFF-1 8 and, with this know edge, to produce equival ent

anti bodies with the same binding specifity. The exact epitope may be
identified by peptide binding studies.gs in exanple 2, e.g. by varying the
sequence of the peptide Hul. Therefore, such antibodies are also within the
scope of thethode (Heidet B¥al)l 1993b), 32 western Dldtsir APHOpRREI9E sudhf prob&iupésCeNbe

i nvention is.the . us. }?‘f VEE- 1& or .VFE-18 der iji\I/_ed r e&gigyal ent .anti bodx

mol ecul es PAFOART Fasus samupls o Jiguids obtaed, rgim e, bady, Jor example by wayio%
known pr ocbigpsy Sucl anajysek cambe dinedppalittieely) semi-gliantitatively, o quantitatively. oThe f or
exanmpl e enzyuigdl SKEfibl \V I . . ' 9),
r adi oi mmnoas.sgés%b? W%‘?ﬁhﬁa§ %é’g@ alg:%&mg%gﬁé é@ oﬁé{gﬁn&gé}?%é 8&1211%.

met hods 5( HeRegHic antibadies” (WQ39300 6?), wkes benefiicial qualitiespf; therantibedy or antihody
procedur esppfdtulR RRbIAMTRS! the tiflvdntioh UdnSREhE S Significahd ﬂﬁg&%ﬁbﬁﬂb IshGin
the body, for exanple by way of biopsy. Such anal yses can be done

qual i tati vBIO§®S8€%m - quantitatively, or quantitatively. The antibody or
anti body nol ecul es may be used as described in the prior art for other vé6-

5 specific angj j.es. () 5 ) LGl .Jtie
anti body or an%‘_#%g ﬁPrr%) ‘)é)gﬁ %Z%@%%’o@%%@qﬁﬁg&#l%vg%# 1F&é‘l‘lné t:ootrillg 3%1 Y%:Sﬁgarea
si gni f il®analsp gpitableFasin vive @msmresp@osdg'sof tnpanrs. {If the antibodyt melegutechearsi a
the anti deé‘teéﬁbl@Q%e@,Sﬂﬁq%Hl%ﬂgbé Qetetied ifo gAY HC FufpokEs, e?é.SIBr %Hhéiﬁ@ e f OT
i n vivo diagnosi s, ,esget(cgggqlui, Q(fle&;urmurs | f e ti'body mpl ecul e hears a
det ect abl e HBE| 7 yocon 106 SAdidajdesk BT fo8 SXABPE ;s g of antbndiesseambiped,
for i magi nevithheadioaotive isotopes \for dhmiuaé sciatip@aphy dinshging)g foryexantple,cthargpare. a For

- use of ant 'mlfrgg ot p?o%enﬁ)tixrgf gy means of which the invention may be put into practice (Siccardi er

15 al., 1989; Keenan et al., 1987; Perkins and Pimm, 1992; Colcher et al., 1987; Thompson et
al., 1984).

A therapeutic application can be performed e.g. analogously to the use of the antibody

ASML1.1 (Seiter et al., 1993). The antibody molecule can be applied systemically or

20 topically, for example by intravenous (bolus or permant infusion), intraperitoneal, intramu-

sculary, or subcutaneous injection or infusion. Also, single organs or extremities can be per-

fused. Protocols for the application of conjugéted or non-conjugated antibodies (complete

immunoglobulins, fragments, recombinant chimeric molecules, or the like) can be found

within the art (Mulshine et al., 1991; Larson et al., 1991; Vitetta e Thorpe , 1991; Vitetta et

25 al., 1991; Breitz et al., 1992; Press et al., 1989; Weiner et al., 1989; Chatal et al., 1989;
Sears et al., 1982).

The superior properties of VFF-18 as compared to other anti-CD44v6 antibodies are
demonstrated by the examples2to 4.
30



“with radi oactive | sotopes for immune scintigraphy (inmaging), for exanple,
sthere*are a nunber of procedures by neans of which the invention may be put
into practice (Siccardi et 15 al., 1989; Keenan et al., 1987; Perkins and
Pinmm 1992; Colcher et al., 1987; Thonpson et al., 1984). A therapeutic
application can be perforned e.g. analogously to the use of the antibody
ASM_1.1 (Seiter et al., 1993). The anti body nol ecul e can be applied
systemcally or 20 topically, for exanple by intravenous (bolus or pernant
infusion), intraperitoneal, intranmu- soulary, or subcutaneous injection or
I nfusion. Also, single organs or extremties can be per- fused. Protocols
for the application of conjugated or nfiguresj ugated antibodi es (conplete

! B _ . eh) U . comp
can” bt ound vl s 20SBiio i SERARAR b g SRF-LDAN LT Fsiofbrghelf. G55
Vitetta et glmashione-SttwansferasyiafSchistasema aposicum. ¥3 10 Bvasiant insertslof kerh€ifg-

Press et atytic D44, THAGrRW mikksd! thrombi®eavagasid, 6t al ., 1989, Sears et al .,
1982). Ehe superior properties of VFF-18 asS conpared to other anti-CD44v6

anti bodies are denonstrated by the exanples 2 to 4. 30 -5- Figures
Fi gure 1. ScheRigure2s Sqyuencdonipatisorndf thé exdnSh sibd C34\sb08 of mah aid Rit OT1RI N-

Tnserts of e oF hE BERMERIGH A G IGERAIT bl W dariotles I TASNT gt in .
5 Fi gure 2CD4dy6kor ¥FEckitantidwmantCRHy6) asspectivaly, arhdoliofued;ddentizhl amincand

rat. The sgqueste@saréd bysstdRsi des Ral and Hul recogni zed by the antibodies
| . 1ASM, (anti-rat CD44v6) or VFF-18 (anti-human CD44v6), respectively, are

“bol d-faced. Identical am no acids are nmarked by asterisks.
Figure 3: Binding of CD44v6 specific antibodies to synthetic peptides. The binding

of the antibodies to the peptides was determined by an ELISA, the peptides being immobi-
lised and then incubated with antibody solutions. After appropriate washing steps, bound
antibody was detected by peroxidase-conjugated anti-mouse IgG antibody. (4): In a first
15 experiment, the binding of a rat specific CD44v6 antibody, 1.1ASML, to the peptide Ral
(KWFEN EWQGK NPPT) was demonstrated. (B): In a further experiment, a peptide ho-
mologous to Ral but derived from the human CD44v6 sequence was synthesized. Different
anti-human CD44v6 hybridoma supernatants were bound to this peptide called Hul
(QWFGN RWHEG YRQT). It was found that VFF-18 bound to the peptide much better
20 than the other antibodies tested. (C): For a quantitative evaluation, the experiment was re-
peated with different concentrations of purified antibodies. Also in this experiment, it could
be seen that VFF-18 showed a higher binding affinity as compared to the other antibodies.

Figure 4: Binding of radioactive antibody to tumor cells. The 3 antibodies VFF-7
25 (anti-v6), VFF-8 (anti-v5), and VFF-18 (anti-v6) were radioactively labeled with N-succini-
myl[2,3-*H]propionate and used for binding assays with different tumor cell lines. The
following cell lines were used: CHO-CD44var: recombinant hamster cell line (Chinese
hamster ovary) expressing human variant CD44 (exons v3-v10) on the cell surface; HCT-
116, CX-1, HT-29, CaCo, COLO 205: human colon carcinoma cell lines; A431: human
30. squameous cell carcinoma line. The specific binding of the antibodies to the different cell
lines is shown. While the binding of the v6 specific antibodies VFF-7 and VFF-18 to the -
recombinant cell line CHO-CD44var is of the same magnitude, the antibodies show very
different binding behaviour with respect to the tumor cell lines. In some cases, only VFF-18
and, to a lesser extent, VFF-8 binding can be seen (HT-29, CaCo, COLO 205), while in
35 other cases VFF-18 binds remarkably better than VFF-7.



“ 10 Figure 3: Binding of CD44v6 specific antibodies to synthetic peptides.
;The binding of the antibodies to the peptides was determ ned by an ELI SA

t he peptides being i mopbi- |lised and then incubated with anti body
solutions. After appropriate washing steps, bound anti body was detected by
per-oxi dase-conj ugated anti-nouse 1gG antibody. (A): In a first 15
experinent, the binding of a rat specific CD44v6 anti body, 1.1 ASM., to the
pepti de Ral (KWFEN EWQGK NPPT) was denonstrated. (B): In a further
experiment, a peptide ho- nol ogous tqQ Ral. but derived fromthe human CD44v6
sequence was synthesized. Different anti-human CD44v6 hybri doma
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N- succi ni - 'ny’ |§ib .3H] propi onate and used for binding assays wth different

tumor cel 1© ¥ following cell lines were used: CHO CD44var:

reconbi nant hanster cell |ine (Chinese hanster ovary) expressing human
variant CD44 ( Y ) arﬁe{ﬁﬁ{ E&ﬁamm 1 gﬁg %ﬁ
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15 occurring in serum is better recognized by VFF-18 than by VFF-7.



"Figure 5: Detection of soluble CD44 variants containing exon v6 in normal
‘human®*serum The 3 v6 specific antibodies VFF-4, VFF-7, and VFF-18,
respectively, were used as coating antibodies in a sandwich ELISA 1In all
three cases, a peroxidase-linked CD44std specific anti body (BU- 52, std =
standard) was used as detection anti body. The signal of two 5 different
normal human sera at different dilutions is shown in these assays ((A) and
(B)). In both cases, a substantial stronger signal is observed with VFF-18
as conpared to the two other antibodiesy Figure 6: Serum | evels of CD44
variants containing v6. The content of soluble 10 CD44var in sera of 6
heal thy donors was determ ned by two Bxf#iimplesit ELI SAs. In one test VFF-7
was used, while in the other VFF-18 was used as coating antibody. Both
ant i bodi es_recogni ze exon v6. In both cases, a reconbinant sol uble CD44
variant (el EW&VIUOde@mgé@elm@@mémthVEE-l& control. In the

aver age, t OfonagofpGEX )il wosk 3.5 tinmes higher values as conpared to the
VFF-7 ELI SA. Thi s nmeans that the soluble CD44var 15 occurring in serumis
better recognized by VFF-18 than by VFF-7. -7- Exanpl es Exanple 1:

Production of Tihkecompiete!variait ragibh b6 the FAFCH 1@ DAy @f MMOQ99IW£§ ns

T091) 322"5‘3 bl HRlyodiobpehelion RCR) Aoff Bmim Keptioty TR The foo

ker ati nocyP€ TS Whéch' wereReRl (fr +G¢G§G’MG(E(BA®Q@A|A§‘G}AAGAAAATG-3 , posi-

N ?m%%g@%ﬁéﬁﬁ posi 1 ongrir(ﬁ(iA é?gcﬁg%f Oqos%tﬁ)ns 18&397

vari ant t gggl%f%ppr&ed &) Holgnann £ ¢Be contaiped an EcoRI-
recogniti omcegmﬁomklt&dvhiahww agsll to@lonle AREPCR Prdtfuldt diksrely Ghitodhd ?&EA%QEX-QT{ he

\Iiﬂ(?’% lor V??Eéré;{h %LS lf?i?&f) ii'xe resuI?mS)con.;.rtlbu%t r(peél'?&téﬁ&vcﬁﬁéf v% v1<09 codes for a
fusion protein of about 70 kdal, consisting of glutathione-S-transferase of Schistosoma
Japonicum and the exons v3-v10 of human CD44 (Fig. 1; Heider ez al., 1993a). The fusion
15 protein was expressed in E. coli and subsequently purified by affinity chromatography on
glutathione agarose (Smith ef al., 1988).

Immunisation and screening
20
Female Balb/c mice were immunised intraperitoneally with the affinity purified fusion
protein according to the following scheme:

1. Immunisation: 90 g of fusion protein in complete Freund's adjuvant
25 2.and 3. Immunisation: 50 g of fusion protein in incomplete Freund's adjuvant.

The immunisations were done at intervals of 4 weeks, respectively. 14 days after the
last immunisation, the animals were additionally immunised with 10 pg of fusion protein in
phosphate buffered saline (PBS) at the time for three successive days. The following day,

30 spleen cells of an animal with a high antibody titer were fused with P3.X63-Ag8.653
murine myeloma cells using polyethylene glycol 4000. Hybridoma cells were selected in
microtiter plates in HAT medium (Kohler ef Milstein, 1975; Kearney et al., 1979).

The determination of the antibody titer in serum or the screening of the hybridoma
35 supernatant, respectively, were carried out using an ELISA. In this assay, microtiter plates



f usi-on protein of about 70 kdal, consisting of glutathione-S-transferase of
-Schi stosoma j aponi cum and the exons v3-vl O of human CD44 (Fig. 1; Heider et
al., 1993a). The fusion 15 protein was expressed in E. coli and
subsequently purified by affinity chronmatography on glutathione agarose
(Smith et al., 1988). Immunisation and screening 20 Fermal e Bal b/c nice were
i mmuni sed intraperitoneally with the affinity purlfled fusion protein
according to the foll ow ng scheme: 1. | mrunisation: 90 g of fusion
protein in conplete Freund' s adjuvant. 25 2. and 3. |nmunisation: 50 g of
fusion protein in inconplete Freund' s adjuvant. The inmuni sations were done
at inter vaWsreoéoatdeBﬁlkﬁxsw i (GSTICD4U4 3Dy or &ith uﬁaﬂﬁoﬂeasltrahﬁﬁ}hgé $igdel on,
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nouse i HnuYﬁagI obul in. Hybridomas reacting with gl utathione-S-transferase
only were 5 discarded. The remai ning anti bodies were then characterized
usi ng domain specific fusion proteins (exon v3, exon v5 + v6, exon v6 + V7,
exon v8 - v10) (Koopman et al., 1993). Af- terwards, the inmunhi stochem cal
reacti vi t yExdmplecs Binding lof ODSSv6 sprecificintibodies rosynthetis paptides

15 The binding of CD44v6 specific antibodies to synthetic peptides was determined by
use of an ELISA.
Solutions:
Coating buffer: 0.05 M sodium carbonate, pH 9.6
20 Assay buffer: PBS (phosphate buffered saline)
0.5 % BSA (bovine serum albumin)
0.05 % Tween 20
substrate solution: Kierkegaard & Perry Laboratories, Gaithersburg MD,
: USA; TMB peroxidase substrate: peroxidase solution B
25 H,0,) 1:1

The peptides (50 pg/ml in coating buffer) were immobilised on NUNC Maxisorp

immunoplates (1.1ASML) or Acti A plates from Bio Products (VFF antibodies) at 4°C

30 overnight. In the case of the Acti A plates, the peptide is bound covalently to the plate.
Then, the plates were washed with PBS/0.05% Tween 20, free adsorption sites on the plate -

surface were blocked using assay buffer (1 hour at room temperature) and then washed

again with PB5/0.05% Tween 20.. Acti A plates were reduced by 10 mM sodium boron

hydride in 20 mM sodium hydrogen carbonate, pH 9.0, (1 hour shaking at room

35 temperature) and then washed three times. Then, hybridoma supernatants or antibody



sections. The anti body VFF-18 was then identified by binding to the
.syntheétic peptide Hul (QAFGN RWHEG YRQT). The sequence of Hul is a fragnent
of the human CD44 exon 10 v6. Exanple 2: Binding of CD44v6 specific

anti bodies to synthetic peptides 15 The bi ndi ng of CD44v6 specific
anti bodies to synthetic peptides was determ ned by use of an ELI SA

Sol utions: Coating buffer: 0. 05 M sodi um carbonate, pH 9.6 20 Assay
buf fer: PBS (phosphate buffered saline) 0.5 % BSA (bovine
serum al bumi n). 0. 05 % Tween 20 substratge sol ution: Ki erkegaard & Perry
Laboratories, Gaithersburg MD, USA;, TMB peroxi dase substrate: peroxidase

sol uti on ) Esdhﬁio)ns in assay buffer, respectively, id@igbénuk;iéns-r bawpad .bﬂlﬁﬁd 60 h lveNi'Len
coating bu 0 xi sorp i nqunopl.at es or
hoti A pl ot 460 GellSHRE S ol bee AEHjoB fehperghid: ?‘ﬁﬁﬁ”mﬂgé@‘h PR I n
the case oWerehwaghed theeetimes swith RBY/096% d ween 46 riThenp 180 eitwell thorsetudish

pl ate. Theperokidgs %@m-m&%@’m&ogﬁa & E@%%%ﬁﬁ@ Qilafon i %‘Eﬁ lélrlff )

adsorption sites: on Ihgte urfgce wer € ocC sI ng assay

hour at >r oYYFﬁetagaf)‘g 11%15 W of HENDaRen AL doorm gmpsiptine qust shalsery Bz plateswerz0. .
ﬁcé i A pl awashedehwee tietbs cang stibstrhfe sdsldtiiﬁdtasrﬂdbéﬁ ma%g%d@&érrl&fs ﬂMLﬁ@sgi:Hé(T
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sol uti ons nm (referenceni9Oinm) inaghptometerel y, i n concentrati ons between 0.02 and

10.0 [err] were added to the wells and shaked for two hours at room
terrperg ure. Afterwards, the plates were washed three tines with PBS/ 0. 05%

Tween 28. Therdn 218 experimentqthe binding:of the rat CD44v6 specific antibody 1.1ASML to the
peptide Ral (KWFEN EWQGK NPPT) was detected (Table 1, Figure 3 (A)).

Table 1 1.1 ASML Absorption
g/ml |
- 15 10.00 1.652]
5.00 1.702
2.50 1.658
1.25 1.595
0.63 1.502
20 0.31} 1.211
0.16 0.971
0.08 0.686
0.04 0.458
0.02] 0.270

25

In a further experiment, a peptide derived from the human CD44v6 sequence homo-
logous to Ral was synthesized (Hul, QWFGN RWHEG YRQT). Different anti-human
CD44v6 antibodies were bound to Hul. Suprisingly, it was found that VFF-18 showed a

30 much higher binding affinity to this peptide as compared to the other antibodies tested
(Table 2, Figure 3 (B)). '



per oxi dase conjugated anti-nouse 1gG antibody in an appropriate dilution in
-assay ‘buffer 5 were added. After two hours of incubation at room
tenperature on a shaker, the plates were washed three tines and substrate
solution was added to the wells. After 10-15 mi nutes, the devel opnent was
stopped with 2M sulfuric acid, and the absorption was neasured at 450 nm
(reference 690 nnm) in a photoneter. 10 In a first experinent, the

bi ndi ng of the rat CD44v6 specific antibody 1. 1ASM. to the peptide Ral
(KWFEN EWQGK NPPT) was detected (Tabl-e1d, -Figure 3 (A)). Table 1

1.1 ASM. Absorption g/m 15 10. 00

1. 652 5.00 1. 702 2.50 1.658 1.25 1.595 0.63
1.502 20 : 34— 1.211 0. 16 0.971
0. 08 Tablg 286 0. oju_Antibody o |4-Absorption 0.270 25 In a furt her

experinment, a peptide derypmed fromthe hu
to Ral was synthesized| ( _4Q/\FGN RWHEG . Dfferent anti-human CD44v6
ant i bodies were bound fo Suprfi si ngly, was found that VFF-18 showed
a 30 ch hi gher bind n%F 'Finity to thi &198pti de as conpared to the other
antibodies tested (Table YEF-8qrd 3 (R)) 2.384|. 10 -

{D44v6 sequence hono- | ogous

For a quantitative evaluation, purified anti-human CD44v6 antibodies at various
10 concentrations were bound to the peptide Hul. Here, too, the substantially better binding
. affinity of VFF-18 as compared to the other antibodies can be seen (Table 3, Figure 3 ©)).

Table 3 pg/ml Anti- VFF-4 VFF-7 VFF-18
body _
15 10.000 1.225 0.247 2.320
3.333 1.404 0.226 2.550
1.111 0.853 0.094 2.483
0.370 0.336 0.054] 2.426
0.123} 0.163 0.028 1.354
20 0.041 0.086 - 0.025 0.615
0.014 0.048 0.021 0.266
0.005 0.036 0.031] 0.095
0.002 0.021 0.021 0.061

25

Example 3: Binding of radioactively labeled CD44v6 specific antibodies to tumor cell
lines

30 Radioactive labeling of antibodies

1 mCi N-succinimidyl-[2,3-*H]-propionate ([*H]-NSP, Amersham, 1 mCi/ml) were
evaporated in a siliconized sample vessel at 0°C in a water jet vacuum nearly till dryness.

15 pg antibody (1 mg/ml in PBS, pH 7.4) were added and incubated for 48 hours at 4°C.

35 Subsequently, excessive [°H}-NSP was quenched by reaction with 30 pl 1M glycine in PBS
for 20 minutes at room temperature. The separation of the labeled antibody from [*H]-



"Table 2 Ant i body Absor ption VFF-2 0.067 VFF-4
<1.333'5 VFF- 7 0. 199 VFF-18 .
2.384 For a quantitative evaluation, purified anti-human CD44v6 anti bodi es
at various 10 concentrations were bound to the peptide Hul. Here, too, the
substantially better binding affinity of VFF-18 as conpared to the other

anti bodi es can be seen (Table 3, Figure 3 (C). Table 3 [err] Anti-
VFF- 4 VFF- 7 VFF- 18 body 15 10. 000 1.225
0. 247 2.320 3.333 1.404 - 11 Q. 226 2.550 1.111 0. 853
0. 094 2.483 0. 370 0. 336 0. 054 2.426 0.123 0. 163
0.028 glytin@5wag Oarried out using a Sephadex G-29M)édlumn (coluthrD96lume 15 FhIPaid

0.615 0.01 0 . 021 3 6 0.036 . 0. 031
0.095 0. oogBS/o'5 A'gB%é%s clution %“ 5 The [ H]'I%’.egegla“gi?g@S%ﬁa? o t?‘E_iVHlﬂ Kefuge:

r adi oact i v&hg ammet of aotihedis vaseddterminednusing ancELISA fomthe desedtioni ofmodise
Radi oact i vimmaheglobdin) kndthe!spasifie activitiwrasNaktfagddn! m dyl -[ 2, 3- 3H] - propi onat e
[err] Agersham 1 nCi/nl) were evaporated in a siliconized sanple vessel at
[err] in a water jet vacuumnearly till dryness. 15 [err] antibody (1 ng/m
i n PBS, pHBihding afeudiolalited caibodiestoainoeicélisr 48 hours at [err] 35
Subsequently, excessive [err] was quenched by reaction with 30 [err] 1M
glycine in PBS for 20 m nutes at roomtenperature. The separation of the

| abel ed anti bollie Brastibpdies VFF-7 (anti-v6), VFF-8 (anti-v5), and VFF-18 (anti-v6) were ra-

dioactively labeled with N-succinimidyl-[2,3-*H]propionate and used for binding assays

10 with different tumor cell lines. The following cell lines were used: CHO-CD44var: -
recombinant hamster cell line (Chinese hamster ovary) expressing human variant CD44
(exons v3-v10) on the cell surface; HCT-116, CX-1, HT-29, CaCo, COLO 205: human
colon carcinoma cell lines; A431: human squameous cell carcinoma line.

15 The cells were seeded in 12-well tissue culture plates and incubated overnight at 37°C
in a CO, incubator, washed once with PBS and fixed with ethanol (1 minute at room
temperature). Then they were washed once with culture medium (RPMI 1640/10% fetal calf
serum) and the radioactive antibody was added (250 000 dpm/well in culture medium).
After incubation of 25 hours at room temperature on a shaker, the plates were washed three

20 times with PBS/0.5 % BSA, the cells were solubilised with 0.1 M NaOH/1% Triton X-100,
and the radioactivity was measured in a scintillation counter. Unspecific binding was de-
termined in the presence of a 100fold excess of unlabeled antibody. The binding was related
to a standardized cell number (400 000 cells). After determination of the specific activity of
the antibodies, the amount of bound antibody can be expressed in fimol.

25

Table 4 and figure 4 show the specific binding of the antibody to various cell lines.

While the binding of the v6 specific antibodies VFF-7 and VFF-18 to the recombinant cell
line CHO-CD44var is of approximately the same magnitude, the antibodies show

* substantially different binding behaviour with respect to the tumor cell lines. In some cases,

30 only VFF-18 and, to a lesser extent, VFF-8 binding can be seen (HT-29, CaCo, COLO
205), while in other cases VFF-18 binds remarkably better than VFF-7.



gl ycine was carried out using a Sephadex G 25-M col um (col um vol ume 15
m) and PBS/0.5% BSA as elution buffer. The [err] antibody appears in the
voi d volunme. The anmount of antibody was determ ned using an ELI SA for the
detection of nouse i munogl obulin, and the specific activity was

cal cul ated. 5 Binding of radiol abel ed anti bodies to tunor cells The 3

anti bodies VFF-7 (anti-v6), VFF-8 (anti-v5), and VFF-18 (anti-v6) were ra-
di oactively | abeled with [err] and used for binding assays 10 with
different tunor cell lines. The follawgpg-cell |ines were used:

CHO CD44var: - reconbinant hanster cell |ine (Chinese hanster ovary)

expr essi ng vari A-(exony V3yEEy onjrne $ surfa n?'—r =416,
CX-1, HTZJ%% COL el(‘)-l?:fé human qol on ca?.ci ngma ce |8| [ nas;(%%l . hjuman
squaneous cel |l carcing line. 15 TRecel | $ wer eedefl in wel |
tissue culture plates prmo—rrcubated uvc.ﬁ}q‘z}:.t s [c.ﬁa; e [b”f%nzo'l

i ncubat or, washed once|GHOICIFRIFannd |f i xed wW3BJ50¢t hanol 68.4P1 nut e at 46.pm
tenperature). Then thejH@E1@6Washed |Jonce witipgqyl ture nmegdpgn (RPM 4% 10%
fetal calf serum and kdw.iradi oactiye antibogygyas addedy 6gpb0 000 dpggel |
in cultyre nediunm. Affefopncubation of 25 hBld[); at roo k Tper at ur g, Je)
shaker, the plates wer Shed threq 20 ti rrﬁi) M th PBS/ g % BSA, f?g
cells were solubilised 2??.1 M NqOH/ 1% Tr 51X-100, RA t he 7
radi oactivity was neas i2Pa sciqtillati of0unter. Uhddkcific bih88hg
was de- termined in thed43lesence of la 1 00f oBd%xcess off2.32] abel ed 38.73
anti body. The binding was related to a standardi zed cell nunber (400 000
cells). After determ nation of the specific activity of the antibodies, the

anount 18 BxawpleAi BIISA for the determipationsefFoluble GDA4vOE seelme 4 and figure 4

show t he specific binding of the ant i body to various cell lines. Wile the
bi ndi ng of the v6 specific antibodies VFF-7 and VFF-18 to the reconbi nant
cell line Shkyisii4var is of approximately the same nagnitude, the
ant i bodi es_show suhstantially different binding _behaviour with respect to
the tunor CEMIMEPHEL |n so -&%&’Lg? um carbonate, pH 9.6
Assay buffer: PBS (phosphate buffered saline
15 0.5 % BSA (bovine serum albumin)
' 0.05 % Tween 20
“Sample diluent: Bender MedSystems, Vienna, Austria
Substrate solution: Kierkegaard & Perry Laboratories, Gaithersburg MD,
~ USA; TMB peroxidase substrate: peroxidase solution B
20 (H,0,) 1:1

Microtiter plates (Nunc-Immunoplate MaxiSorp F96) were coated with 5 pg/ml of a

CD44v6 specific antibody (incubation at 4°C overnight). Subsequently, the plates were

washed with PBS/0.05% Tween 20, free adsorption sites on the surface of the plates were

25 blocked using assay buffer (1 hour at room temperature), and plates were washed again.

Serum samples were prediluted at least 1:5 in sample diluent and further diluted serially 1:2

- in the wells. Then, 50 pl/well horseradish peroxidase conjugated anti-CD44std antibody

(Clone BU-52, The Binding Site, Birmingham) were added in an appropriate dilution

(1:3000 - 1:10000) in assay buffer. After three hours of incubation on a shaker at room

30 temperature, plates were washed three times, and substrate solution was added. After 10 to

15 minutes, development was stopped with 2M sulfuric acid, and the absorption was
measured at 450 nm (reference 690 nm) in a photometer.



30 “only VFF-18 and, to a | esser extent,

-CaCo, *COLO 205),

VFF- 8 bi nding can be seen (HT-29,
while in other cases VFF-18 binds renmarkably better than

VFE- 7. - 12 - Table 4 Cell line VFE- 7 VFF- 8

VFF- 18 fi nol f nol f mol CHO CD44var 33.50

68. 42 46. 52 HCT-116 1.44 11. 08

20.22 CX-1 0. 19 2.20 9.48 5

HT- 29 0.00 2. 60 26. 07 CaCo -

0. 03 2.81 12. 57 COLO 305 : 0.00

0.32 2.88 A431 ' 8.19 42. 32

38.73 10 Examilor qhantifidafién,faneribhdilutiohof HisolbicaTD M4 stﬁﬁﬂdﬂ@k %@Mx@a y Buff&' Um
buf f er,; 0.05 M 6_Assay

Sol uti ons: in 0di m car banat e,
buf fer: ng‘?%}epal%d n pgtalle E b@pﬂ% SB{!?PF aﬁ%loihs Was Bunl?ed from & Bu-
0.5 % BSA pmatHMeofgsmmbmamdmns)er @eﬂﬁ(@H@}\emeﬁmgSﬂﬂume GD44wB~i10. CD44v3-

Bender Medgysi arﬁ%l ,&%EEE on: Ki er kegaard &
5% Galfkﬂv urgﬂ%‘gﬁgﬁgé §gde{r?|%(§<| dase substrate:

Perry L boratorles
per oxi ddse sol ution B 20

(Nunc- | mmunop|Edbte Faxid Figuge FUemonsteate QR :egbnge oh sdilabre]cpu Jaridii ¥éh Iéﬂﬁ?
nashed i (1OBES 1 emhimien s, TR Wb A0S ErL YFE, MhE L o)

pl at es werrespestivelyp wieslusedi asgroating untihekiiesrin (al sandwichaELISZQ Tntadihedecddses )a,

and pl at espd6¥idawaniked CEUstY specific antibody (BU-52, std = standard) was used as detection

10  antibody.The signal of two different normal human sera at different dilutions is shown ((4)

and (B)). In both cases, a substantial stronger signal is observed with VFF-18 as compared

to the two other antibodies.
15 Table5S A Dilution VFF-4 VFF-7 VFF-18
Serum 1 1:5 0.406 0.417 3.143
1:10 0.378 0.289 3.055
1:20 0.296 0.179 2.630
1:40 0.207 0.072 1.778
20 - 1:80 0.109 0.062 1.084
' 1:160 0.050 0.030 0.594
1:320 0.026 0.008 0.318
1:640 0.012 0.007 0.159
25
Table 5 B Dilution VFF-4 VFE-7 VFF-18
Serum 2 1:5 1.690 1.280 3.290
1:10 1.756 1.185 3.321
1:20 _ 1.564 0.857 3.163
30 1:40 1.213 0.468 3.050
1:80 0.699 0.208 2.537
1 :16_'0 0.336 0.061 1.666
1:320 0.138 0.014 0.988
1:640 0.054 0.018 0.546

35

[err] 1:1 Mcrotiter plates

fic

t he



"Sertm sanples were prediluted at least 1:5 in sanple diluent and further
.diluted serially 1:2 in the wells. Then, 50 [err] horseradi sh peroxi dase
conj ugated anti-CD44std anti body (Cl one BU-52,- The Binding Site,

Bi r mi nghan) were added in an appropriate dilution (1:3000 - 1:10000)
assay buffer. After three hours of incubation on a shaker at room 30
tenperature, plates were washed three tinmes, and substrate sol ution was
added. After 10 to 15 m nutes, devel opnent was stopped with 2M sul furic
acid, and the absorption was nmeasured ap 450 nm (reference 690 nm in a
phot onet er. 13 - For quantification, a serial dilution of a soluble
CD44I st andar d B¢l bend fighfs 6 yhdwi kéram lewels pf ef eortaining @Bmwmants Thelvenat um
sanpl es. Le ant
namet or - coPl SIERPA\aril sl beB Sy dbnls Whoichdtpu R A i rplenf BERTS RET
CD44 var i apne tashVEFrl, rwhiletio the other YEFt18 wasused a@ba@gsalmb@dh Igdmh Gases, a
demonstr at gochhifbiding 3GH6R @34@%&9{ XSP%v\refmaﬁ&mmm eeme%aras \égnt'rcfl

nor mal hunan_serum odle VFE-4, VFF-7, and V

in

lEll

respect ivelmth

© feragsy

- three caseg EEIS?eIThis dtfafis thao lc6th

standard) was used as det.ection Th of two different
nor mal hﬁnﬁﬂ°“§'é%“‘a§e“m1#‘r‘é°ff'§fﬁ°°8$%“ﬂa‘%¥ J!Pfg)és‘h"dﬁ?ﬁ?ﬁa’l and (B)). In both
cases, a substantial stronger S|gnal IS observed mnth VFF- 18 as conpared to
the two ot apti bodi ps 3L Felot-e—tir"=A IUII A+
VFF- 7 8 Ser ufn 1Domor NEF-7 VFFE)" 406 VFF'WU%Eﬁ
3.143 1:10 - 0] 378 0. 289 3.05 : 20 296
0.179 2.630 1: 40 o gagml 0 1 1778 29
1: 80 10 0. 109 1 0. 067 11984 75.9 4.17
2 32.1 85.5 2.66
3 224 87.6 391
4 27.7 91.6 3.31
5 26.8 98.3 3.67
15 6 95.4 332 348
mean value 3.53
SD 0.52
CV% 14.9%

20
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"1: 160 © 0.050 0. 030 0.594 1:320 0. 026

~0. 008 * 0.318 1:640 0.012 0. 007 0.159 25 Table 5 B
Di | ution VFF- 4 VFF-7 VFF- 18 Serum 2 1:5
1.690 1.280 3.290 1:10 1. 756 1.185 3.321
1: 20 1.564 0. 857 3.163 30 1: 40
1.213 0. 468 3.050 1:80 0. 699 0. 208 _ 2.537
1: 160 0. 336 0. 061 1.666 1:320 0.138
0.014 0.988 1:640 0.05415 - 0.018 0.546 35 - 14 -

Table 6 and figure 6 show serumlevels of v6 containing CD44 variants. The
content of sol uble CD44var in sera ofRéferem¢ashy donors was deterni ned by
two different ELISAs. In one test VFF-7, while in the other VFF-18 was used
as coating._a t| ?‘85 In both cases, a recorrbl nant sol ubl e CD44 vari ant

(exon v3- v§65 Bidaling:E ChiodiF, Runlep Mo Fababaddniones T M, Zebedees LaPers&ge
the VFF- 18MEIA gAmmmg Nordbyt EnBﬁrt&h mkr Reainuﬁﬁarﬂiuﬁﬁm;%%g%%n%
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Tabl e 6 (1992). Donor VFF-7 VFF- 18 VFF- 18/ VFF 7 ng/ m
ng/ m 10 1 ' 18. 2 75.9
4.17 2 32. 1 85.5 2.66
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6. Antibody molecule according to claim 3, characterized in that the antibody is
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7. Antibody molecule according to claim 6, characterized in that the other molecule is
a polypeptide.

8. Antibody molecule according to any one of claims 3 to 5, characterized in that it is
25 linked to a radioactive isotope.

9. Recombinant antibody molecule with the idiotype of an antibody according to
claim 1.

30 10. Recombinant antibody molecule according to claim 9, characterized in thatitis a
chimeric, humanised, or single chain antibody, or that it is an antibody molecule generated
by chain shuffling.

11. Recombinant antibody molecule according to claim 9 or 10, characterised in that
35 itis linked to another molecule or to a radiocactive isotope.
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