1 SPECIFIC BINDING MEMBERS The present invention relates to

specific binding members, particularly antibodies and fragments thereof,

which bind to an epitope relevant to cancer and endometriosis, Such

members are useful for the diagnosis and treatment of tumours.

Antibodies which bind to GM2, GD3 and GM3 gangliosides are known, but

an antibody that binds a sialyltetraosylcerarnide, but which does not bind

to GM1, GD1a, GT1b or sialyl Lewis antibens has not previously been

described. A mouse 10monoclonal antibody (mab), known herein as

"SC104", was raised to seqPRIAFIO BINIEAN® MWItIBERSlorectal cancer

cell lines and binds to 71% of colorectal tumours. SC104 is specific for a
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carbohydrate antigens is that they usually elicit a T-cell independent

response, resulting in the production of an IgM antibody. SC104 was
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also shown 1o bind to a protein mo¥ety which has the &aﬂy?te?raosyl
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sequence of Flgureﬁa. The Inding domain may comprise an amino

acid ShHUBNEE soBEtA Kt AR ERB Aoy A BFekid s sial Yl igraosyiofarighiyerate.
20a. In e gmkadimenihedselapdsperificlinding e heief B8 SEEANG the

aspect of the present.invention comprises one or more binding domains
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127 of the amino acid sequence of Figure la. In one embodiment, the

member comprises a binding domain which comprises an amino acid
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A second aspect of the invention provides an isolated specific binding member
capable of binding a sialyltetraosyl carbohydrate, which sialyltetraosyl carbohydrate
30 is capable of being bound by a member comprising one or more binding domains

selected from domains comprising an amino acid sequence substantially as set out as



substantially as set out as residues 44 or 49 to 54 and residues 69 to 84

of the amino acid sequence shown in Figure la.  One isolated specific

binding member of the second aspect of the invention comprises 20the

amino acid sequence substantially as set out as residues 19 to 138 of the

amino acid sequence shown in Figure la. In a third aspect, the present

invention provides an isolated specific binding member capable of binding

a sialyltetraosyl carbohydrate, which smlyltetraosyl carbohydrate 25is

capable of being bound by a member comprising one or more binding

domains selected from domains comprising an amino acid sequence

substaHfEyUs0sdP 00 asOL Kiddesd b b 195 71 abtirr amraolacidpetag et Figure

the amino acid sequence of Figure Ic. 3 In one embodiment, the isolated

specific binding member of the third aspect of the present invention

compris..s one or more binding domains selected from domains which

comFisebamliagivmanidosg gumpceesubatantialijdas gehcut as tasistlle ss46t out as
5to 55,040, ﬁ@%d&%%tt%é}%%the amino acid sequence of Figure Ic. 5

In one embodiment, the m er comprises a binding domain which

comprises an amino acid sequence substantially as set out as residues
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the isolated specific binding member ma)éaddl onally comprise one or
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one or more binding regions may be substltuted fof the CDRs of a whole
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the third aspect, Such a binding member may be in the fonn of a Fv,

One isolated specific binding member of the second aspect of the invention comprises
20 the amino acid sequence substantially as set out as residues 19 to 138 of the amino

acid sequence shown in Figure la.

In a third aspect, the present invention provides an isolated specific binding member

capable of binding a sialyltetraosyl carbohydrate, which sialyltetraosyl carbohydrate
25 is capable of being bound by a member comprising one or more binding domains

selected from domains comprising an amino acid sequence substantially as set out as

residues 46 to 55, 71 to 77 and 110 to 118 of the amino acid sequence of Figure 1c.

The binding domain may comprise an amino acid sequence substantially as set out as

30 residues 110 to 118 of the amino acid sequence of Figure Ic.
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(Fab")", or sclW antibody fragment. Specific binding members of the

invention may carry a detectable or functional label. 30In further aspects,

the invention provides an isolated nucleic acid which comprises a

sequence encoding a specific binding member of the first, second, third or
fourth aspects of the invention, and methods of preparing specific binding
members of the 4 invention which comprise expressing said nucleic acids
under conditions to bring about expressign of said binding member, and
recovering the binding member. Specific’binding members according to

the invention may be used in a method of 5treatment or diagnosis of the
humadn orecamrraliody {suishlaisdsnseifiodiof ngaterebeioffdhe thodrpest of the
pat'e?ze@gyﬁfﬁ@myoﬁ UmARWiGh sompEses.adminisienng 12:said RatisRkins

an effective amount of a specific binding member of the invention. The
inventiBifafes PR ledire pE e BiRtiR g Prbel bRHE SreSsAesifreRtSio 52
for use ifa Mredieing) @S vedastheilseat asspesicobinding reember of the
present invention in 10the manufacture of a medicament for the diagnosis

or treatment of a tumour. The invention also provides the antigen to which

the srecifecehibatingemietimersnbttlverppesent invdirtipdohiaid. whioheomprises an
embaqdir A Sl tr. Vi ich e i : -
R S R e
15présavaneienticu s srovidds crhe diagtcthadiyiredrinskifin Rie dingymsanber may
prOVig&&g@ngﬂJﬁé@Qﬁ%ﬁ%@;& H]c;bﬂi/ ?:ﬁ:fé%ﬂsi%iﬁl’é%ﬁ?}@ @ﬂ%ﬁ%ﬁi‘ﬁgger
specific binding members therefor. For example, a library of compounds |
may BRSETE IO HRRLERSBFIA ri SRR BTd SBeareally atte id
sialyiternamsylscarbohyEl gate. IThe sialyltetraosyl carbohydrate may on a

lipid backbone (i.e. a 20sialyltetraosylceramide) or on a protein backbone.
When on a protein backbone, it may have a molecular weight of about

50-75 REDAiCRIndEre FRsinBer by SHSING e aTplesditief ihdingsamaepifiec same
invention@spslaserihed, in- Luthendeiailhelow, 28A%Maed WeR8INh8 present

"specific binding member"” is a member of a pair of molecules which_have
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may Ipematuidllyrde exetpby, wirodly rosaritdlys sy piteticalybp duitetdIoethe

mempeof the paltof molectles 1 20 ALEA OIL s stfage, which may be
a protrusion or a cavity, which speci |caIIy INds 10 a IS therefore

complementary to a particular 30spatial and polar organisation of the

other (MBS %@iﬁ@iﬁiﬂﬁmﬂﬁ%@& oS e aspect of the invention comprises

the sequence substantially as set out as residues 23 to 128 of the amino acid sequence

shown in Figure lc.

In a fourth aspect, the invention provides a specific binding member which comprises
a binding member of the second aspect in combination or association with a binding
member of the third aspect. Such a binding member may be in the form of a F,

(Fab’), or scFV antibody fragment.
Specific binding members of the invention may carry a detectable or functional label.
In further aspects, the invention provides an isolated nucleic acid which comprises a

sequence encoding a specific binding member of the first, second, third or fourth

aspects of the invention, and methods of preparing specific binding members of the
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members of the pair have the property of binding specifically to each

other. Examples of types of specific binding pairs are antigen-antibody,
biotin-avidin, hormone-hormone receptor, receptor-ligand,
enzyme-substrate. The present invention is generally concerned with
antigen-antibody type reactions, although it also concerns small molecules
which bind to the antigen defined herein. 5As used herein, "treatment”
includes any regime that can benefit a human or non- human animal,
preferably mammal. The treatment may be in respect of an existing
condition or may be prophylactic (preventative treatment). As used herein,
a " tumvoutivisvaicBloponTise expwRRE fRiduacieimasidsasieaksaditions to bring
10(bgnigndQrdayasr Rearby disgussipealigaaabooedista disaufSmember.
(metastatic). Tumours include neoplastic growths which cause cancer and
include oesophageal, colorectal, gastric, breast and endometrial tumours,
as Wejlaaicanerhgusctissue scootiallnaidnotating, hay houkiediiad togthod of

o P B SR R I DO B LS WIS 25 ment of
endometriosis. e term "antibody" as ‘used nérein refers to

immuartegloldtin patket (st enbl e ivgichihp motises pdriongaing to said
imimﬁ&ﬁ%@@wﬁm@%&é&am@ﬁe lesdhRt SeRisIP FRNIgEM: Binding

site that specifically binds an anti%?n, whether natural or partly or Wholfly ,
syntHBYRIIRR BlesRICEHIeT RS ReFHI AP s arenkRy PORpERIE B Stfsrbtantise o
havingegibinging:dnmaire whicl isseeisamoigaassier eiangileest invention in
binding domain. These can be derjved from natural sources, qr they may

be p%?&?\%@%ﬂﬁ/@ gyf/sﬁtﬁlgéizcﬁl??/erﬁtréo u%g }@Oa%sp ég %%i%‘ﬁ%@d?e% are the
?mmur)oglobulin isotypes (e.g., IgG_, IgE, 1gM, IgD and_IgA) a_nd_their

ISOtYRig, SHREIARSAS; H@gmmmggrpmmaﬁﬁ@sﬁe&&@m@mm@mm of the

domain such as Rib, scFv, Fv, dAb, Fd; and diabodies. 25Antibodies may
be pERFERHENOHIPRRBEIoHAAIA FRONGERSR A LN HEbEYAPRY Bebrdredray fgich is
hereigpgsimaBeidk SoRssiiectatiake sBoRAcOBalandathe antifatdieser of the

and use techniques of recombinant DNA technology to produce other . = .
B GPEHHTR A HRHE L SOMLR L LRIy g vided in

originsdlattiiody, Bdchatelohniegdés aeangdnvo le shopotimidiers Bxif orivdding
the irnmunoglobulin vari joN;: I ini
region e G Al S e

regiomspleesspathelifeacy dishdind angrraealht taitheiHebibeirs yswabegydrate.

instaneR, ERIATBHIA By dABSR3FAL EFuAd@REARN: A Rybridoma or
other cell producing an antibody maéibe subject t %enetic mutation or.

otherSEHERGRESWITEATIASY BomAY RBTAREF IO Bindig Spécmaitioreckoone, it
antibegigs4reabiedubr weight of about 50-75 kDa, as determined by SDS-PAGE.

These and other aspects of the invention are described in further detail below.

As used herein, a “‘specific binding member” is a member of a pair of molecules
which have binding specificity for one another. The members of a specific binding
pair may be naturally derived or wholly or partially synthetically produced. One
member of the pair of molecules has an area on its surface, which may be a protrusion
or a cavity, which specifically binds to and is therefore complementary to a particular
spatial and polar organisation of the other member of the pair of molecules. Thus, the
members of the pair have the property of binding specifically to each other.

Examples of types of specific binding pairs are antigen-antibody, biotin-avidin,



As antibodies can be modified in a number of ways, the term "antibody"

should be construed as covering any specific binding member or

substance having a binding domain with the required specificity. Thus, this
term covers antibody fragments, derivatives, functional equivalents and
homologues of antibodies, humanised 10antibodies, including any

polypeptide comprising an immunoglobulin binding domain, whether

natural or wholly or partially synthetic. C§1imeric molecules comprising an
immunoglobulin binding domain, or equivalent, fused to another

polypeptide are therefore included. Cloning and expression of chimeric
antibvdiesrareodasri b ivE RRPOTINE04, SnEyER-AIGIRE0 JBhepresent invention
humanised antibedy-mayhe shipomadificdapsiRody havinaithsuarialle concemns

regions of a non-human, e.g. nnurine, antibody and the constant region of
a huffsl aMiesEss Wikehar hefahgeR drinddd s ibodies are

described in, for example, US Patent No. 5225539 It has been shown that
5 fragments,of a.uhole antibody,can.perform the function of 20018ding, o on

antigens. xampr]és of binding fragments Are ﬁ) e Fab fragmen

consisting: ehivia],\ETerailyaman@iil. ddmbirasnaittineFet frapsnent of an existing

consisfing;of thedFl. 3 Atk slomainsidilethe Fudipgment consisting of

the VL and VH domains of a single antibody; (iv) the dAb fragment (Ward,

E.S. et al., Nature 341:544-546 (1989)) which consists of a VT-I domain;

(v) isplates @B regianso(d) ik akibadragmestahaobivalent R afiageretlised
compyising two, linked Fap fragments (vii) single, chain Ev malecules,
(oo SRR R A 00 SHGRHAh S RGPBy Bt Tomours
linkeinshidhnatiplasitherdwih demdinstece agssoviatel tmdonin egsentigen, colorectal,
bindipg sitedBid gl Aly Selence 26 3 e IBRI HURAGLAL: LR
USA 5:5879-5883 (1988)); (viii) bispecific single chain Fv gclmers . .
(PCTIINIPE0BLER) ERELTikio:deabaamas cehtuldvassd BPrsDmiimapecifico includes
fragmenis aonsipedaghhv e, fusion (W094/13804; P. Hollinger et al.,
Proc. Natl. Acad. Set. USA 901 6444-6448 (1993)). 7 Diahodies are
multimers of polypeptides, each polypeptide comprising a first domain
comprisingra ‘kintbodyegiasedfhareimefanogliohmlindgbhb chain dealas and

second domain camprising a.binding regio i obulin

chair R MR ha

assoejaret withnégen Wadérg cifothatsarclivays P hidtmgpaiiectanthyéier natural or

bindipg-sites ae1farpadydhe peseciationokine efiﬁétc%@gﬂ@iﬁy?ﬁ&gﬁepﬁde or
er

polypeptide within the multimer with the second domain of another, oo
20 polygEptihTinma R AR A HARARNGOR) 13862 ?‘Wﬁ%‘ﬂféﬁ%&ﬁé“ﬁbo‘iy binding
antibaeiesareiesbeadsedidheseiman herabieosigpatikgpeiiie partly or wholly
10antibadies, . which,can, be manufactured in. a variety of ways (Hollinger &
M et bl St Y sl e
chenficallyast, frgn Is)brigihybdidomasd dramaspbmiarmypof tbrebhigpgoifics which

antibogly, {fag %emﬁgammﬂggdd@&%sdm@w& peeferableds #aeSeRiabodies.
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dimers or diabodies rather than whole antibodies. Diabodies and scFv can
25 he comeHRRYEH MAtHBUP AN RS SRLIRSIABO Ny TORARIRBRA dtibedngaay be
potentialiy-ped uetac the effects of anti-idiotypie reaction. Other

It is possible to take monoclonal and other antibodies and use techniques of -

recombinant DNA technology to produce other antibodies or chimeric molecules
30 which retain the specificity of the original antibody. Such techniques may involve

introducing DNA encoding the immunoglobulin variable region, or the

complementary determining regions (CDRs), of an antibody to the constant regions,



forms of bispecific antibodies include the single chain "Janusins"

described in Traunecker et al., ELMO Journal 10:3655-3659 (1991).
Bispecific diabodies, as opposed to bispecific whole antibodies, may also

be useful 20because they can be readily constructed and expressed in E.
coli. Diabodies (and many other polypeptides such as antibody fragments)

of appropriate binding specificities can be readily selected using phage
display (W094/13804) from libraries. If gne arm of the diabody is to be

kept constant, for instance, with a specificity directed against antigen X,

then a library can be made where the other arm 25is varied and an
antibBRPBIE] prEia R SRS S E1eBY A A litGRN BRENeg aBHdinbee. for
is therparief BP. antibody wrch sspygKiseEthe arsaadlichispaadigaly other cell

binds to and i lementary to.part or all of tigen. Wh ,
Didsie i scompencrioy e orsl R anigen Woei s v

antigeny 80whjchopalttisitehindth@aspegificiig cAanditbiden pindiogldomain

5 may be provided by one or more antibody variable domains. An antigen
binding domain may comprise an antibody light chain variable region (VL
and &Y antibrstiss semby eledifisdifn anlBPdgicH vEpvHie topeciéibasly” should be

genegalivusedstosrier dathesiturtinndm MhishRne Membel-0f2:apadifitding
binding pair will not show any s_igég]ificant indjne%to molecules other than
its SPEERCSHIRG HHISERRITIR e P TdsE RN S BUs By T ements:
prefedatiiy?Q%) fdd%onal dfdi eless-1adtivityl vgtle cofiantiedimoleciieisthe

term is also. applicable where.e.qg. an antigen.binding domain.is,specific for
10, e R B S B b PR

case dtmeapadifiboindinglroewisdy canyiralheyatigen Gl dereamawil

be al%'&ﬁ%]@iﬂg' iR %M%E%ﬁﬁ%ﬁﬂﬁg@éfﬂm hefRiaps, ARcdsslaiether

refers to the state in which specific binding members of the invention or
nucldiEI AR ASEIG SRER IBRHARY iaRe R AFBFETEAIN Pmfic antibodies are
accogdante it Bihe\ presmysdiave Ao (VRS ober tamddanileiastiid dyithay be a
generally be. free or substantially free of material with which they are .

el i S o R
whichittgye arafoonct gothelr hatomlksribirénnidath alstfe wakingimmsatised

which they are.preparesk (6.0 +5elk ciled wben sueh Rsgpasgtion is by

recombinant DNA teclmology practised in vitro or in vivo. Specific binding
members and nucleic acid may be formulated with diluents or adjuvants

and Sﬂ#iiﬁ%%ﬁ_@@gﬁh‘@iﬂ§§rlﬁéﬁ% i&oia;@me f@f_ﬁ%a_?r@@ geﬂﬁ)m&ﬂmﬁ:mu of
norm ne mixe it elatin or.other carriers If use at microtitre, .
20 it RS SABRELES STTE DASHSIEt it e s SeEahonstng
apcgpﬁble Yéiyi€tsand difiedtsnaing rﬁii)sihd: Tid diagnasisosiitegpelths padificd CHI
b'”d'%?r@?@t@éitﬁé%k}?agﬁ{&(%%}é@%ﬁglﬂ ﬁ{efziuiﬁ‘HX@f &)&fp%}/ést%% %?rg}e

heterologous aryotie cglls, or they nfay be (for example If produce '
expressibpdin @pibraybiveenuilyédsylatedl 28@ye Sdborithfidfiy o)) which

set ouby i is reantihahihg, CRRJegoee el z@é@aﬁa{qoﬂ%\efi}b%gﬂﬁ%, a bivalent
identical or highly homologous to the specified re%ions of Figures la and

251c, By MRBHH HORRISEEEO HK iR HBRREHNUTHORS'E (%81 Fromoleryas (soFv),
from #terdin2 orH duthstitutiDny néynbennaadenie dhe @ BIREde linker which allows

the two domains to associate to form an antigen binding site (Bird et al., Science
242:423-426 (1988); Huston et al., PNAS USA 85:5879-5883 (1988)); (viii) bispecific
single chain Fv dimers (PCT/US92/09965) and (ix) “diabodies”, multivalent or

30 multispecific fragments constructed by gene fusion (W094/13804; P. Hollinger et al.,
Proc. Natl. Acad. Sci. USA 90: 6444-6448 (1993)).
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30 9 sequences as set out in Figure la or Ic and sequences having

substantial identity thereto, for example, 70%, 80%, 85%, 90%, 95% or

99% identity thereto. The percent identity of two amino acid sequences or

of two nucleic acid sequences is generally determined by aligning the
sequences for optimal comparison purposes 5(e.g., gaps can be

introduced in the first sequence for best alignment with the second

sequence) and comparing the amino acid residues or nucleotides at
corresponding positions. The "best alignment" is an alignment of two
sequences that results in the highest percent identity. The percent identity

is defeirhncéas sp sotieting P RaRises crbaricatiftreaokdsiesig ey domain
or nugleglides,within:the seatenses{hRn SA ddentityf LARYMRER Qcond domain
identical positions/total number of positions x 100). The determination of
perc&ATTHRHAR ATLRVES SIS SE 4N M eaglo Biia oo shete digdiKg domains
mathieshaficalkal gogthmakrptide ibnitosBudigkilld nothe@thtdivaasapteotiea to form

mathematical algqrithm for comparing two sequences is the algorithm of :
el e SRR e T SR
modifiedh&s ¢ artinl gnedtitiseituin(heogyPrew. witthaseapnS clod@m of another
90:5%2)%; Site N BlARTAM XRbAGHRgrams of Altschul, et al.

(1990)1, Mol. Biol. 215:403-410 have incorporated such an algorithm.

BLAST nucleotide searches can be performed with the NBLAST program,
scorewhdfhivpecdiengibsdite i@ ebtainssucipaida.segueneestional bispecific
20homalogpus to a nucleic acid molecules of the inventio AST ein
cear S e A RS BT AT SS S g, £ Rk
wordlemgtn=-Op g apthairecimih ot ddie 66 (I9388s hp mulogedishtarz qaihtentrom

molegylesigf e IVRNHoR.T 8.hial annest AHINMENS L CATIRRH M oned

purposes, Gapped BLAST cCan be utilized as described in Altschul et al.

(199 PP RHFcIBiSAL RfPREES2bIS 93tg Ay dimpe A tineRiisspO R wasle
be usedtedperfonvandieriadreeancbdboat deiasts.distantiaRtieBNNSing only

between molecules (Id.). tilizing BLAST, G BLAST, and
15 e SRS, NS BTIUA A APRERL 1 8 FEUpSEIN brserims e
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g , XBirAS SrangdBicASHodim heludetheStwlktohAm amumths hirsmnibagtiv.

Anot I [ it ili for the comparison
of sez%%%gg%%%ﬂ%%é%?ﬁﬁaﬁ %%%%?saagﬁgj %IH e?,' CAB10OS (1989).

The ALIGN program (version 2.0) which is pail of the GCG sequence
alignmrptsatwarm ackagp aRsdReolRAAMRASENaRRINCS thIR, Lh®k useful

algorjthms for sequence apnalysis known in the art include ADVANCE and

10 ABKRT s e e had AT S RS IR RBSb R4 ©lmiplit. )Aigppdies (and
Biosanad P ol pahbdpli et Audb serinatdayFeatsensand dpipopant¢ 1188 e
Proc, . d..Sri. 85:2444-8. Within FASTA_ Ktup i ion
that ssg'% %ﬁ%ﬂ%ﬁ%\?ﬁ%&% yssgg%é;ée g%"ﬁ%rég %‘gfgghélﬁés?yoiafeg s%écg?%:%gm
bindihigmeanbéene inecp tes Erbirlientiohrakent apatsiatofdsindiageto with 2

sialyligtaasyl carboby seala: WiisBhRavBe fiRialEHARSHICRIAIUASOL other arm

may be on a protein moiety. In one embodiment, the CDR3 regions,
compRidHi A ARRBHLORY S8 gurrresies iBeEsifiaIsF ks &Rt out as residues
117 to 127 of Figure la and 110 to 118 10of Figure Ic, are carried in a

structiye which allows, B AING.of these fegions 1o aiaivitetransrl . v,
carbohydrate;
which specifically binds to and is complementary to part or all of an antigen. Where
an antigen is large, an antibody may only bind to a particular part of the antigen,
which part is termed an epitope. An antigen binding domain may be provided by one
or more antibody variable domains. An antigen binding domain may comprise an

antibody light chain variable region (VL) and an antibody heavy chain variable region
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The structure for carrying the CDR3s of the invention will generally be of

an antibody heavy or light chain sequence or substantial portion thereof in
which the CDR3 15regions are located at locations corresponding to the

CDRa3 region of naturally- occurring VH and VL antibody variable domains
encoded by rearranged immunoglobulin genes. The structures and

locations of immunoglobulin variable domains may be determined by

reference to Kabat, E.A., et al., Sequencgs of Proteins of immunological
Interest, 4th Edition, US Department of Health and Human 20Services,

(1987), and updates thereof, now available on the Internet
(http:(Nimuno.bme.nwu/edu)). The amino acid sequence substantially as

set out as residues 117 to 127 of Figure la may be carried as the CDR3 in

a human heavy chain variable domain or a substantial portion thereof, and
the amprf5AeidssEqaENe SHb AR 48 YerHoR 4 YO0 R a¥pld specitic
118 ofifdigigrenic widydieiearrias agdite GDRIAincadtisiaculightthbeiban its specific

variable domain or a substantjal portign there e variable i )
iy, BEABHRGH R 31D eI o R A AR A O0eA e O o7 17
domairsoreardyibevdbymtheticvariblded dihainrbaisedso mmdi@séhsubere e.g. an
sequences sl i AL YaRDIS APMAIRST %&Qﬁﬁﬁ@ﬁ Vetried by a

sequences of the invention may be introduced int0 a repertoire of variable
domdiREseRisg DR Pbighyaits, kimgEe HRBIRE MIINE CERTpogy 2ntigen
For exampiaioManks gl & (Biold echnelagyvilons Inf3rl082)ndessdbope.
methods of producing repertoires of antibody variable domains in which
consensus primers 5directed at or adjacent to the 5' end of the variable
domdibased ardasadthe soryjimetiochwitvidorisedisgsiprithersdbthiaantirntion or
fram %Wagfcrﬁgaoé?x&;d ﬁ&\ékhgﬁ%\ﬂ‘?ﬁeﬁb@?\&m? eﬁ?@&%ﬁ'ﬁ?ﬁ@ 91f Qé'c_!)r%ance with

variable domains lacking a CDR3. Marks et al further deScribe how this
repereire ey HEcEs AR BEDREERE aceraratihsdicassing
anal%@H&ﬁmmi&%&%%g@wfmmw%g%ﬁmsﬁw H@@(;)Bf@é@ Bhich as other
10invention may be shuffled with repertoires of VE1 qr, VL. domain .
RERSE AR SR L SBIoMeU Ao Ho R B BTagrment
with achgratedtment\it-ividam dinyterprovidesddegificbmnding nedrmbarshof
the invention, The repertoire (spl in.a suitable hast e
yetel B B B o NE Lt pecie
specifi@iringvresivdrausiely paGalechsdornrdpefdiid t8peal condisyoits and
from aayting.frem Habndividyal menmiers Ypwa ds e lRexrmRla i Rmally be

20106 to 108 or 1010 members.

25

30

mixed with gelatin or other carriers if used to coat microtitre plates for use in
immunoassays, or will be mixed with pharmaceutically acceptable carriers or diluents
when used in diagnosis or therapy. Specific binding members may be glycosylated,
either naturally or by systems of heterologous eukaryotic cells, or they may be (for

example if produced by expression in a prokaryotic cell) unglycosylated.

By “substantially as set out” it is meant that the CDR regions of the invention will be
either identical or highly homologous to the specified regions of Figures 1a and lc.
By “highly homologous” it is contemplated that from 1 to 5, from 1 to 4, from 1 to 3,

2 or 1 substitutions may be made in the CDRs.

The invention also includes within its scope polypeptides having the amino acid

sequence as set out in Figure 1a or lc, polynucleotides having the nucleic acid
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Analogous shuffling or combinatorial techniques are also disclosed by

Stermner (Nature 370:389-391 (1994)) who describes the technique in

relation to a f3-lactarnase 20gene but observes that the approach may be

used for the generation of antibodies. A further alternative is to generate

novel VH or VL regions carrying the CDR3- derived sequences of the

invention using random mutagenesis of, for example, the SC 104 VH or

VL genes to generate mutations within thie entire variable domain, 25Such

a technique is described by Gram et al (Proc. Natl. Acad. Sc!. USA

89:3576- 3580 (1992)), who used error-prone PCR. Another method
whiclaHiy9se ASEHIE I HHBEE Miuthde Aedrew R egridibiantdabidgntity
genemeRicdeshnigues &g gisslesed byBarns ety REE: Nat:heathe

Scl. USA 3091:3809-3813 (1994)) and Schier et al (J. M?I. Bial _

263: 58156 1 (18065). MO A RAAT tHE TR T R BgIHE TSP RS 1S
their prtenvépitgeirameitorkliegionde Eheuportiofomeyialsc mghadeatleasses
about 50% of either or. b . I r reqi e

00§ BRI e B A TR ML HPccona
N-terfRianS0 %6 F eed foingig amep eridregidnesrd ditiosalifes it tes Baping
N'tergﬁﬁébﬁ%{ Ertermainal; é?ift'ﬂi_heaﬁ%%ﬂ&'@ m%éﬁ@eﬁ@é@ﬁﬁx@%@% the
may be those not normally associated with naturally qoccurring variable
domattERERBECTE dI s pl8° BT SRS BRI S E R B A OmBHIRE R umber
the prgsesntticw antion ariddeshinseconmblbaiddd NAliadheispipsnrm)irestitentity =
the introduction.of N-.or C-terminal residues.encoded by linkers
o T L B A A R I nciucing the

introduction of linkers to join variable domains of the invention to further

proteif}, sQaURRCEE YIRS IMmMARoRIIL, *E%V%TM&% QsL yaNRshed
bt

domains (for example in the production of diabodies) or protein labels as

discud¥Bd amaibrediairbeR i Isews Hirsarh ek Abeftfigrtample of 2
provigeshspaatit Dindingaienbaptomposiogenpainofiliagingidesainglin and
based gn th INQ, aci ences f e Vi eqgio . .
b e R AR oA 2R A B e et ame
Figuréliachn 59 & racidS 223 Aoatl28cH  Fgupl - if TSHIGIE bifickigEdovhdinsd

baseg:gp gif %&&?&H%S@f SQAURACES,{Of f@gfég NREASREGES95 e lnyeption.

In the case of the 20binding domains based on the amino acid sequence
for thE APPSR RN Be et T PRfUPENES SeRRISMERR §oaRsarRSd with
may bie: pgedaaT targating agentsi stegotdisidpwn thatdmminegeliisequences

VH dpmains are capable.of binding t r%et ntigens in a specific manner.

251 R CLED By GBI S SRS LG R e E BIRting dOMoTRLcthagaehes
domqimbn@yrmwmh ﬁqmmﬁ?”ﬁ@mmmeﬂmm‘a@@mhbié af obtain
forming 4 Qe KL?&E&@&%B\SH@@ Jg‘?&[k‘?&ﬁn‘m%ﬁ\%ﬁ %GVMQ ntion. To obtain

properties as good as or equal to the SC104 antibody sed %ergm,
30ThirpRaY B wepeyEd pyrpHasendsplasrscreppedPmefhbes bsintlirnd as

so-caled duedarchicahdual gormiynakarialis PREQARR A SHsThosRMIN Alternatively,
W092/01047 in which an individual colon%gf:ontaining eitheranHorL . _
chainfAGipaass mfg?ﬁf@&q@gﬁ]ﬂéfﬁm search that detects distant relationships

between molecules (Id.). When utilizing BLAST, Gapped BLAST, and PSI-Blast
programs, the default parameters of the respective programs (e.g., XBLAST and
NBLAST) can be used. See http://www.ncbinlm.nih.gov. Another example of a
mathematical algorithm utilized for the comparison of sequences is the algorithm of
Myers and Miller, CABIOS (1989). The ALIGN program (version 2.0) which is part
of the GCG sequence alignment software package has incorporated such an algorithm.

Other algorithms for sequence analysis known in the art include ADVANCE and



library of clones encoding the other chain (L or H) and the resulting

two-chain specific binding member is selected in accordance with phage
display technigues such as those described in that reference. This

technique is also disclosed in Marks et al. ibid. 5 Specific binding

members of the present invention may further comprise antibody constant
regions or parts thereof, For example, specific binding members based on
the VL region shown in Figure Ic may bgttached at their C-terminal end

to antibody light chain constant domains including human CK or 0%,

chains. Similarly, specific 10binding members based on VH region shown

in Figtire\d 8t fssaidpi i diesdheanatReen C {8z ene 16 el dpigsst of0 :3-5;
;':mGi n?miqsém %@gbhaa&mmm f %ﬂﬂgﬁﬂﬁ@iﬁ @%‘B@'ﬁ%@ﬁmdép}é{@i@ i@eﬁl-

aG, and IgM_and any of the isotype sub-classes, particular

O i R TN P G SETOALARIGE IALar e APt ppne seed
turnoeft thelldings in suspension, and to cause the specific onset of

apoptosis or programmed cell-death in colorectal tumours and cells

derived from disaggregated tumour tissue. Thus, specific binding

memiselaast hreibiesiadta Vet s tsent Asvediepantesadltriibipding to a

the gEONviR-Rfo9%1IPAUER ARANIRSISH LY HOK rs%ﬂ/;m@cp;@ﬁwa&%m%&ﬁ be on a

by which a cell actively 20commits suicide. It is now well recognised that
apopPoE AN A IR R LR SRR e fOPTREP g AP igmino acid
requiseghéacenaibtainiing yissve barmensidsts. HOweVeT, et geata byd 110 to 118
suicide,.sometimes referred to ; rogram cell death,. is needed to.
10 O s e B R R R M R PR s o
are twielgifterenyirneabRhiisits by which a cell commits suicide by
apoptosis. One is triggered 25by signals arising from within the cell, the
other by external signals (e.g. molecules) which bind to receptors at the
cell sffaB8pR MCHRMRPRMERPETS VrRHY IR ETGER ¢ 8 Plean antibody
usedheamethngs: ohdingnasisaadc tieaintanpoficmasrsmhumantee CDR3
animal subjects. 30 When used in diagnosis cific. hinding members.of
Bt aeioa ittt fineattich e e
radiotabetrsic HRASBYL entd9fy vartdble dayebe ¢ntedtddneddumgedific
bindifg, membassf dh invertion 4siog canventignal AhemIN GBI

the art of an |bod}g imaging. Labels also include enzyme labels such as

horselQiamRes prrv RiGEEEaBR R fiFiHER R Sbe ehdhfice/fibica@caaencad roteins
biotinoyuhigh.moay el driaectedViBdindingstor spaatit sogpata defeciahle
moiety, e.g. 5 ed avidin. Although specific binding members of the

20 e L e LR T SO B B BERHgS IR g cancer
cells,(they inayadditieraiy/tii Jabelled with a functional label. Functional
labels include substances which are designed to be 10targeted to the site

of cancer to cause destruction thereof. Such functional labels include .
toxing BEI&RLAS AthsaABTHREISaBE ootk AnTesitmpdbeistitiasel sigure 1a

may be carried as the CDR3 in a human heavy chain variable domain or a substantial

25 portion thereof, and the amino acid sequence substantially as set out as residues and
110 to 118 of Figure 1¢ may be carried as the CDR3 in a human light chain variable

domain or a substantial portion thereof.

The variable domains may be derived from any germline or rearranged human
30 variable domain, or may be a synthetic variable domain based on consensus
sequences of known human variable domains. The CDR3-derived sequences of the

invention may be introduced into a repertoire of variable domains lacking CDR3



nitroreductase, which are capable of converting prodrugs into active
drugs. In addition, the specific binding members may be attached or
otherwise associated with chemotherapeutic or cytotoxic agents, such as
calicheamicin, or radiolahels, such as 90 15y or in/. Furthermore, the
specific binding members of the present invention may be administered
alone or in combination with other treatments, either simultaneously or
sequentially, dependent upon the conditign to be treated. Thus, the
present invention 20further provides products containing a specific binding
member of the present invention and an active agent as a combined
prepakstions forisnedearidous [ deatmdpgrquential use in the treatment
of a tumour. Active agents may include chemotherapeutic or cytotoxic
agents including, 5-Fluorouracil, cisplatin, Mit?z\r?n%cin C, oxaliplatin and

|

tamoXifE SRk M o A d rdrgriamahl-with thé Giidin g esHReisshgds of
of theppseseng iryemntiosn. Dthebadtiveragandshaays iitcludensibiabieud gsasters

of paip relief drugs,such as noussteroidal anttnflammatony. dnuos (erg,
aspirin, parace amdf. ﬁ%‘upro en ornke?opro?/gﬁl) or opfféatles'suc?{ as
morphingyrotiantivshnestiesnsnaptsest twishitr dohabrearkd dgahed hyantae VH
ability,of i, ?&%@lﬁg fmembers of the @Qﬂ&ﬂ)’ee@&%ﬁg BYReIgisesHth ?f@arks et al

active aggent 0 enhance tumour killing may not be due to Immune effector

mechBHiBFEBEEPAIRY My BePdR St biere e dPthEBIntRTcp particular
membefikbagingsiacalhpgdace Do sialy tareneylcamehieiade ofkbe present

Specific bindi f th ti i ' Il .

10 AR AN B BT SONEe M heiag = DR
compasbthe h@aﬁﬂmmpmpdﬁfémr mqmanstodﬂmbisp@wth brmgmege VL or VH
membar, Jf ?oigit!é‘éiﬁé‘%?é&k%@laﬁﬁfﬁ QRN MAY RLQTRHSE: Fraddiianiie may

active ingredient, a pharmaceutically acceptable excipient, diluent, carrier,
bufferthstapsifanlarestinet titelidiesiveir RAvWANSSt RS axtlIEaPiA s EsErR of

Such-weterigls shaiie.be ietdeiandishayldhaabinterisreniiiRa. A repertoire

efficacy of the actjve ingredient. The precise nature of the carrier or other
LomaterBAXAaEhEREBh G E SR & Eﬁ SRR ASTRER HRRSFISS: SPaCmPle
by injéetinn)ttg 10iteaveRananbérdt is envisaged that injections will he the
primary route for therapeutic administration of the compositions although
delivery through a catheter or other surgical tubing is also used. Some

_suitab‘f@ﬂﬂm@ @iﬁﬁﬂ?ﬂmt@a@@@ﬁﬁ@m&é@ﬂhﬂm@h e1esaley é@a_tfawédnssémmer
'”“W%M@Bﬂﬂ%@-@ﬁa&@@d?'%@ JoNRYlRYADS: PRy e SR PHE B-1actamase

15reconstitution from powder formulations. For intravénous injection, or

" 20njectiginabmabsier e hatitiompieach dnoe ha grsdiEnthfiemeinigeoformibrdics.
parenterally acceptable aqueous solution which is pyrogenfree and has
suitable pH, isotonicity and stability. Thosg of relevant skill in the art

ol TS HHEBA OB AOTE SN Tor SEATHDE T e LRS-
vehiclésisudhegscsodi o€ htoradineitionnRingeris ppiestiosf, Eactatedble, the
Ringeg's {pjegtion. Lreservatives, stahiliser. rs,.antioxidants and/or. .
ot S e e B A A Yt

25comp8sitiontsfonigrs iadpsimisedbi Frmebd Frabldlbabuuled politeBYHBS76-

liquid gEm( fHsablalpaxLamBrisa.a. 90t carrier such as gelatin or an
adjuvant. Liquid pharmaceutical compositions generally comprise a liquid

carrier
Another method which may be used is to direct mutagenesis to CDR regions of VH or

VL genes. Such techniques are disclosed by Barbas et al (Proc. Natl. Acad. Sci. USA
30 91:3809-3813 (1994)) and Schier et al (J. Mol. Biol. 263:551-567 (1996)).

n

A substantial portion of an immunoglobulin variable domain will generally comprise



such as water, petroleum, animal or vegetable oils, mineral oil or synthetic
oil. Physiological saline solution, dextrose or other saccharide solution or
glycols such as 30ethylene glycol, propylene glycol or polyethylene glycol
may be included. Where the formulation is a liquid it may be, for example,

a physiologic salt solution containing non-phosphate buffer at pH 6.8-7.6,

or a lycohilised powder. 16 The composition may also be administered

via microspheres, liposomes, other inic:?garticulate delivery systems or
sustained release formulations placed in Certain tissues including blood.
Suitable examples of sustained release carriers include semi- 5petineable
polynaetepsatnic dsdn TR forgoos, sheatbdrartiblévicgeseppositenes ork regions.

micropapsLles, IMRantania Ak MQcapsiiasaUusialnged Jelease MAHLES ng
include poiylactides (US Patent No. 3, 773, 919; EP-A-0058481)

copolffdiderevittitarseteidaritfung Sethjrrglatafvael (sdirudranework
al, Biepohaed $hé (L) bAndt 566 dABSYoR@lyframework region. Additional residues

(2-hydroxyethyl-methacrylate) or ethylepe vinyl acetate (Langer etal, J.

S OB B VBT R TS TTRA579 O SR AR CAGE A i domtn ey
12:98:4 04 882)otriptisassesi godh it ngttiha! p olypeptig esrad pdepaie deions.
well- hods; . 1A, tel P U 82: ..

3055 08 00 an o) BRnS R E dehs gy Teventon mace
EP-Aby052spEnEA D08 B6 6 PR Ry ossl4s trrnnodagigaget N- or C-terminal

EP-Arf} 42544 dR:A 1331414808 d G Ratent-Nosib 485045 004 BdthdfBion
150rdinarily, the liposomes are of the small (about 200-800 Angstroms

. , \ s) .

10y nilarf ety E e T SRR SR RoMRSRESILD doantar thin RBBASRS Forggntion to
cholestehet, thectetegtedopsapdriitiy heingrad|usiti fenthelaptimalirateasible
the pq| ide leakage. . The.caompaositi ay be administered in.a .
ocareo o (o SR 1 e LRGSR T ARy PE MR A s i
delivereerifeiihhed®iér in which it targets tumour or other cells. The
compositions are preferably administered to an individual in a
"therapeutically effective amount”, this being sufficient to show benefit to

13 the indRAGHRCFRES QUL AMEURLRENTHE SRea g 1dine raniTe (ourEsing @
of admpiiistratiomgwidhsiepepaarntheaatiiie and seuefity:gbynatvs. ey
treated. Prescription of treatment, e.q. decisions on dosage etc, is withj
the rerécﬁlgrrllg%ﬁﬁﬁ/ag?ag%ynésrg?%gr%cﬁt%%g}%s aﬁéngtsfllcé’rlf%ead’?%? 381(:%3%5521 tgri 8 of
typicdilgurkbsaadcoune of thedisoideofd i d atetingie Wodiditidnnoditiseépased on

individyalnatient theusiie-otaalivaty.thematbed of AARIRIStRNAR R of tme

g
other factors known%; practitioners. The compositions of the invention are

20particRiiye drsvane Ressoie he amiacit esauting fantbeiréliaspiamanpstantially set
cancentandiifithe ) wRvenian dbeseswroneaaisuch-conditionsaiieke it is

initial treat t.or surgery. Ex es of the 17 technjques and protocols .
ot A bR Eemmet e eI B Baaens i 2
16th epiitidiv, ®@singrA. (ed), 1980. The optimal dose can be determined by

physicians based on a number of parameters 5including, for example,
age, sex, weight, severity of the condition being treated, the active

25ingrediche bein g advin R e single I erre T biading svatiins, thegederagins may
a  be used to screen for complementary domains capable of forming a two-domain
specific binding member which has in vivo properties as good as or equal to the

SC104 antibody disclosed herein.,

30 This may be achieved by phage display screening methods using the so-called
hierarchical dual combinatorial approach as disclosed in W092/01047 in which an

individual colony containing either an H or L chain clone is used to infect a complete



serum concentration of polypeptides and antibodies that permits
saturation of receptors is desirable. A concentration in excess of
approximately 0.1nM is normally sufficient. For example, a dose of
100mg/m2 of antibody provides a serum 10concentration of approximately
20nM for approximately eight days. As a rough guideline, doses of
antibodies may be given weekly in amounts of 10- 300mg/m2. Equivalent
doses of antibody fragments should be i%’ed at more frequent intervals in
order to maintain a serum level in excess of the concentration that permits
15saturation of the sialyltetraosyl carbohydrate. The dose of the
compdsitigroivibhe depdhdeht upon thepbpertiesrof trecdmiding tmeniber,
©-0 I DINMRG AGLA AN 0K PIaRmA e e HO0CBRIANRAN RGeS such

[
polypéptide in the Toimulation, the administration route, the site and rate o
dosage lirotHisssifiedindhetapfeecnrand patiesipiaveivedsans gaspoiogrtks ez al.
condifigm afflicting the patient and the like, as is well within the skill of the
5physician. For example, doses of 30014 of antibody per patient per
administration are preferred, although dosages may range from about
10kigSee&ifin @pipénd asembiffertit gosages anetiotilised lutingcarsptise sudfbody
sequential inoculations; t ractitioner ma inister.an initial
o b S e B e DI R o pased on

This iferkicreisratsovdiradieaite bpmimide pitauelsdtonSciawunes fof to antibody
enhaneing 3. RroleGUNESRIRME %a@ﬁﬂﬁg%%rﬁ&@'@%fo?@lc@f{aiﬁQ.TE‘ﬁnPﬂél@éDBpeciﬁc
y

members of the present invention may be generated wholly or partly by
10chemitagisgrmradies PAEHRING FRERbBICER Bisreadnyptaparede attached at

accorging dasmelhastablishpd: ptaneud lisichosidraianailyy splid-0hass! from

peptide synthesis methods, .18 general descriptions of which are broadly

Al A R IE T JHoaIehi A0t JPRE 35 Do Aeglasees.

Peptider®yttip$is; Radidgidibn, Pierce Chemical Company, Rockford,

lllinois (1984), in M. Bodanzsky and A. Bodanzsky, The Practice of

Peptide Synthesis, Springer Verlag, New York (1984); and Applied o
15Bjosydteift s hpcudersnaradtorIm e PeritepitmponARBiNES ia susasasion,
- may RePieRRKAHE spRltOBn Y Hﬂ%ﬁ%&@ﬂi%@@%%ﬂﬁgh QBRI in colorectal

combination of solid-phase, liquid phase and solution chemistry, e.g. by . .
first cOTPBI&t ﬁ@dtﬁ%lFﬁﬁé&ﬁ&éoﬁ’eﬁiﬂﬁ%%ﬁéﬁﬁ%%t%’ﬁ‘&%%?ﬁ- deSPEFRTYHe binding
apprapeiateraftfeh semosal ot anjoprotebting:groupsrheindcpre setitibyhe growth of,
introduction of, the reidue, X By teagtion of thelespective. 10carbonis %{guvely
sulfonic ac[ocl orpa_ reactive derivative-t reof. Another qonzemen_t way o
20prodwrengrétvivigide ridmiver webordnayinsdribapraspiosiniteefionia ip many aspects

express g RuEeitoasiche ReOding;if-By 145 S @hRicIRICRAIE 13 ABostasis. However,
expression sgstem. 5 The present invention further provides an isolate

, 4 lated
nucleREASHBRSOHTY S SBeifeSiFiig he AP FRE S eEL AR dhRiBred to
Nucledesaeid Jeitd utlesdpiNanciRNAol haiptefaryes aspeghnibe pEsenire two
inventj rovides a.nucleic acid which codes for a specific bindin .
e B R B e i s

25acid dre ShowrisiBninpesvathin dredtd], Theeotkitios pdeson sidhde (atglentolecules)
determing substitulions.delefiagns pngigradditions to such nucleic acids

which will still provide a specific binding member of the present invention.
The present invention also provides constructs in the form of plasmids,

VeCtoRpecific binding members of the present invention can be used in methods of
diagnosis and treatment of tumours in human or animal subjects,
30
When used in diagnosis, specific binding members of the invention may be labelled

with a detectable label, for example a radiolabel such as "I or **Tc, which may be



25transcription or expression cassettes which comprise at least one

nucleic acid as described above. The present invention also provides a
recombinant host cell which comprises one or more constructs as above.

As mentioned, a nucleic acid encoding a specific binding member of the
invention forms an aspect of the present invention, as does a method of
production of the specific binding member which method comprises
30expression from encoding nucleic aciq herefor, Expression may
conveniently be achieved by culturing under appropriate conditions
recombinant host cells containing the nucleic acid. Following production

by ex@redsibiy, @apéeicBidirnhrembihmayenirhasvsiated amdtod chemistry

purifigdaysing tﬁ@mw@m@a@fhﬁ&%ﬁ%ﬁ&%é{%@ﬁ&&@é% 1S RYSEMS as
for clpning and expression_of a polygeptlde in a variety of different host

cells APESTHA RS IS itabio RO M Batis Mrdida sns ae rataoiatRA Fshens biotin
cells, wigabharyb&haeclavinabsysignns aMaimadismselibnessratiag iv.q.

5the aﬁggﬁ%x&r&qsion of a heterologous polypeptide include Chinese

hamster ovary cé’lls, HelLa cells, baby hamster kidney cells, NSO mouse
melanoma cells and many others. A common, preferred bacterial host is

E. Coﬂdt-ﬁtﬂ@gﬁ%?é‘éffﬁé %Qfgf}ﬂmgé‘?é 36 RUR0EY, FAAME S e lves been shown

prokaryotic cells such as E. coil is well established in the art. For a

10reviehy, EEstur Bushiprcpitekertsy, Bro/marrasisettsaslEniied gotha
Expréssioionsl tikRryotic:eedslibay sk alseavailahieto.tese skilled i

&

10the a[t astggtg%yon for.production of a specific b ndlgﬁ' member, see for

15
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25

30

recent review, for Se%?acr)%pc)ilg o EUT. dé%fh‘%]r?ré RS, 2P ey daels
Trill évelludCigrmin®pinioms Briteutd B 5585601 19D8)tei5] Suitehipumbiars or
can hgrhesgmer Wﬁr%t@%a%%@@&gem%%@%{ ?&éﬁlgég% drugs. In

sequences, including promoter s;ggences, terminator sequences,
polytHSiiRatiths seqtiEniedingnanberssaay nabachedrathsiiss apgciated with
othercaefideRegR @ AP PHaRERAEa eI OfScMAYPERASTNGS oV faliStebels, such as %
‘pha%(;, ofsphagemid, as appropriate, For further 20 details see, for

exampl%r, Sambrook et al., Molecular Cloning: A Laboratory Manual: 2nd
Edition, Cold Spring Harbor Laboratory Press (1989). Many known
techrigies: ANk ALY acals (o mandation. ol cielc apl for xample.n
preparation of nuclei€ acid constructs, mutagenesis, sequencing,

introddEliaHH 60 KA Bl ibin i oisk pfeesisatramisasigiys sroltancously or

proteiaguat.0eseiorabin dedaiin AHaHRE! BtRlnesSq. zﬁﬁﬁp{ﬁé?ﬂfé%ﬁ%ﬁvenﬁon
in Malecular Bgfli%%,rﬁzfgg Edition, John Wiley Sz. Sons (1992). Thus, a

furth PSSP EriIRvEHESA presifdeRindnsspeaiPeortdising sont
nucleivacitasndisolased hessins Actilifindb erpaprehRe\dees rinei)eeparate or

compslg ' t'&gﬁ%g itlﬁg gﬁpngqc(}‘?ic acid intq a.host cell. The infraduction
may erﬁ%%y any g]gavaﬁa e tr_éc naiéllﬁrél? Eér%e% Ay Petsc%ﬁg,lgﬁ{i‘faﬁle
techriibrrasthaERp sHER R HiRiimaghus pheltelinarsidoton; DE ARsDattradjtomycin
electiopaalian:dipesemexmediaigeansipeliaL N6 FaASHNCHAn HRBHding
retrovirus or other virus, e.g. vaccinia or, for
members of the present invention. Other active agents may include suitable doses of
pain relief drugs such as non-steroidal anti-inflammatory drugs (e.g. aspirin,

paracetamol, ibuprofen or ketoprofen) or opitates such as morphine, or anti-emetics.

Whilst not wishing to be bound by theory, the ability of the binding members of the
invention to synergise with an active agent to enhance tumour killing may not be due
to immune effector mechanisms but rather may be a direct consequence of the binding

member binding to cell surface bound sialyltetraosyl carbohydrate.



5

20 insect cells, baculovirus. For bacterial cells, suitable techniques may

include calcium chloride transformation, electroporation and transfection

using bacteriophage. The introduction may be followed by causing or

allowing expression from the nucleic acid, e.g. by culturing host cells

under conditions for expression of the gene. In one embodiment, the

nucleic acid of the invention is integrated into the genome (e.g.

chromosome) of the host cell. Integrationﬂsmay be promoted by inclusion of
sequences which promote recombination with the genome, in accordance

with standard techniques. The present invention also provides a method

which comprises using a construct as stated above in an expression

SySteRpdBi REtes IR L XRHE5e ATRRE e RINAINENIMEMBPEN QL ROMVRERTEIRB& ed in the
above. 15Pfrefe%red featuraﬁns of each as cth(_)Fthhe invention Czr-xre as for _
each O he' SRR BRI RERS WSS “FHEY STBTPAH e cEifffeitg component in
mentioligtbhéreir grecific@ipdiagecktotihie Thigstaextenupeshutteddsititavmay
EX&%@%&Q,L@E& UERYGD WL E‘r?%%gﬁ g,eas ' JE%EE‘&EQJ&% OHNING e,
non-limitihg examples. Reference’is made to the accomp nylnd)éllrawmgg

in whithemicirada BRENstabiliseiel o Beidratialn i ldelgvee uibneeskdted in the
the S&10d.antibaduaheadmehrinyaliahledemainandaaarkahhe efficacy of

constant region, Figure Ib shows the identical sequence to that outlined in
FigurB FBOIHBIRAIAT ntRRBERY SYRISATHRS BERA SRSy Strieriy Figifepend
lc shawsHhe s cdfadanit@atbamihclatigy $eqgirenoed pitjretdq, k04 intravenous.

1oantibody light chain variable domain and a part of the constant region.

15
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Figure Id demonstrates that the chimeric version of the SC104 antibody,
prodUééenyiaB0trarisriectansatilie, thiridbniny rargefecidinpcuripuhaintstration

is a graph: demepstRinglIRding RGOt 2 RaBet of 6alblBGSical tubing i
(0010205, 0170, MCF-7 MD%—ZSl C%A%AA%S, T47D, 1R75, L, tbing is

RID9AF4sA, P s A his FANFLY ASBIASEA PR Eeda SV eNs fbrtancous
staineddaiyitbkitsAuancdestits atenckpreidtechasabsehante (405 anpfor
each cell line. .Igirg%lre 2b isga%aggik@g emonstrating binding of 50104 to the

foIIov&Fnch]mch mes?(ﬁ‘?&v O%SCO|0205, MKN45, R1D9 and

A431. Cells were stained by indirect immunofluorescence and analysed

by flow CytOmEin:sREsuiishare SXRIRSSA%AS ¢ B i eash celliNGoredient

30101/29 is supplied by Scancell as a positive control and recognises
Lewis"irbe s Etymed riachEdadnmsernerluasrad sHederivaichtpyrogen-

f10 Fr:;g[uegadisﬁ grﬁﬂéldliﬁlmw&éfa&i@galﬂwﬁiﬂﬁa@.”ﬂﬁﬁ@'@g‘%ﬂ@&%@ﬁdi@ﬁﬁﬁxe art are
res S regated colorectal tumour cells, as assaye! inairec

B, EhE s S SR i Ol i N R AR
the misativiuChéstdn by doican Rivgvith ) totooLE.at 6B iR s Rigreph.
demm&@m@n&m&é@%&%@%&&%@&%@ &&4&8&%%913%&1

b .
tumour ?cholipic’l extract. The 014 antigen (90KDa glycoprotein puri ede
C

included, as required.

Pharmaceutical compositions for oral administration may be in tablet, capsule,
powder or liquid form. A tablet may comprise a solid carrier such as gelatin or an
adjuvant. Liguid pharmaceutical compositions generally comprise a liquid carrier
such as water, petroleum, animal or vegetable oils, mineral oil or synthetic oil.
Physiological saline solution, dextrose or other saccharide solution or glycols such as
ethylene glycol, propylene glycol or polyethylene glycol rrlay be included. Where the
formulation is a liquid it may be, for example, a physiologic salt solution containing

non-phosphate buffer at pH 6.8-7.6, or a lyophilised powder.



from saliva by affinity chromatography on 014 monoclonal), CEA (180KDa
glycoprotein purified from colorectal tumour live metastases by affinity
20chromatography with 365 mab) and glycolipid extract (glycolipid
extracted in 3:1 methanol chloroform w/v from colorectal tumours) were
dried onto microtitre plates by overnight incubation at 37C. Binding of
SC104 mab was assayed by ELISA and results expressed as absorbance
405nm. SC 101 and anti-CEA antibodiegsare included as positive controls.
25 Figure 5 shows HPTLC plates showing A. SC 104 immunostaining of
fractions collected from 36m1 bed volume column, Lane W is the whole
0170 extract prior to fractionation. The first 6 x 10 ml fractions collected
are sppiteshipplaneshig Bwhiadiedasddanasrepiesentifedex, b3
ml fractions coll cteéi The SC 104 anti&r(aein Ocan tée Ioca{gtd in fr&g’g}iﬁ? 6de rtain
with REUBSIEN @h‘%w %fﬁ%%afy%n ynsehorvevg %6 %glr% mlaf%:sa%ng at
binditigpissipekifin tbBEA 03ui 2P FigareBsisiskRiied olatecshondrgr@yde semi-
orcin Inin raction 6 re: | Randswith RE V. B
5 betwg!éﬁﬁ%%rgi%%%t“lé?l@ac %%@Tgc(sgg\ﬁ%ﬁé?giﬁ?ﬁ? r%unostaining’Ef’%h&gl%gsnléoées o
fractiBicErieastiseclmghetabia Speimewr RO 36 trsossrRtifes 7astyde
U\ZTE’@%E%%M %&t@f@ig‘.‘?j[}7’7’5,19@}%@gﬁ!&gﬁ@?@@'&@i&%@@aﬁuﬁﬁ&mic
, fraction 6 (lane e-glycosylated lipid (Jane ). Ant

obscFoAT TG ST RO AT S T 03 S A g >
longervdsiestpd( i dipict isdatichafolibwang derghyeosyidtionty Genagende al, J.

109 2R REIR A 92 47 1L Rigte sARNG SER TPOSiaiNBg1082)

icate the

of partially purified antigen. Pencil’marks in ocation of lipid

detediénpisyrrsdinetaiapauhe rabiPRplidanas prapr bgrtaihiteracnshpis: DE
glyca@),@%@ﬁ repled andigen clfgltgwsll@qm@pd ’%]@tm a’n%]@g@,qawe}w&lg@a al, PNAS
organic phases respectively. Released oligosaccharide rjtion_into t
e S e TR DA T T HdE: FRg GO ebe -4
glycolipidsasiiEpastiivfeintn, aithies phiasesdelschating Wos e 0 gfotarlty, 544,545,
Lanes, 3 .and 4 are.the same a us a rgan itio fractions i
15 e R O e A Tl AL S R A R g e
0.40)tppiointedehghpddsivi ativiemyia grotksl ibenngoligodsactifadbelsemol de
20Fique 25, A 5 1-G AlAe Shawing BC L04mMMHOeSIAINAG $6ptRRdeakage.
orcinol staining of (B) of simple (lane S), glycolipid (lane 0) an
phospholipid (lane P) fractions'from C170 cells. Antigen is detected in the
simplerrndphaspholipid teontionss ik o4 00.8deamnthfhdd jobuipaiuthete or other
neutral glycolipid portion. Qrcinol staining reveals. t istinct bands in the
20phoséﬁ%ﬁ%ﬁiélﬁga%t%ﬁy(%fgggﬁr%%% 651 %%%ﬁﬁ%&a%é%ﬁﬁ%lg urorothet cells.
25antigen. Figure 10 shows 2-dimensional HPTLC plates of C170 whole
lipid eiract IBlawe by Qreiaphi4) anRkA04kIm W&Q%&%Gm%@)tﬂéb{gél{%auy

dimension was developed in 50:40:10 chlorofoine methanol:CaC12 (0.5 %
Wiv) SHedhe aand’ db p@@‘sﬂﬁfwlimg;gpzylbeneﬁt to the individual. The actual
chlorefgsnigcetonernathanckaceliciacidwale b tagamigend igatesanddn the
25RE 0.48 in the 1st dimepsion and.does no& r%ix%%'ate in th%thdt. Antor inglc.Si s
staindd"'BEHE ssgbeﬁmg é‘f%&%B%ﬂ?g?g?éeWit %mé)ﬁlﬁaeo JTeatment, €.g. Gecislo

on dosage etc, is within the responsibility of general practitioners and other medical

doctors, and typically takes account of the disorder to be treated, the condition of the

individual patient, the site of delivery, the method of administration and other factors

known to practitioners. The compositions of the invention are particularly relevant to
30 the treatment of existing tumours, especially cancer, and in the prevention of the

recurrence of such conditions after initial treatment or surgery. Examples of the



23 Figure 11 is a PTLC plate showing SC104 immunostaining of antigen
with (lanes | and 2) and without (lane 3) de-sialylation by neuraminidase
digestion. De-sialylation resulted in more intense staining of the less polar
(RI: 0.46) cluster and a decrease in 5staining of the more polar (RE 0.62)
cluster. Figure 12 shows a HPTLC plate of C170 lipid fractions from silica
column. Plates were probed with SC104 (A), secondary antibody only (B)
or stained with orcinol (C) or ninhydrin (). Antigen was detected in the
whole extract (lane W), and the 10sialylated glycolipid fractions (lanes NI,
N2 and N3). No antigen was observed in either the simple (lane S) or
phosphimigitthedrabotigesliptdtiract o (larmerP)e Fagosan Bammgicaph
demenstrating fhatuwhilst hes S 94,2BUGEN W) Sesn fo cross-react with
SC104 it did not cross-react with an anti-sialyi Lewis a (a biomolecule
previously evaluated for clinical potential) or 19/9 antibody. Figure 14

- demagnstratenalusngoan &@&ﬁﬁﬁ{@d&ip phsaphasasgedat mmmamm farameters

5the SC104 im uno |f|ed a en a%betweetn 5 t75KD% entlfhreatpa the
a Silv&t %I?ﬁeﬁ’r eéia &lg‘% SR6we %ﬁvenﬁ/rl? gi‘ SCLUEFattion Fom
sputun’mwmgetir@gt\hﬁmgﬁméammm mnmng:wf ahi7oiceldgoridorecteal, a

is a Qe&&gr&%&%@ﬁ@&w&g&ﬁﬁé&%@i&%&%%&%@mﬁz QT30 of

25antibody, on C170 tumour cells. Cells were stained with FTTC labelled
AnneSivRIAE Bropita. idufaBcaRAn A RARyseaTYRIESEFeS Rt figW! is normally

cycomﬂaeﬂewtt%@mﬁm@@g‘ee@t asChe /M off @Q%&?Wﬁd&ﬁh saaexin,
10 P1 or both. SC 101/29 is mclu%g osmve conttr ure 17is a
grapﬁ%cgﬂ%@vﬁf S nga ion" rﬁélnmc?aes é’r Bhr

exposure to adherent C170 cells. The results are expressed as X-mean.

24 Figyre, gﬂeaﬁ&éah%éeg%%%aso@h@'gmﬂe@ %(?Oeﬁ‘%%ﬁﬂ&%&ﬁﬁ?@dlo—

with the SC tibody. SC101 antibody treated cells are’included as a
nega%%%ﬁltroﬁquli@ﬁ%d?@eﬂéﬁ?@ﬁ%&%’&?ﬁf%@f@@ freyted danerglequent

are aahse&ammgd& AhMihan S Wik wadlinhikiess(ddheel deathcanthe: permits

significantly reduced as_assayed u
15 g saturatyon of t e 31a yltetraosyl car &%drate.

The dose of the composition will be dependent upon the properties of the binding
member, e.g. its binding activity and in vivo plasma half-life, the concentration of the
polypeptide in the formulation, the administration route, the site and rate of dosage,
20 the clinical tolerance of the patient involved, the pathological condition afflicting the
patient and the like, as is well within the skill of the physician. For example, doses of
300ug of antibody per patient per administration are preferred, although dosages may
range from about 10pg to 6 mg per dose. Different dosages are utilised during a
series of sequential inoculations; the practitioner may administer an initial inoculation

25 and then boost with relatively smaller doses of antibody.

This invention is also directed to optimise immunisation schedules for enhancing a

protective immune response against cancer.

30 The binding members of the present invention may be generated wholly or partly by
chemical synthesis. The binding members can be readily prepared according to well-

established, standard liquid or, preferably, solid-phase peptide synthesis methods,



annexin V FITC and propidium iodide. Figure 20 shows graphs showing
the go viability ( number of cells exposed to the drug/number of cells
exposed to control) if of a range of tumour cell lines (Colo205, 10C170,
HT29 and LoVo). The number of viable cells was determined by MTS and
optical density reading at 490nm. Figure 21 demonstrates IC50 fits for the
tumour cell lines, C170, Colo205, HT-29 and LoVo extrapolated from
typical cell viability results (% viability = pymber of cells 15exposed to the
drug/number of cells exposed to control) as determined by MTS and

optical density reading at 490nm. Figure 22 is a graph to show that the
fixaticgisnst abifaesuintions o ihéshyrCuimdly eilebla denyar deeyisein J.M. Stewart

significantly alterihe biadingobthe RNEhaO she-timauridlceldingal
C170 as comparecf to those untreated in media alone. Cells were ?@inﬁ%

by indiEePHRIrRATSHRIOrELEaRE “Ahh skl BORBH S ety AHa%
resultBrexpresSeehaseragancine apfingseveeat Vatve ¥ obigups A3 arshaprdied

that SC104 does.nqt-hind in.a homophilic nature jn th nce of
e T s e B e b gy may be

specific:patib ddsopriontdaiddinguidarbassing bof ceit atig b SakgYof solid-

antibogly Bornd 3G anibady éﬂ@ﬁxﬂ@$&t§%9¥1§{-&§ﬁﬂ%ﬁg% respective

anti-mouse horse radish peroxidase and 13. To determine if 50104
couldRSRHFTP RSP 504 B it HES MRRERTA BiifaRTaetbeidd iR ecting
SA-lIRRBpME:(eantels, BEludedusicd 04 mdichide wtbpat ke sletéctededctive
10With SA-HRP/TMB.but both 50104 and SC104 t{g)tin gould be detected
. carbonic.or sulfoni a reactive derivative TEOL,

with goat anti-mouse R, RédGis are expressed3 as absorbance at

570t_un I_:igure 23b then shows that_ 50104 does bind in a homoph?lic
fashiog,inthe presansa.al SL4anlige . BRdRiaiBs RIS SoRtetb W Chbsent

antigen and SC104 added to each well to the antigen. This was confirmed

with JEEEHIRR-hEUSEPTRRES e W@%@f&%ﬁ?ﬁﬁ&%ﬁ%ﬁé?‘? Rb@Beisip acid inan
increasingseRAGeRkkations and its binding was detected with

SA-1-1RP/T1V23. Results are expressed as absorbance at 650nm. Figure

24 is a graph demonstrating the effect of 5-Fluorouracil and SC 104

antibathe pregelisn @i7éhdettswerevidgposeddet SGL0kiorcuntnob @B T/ pecific
a”t'b%qxéﬁg)g:?asea 2 PARd 8%’5 + IS UIMORYE gL cells Wﬁaﬁé&eﬂﬁﬂ%@t&NA Ina

d
MTS an ensity reading at 490nm. Figure 25 Is a.%}fh
demopsstiestivtnech flerrscod 8- MUenE mppati AMitggein ©ilobirp adfcay 2

Tar_rg 0@3@%&@@1@&%9 seis&itenalatearincambiaation itk S6p104of such nucleic
antibo

y, or with SC 104 antibody alqne. 15Figure 26 shows grap :
2 oot EE HEGE RS A A5 b OO AT S e R OR dervioe
SC104uastttbiohl) ddletvasimdivthediiont et keroidafihgtowilgtiil provide
nude mice.. rowth of C1 fts. asured atdays 7, 9, 12,
14 and ng%@ﬁgﬁﬁﬁg%%%%%% féfggls%%%é?ibna?tﬁgé (nm2) when animals
were treated with either SC104 ip (0.2mg), control antibody ip (0.2mg) and
5-FUNBMCOMAI 2Ok 22 i A EMEQ BfstQdRn(the Pagh @RQiasmids, vectors,
5-FU/leucovorin (12.5mg/Kg Iv, ) on days 1, 3, 5,.7, 21, 22. b) A survival
2plot dSHSHERRThG HESHER 6158 PO SFOMBLED HotiAbPRf@ucieic acid as
combiaatieBeafab6204 kst Sdntinreikiersutviyalafetude sk expiassieu)l which
€170 X(?”O%%‘sﬂsﬁﬁ”im%'es Were Jreated with SJ%Q%@C 2940 é‘i’e?cmag? epcoding a
control ant de)? Ip ?E).Iﬁmgf and 5-RIT/feicevonn .%nmg’aglv ors foz[’ ip &
(0.2mepesifit binding member of the invention forms an aspect of the present invention, as

15

does a method of production of the specific binding member which method comprises
30 expression from encoding nucleic acid therefor. Expression may conveniently be
achieved by culturing under appropriate conditions recombinant host cells containing

the nucleic acid. Following production by expression, a specific binding member may



255FT_T/leueovorin (12.5mg/Kg iv,) on days 1, 3, 5, 7, 21, 22. c) Animals
were weighed on days 7, 14, 21,28 and 36 following treatment with 8C104
ip (0.2mg), control antibody ip (0.2mg) and 5-FU/leucovorin (12.5mg/Kgiv)
or SC104 ip (0.2mg) and 5- FU/leucovorin (12.5ing/Kg iv, ) on days 1, 3,
5,7, 21, 22. 30Figure 27 is a graph demonstrating the effect of 50104, 5
FU/leucovorin and a combination of SC104 and 5FU/leticovorin on the
growth of C170 xenografts growing in nugde mice. Mice were treated with
%FU/leucovorin 25mg/Kg iv on days 261,3,5,7,21,22 and with SC104
antibody (0.2mg) three times per week staring on day 5. Growth of C170
xenodritsliietsantierseira f et Wiy amysuizb it deghtias ben ssstire nppryotate.
cross-sectional area (rnm2) when animals were treated with either SC104
ip (0.2mg), cantrol antibody ip (0.2mg) and 5Fli/leucovorin or SC104 ip
(0.2 S PR AU ST SAG 411 BeRRSREGa g YRESHaEiferent host cells
SC10dre SFelll ﬂmue/ﬁvc?mm&hﬁﬂ@mblm@cﬂﬁﬁb%&&ﬂ@ annafiisd eDsthRast and

Survi nude mice expressing C17Q xeno Ex le 1 - .
SProd\LlPiatCloL ot BELHAS moﬁ%c naﬂ antefg ién 6% 10 Mens saﬁg]ﬁp%%?égﬁgﬁssﬂon of 2
rangebefeisiracus notvicptide Hripheds \ﬁéneqasédnnttheﬁmmﬁsﬁdmpﬁhm taby
for the produetingaf-HC Axtaliawing e Jeginesauiined i he. T able bymon,

15BALB/c female'mice (6-12 weeks old, Bantin and Kingrnan, Hull) were

immuRfeEgHiroieit P etdpEnerdn Ebe%e@fwfew@péwa apriephedit

g 110 g&%n?laizzmmmsjf?@m@ f}nweal@eﬁp@@mev%%ﬁ@ﬂlgﬁa@m% art. Fora
x106¢ells/m1 was use irst isat ensity .

10as rediidd ?o\%xfgglepeﬁ OF tHe' sef%@?% %ﬁ%ﬁ%gﬁg@ )TfgPression in

cells W&@M@p@ﬁdeﬂ%ﬁ@mmﬁ@ cvaplBte @dijopeasitiiledhie first2@instapten for

with (R 38GRd AGSURRAAHARLIMMNIEALORS: UG FEpupR Incamplaies:

adjuvant. 5 days after the final immunisation the spleen cells were
harveStéd &R oréérinh PSKESOTeeREoTalielet thrfinis Rsr gt digtash. 6:553-
Day Gel Tiges)Cell Number Route of administration

15

Suitable vectors can be chosen or constructed, containing appropriate regulatory
sequences, including promoter sequences, terminator sequences, polyadenylation
sequences, enhancer sequences, marker genes and other sequences as appropriate.
Vectors may be plasmids, viral e.g. “phage, or phagemid, as appropriate. For further
20 details see, for example, Sambrook et al., Molecular Cloning: A Laboratory Manual:
2™ Edition, Cold Spring Harbor Laboratory Press (1989). Many known techniques
and protocols for manipulation of nucleic acid, for example in preparation of nucleic
acid constructs, mutagenesis, sequencing, introduction of DNA into cells and gene

expression, and analysis of proteins, are described in detail in Ausubel e al. eds.,

25 Short Protocols in Molecular Biology, 2™ Edition, John Wiley & Sons (1992).

Thus, a further aspect of the present invention provides a host cell containing nucleic
acid as disclosed herein. A still further aspect provides a method comprising
introducing such nucleic acid into a host cell. The introduction may employ any

30 available technique. For eukaryotic cells, suitable techniques may include calcium
phosphate transfection, DEAE-Dextran, electroporation, liposome-mediated

transfection and transduction using retrovirus or other virus, e.g. vaccinia or, for
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0 C 70 5x106 Ip 42 C 46 5 10 Ip 56 Colo205 5x105 p 96 SW 5x10 Ip 27
Hybridoma production The mouse was sacrificed by cervical dislocation
and the spleen removed aseptically. The spleen was transferred to a peuri
dish containing serum free RPMI (20m1, 37C) and the cells gently
released into the medium. The tissue debris was allowed to settle 5from
the cell suspension under gravity for two minutes. The individual
splenocyte cells remaining in suspensi% were then recovered by
centrifugation, resuspended in
insect cells, baculovirus. For bacterial cells, suitable techniques may include calcium
chloride transformation, electroporation and transfection using bacteriophage. The
introduction may be followed by causing or allowing expression from the nucleic

acid, e.g. by culturing host cells under conditions for expression of the gene.

In one embodiment, the nucleic acid of the invention is integrated into the genome
(e.g. chromosome) of the host cell. Integration may be promoted by inclusion of
sequences which promote recombination with the genome, in accordance with

standard techniques.

The present invention also provides a method which comprises using a construct as
stated above in an expression system in order to express a specific binding member or

polypeptide as above.

Preferred features of each aspect of the invention are as for each of the other aspects
mutatis mutandis. The prior art documents mentioned herein are incorporated to the

fullest extent permitted by law.

Examples

The invention will now be described further in the following non-limiting examples.

Reference is made to the accompanying drawings in which:

Figure 1a shows the nucleic acid and amino acid sequences of the SC104 antibody
heavy chain variable domain and a part of the constant region, Figure 1b shows the
identical sequence to that outlined in Figure 1a but the Kabat numbering system has
been employed, and Figure 1c shows the nucleic acid and amino acid sequences of the
SC104 antibody light chain variable domain and a part of the constant region. Figure
1d demonstrates that the chimeric version of the SC104 antibody, produced by a

transfected cell line, binds the target cell line.



serum free RPMI and counted. The harvested P3NS1 cells were counted

and resuspended. The two cell types were mixed in a ratio of 1:10 cells,
P3NS1: splenocytes. The cell mixture was recovered as a pellet and

loosened by gentle 10tapping. Warm polyethlyene glycol 1500 was added
(50% solution commercially available from Sigma chemicals) over 1

minute, followed by incubation at room temperature (Imin). Warm serum

free media was then added over a further minute followed by the slow

addition of a further 20m1 of serum free fhedium. The resuspended cells

were recovered as a pellet and gently dispersed in warm RPMI1640
15coriaimingals¥efogialdomnisioisey ininding AT E&lectignmjentslThecéllolo203,
suspensianw@s Alidhnled ovar A0Sl plaiss Ripyionely Coplesh Wik alys1, pa
peritoneal exudaté cells (PECS). The plates’'were then incubated at 37C,

5%C @2 939 A% (hininecs SiviESH uivirtep iy bigerotiinea iy Eddftiad results are
obserygfeskBe RrAAbISHAR o ERlRN finast SREGHIC antibedy Wassereened

for using C170 cells as the primary layer in a non- 20competitive_sandwich
ELISACEEHYTER SRRSO DAL E SRS 08 IRt ol piked ok
acrosSQ620& IMitates, R1oslkdensities Oélls Reve dtanelhpiaeiisbvell
(100upwelp, T plales wete nGbRle o) 31, S90CAL 80 ALUNLIG. .
media’in we%wﬁ colonies turne o?ange, éﬂé) creening procedures
ELISAsandibiodyireshdinse s i e S éssrppidfbfiviswg hsice noeitéve control and
assax@éggmtngwnM&W@@Lﬁ%&gﬂ%@ﬁ%&&éﬁ@ﬁ%g}ersomrm.
96-well tissue culture plates were coated with C170 cells at a cell density
10f 5x105calls/m1(100ttl/v./e1l) in 10% foetal bovine serum in RPMI 1640.
The plagesc\were inaplbatetboetnightadidg Gf B0 2nAb0diairtoiighly
cells were then washed twice in phgsphate buffered saline.(017.3,.PBS
oo L R B pdnteence and
100uwelbdrerfiamintgonsirspBethicbintintysite shwareab lbeksesceryce for an
incubgtign dok 28.aF with 1% bovine serum albumin (fraction V from
Sigma Chemicals Ltd.) in PBS. The cells were washed three times with a
15\Nashing solution consisting of 0.05% Tween 20 in phosphate buffered

salinerhefere assayinodeeshbessisendn o B ClpdieelsOrsing a4

i

non-competitive sandwich ELISA. The pre-i unisati rum was . . -
oo SRR SR ot S, O e RIS R et purified

su perfxatam@‘_t@ mummmwgbm@bmmc@mm C_EA (18_OKDa
'mm“588‘35{;9&'&1@‘%%1%&5‘M@Jf&%@é&l‘%%ﬁ&%ﬁ?x!é%&H{a&%‘% D fipSue

sections (51im) of cryopreserved tumour were treated with 0.3% H202 10in

20y, 170 ke tperapln i o IRh B0 ABG ghrrolinip erssacidsbycvkipid pygacted in 3:1
20B0§Wﬂ§tbynm c&h;ﬂ%ggg%%ﬁemm@%r%iﬂmg@g@r@ gmrbﬁt%rﬁﬁmﬁ@e plates
% repared in , fo in, and t e idoma superna
wore A AT AL w80 & T Er p Betaes B LIS anc
backgrsulis sstaisnstg forabsfuttiver 30fnin. THéeMoumddaiiivdynibasdies are included
detectg gxég%gaclgggé';}?'ti-mouse Ig conjugated to peroxidase (Dako Ltd.,

15Bucks., UK) and following extensive washing the slides were stained
23with 0.05% alarainobenzidine and 0.01% H202 in 0.05NI Tris-HC1, pH7.6

and ceuniterstaipged mith asgrnalenyihe A. SC104 immunostaining of fractions
collected from 36ml bed volume column. Lane W is the whole C170 extract prior to
fractionation. The first 6 x 10 ml fractions collected are spotted in lanes 1 to 6 while
the last 14 lanes represent the next 14 x 3 ml fractions collected. The SC104 antigen
30 can be located in fraction 6, with Ry 0.53. B. Secondary antibody only shows no band
indicating that binding is specific to SC104.
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Results 20SC104 is a monoclonal antibody (mab) that was raised by
immunisation of mice with 4 colorectal cancer cell lines. It was screened
by inununohistocheraistry against colorectal tumour sections and by
ELLSA against one of the immunising cell lines. It was cloned three times
and was shown to be a mouse IgG1 mab. Table 2 shows that it binds to
C170 cells with a higher intensity than a positive control antibody
25recognising Lewis Yib hapten. It also ghowed intense staining of
colorectal tumours in comparison to either the Lewis 'ft' antibody or an
anti-CEA antlbga?ﬁ) It showed similar weak staining of normal colon tissues

to antABtFCERRRBbER BRI drebtifig s SO gD srKpaling three

C170EldSMdh ramunelistecherrists (@R 405N m) SiolonsstahidfQumg of the

Normal colon SC104 030131 Ank kews Y1130 81, 31 siain

Figure 7 is a HPTLC plate showing SC104 immunostaining of whole C170 extract
(lane W), fraction 6 (lane 6) and de-glycosylated lipid (lane L). Antigen was
observed in the whole extract and fraction 6 (R 0.38 to 0.46), but no longer detected

in the lipid fraction following de-glycosylation by ceramide glycanase.

Figure 8 is a HPTLC plate showing SC104 immunostaining of partially purified
antigen. Pencil marks indicate the location of lipid detected by iodine vapour
staining. Lanes 1 and 2 contain the ceramide glycanase treated antigen following
separation into the aqueous and organic phases respectively. Released
oligosaccharides partition into the aqueous phase and free lipids into the organic
phase. Any undigested glycolipids will partition into either phase depending on
overall polarity. Lanes 3 and 4 are the same aqueous and organic partitioned fractions
in the absence of ceramide glycanase. Antigen is detected (Ry 0.48 and 0.40) prior to

de-glycosylation but not following oligosaccharide removal.

Figure 9 is a HPTLC plate showing SC104 immunostaining (A) and orcinol staining
of (B) of simple (lane S), glycolipid (lane G) and phospholipid (lane P) fractions from
C170 cells. Antigen is detected in the simple and phospholipid fractions (Rg 0.54,
0.51 and 0.41) but not the neutral glycolipid portion. Orcinol staining reveals two
distinct bands in the phospholipid fraction (Rr 0.54 and 0.51) that co-migrate with the

antigen.

Figure 10 shows 2-dimensional HPTLC plates of C170 whole lipid extract followed
by orcinol (A) or SC104 immunostaining (B). The first dimension was developed in
50:40:10 chloroform: methanol:CaCl, (0.5 % w/v) and the second dimension in
10:4:2:2:1 chloroform:acetone:methanol:acetic acid:water. The antigen migrates with
RF 0.48 in the 1 dimension and does not migrate in the 2°%. An orcinol stained band

is again seen to co-migrate with the antigen.
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0,001 No antibody 0.001 _ |  a- - negative, + minimal, 2+ strong, 3+
very strong SExample 2 - Sequence of the 3C104 antibody Methods
Amplification and sequencing of the heavy and light kappa chain variable
regions of 10the mouse inununoglobulin SC104. Total RNA was isolated
from the hybridoma SC104/1E9 after checking previously for antibody
production by ELISA. cDNA synthesised from 5p,g of the total RNA was
used as a template for the amplification Qf the heavy and light chain
variable domains of SC104. The foIIowi% forward oligonucleotides that
anneal to the leader sequence and reverse 15oligonucleotides to the CETI
domain of the constant region of each chain were utilised respectively in

the RGR reactionswith-te Righ daelit-epeyme pv IR (SHAGEASith (lanes 1
Forward Primers 5'- ATG AGA GTG GTO ATT C11 ITO TO-3' Heavy

chairfzb®)-at @i taned T ciislgica e eniRidpspdigreonges-sialylation
TTC3luKaPRah@iRted® staining of the less polar (Rg 0.46) cluster and a decrease in

staining of the more polar (Rg 0.62) cluster.

Figure 12 shows a HPTLC plate of C170 lipid fractions from silica column. Plates
were probed with SC104 (A), secondary antibody only (B) or stained with orcinol (C)
or ninhydrin (D). Antigen was detected in the whole extract (Jane W), and the
sialylated glycolipid fractions (lanes N', N? and N*). No antigen was observed in

either the simple (lane S) or phospholipid/neutral glycolipid fraction (lane P).

Figure 13 is a graph demonstrating that whilst the SC104 antigen was seen to cross-
react with SC104 it did not cross-react with an anti-sialyl Lewis * (a biomolecule

previously evaluated for clinical potential) or 19/9 antibody.

Figure 14 demonstrates, using an SC104-Protein A sepharose column, a band for the
SC104 immuno-purified antigen at between 50-75KDa as identified on a Silver

stained gel.

Figure 15 shows the purified SC104 fraction from sputum competing with SC104
biotin for binding to C170 cells.

Figure 16 is a histogram demonstrating the effect of SC104, or control 791T/36
antibody, on C170 tumour cells. Cells were stained with FITC labelled Annexin and
propidium iodide and then analysed by dual colour flow cytometry. Results are
expressed as the % of cells staining with annexin, PI or both. SC101/29 is included as

a positive control.

Figure 17 is a graph to show FITC-z-FMK-vad activation of pan caspase after 6hr

exposure to adherent C170 cells. The results are expressed as X-mean.
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Reverse Primers 5'-CCC AAG CTT CCA GGG (A/G)CC A(A'G)(GIT)
GGA TA(A/G) ACO G(A/G)T GG-3Heavy chain 5I-CCC AAG CTT ACT
GGA TOG TOO GAA OAT GOA-3' Kappa chain The amplified fragments
were cloned into the TA vector pCR2.1 (Invitregen). Clones containing
insert were identified by restriction analysis and confirmed by DNA
sequencing with the primers T7 and N413 reverse (Lark Technologies).
Sequences were analysed and the folloyying complimentary determining
regions (CDR'S) 10identified for the heavy and light chain of the antibody

SC104 (Figure la, b and c). To verify that analysis of se%uencin% and
trandiEith WS BEREETOF BB A HEAE B PSS G A e vRE St ithaltestS C 104

SC Hdwyatibody magmaenfuetseprratesh 00da Oad anidadinek8%ol.
SDS-PAGE gel by electrophoresis and transferred onto PVDP by semi dry

15electrohlotting. After staining with Amide black the Kappa (25KDa) and
Healye(50 KDdnohainstay dret iSSIaiOd ematdd teliminallysaguenpeddtp 3uM z-

Edmaprgegradaiian (i Biosciancas). Beallseguencindconlied e

analysed DNA and translated sequences for both chains. 20Heavy Chain
VaridBre¥agioRIESal prompyeiadicies 30bp-162bp) 25GISITSCY S
WH GGCTACTCCATCACGAGTGGTTATAGTTGGCAC According to

Kabat numberjn (145é% 62b%ﬁ‘ 0SGY. SWH
G TOB TR FEECRC I GoSaRs SSRGS TR e
SS drug/number of cells exposed to control) if of a range of tumour cell lines (Colo205,

o1 O AR HABYGE TRt ORI b A b B3t Oha

optical density reading at 490nm.

Figure 21 demonstrates ICs fits for the tumour cell lines, C170, Colo205, HT-29 and
LoVo extrapolated from typical cell viability results (% viability = number of cells
exposed to the drug/number of cells exposed to control) as determined by MTS and

optical density reading at 490nm.

Figure 22 is a graph to show that the fixation of tumour cells, either by Cellfix or

glutaraldehyde does not significantly alter the binding of the antibody to the tumour
cell line C170 as compared to those untreated in media alone. Cells were stained by
indirect immunofluorescence, analysed by flow cytometry and the results expressed

as mean linear fluorescent values.

Figure 23a shows that SC104 does not bind in a homophilic nature in the absence of
antigen. Microtitre plates were coated with goat anti-mouse IgG Fe specific antibody
prior to adding increasing concentrations of SC104 antibody. Bound SC104 antibody
was detected by ELISA. with goat anti-mouse horse radish peroxidase and TMB. To
determine if SC104 could bind to itself SC104 biotin was added and its binding
detected with SA-HRP/TMB. Controls included, SC104 which could not be detected
with SA-HRP/TMB but both SC104 and SC104 biotin could be detected with goat
anti-mouse HRP. Results are expressed as absorbance at 570nm. Figure 23b then

shows that SC104 does bind in a homophilic fashion in the presence of C14 antigen.



CDR3 (349bp-381bp) GKGSIDDL N'Y
AAGGGAAAAGGTTCCGACGATGGTTTGAACTAC 5Signal leader
sequence (Ibp-54bp) FRI(55bp-129bp) FR2(I 63bp-204bp)
FR3(253bp-348bp) FR4(382bp-414bp) 10CHI(415bp onwards) Kappa

Light Chain Variable region (67bp-384bp) 15 CDR1 (136bp-165bp) ASS
SLSYIHAGTGCCAGCTCAAGTTTAAGTTACATACAC 20CDR2
(211bp-231bp) TSNL AS GACACATCCAACCTGGCTTCT CDR3
(328bp-354bp) 25F QGSEYPL T B
TTTCAGGGGAGTGAGTATCCACTCACG Signal Leader

sequéhe preeyd WithrTld espn 288 Bp)l S rRded 16 6bp: 2bhip)iRRgtigen.
(232bm327RRbn firmed with goat anti-mouse HRP/TMB. SC104 biotin was then added
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at increasing concentrations and its binding was detected with SA-HRP/TMB.

Results are expressed as absorbance at 650nm.

Figure 24 is a graph demonstrating the effect of 5-Fluorouracil and SC104 antibody
on cells. C170 cells were exposed to SC104 or control 791T/36 antibody (not shown)
and 5-FU. The number of cells was determined by MTS and optical density reading
at 490nm.

Figure 25 is a graph demonstrating the effects of 5-FU, Cisplatin, Mitomycin C,
Oxaliplatin and Tamoxifen on C170 cells either alone or in combination with SC104

antibody, or with SC104 antibody alone.

Figure 26 shows graphs demonstrating the effect of SC104, 5-FU/leucovorin and a
combination of SC104 and 5FU/leucovorin on the growth of C170 xenografts
growing in nude mice. a) Growth of C170 xenografts was measured at days 7, 9, 12,
14 and 16 by measurement of cross-sectional area (mm?) when animals were treated
with either SC104 ip (0.2mg), control antibody ip (0.2mg) and 5-FU/leucovorin
(12.5mg/Kgiv) or SC104 ip (0.2mg) and 5-FU/leucovorin (12.5mg/Kg iv, ) on days 1,
3,5,7,21,22. b) A survival plot demonstrating the effect of SC104, 5-FU/leucovorin
or the combination of SC104 and 5-FU on the survival of nude mice expressing C170
xenografts. Animals were treated with either SC104 ip (0.2mg), control antibody ip
(0.2mg) and 5-FU/leucovorin (12.5mg/Kgiv) or SC104 ip (0.2mg) and
SFU/leucovorin (12.5mg/Kgiv,) on days 1, 3, 5, 7, 21, 22. ¢) Animals were weighed
on days 7, 14, 21, 28 and 36 following treatment with SC104 ip (0.2mg), control
antibody ip (0.2mg) and 5-FU/leucovorin (12.5mg/Kgiv) or SC104 ip (0.2mg) and 5-
FUlleucovorin (12.5mg/Kg iv, ) on days 1, 3, 5, 7, 21, 22.

Figure 27 is a graph demonstrating the effect of SC104, 5 FU/leucovorin and a
combination of SC104 and 5FU/leucovorin on the growth of C170 xenografts

growing in nude mice. Mice were treated with %FU/leucovorin 25mg/Kg iv on days
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FR4 (355bp-384bp) CHI (385bp onwards) 32 Example 3- Expression of
chimeric 8C104 monoclonal antibody To verify expression of functional
antibody from the DNA sequences the Afel and BsiW1 restriction sites

were incorporated into the heavy and light chain variable regions at the

end of framework 4 within pCR2.1 by site directed mutagenesis using the
designed complimentary oligonucleotales. Heavy chain variable Ate/

Forward Primer 105' C TCA GTC ACC GJC TCT AGC OCT AAA ACG

ACA CCC CCA CC-3' Reverse Primer 5-00 TOG GGG TOT COT 11T

AGC OCT AGA GAC GOT GAC TGA 0-3' Light chain variable Bsiw1
15Fotwatd-Prifdeig VETSKARS el enR A1) REAESTRRCHS IR RSO day >
GCAGoMASET 078 xae)gea&e RiimeabinedAGRyEOQ, TIOA Atad IKTHy MedJurement

ACG TOT CAT.TT CTLT Q0-3' 20The murine

rap o s e e st o B AR AU FREID
H|ndIWAf&g)an@hBe]mﬂWbBéMPl(@JmmmeSmé{iﬂmaﬁ@mwﬁ@éﬁ@m\ﬁ@@t@g) and
PDCORI3. 15 fusgd AnF; e;lm AL LG dypraan eﬁec%@et@%fegﬁme&%%hn or the

chain respectlvely This plasmid was |dent|f|ed by restriction analysis and
confifiPBEIRAFPING %WS“@‘F@US’W%QI Bl MR St vth 1 70
15ttg,ehthe.etbove plasmid and genejuice (Novagen) according to the
manufacturer's recommendations. Transfectants were selected in medium
contalnlng Zeocm (300pg|ml) for 14 days Expressmn of functional

e f ) sibmtants was confilined

10PY 30b|nd|ng to the cell surface of the cell I|ne C170 and flow cytometry

15

(Figure 1d). 33
Methods

Immunisation: A range of isolated tumour cell lines were used in the immunisation
protocol for the production of SC104 following the regime outlined in the Table 1.
BALB/c female mice (6-12 weeks old, Bantin and Kingman, Hull) were immunised
with 100yl suspension of C146, C168, C170 and JW cells at 0, 4, 13 and 14 months
BALB/c mice respectively. A cell density of 5x10%ells/ml was used for the first two
immunisations, while the density was reduced to 5x10°cells/ml for the second two

immunisations, The cells were suspended in Freund’s complete adjuvant in the first

20 instance with the second and subsequent immunisations using Freund’s incomplete

25

adjuvant. 5 days after the final immunisation the spleen cells were harvested and
fused with PSNS1 cells.

Table 1 — Immunisation protocol

Day Cell Type Cell Number Route of administration
0 C170 5x10° Ip
42 Cl46 5x10° Ip
56 Colo205 5x10° Ip
96 TW 5x10° Ip
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In brief after washing in RP1V11/10% FCS C170 cells were incubated for
30 minutes at 4C with either spent medium containing the chimeric
antibody or medium alone, Cells were washed and incubated for a further
30 minutes at 4C with a RTC conjugated rabbit anti-human IgG antibody
specific for the CH2 domain (DAKO, F0123). Cells were washed again,
resuspended and analysed by flow eytometry, Example 4 - Binding
studies using SCIO4 monoclonal antibogly Experiment | 10Methods
Immunohistochemistry staining of normal and tumour tissues. Human
tissues were obtained from an Inveresk approved supplier. Each tissue
used WA&<siapArederin® liquid nitrogen and stored at approximately -70C

(10CxHenvasiataactionsaers et andniaced ante surenfrestlus slidesstcally.
All tisfue samples were treated with gn 15antigen marker appro&)&ate for

each TSR SrfeFABSEBTTR Bis Brell i Deahyaieithat tiedms. 37°0)
The matKersclisedne relkexatimfothe pittilial. bEReingstisswbss GRMABIIordlto settle
lymphaid tissues for all. iac and skeletal muscle Eac

s e R AR T enepe
empleET AEEEIS indiFepEn Sy Bestdarn ieethetk Lisimp wieifopatiny easdspended in
tertiagy-aRtiaodies 1pgeihelRoNithram AvidiR PGSR LK GRS 6RRRRISKd

Endogenous peroxidase activity was blocked using hydrogen ﬁéeroxide.

EnddgeHBE Aot BLie e by tre Atingidn ebLOre R RS 1:
sequepierooftavidiheiolimitiie wastediaptanibo gyl wasmiseshcaldispdentle

sections were,treated with normal swine.serum, which inhibits the bindin
1 ?%P)inghtlb%%? e%%get a/ef-neml go’(ﬁ%&é) Was adf%l%leg&%] solution commercgally

of tert ISS alidation o

immunetitble érremieasthiming2beretHodiwss. deliermihbyl ibyustaining: orpm
positiye,caathal tﬁﬁs,mww&%mg@ HRRYAE AR INEGHEC Bfute

fixation on staini control tissues. SC104 was tested against 6 donors

of cofSHATRRN B & or et et aftshectirids vrnsegnesigmd The
Tissuesmyenadixadiineihecaastans opeadtial butiared dolmalin: Jive RPMI1640
samples of col r. stained well en far use as a positive control
nd TR A R R R R i atgsion
to bevtheasgtiptushe Tixatfve T g lowesticosigentrtibnit! SGiedogading thiete cells
maxmBSSIAng Rie Sty MAS LI AR SRRSCRISANAN AP Ait6Hles of

for subsequent work. 34 Results SC 104 was screened for binding to a

rang WY B BEssnr ssll A e daedond e papéctipmofere epdgmour
pOSitb{Hﬁchﬁi ralméﬁglgﬁlm@&aédﬁi@oenm%@mméﬂs éq%@w&agqm%&rial & non-
oesopha arotid,salivary.g stomach and less intense

staimEr)logm gg ?}ﬁgﬁfﬁé M Cgr%ié'%\‘pigﬁn%ﬂ]s;gg@% PR O PITE R s &ere pooled and
tu mogm@@@smy@stammgwmmmb@bmm gf)ﬁhﬁﬁg finaatl @cqmsyarge
oSt SRIARCORAL:FaSI AN MieEne£erLXo LRSS ENE, media in
staining was recorded in small numbers o transmonalzeplt ehial cellsin

the ulRBfyHiaeRleR schs araRgiic

Screening procedures

ELISA. Antibody responses in the serum of immunised mice were assayed by titration
using a standard non-competitive ELISA procedure. 96-well tissue culture plates
were coated with C170 cells at a cell density of 5x10°cells/ml (100p/well) in 10%
foetal bovine serum in RPMI 1640. The plates were incubated overnight at 37°C,
5%CO,, 95% air. The cells were then washed twice in phosphate buffered saline
(pH7.3, PBS) prior to being fixed with 0.5% glutaraldehyde in PBS (10min, 25°C,

100ul/well). Remaining non-specific binding sites were blocked by incubation for
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10lymphocytes of a single donor, glandular epithelial cells of the skin,
epithelial cells of the prostate, breast and fallopian tube, ovarian follicular
cells, alveolar lining cells of the lung and small numbers of glial cells from
the brain of one donor. Mucus stained positively in the stomach and small
intestine. No specific staining was recorded in normal human heart,
kidney, placenta or spleen. These results suggest that the 15antigen can
be expressed by a range of epithelial ceé%rbut that it is predominantly
localised within the gastrointestinal tract, The inununohistochemistry
suggested that the antigen was expressed more strongly on colorectal

tumodirs WHn! dofmeinst seormalbissnd & omal| & gm Risminehead sl ty-if ST PBS.

104 anfibaaly Witk fFa2en fmounand posmaliissue1secHenssiiesyer 0.05%
Anti-EGF Mah SC104 bindb. Comments onaunt g Tumours Luna 6/6 0
OesoiEeatdin phosphate buffered saline before assaying post-boost serum for binding

to C170 cells using a non-competitive sandwich ELISA. The pre-immunisation

serum was used as a negative control.

Immunohistochemistry. Binding of hybridoma supernatants to tumour tissues was
determined by indirect immunoperoxidase staining of frozen colorectal tumour
sections, Tissue sections (Spum) of cryopreserved tumour were treated with 0.3% H,0,
in 0.1% NaNj for 15min to inhibit endogenous peroxidase. This was followed by
incubation at room temperature with 10% human serum and 1% BSA prepared in
PBS, for 30min, and then the hybridoma supernatants were added at saturating levels
which gave minimal non specific background staining for a further 30min. The bound
antibody was detected with rabbit anti-mouse Ig conjugated to peroxidase (Dako Ltd.,
Bucks., UK) and following extensive washing the slides were stained with 0.05%
diaminobenzidine and 0.01% H;0, in 0.05M Tris-HCI, pH7.6 and counterstained with

haematoxylin.

Results

SC104 is a monoclonal antibody (mab) that was raised by immunisation of mice with
4 colorectal cancer cell lines. It was screened by immunohistochemistry against
colorectal tumour sections and by ELISA against one of the immunising cell lines. It
was cloned three times and was shown to be a mouse IgG1 mab. Table 2 shows that it
binds to C170 cells with a higher intensity than a positive control antibody
recognising Lewis ¥° hapten. It also showed intense staining of colorectal tumours in
comparison to either the Lewis * antibody or an anti-CEA antibody. It showed

similar weak staining of normal colon tissues to an anti-CEA antibody.
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Table 2 — Screening of SC104 mab
Antibody C170 ELISA Immunohistochemistry *

(OD 405nm)

Colorectal Tumour | Normal colon
SC104 0.301 3+ +
Anti-Lewis ¥ 0.161 2+ Mucin staining
only

Anti-CEA 0.001 2+ +
No antibody 0.001 - -

a- - negative, + minimal, 2+ strong, 3+ very strong

Example 2 - Sequence of the SC104 antibody

Methods

Amplification and sequencing of the heavy and light kappa chain variable regions of
the mouse immunoglobulin SC104. Total RNA was isolated from the hybridoma
SC104/1E9 after checking previously for antibody production by ELISA.

cDNA synthesised from 5ug of the total RNA was used as a template for the
amplification of the heavy and light chain variable domains of SC104. The following
forward oligonucleotides that anneal to the leader sequence and reverse
oligonucleotides to the CH1 domain of the constant region of each chain were utilised

respectively in the PCR reactions with the high fidelity enzyme pfu turbo (Stratgene).

Forward Primers
5’- ATG AGA GTG CTG ATT CTT TTG TG-3°  Heavy chain
5’-ATG GAT TT(A/T) CA(A/G) GTG CAG ATT (A/T)TC AGC TTC-3’ Kappa

chain




Prostate 0 0 Stomach 0 4/4 Testes ND 0/1 35 Tissue Anti-EGP iVta b
SC104 binding Comments on staining Endometrial 1/2 212 Normal
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Reverse Primers

5'-CCC AAG CTT CCA GGG (A/G)CC A(A/GYGIT) GGA TA(A/G) ACG
G(A/G)T GG-2’ Heavy chain

5 ’—CCC'AAG CTT ACT GGA TGG TGG GAA GAT GGA-3>  Kappa chain

The amplified fragments were cloned into the TA vector pCR2.1 (Invitrogen). Clones
containing insert were identified by restriction analysis and confirmed by DNA
sequencing with the primers T7 and M13 reverse (Lark Technologies). Sequences
were analysed and the following complimentary determining regions (CDR’S)
identified for the heavy and light chain of the antibody SC104 (Figure 1a, b and c).

To verify that analysis of sequencing and translation was correct for both chains 10ug
of purified and concentrated SC104 antibody was denatured, separated on a 0.75mm
thick 8% SDS-PAGE gel by electrophoresis and transferred onto PVDF by semi dry
electroblotting. After staining with Amido black the Kappa (25KDa) and Heavy
(50KDa) chains were isolated and N terminally sequenced by Edman degradation
(Alta Biosciences). Protein sequencing confirmed the analysed DNA and translated

sequences for both chains.

Heavy Chain

Variable region (55bp-414bp)

CDRI  (130bp-162bp)
G Y 8 I T 8 ¢ Y S w H
GGCTACTCCATCACGAGTGEGTTATAGTTGECALC

According to Kabat numbering (145bp-162bp)
S G Y 8§ W H

AGTGGTTATAGTTGGCAC

CDR2  (205bp-252bp)
H I # F 8 G R P T Y N P & L 8 g
CACATTCACTTCAGTGGTAGACCTACTTACAATCCATCTCTCAGCAGT
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Brain 0 1/2 Small number of scattered glial cells from the brain of one
donor Breast 3/3 2/3 Epithelial cells scattered moderate Fallopian tube Ol
2/3 Epithelial cells scattered moderate Hearti 0 0 Kidney 0 0

31

CDR3 (349bp-381bp)

K ¢ K 6 s b b ¢ L N Y
AAGGGAAAAGGTTCCGACGATCGTTTGAACTAC

Signal leader sequence (1bp-54bp)
FR1 (55bp-129bp)

FR2 (163bp-204bp)

FR3 (253bp-348bp)

FR4 (382bp-414bp)

CH1  (415bp onwards)

Kappa Light Chain

Variable region (67bp-384bp)

CDRI (136bp-165bp)
s A 8 8§ 8§ L § Y I H
AGTGCCAGCTCAAGTTTAAGTTACATACAC

CDR2 (211bp-231bp)
D T 8 N L A 8§
GACACATCCAACCTGGCTTCT

CDR3  (328bp-354bp)
¥F Q G S E Y P L T
TTTCAGGGGAGTGAGTATCCACTCACG

Signal Leader sequence (1bp-66bp)
FR1 (67bp-135bp)

FR2 (166bp-210bp)

FR3 (232bp-327bp)

FR4 (355bp-384bp)

CH1 (385bp onwards)
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Large intestine 3/3 3/3 Epithelial cells, mucous, diffuse mild to moderate
Lung 0 2/3 Alveolar lining cells one donor minimal and one donor mild
Ovary 0 3/3 Follicular cells scattered and mild Placenta 3/3 0 Prostate 3/3
3/3 Epithelial cells scatted and moderate Parotid salivary gland

32

Example 3 — Expression of chimeric SC104 monoclonal antibody

To verify expression of functional antibody from the DNA sequences the Afel and
BsiWI restriction sites were incorporated into the heavy and light chain variable
regions at the end of framework 4 within pCR2.1 by site directed mutagenesis using

the designed complimentary oligonucleotides.

Heavy chain variable Afel

Forward Primer
5-CTCA GTC ACCGTCTCT AGC GCT AAA ACGACACCCCCACC-3
Reverse Primer

5'-GG TGG GGG TAT CGT TTT AGC GCT AGA GAC GGT GACTGA G-¥°

Light chain variable BsiWl

Forward Primer
5'-CC AAG CTG GAA ATG ACA CGT ACG GAT GCT GCA CCA ACT G-¥
Reverse Primer

5’-C AGT TGG TGC AGC ATC CGT ACG TGT CAT TTC CAG CTT GG-3’

The murine heavy and light chain variable regions of SC104 were excised from
pCR2.1 and cloned into the HindIll/Afel and BamHI/ BsiW]I sites of the mammalian
expression vector pPDCORIG IB fused inframe with the human Fc constant region of
gach chain respectively. This plasmid was identified by restriction analysis and

confirmed by DNA sequencing,

CHO-S was stably transfected with 15ug of the above plasmid and genejuice
(Novagen) according to the manufacturer’s recommendations. Transfectants were
selected in medium containing Zeocin (300pg/ml) for 14 days. Expression of
functional chimeric SC104 antibody secreted from the transfectants was confirmed by

binding to the cell surface of the cell line C170 and flow cytometry (Figure 1d).
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In brief after washing in RPMI/10% FCS C170 cells were incubated for 30 minutes at
4°C with either spent medium containing the chimeric antibody or medium alone.
Cells were washed and incubated for a further 30 minutes at 4°C with a FITC
conjugated rabbit anti-human IgG antibody specific for the CH2 domain (DAKO,

F0123). Cells were washed again, resuspended and analysed by flow C},/tometry.

Example 4 — Binding studies using SCI104 monoclonal antibody

Experiment ]
Methods

Immunohistochemistry staining of normal and tumour tissues. Human tissues were
obtained from an Inveresk approved supplier. Each tissue used was snap frozen in
liquid nitrogen and stored at approximately -70°C (£10°C). Cryostat sections were cut
and placed onto super frost plus slides. All tissue samples were treated with an
antigen marker appropriate for each tissue in order to confirm the preservation of
antigens in that tissue. The markers used were keratin for epithelial bearing tissues,
CD45 for all lymphoid tissues, and desmin for all cardiac and skeletal muscle. Each
tissue was examined from three unrelated donors. The method of staining employed
was an indirect, 2 or 3-stage method, using secondary and tertiary antibodies together
with an avidin-biotin-peroxidase complex. Endogenous peroxidasbe activity was
blocked using hydrogen peroxide. Endogenous biotin was blocked by treating all
tissue sections with a sequence of avidin-biotin. When a tertiary antibody was used,
all tissue sections were treated with normal swine serum, which inhibits the binding of
tertiary antibodies to the tissues. Validation of the immunohistochemical staining
method was determined by staining on positive control tissues, the absence on
negative controls and the effect of fixation on staining of control tissues, SC104 was
tested against 6 donors of colon tumour and one of heart at concentrations of O or
50pg/ml. Tissues were fixed in either acetone or neutral buffered formalin. Two
samples of colon tumour stained well enough for use as a positive control and there
was no staining in heart. Neutral buffered formalin was found to be the optimum
fixative. The lowest concentration of SC104 giving the maximum staining intensity

was 1ug/ml and this concentration was used for subsequent work.



Epithelial cells , fiassall's corpuscle, membrane scattered mild Tonsil 0 3/3
Keratinised epithelium, membrane, scattered mild to moderate. Urinary
Bladder 2/3 2/2 Epithelial cells transitional epithelium, membrane
scattered mild Uterine cervix 3/3. 3/3 Epithelial cells, membrane, diffuse
mild to moderate 36 Experiment 2 Methods Binding to tumour cell lines
by indirect immunofluorescence and flow cytontetric 5analysis. C170,
C010205,1MX.N45, R1D9, and 791T ceﬂ]rs (105) were resuspended in
50W of SC 104 mab (0-2014/m1) and incubated on ice for 20min. After
washing the samples 3 times in RPIVIU10% FCS cells were incubated
with FITC labelled rabbit anti-mouse (1/50: Dako Ltd, Bucks, UK) antibody
and ipgyhated on ice for 30 minutes prior to analysis on a FACScan

(Becton Dickinson, Sunnyvale, CA). Results 10are expressed as mean
lineal %B?e%%%%?é%ﬁmﬂ_flﬂf.bmdmg to a range of frozen tumour and normal tissue

sections (Table 3). There was positive staining of the neoplastic epithelium of the
5 colon, éndometn’al, oesophageal, parotid salivary gland and stomach and less intense
staining of small numbers of epithelial cells in three of the six breast tumours.
Positive staining was recorded in the epithelium of normal large intestine, parotid
salivary gland, tonsil and uterine cervix. Less intense staining was recorded in small
numbers of transitional epithelial cells in the urinary bladder, scattered thymic
10 lymphocytes of a single donor, glandular epithelial cells of the skin, epithelial cells of
the prostate, breast and fallopian tube, ovarian follicular cells, alveolar lining cells of
the lung and small numbers of glial cells from the brain of one donor. Mucus stained
positively in the stomach and small intestine. No specific staining was recorded in
normal human heart, kidney, placenta or spleen. These results suggest that the
15 antigen can be expressed by a range of epithelial cells but that it is predominantly
localised within the gastrointestinal tract. The immunohistochemistry suggested that

the antigen was expressed more strongly on colorectal tumours than adjacent normal

tissues.

20 Table 3 — Immunoreactivity of SC104 antibody with frozen tumour and normal tissue
sections ‘
Tissue Anti-EGF | SC104 Comments on staining

Mab binding

Tumours

Lung 6/6 0
Oesophageal 4/4 4/4
Breast 0 3/6
Renal ND 0
Colon 3/8 8/8
Ovary 0 0
Parotid 0 272
Prostate 0 0
Stomach 0 4/4
Testes ND 0/1




Binding to tumour cells by ELISA, 96-well tissue culture plates were
coated with cells at a cell density of 5x105cells/m1(100ul/well) in 10%
foetal bovine serum in RPMIL 1640. The plates were incubated overnight
at 37C, 5%C02, 95% air. The cells were. 15then washed twice in
phosphate buffered saline (p117.3, PBS) prior to being fixed with 0.5%
glutaraldehyde in PBS (10min, 25C, 100).d/well). Remaining non-specific
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25reduced to 5.5 + 5% (range 1-20) following FACS IV gating for
malignant size. The percentage of stromal cells in the population of cells
analysed in the malignant size range was 3.5 + 3% (range 1-13). Results
30S0104 was also shown to bind strongly to >80% of freshly
clisaggregated colorectal tumour cells with a mean antigen density of 4 x
105 antigens per cell (range 1.5-10 x 106 antigen per cell; Figure 3), 38
Experiment 4 Method Tumour and ngrmal membrane extract binding.
Extranuclear extractions of colorectal 5and normal colonic membranes
were produced and binding of SC104 was assayed by ELIS A Results To
further quantify the differential staining obtained by
imrn%mgpgmistry, 10extranuclear membrane preparations of primary
colorectal tumours and normal colon from the resection margin were
prod%’@@‘?‘@LlSA staining of these membranes with SC 104 revealed
weakpsiding g aftddeneimakeolonsvaer oasmotiespis-tastagsianbog.afic

(Tablt ) 1 Tl e s o S LB DLy A e e i

memiahef 8xtifdts et Binding dfifSChG4 nraisddoe 20anucléfier washing the

MeMQIANES 3 times in RPMI/10% FCS colls were incubated with FITC labelled rabbit
anti-mouse (1/50: Dako Ltd, Bucks, UK) antibody and incubated on ice for 30
minutes prior to analysis on a FACScan (Becton Dickinson, Sunnyvale, CA). Results

are expressed as mean linear fluorescence (MLF).

Binding to tumour cells by ELISA. 96-well tissue culture plates were coated with cells
at a cell density of 5x10°cells/ml (100pl/well) in 10% foetal bovine serum in RPMI
1640. The plates were incubated overnight at 37°C, 5%CO;, 95% air. The cells were.
then washed twice in phosphate buffered saline (pH7.3, PBS) prior to being fixed
with 0.5% glutaraldehyde in PBS (10min, 25°C, 100ul/well). Remaining non-specific
binding sites were blocked by incubation for 1hr with 1% bovine serum albumin
(fraction V from Sigma Chemicals Ltd.) in PBS. The cells were washed three times
with a washing solution consisting of 0.05% Tween 20 in phosphate buffered saline.
Cells were incubated with SC104 (1ug/ml) for 1hr at room temperature and then
bound antibody detected with goat anti-mouse horse radish peroxidase and ABTS.

Results are expressed as absorbance at 405nm.

Results

Further characterisation of the antigen expression was performed by ELISA on a
range of tumour cell lines (Figure 2a). SC104 antibody predominantly bound to cell
lines of the gastrointestinal origin. SC104 bound to C170, Colo205 and R1D9 cells
with a MLF of 1500 to 4,000.
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Colorectal Tumour Normal colon T:N ratio 0.001 0,001 2 0.437 0.068
6.6:1 0.221 0.217 1:1 0.278 0.042 7:1 0.196 0.066

37

Experiment 3
Methods

- Primary tumour binding. Tumour specimens were obtained at the time of colorectal

cancer resection. Specimens were finely minced and disaggregated with 0.05%
collagenase (Type IV, Boehringer Mannheim, Lewes, UK) for 20 min at 37°C. The
tumour cell suspension was removed and washed 3 times in Hanks balanced salt
solution (Gibco BRL, Paisley, UK). Fresh collagenase was added to the remaining
tissue and it was reincubated for a further 20 min, This procedure was repeated twice
before combining cells from all dissociations and resuspending them in Dulbecco’s
medium containing 20% fetal calf serum (Gibco). Cells were incubated for 1hr at 4°C
with SC104 mab (1pg). Cells were washed twice and incubated for a further hr with
FITC-conjugated rabbit anti-mouse immunoglobulin (Dako Ltd., Bucks., UK).
Normal mouse immunoglobulin was used as a negative control and this fluorescence
was subtracted from the fluorescence obtained with SC104, The cells were washed 3
times prior to analysis on a FACScan (Becton Dickinson, Sunnyvale, CA). Results
are expressed as mean linear fluorescence (MLF). Disaggregation of solid tumours
yields a mixed population of cells including red blood cells, lymphocytes, stromal
cells, macrophages and endothelial cells. The percentage of epithelial cells is
measured by staining of cytokeratin mab Cam 5.2. was only 22 + 13% (range 10-60).
However, following forward angle light scatter gating to selectively analyse cells in
the malignant cell size range 79 + 4% (range 69-86) of the cells analysed were
epithelial. Furthermore, the variation between tumours was considerably reduced. |
The percentage of leukocytes as measured by staining with the anti-CD45 mab F-10-
89 in the total nucleate population was 74 + 16 (range 40-90). This was considerably
reduced to 5.5 3 5% (range 1-20) following FACS IV gating for malignant size. The
percentage of stromal cells in the population of cells analysed in the malignant size

range was 3.5 + 3% (range 1-13).

Results
SC104 was also shown to bind strongly to >80% of freshly disaggregated colorectal
tumour cells with 2 mean antigen density of 4 x 10° antigens per cell (range 1.5-10 x

108 antigen per cell; Figure 3).
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3:160.281 0,035 8:170.102 0.139 1:1 39 Experiment5 Methods
Binding to purified antigen preparations. The 014 antigen (90KDa
glycoprotein purified from saliva by affinity chromatography on C14
monoclonal), CEA (180KDa 5glycoprotein purified from colorectal tumour
live metastases by affinity chromatography with 365 mob) and glycolipid
extract (glycolipid extracted in 3:1 methanol chloroform w/v from colorectal
tumours) were dried onto microtitre plates, by overnight incubation at 37C.
Binding of SC104 mab was assayed by ELISA as described above, 10
The Lewis Y hapten and the type land type 1l H blood group antigen
(Sigma, Poole, Dorset) were dried microtitre plates by overnight
incubgtion gl ¢. Binding of SC104 mab was assayed by ELISA as
described above. 15Results To try and identify the nature of the antigen
recog%%téﬁdby SC104 antibody, it was used to stain three different antigen

prepéafationsaidgared)mEng Airst avas & Rfdag lstismyuel KaeWaRRe! colorectal

immunogenic antigen expressed by colorectal tumaurs. No. significant
staini%%@gceéggl% S?EI}\E/% e %rﬁ’ A uec%%n?lr} %R@%iﬁ%%@&no%é@say@d by

7()goB&iactivity confirming the presence of functional antigen. The
second preparation was a Lewis Yth expressing glycoprotein extracted
from saliva. This antigen is a 90KDa glycoprotein that carries a wide range
of ca?ﬁ%‘ﬁ%‘élrate residues. Both the antiLewis sib antibody and SC104

antibadyrixenduieniifistalyceprosain whereaskihmentyChAnaiibashhiailedy,

to bind. A sirpilar result was obtained when a
extranucicar membrane preparations oI primary colorectal tumours and normal colon
from the resection margin were produced. ELISA staining of these membranes with
SC104 revealed weak staining of the normal colon whereas moderate to strong

staining of the tumour membranes were observed with the mean T:N ratio being 6:1
(Table 4).

Table 4 - Relative binding of SC104 to tumour and normal membrane extracts

Patient Binding of SC104 mab to extranuclear membranes
Colorectal Normal colon T:N ratio
Tumour

1 0.001 0.001 -

2 0.437 0.068 6.6:1

3 0.221 0.217 1:1

4 0.278 0.042 7:1

5 0.196 0.066 31

) 0.281 0.035 8:1

7 0.102 0.139 1:1
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25methanol/chloroform tumour glycolipid extract was assayed. These
results suggested that SC104 was recognising a carbohydrate residue
expressed on both glycoproteins and glycolipids and that it may be
recognising Lewis Yib. To verify if SC104 was not binding to a blood group
antigen it was screened for binding to Lewis Y, H type | and type H blood
group haptens by FLISA (Table 5). The anti-H antibody bound strongly
30to all three haptens and the Lewis sib_antibody to the Lewis Y hapten
but SC 104 failed to react with any of thgge haptens. 40 Table 5 - SC104
binding to blood group antigens Binding of antibodies to blood group
antigérpeamraneasured by ELISA (OD 405nrn) Antibody Lewis Y H blood
groug,LyRe  H blood group Type Il SC104 0.057 0.087 0.076 Anti-H

2.058 2.174 1.331 Anti-Lewis YTh '
Binding to purified antigen preparations. The C14 antigen (90KDa glycoprotein

purified from saliva by affinity chromatography on C14 monoclonal), CEA (180KDa
glycoprotein purified from colorectal tumour live metastases by affinity
chromatography with 365 mab) and glycolipid extract (glycolipid extracted in 3:1
methanol chloroform w/v from colorectal tumours) were dried onto microtitre plates
by overnight incubation at 37°C. Binding of SC104 mab was assayed by BELISA as

described above.

The Lewis ¥ hapten and the type I and type II H blood group antigen (Sigma, Poole,
Dorset) were dried microtitre plates by overnight incubation at 37°C. Binding of

SC104 mab was assayed by ELISA as described above.

Resulss

To try and identify the nature of the antigen recognised by SC104 antibody, it was
used to stain three different antigen preparations (Figure 4). The first was CEA as this
is a well known and immunogenic antigen expressed by colorectal tumours. No
significant staining of CEA was observed although the anti-CEA antibody showed
good reactivity confirming the presence of functional antigen. The second preparation
was a Lewis *"® expressing glycoprotein extracted from saliva. This antigen is a
90KDa glycoprotein that carries a wide range of carbohydrate residues. Both the anti-
Lewis ¥ antibody and SC104 antibody bound to this glycoprotein whereas the anti-
CEA antibody failed to bind. A similar result was obtained when a
methanol/chloroform tumour glycolipid extract was assayed. These results suggested
that SC104 was recognising a carbohydrate residue expressed on both glycoproteins
and glycolipids and that it may be recognising Lewis ¥, To verify if SC104 was not
binding to a blood group antigen it was screened for binding to Lewis ¥, H type I and
type II blood group haptens by ELISA (Table 5). The anti-H antibody bound strongly
to all three haptens and the Lewis ¥° antibody to the Lewis ¥ hapten but SC104 failed

to react with any of these haptens,
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0.662 0.129 .097 5Examnle 5 - Identification of tumour givcolipid
recoknised by SC104 monoclonal antibodt Experiment] Optimisation of
lipid extraction and immunostairting protocols 10 Methods Lipid extraction
from C170 tumour cells. A pellet of C170 cells (1Im1 packed cell volume)
was obtained by trypsinisation of a static adherent tissue culture. The
pellet 15was washed in PBS and the excess buffer removed by aspiration
following centrifugation, then stored at -§QC. The pellet was extracted with
chloroform:me,thanel (3:1, v/v, 19m1). The resultant emulsion was
centrifuged at 8,000rpm in a 50n-il solvent resistant (Tefzel) centrifuge
tube forPiSir @t AhiTHa sigfepratarwasidaeY down using a rotary
evaporator at 30C and resuspended in a ZOsmaII volume (- 1m1)

chlo 5% CaC :

extracts The sample Wdﬁﬂéiﬂﬁl?f i o ’Sﬁfe 3 OR &ﬂu-ﬁlgﬁ@’ﬂﬁé‘t?emeasumd
and developed in chlorofh)yrﬂmnsmabm JmSHéngiaCH(aq) (50:40:10) as

A
l

sta meprateswete dll and-then antodineva (120
Ban §I\$v€g’r%dﬁ1arked in piefﬁc and the |od|nme ogf%"er\’/aporaf%g['3 ?fotigmup

plate over night. The 25plates were then |d1fﬁym5talned in org eFype 1T
locafigggantiger 41 grmostaiming of gegetoped UPTEC pigms- For
SC104 immunostaming, the plates were immersed in polyisobuty
methytrtethacrylate (0.120%/v solution) hexah&chloroform (9}1)38F 15
secong;iheR;aifowed 1pFgy The plates Wege ggn sblocked mL;}j@ﬂij in
PBS-for 1hr at room temperature, followediby incubation in-either test
antibody solution (10gg/m1) or BSA solution, for |hr at room temperature.
The plates were then Washed three times in PlSS/Tween 20 (0.1%),
beforxté)z? 2 tz 'rabum colipid recogrs d by %Rar

—

NG oclnal

00
threeﬁlfm@m PBS/Tween -20(0.1%)

Experiment]

Optimisation of lipid extraction and immunostaining protocols

Methods

Lipid extraction from C170 tumour cells. A pellet of C170 cells (Iml packed cell
volume) was obtained by trypsinisation of a static adherent tissue culture. The pellet
was washed in PBS and the excess buffer removed by aspiration following
centrifugation, then stored at -80°C. The pellet was extracted with
chlorofoﬁn:methanol (3:1, v/v, 19ml). The resultant emulsion was centrifuged at
8,000rpm in a 50ml solvent resistant (Tefzel) centrifuge tube for 15min at 4°C. The
supernatant was dried down using a rotary evaporator at 30°C and resuspended in a
small volume (~1ml) chloroform:methanol:0.5% CaCl,(aq) (50:40:10).

HPTLC analysis of lipid extracts The sample was multiply spotted onto a Merck
HPTLC plate and developed in chloroform:methanol:0.5% CaCly(aq) (50:40:10) as
standard. The plates were dried and then placed in an iodine vapour tank. Bands were
marked in pencil and the iodine allowed to evaporate off the plate over night. The

plates were then immunostained in order to localise the antigen.
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10and once in 10 mM Tris, 100 rnM NaC1 pH 7.0, 0.1 % Tween and
developed in Sigma-FAST BCIP/NBT reagent. Cltemicai staining of
developed HPTLC plates. Orcinol staining was employed to detect the
presence of carbohydrate moieties, Developed HPTLC plates were
allowed 15to dry before spraying with orcinol reagent until fully coated.
The plates were dried in a stream of hot air and incubated at 100C for 15
minutes. Ninhydrin staining was used to (iietect molecules containing free
amino groups. Developed LTTLC plate were first allowed to dry and then
dipped in ninhydrin solution (0.25 To ninhydrin w/v in acetone) until fully
wetted. The plate was then allowed to develop at room 20temperature for

sevena) RoS.Re LH}%JQ%M'H@W@Z&%”%P%1%%9%&%%@%% %‘?:q)lates

in 3:1 chloroform: methanol mix, with no change in the number of bands
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detecﬁ@hmﬁh@’ﬂvﬁ@l@@@ﬂ%ﬁa@mx cell lysate and the insoluble pellet

produced during the preparation of cell membrane. The antigen was
however not 5detected in the cell membrane preparation itself, In addition,
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5Sugges l% the antigen is li d or. a very hydrophobic protein.
15 BB SRR
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conditions. Fractions were collected and analysed by IIPTLC. SC104
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Results

i t@éﬁ% HRHGH R By SR Sk dried in

The antigen was found to be successfully extracted in 3:1 chloroform:methanol mix,
with no change in the number of bands detected compared to the original 2:1 solvent
extraction. However, increasing the solvent to 4:1 chloroform:methanol appeared to
reduce the number of bands detected by HPTLC and consequently was not employed
for extraction purposes. Early immunostaining experiments also employed a 60
second incubation of the HPTLC plate in 0.1% w/v polyisobutyl methacrylate in
hexane; however, it was found that it was necessary to reduce this to 15 seconds to
give reproducible detection of the antigen. Finally it was found necessary to
incorporate a phosphate free wash of the HPTLC plates prior to incubation with the

phosphatase substrate to ensure maximum sensitivity.



20locate the antigen and chemical staining methods were used to further
characterise the fraction. Cerarnide glycanase digestion of antigen.
Ceramide glycanase digestion was used to release oligosaccharides from
glycolipicl molecules. Antigen solution in 50 inlYl 25sodium acetate,: pH
5.0, 0.1 % wiv sodium cholate was mixed with cerarnide glycanase
solution (1/,d for 54,1 antigen) and incubated at 37 C for 3hrs. The
deglyeosylated lipid was separated from4 e released oligosaccharicles by
mixing with 250p,1 chloroform:methanol (2:1) followed by brief
centrifugation. The upper aqueous phase was separated from the lower
organic phase and the two dried down separately. 43 Results Small scale
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scalegidPasRItmRdAGions &5/ atiedand RenLPRMIGRISORRINNG a very
fraction depgé:ted by immunostaining (Figure 5). An antlgen with R9 of 0

was 9B Eand chemical staining was then used to further
characterise this fraction. Orcinol staining of the PIPTLC plate was used to

Iodetecég{g_gr%@;??ydrate moiety of glycolipids. This revealed three bands
with values Between 0.50 and 0.61 and seemed to correspond to the

initial AREXENE eftibe gatitgérnd Hideieaer sifrmanostairingepestekly
concurrently with orcinol staining revealed an unusual shift in the RF of
the aM ]en with 3 bands detected between RF 0.36 and 0.39 (Figure 6).
This May's ggest that the bands detected by orcinol staining do not
correspond to the antigen but represent glycolipid contaminants. 20In

order rtaln fthls antl wa rote the rac w nalys

15 Btg %@ﬁ; Ves té(r)k% ?ﬁlftlflr% ép ifer st SANY 8?5[ ng@lgg?ﬁnpé\l/é?eﬂ was
very lewided wishof prsteshioynitarhiomtiionn howevet: WektEatChletin§ailetd). The
to spegifigally-getectanyiantigen in @ﬁo‘?&?&%%&ﬂa%%%%‘ 3(%&5‘%50 :40:10)

antigen itself is not a protein. 25An aliquot of the antigen-containin

FracOH AR AUEE A ALy SaMaEa ame solvent conditions. Factions
were collected and analysed by HPTL.C. SC104 immunostaining was employed to

20 locate the antigen and chemical staining methods were used to further characterise the

fraction.

Ceramide glycanase digestion of antigen. Ceramide glycanase digestion was used to
release oligosaccharides from glycolipid molecules. Antigen solution in 50 mM

25 sodium acetate, pH 5.0, 0.1 % w/v sodium cholate was mixed with ceramide
glycanase solution (1ul for 50pul antigen) and incubated at 37 °C for 3hrs. The de-
glycosylated lipid was separated from the released oligosaccharides by mixing with
250p1 chloroform:methanol (2:1) followed by brief centrifugation. The upper aqueous

phase was separated from the lower organic phase and the two dried down separately.
30



remove the carbohydrates. The glycans were separated from the lipid
portion using 2:1 chloroform.methanol; with the free glycans predicted to
partition with the methanol and the de-glycosylated lipids partitioning with

the chloroform. Immunostaining and chemical staining techniques were
then performed on HPTLC 30plates of intact glycolipid and

fraction Is inconclusive. It may be

W

de-glycosylated lipid. Immunostaining revealed the presence of antigen
(RF 0.38 -0.46) with the intact glycollpid and not the deglycos:,,,lated lipid
(Figure 7). However, later experiments demonstrated that the 44
partitioning of undigested antigen is highly variable, with the antigen
someRmeksbeing detected in either the aqueous, organic or both phases.

Thus, i igeni | treat i
e e L

aquedQy'Pliagas fstersiiptceramidesdigé ankisecrslivoval ohthesmgtiges): 10

In ordende-canfinmine oNe QUL IMERt YASHRReAIREWINROMME: phase.
orga;l}{;ﬁ and the aqueou%@hase, beln%%nalysed following digestion.

Analysi6T e SSHPBIES Y E BHER Shiitidiataaitingsdersarisirfeqale this
loss ah&@H0h bihdingintheth faetionsibRfolowiam the sarravadiotolume to obtain
oligo ides (Figure 8). This.indicates that SC104 recognises an

intact% %%;g%?ﬁ% r&é&%@éﬁﬁ%%s}%%%%enﬁ%%qg Vcc))gf%ﬁclggvﬁaé igosaccharide
removal. Phospholipids such as phosphatidylethanolamine, phosphatidyl

seetharand thearslatedyWRlysRarey f DR9r '
detected byf%inhyd,rin ;%giining. I-EI%Sf_ﬂc?%%%jé%ﬁl@%ﬁ%@tgaﬁaﬂéﬁgﬁﬁﬁimd the

10intactigREaNFRa A HE CRPR RS G BY AmS RS i s AR BVcray b igen with

15

preseRgefdf {thosphatipiets mmuaﬁmwa@m% %@4&%&&5& to further
Howeyer, this m e a.contaminant that co-mi ith the antigen,
partic%ﬁgrr?ép%%s %yﬁ?éar% Gre sdﬁlélgséafﬁl&gcoﬁgﬁgﬁgﬁl dﬁ%)@p‘ﬁ%ﬁ iﬁ?%g Qrflptect the
20 glyé&mi@@ar@mﬁmﬁalmwgm WhésrrertdyingecbsingleisiliBa values
CO'U%et%m'@%%méﬁC&QldIkEﬁuW&%Eﬁ&&B@ﬁc%%&%&Pﬁ%u b BBine antigen.

insufficient to resolve the antigen from the whole extract wit lent

purity 1B AP PR S ERG AT £ pBFHFER B W libriciptbYaingre 6pvealed an
wholedipidaexttachintoripid subrgresnsvand &@@H&@%@%@fb@mi&%% %.36 and 0.39
Methads Lipj s extracted from -2m1 packed ce]l volume C170 cells as
dosch DRSOV S EOSRARG BOb 0 BHB B AL oG

in -1radrestiorstoerie Al@ren bedeppbsene gdijicaipidlaonrefdinneem i.d.) was
prepared in 100% chloroform. The sample was added to the column and

20the column washed under gravity in the following 45

25

30

In order to ascertain if this antigen was a protein, the fraction was analysed by SDS-
PAGE and Western blotting. Silver staining of the gel did reveal very low levels of
protein contamination; however Western blotting failed to specifically detect any

antigen in the preparation suggesting that the antigen itself is not a protein.

An aliquot of the antigen-containing fraction was digested with ceramide glycanase to
remove the carbohydrates. The glycans were separated from the lipid portion using
2:1 chloroform:methanol; with the free glycans predicted to partition with the
methanol and the de-glycosylated lipids partitioning with the chloroform.
Immunostaining and chemical staining techniques were then performed on HPTLC
plates of intact glycolipid and de-glycosylated lipid. Immunostaining revealed the
presence of antigen (Rr 0.38 — 0.46) with the intact glycolipid and not the de-

glycosylated lipid (Figure 7). However, later experiments demonstrated that the
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solvents: 10 column volumes chloroform, to elute simple lipids; 40 column
volumes acetone, to elute neutral glycolipids; 10 column volumes

methanol to elute gangliosides and phospholipids. The fractions were
collected and dried down via rotary evaporation and stored at 4C prior to
analysis. Neuraminidase digestion of antigen. Antigen solution (5/).1) was
combined with Sp.1 10x buffer solution, provided with the neuraminidase,
and 1.00 neuraminidase solution. The final volume was brought up to
50/11, mixed and incubated at 37 C for #hr.  Chemical de-sialylation by
acid hydrolysis. Antigen solution in 0.05 NI sulphuric acid 10was heated at
80 C fartRhuspd hbusadippie duasi e tsalighve dioabdg|ainid tatosedeat 4dmetimes
prior lys }% I r% tQ_remove glyc ipigfis fro .
phosgﬁg%&cﬁggd%% glr”%xg % %?nﬁ’\?vr sni%grq)%ﬂl rAted i h%iil%lr% 1}%? o
Wholéatstyonipta extrersemids sbtedness frenisd 2naitpadked celisvobonmdusive. It may
This waaanpiaein e el irapchthecabumneyas el witthEhIaref oM mice

to elutﬁlthe simple lipids; acetone, to elute glycolipids; and finally
meth&h6rIE SR BEbEpHGIAHEOHPTLC separation and

immunostaining detected at least three antigen bands in the whole extract

d halipid fractj F 0.54, 0.51 and 0.41) al Wi ingl .
pand i R B e A e R T e B e e nc
was dbtceredin phesghyingipieh ysutionl byt Stainglieiealetb tenples by
preseppeah pReRRIQIAG N thewhle.cxdrackapd é@ﬂﬁpﬁ?xl | é% {tasHRtactions

only. However, orcinol 25staining demonstrated that g:%gq Ipids were

S Wi affieaimE) S a4
distingidogrigss wiereabgerveichia the phosphelipishitRstiondRfofe34rmand
0.51) gﬁa{gs%g&%%ﬁéomcoévm;prate with the antigen, again indicating that the
antigen %’nay carry calr%ohy'drate moieties. 30Further reading indicated that
although the above method can be used to separate neutral glycolipids

from PHQ&%QP@Q%&@Q/ 194%8?!%%%&%@@%%&%@%&%'}%‘ g%iesthe related

This, along with the co-migration of the antigen a Inol"positive
bandS/HeRISH MomESARERR §avAS thet artige Aateaipd b anitiiydatedtaining.
glycolipur while therphseneen ofpauitianen i thanewlghcalipid Saction.
suggests that ¥hetg(lly§oli id must bﬁ]tgialylated in order to be recognised

by Séiyﬁ?ﬁﬁurﬁﬁer BoHIEHoS YRde eﬁﬁﬁéﬁqgﬁapgl%ﬁm%ﬁwgﬁﬁiﬂvéhﬁs

not alphiosphohpidnd & ébidived by tsepasaiing vdilenlipidtekitact wsiges with
2D HIPT. d [ nostainin dc ical .. .
i e e T R L S A Ponoics ana
stancBE BP0 i1 6 eARRSI IR PIEThEhY): e dtsnhsing Imixtigrecolirenghatification
was themhadowed fiilered daled-H00RAMGAaUSIBR AL IRLAARIPIE Ive the antigen

:acet%)ne , . . .
rom the whole extract with sufficient purity to facilitate characterisation.

Experiment 3,

Fractionation of whole lipid extract into lipid sub-groups and localisation of antigen

Methods

Lipid was extracted from ~2m] packed cell volume C170 cells as described above.
Following evaporation the extract was resuspended in ~1ml chloroform. A 10ml bed
volume silica column (150 mm 1.d.) was prepared in 100% chloroform. The sample

was added to the column and the column washed under gravity in the following



10 :methanol :acetic acid:water 10:4:2:2:1. Immunostaining revealed that
very little migration of the antigen occurred in the second dimension
(Figure 10). This again demonstrated that the antigen is not a neutral
glycolipid, since neutral glycolipids migrate in acetone. Orcinol staining of
carbohydrates again showed a band that comigrated with the antigen in
both dimensions, while ninhydrin staining of free amino 15groups
demonstrated a compound that co-migr ged in the first dimension but
which was then separated from the antigen in the second dimension.
Neuraminidase digestion was used to detect the effect of sialic acid
removellvorisahilsobiyorecolyritio sl rafuumo staivie g iofi i G séparhted volumes
phospRalipid/oanalinsids 20sample, befors AN ller DeHAMININA Gue

treatment provided two clusters of bands; with a more polar cluster at RF

0.46 SPRELORNSS pRfphos RIPIPED. (Figdretans KrFptRitrti dafEipddayn via

were geiscesdbaiie aadaiter Aesrappinidasatkaaiment there was a shift

in the intensity of the staining profile. Neyraminjdase treatment produced,
Smore \HSHUE G AR AR %6 SRIGET SHE B OREa FOERy e 51

the RO 82{olusteti @b whenicompatbd tentheinitrsatendcdntrakbuFhignidase

suggestshaalibouo. el addisimg RAFIRAlyS] °

conditioné had not bee% optimiseg, r m\{o?ég?{ %?ggﬁé%%c{%d%l %&8%&6'8%%%7 Clorl

polar!RF 0.62 cluster led to formation of a less polar cluster of molecules,

V\;hinC%%z?HHdie}Qﬁ}%iBb{ y(yj%atj@%zyw t&ﬁcﬂ%ﬁ%ﬁ%@dﬁ%%@r@tﬁﬁ%ﬂc acid

after partjal neur ase digestion cqo-migrated with the least polar .

1073 SRR bt SR GETETRLEr GpiA PGt oSS o 4 C
that thisochasted ysiast itself correspond with a sialylatcd form, probably
monosialylated, while the more polar cluster corresponds to a disialylated

form. 47 Silica column chromatography was then employed to fractionate

differ8Atidily sialylated glycolipids. A sample of lipid extract was loaded

onto theeelunyease:EaclionsivategiHiashin:pliain SinMRIslRIdolumn was
15(chIorofo,I}Ir}ir;f); asiagllg‘%ed glycoli%iids and Séoho_spholipids i

(chlofStBrARE AR S SERRSHe Az QEIG HRiter s B s htadppd few by ™!
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orm:methanol 2:3); disialyiated glycolipid ol .
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(chlofetsrnohiettiarrobivarbeBpid5:8). The fractions were then dried down

and analysed by HPTLC followed by irnmunostaining and chemical

10stainin Sg]:e‘i‘sgure 12). Orcinol and ninhydrin staining showed .
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orcingl positive glycolipids and not the ninhydrin positive 15phospholipids.
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staining detected for the middle cluster (RE-0.38). In the polysialylated

fraction two clusters are visible (RE -0.38 and RF -0.24). This suggests
30that tRurfeiseding ndisatrdshnionbenalir b aie mrdercaBeaisrdirasparate
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more aggressive than enzymatic procedures and is more likely to result in

complete removal of sialic acids. ITPTLC and SC104 inununostaining

demonstrated that 48 chemical removal of sialic acids resulted in the

complete loss of SC104 binding, providing further evidence that sialylation

of the antigen is necessary for antibody binding. 55C104 therefore

appears to bind to a mono, di and even polysialylated However it does not

bind to an asialo form. This indicates that the antigen must be

monosialylated however the presence SPfurther sialic acids does not

impinge on the binding of 8C104. The increased intensity of staining for

the digialylateddiat svatsevsisgoests thakdespitemanhe reguliyiagdheycolipid; while
resgne ialic acid,.t [ IS common| .

boaring oot TS e SR e R TR (e aivconpc

deperdEieFanie dyerdmdodyirgre ZoHdtonCdithe C170 cells prior to

harvesting. Experiment 4, Comparison of antigen to commercially
available lipid standards 15 Methods The SC104 antigen has been

compaFEW 8 ACRTTRDRY SiecBiisrit i hland sy tpliaid enddigifsphospholipid was
Exampligiacdftaacipstandartoldis spotiad atg PIBP FIRT platisaaiigsing the plates
devel in.50:40:10 chlorofonn:methanal:CaCl2. (0.5 %.w/v), P

ere A b R et e PR plae

eachvgtaAeieidnaaindbeattedabl/SodiheOvdpon staimethand €€ sckiohmixture.
eac ésktﬁg @Qsﬂﬁ%&lﬁ%éﬁ'%%%E%éﬁ%ﬂﬁ@@%&ﬂ&§ﬁ%%ﬁrgm:acetone

observed that none of the standards were recognised by SC104, .
suggEtREP R TTERELE UL N GZrds relEsenpHaianifEA eI SRk yEmkslitte
The REgvaloesiohtainegtfoscherslandesdscand shavwkin TFAblecq Oelawis again
These values are.alsp compared with the range af RE values obtained . for
the LRt S B R b S B SrHEh b e GaTts et
and ddgreie iofasigiydatiéreia® FaiblagpStarnthpdSteacae showed a band that co-

migrated with the antigen in both dimensions, while ninhydrin staining of free amino
groups demonstrated a compound that co-migrated in the first dimension but which

was then separated from the antigen in the second dimension.

Neuraminidase digestion was used to detect the effect of sialic acid removal on
antibody recognition. Immunostaining of HPTLC separated phoépholipid/ ganglioside
sample before and after neuraminidase treatment provided two clusters of bands; with
a more polar cluster at Rr 0.46 and a less polar at Rp 0.62 (Figure 11). Although the
same bands were detected before and after neuraminidase treatment there was a shift
in the intensity of the staining profile. Neuraminidase treatment produced more
intense staining at the Rr 0.46 cluster and a decrease in intensity at the Rg 0.62 cluster
when compared to the untreated control. This suggests that although sialic acid
removal was only partial, since the conditions had not been optimised, removal of
sialic acids from the more polar Rg 0.62 cluster led to formation of a less polar cluster
of molecules, which are still detected by the antibody. As the least polar bands
detected after partial neuraminidase digestion co-migrated with the least polar bands
in the untreated ganglioside/phospholipid fraction it is assumed that this cluster must
itself correspond with a sialylated form, probably monosialylated, while the more

polar cluster corresponds to a disialylated form.



SC104 r, Lactosyl ceramide Gic-P1,1-Cer 0.79 Globotriaosyl cerarnide
(Gb3) Gal-al ,4Gal-P1,4610-01,1-Cer 0.71 Globotetraosyl ceramide
(Globoside) GalNAc-(31,3Gal-ci1,400.1-131,4G1c-pl,1-Cer 0.62
Globopentaosyl ceramide , (Forrsman) GalNAc -al
,3GalNAc-P1,3Gal-al,4Gal-p1,4Gle-131,1-Cer 0.56 OM3
NeuAc-GalPl,4-Gle-P1,1-Cer
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Silica column chromatography was then employed to fractionate differentially
sialylated glycolipids. A sample of lipid extract was loaded onto the column and
fractions were eluted to obtain simple lipid (chloroform); asialylated glycolipids and
phospholipids (chloroform:methanol: acetone:acetic acid:water 52:8:8:18:4, followed
by chloroform:methanol 4:1); monosialylated glycolipids (chloroform:methanol 2:3);
disialylated glycolipids (chloroform:methanol:water 65:25:4) and finally
polysialylated glycolipids (chloroform:methanol:water 60:35:8). The fractions were
then dried down and analysed by HPTLC followed by immunostaining and chemical

staining (Figure 12).

Orcinol and ninhydrin staining showed phospholipids and glycolipids were both
present in the sialylated glycolipid fractions. However the antigen again appears to
co-migrate with the only orcinol positive glycolipids and not the ninhydrin positive

phospholipids.

HPTLC and immunostaining of these samples revealed three clusters of antigen in the
whole extract (Rr ~0.49, ~0.38 and ~0.24), with the most polar of these showing only
very faint staining. No antigen was observed in the simple lipid fraction or the
phospholipid/ neutral glycolipid fraction, but antigen was detected in the sialylated
fractions. This confirms that the antigen is a sialylated glycolipid and not a
phospholipid. Two of the clusters of bands were detected in the monosialylated
fraction (Rg ~0.49 and Rr ~0.38). In the disialylated fraction faint staining is visible
for the most (Rr ~0.24) and least (Rg ~0.49) polar clusters, with the most intense
staining detected for the middle cluster (Rg~0.38). In the polysialylated fraction two
clusters are visible (Rr ~0.38 and Rr ~0.24). This suggests that the least polar cluster
1s monosialylated, the middle cluster represents disialylated structures and the most

polar cluster has three or possibly four sialic acids.

Acid hydrolysis was then used to chemically de-sialylate the antigen. This method is
more aggressive than enzymatic procedures and is more likely to result in complete

removal of sialic acids. HPTLC and SC104 immunostaining demonstrated that



10.530.53 0.49 AGM1 Galp1,3-GalNAc-01,4-Gal f31,4G1c-pl,1-Cer
0.48 GM1 Ga3-GalNAc-P1,4-(NeuAc)Gal p 1,4G1c-01,1-Cer 0.39 0.39
0.36 OD3 NeuAc-Neuc-Gal131,4Gic-P1,1-Cer 0.33
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chemical removal of sialic acids resulted in the complete loss of SC104 binding,
providing further evidence that sialylation of the antigen is necessary for antibody

binding.

SC104 therefore appears to bind to a mono, di and even polysialylated glycolipid.
However it does not bind to an asialo form. This indicates that the antigen must be
monosialylated however the presence of further sialic acids does not impinge on the
binding of SC104. The increased intensity of staining for the disialylated form also
suggests that despite only requiring the presence of one sialic acid, the antigen is most
commonly found bearing two sialic acids. However, it is currently unclear if this is

dependent upon the age and culture conditions of the C170 cells prior to harvesting.

Experiment 4.

Comparison of antigen to commercially available lipid standards

Methods

The SC104 antigen has been compared to a number of commercially available lipid
standards. Examples of each standard were spotted onto HPTL.C plates and
developed in 50:40:10 chloroform:methanol:CaCl, (0.5 % w/v). Plates were also
spotted with partially purified SC104 antigen. Migration of each standard was
detected by iodine vapour staining and the location of each marked on the plate.
Plates were then probed with SC104. It was observed that none of the standards were

recognised by SC104, suggesting that none of the standards represent the antigen.

Results
The Rr values obtained for the standards are shown in Table 6 below. These values
are also compared with the range of Ry values obtained for the variably sialylated

SC104 antigen, listed in order of increasing polarity and degree of sialylation.
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<0.24 GD la NeuAc-GalP1,3-GalNAc-f31,4-(NeuAc)Gal 01,4Gle-p1,1-Cer
0.22 GD Ib Gal p 1,3-GalNAc-P1,4-(NeuAc-NeuAc)Gal f31,461c-p1,1-Cer
0.16 GT 1b NeuAc-GalP1,3-GalNAc-P1,4-(NeuAc-NeuAe)Gal 01,4G1c-
pl,1-Cer 0.08 It can be seen that the least polar SC104 antigen
co-migrates with GM3, while the most polar molecules migrate with RF
values similar to GDla and GD1b. However, in all cases the standards are
themselves not recognised The migration of the antigen with RE values
that are comparable to many of thetandard gangliosides suggests that,
along with the requirement for sialylation, the 10antigen has a short
rmewiead oligosaccharide backbone that consists of three or four
monosaccharides. It is most probable that this is actually a tetraosyl
structure as this would more readily allow multiple sialylation. The least

Stampbled antigenShakiadetected Ry | SC104
Ry

Lactosyl Gle-p1,1-Cer 0.79

ceramide

Globotriaosyl Gal-a1,4Gal-B1,4Glc-p1,1-Cer 0.71

ceramide (Gb3)

Globotetraosyl GalNAc-p1,3Gal-a1,4Gal-B1,4Glc-$1,1-Cer 0.62

ceramide

(Globoside)

Globopentaosyl | GalNAc -0.1,3GallNAc-B1,3Gal-01,4Gal-B1,4Glc-B1,1-Cer 0.56
ceramide

(Forrsman)
GM3 NeuAc-Galpl,4-Gle-p1,1-Cer 0.53 | 053
0.49
AGM1 Galf1,3-GalNAc-B1,4-Gal B1,4Glc-B1,1-Cer 0.48
GM1 GalP1,3-GalNAc-B1,4-(NeuAc)Gal B1,4Gle-p1,1-Cer 0.39 1 0.39
0.36
GD3 NeuAc-NeuAc-Gal $1,4Gle-f1,1-Cer 0.33
<024
GDla NeuAc-Galp1,3-GalNAc-p1,4-(NeuAc)Gal B1,4Glc-B1,1-Cer | 0.22
GD1b Galp1,3-GalNAc-B1 4-(NeuAc-NeuAc)Gal $1,4Glc-B1,1-Cer | 0.16
GT1b NeuAc-GalB1,3-GalNAc-B1,4-(NeuAc-NeuAc)Gal B1,4Glc- | 0.08

B1,1-Cer

It can be seen that the least polar SC104 antigen co-migrates with GM?3, while the
most polar molecules migrate with Rg values similar to GD1a and GD1b. However,

in all cases the standards are themselves not recognised.

The migration of the antigen with Rr values that are comparable to many of the
standard gangliosides suggests that, along with the requirement for sialylation, the
antigen has a short neutral oligosaccharide backbone that consists of three or four
monosaccharides. It is most probable that this is actually a tetraosyl structure as this

would more readily allow multiple sialylation. The least polar antigen that is detected
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50 is probably a partial antigen structure, consisting of a shorter
oligosaccharide backbone. Example 6 - Identification of tumour
glycoprotein recognised by 5C104 mab 5 Experiment | Methods 80104
antigen purification and characterisation. SC104 specific antigen was
10purified from sputum samples mixed in a 1:1 ratio with 0.1M pH 7,6 Tris
0,5c/ie NP40. Briefly an immuno-affinity was produced cross linking
SC104 S136A to Protein A CI-6B sepharose using Dimethyl
pimelirnidate.2 FIC1 as the covalent linkd}. Results 15lt is noteworthy that
whilst the antigen was seen to cross-react with SC104 (Figure 13a) it did
not criegsotealt avithian antésiatyldtewisenasth:e/dantibady. dixperinenti2
20Methgds Sequence identification of the SC104 antigen. SC104 specific
antigen was purified from sputum as outlined in experiment 1 above and
the samples run on a 10,(p SDSPAGE and Silver stained following the
suppliis-heeemmendations. BienRag Sivessiain kit LAIANS AYMYEL,
1610443). The band of interest was subsequently 25subjected to MALIT)].
analysis. Results A band for the SC104 antigen at between 50-75kDa was
identifieskomaSilver stained gel (Figure 14). The IVIALDI sequence
analysis suggested several possible hits 30including: PO4839
GP91-PHOX) (GP911) (Heme binding membrane glycoprotein) 51

Methods

SCI104 antigen purification and characterisation. SC104 specific antigen was
purified from sputum samples mixed in a 1:1 ratio with 0.1M pH 7.6 Tris 0.5% NP40.
Briefly an immuno-affinity was produced cross linking SC104 S136A to Protein A
Cl-6B sepharose using Dimethyl pimelimidates2 HCI as the covalent linker.

Results

It is noteworthy that whilst the antigen was seen to cross-react with SC104 (Figure

13a) it did not cross react with an anti-sialyl Lewis ® or 19/9 antibody.

Experiment 2

Methods

Sequence identification of the SC104 antigen. SC104 specific antigen was purified
from sputum as outlined in experiment 1 above and the samples run on a 10% SDS-
PAGE and Silver stained following the suppliers recommendations (Bio-Rad Silver
stain kit, catalogue number 1610443). The band of interest was subsequently
subjected to MALDI analysis,

Results
A band for the SC104 antigen at between 50-75kDa was identified on a Silver stained
gel (Figure 14). The MALDI sequence analysis suggested several possible hits

including:

P04839 GP91-PHOX) (GP91-1) (Heme binding membrane glycoprotein)



Q99741 Cell division control protein 6 homoiog (CDC6-related protein)
Q14451 Growth factor receptor-bound protein 7 (GRB7 adapter protein)
P14618 Pyruvate Idnase isozymes 1V11/1\42 (EC 2.7.1.40) (Pyruvate
kinase muscle isozyme) 5096013 Serine/threonine-protein Icinase PAK 4
(EC 2.7.1.37) (p21-activated Icinase 4) P01833 (Polymeric Ig receptor)

As SC104 recognises a carbohydrate, these results suggest that the
sialyltetrasoyl 10sugar can also be expressed on these glycoproteins.
Experiment 3 Methods 15Competition aééays using the immune-purified
antigen using the SC104 protein A sepharose column. The SC104 purified
fraction wasQf¥d aSdl dovivpetitonfol HGEA4dtRIRD I CATE-cells UsiBEin)
experiment t ISA. technigue (Fi lerotitre .
Slates were Bemioh SN L Bk eI Bl CITUL fre st (ool M B cral™
prior to bein§liHetb&tadvaierkisehatises whsidfihNREB@ADAY) (Pyruvate kinase
(0.42 ghwally£mixed with increasing ratio of antigen, Bound SC104
biotinylated égt'bod was detected by SA-HP and TIvIB. Results are

expressed as abSoFAREELEFEBHRTORBSGRES PrHe frituAd-par? (e -activated
SC104raustigen using the protein A C1-6B sepharose immuno75affinity

column has rated its-ability to specifically inhibit the binding of the
antibody to @%%ngoéﬁﬁﬁlgﬁecé%f 4 directly induces tumour cell
killing 30 Experiment 2 52 Methods

As SC104 recognises a carbohydrate, these results suggest that the sialyltetrasoyl

10 sugar can also be expressed on these glycoproteins.

Experiment 3

Methods

Competition assays using the immuno-purified antigen using the SC104 protein A
sepharose column. The SC104 purified fraction was used as a competitor for SC104
binding to C170 cells using experiments based upon the ELISA technique (Figure
15). Microtitre plates were coated with 5x10%well of C170s, the cells fixed and
blocked prior to being incubated with solutions of biotinylated antibody (0.1ug/well)
20 mixed with increasing ratio of antigen. Bound SC104 biotinylated antibody was

detected by SA-HRP and TMB. Results are expressed as absorbance at 650nm.

Results
The immuno-purified SC104 antigen using the protein A C1-6B sepharose immuno-

affinity column has demonstrated its ability to specifically inhibit the binding of the

antibody to its target.

Example 7 — SC104 directly induces tumour cell killing

Experiment 1



Annexin/PL Tumour cells (1x105 aliquots) in suspension incubated with

SC104 antibody (Ipg/ml) or appropriate controls for 4lu at room

temperature could then also be stained with FITC labelled annexin and
propidiurn iodide (Sigma, Poole, Dorset) 5and then analysed by dual

colour flow cytometry. Results This study has shown strong staining of

freshly disaggregated colorectal tumours. However during these studies it

was observed that SC104 antibody appeared to 10accelerate tumour cell

death. A similar phenomenon was observed when tumour cell lines which
normally grew as adherent monolayers were placed in suspension and
staingdaithisSC 104 antibodies for flow cytometric analysis. To determine

if the anij [ ' [ ecrosi lls exposed

My i e S G B S S R
(Figurnti®)dy egsetmdop 8perofiiate toukills Statethwithrtheroperroirantibiddien also
showgd sStaiping: Wit RN ANNEXIB,QR 958%&%&&9919&@@&%@%

o%?e!l,%)orset)
exposed to concentration greater than 10p.g SC104 showed strong

SstainiAbAHER 800y sl dualpiong TR aYABREAY 75% with Pl and 65% with

10

both. Cells stained with annexin alone are described as in early stages of
apoptgsisl\):/gvhereas cells stained with both annexin and PI are in late stage
20apc§t%‘srs/necrosis. Experiment 2 Methods 25Pan caspase activation.
2x105 bileraltab Chrd cetleongete ©xpodda tol 30 g put ot SIC 2 4efoalupriours.
61arsfmgepara&§§ga%e§e@tméﬁMt%azao%s@;eéyé%ﬁm;g@gg%%' Bypearcd to

Promega, catalogue number 07462) employed to establ

activaifSRCPeteems i seleiaihilyAcirbienabreymanetry s ehpoisdidiaadgmpur cell

negative CARERHBHING RPN ANER FasRROAXAIALNH M spesion and
Results . The re@%{ﬁ of the a sayé demonstrate that SC104 actjvates pan
; i

caspASaRAREFERrd (RO 14T TBAHENRERES e Aot e dpiiergune if the

activatioibdly $elidduriap a@x105 col oxectals ENG egiissvdareEXidsaditody were
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10subsequently tun a 12% SDS-PA estern probed wit

5a caspkesigined with the control antibody showed staining with either annexin or
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propidium iodide. In contrast cells exposed to concentration greater than 10pg/ml
SC104 showed strong staining with 30% of cells staining with annexin, 75% with PI
and 65% with both. Cells stained with annexin alone are described as in early stages
of apoptosis whereas cells stained with both annexin and PI are in late stage

apoptosis/necrosis.

Experiment 2

Methods

Pan caspase activation. 2x10° colorectal C170 cells were exposed to 30ug/ml of
SC104 for up to 6hrs and pan caspase FITC-FMK-vad (caspACE FITC-vad-FMK,
Promega, catalogue number G7462) employed to establish caspase activation. The
cells were analysed by flow cytometry. Controls included a négative control murine
antibody and a Fas antibody at 100ng/ml.
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specific antibody (Cleaved caspase 6 antibody, Cell Signalling Technology
(NEB), catalogue number 9761). Cells exposed to SC101 were included

as a negative control. 15Results Development of the Western blot (Figure
18) clearly demonstrates that there is activation of caspase 6 in those

C170 cells exposed to 10, and more intensely at 100p,g/m1 of SC104

mab, Those cells subjected to treatment with the SC101 mab showed no
such activation of caspase 6. 20 Experiment 4 Methods SC104 inhibition

of cell death using the z-FMK-vad caspa?é inhibitor. 2 x 105 C170 25 cells
were subjected to 3;.,ig./m1 of SC104 and half were also incubated with
3al zRmaizvad inhibitor (Proniega, catalogue number G7232) and

incu ight. The f ' l\iabili [
eV R o By i R R B e BRI s
viabléfEeWs ih/the presence of the inhibitor (Figure. 19), providing a strong
indication that SC104 kills colorectal cells by a ‘classic' apoptotic pathway.

5 Experiment 5 Methods Inhibition of cell growth. 1x103 colorectal C170,
ClGS@’@i—%@Q@QCOZ, Co010205, 10LoVo and FI129 cells were aliquoted

into individual wells of a flat bottomed 96-well plate and left to adhere
overng%ggs?,?C, The following day the cells were treated with: 10, 3, 1,

0.3 and pg/rnl of SC104 mab. As a negative control 79.1T/36 at
CONCETMRIEEao0s 30 10S Glandel.. el colarsembEdd heplinstasaekposed to 1-

concephatian of Seygsrednlyiplicale )?@Akés%%ﬁ%x%%@'-ﬁ@ s wees, gl for
5 days at 37C prior to the 15addition of MTS reagent to each well and

opticAPBRSHERTHFE Bt A4S he: FresTlitsterhblefretryt Beassandfh 2 caspase 6
adhespaticelbpiobisrativavahsaspeass redibody) SETISassdihgechnology (NEB),
concentrations imexc f tg/ml 1 t not control.antibody,.
D o e v A B RS, SRR W
but neeHPR9 or LoVo.

Results

Development of the Western blot (Figure 18) clearly demonstrates that there is
activation of caspase 6 in those C170 cells exposed to 10, and more intensely at
100pg/ml of SC104 mab. Those cells subjected to treatment with the SC101 mab

showed no such activation of caspase 6.

Experiment 4

Methods

SC104 inhibition of cell death using the z-FMK-vad caspase inhibitor. 2 x 10° C170
cells were subjected to 3pug/ml of SC104 and half were also incubated with 3uM z-
FMK-vad inhibitor (Promega, catalogue number G7232) and incubated overnight.
The following day cell viability was assayed using annexin V FITC and propidium
iodide.



(Figure 20). Figure 21 demonstrates IC50 fits for tumour cell lines C170,
Co010205, H129 and LoVo. Similar results were obtained with other breast
and colorectal tumour cell lines (Table 7). These results suggested that
SC104 was inhibiting tumour cell proliferation by inducing apoptosis at
high doses. However cells in suspension 25that had lost their cell/cell
contact were sensitised to rapid cell death at lower antibody
concentrations. 55 Table 7 - SC104 inhibits cell growth Cell line %
inhibition of cell growth as measured by MTS staining SC104 (30n/m1)

791T/36 (30n/m1) C170 70 10 C146 65 6 C168 55 3 CaCO2 20
Results

There was a 23% increase in viable cells in the presence of the inhibitor (Figure 19),
providing a strong indication that SC104 kills colorectal cells by a ‘classic’ apoptotic

pathway.

Experiment 5

Methods

Inhibition of cell growth. 1x10° colorectal C170, C168, C146, CaCO?2, Colo205,
LoVo and HT29 cells were aliquoted into individual wells of a flat bottomed 96-well
plate and left to adhere overnight at 37°C. The following day the cells were treated
with: 10, 3, 1, 0.3 and 0 pg/ml of SC104 mab. As a negative control 791T/36 at
concentrations 100, 30, 10, 3 and 0 pg/ml, was titrated against each concentration of
drug used. Triplicate wells were used. Cells were left for 5 days at 37°C prior to the

addition of MTS reagent to each well and optical density reading at 490 nm.

Results

The effect of SC104 on adherent cell proliferation was measured in an MTS assay. At
éoncentrations inexcess of 10ug/ml SC104, but not control antibody, inhibited
growth of the colorectal tumour cell line C170 and Colo2035 but not HT29 or LoVo.
(Figure 20). Figure 21 demonstrates ICs, fits for tumour cell lines C170, Colo205,
HT29 and LoVo. Similar results were obtained with other breast and colorectal
tumour cell lines (Table 7). These results suggested that SC104 was inhibiting tumour
cell proliferation by inducing apoptosis at high doses. However cells in suspension

that had lost their cell/cell contact were sensitised to rapid cell death at lower antibody

concentrations.



2 Co10205 555 HT-29 5 5Experiment 3 - Homoghilic binding Methods
FACS on fresh and fixed cells. C170 cells (105) either fresh or fixed with
0.5% glutaraldehyde for lhr were resuspended in 100,11 of SC104 mab
(0-100pg/m1) and 10incubated on ice for Ihr. After washing the samples 3
times in RPMI/10% PCS cells were incubated with FITC labelled rabbit
anti-mouse (1/80: Dako Ltd, Bucks, UK) antibody and incubated on ice for
30 minutes prior to analysing by FACS as described above. 15ELISA for
homophilic binding. Flat fiexi 96 well ELI A plates were coated with anti-
mouse IgG Fe specific antibody or were coated with 314/m1 (100W/well)
of C14 grtigen 3 PB aikderddedomih overnight. Plates were washed 3
times with PBS prior to blocking with PBS/1% BSA for 1hr at room
temperature. 50104 antibody (0- 100n/rill) was added on ice for 1hr. After

washingGhiklptate 3 timé&s inbiatyo. obo Do wvdbrtegimteg bieMIS104ining
was added and mcubatg@'mlﬁf minutes. F 4*}9 '/ e S
washes.in PBS 0.05% tween-20 L::1%%t-‘irtliouse SA-I—LEPil/lEg%%%%inqh
Wycombel 70K) or goat &hti-mouse Fe (1/1000: Dakl) High Wycombe,

UK) was-aggied as appgpriate and fefton ice for 3gmin. Prates were
washed-5-times. 56 intPBS/0.05% tween-20 hefare adding 100p 1/well of

TIViB sibRate and reé&ing at 570nm. Results 5TRe number of SC 104
haptens@idbe surfacg gha C170 tumour cells’is approximately
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Experiment 3 — Homophilic binding

Methods

FACS on fresh and fixed cells. C170 cells (105) either fresh or fixed with 0.5%
glutaraldehyde for 1hr were resuspended in 100ul of SC104 mab (0-100ug/ml) and
incubated on ice for 1hr. After washing the samples 3 times in RPMI/10% FCS cells
were incubated with FITC labelled rabbit anti-mouse (1/80: Dako Ltd, Bucks, UK)
antibody and incubated on ice for 30 minutes prior to analysing by FACS as described

above.

ELISA for homophilic binding. Flat flexi 96 well ELISA plates were coated with anti-
mouse IgG Fc specific antibody or were coated with 3pug/mi (100ul/well) of C14
antigen in PBS and dried down overnight. Plates were washed 3 times with PBS prior
to blocking. with PBS/1% BSA for 1hr at room temperature. SC104 antibody (0-
100ug/ml) was added on ice for 1hr. After washing the plate 3 times in PBS/0.05%
tween-20, biotinylated SC104 was added and incubated on ice for 30 minutes.
Following a further 3 washes in PBS 0.05% tween-20 anti-mouse SA-HRP (1/1000;
Dako, High Wycombe, UK) or goat anti-mouse Fc (1/1000: Dako, High Wycombe,

UK) was added as appropriate and left on ice for 30 min. Plates were washed 5 times
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4 x 105 sites per cell. However this number of antigens would easily be
saturated at 1ug/m1 of SC104. It was therefore difficult to explain why a

10 fold excess of antibody was required for cell killing. It could be that

upon antibody binding more sites are revealed. Antibody saturation curves
were therefore generated on fresh and 10fixed cells. The antigen was not
saturated even at SC104 concentration of 1001.tg/m1 and curves were
similar on fresh and fixed cells making it unlikely that further antigen was
being revealed (Figure 22). These resul?gare similar to previously

reported data on R24 a mouse mab recognising 0D3 ganglioside. This
antibodyBEH0Wws%honsaid@biéoanitivoty Wogirgind TiviBsetesof aléganting at
expeg%err}lts was shown to be a 15hemophilic binding antibody with the
capacitynto'bind to both antigen and itself (results not shown). SC104 was
therefore screened for the ability to bind to itself by coating an ELISA plate
with unlakelled SC 104 and measuring the binding of SC104 biotin
HIRP-avidin SC104 did not bind to itself (Figure 23) however when ,
purifieQgREBSFRERT- b ReBETAY 2518 urfRap s (wdS BERRItGdbs fmgroximately
plates ﬁ@fﬁﬂe@@@ﬂ@g@%ﬂ@%@ﬁmﬁiﬁ@ﬂ%wﬁﬁ &QL@&KBJ;@«HQ dhery boundrated at
exponenti is cancentration (Figure 23), These results

S LSELEER o ar B EoH o b Sy B BeeH

but atitighdyonsentraiiohtHacdbidynbolreditiol atigenipamn alseobiridfdith efore
antibody. This can dr ically increase the functional avidity of
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resulting i ARAPLOSIS- At igh AHbadYCoNCENIANRAR, R y%ﬂ%fldr!ﬂer antigen

vitro Inhibition of cell 4,rowth in combination with cytotoxic drugs X

103 cBisRitgIe PPt diewie re aildairdesntb arairilp IRy ispe fgported data
gottohmadza&-meﬂselaiﬁ)mé&gﬁﬁ%@ml@@wﬁmtmsZﬁ-bwﬁs:lﬁil@y\ﬂag-

ay the cells were 57 treated with cisplati itomycin C, oxatiplatin an
oS HATTAE AR oy RERRE LS 1075 CF SR E AR AT g t be o
eachlvoncghtiatiodiof dntigdfie voliohéngreoiigentoatibnsboftSEL S wat éself

titrat(?gésgxgs Rorktuand-aHlogml Adie 9&%)4&8%%%%%%? 0 Blnd to itself by

concentrations 100, 30, 10, 3 and Ougiml, was titrated against eac

5conéefitraintafldfuplaisatiDimikedird WEl e meewries kehm@nsfFe104

5 dayis @t3FRIPHAALD mwdixfi%t@fnl\dmfm@a%&%whmw@%epgﬁahed
densit readin%bat 490 nm Results 10The ability of SC104 to show

s Q
addit¥e R WRRFSHE HletdpStiEHgerETaLe cost the plaics SC104 bound

stochiometrically until 10pg/ml and then bound exponentially beyond this

concentration (Figure 23). These results suggest that at low antibody concentrations
the antibody binds to antigen but at high concentrations antibody bound to antigen can
also bind further antibody. This can dramatically increase the functional avidity of
antibodies leading to lattices of antibodies building up on cells witﬁ high density
antigen. This lattice formation could result in multiple signals resulting in apoptosis

at high antibody concentrations.

Experiment 4 — In vitro Inhibition of cell growth in combination with cytotoxic drugs

1 x 10° colorectal C170 cells were aliquoted into individual wells of a flat bottomed

96-well plate and left to adhere overnight at 37°C. The following day the cells were



screened in vitro by MTS assays. All drugs were titrated between
(0.1-10ug/mi) in the presence of either SC104 or control antibody
(0.3-100g/m1). Figure 24 shows a representative experiment for cells
treated with a combination of SC104 and 5-FU. Figure 25 summarises the
results showing that SC104 shows additive killing with 15cisplatin,
mitomycin C, 5-FT: and tarnoxifen. No additive effect was seen with
oxaliplatin. Experiment 5 - In vivo inhibition of tumour cell v-owth in
combination with cvtotoxic drugs 20 Methbds Prevention model.. The
colorectal tumour cell line, C170 was maintained in serial passage in nude

r2nici tﬂémemﬂapys@letimimrw&&@%ﬁé&@ﬁﬁlﬁﬁdaﬁﬁ@tmwﬁ %@Jﬁ%@encgntraﬁons
5The s fine and 3m ieces were implanted, under
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allocateddoird texpaerirhental reupsated: NI(I;QB V\l@[ﬁfﬁé@ﬂi@ﬂ@ﬁxwm@ 3&51’!’@&&% control
piec 7 xeno rafts u ere 30treated with
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528. Grthengativa dﬁglslgwsedv\muplﬂkse witictecinisapetidieal Wthfe: 2idgys at
of 5 04 ma rol m ceived either SC104 alone or_control
mou?ﬁg(l}o%oﬁt {%%nﬁf%cov 8nin. gllﬁraﬁgu ‘if;\l/ %gg%rsgpmg at

callip¥8 i tumour cross sectional area calculated on days 7, 9, 12, 14
and 16. Animals were weighed to assess the toxicity of treatment. At the
termination of the experiment tumours were weighed 5to assess
anti-tSAIBE efficacy. Therapeutic model. The colorectal tumour cell line,

10 C170rwasbmajriaserhinsenial pagsagedning d@tmg&n@{em@é@ﬂyé&&m was
mice Were ) crlflceq?g e tumo F excised. The tumour was finel

mincet err%% k2 FnpATeeEs HsteR St Ontwen (O-1- 0ugim) in the

10supeistaneofisihinteI04nalemiceandto;hadbempsand orbrallocateds a
to4 exﬁgenme tal rou menl\{l%gr Jere eegg antﬁld with 3mm3 pieces of C170

xenog rafs, Groupstor mice were tres i & SRR (A S by -
by mﬁma@summmmw&&mwmmmmmmamg with

15 mice \aie:a|sg; iBiRciaddny aperiignealy wiih 190258%18 Sk QI]‘ Wwas sée with

Control mice received either SC104 alone or control mouse antibody
with 8EWBE#ovorin. Tumour size was measured by calllpers and tumour
cross sectional area calculated on days 12, 16, 19 and 23. 20Results

Experiment 5 — In vivo inhibition of tumour cell growth in combination with cvtotoxic
drugs

20
Methods

Prevention model. The colorectal tumour cell line, C170 was maintained in serial

passage in nude mice. For therapy the mice were sacrificed and the tumours excised.
25 The tumour was finely minced and 3mm? pieces were implanted, under anaesthetic,

subcutaneously into 30 male mice which had been randomly allocated to 4

experimental groups.

Mice were explanted with 3mm’ pieces of C170 xenografts. Groups of mice were
30 treated with 5-FU/leucovorin (12.5mg/Kg) by intravenous infusion on days 1,3,5,7

and 28. On the same days mice were also injected intraperitonealy with 0.2mg of



To determine if these effects could be translated to inhibition of tumour

growth in viva. SC 104 was administered (200pg/dose) 3 weekly to mice

either transplanted with 3mm2 extracts of C170 tumours or to C170

tumours that had been allowed to grow for 5 days prior to administration of

the antibody. Animals were treated either with 25SC 104 alone,

5-FU/leucovorin at the maximum tolerated dose or a combination of both

for 3 weeks. Figure 26a shows that both SC104 or 5-FU/Icocovorin alone
resulted in 50% inhibition of tumour grovét% of freshly explanted tumours.

In contrast, the combination of both showed synergistic inhibition of

growtsC Tumety ConabignspscenededietSOpotall inerease irolundaky 1gG antibody
growyrslAn o nan g Riacgeled SeIminatonhegan LIPMARY Sos
the combination treatment group showed significant’inhibftion of growt
whenseginparegasilsditotivardaeaiment Y robpslds follvimsls GorS@HRhehth assess

5-17(#hedayi i3 %ednHRii ok QA0 IR A e 23 HRBRIBII RN BT 0% eighed
day 14; 74% inhibition, p=<0.001; day 16; 76% inhibition, p=<0.001. 5-FU,

Sday SOAB8F HAMBITEROPEI6R4- day 12; 45% inhibition, p=0.004; day 14:
58% p=<0.001; day 6; 62% inhibition, p=<0.001. SC104, day 9; 32%
inhibition, p=0.017; 12: 44% inhibition, p=0.004; 14; 54% . . \
bt B O g G e B oL SRS 0/ tned in sra
asseggesh iy IANTOVAICThER: M@W#@gﬁiﬁcmd iffleridivee wetwesntivers excised.
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5-FU/leucovorin.This correlated into a significant improvement of surviva
100t micereEnsa RS el o Hehduh Brsatargoiburd o i

combingtionaitHebidsand 5-FU treated group showed enhanced survival

compared with both the vehicle control group and the 5-FU treated group

as follows:- 15 Coinbination:velncie: p=0,0038. Combination:cytotoxic:

ageniMi=0 0are EXpRihtsthtsticby [pbep Rafl) ITRiscdogebé. SGbOAswasiwelvere
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with Sﬁgjélﬂ.&??vorin it, b~0§| ‘%?nificantly inhibited rumour growth. and
enhaneBtEu RSP (Bigurd B 58 10 BiReas i BN CotT eRrifagHs cross
significativrelduetionldnlfind b2 SiwgigRt/tim e ami iphibited tumour growth
with enhanced survival in the 0170
20 Results
To determine if these effects could be translated to inhibition of tumour growth in
vivo. SC104 was administered (200ug/dose) 3 weekly to mice either transplanted with
3mm?” extracts of C170 tumours or to C170 tumours that had been allowed to grow for
5 days prior to administration of the antibody. Animals were treated either with

25 SC104 alone, 5-FU/leucovorin at the maximum tolerated dose or a combination of
both for 3 weeks. Figure 26a shows that both SC104 or 5-FU/leucovorin alone
resulted in 50% inhibition of tumour growth of freshly explanted tumours. In contrast,
the combination of both showed synergistic inhibition of growth. Tumours in all
groups showed a temporal increase in tumour growth until day 16 when the staggered

30 termination began. From day 9, the combination treatment group showed significant

inhibition of growth when compared with all other treatment groups as follows:-



subcutaneous xenograft model. MOSLI.P 60 CLAIMS 1. An isolated
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polypeptide comprising at least two domains selected from the group
consisting of: amino acids 44 to 49 or 44 to 54 of SEQ ID NO: 23; amino
acids 69 to 84 of SEQ ID NO: 23; and amino acids 117 to 127 of SEQ ID
NO: 23, wherein the binding of the polypeptide to a cell is capable of
inducing cell death without the need for immune effector cells. 2. The
polypeptide of claim 1, comprising aming acids 44 to 49 and amino acids
69 to 84 of SEQ ID NO: 23. 3. The ponB%ptide of claim 1, comprising
amino acids 44 to 49 and amino acids 117 to 127 of SEQ ID NO: 23. 4.

The podypepiide of ©laim 3, Tompitshitpapirg ackisidd 10: 39 Bathdiaso p =

23,
i giio 819150 D238 e eebenide Lo b ooy
NO: Z3FE, Tt AR Eptitieion a4 cbmpr: LB oS BO A Ne. 0B ey 14; 58%

acids;Giais padamineR%da (nibidod BeaRHReEptide of any one of
claims 1 to 6, com nsm{gjammo acids 44 to 49 or 44 to 54 of SEQ ID NO:

523, atiidhdis%91%

SEQ HadhiBliod . pHEelypepttie Dhamyitanengi-cladne 11 201 4tatistics assessed by
compﬂ&i&g/gmino acids 19 to 138 of SEQ ID NO: 23. MCSLLP 61

%ﬁﬁﬂ@lisdﬁﬁé?aﬁ%@la%éﬂﬂﬁt&PQ‘} day 14;

There was no significant difference between the SC104 treated group and that
receiving the cytotoxic agent, 5-FU/leucovorin. This correlated into a significant
improvement of survival of mice treated with SC104, 5-FU or the combination
(Figure 26b). The combination of SC104 and 5-FU treated group showed enhanced
survival compared with both the vehicle control group and the 5-FU treated group as

follows:-

Combination:vehicle: p=0.0038.
Combination.cytotoxic: agent p=0.0111 ( All statistics by Log Rank)

This dose of SC104 was well tolerated with all mice showing no loss of weight or any
other gross pathology (Figure 26¢). Finally, when SC104 was administered
therapeutically, 7 days after C170 xenograft tumour implantation neither 5FU nor
SC104 alone significantly inhibited growth however in combination with
S5FUl/leucovorin it both significantly inhibited tumour growth and enhanced survival
(Figure 27). SC104 plus 5-FU/leucovorin exhibited a significant reduction in final
weight/time and inhibited tumour growth with enhanced survival in the C170

subcutaneous xenograft model.



9. The polypeptide of any one of claims Ito 8, comprising the amino acid

sequence of SEQ ID NO: 23. 10. An isolated polypeptide comprising at

least two domains selected from the D-oup consisting of: amino acids 46

to 55 of SEQ ID NO: 27; amino acids 71 to 77 of SEQ ID NO: 27; and

amino acids 110 to 118 of SEQ ID NO:627, wherein the binding of the

polypeptide to a cell is capable of inducing cell death without the need for

immune effector cells. Il. The polypeptide of claim 10, comprising amino
(AcKIEMI® to 55 and amino acids 71 to 77 of SEQ ID NO: 27. 12. The

polypeptide of claim 10, comprising amino acids 46 to SS and amino acids

| 0to 118 of SEQ ID NO: 27. 13. The polypeptide of claim 10, comprising
lamiAa &citised podypépaidd eonipe acids 10t tovd I afabis Qel e NOLr3it. tHlgroup
CTrrlle ngggptide of any one of claims 10 to 13, comprising amino acids 46

{558 Q ID NO: 27, amino acids 71 to 77 of SEQ ID NO: 27 and

aminceadiasatid w138 9bSEQIDBAIND SEQ IDENThe polypeptide of any

one of claims 0 cids 23 to 128 of SEQ ID NO:

27. 1@1%%a56{/pep agg'o?agr%%o %cl%%s 0 to 15, comprising the

amlnoaaumbsreqiﬁehkfktoﬂSEQ? EEQ@D 20: 23, The polypeptide of any one

clal 6 further co a human con egion. MG

Ry ste TR ORI & BORE SRetsy ahy ARE of e e o
tlﬁbmmdchfpnimmepﬁ@éfecﬁtanyeﬁlse of claims 10 to 16 wherein the binding of

the polypeptide to a cell is capable of inducing cell death without the need

ibr immune effector cells. 19. A pharmaceutical composition comprising a
Zpoly"ﬁ&pﬁc]gp(af)ﬁdg ahgdamclais prisdBaandeaphirdbceddicalyamino acids 69 to

<ACCe p nt, diluent. carrier, buffer or stabiliser. 20. The

pharma eutlca composmon of claim 19, further comprising an active

agent selected from the group consisting of doxonthicin, paclitaxel,

35_ﬂuﬁ1rg %(r)?c”é '”ﬁ"tef alralufannfj CIS llaartllsr{ng amino acids 44 to 49 and amino acids 117 to

MCSLLP

127 of SEQ ID NO: 23.

4. The polypeptide of claim 1, comprising amino acids 44 to 54 and amino acids 69 to
84 of SEQ ID NO: 23.

5. The polypeptide of claim 1, comprising amino acids 44 to 54 and amino acids 117 to
127 of SEQ ID NO: 23.

6. The polypeptide of claim 1, comprising amino acids 69 to 84 and amino acids 117 to

127 of SEQ ID No: 23.

7. The polypeptide of any one of claims 1 to 6, comprising amino acids 44 to 49 or 44 to
54 of SEQ ID NO: 23, amino acids 69 to 84 SEQ ID NO: 23 and amino acids 117 to 127
SEQ ID NO: 23.

8. The polypeptide of any one of claims 1 to 7, comprising amino acids 19 to 138 of
SEQ ID NO: 23.
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9. The polypeptide of any one of claims 1 to 8, comprising the amino acid sequence of
SEQ ID NO: 23.

10. An isolated polypeptide comprising at least two domains selected from the group
consisting of:

amino acids 46 to 55 of SEQ ID NO: 27;

amino acids 71 to 77 of SEQ ID NO: 27; and

amino acids 110 to 118 of SEQ ID NO: 27,
wherein the binding of the polypeptide to a cell is capable of inducing cell death without

the need for immune effector cells.

11. The polypeptide of claim 10, comprising amino acids 46 to 55 and amino acids 71 to

77 of SEQ ID NO: 27.

12. The polypeptide of claim 10, comprising amino acids 46 to 55 and amino acids 110 to

118 of SEQ ID NO: 27.

13. The polypeptide of claim 10, comprising amino acids 71 to 77 and amino acids 110 to
118 of SEQ ID NO: 27.

14. The polypeptide of any one of claims 10 to 13, comprising amino acids 46 to 55 of
SEQ ID NO: 27, amino acids 71 to 77 of SEQ ID NO: 27 and amino acids 110 to 118 of
SEQ ID NO: 27.

15. The polypeptide of any one of claims 10 to 14, comprising amino acids 23 to 128 of
SEQ ID NO: 27.

16. The polypeptide of any one of claims 10 to 15, comprising the amino acid sequence
of SEQ ID NO: 27.

17. The polypeptide of any one of claims 1 to 16, further comprising a human constant

region.
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18. A polypeptide which comprises a polypeptide of any one of claims 1 to 9 and a
polypeptide of any one of claims 10 to 16, wherein the binding of the polypeptide to a cell

is capable of inducing cell death without the need for immune effector cells.

19. A pharmaceutical composition comprising a polypeptide of any one of claims 1 to 18

and a pharmaceutically acceptable excipient, diluent, carrier, buffer or stabiliser.

20. The pharmaceutical composition of claim 19, further comprising an active agent
selected from the group consisting of doxorubicin, paclitaxel, 5-fluorouracil, irinotecan and

cisplatin.



