Title: NOVEL ANTI BODY W TH SPECI FI CI TY FOR COLON CANCER Abstract: A

bi ndi ng structure which binds in, and/or to the surface ofp,4 tUGDWR: cells; a
target igggdabdee di splayed and/or ex- pressed in, or on phgciiidaase of.
tumour cells; a binding structure that recogni ses and bl ocks said target
structure; a substance that binds to or ibl ocks the expression of said
target structure; pharmaceutical conpositions conprising said binding
structure, target structures or substance as active principles; vaccine
conposi tions conprising said target structures as active principles; a
method for phage seloeeli@mibayduiE Rodsiratity rébtédloRNhnlcBr Vi VO di agnosis
and prognosis, and of treatnent of human malighant di seases conprising the
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FIEL,D OF THE INVENTION

The present invention relates to a binding structure
which binds in, and/or to the surface of, tumour cells; a
target structure displayed and/or expressed in, or to the
5 surface of, tumour cells; a binding structure that recog-
nises and blocks said target structure; a substance that
binds to or blocks the expression of said target struc-
ture; pharmaceutical compositions comprising said bind-
ing structure, target structures or substance as active
10 principles; vaccine compositions comprising said target
' structures as active principles; a method for phage
selection; and methods of in vitro and in vivo diagnésis
and prognosis, and of treatment of human malignant dis-
eases comprising the use of the above subject matters.
15 BACKGROUND OF THE JINVENTION
' The transformation of normal cells to cancer cells
is associated with genotypic and/or phenotypic altera-
tions of both the transformed cells and the microenviron-
ment of the growing tumour (Kerbel RS, 1995). Principal-
20 ly, some of these alterations could be recognised by the
immune system as tumour specific antigens (TSAs), and
thus form the basis for tumour specific immunotherapy.
Although mutation events, underlying tumour priming and
tumourigenesis, per se may lead to the expression of
25 TSAs, secondary changes like dysregulated® expression and
posttranslational modifications of normal antigens may
include the majority of tumour associated antigehs useful
as targets for immunotherapy.
Molecules associated with the tumour phenotype can
30 be identified using modern technologies of genomics and
proteomics that directly involve the targets themselves

for identification of molecular modifications and alter-
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15 ing DNA as a genetic package. Provided that primers com-

. plementary to antibody variable heavy and light chain
genes are available, the antibody genes to be inserted in
phage vectors can be amplified by polymerase chain reac-
tion (PCR) from immune or non-immune animals of any spe-

20 cies, and large phage antibody libraries constructed.

The selection of phage libraries on cells, tissue
sections and other bioclogical materials have generated
monoclonal antibodies or peptides binding to components
within the complex antigen materials used (Hoogenboom

25 HR et al 1998, Tordsson J et al 1997). The outcome from
straight positive selections using complex antigens
represents an assortment of specificities from the
total tissue reacting repertoire, biased towards highly
expressed and immuncodominant antigens and to high affi-

30 nity interactions. To rather identify dig;erentially
exXpressed aﬁtigens, representative of the specific phe-
notype, subtractive approaches have to be employed.

BRIEF SUMMARY OF THE INVENTION

In one embodiment a binding structure, such as an

35  antibody, binding to tumour cells, especially epithelial
tumour cells, such as colorectal, pancreatic, breast and

lung carcinoma cells, is provided.



doma derived nonoclonal antibodies (Kohler G MlIstein C, 5 1976). The
phage di spl ay technol ogy has becone an estab- |ished alterq?hhgﬁwﬁo t he
hybri doma technol ogy and for sone applications even the % choi ce
for theWQ@Y2R¥ti on of nonocl onal antibodi es-by an anti gBET/SBOANBEN
selection principle rather than by pure screen- ing (Hoogenboom HR et al,
1998). The technol ogy is based upon bacteriophage particles that on their
surface dis play the_particular antibody fragment encoded in their genome
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additional binding specificity is provided by one or more
15 of the light chain CDR structures defined essentially by
the amino acids number 23-36 (CDR1), 52-58 (CDR2), 91-100
(CDR3) of the amino acid segquence shown in SEQ ID NO: 2.
In a further aspect, the present invention relates
to a binding structure which binds in, and/or to the cell
20 surface of, tumour cells, said binding structure
comprising one or more of the complemeritarity  determining
region (CDR) sequences of an antibody, in the light chain
comprising essentially the amino acids number 23-36
(CDR1), 52-58 (CDR2), 91-100 {(CDR3) of the amino acid
25 . sequence shown in SEQUENCE LISTING ID NO: 2, and the CDR
sequences in the heavy chain comprising essentially the
amino acids number 160-165 (CDR1), 180-195 {(CDR2), 228-
238 (CDR3) of the amino acid sequence shown in SEQUENCE
LISTING ID NO: 2.
30 In one embodiﬁent, said binding structure may

comprise all of said CDR sequences.

In a further embodiment, said binding structure may
be an antibody and/or fragments thereof, which in further
embodiments may comprise the variable region of a light

35 chain comprising essentially the amino acids number 1-110
of the amino acid sequence shown in SEQUENCE LISTING ID

NO: 2, and the variable region of a heavy chain compris-



or expressed in, and/or on the surface, of such tunour <cells. There is

al so provided a new subtractive selection 5 nmethod usin i ections
or conbi nations of tissue sections and cells as the mate idﬁ@yﬁw phage
sel ect i W@.01i6p286ne of its aspects, the present invention PCESEI&3%50 a

bi ndi ng structure which binds in, and/or to the cell surface of, tunour
cells, which binding 10 structure is predom nantly determ ned by the heavy
chain CDR structuresﬂdefined essentiall§ by the ami no acids nunber
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15 parts of the colonic surface epithelium and the epithe-
lium of the small bowel. In a further embodiment, said
binding structure may bind to the apical aspect of the cell
surface of microvilli and/or brush border of the colonic
superficial epithelial cells. In a still further embodi-

20 . ment, said binding structure may bind weakly to moderately
to the mammary glandular epithelium and/or its surround-
ing connective tissue. )

In further embodiments, said binding structure may bind
weakly and/or heterogeneously and/or not to normal tis-

25 sues comprising spleen, kidney, liver, lung, skin, pan-
creas, thyroid, cardiac muscle, and/or the CNS.

In one embodiment , said binding structure may be provid-
ed by phage selection, phage selection in a further embo-
diment may comprise a combination of an inm vivo immunologi-

30 cally preselected repertoire of binding sfructures dis-
played on phage particles and a subtractive Selection.of
phage particles by use of pairs of tissues of different
-phenotypes. In a further embodiment, said sequences may be
of Macaca fascicularis origin, which sequences may have

35 an amino acid identity of at least 78% (V1) and 86% (Vh)

to corresponding sequences of human origin.



4 ing essentially the am no acids nunber 130-249 of the am no acid
sequence shown in SEQUENCE LISTINGID NO 2. 1In yet anoth&r ﬁgﬁﬁdinent,
said anti body nay conprise the whole amno acid sequencg sﬁg h SEQUENCE
LI STI NGMOP1/6328§0 2. |In one enbodi nent, said bi ndi ng strBETEHESLMIYS bi nd
strongly and/or honogeneously in, and/or to the cell sur- face of,
epithelial tunmour cells chosen fromthe group conprising primary and/or
netastatic colorectal, _pan 10 creatic, breast and lung carcinoma cells. In
a further enbodi : ' L. ngy yre. m [ kly and/ qQr
heterogeneouEI% 5%%?%&?%%ﬁﬂtgyggh§? %%%#géHeggétéfﬁépgﬁﬁgfﬁ?ﬁoﬁgrégd/or
mal i gnant neFRho A SRS, 191 HITBIREr afbby o mem SRS irditag 18t ruct ure
may bind straaginsto apical 15 parts of the colonic surface epithelium and
the epithe- liumof the spmall bowel. In a further enbodi ment, said binding
structure may bi ndPtFPE HEPLPLESRL astiect Pepdine Heuctuggr raxy ehare desovi | |
and/ or biushddot-detioédtbe geheaiealsypenhkina t@iﬁﬂ%@%tﬁ@éé,s-aha/a
still further q?boq%EZO nt, said bindkng structure n%¥ i nd meaklﬁ to
noderately Yo The® ﬂh%%? GPEAHEREF CBpPh EFSFR I B MR CEFR PG nES ng
connective tmisalk mdheduléeherandibodi bgntis -, saldga-ndngmst ¢ ireénisanay bi nd
weakly and/ og; het erogeneously, and/or not to nornmal tis- 25 sues conprising
spl een, kidnéy; Tiver, lung, skin, pan- creas, thyroid, cardiac nuscle,
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subtracti ve sit&Ttmolec@les phagecpabliblbgs @y 1ys e difipains) &buléssugs of
different p, enot¥@§s..ln.ga urt her enbﬁdinent, sai d sequences may be of
Macaca fasci eul BFTESr FGFhV 2 hAREhSGTEAESS may have 35 an amino acid

identity of at |elstfuwgdier\eybetithedsss ($4)d indingrstespinde ngay dgvences of
human O&%ginbegn4bﬁ$5§g80€o increase or decrease the avidity and/or
affinity thereof; or to increase the production yield
thereof; or to influence the pharmacokinetic properties
thereof; or to impart new pharmacokinetic properties
thereto. '

20 In a still further embodiment, said binding struc-
ture may be labelled, and the binding thereof is specific and
inhibitable by an unlabeled form of said binding struc-
ture and not by other binding structures, and it is not
inhibiting the binding of other binding structures having

25 other specificities.

In another aspect, the present invention relates to
a DNA sequence coding for the antibody as defined above,
that is the antibody comprising the amino acid sequence
shown in SEQUENCE LISTING ID NO: 2, which DNA sequence

30 . comprises the sequence shown in SEQUENCE J.ISTING ID
NO: 1. -

' In another disclosed embodiment, there is provided

a target structure displayed and/or exXpressed in, or omn

the surface of, tumour cells, said target structure

35 having the ability of being specifically bound by andto

specifically bind to a binding structure as defined



WD 01/ 62286 FCT/ SEOL/ 00395 5 In a still further enbodi nent, said binding
struc- ture may have | ow i nmunogenicity or non-imrunogenicity in humans.

I n one enbodi ment, said binding structure may have been 54 deGi ypti sed by
genet i owbloy/sdisaki ng to pol ypeptides, and/ or by chem cabCT/SRj16gsdsi on t o
organi c or non-organi c che- mcal nolecules, and/or by di-, oligo- or
multimerisa- tion. In further enbodi nents, said binding structure nay be

10 genetically linked_or chemcally conj figated to cytotoxi ¢ pol ypeptides or
to cytotoxic or ani C’l‘Fﬁ non-org nj c,che- mcal nolecu

S;_.or.to .. .
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structure digigienedeahts or - expressed in, or on the surface of, tunour

celI's, said targetn Sy 4/t UFer A% Paiiea i fentBi | khY Ok Bejdid Rzl | ¥

bound by anrr?a&;? be displayed and/or expressed weakly and/or heteroge-
neously and/or not in renal and/or prostatic carcinomas

15 and/or malignant melanoma.

In further embodiments, said target structure may be
displayed and/or expressed strongly in apical parts of
the colonic surface epithelium and the epithelium of the
small bowel.

20 In still further embodiments, said target structure
may be displayed and/or expressed in association with the
apical aspect of the cell surface of microvilli and/or
‘brush border of the colonic superficial epithelial cells.

In further embodiments, said target structure may be dis-

25 played and/or expressed weakly to'moderately in the mam-
mary glandular epithelium and/or its surrounding connec-
tive tissue. .

In still further embodiments, said target structure

. may be displayed and/or expfessed weakly and/or heteroge-

30 neously and/or not in normal tissues comg;ising spleen,
kidney, liwver, lung, skin, pancreas, thyroid, cardiac
muscle, and/or the CNS. '

In another embodiment, the display and/or expression
of said target structure may be associated with

35 epithelial tissue.



specifically bind to a binding structure as defined 2 4 AUG 2004, VMg
01162286 PCT/ SE01100395 6 above, and tq other binding strucZdr&& With

simlar bind ing properties. In one enbodi nent, said target structure nmay
have the ability of being specifically blocked by and to speci- 5 fically
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defined above and which is of an organic chemical nature.
In one embodiment, this binding structure may block the
binding of the binding structure as defined above.

In still another disclosed embodiment there is
provided a substance which blocks the expression of a
target structure as defined above.

In one embodiment, said substance may be an anti-
sense oligonucleotide and/or ribozyme molecule.

In another embodiment there is provided a substance
which blocks the function of a target structure as defined
above.

In a still further aspect, the present invention
relates to a pharmaceutical composition comprising as an
active principle at least one binding gtructure as defined
above.

In one embodiment there is provided a pharmaceutical
composition comprising as an active principle a target
structure ag defined above, or an anti-idiotype of said
target structure as above.

In another embodiment there is disclosed a
pharmaceutical composition comprising as an active

principle a substance as defined above.



of said target structure nay be associated with epithelial tissue. 2 4 PJIG
2004 7 In a further enbodi nent, said target structure may = haye_an apparent
nol ecul ar weight in its non-reduced form of 90 and/or 220k BUEoHET t ons. In
anot herW@pd/62286ed enbodi nent there is provided an anti PCASEFOYPEIDf a
target structure as defined above, which anti-idotype is specifically
bound by and specifically binds to a binding structure having sinilar

bi ndi ng specificity for said target struBture. In one enbodi ment, said
anti-idotype may he eci fi.cal l y bl ocked by ,and may specifically block
said binding st rﬁ%t%er%gsénqtr%myret%a]br?o H ernOLdi setvsed eibod! encf Rhere is
provi ded a Hgwing cmpesilrieomidaipristioyhisesa acriget mtinciplre as

defi ned aboy légyi | ' f Gad G sham t i d

enbodi nent ﬁi S ,b}/gr}idlﬁjr}:gﬂ%ér)uac%rﬁ% may géll ock t Chc? ab}i{ﬂnaélflﬁ“ﬁig loc%lrbtﬁéfebi ndi ng
structure aLidetditbd e ST ShAAHm%H SV&d enbodi nent there is
provi dedsa subst anc et e dcdes duiteddpsres Sityredfis prarighid & ructure as
defi ned above., .l n, ane enbodi nent . .said suhstance nmay be an anti- sense

ol i gonucl eot' ¢ ehoadn or ég)ab%ezysrregén%ﬁlgocrhlceo.ml?rnlsalnrbq Her enbodi nent there is
provi ded a suihdtiaveds. orwiit bl ot kel vdelomeel opichl byt prgeelsciadt ure as

defined abgyge kA Stdd In fi{ieTe AAREGLreL 01 BEPSP0L bAVEALLANoaLE! at es
toapharnacqtlca COI’T'pOSItIOI']. onprlsing as an active p_lnlpeat | east
one bi ndi ng tsittler wmd ankigradiede Aplect ianont Bhpsei Bertichesebys

provi deflga Rhs MBCqidiSRlor GOIRNSdd | &N EPMPEFshPUpRSN8AyABLL Ve principle a
target structure as defined_ above,' or ag antij-idi otg&e of said target

structure as abovid® 9nf STRITIIHHRF et d tRerRods grid Byggedected
phar maceut i cadpeaiginss td O rbiediid Sstigudisubds agkévantibodies originat-

ing from a primate.

In a further embodiment of said method, said pairs

15 of tissues are matched. Preferably, said matched pairs
of tissues originate from the same individual.

In further embodiments, said tissues are used in
form of frozen and/or formalin-fixed/paraffin embedded
tissue sections and/or fragments and/or cell suspensions.

20 In a further aspect, the present invention relates
to a method of in vitro histopathological diagnosis and
prognosis of human malignant disease, wherein a sample is
contacted with at least one of the binding structures, as
defined above, and an indicator. Preferably, said sample

25 . is a tissue sample which has been frozen and/or formalin-
fixed and paraffin embedded before sectioning.

In some embodiments, said method way comprise tumour
typing, tumour screening, tumour diagnosis and prognosis,
the monitoring of premalignant conditions.

30 In a still further aspect, the presept invention
relates to a method for in Vitrc‘diagnosié and prognosis
of human malignant disease, wherein concentrations in
bodily fluids of at least one binding structure as defin-
ed above is assayed. .

35 In one disclosed embodiment there is provided a
method for in vitro diagnosis and prognosis of human

malignant disease, wherein concentrations in bodily



principle a substance as defined above. 2 4 AUG 2004 WO 01162286.

PCT/ SE01100395 a In yet another enbodiment there is proviggdyg {§?CC|ne
conposition conprising as an active principle a target structu?

def i nedV4b@N@2860r an anti-idi otype of said target strucRGCFSEHLIVf | ned
above. 5 in still another enbodinent there is provided a nethod for phage
sel ection conprising a conbination of an in vivo inmunol ogically

presel ected repertoire of binding st ructires di spl ayed on phage par -

ticles and s t Ly¥e.se Lt b irs of
ti ssues of d???é?gn?f gnégeagga “%he e k%&?%tfﬁgégﬁ eﬁo sai d
presel ect ed d?@b@?ﬂoﬁgevéi QFnéPnQn§ﬂr&@P@F§§eaP§ §ﬁﬂﬁb&@n§9QH$Eﬁq@ﬂ- i ng
froma primtgrel nagd agfghga gﬁ@g@ln&@ta@@aggad nmet hod, said pairs 15 of
ti ssues are natchid etfﬁa? said matched _pairs of t.issues, originate
fromthe same indi%i Budk? F%FPﬁﬁra&ﬁﬁ&&vnﬁﬁ?spr§§ﬁgttF§§ﬁ§§”éFb used in
form of for ozeelanhdkotof ar mekhodf Lfmdllpanafﬁrlmddmgﬁdﬁdd; drids geo@est | ons
R T A

di agnosi s andn bpdghysféugﬂShoﬁan m@h@@@@npfdaéeageaangaarwcmmganp+e is
contacted wi aﬂgrs k:s%ggtog%rafcth% b'a%d'dé&ﬁtew%%%s c&sar{jeafr}t{'fd above,

and an indicat erably, sald sanple 25~ 1s ti'ssue sanpl e whi ch has
been frozen aﬁapéwpﬁopﬁarsaﬁd FCRXSE Ca it THE R n@n@@édé@%@rhﬁ*@ee@wom ng.

In sone 19nbogh MaBt 3 easdi BneRbLIGMHiMRY ORIt ,t WED e £iltddl Rthod&!TOL
screeni ng, t umour i agnosi s and prognosis, the nonitoring of prenalignant

condi tions. 2%88YFfi-a still further aspect, the present invention relates
to a nethod-for idnvahothel afjresbsedncfydigRasi sSheld ﬂyJ@&avﬂaéag@ant
di sease, Me&ghgo&ow%%%wn&%@m&%d ah¥ DLahLE5Q o8tnlggst one binding
structure as I Nn- ove IS

malignant disease, whereln the localisation of at least one

15 binding structure, as defined above, to tumour deposits in a

human subject is determined. In one embodiment, said

binding structure may be administered to the subject before

the determination. In a further embodiment, said binding

structure may be accumulated in tumour deposits. In a still

further embodiment, said methed may be quantitative.

20
In yet another disclosed embodiment there is provided a
method for therapy of human malignant disease, wherein at
least one binding structure, as defined above, is
administered to a human subject.
25 _ In further embodiments of said method, said binding

structure has been changed by being genetically linked to
molecules giving the combined molecule changed pharmaco-
kinetic properties, or by being derivatised.
In still another disclosed embodiment there is
30 provided a method for therapy of human malignant
disease, wherein a target structure, as defined above,
is administered to a human subject. XIn one embodiment
of said method, an immune response to said target

structure may be elicited.
35 In further embodiments, said target structure has

been changed by being genetically and/or chemically
linked to molecules giving the combined molecule chang-



35 In one disclosed enbodi nent there is provided a nethod for in vitro

di agnosi s and prognosis of human nalignant di sease, whereim gongekpations
in bodily 2 4 AUG 2004 WD 01/62286 PCT/ SEOL/ 00395 9 fluids of an antigen
conprising a target structure, as defined above, or an anti-idiotype of
said target struc- ture, as defined abovep is assayed. In a still further
aspect, the present invention 5 relates to a nethod for in vitro diagnosis
and progno- sis of human nalignant di sease, wherein concentrations in

bodi | y fl uiats pbhraaconpledd copreperdricant pyery dmipyi gendtnigrad lyar get

structure, fi ; [P antk- _idot f..sai arget structure,
as defined a ({\{}g E%%gl%ig\{/b}lg%ecfggsgg%ﬁ%ﬁ %Sg&g%gngttf%ectcufntg,mgg defi ned
above, is mnEsgpéd. changedotmewneieadicdsgdardvodiamshget ety psoprovi ded a

met hod for J| iLxo dj L - i s..0f i di sease,
wherein theﬂelr}c')t\gg%fsg% %%%?ﬁ%t elggsat%gg'%%’ 1%:9&1;;%;@?1598 rtfcttqgrgg,iyas defi ned
above, to twpfddiedepolt tfyrthen enhndimentdjettsaiid detkodyi medd I n one

enbodi nment , i i.nci ‘ h0L.S e subj ect

bef ore thetac%?lsgr ?np%%%% ﬁ%ﬁ%&%ﬁlﬁgy ‘gﬁ%%g%%%t %gis%ﬂlc}te%i % ing structure
may be accgheatbe MHGuneo ghapesd simnogenicidy propertias.her enbodi nent,
said net hoqﬂir@ﬁyag?u%,i tative. In yet another disclosed enbodi nent there
is provided a mnethod for therapy of human malignant di sease, wherein at

| east one bi ndi N§* FEFuBRRrRer AdsaePFerEMRIGIESNY Shexgni fi REEHi€edt o a human

subj ect. 2% lki2chuit her erbagdin@ntismRh 88l hikichadsesad diii-adhng structure.
has been changed by being genetically linked to nolecules giving the

conbi ned noTEERECR B GEE 1PRArFRAG 1R AdPIRISHESHEr P & P8R Thy bei ng

derivati sedsujecsti | in anether shssdiasadsesbodiidepteider @aig 30 provided a
met hod for theraggeof human mal i gnant di sease, wherein a_target structure,

as defined SP5TERCe | @, fRVARi BeeR sdranged MM rouBrRREIcallYoaBEMhodi nent

chemically linked to molecules giving the combined molecule
changed pharmacokinetic properties, or by being derivatised.
In one embediment, an immune response to said substance may
be elicited. 1In further embodiments of said method, said
substance may have been changed by being genetically and/or -
chemically linked to molecules giving the combined molecule
changed immunogenicity and/or anti-genicity properties; or by
being genetically modified. In gtill further embodiments,
said substance may have been mixed with other molecules to
give the mixture changed immunogenicity properties, or mixed
with adijuvants.

In a further aspect, the present invention relates to a
use of the binding structure disclosed above in the
preparation of a medicament for the diagnosis and prognosis
of human malignant disease, wherein the localization of the
binding structure to tumour deposits is determined.

In one embodiment of said use, the binding structure
may be accumulated in tumour deposits. In another
embodiment, said use may be quantitative. In a further
embodiment of said use, the'binding gstructure may be used in
the preparation of a medicament for therapy of human

malignant disease. In still another embodiment of said use,



of said nethod, an i mune response to said target structure may be
elicited. 35 In further enbodi nents, said target structure Basaubeosn
changed by being genetically and/or chemcally 1linked to nolecul es giving
t he conbi ned nol ecul e chang 2 4 AUG 2004 10 ed pharmacoki neti c properties,
or by being genetically and/or chemdakly |inked to nol ecules giving the
conbi ned nol ecul e changed i munogeni city and/or antigenicity pro- perties,
or by being derivatised, or by being genetically nodified. In further
enbodi ment sthef bdadingetthudtusainky thavgebest raietnged basodiegn ni xed with

ot her nol eg e a ties, or
w th adjuva tnge%lEQM glr%ghté‘?]rﬁélgﬁ%&ggdgg&n%éd% (9rﬁtﬂieﬁr:é(-ic-f %39%(?%% ded a
met hod for Qﬂmgaéypbﬁrmmnnﬁ'aw graperdiseasdnheseihl furdlibst ance as

defined ab e 0 r odi nent s
of said rre?érﬁgjé)ldiggﬁ%n cg]ésﬁstbag?aﬁ%ée rrtglyeh%gggl%% Eﬁaéég“%u h%glgngg%%netl cally
and/ or che?ﬁa@aiﬁﬁyblflbﬁééw derimiteagdes gi ving the conbi ned nol ecul e
changed phaipfagekbnstdWreBR! &k &fe YhvhNTRE Ng derivatised. In one
enbodi nent nce may be elicited. In
further enbodi mekt $hef seheet inst ReEhod Aqrorddngt enddiemayverivietheen changed
by being geneldueakbby: and/ ok cGheMGalhy b nked o800l RGN @939 ving the

conbi ned nol ecul e changed i munogeni city and/or anti-genicity properties,;
or by bei fiflgéndtrcaied asolfei®rkeninlst F¥ Fhaceheelembodi-nents, said

subst ance mdhgrveﬂa&@rtlrys&edsa\@ﬁfbr@t Babul®|@pHegsnt didliogg chile m xture
changed i mmunogenicity properties, m xed w_th adjuvants. In a further

aspect, thda5eeddht Wiy dbei sriobIak §§rf16t‘ére P8¢ BReRpleyRs RABRGY st ruct ur e
di scl osed qﬁ@g@mgdt he preparation of a nedicanent for the diagnosis and
prognosis of hu hﬁ%nant di sease erein the localization of the
bi ndi ng structur etB‘eF Ur S EFYET PReq ETfePRPIIFL PSP BRI ®HRSdi ment of
sai d use, tdddn pdhdgr SiHaget Likrafpy¥okesaceriatiatede] detdiidun deposits. In
anot her , .

matched autologous pairs of colon and colon cancer tis-

sues resected from six different patients. One of the

gelected specificities, here named K293, reacted homo-

geneously with all of the tumours used in the selection



enbodi nent, said use may be quantitative. In a further enbodi nent of said
use, the binding structure may be used in the preparati o pfaua m;'di canent
for thewg@isshuman nal i gnant di sease. In still anotheﬁcﬁ t of
said use, 2 4 AUG 2004 10a the binding structure nay have been changed by
being genetically linked to nol ecules giving the conbi ned nol ecul e
changed pharnmacokinetic properties. In aggtill further enbodinent of said
use, the binding structure nay have been changed by being derivati sed.
DETAI LED DES®R: PTeK OFsTHECERRIENTEONnPHmBAe codionct idpnes hoitladdee ding to

the inventiogpodi §?él€1§§éit9” alEeEAMpLpAt fﬁ}@%lu%ttllysm:gfclt e 2nd

cells are used as the materials for phage sel ection |xed tissue
sections shot®dt rept %%Eﬁ?anSPﬁgﬁcﬁngﬁﬁFéPBaﬁuHQﬂ%QHﬁikﬁHgﬂﬁmﬁh%tructure
and phenot ypei §é@dl yaspdesapvedctIba apphedcwas devel oped and applied using

Bt ol 0gods pai ro CroESTSREAAY BEPERERiARert, Fbe” dnes diduiadh Hordre x .
differSnLOpaa$eu¢§at§Beant1gbgs sﬁhaftbg ﬁheﬁfhmmun(pheﬂnﬂypi?uﬂmbé%9§ .
R e T N e T N

col on. d oneseld t hinge Uﬁggglspéélthelﬁﬁvpaﬁﬁaﬁnamﬁerékaxnnﬂﬂqufound |n

the |ast Se&§£ﬁgoﬂléguéd§eéﬁﬁlgﬁ§t h89chungkh @Rdlidry ﬂtéfaﬁa 4e based
subtractlondagproac 5 Preferential. expression of the K293 d | ned tunour

associ at€d b%ﬂsf?TAﬁ§eB§1FH§aFﬁﬁHqupﬁ§ﬁ89ﬂ&§s§ﬂaR9V¢¥mﬁﬁﬂl¢h?@@rents

rather than peyutﬂcallyOap?kbpﬁ:eatéu&uMburcablsddlmdlmigm. the

advant age and regﬁ ﬁﬁﬁ s %%gg t he sel cthgn

mat erials when 1 HPEF i GBht a?? N SHVERTEN t her a-

peutical ly appropivate WNnhucoéssectaﬂedpanbm@auic, lung and breast
carcinoma and highly restricted reactivity when tested on

15 a large panel of normal tissues. Cell surface reactivity
was demonstrated and together with lack of demonstrable
levels of antigen in circulation, suitability of this
antigen for tumour targeting was suggested. This was also
supported by K293 Fab-superantigen SEA (D227A) demon-

20 strating preliminary evidence. of targeted therapeutic
activity in a humanised SCID model using heterotrans-
planted human tumour cells.

Finally, by affinity chromatography using immobi-
lised K293 antibody fragments, purification of a protein

25 fraction could be accomplished. The fraction appeared as
a MW 35-45 kDa band by non-reducing SDS gel chromato-
graphy, and peptidic digestion and sequencing vielded
three peptide fragment sequences supporting homclogy to
GAPDH, glyceraldehyde-3-phosphate dehydrogenase.

30 The present  study suggests a strategy to identify
phenotypic differences between normal and diseased tis-
sues, and indirectly the genes encoding differentlv
expressed molecules. This strategy was applied on iden-
tifying colon cancer associated antigens and antibodies

35 reacting with these antigens. In a wider perspective,
the developed method may likewise be applied in other

research fields using tissue pairs such as normal versus



Furthernore, the K293 anti body denonstrated strong reactivity with

col orectal ; pancreatic, lung and breast carcinoma and hi ghhlmﬁrfg@,ui cted
reacti%{)&lgmgl tested on 15 a large panel of normal ti Ll surface
reactivity was denonstrated and together with | ack of denonstrable |evels
of antigen in circulation, suitability of this antigen for tunour
targeting was suggested. This was al so jsupported by K293 Fab-superanti gen
SEA (D227A) denobn 20 strating prelimnary evidence-of targeted therapeutic
activity iniaffarmed sed nBECiPenpoeisusiingndates ot T asges pLant eédehtinda -t unour
cells. Fina : f:i Jd oqgﬁt ARy [ | L=y LES 3

ant i body frgé%r??%,oq{)l}rl llta?:(ngﬁymn o‘fcg%'r pr ot eciljlj'fs] @%%é%@%?ghicggﬁg%%e
acconpl i shefarkieas g itara®ifeared as a MW 35-45 kDa band by non-reduci ng
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t hree pegtlde fragnent sequences supporti ngoforml o% to GAPD;(,

gl ycer al tehf@&+E$SH it ’%fé:}ﬁ?d?rbg:gtﬁgéag ¥RE2prBS i ss BYay Uakifhest s a
strategy toindentiddel phenanypirc didderamsesadeivresfnongabiaddndi seased
tis- sues, and indirectly the genes .encodin | fferentl expressed

mol ecul es. PR (FHrk gj Oé‘;g;parrfcgtJl on (F%"é%gd]??f%?ﬁﬁegéijo}%sgé}ﬁcg’r%age
associ at ed asmcicgenyy amFamrithidibdiseB5repoesenyingt hrohdsg~-articgdre. I n a

W der perspeg s addc deyel e rENof FRYSLLKEH SechesanRlEedJn ot e

research fields using tissue pairs such as no versus 2 4~ VO
01/ 622860 PCHSSEO PIOGHTS Sirplifficaiernrshatar ehoetEuantaggnuie mesddas for
identifi- C@Béﬁ%"és@ced Hl At Gompsl sease ghsdavebaAPaRAL 2l bohatut i JBIKer s

and targets e, efficacy of 1.g;]sin tissue sections_as the antigen 5 source

for subtractiTEFIFsPhagle 31 GFURT ‘%@s TAPTEHREREL Y a2nBdBP s MM A ¢

cl ear subtrasaddiiod o bdhditig 1PhsigeganinaPolyver esdanethehet adpth -be

achi eved usi_ng .phage ncadi ng, scFv,. antibodi es representing

br oadl y-reacﬁq; e %821 egtnw %R% Jff-ls%egﬁ??g'(i F) specificities. The latter
15 In addition, when acetone fixed tissue sections of

Colo 205 tumours grown in SCID mice are used instead of
cultured intact Colo 205 cells for the positive selection
step (and uterus tissue sections for negative selection
step) the yield of 1F phage decreased 12 to 1lé6-fold more

20 than did the C215 phage yield (Fig. 2 and data not
shown) . An interpretation could be that the 1F antigen
is sensitive to fixation or that binding of the 1F scFv
phage is sensitive to the harsh washes used in the
tissue-based selection method.

25 The addition of a negative selection step using
uterus sections did not change the relative yield of the
C215 and 1F phage from cells as compared to positive
selection only (Tordsson et.al submitted) confirming the
specificity of the system and the negative reaction with

30 uterus previously found by immunohistoch%gistry using
these specificities.

In -conclusion, in spite of the lack of an optimal
tumour-specific phage in the model, efficiency and spe-
cificity in the tissue-based phage adsorption was demon-

35 strated, thus providing a basis for a subtractive dis-
covery protocol. In addition, repeating the adsorption -

step within each selection round (with a minimum loss of



10 is a slight sinplification since the 1F antigen is weakly expressed but
not conpletely absent on small bowel tissue (Tordsson et;. AUG 0dm tted).

Consequiitfdi¥azgg M nor sub- traction also of the IF phagﬁﬂgﬁgﬁﬁﬁmﬁﬁreduced
the sepa- ration of the two specific phage. 15 In addition, en acetone

fixed tissue sections of Colo 205 tunours grown in SCID nice are used

i nstead of cultured intact Colo 205 celis for the positive selection step
(and uterus tissue sections for negative selection step) the yield of IF
phage decreddlage2vieldd- 5| hehyren2gel rah igind row@de2 13 1ghdgenaasal (Fig. 2
and data notthsheym) eibfAciNber ga8baptoBncoul d be that the IF antigen is
sensitive to fixation or that, binding. of the IF scFv hage i s sensitive to
t he harsh washes %%%Geiﬁh?hgl?F§§§e§g$§€Hl?@?e@??@npﬁégﬁ eD DA Adi ti on
of a negati vet sehectienonst eptedi ﬁgatﬁﬁcep&?t&elcwe'@;:as:iﬁﬁed amiﬁoxqitgiltge t he
relative_yield t he 15 and_i F.phage.from cel |s compared t ositive
el octi of orf s Tot dgBRRe e B ahbAPE: Sa7 CESNPr Mo s SHEA (A Ty of
the system amtenhe opdyt singleaetisomphiivhs3Wereegedieviadlsiseyfeaund by

I mmunohi st ochej Sl hese ;specif Lokt oncl4si I N ite of
the | ack of %ﬁi%%ﬁ%ll ketgﬂ(r%dr?gﬁécﬁ%hhg’hah?ﬁenlt{éﬁgl %Dé}e%%cf%'cilztgcy and
spe- cificit§onrhct e expsgEcBasbatpAa§écxessr phirenakds fhndhsssegsat ed,

thus providipgva Baskethioh achybieachbiV@etirSruioNe WaiIdt0GRimbdFs agdi tion,
repeating the_adsorption, step Wltgln each sel ectio ound (with a m ni num

| oss of 12 4 28RPTBEACNFOLH1 PEsBsFepectiog Fopasl FOWich A5t Vildf®1)2 or bet ween
sel ection rotderw By thiseasae thalel Gireiderdy vwibiatds vhy isdlediie t he

negat i ve adeOPUTDR SroTLReCrROBAER  San HalthY) d R o AP Sk mor o
effi- cient,aonbigependhe adgatpieoasswepe igsdd tiawsatds seuehodisd=ctd on
rounds. ThisgpRy-p9l, RA¥eDEER:1819L2WAGKsddd antigens (repeated

15 negative selection). .

However, the present data from model experiments
demonstrate that the power of positive selection greatly
exceeds that of negative selection. Also, some of the
specificities were found at low frequencies in a narrow

20 window of one to two selection rounds, after which con-
tinued rounds of selection seemed to saturate the selec-
tion filter and the composition of specificities changed
towards more broadly reactive antibodies.

An observation made during the subtractive library

25 selection was the many selection rounds needed to obtain

~a high pexcentage of binding phage. This should be com-
pared to the 2-3 rounds normally sufficient when select-
ing positively on cells or tigsue sections. This indi-
cates that the selection served as an efficient filter

30 for the majority of the specificities in fhe library and
may provide a basis for designing optimaf selection stra-
tegies. E.g., a smaller enrichment factor allows a larger
number of tumours to be used before the optimal selection
round is reached. This would bias selection towards the

35 identification of commonly expressed tumour-restricted
antigens.



coul d be expeéted that different strengths of the nega- tive selection
achi eved by perform ng various nunbers of 10 adsorptionqjunA@@QMgselectlon

round I like a tuner. By this, one could gradu
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cells or tissue sections. This indi- cates that the selection served as an
efficient fiTREF %D for the majority of the specificities in the library
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The majority of nDnoc ona | bodi es to tumbur associated antigens are,
nuri ne anti bOHRER e %@F%?EHYb?xP¥ﬁ§Sﬁ9bFPEBHE FéEﬁﬁéP&&@ SRS antlbody
responses thatrl sesforneieobetuees #epoesuati ﬂbma& &fr R@MiRalahunan

anti gens IIoantl en hav ten sfull been elicited
in hgnans aﬂgpm%ﬁ? huﬁﬁ% gosgtransfagnonagiy modl 1e % antf%e

primates immunised with human tumours may be a superior
source of antibodies to such tumour associated antigens.

By the combination of such repertoires with subtrac-
tive phage selection, further dissection of the reper-
toire may be feasible and the outcome of specificities

20 could be better contxrolled. The identification of a com-
pletely different set of anti-tumour antibodies from the
immune colon cancer library when using the subtractive
tissue based selection éccording to the present invention
as compared to direct positive selection (Tordsson et al

25 submitted) supports this hypothesis.

The selected clones represented by the K293 speci-
ficity demonstrated highly homogenous staining of all
colorectal carcinoma tissues included in the selection
protocol, and very limited reactivity with normal colonic

30 epithelia. The subtractive selection filgfr defined a
narrow phenotype 'specificity for allowing passage, found
in the small difference between normal and malignant
colonic epithelia which was common in six 1nd1v1duals,
i.e. the patients from which each such matched pair of

35 tissue originated. It was clear from the specificity

analysis that the criteria set up for the filter was
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for phage selec-
15 negative for antigen expression (not shown).

The frequent and homogenecus expression seen for the
K293 antigen in patient derived tumours seems to be lost
to a large extent when colon cancer cells are cultured in
vitro. In addition, the expression could not be induced
20 by growing the cells in vivo in a xenogenic host.
K293FabSEA/E11l fusion protein was the format for .
.extended K293 specificity analysis allowing increased
sensitivity and decreased background. This construct was
shown to react with a high number of colon, breast and
25 lung carcinomas. In the majority of these tumours
K293FabSEA/E1l is positive on 90% or more of the malig-
nant cells. The reaction is not confined to primary
tumours since a high frequency of colon cancer metastases
also shows strong_reactivity. On the other hand; no reac-
30 tion was obtained in prostate or renal-cell cancer and
only restricted reaction was seen in malignant melanoma.
Normal tissue reactivity has only been found in the
apical part of colon and small intestinal epithelium and
in glandular epithelium and its surrounding stroma in
35 normal breast.
Electron microscopy clearly reveals that
K293FabSEA/El1l binds to an antigen that is expressed on
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cancer metastases, this indicates that the epitope is not
highly expressed on circulating antigen.

The K293FabSEA/Ell shows several characteristics
which makes it interesting as a candidate for tumour
targeting: 1) it recognises a high frequency of posi-
tive primary tumours and metastases, 2) it demonstrated
restricted normal tissue reactivity, 3) it binds to an
antigen that is expressed on the surface of tumour cells,
and 4) it binds to an antigen that is not detectable in
the peripheral blood of cancer patients.

The potential use of K293FabSEA/Ell for tumour
targeting was further supported by a therapy experiment
using humanised tumour bearing SCID mice. Compared to
a non-targeted control FabSEA fusion protein,
K293FabSEA/E11 showed a more than 80% reduction of LS174T
tumours growing in the peritoneal cavity.sImmunohistoche-
mical examination of untreated LS174T tumours growing in
SCID mice indicates that only 50% of the malignant cells
are positive with K293FabSEA/E1l (data not shown). This
indicates that some of the K293Fab negative tumour cells
potentially could be killed by a bystander effect, pos-
sibly by cytokine release from T lymphocytes. Thus, in

tumours resected from colorectal cancer patients, demon-

cel |
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01/ 62286 PCT/ SEQ /00395 17 _strating a higher _percentage of positive cells,
the t hel® known target molecules. The apical staining of normal
colon by K293FabSEA/E11l show similarities to the reaction
seen with anti-CEA. However, antibodies against CEA have
also been reported to react with granulocytes and/or
macrophages. Furthermore, the CEA antigén is readily
20 detected in the circulation and used as a serum-marker
for colo-rectal cancer. The colon cancer reactive anti-
bodies B3, 19-9 and B72.3 all have restricted hetero-
geneous reactivity in normal colon and also appear dis-
tinct from the specificity of K293. This is also true
25 for the MUC-1, -2, -3, -4 antigens which have a different:
distribution in normal colon as compared to the antigen
recognised by K293,
The developed subtractive tissue-based phage selec-
tion method according to the invention should add a new
30 dimension to target discovery technologigf. Genomics and
proteomics are based on the identification of differen-
tially expressed genes and proteins. These methods
directly involve the display of the targets themselves
whereas the technology of the present invention uses a
35 library of phage displayed reagents to dissect among cell
and tissue expressed targets.
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15 in posttranslational modifications added at the protein
level. Useful information of the genetic expression in
various tissues may be supplied by searching gene expres-
sion databases (electronic Northern blots), while direct
demonstration would require the use of in situ h?bridisa—
20 tion.

Proteomics can be used for detection of some types
of posttranslational modifications. However, the analysis
of the tissue distribution of an identified protein would
require either the generation of DNA probes based on its

25 amino acid sequence to be used for in situ hybridisation
or the generation of antibody reagents towards the pro-
tein.

Neither genomics nor proteomics cover e.g. carbo-
hydrates and lipids and other biological molecules of

30 non-protein nature. A powerful automated fechnology has
' been demonstrated which combines proteomias with the
phage display technology, or more specifically this means
the selection of antibody phage towards protein spots on
two-dimensional gels (presented by the company CaT,
35 Cambridge, U.K.). This will undoubtedly generate reagents
to novel antigens, but including the limitations of

proteomics and the fact that many epitopes exposed on
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15 target antlgen is not detectable in the circulation of
cancer patients, using standard methodology. Also, a pri-
mate antibody, highly homologous to human immunoglobulin
sequences, is not expected to induce a strong xeno-anti-
body response (leading to immune complex formation and

20 elimination) in humans. |

The present strategy for phage selection is based
on the use of an in vivo preselected repertoire of bind-
ing structures (antibodies) from a primate in conjunction
with a narrow filter for subtractive selection.

25 A further contemplated application of the invention
is in connection with the use of large non-immune libra-
ries to avoid immunisation bias such as immunodominance
and this will challenge the dissecting power of designed
selection strategies. These include subtractive selection

30 using authentic in vivo phenotype represqpted by tissue
sectionsg, changing background antigenic environment to
promote antigens representing “common denominators" of a
phenotype, and specific blocking of frequently identified
epitopes (by use of cloned antibodies) . A

35 The present work clearly demonstrates that phage
selection can be used as a discovery tool for a defined
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tion of phage that do not display their encoded anti-

bodies. These phage can not be specifically adsorbed in

the negative selection step, but can be washed away in

the positive selection step prior to phage propagation in
20 Dbacteria.

The broadly reactive phage C215 scFv reactive with
the epithelial cellular adhesion molecule, Ep~CAM, and
the more tumour restricted phaée specificity, 1F scFv
(previously identified from the phage library}, were

25 mixed (2.5x107 €215 and 1.3x10° iF scFv phage) and used
in the model experiment shown in Fig. 2A. These phage
specificities were incubated on sections of either C215
expressing tissue, small bowel, or on tissue negative for
both antigens, uterus. After tissue section adsorption,

30 specific phage remaining in the supernatamt was positive-
ly selected using Colo 205 cells.

The relative composition of different antibiotic
resistance transducing units (different phage clones)
in the non-selected and selected phage pool was analysed

35 using colony titration and the yield of phage illustrated
for each of the phage specificities. The data demonstrate
that adsorption on sections of small bowel reduced the
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1 Efficient subtractive nodel selection The principle of subtractive

sel ecti-on of phagemd |libraries accordipg to the invention is shown in
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classified aggpedi pg heethi8 adBeeptiehty pattern of their encoded
anti bodi-es, nanel broadlédtissue reactiv«i,§> 2) tumour restricted, and

1
3) 15 non-speci fi heAgﬁﬁﬁﬁﬁﬁ? LREr 5PFUSELeTnhE9%a the fEhenSPeG i of phage
t hat do not displayr{hehs en&gdedzaﬁbﬂd.baﬂb63atﬁhe&ﬁfpgﬁQQﬂQﬁﬁ%HOt bﬁ g
specifically ' he negative,sel ecti.on.step ut can be.washe
ey in &no (BELPPREE 88 chiBaRed bR  BRs Pt i g BRI s e T " 20
bacteri a. The0bfoddl sftercselecpthageu€ing svbllr dasta v ssadttiong he
epi t heli al C?i[ELEBIBdPEEh nuRkeeube-cERnGAM and  the nore tumour

[ 1F F [

restricted phage specificity, Sckv previously identified fromthe
phage library), méﬁeazseaﬁﬁgad( 2xXpgIOMeny 1 bhenpheas o8- i chasgedhage) and
used in thejnodelgeyhehi (BAhgSRAWN 1 Boked. séftiBiRse(PNAge18PesH-ficities
were incubated on sections of either C215  expressing tissue, snmall bowel,
or on tidsue'hefufi FECFSPRSYot HlgntPgeRs, tdSeMSs Seqtians i kPRt i on
adsor ption, 88lepetbhi stpbagderomsicianed a reduitiRimadAdubeSaPOsbhi ve- |y
antibi oti o FESTOrSREE t 1S BIAGUnES 1 FParan o B e rh { he
non- sel ect edCahd288| 8ELBd tpivaye pod swad labhamweded pr35Snarsy nepboh ooyr -
titration and;hBRayhehd rahullagel YS! 3efd fic phage yield 4-fold
15 and 3-fold, respectively, as compared to the correspond-
ing setting using uterus for adsorption. However, by
repeating the adsorption step twice the adsorption effi-
ciency increased to 25-fold (data not shown). High num-
bers of specific phage were used in these experiments,
20 3.8x10° and 1.2x10'° €215 and 1F phage with a background
of 6.1x10% non-specific D1.3 phage, demonstrating high
adsorption capacity of the small bowel tissue sections.
In the experiment shown in Fig 2.B, equally high
numbers of phage, 7.2x10° €215, 2.2x10'° 1F and 4.2x10*°
25 D1.3 phage were used for two repeated negative tissue
adsorptions using uterus, small bowel or lung sections
fellowed by positive selection using Colo205 tumour sec-
tions. Small bowel and lung tissue section adsorption _
significantly (p<0.05, n=4) reduced C215 phage enrichment
30 (C215/D1.3 phage yield) by a factor of 11, and 2.2-fold
respectively as compared to uterus adsorﬁﬁion (Fig. 2B).
In contrast, the 1F phage enrichment (55-64 times over
D1.3 phage} was not affected by the choice of tissue for
adsorption (reduced by a factor of 1.1 and 0.9-fold for
35 small bowel and uterus, respectively).
In conclusion, the negative tissue section adsorp-
tion of C215 phage was Ep-CAM tissue antigen dependent
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15 mice were kept under pathogen-free conditions in
Macrolone cages (ITI) with sterile pelleted rodent diet
from Special Diets Services, Essex, UK and sterile water

" available ad libitum. Mice (two mice per cell line) aged
8-12 weeks, were injected subcutaneously in each fiank

20 with 2x10° colon cancer cells, Colo205, WiDr, HT2S or
LS174T, suspended in 200 ul 1% Balb/c serum. The tumours
were grown to a size of 4-5 mm in diameter and then
resected and frozen for immunohistochemistry.

All animals were kept according to Swedish legisla-

25 tion and the experiments were approved by the local
committee.

Cells and tissues
The human colorectal cell lines, Colo20l, Colo205,
Colo320DM, SW480, SW620, WiDr, HT29 and LS8S174T were from

30 American Type Tissue Culture Collection, Rockville, MD
and Colol37 from CanAg AB, Gothenburg, Sweden. Cells were
cultured in RPMI 1640 medium (Gibco) supplemented with 10
% heat inactivated foetal bovine serum (FBS) from Gibco
and 0.1 mg/ml gentamycin sulphate (Biological Industries,

35 ' Kibbutz Beit Haemek, Israel). Human tumour and normal
tissues were obtained from Lund University Hospital and
Malm® General Hospital, Sweden. For subtractive library



adsorption (reduced by a factor of 1.1 and 0.9-fold for 35 small bowel ~and

uterus, respectively). In conclusion, the negative t|SSLw§§ adsorp-
tion of‘%ﬁg phage was Ep- CAM tissue antigen dependent 2, %

01/62286. PCT/ SEOL/ 00395 22 and denonstrated up to a 33 I Cli ency
The data also shows that subtractive sel ection was dependent on the
efficiency of both the negative and posij$gve selec- tion step. 5 Materials
and nmet hods Aninmals Macaca fascicul aris nonkeys were kept at the Swedi sh
Institute fogelacbicnsuspBiseacté Doamesl, cSilogieesiah c‘ﬂre:mmm@sdmere

i muni sed s e e 0 u ect al
mour o wi £ OPRETEEII K1Y ED1 Bneh #OCSUSUL0 (RREG Dl W MR BT

doses were ¢P¥edt 4§psP1° 99 §ﬁ8m4§heS§VE‘P€rCéﬁl§i FhRaiawrs | remt (SCl D)
femal e m ce siﬁ: Bndi{yivehesobivai-eedstrQm Bonmi ce, Ry, Denmark. The 15 mice
were kep é gathog@n freel gndltlons in Macrol one cages (lI11) with
sterile eII tBEF¥d8RE BPEeL PPEHCSpeci al- Diets Services, Essex, UK and

sterile water av’ahéaphegadlﬁl bettor, Mised( for mhee 1ri®rra&qﬂ larld nﬁ:)dea"ged

8-12 ks, t th 2x106 I
cance\rNegeisl sﬁ\ﬁégfe E% g\?b&gggﬁgéggg%ghéf‘}%‘?ﬁ%%spende %R'nv%tf p% }“(I;gl g/nc
serum The thhﬁuby pwémegaewmhela zeagtdbry-FaRh iaf diteretasibdand t hen
resect ed andl%ﬁ%%h&@h hHﬁUﬁQQb-?t eraeR gta_&ﬁés Ald TR -] enlf@&tthe

accordin | egi sl a- tion an experinments were proved by
the |ocdl® cBhAEENEE. V€€FP§ hﬁaet P§Stie SR Lngdh P isrustingl (M S$PRes,

Col 0201, Col g2051 . thQQQQDE{hdS%%st&B& all Dr (s hAY e L%ﬂfgfﬂfire from
30 Anerican T ssue | ture Coll ecti i.t ockville, M and Col 0137 from
Canag B, - ot IR tPS: SRS SIOLEPE fore] spleen RNA Sising i

isolation kit from Promega and an RNA PCR kit from PE
Biosystems, Stockholm, Sweden. The D1.3, C215 and 1F scFv
15 model phage used in the study encode ampicillin, chlor-

amphenicol and tetracycline antibiotic resistance genes,

respectively, to allow analysis of individual phage
titers in phage mixtures by colony titration using agar
plates containing different antibiotics. The displayed

20 ° antibodies are reactive with hen egg lysozyme (D1.3),
anti-epithelial adhesion molecule (C215) and a hitherto
unknown epithelial tumour cell surface molecule (1F,
Tordsson et al submitted).
Subtractive selections

25 Sections of negative selection tissue (colon, small
bowel or uterus) were air-dried on slides, fixed in ice
cold acetone and rehydrated in 20% FBS in TBS. Library
phage, 10" or 10* in 20% FBS, or model phage clone mix-
tures, “mini-libraries” were incubated with the sections

30 for 15-24 h at 4°C in a humid atmosphere Lo adsorb non-
wanted phage specificities. -

The adsorbed phage solution was transferred and
incubated as above for positive selection on sections of
colon cancer tumours. The sections were washed six times

35 for ten min in TBS buffer and then two times for 5 wmin
in Genenase buffer, iM NaCl, 10 mM Tris-HCl, 6 mM CaCl,,
1 mM EDTA, pH 8.0. Phage were eluted for 30 min with



cultured in RPM 1640 nmedi um (G bco) suppl enented with 10 heat I nactivat ed

foetal bovine serum (FBS) from G bco and 0.1 ng/m genta bbéphate
(Bi ol o%{i% J&ggust ries, 35 Kibbutz Beit Haenek, Israel )zosgum)ur and
nor mal L8 wer e obt ai ned from Lund University Hospi t

General Hospital, Sweden. For subtractive library 2 4- AUG 2004 WO

01/ 62286 PCT/ SEOl/ 00395 23 selections, pairs of primary col orectal
carcinoma and normal- colonic epithelia tissue (located at a distance of

at least 5 amd r;amiﬂﬂthMWlﬂedeaﬁm)lthahMérbuffetxaitndiomhdtt&hs wer e
used. 5 Librar and e T vec used-.f i th | brary
and nodel &ye tr?é)&ﬁ-facﬁgew&{-]l fica cg‘l‘ocg %%%ngcliv%ée%e sgzenh“r bly by
pol yner ase dmlmarlmbtﬁmpl(i?@?t)r@int%dtﬁnﬁ@ldl dob ght Ochinfestednbdagy chain

genes to bed 15%}3 twf‘éiicéfli é.félcﬁi]ﬂl - Phas etk ;_Sl!pi’érﬁéﬂﬁeﬁa%&ﬁeﬁﬁp‘i%%%'ﬁed

previ ously ( sson (1997) and sson et.al. (submtted
Briefly,5 cBVA Qs “Bﬁﬂ‘lll fqléchf]r(blFﬁ‘FRff%}Fl%cb]r etP0 RME/ WE) ngaad RNAtulr§6?1 ation

kit from Promga and iRV PCR &i tuht 0 8F 0. 1B Q36 e6bs waeckBakh-
Sweden. The DL.3, C215 and i F scFv 15 nodel phage used in the study encode

anpicillin, |‘'or - anpheni col and tetracycline antibiotic resistance genes,
respectively, to I-Ezl]JpEN' Pradges iMLIKOT niNOT dusbrquoageo) t wher addedghage

m xtures by .c itr 0 r S La fferent

anti bi ot 1 oo Sniafri TulPOpea Ee oA n RERLE WA BRI TS

| ysozyn&0( DIfi3)al cannqereq;rattmrn abf atherd bnl nuaecaﬁée(icansl) tdved caﬂmux?eerto

unknoun epi theliad t4uToso bl i geecobaeut eahlE o FOLASHAN £13 dlas

submitted). ‘Subtractive sel ections 25 Sections of negat ive ection tissue
(col on, smal¥eachsal (br2 Haysks) Teedarteriaeciesn BEldesed ibved in ice -

col d aceton%&mkiﬁkgﬁﬁ&%m@ @Q&)ﬁﬁ’&génlﬂB&eLsﬁpéﬁchat&h&ggaemmcpr 1033
in 20%FBS, ,of ”Dde%%ﬁfa;g%c'Sé‘m”1%—.‘,—;11;}Lgﬁgsandmcg'n't'r'l%ﬂlagt%%ns "The
i ncubat ed with T¥R P p g
15 phage pellet was diluted in TBS.
For tetracyclin and chloramphenicol model phage, a
45 min. incubation at 37°C preceded colony titrations.
For chloramphenicol resistant library phagemid con-
structs, this resistance expression period was extended
20 to 2 h.
Alternatively to tissue sections, live cells in 1%
BSA in PBS were used for the positive selection in the
model experiments. Adsorbed phage were transferred and
incubated on 3 million Colo 205 cells for 1 h. The cells
25 were washed three times for 10 min and then eluted with
100 pl Genenase as described above. In the experiments
above a phage with reduced infective capacity and encoded
antibiotic resistance gene (10'?/ml) was added to reduce
potential non-specific binding sites.
30 In model experiments using tissue‘sgftions for both
the negative and positive selection steps, the non-speci-
fic phage D1.3 scFv was used in the same concentration

range as the specific phage.



30 for 15-24 h at 4Cin a humd atnosphere 4.0 adsorb non- wanted phage
specificities. The adsorbed phage sol ution was transferredjagds 2pcubat ed
as abowgof@afsaiigsi tive selection on sections of col on capepkriiiBey s- The
sections were washed six tines 35 for ten min in TBS buffer and then two
times for 5 mn in Genenase buffer, IMNaC, 10 nM Tris-HClL, 6 mV CaCl2,

1 mM EDTA, pH 8.0. Phage were eluted for280 mn with 2 4 AUG 2004 WO

01/ 62286 PCT/ SEO11003955 24 400 Al 33 pg/m Genenase in CGenenase buffer at
roomtem pcEXAMPRE 2| yt ed phage were rescued using 1 m 10 x con-

centrated E. ﬁoiététéﬁi'ﬂc%.ﬁE o@. @1@@@1::%; Q‘pédlfﬁ@ﬁﬁéﬁcist%éﬁ Agge
diluted in 2xYTsu8Iement W, t h agl%éﬁl 5at O%i%ﬁ%i

chl or anpheni @BFi84 g eysitKgisure els'ff‘?{l i eGRIPR an

O D. 600 of Orbumds reach- ed). Hel per phage ML3KO7 (MJ approx. 10) was -
added, |ncubat|o ont i.nued t h,kana ntoa 10 final
concent rgt i on of &b%'f% %%igddégeaﬁéeﬁﬁle iit &Fearp/% © &t 25U pm and
28C, until apared. DoGﬁheoinQeanéscon@a@He@}(agez D:lla.y‘s)scFﬁhelxmrax:eesé@ wer e

pel leted by ycepLohfal sPReANdnlNE RIS iR 1R 5 %#Pef&ﬁ%cﬁnimﬁ’fé%ﬁiﬁg by
two PEG NaCl precipitations_and centrifugations. age pellet~was
diluted in TESriFbrentt phclépPHeaRReCHItHCaRiRas ddl k%%\’e:ﬂé; a 45 nin.

i ncubation at 37Csmcsﬂﬁgbsaheaywbtrbr phiodRed ¥ &ﬁ@fﬁ@%@@émal

resi st ant I|b£ Z agemd con- cts this relsta expregsi on period
was ext dfdedStoBesoiBIRCt R, @f*ﬁ&t r§7‘rt‘—"o g ’%?é‘&t‘? sl“‘1 FVvECBEIIs in 1%

BSA in PBS V\@éBeUGanf pobuhle [gasiot-2e® dlarid Geligctien Poded) exprei nents.
pdsorbed phageeMEESol! B1°LSEL MM AR AR AD & LD Sok f85pcel] o
with 100 Al ofeaehasecascdrsendbedlaiovend rhcherebgeiveaenigldabbve a phage
with reducedliﬂ%ﬁ%&iﬁﬁa&@paggkytﬁ%gfﬁ%§¥ﬁgi control phage (library

15 enrichment) are shown in Fig. 3. Tissue reactive scFv
antibodies (29/280) could not be demonstrated until the
fifth selection round, suggesting that negative adsorp-
tion suppressed enrichment of common broadly reactive
specificities. | -

290 In previous studies using the same library for posi-
tive selection on colon cancer cells (Tordsson et.al.
submitted), using a melanoma library for positive selec-
tion on melanoma tissue sections (Tordsson et al., 1997)
and positive selections on variocus tumour cells (unpub-

25 lished results), a high frequency of specific phage was
achieved already in the second or third selection round.

In addition, novel specificities not .previously
selected from the colon cancer library have now been
identified using the developed method for subtractive

30 tissue section selection. Immunohistocheg?cal staining |
patterns of scFv antibody clones representing the six
identified specificity groups, are shown in Fig.4. The
antibody K302 scPFv strongly reacts with colon cancer
tissue (A) but also broadly with epithelial, lamina pro-

35 pria and Peyer”s patch cells in the colon (B, C). The
K293 scFv reacts with cells and deposited material (pos-

sibly mucins) in tumour tissue (D), and only with the



antibiotic resistance gene (1012/m ) was added to reduce potenti al
non- specific bi nding sites. 30 In nodel experinents usi ngy tAUSs 8t sect i ons

for 'B?Ogmﬁégegat ive and positive selection steps, th%&%ﬁoﬁ:ﬁ&%"‘ fic

phage vV was used in the sanme concentration range as e 3pecific
phage. 2 4 AUG 2W WO 01/62286 PCT/ SEO1 00395 25 EXAMPLE 2 A late
enrichnment of library specificities is gﬁﬁn and optinmal diversity is found
in the second |last selection round 5 Al'though snmall, the yield of library
phage as commminaiisiﬁameimmfmmbjcmimmre¢1mMQg£aEﬁna ackvwinar ehsed

bet ween t he e h I u j_n r of

ti ssue speci phagﬁnﬁﬁyt ﬁ rgfééqgiég %%?#bgé?géba rggc£%ucegkgy

cul turing b&MﬂQﬂnﬂcel&F(ﬁmﬁnﬁﬂ¢¢ﬁxﬁﬂeﬁhﬁil&ﬁ&tbﬂﬁr9e@hagU1th@m|th@ | ast
four sel ectdan] QUK 3605430 %P“%}é?@'&&ﬁiﬁa ?%E%mgﬂ}%e%&%%ency of

scFv antibodies binding to tissue sections on cancer and col on, and

the rel afi varifitenprgal I‘F%]f%}Fye%‘é%%l%%e‘ﬁe‘?Wl hﬂEPnEPecﬁﬁt?&Fer&&e

(library 15rﬁw |m61fﬁfﬁr&élpé el hone 1amihg. pﬁopiriéswmre@ﬁtal xgsacEv:Fv

ant i bodi es / % d not, be denpnstrated unti E ﬁ rTj:relectlon

round, sugg 4%? ébé??%%gﬁﬁs Pt ??Qﬁ@%ﬁﬁp?ﬁggﬁﬁe% P&

conmon broamnpnwaﬁnuhearenmgmisedtamslgéﬂ im pokowho|3)stnd eslaosw ng t he

sanme |ibrar o) t 0 c c r I ( sson
%a{r}%eedf (SAot éP{&‘wﬁ o efhd E'Jr&ge ﬂﬂ?g QB%% ESc't% L‘ift%[

et.al. subm usTt ng frve se i on on
mel anon®0t i SEUOTS AN Qq'bl-‘éish@h ROt anthlt@@pt))srhaﬁd peseriied o&l ections

on vari ous tlmwtfgi@(én@pyg 5! 'f@@e%@@é&tééep@rhhﬂlﬂof chU%%%rpf

speci fi c phage was _achieved already in the_second sel ection
round. In é*dafﬁt%th%vléw%p%%F‘ﬁle%%%etn%@ PPER 56SEyissrdcthdTY r om t he
col on cancerkdddradsy hae. moMe begst Afeibbdi edpesii i clike , dereharedviet hod

For SUbtraCiéeﬂaned the surface layer lining the inside of blood
15 vessels (most likely endothelial cells, L}.

The composition of the specificity patterns changed’
over the last three selection rounds (Table 1)}. Only two
patterns were found in the fifth selection round, the
most tumour-restricted group K293, and the more broadly

20 reactive K302 group. The high frequency of the K293 group
decreased and the K302 group increased after the last
round, whereas their frequencies did not change signifi-
cantly between the fifth and sixth selection round. Four
additional specificity patterns appeared in the sixth

25 selection round. Three of these patterns disappeared in
the last round.

In conclusion, the second last selection round
demonstrated optimal diversity of specificity groups with
a high number of specific versus non-specific phage in

30 the library, whereas the broadly reactive4K302 speci-
ficity group dominated after the last sei;ction round.
This demonstrates the importance of screening the optimal
selection round to find a broad variety of specificities
and suggests that the negative selection filter was effi-

35 cient up to the sixth selection round, after which it was
saturated.



30 tissue section selection. Inmmunohistochem cal staining patterns of scFv
anti body clones representing the six identified specifiZitpy@pmups, are
shown i ' The antibody K302'scFv strongly reacts cancer
ti ssue ?’gélgﬁt}tﬂssal so broadly with epithelial, |lamna pro gg&%?@og%d Peyer s
patch cells in the colon (B, C). The K293 scFv reacts with cells and
deposited material (pos- sibly mucins) igm7tunour tissue (D), and only with
the 2 4 AUG 2004 WO 01762286 PCT/SEQ1/00395 26 |um nal side of nornal

col on epi t heFTalaland - nBreauenrcyhd¥) pefePinddagcBcFlY, F). The K320 scFv
antibody reacted w thgpbuiPytigel berandipButabnveduid | {fating cells within
the colon cancer tissue (G . This antibody strongly reacted 5 with nornal
colon epithelia deeply into the crypts bhut not with cells jin the |anina
propria (H).[spbeik28¢ gebvipst:eact ed with a pattern thatg supgestir 7
I ntracel | ul gr—Toca-_tion of the recogni sed antigen i nicolo é$ln) andj col on
cancer ( not K2 d withl182chl cafckr cells
but not with deposkted material or infiltrating cellq §d)| 31 |reac]ed
deeper intojthe col g, Crypts than K293 ScFv buit seengd o[ e rgstricted
than K320 d4cFEv w EFRE8 | ast antibody specificity 11D L et - 14y ned t he

surface | aygr |iniRrgothe inside of blood 15 vessels (rost ﬁkelm”7

endot hel i al [CelTs, The composition of the speC|T|c_By pat L grns ¢changed
over the Ias.t_t_h.Le@BEea;t_Lan_r_au.nds_(lahln 1) —Onlytha D e re
found in thd fifthigelhecti on round, the nobst tunour-rlexir|oted gropp K293,
and the norg_broadly Z0 teactive K307 qgroup. The high{freqiencyl of {he K293
group decreggéaﬁaﬁﬁegﬁgnﬁgb?fgg&ﬁéeFﬁcreased after'thelﬁasﬁﬂfrogﬁd

whereas theiT Trequencies did not changé signifi- cantly between the fifth

and sixth selection round. Four additional specificity patterns appeared
I n the sixt heXBMPaEeati on round. Three of these patterns disappeared in

the last round e, Lo GONClUS WymddleBer Ml S8 854190 L9URGen

expression is demonstrated by a K293-superantigen fusion

protein .
A representative, K293, of the most tumour restrict-
10 ed specificity group was recloned to be genetically link-
ed to an immunological effector molecule, a D227A mutant
of the superantigen Staphylococcal Enterotoxin A, SEA
(D227A) . This fusion protein was fermentor cultured and
purified, and used to demonstrate homogeneous reactivity
15 with five of the tumours used. Reactivity of the fusion
protein K293 scFv-SEA(D227A) demonstrates equally homo-
geneous staining of the colon cancer tumour shown in
Fig.5 as compared to the Ep-CAM specific fusion protein
C215 Fab-SEA(D227A}. The staining of deposited material
20 inside tumour ducts and the restricted coldn reactivity
to surface epithelia was confirmed using the K233 scFv-
SEA (D227A) fusion protein. 2
Materials and methods
ScFv antibody and scFv-SEA(D2273) production
25 Individual clones of E.coli non-supressor strain
HB2151, transduced with phage from the sixth and seventh
library selection rounds, were cultured in microwell

plates (Nunc) in 2xYT medium supplemented with 100 pg/ml



denonstrated optinmal diversity of specificity groups with a high nunber of

specific versus non-specific phage in 30 the library, br oadl y
reactiv ﬁ}[%%% peci- ficity group dom nated after the %g% %ﬂgigon round.
Thi s de es the inportance of screening the optimal se ection round
to find a broad variety of specificities and suggests that the negative
selection filter was effi 35 cient up tgghe sixth selection round, after

which it was saturated. WO O L/62286 2 4 AUG 2004 PCT/ SEO1/ 00395 27
Table 1. Freguercyll(id fofr bithd e sSTAC spebiquetiey pereselrapsfemredund (R)
Specificy group 3%259 2872 215)%;’,%%3{; 1 11.7
[11D900. 60 I %ﬁ%éﬁ}#ir ﬁ equen&%ﬁé %eiﬁég?&§99géé§§N%LE 3 A
frequent andivdroge fovuexnraRFice|ettseRvanfrgenthexphedspspmoser,

demonst r at ed, by &, K335 YRS P 9ES FUBTION TIRE OL&1 DsAvk 8R! 5&@&@%@6 K293,
of the npbst tunour restrict- 10 ed specificity group was recloned to be

genet i caPl y BY rfentgg fugaiii oA ot Y ™ eF PBCcT dPlPrDI 28t 8UPSTBRS PRIt ant
of the superarindfi-gapty | greocssl ccﬁﬂ&@iz@i@gl ﬂnAeqSEB {B23wA)welhi off usi on

protein was fermentor cultured and, d to
hormogeneous ]re'%tg AR SFW ¢ tf"‘l“()’(&mgf %%F ﬁ%aﬁgg ﬁgg‘r@g%t{f@ of the
fusion protﬁxmdﬁ?%ﬁr@mﬁn§wm2§ﬁ)d@m®n}syrﬁEEmeaqaallbyl oD PugEReous
st ai ni ng of C . S g r%amto t he
Ep- CAM speC|#$e§d1‘CL8;éng% 2 %ﬁbityn%g'[ﬂs 1%_&9::{‘“%@% %Jgg ?fﬁ‘ﬁ g?%llnl ng of
deposi t 88 netesdreding to Tordsson et al., (1997) and standard
methods. The purified fusion proteins were quantified

in a sandwich type ELISA using anti~SEA and biotinylated
anti-SEA antibodies as capture and detector antibodies.
The integrity of the fusion proteins was confirmed by
15 immunoblot analysis using biotinylated rabbit-anti-SEA
antibodies.
Immunohistochemistry.
Sections (6-8 pm) were fixed in ice cold acetone and
rehydrated in 20 % FBS in 150 mM NaCl, 50 mM Tris pHV7.6
20 (TBS) . Endogenous biotin was blocked with avidin and bio-
tin (Vector Laboratories, Burlinngame, CA). Primary scFvs
(culture supernatants) or scFv-SEA(D227A) fusion pro-
teins, 5 pg/ml, were incubated with the sections for 1h.
" A rabbit antiserum to the C-terminal tag, ATPAKSE, fol-
25 lowed by biotinylated goat anti-rabbit antibodies (DAXO
A/S), 1 ug/ml, was used to detect the scFvs. The fusion
proteins were detected using affinity purified and bio-
tinylated rabbit anti-SEA antibodies, 5 pg/ml.
These reagents and the following, StreptABComplex
30 HRP (DAKO A/S) diluted 1/110 in 50 mM Trig pH 7.6, were
incubated for 30 min. Between all steps ghe sections were
washed 3 times in TBS. The staining reaction was deve-
"loped for 8 min in 0.5 mg/ml 3,3 " -diaminobenzidine tetra-
hydrochloride (Sigma) dissolved in Tris pH 7.6 with 0.01
35 percent H0j. After 10 min counterstaining in 0.5 %
methyl green, the slides were rinsed for 10 min in tap



20 inside tunmour ducts and the restricted colon reactivity to surface
epithelia was confirned usin the K293 scFv- SEA(D227A) f fi tein.

MVat er i alyg) @ARehsget hods Sc. Fv anti body and scFv- SF- A(D227 Cﬁ@&g&@fgson 25

I ndi vi dual cl ones of E.coli non-supressor-strain H32151, transduced with
phage fromthe sixth and seventh |library selection rounds, were cul tured
in mcrowell plates (Nunc) in 2xYT nedi2en suppl enented with 100 Ag/m 2 4
AUG 2004 WD 01/62286 PCT/SEQ /00395 28 anpicillin for 17 h _at 37C

Ali quot es wefaler ARF gradiat by mehvwertedl 4Re20nPPh % siharedpie@de nedi um

and anti- biafl sse fiosfPrRSshOIMS, isChvs he@mkhhesphad)pronoter, and
cultured at 30C for_17 Q. The cells were pelleted 5 by centrifugation at
2200 rpm for  PHTh PEHE Sipetat@nts transferred to plates containing an
equal vol une /wel$cid gendé bluepees sttt irbanbies¢BGAsperiPBIities)

ScFv- SEALD2 | 08, [ o] r.opent gti.on and ri-
fied usi %g ?%%b%ﬁ%ﬁ%%fc@%ﬁ%%%i%#%%gcgigﬁnﬁ?g%og%&&"ﬁ’%ﬁg P‘:"(J)
Tordsson et 4. ,of mbgyowmbl shapiderial neuhbusesThrdppriifiead fagsipdrepr ot ei ns
were quanti frigek iy ac SR Shls tyPeak! $A Ysi PeaBEERYSEALRN] birgd nY! at ed

anti - SEA anti bodi €s._as capture and detector antibodie5. The integrity of
the fusion FRAFRE WRCORIPF nelie pyransfeftreplactaripy dreaisong in

bi oti nyl at ecci@bbhéa apfdnSEfr andi DRdiBs. MLBT geAehir 13 oGRed wdd Y.
Sectioniﬂfggﬁﬁg re fixeg.in icgtcold agegﬁne ang. re y%ra%gd in 20 % FBS
in 150 1 oh TRESTICSE PR PBEESHRT 185) FPEnaBFeR §dE% PEEIh AREDI ocked
Wi th avidin wewe banalysed \legt ounhihgr at bki agarBeel gelgaiectGyphdid-mary
e (o g UTSAIRAIOR AL s LR UL Bced B 0
C-term nal twWgre ATPASSE and|shoredwed bgpbesentpkaved gdateasit iinmabis
anti bodi es (IPAK AR cal g@é@ifig@§Yu§§gubQ detect the scFvs. The fusion
15 EXAMPLE 4 | |
Absence or down-regulation of K293 antigen expression in
vitro reflects the advantages of a tissue based (repre-
senting preservation of an authentic in vivo phenotype)
selection principle | |
20 Mildly fixed frozen tissue sections of tumours
resected from patients (as compared to cultured tumour
cells) is a source of complex antigens (for phage selec-
tion) that closely resembles the original tumour pheno-
type. In contrast to the homogeneous and frequent reac-
25 tivity with patient derived tumours, the K293 scFv-
SEA (D227A) antibody reacted weakly with 2/9 (HT29 and
LS174T) and did not react with 7/9 (Colo201, Colo205,
Colol37, Cclo320DM, SW480, SWe620, and WiDr) colon cancer
cell lines by flow cytometry, in contrast to moderate to
30 strong reagtion with C215 Fab-SEA(D227A) éTable 2, and
results not -shown). Two of the negative cell lines
{Colo205 and WiDr) and the two weakly‘reactive cell lines
were grown sub cutaneously in SCID mice.
Immunochistochemistry was used to analyse the reac-
35 tivity of K293 scFv-SEA(D227A) with these tumours. The
Colo205 tumour was completely negative whereas tumour

cells of the WiDr tumour was negative but deposited mate-



proteins were detected using affinity purified and bio- tinylated rabbit
anti-SEA anti bodies, 5 pg/m . These reagents and the fol2pwungm:

Strept %E(é:(a?girzgéo 30 HRP (DAKO A/S) diluted 1/110 in 50 ;gkﬂl,ﬁjdeBG were

I ncubat m n. Between all steps the sections were tinmes
in TBS. The staining reaction was deve- loped for 8 mn in 0.5 ng/m

3, 3' -di am nobenzi dine tetra- hydrochloriyge (Sigma) dissolved in Tris pH 7.6
with 0.01 35 percent H202. After 10 min counterstaining in 0.5 % nethyl
green, the afiiadeswasepegitmiser. fTire HI'IH rcumourapw®s 4p@six 2904fov0a0l/ 62286

PCTI SEOllOO%\%.%o@ﬁ%%ro@%%(%ﬁ%%é%%%?%%er %0599 %etg gol and

xyl ene before nou rintrng sc vs ScFv
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pol yner ase b L3F % £ iAL | Ot &xﬁhat@iy rrs@% 0&\@' tnbagkenisakng
cultures _and priners conple- nentary to reﬁ nlé a]P ' of the scFv-gene
in the pRagdfsdiisd Forrdenrs e dfeis Y& a ERgg Bﬁguf"ﬁt fRE phoA

pronot er a?didﬁl’(bgfé}ﬁald\(?ﬁ %qmeééianw ethl§eld29:|3 1@pjétd;i)e| ifhepitimatiyon
patterns of the a | fied sckv vwer.e anal yse nni_n 1% agar ose
gel el ect r ofiftren Eté’l TR het® vﬁ??{lﬁﬁ F RSP TR AR & or ;{ SES %blgtpateterns
wer e chosen tambmi (:uree“idL ablmm)rmrﬁmttmesum @ax:hvedn"rﬁnom edflodiawiscal
specificity oW tro rg%%%@ At?é&f'cerl‘?{s &@oﬁ&%éé&boﬂh@t 23 2l 1 gen

expression i fe advantages of a tissue based (repre-
senti nglpPr esel vatspre cﬁecamlqm h@»ﬁtme i aanm%n pRAWBEGPEPT PBREE iS§dec-

principle 20 M/ drys féé‘@&léiﬂe%tffﬁ&'etﬁécﬁuﬂaéroiebﬁﬁﬁﬁ:%d resect ed from
patients (as conpared to cultured tumour cells) is a source of conplex

antigens (foiPgelgkeselec- tion) that closely resenbles the original tunpur
pheno- type. |n crud nasdk texphesdbamosheohs BRg3fepluepe bpaewdb daldi ty ©

with patientlcﬁgév ékéggg rby Efgwkg$§0%85¥9 suggests that the recog-
15 nized TAA can be expressed on the surface of the tumour
cells. Surface expression in vivo was confirmed by flow
cytometry performed on tumour cells derived from resect-
ed primary colon carcinomas and treated with Dispase (a
neutral protease) and collagenase to disintegrate the
20 tumours into cell suspensions. The tumour cells, distin-
guished from other cells (such as fibroblasts, blood
cells and smooth muscle cells) as Ep-CAM+ cells as
detected with mAb C215, were double stained for
K293scFv-SEA(D227A) reactivity (Fig. 6). A large frac-
25 tion of the Ep-CAM positive tumour cells were K293 reac-
. tive (approximately 60 %) after the o.n. enzymatic treat-
ment required to extract the cells.
Although with variable strength, K293scFv-SEA(D227A)
‘reactivity could be demonstrated in three additional
30 experiments using cells from resected pripary tumours,
supporting that the K293 TAA is expressea'on the surface
of tumour cells in the autologous host.



SEA(D227A) antibody reacted weakly with 2/9 (HT29 and LS174T) and did not
react with 7/9 (Col 0201, Col 0205, Col 0137, Col 0320DM SWA QUGSM§ 20, and

WDr) c gagger cell lines by flom/cytonetry, in contr derate to
30 stro%@?gactlon wi th C215 Fab- SEA(D227A) 4Table 2, and ?S@UP'{TE :
not . shown). Two of the negative cell lines (Colo205 and WDr) and the two
weakly reactive cell lines were grown syl cutaneously in SCID m ce.

| mmunohi st ochem stry was used to anal yse the reac- 35 tivity of K293

scFv- SEA( D22FAPlai Rh {Thes 203 msuntsibcihe hdﬁnﬁgﬁ%omsmpwta\aﬁscpﬂﬂh&tyl y

negati ve whe t I | S ative but

deposi t ed naFgﬁén 533%158 3&?%f%ﬁ§§§%EB8%pggg%ﬂ§%% g%n SP1E Y was
positive. ThECHPROCERREHr SRdd Jdsias muftgrred i noitfoacti bn ®énogentel | s,
appr oxi mat el yogt}0i% . akthbh@arfRRAi} 6, QS il e The LS174T tunour was
het er o- neously positive for approximately 50% of the cells and 5
positive Tor dmaterial  Thus _ the frequent apnd_ honpgeneous
expressi on dtethe K2g3oapit ope ]sncpglreaa,ﬁ;yl ipatdcam tuhpﬂlgahg 881 bher
observed in [in_vi c%ltured tynour cell lines nor §n tupours derivied
fromecell |i Fic host  This dpnnd%@?%L%§m?ﬁat t hle use

10 of tissusg Negiam iseur ce for phage;ggmggenébgg mas
essential tdg., tind th tunnur f.ed K293 specr Tl The

expr essi on OME@—K % g;l ﬁlﬁgﬁ\ v_renl | Lines dPT( %ﬂnb?gf%g\g
cytonetry suUggests thakt]Jye recsg10%5p@satdeA&eQars*b<ifi?K®rﬁﬁ$mdr9n the
surface of tihe tunou o glu%e Surface expression in vi 0,185 confirned by

flow cytong resecT- 8l prijmary
col on carci 6fag4andWeaddtyed wi [0 3Dhspasegeacomadly al (pPoeeagegdand

col | agenase jto disin %g;rl%tlsret hep%glttti%urs into cell oeﬁéigggio;{he
bl ood

tunour cel |l s;—distin= tt-shed—fromother—eelds—{(sueh
cells and snﬁopﬁpﬁﬁsﬁﬁé peltiey)iads iEp-stamnglet [osiktivdet ected with mAb C215,

wer e doubl e stained for

Materials and methods

Flow cytometry
10 Reactivity of antibodies genetically linked to
Staphylococcal Enterotoxin A, SEA, to cultured or fresh-
ly prepared tumour cells, was demonstrated using biotin-
ylated rabbit anti-SEA antibodies and avidin-PE.
Primary human colon cancer cells were derived from
15 colorectal cancer tumours resected the same day-and kept
on ice in 150 mM NaCl until use (less than 4 h). The
tumours were cut into small pieces and slowly rocked
in a solution containing 1 mg/ml collagenase (Sigma),
0.1 mg/ml hualuronidase (Sigma}, 2.4 mg/ml Dispase
20 (Boehringer Mannheim) and 20 pg/ml deoxyribonuclease
(Sigma) diluted in RPMI 1640 medium (Gibco, Middlesex,
UK) at room temperature over the night. The tumour cells
were separated from tissue debris by filtration, washed
once with PBS/1% BSA and then stained with 5 pg/ml C215
25 mAb/rabbit-anti-mouse-FITC (Dakopatts) diluted 1/20 and
with 5 pg/ml K293scFv-SEA{D227A) /biotinylated polyclonal

rabbit anti-SEA antibodies diluted 1/1000/avidin-PE
diluted 1/20.



K293scFv- SEA(D227A) reactivity (Fig. 6). Alarge frac 25 tion of the Ep- CAM
positive tunmour cells were K293 reac- tive (approxinatelya 9 @fter t he
0.n. enzymatic treat- nent required to extract the celli.E§££§%% with

vari abl% gyf’@ﬁ@th, K293scFv- SEA(D227A) reactivity coul Cl g trated in
three additional 30 experinents using cells fromresected primary tunours,
supporting that the K293 TAA is express%% on the surface of tunour cells

in the autol ogous host:~ WD 01/ 62286. .5 4 AUG 26Q4 PCT/ SE01/ 00395 31
Tabl e 2. TheX¥MBLETR i body honpbgeneously stains prinmary colon carcinonas

but only wegk] ej.erogeneou colon ca cell.lines ed in
Vitro or i n?égﬁfﬁ%%%}ﬁﬁbls%tﬁ’?@a}gﬁ%t%ﬁ% és}?ghfns i) ﬁ?ﬁgﬁgg#? Fl ow
S.c growt h item8@ixid Primary col on |inecytonetrym cecarci nonmas

Col 0205Negati ve AT elpicls: I Neqa | i y.ex I, My f
HT29Weakl y 5- 10(9?%%9% rve cells*Ti \}Aey%}i mar yé%igg?%%&/e%%f%é\%gl@??ﬂ

LS174T. i ak CRmeosesh s cyumesiisisd nighdzakike B pok? 93 Tepoeh(FL b ghew

sel ection* *st%&%s' tBLE et ot TorS 10N bOSHE I N6ma dBE£6haks18Ad met hods
Fl ow cytonetry 1 ea%gkylty of antibodies genetically linked.to

St aphyl ococ APERES oIS Fd dErasty thigured/br PFEQRI F§2pFEPBred t unour

cells, was demdrshirai asbtlsiilg diDident cells and in mucin-like/shed
material in glandulaf structures. No reaction has been

10 obtained in kidney or prostate cancer while one of two
malignant melanomas showed weak to moderate reaction. In
colon cancer all 12 examined tumours are strongly posi-
tively stained.

The frequency of positive malignant cells within the

15 individual tumours #ary from 75 to 100%. Five out of 6
breast tumours were found strongly positive with a fre-
quency of positive malignant of 75-100%. Although the
frequency of positive cells within the colon and breast
carcinomas vary from 75 to 100%, the majority of tumours

20 shows a more than 90% positive reaction. Two out of 2
examined pancreatic tumours also show strong reaction in
more than 90% of the malignant cells.

Among the non small lung carcinomas (NSCLC) 2 are
squamous cell carcinoma and 4 are lung adeno carcinomas.

25 All showed strong staining of the malignant cells. In
both examined squamous cell carcinomas peositive staining
were seen in more than 90% of the tumour cells. In the
adeno carcinomas 2 showed 90 % tumour cell reactivity and
2 were positive on less than 10%.

30 The reactivity pattern of K293FabSEA{E1ll on diffe-
rent colon cancers seems to correlate to the differen-
tiation degree of the tumour. In highly differentiated
tumours, apical staining of the malignant cells domi-
nates. In some of these highly differentiated tumours

35 Dbaso-lateral parts of the malignant cells are completely
negative while apical parts are strongly positive. In low

and moderately differentiated tumours the immunoreaction



yl ated rabbit anti-SEA anti bodies and avidin-PE. Primary hunan col on cancer

cells were derived from 15 colorecta
in 150 nM NaCl unti

i eces- and slowy rocked
0.1 ng/ M hual uroni dase (Sigm),
Mannhei m) and 20 g/ m deoxyrgponucl ease
RPM 1640 medi um (G bco, M ddl esex,
U e tuﬁnn®tcEPlérlﬁédethpaﬁarédlhrpﬂrtlb@&enﬁﬁhansdnaﬁoﬁmhptlon

0nCedi«@.&blB&@éb‘Vaﬁséhénma&Egﬂaﬁkabaﬂ with 5 pg/m C215 25
mAb/ r abbi t - anti - mouse- FI TC ( Dakopat

K293scFv- SEA(D227A) / bi oti nyl at ed pol ycl onal

and kepiyg
cut into sma
col | agenase
(Boehri nger

ni ght.
washed

s

(Sigm),

CW

cancer tunours resec
use (less than 4 h
in a solution containi

1
(Sigma) diluted
UK) at

S) d||ute
rabbit anti - SEA anti bodi

diluted 1/ 1008bd¥i 8i nTRioud tikedeltdQctiv4 tACR2M4 104 )H 162286

PCT/ SE01/.00395 32 EXAMPLE 5 K293FabSEA/ Ell

eplthellg

tunours are
reaction in
7). Strong

muci n-11i ke/
obtained in
showed weak

' EL&Bu

BEERRER' ELG

shed nmteri al

Sohunr csadern t g

ir
ki dney or prosta
tonoderate—read

strongly and frequently st

fr ol on reas

3nc n breast (f
o s it st THan
rglaa:rtd,@marlsstarhm e D neaEi+ on has be

49 KFUERIG Ide5-sqe of two malignant ne

T.IUII III nnnnnnnn Al l 1.2 oavam nod. +.

“1/20 and with 5 gg/nt

nohi stochem cal reaction on. various hunan
lSlte:o&g K23 mAmoFAE LR ,srmw:urﬁchr@@g posi ti

are strongl
cells wthi

/Cpban- cangery st

méP8etA8ikndi Vi 0

CUT UTT Ao ar T LTZ— CoAaTT T

Strens Preimiegudnt\d /f tposdurste. n'a'isrgnan
Ya@log! WSS I QB R, {Q, 100% Five ou

breast tuno
mal i gnant of
colon and b

TS wWere found st

east

PZBCYBBS, CAREREUFF
car ci nonasg

IUIIgI Yy POSI tTVve—w LII ad I 1= UCIIb UI PO

G omig Sﬁ:raé@}é%ﬁ:y-rbfz/bbsﬁqmw&elqlé W)%hr
i @7 3 da:tlit %y t he majority of ty

Breast cancer

Strong reaction in 5/6 (75-100% tumour

cell reactivity). Reaction is also seen

in mucin-like/shed material.

Non small cell
lung carcinoma
(NSCLC)

Strong reaction in 6/6 < 10% tumour

> 90% in 4/6.
Reaction is also seen in mucin-

cell reactivity in 2/s6,

like/shed material.

Malignant

melanoma

Weak-moderate reaction in 1/2 (ca 90%

tumour cell reactivity). in 1/2.

Neg.

Prostate cancer

Neg. 2/2.

Kidney cancer

Neg. in 2/2.

10

i5

* One of the positive metastasis were formalin fixed and
paraffin embedded. '
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K293FabSEA/E11l shows a very restricted normal tissue

crossreactivity
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Normal tissue reactivity is, among the panel of stu-

died organs, restricted to colon,

small intestine and

breast. A strong staining of the apical part of epithe-

lial cells is seen in colon (figure 8).

found in one of
intestine.

This is also
the two examined biopsies from small

Posgibly these biopsies are collected from

different regions indicating that K293FabSEA/Ell only

Al



20 shows a nore than 90% positive reaction. Two out of 2 exam ned
pancreatic tunours also show strong reaction in nore than R0 the

mal i gnant. cells. Anong the non small [ung carci nomas (N r
squarrm}gad)yﬂzsﬁar cinoma and 4 are |ung adeno carci norras.§ %ﬂﬁf’q%gihowed

strong staining of the malignant cells. In both exam ned squanous cell

carci nonas positive staining were seen.,n nore than 90% of the tunour
cells. In the adeno carcinoms 2 showeéMQO % tunmour cell reactivity and 2
were positiyeztd e hartli¥ pRrthef aacd i smdl paitesnink  K2A3FabSEA El11
on diffe- rﬁ)&t o I&r}_ cancers.seens tdce) correl atetto the differen-.tiation
degree of t etal?(r%o ST e 3°di“}9 ST A 1Mol sS28Pi &8I I&PR ni ng of
t he mal i gnamtuleat lepiddyweldiadateed ld rarsbnen ghatthe sef hilgdl sudrbbimdéngi at ed
tumours 35 - | at es. art\s t ' t I letely
negative mh%ac}%é'lﬁ cgl u&%t s?t)a'r g\{ost]'lr%r\%&gg%?t?e\%% f?\a%gevﬁggﬁd noderatel y

di ff er en®i atswd aanvo i iIiMeTor dand ons i 0 1P&F2QBB283 BhyraidlG 2004
PCT/ SE01l 0039545 N QtuRaleaidsadid O(1noes tg4y n part but rather uniformy
distributed in the malignant cells. Table 3. Tunour tissue reactivity,
K293FabSEA/ E11 Col on cancer, Strong staining in 12/12 tunours. 75- primary

t unour s100%taymaire Caidrm=gaddiisadey . r&l¢ONgi t ACk2 ORFABSBAERB1SEEN i N nMuCi n-

| i ke/ shed material. Colon cancer, Strong staining in 3/4 tunmours*. 75-

met ast asi s 9 —+reactivity . Pancreas—ecahRcerStong—stalhg in
2/ 2 tunour s.cdlaP0% t unour | Setbng enrchcuiby. iBr epstatapaetst mdhgheeacti on in
5/6 (75-100% t unour cell raacjt‘iij\]/tia 1).1m tion is also seen in

muci n- | i ke/ shed—rateral- . D%
t unour Small Strong reaction in epithelium in ¥
intestine '
Stomach - Neg. 2/2
Breast Weak to moderate reaction in glandular

epithelium and surrounding stromal

parts. 2/2
Spleen Neg. 2/2
Kidney Neg. 2/2
Liver : Neg. 2/2
Lung Neg. 2/2
Skin Neg. 2/2
Pancreas Neg. 2/2
Thyroid Neg. 1/1

Cardiac muscle [Neg. 1/1
CNS Neg. 1/1

10
Materials and methods
Immunohistochemistry

Cryosections for light microscopy 2

Tumour and normal tissues kindly provided by the

15 Deparﬁmen? of Surgery, Lund University Hospital were
snapfrozen in isopentane that had been precocled in
liquid nitrogen and stored at -70°C. After cryosection-
ing the sections were air dried over night. Sections were

fixed in cold acetone, blocked for endogenous biotin with



| ung carcinomacell reactivity in 2/6, > 90%in 4/6. (NSCLC)Reaction is also
seen in nucin- like/shed material. Malignant Wak-noder at @ & ag&t20@n in 1/2
(ca 90% tumour cell reactivity). Neg. in 1/2. Pr er Neg.
2/ 2. Ki ne;}%g%ﬁger Neg. in 2/2. * One of the positive rretgé@g%flé&\;\%rce
formalin fixed and paraffin enbedded. EXAMPLE 6 10 K293FabSEA/ Ell shows a
very restricted normal tissue crossreacggvi ty 1 75 Normal tissue
reactivity is, anong the panel of stu- died organs, restricted to col on,
smal | i nt estanedamfbiottas{Veator: oByritagaineg Cal) @nel etpieaalirp:a.rbaméd epi t he

15 11al cellgiis Saenpiingel oontthght exdbarThikal/gadl s Lo one of

t he t-wo exam ne I es om sna I nt est ne 0SSl | OpSI es
are col |l ected frokee divsEpRPrebgivnyapnarerareg bwagen@mynﬂiiyvﬁgaron|y

WO 01/ 62286. jrg %MQ@AVH PSE&W@QQ%% (3HrhAdeldS M 3R (fi@, parts of

the small. i ntesti ne r east ssue weak to noderate reaction is seen in

glan- duPar FPTEREE? #r%@IFgeaﬁﬂhFﬁrﬁﬁng GYROReLaRs &iidiang C-1lambda
st rorra(f i gurg@&es NoTheactiohned Febnwae S.t:.mt&@h,to'SS:rmlee@m irieyidder,

Nor I f.k'SSU%é‘aF%hf??e?%Q;ﬁ%ﬁgﬁ BRI 12 aﬁ@fegn&u%@a& 521 g ca
parts of thef @@m@h&trﬂhinglé Shabhg$yrm&@ucedcmm@hGhasannﬂublndnmgo
i ntestine St@fﬁChEﬁ‘gs 86351\!%356 0@@%@%@7@%@%&&&% Wery

Br east epi t hel 1 um and_ surroun
0 low levels of non- spec1flc binding and allowed sensitive

detection by secondary antibodies polyclonal rabbit anti-
SEA antisera, produced and biotinylated by standard
methods.
The secondary antibodies were incubated for 30 min.
15 followed by a streptavidin-biotin/HRP (Dakopatts,
Copenhagen) step for another 30 minutes. Between all
steps, washes were performed three times with 0.05 M Tris
pH 7.6 and 0.15 M.NaCl. Diaminobenzidine (DAB) was used
as chromogen and the sections were counterstained in 0.5%
20 methyl green. As positive control, a pan-epithelial reac-
tive fusion protein, C215FabSEA(D227A) was used. As nega-
tive control a fusion protein between a-non tissue reac-
tive Fab and SEA-D227A or no primary antibody was used.
All antibodies were used at a concentration of 5ug/ml.
25 Results are expressed as negative, weak, moderate or
strong staining, respectively.
- Paraffin sections for light microscopy
Tumour tissue of a lymphatic colon cancer metastasis
was fixed in 4% formaldehyde (Sigma, St. Louis MO) at 4°C
30 over night: After rinsing in PBS the tisspe was dehydrat-
ed and embedded in paraffin (Histolab AB, Gothenburg,
Sweden) . Paraffin sections were prepared and allowed to
dry at 37°C over night. The sections were deparaffinised,
rehydrated and immunohistochemically stained as described
35 above.
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Ski nNeg. 2/2 PancreasNeg. 2/2 ThyroidNeg. 1/1 Cardiac nusgl gdegittl/ 1
CNSNeg. 1/1 10 Materials and nethods | nmmunohi stochem str 3 Cryosections
for |igNPoeEBbscopy Tunour and normal tissues kindly pr%&’%’“é’a/ Sthe 15
Department of Surgery, Lund University Hospital were snapfrozen in

| sopent ane that had-been precooled in Iiénnd nitrogen and stored at -70C
After cryosection- ing—the sections wer 8%ir dried over ni ght. Sections
were fixeddxavaalgl Acet one, bl ocked for endogenous biotin with 2 4 AUG
2004 WO 01762286 PCT/ SEQL/ 00395 35 avidinlLbiotin (Vectar, Burlingane CA)
and then i n&ATREAPSER LY HETRIMETSS dht FHBEFCR2EIREBEERFAERP MG T one hour

The fusion prot eiThervasaipreidndchbyl ggerletsaed by dfisthéngminhaok293tYdmnd V0L

genes (obtai.ned fromthe sckv 5.selected fromthe.libr t 0 _cynanmml gus
CHL and C | aibd¥ reg accura?:ﬁael}éod mon%'; a e‘frl/va%nl | n?zlédgng:[yll)’?gssE g e

enes. I ne antigen

St aphyl oBocdat EntreratyoxiseBE axd neim 2 nem apt agDRe7aect fdespAst watsi ng a
strongly re ] £ Asndd ek N5 | as THES) CRASHEYE 1 ateral
K293FabSEA/ ,_ denonst r at ec#svery 18‘%%36% e?/sel S o% non- speci fi grl% ndi ng and

al | oned sengialily dergeians i 9ir Byire @hdapioRnFrBEar eSepory dEdamre A3
anti- SEA amiHiSPrtaumdii® disesh meldl faHtd Twd abedcbysshiandar d1amidpds. The
secondary arg&icbé)éjéggp}}/\@ret it%éjbl?és?o 1319{01:;)00@ tr:]he electron microscopy
10 it was possible to demonstrate that the immunoreaction
is located at the outer surface of the malignant cells.
Stainipg followed by microscopy of 2 pm semithin sections
and electron microscopy of normal coclon also demonstrate
that the immunoreaction is located at the level of the
15 outer surface of microvilli in the luminal epithelium

(figures 9B and ().

Materials and methods
Plastic sections for light microscopy and electron micro-
scopy
20 Tumour and normal tissue material were processed
according to the following description. Fresh resec-
tion material was fixed in a mixture of 4% formaldehyde
(Sigma, St. Louis MO) and 0.25% glutaraldehyde (TAAB,
Berkshire) for 2 hours. After rinsing in PBS the tissues
25 were cryoprotected by rinsing in PBS containing 30%
sucrose over night and then snapfrozen in isopentan/
liquid nitrogen as above. 50 pm free floating cryosec-
tions were incubated with the same antibodies as describ-
ed for light microscopy but the incubation times differ--
30 ed. The primary antibody was incubated’ over night, the
secondary for 3h and streptavidin-biotin/HRP for another
3h., After reaction in DAB the sections were postfixed
in 1% 0s04 (Standard supplies, Kallered) dehydrated and
embedded in Epon (Agar Scientific Ltd, Stansted, U.K.).
35 Semithin sections (2pum) for light microscopy and
ultrathin sections (50-60nm} for electron microscopy were

prepared on an ultramicrotome (LKB, Bromma, Sweden).



15 foll owed by a streptavidin--biotin/HRP (Dakopatts, Copenhagen) step for

another 30 m nutes. Between all steps, washes were perfornge ree tines
wth 0. QR Miehsdss PH 7.6 and 0.15 M NaCl. Di ami nobenzi di *was used
as chronogen and the sections were counterstained in 0.5% 0':%@ gr een.

As positive control,.a pan-epithelial reac- tive fusion protein,

C215FabSEA( D227A) was used. As nega- tivgncontrol a fusion protein between
a non tissue reac- tive Fab and SEA-D227A or no primary anti body was used.
Al | anti bodi®smiehénusedtatns wemeecbnatieastefinggl Mitl?5 Rasetligl @ne
expressed as aty , e r t-a] nj respectively.
Paraffin seckf):iplgﬂs ?]é’rérla}éﬁ%'%ﬂ %ggggé%%pwg%ﬁn%t&ra q?% sdzuig1 or%rpgﬂlfﬁ%%ﬁ}%eﬁol on
cancer netastdéPs Bﬁﬁgmﬁgxéﬂ R Bypnylasederpd andsilprmdciSirateoui s M) at 4C
30 over ni ghgxaMéti.grgrinsing in PBS the tissue was dehydrat- ed and

enbedded _i n ffin"(H stolab AD, Cot henburg, Sweden). Paraffin sections
were prepar eggéﬁﬂa‘égﬁézgalt g%eﬁr POkt ASFECEy &L R LI AREEIEB NE ner e
depar af fi ni sedra febydraflet aaticeapaetiegitegchen cally stained as descri bed

35 above. 2 4 AUG.20Q04 1/ 62286, PCT| SEO110039 EXAMPLE, 7
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sections co 5 ect.i - : I tions it was
ossi bl o, 0 dEraer et Rt BeArChrrRE, thirbdB AN th R ane
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15 plasma from the healthy individual. On the other hand,
for the C242-Fab-construct (positive control) eightfold -
more was in complex form when incubated with plasma from
cancer patients. Thus, the K293Fab-SEA/E1l did not recog-
nise any circulating antigen in cancer patients.

20 Materials and methods
Test compound formulation

50 ug of K293Fab-SEA/E-11, C215Fab-8EAqm:.s and
C242Fab-SEAqc.2; were labelled with '*°I to a specific
activity of 10 uCi/pg using Iodogen precoated tubes

25 (Pharmacia-Amersham Biotech) (Fraker and Speck, 1978).
The labelled test compounds were determined with respect
to protein concentration and specific radioactivity by
HPLC (see below).

Plasma samples were collected from colorectal cancer

30 patients (n=12) demonstrating high levelssof circulating
CA242 antigen by a commercial assay (Canéé Diagnostics
AB, Gothenburg, Sweden) and from one healthy volunteer
with a very low level of plasma CA242.

Analysis of test solutions in plasma

35 50 ul of undiluted plasma samples were incubated

with 1 pg/ml of test compound (diluted in PBST) for



15 outer surface of microvilli in the lumnal epithelium (figures 9B and
C). Materials and nethods Plastic sections for |light mcrosco

y
el ectr ] - scopy 20 Tumour and nornal tissue nater é“ﬁﬁ ocessed
AR - pti e sl

accordi foll ow ng description. Fresh resec-

fixed in a mxture of 4% fornmal dehyde (Sigm, St. Lours MO) and O. 25%

gl utaral dehyde (TAAB, Berkshire) for 2 hours. After rinsing in PBS the

ti ssues 25 were cryoprotected by rinsing in PBS containing 30% sucrose
over night andnﬁh:eratswpﬁreaﬁ:erteimpémpﬁm and theuintubdt DEemastabeve. 50

gmfreefloa cry C- qns. vwere Inc ate odi es as
descri b- %18?‘%1 ?ﬁ% cofy Bh® (HE T HE ‘ga?Xo}EP]%#]wé%e%EPa? 0 ed. The
primary antr body Ms:er rt&mb@tlei@rtm/aatrmlgdra ,Cartien iset cnuailyod bes 3boafBA
streptavi di . t ’re‘?‘% ections
wer e postfr%elg in 1‘94@6;480 St anfbe&) suppJI‘r[Ag(esler‘ilké rie% %Iﬂ‘ﬂ %ﬁate nd
enbedded® i nWEF6h ingated antly iRrqtelin & diRteRIove Khe l‘BlBu@@ﬁ*lP 1n
sections (2Mkide0r AftGY vHIE QSR IANEL &P thlad rax@tﬁe@moe@n&éﬂtmag) for

el ectron m craosco re e ared on an ultram.cro LKB,

Sweden) . V\D“éf/@f%g‘\gl A%G PR SR | b 392 l%e ‘thﬂoi@g]tmons
wer e count epdfaainie dE vt foakioaetdgut vnet s biae. 4 1b tUAthi andetésanshuar e
stained in rastar er % uranyl acetat g.and

oo i1t e 20 B/t e el e AR sl PO HE LY REERBLE Bl
antigenidn p&r@taeifnm col on cancer patrents Fig. 10 denonstrates the size

of the fraction Qtfh ragigl e%bat | (ﬁ @t@lrlél %nggf%_rat §?§|§§!eg rcu-

| ati ng tumour anti gen, after &Jasma
col orectal ®@ReRRYEA @m@%ﬁneﬂvﬁ@dwmn § Gnt%@rulreépeemp&er y. .For
the K293FabwebA Bldjedss twieds 571 Pl Aup®r €ampler) and separated

on a TSK G3000 SW column (7.5 X 600 mm, Toso Haas). The

15 sample was eluted with 10 mM PBS, pH=7.4, at a flow rate
of 1.0 mli/min at ambient temperature. Detection was per-
formed with a UV detector (A280 nm, Waters 486) and a
radiocactivity detector (Flo-One, A-515-AX) coupled in
series and the data were collected during 35-60 min

20 depending on the sample. Fractions containing complex
bound test compound were observed as high molecular
weight peaks appearing earlier in the chromatogram than
the test compound it self. Fractions containing iodinat-
ed fragment or free iodine were cbserved as low molecular

25 weight peaks. The radioactivity chromatograms were inte-
grated and the area of the complexed test compounds and
of the low molecular weight peaks were expressed in per-
cent of the total area.
EXAMPLE 9

30 Purification of a tumour associated antigen that is
recognised by the colon cancer reactive antibody K293

A tumour extract was made out of human colon cancer

tissue. The extract was applied to two columns, a control
and pre-column coupled with C215Fab-SEAm® and a column

35 coupled with K293Fab-SEAm9. The columns were connected in

series when applying the tissue extract onto the columns



was found as protein conpl exes when i ncubated with plas- nma from cancer
patients, as conpared to incubation with 15 plasma from the AGatPhy

i ndi vi dyad a1/é28s¢t he ot her hand, for the C242-Fab- constr ugtrsReSdokés €
control) eightfold nore was in conplex formwhen incubatec{gw% pl asma

from cancer patients. Thus, the K293Fab-SEA/ElIl did not recog- nise any
circulating antigen in cancer patients. 20 Materials and nethods Test
conpound fornul ati on 50 gg of K293Fab-SEA/ E-11, C215Fab--SEA t.9 and
C242Fab- SEAnRub28eHgr gepaparedddnring1tbe pdkalipecielivtiqrtaiithe of 10
.1G /g usingphbagdagghobeessat ed tubes 25 (Pharmaci a- Amer sham Bi ot ech)

(Fraker and Speck,. 1978) The I%bgl | ed ggst conpounds were determned with

respect to proteFhiESAcEREratPBA LRAMs bEEI £PO 3 F a8l SN i9HRNEA HPLC (see
bel ow). Pl assalesanpkvegewestleaktkdct adutrahiceldyr ecindergancaid a@d patients
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i ncubation nixgeEeioahakt At rPbkifakBkepetdict-nirl ¥sRd Jandiiled sesypel ow) .
Since the plasma sanpl.es_contal ned antibodies to S nd could give a
false pod ti 6aCi REBFAEE| SROUMGRAR, YEREy SSPARBLEY ATthAtE SHTIRFRR P At o

remove the itheneghobiirktnN-tAktdhalhaminemadd eayi dues andte SEL €At ent
Sancer pat1 etBeilad o5 BhERH: oFnE bRk, SPRaRTas ARCTIFE e 1Y nithonor
sanpl e aft er ThactibaeroshekrthN-terpiogdi pept ifiee Seahwiniass tdstexohpednds and
the prepared(SaABERSE LISTING ID NO 3-5) show complete homology to
15 parts of the human protein glyceraldehyde 3-phosphate
dehydrogenase {(GADPH) (Figure 13).
Materials and methods
Solubilisation of tumour tissue
Human colon cancer tissue expressing the K293 anti-
20 gen was provided by hospitals in Sweden and store frozen
at -70°C in the tissue bank of ABR. Frozen colon cancer
tissues were sliced with a scalpel and transferred into a
tube with 4°C pre-cooled isotonic sucrose buffer (0.25 M
sucrose, 10 mM KC1, 1.5 mM MgCl, 50 mM Tris-HCl pH 7.4 at
25 = 25°C) containing 1% (v/v) Nonidet P-40 (NP-40) and pro-
tease inhibitors (Complete™ Protease Inhibitor Cocktail
Tablet, Boehringer Mannheim).‘Tissue slices were homo-
genised with an Ultra-Turrax homogeniser and were left
to solubilise at 0°C. The solubilised solution was cen-
30 trifuged at 11000'rpm (Hettich centrifuge, Universal 30
RF rotor} to remove most of the cell debris. The super-
natant was further centrifuged at 108000 x g at 4°C
(Beckman ultracentrifuge, Ti-60 rotor) and finally fil-
tered through a 0.2 pm Minisart plus filter (Sartorius
35 A G, Gottingen, Germany).



wer e anal ysed by size exclusion HPLC. 50 | of sanple were injected (Waters

717 Auto Sanpler) and separated on a TSK G3000 SWcol u 7AE #600 nm
Toso Haas). The 15 sanple was eluted with 10 mM PBS, p fl ow
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rate OTOYVB2Rt/nin at anbient tenperature. Detection med with
a UV detector (A280 nm Waters 486) and a radioactivity detector (Flo-One,
A-515-AX) coupled in series and the datg were collected during 35-60 mn
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col ums wer euFAEect=r o TsEs + 1] Whsth ApP| ytt g d hecdritssireirexto szt onto t he
colums 2 4 00 WO 01162286 PCT/ SEQ1/ O 5 epar at ed
during the %én‘e@?ﬂi% ® PRt b%%%g'ﬁéa}%%‘gi%égoﬁ%egg?ﬁ%%t ggns from
t he K293Fab-GBANEL fwiuplant o uidowetrowdh eeaedrentucniateddandohbent r at ed
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min. Fractions o 0. ml were CoO ected, neutra ised with

15 0.1 ml of 1 M Tris-HCl, pH 6.7 and stored at -20°C. The

purification was performed at 4°C using an AKTA FPLC sys-

tem from Amersham Pharmacia Biotech (Uppsala, Sweden).

The eluted fractions were pooled, concentrated and then

analysed on SDS-PAGE. Identified protein bands were cut

20 out and stored at 4°C. The proteins were then digested

with trypsin and the N-terminal peptide segquence was

determined for individual peptides at the Protein Anaﬁ

lysis Center (Karolinska Institute, Stockholm, Sweden).

EXAMPLE 10
25 K293FabSEA/El1l1 are able to suppress tumour growth in
severe combined immunodeficient (SCID) mice

The superantigen SEA has the ability to activate
T lymphocytes to cytokine production and cytotoxicity.
When a superantigen is fused with a tumour reactive anti-
30 Dbody it is targeted to tumour cells. Localisation of the
| supetantigen in the tumour area then lead® to selective
killing of the tumour cells. _ _
The result of the experiment is presented in figure
14 which shows that animals treated with K293FabSEA/Ell
35 have an 80% reduction of tumour mass compared to control
animals treated with a non-targeted NRML-05 (anti-mela-
noma) FabSEA (D2273).



the ten first Ntermnal amno acid residues were deter- mned for three of
these isolated peptides (Figure 12). The three short N grmgn@dmpeptl de
sequen M ned (SEQUENCE LISTING ID NO 3-5) show nol ogy
to gg’r%ts o?srthe human protein glyceral dehyde 3- phosphgﬁ?'g;gk‘g]é@ dr ogenase
(GADPH) (Figure 13). .Materials and nethods Sol ubilisation of tunour
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bank of ABR M#ires O papigeds tissues were sliced with a scal pel and

transferred into g, buffer (0.25
M “sucrose. 10 Wéfg’e s R BA0E o1 LREL QB g A 25 2500)
cont ai ni ng 1@5QWWEN@Yde@emw&)k[ NPez9) iangcped- it @as@nhﬁhlﬂﬁlt(brs '

( Conpl et eTmﬁﬁ@ﬁS&im'@éﬁ@érC@éﬁé' '(ATE@N RbckB9980E, NgR) M el

Ti ssue sI ices were &frm eni s 9 with an Ufra- Turrax_ Honpbgeni ser and were
left to>sol {RFFLR SBahR/ S oP GBI sed4Bolatrsn thes Wit 3] i fuged at

11000 rpm (Haijectedentpi fupgehr bokyef Sainad p&Fiphéoal -boobammGRIISt Of

t he cell debrl%’r The s#ferz &i?nt was far heh.ceﬂﬁrrhf ed at 108000 x g at
40C (Beckmah Tt TP acen ?fu%%l? i PEBPAEE r%ya dPrnar P PadUe I T hrough
a 0.2 pmM nibantoblimsffy | ¢eaté Sabtaihas f%EMb@po%ﬂdntgmw atCarhpmny) . 2 4
AUG 2004 R 0 Lhit cat Q f ti ssue
anti gens Tx\ghg#é%gﬁ% @%g‘g%i QgEgnég Qgé%ElSFé V\:J/'era{éhdgoupl ed to
NHS- act Afat eaff t8 T Eynoes| Lnhect bhar hhei anlBBéSeb’nreU[tp?%taed Swittken)

according to;gde, 5%%‘9“1@1@1&]91@éFébsﬁA/ﬂééﬁRCt{Boaﬁm 1&&%)6@% Qo pre-col um
coupl ed with C215Fab nd the colum cau gl th K293Fab-SEAM® were
connect ed i nKSeIFRRSERGEYLr &7 pRRITALHSD ARt F’}a§t &Pt thﬁjﬁfé‘lm%% WAWETT i s- HCL,
pH 7.5 at 4Gaceif dedd Pocimadud ndiudy. weéhenrbheved = 1S doasegsont o

t he col umm aéelé)mql&e(@/mn and the flowthrough was recircul ated and then

La



foll owed by washing of the colums wth the start buffer. The bound
antigens on each colum was eluted with a gra- dient of Jj eyl ne from pH
7, Whlw ﬁ&?ﬁg%d pH 11 in 20 mn. Fractions of 0.5 m ﬁ&%@ﬁﬁgcted
neut r al'f 28 h15 0.1 m of 1 MTris-HCL, pH 6.7 and & 20C. The
purification was performed at 4C using an AKTA FPLC sys- tem from Amrersham
Phar maci es Bi otech (Uppsal a, Sweden). ]Iée eluted fractions were pool ed,
concentrated and then —anal ysed on SDS- Identified protein bands were
cut 20 out preEdEREmCES at 4C. The proteins were then digested with trypsin
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Uni versity Hospital of Lund Sweden. On day 1, 3 and 6 10 after tunour

I njection the animals were treated with 100 g of NRNL-O%{ b 27A (6
ani mal s g K293FabSEA/Ell (7 aninmals). On day 5 1§§§§?§§§Is wer e
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ant i body _phage, b dsorptjon to_.in Situ expressed_antigens in tissue sec-
Lions. ( 5997§WBLY e “RERABAS SUB1RY PESLLLYE SEL6TSON avkihrfumpur
Chl sson L, Keessiiote® phugdbéeheckiedfbiahohen klagédBrodin T. A3 - a novel
[ Tbrary sel oot ed LePho? ! nebetctERGr SHEFPaCt LB PPoBa rgR | NER Biffber . 20 -
WIlians KL.a@ﬂﬁbﬁbéO&ndﬂpﬂb@g@ﬁesr sowdddbowelukiissug mendiionsd fokw of
o000y, (15950 8L OB 1y 5408, ICEBACERRSERy 3 2, Aty 01
sel ecti ¢f. Trepeated adsorptions on uterus, small bowel or lung tis-

sue sections and positive selection on Colo205 tumour

tissue sections (B).

Fig. 3. Late enrichment of a panel of tissue spe-

cific phage from the subtractively selected library.

15 Fig. 4. Immunohistochemical staining patterns of
library selected scFvs. Colon carcinoma (A), colon
epithelium (B) and Peyer”s patch (C) staining with X302
scFv and with K293 scFv (D-F). Colon carcinoma {(G) and
colon epithelium (H) staining with K320 scFv and with

20 IIID9 scFv (J, K). Colon epithelium staining with K294
scFv (I) and colon blood vessel staining with IIDllscFv
(L} .

Fig.5. Immunohistochemical reactivity of K293 scFv-
SEA (D227A) to colon cancer (A) and colon (B) and of C215

25 Fab-SEA(D227A) to colon cancer (C}) and colon (D) at 100
nM. The bar in (&) is 100 pm.

" Fig.6. Flow cytometry on colon cancer cells freshly
prepared from a resected primary human colon carcinoma.
Cells gated for size, granularity (A, B) and Ep-CAM

30 expression as a marker for epithelial cells, were stained
with 5 pg/ml K293scFv-SEA(D227A} {gray 1£he) or no pri-
mary antibody fusion protein negative control (black
line) (C).

Figure 7. K293FabSEA/Ell staining of different

35 tumours. A. Staining of a moderately differentiated colon

cancer showing strong staining of both malignant cells

(arrow) and mucin-like material (m) in glandular struc-



Specific adsorption of broadly reactive phage (black) and reduction of
non-di spl ayi ng and non-specific phage 5 (white) by washings @yrhﬂg.
positive selection. The tumour restricted phage (checkea plG PRY o ut ed.
Fig. 2.WeOpEBent subtractive selection. Negative adsofStiB4V8H%t erus or
smal | bowel tissue sections fol |owed by positive selection on Col 0205
cells (A) . Two 10 repeated adsorptions on uterus, snmall bowel or lung tis-
sue sections and positive sel ection on. &# 0205 tunour tissue sections (B)

Fig. 3. Lat ic f | afs: b . 5pe-Lific.ph r agn,the
subtracti ve%ﬁ[s% e@g§ﬁ¥bﬁg}£wl%qg%ﬂf%%ll%%ﬁ%?ggﬁe%ggg% gtglgi ni ng
patterns of damridristerateing storeng aplem! cerzinbnda (Ayrowdl 6f tBEithelium

(B) and PeyegfaiSiqiaieh Q1 st badD s8302s SERYhandewpl BskK283g360v
(D-F). Colon arC|ﬁ5na:é%) and colon phéhellunléF%Pstalnln .th K320
SCFv and wi HIRF | (HDPREMP{SACEIVE Off ot CEPIHicPFATRARg! REnBoiBRRE04
scFv (1)sandeld oniblodsremsests et usddr n{agrow) D1 | BdtengvstabiningFiod. 5.

| mmunohi st ochemnd cal_.react4 viit f 9 Fy- 27A co nger (A
and col on (Igjael&r%]aoqt (?2?%51551 %aggréi?ﬁésla’f%%f@é%nz%}éﬁ%@ ( Qa%% C%ol OI(’I )
(D) at 100 nepregenthbdd0 ipm (x)aibs WsAwalidi §o06. BFPew cytonmetry on col on
cancer cells freshlgr@repat e sAMELERALEL otk RIATRGY oRUFBERES! OF

carcinoma. Cells gated for size, granularity (A B) and Ep- CAM 30
expressi on @kprmieke fidhe cppierl | srateing, ofiekbbeserikbglinlt Fed LAg/ m
K293sCcFy g SEA ey . (BHAYithidr&icthloRlis fBiNdanhi Bpdy nEISuaN Rl n
negative control_ (black_ linpe) (Q,.,Figure 7. K293FabSEA/ El 1 stai ni ng of
di ff erent 35t}f%n)d‘§ﬂ‘%l? of %‘PQ‘?‘%{ n b}ea&‘r%d%mE?y?(SSf PEPeRERA Y cofFon
cancer show KZpSH4leSEA S Bl nst@iningosh natingbhabieaskl.s Weads awmodied
guC'(lz'} géghygomﬁteéhsall:a%iﬂg glaodulary $f rgfar%déléyee%g%ﬁel\égmo](/g(?z%%% in ‘.
surrounding stromal parts (s). C. Normal breast stained
15 with a FabSEA fusionprotein between the pan-epithelial
marker C215 and SEAD(227A) (FabC215SEA-D227A). Note the
strong labelling of the glandular epithelial cells {(g}.
No reaction is seen in stromal parts (s). D. Normal
breast negative control (no primary antibody) illustrat-
20 ing no reaction in glandular epithelial cells (g) and in
stromal parts (s). Bar in A represent 50 pym. Bar in B 50
pm and is also valid for C and D.
Figure 9. Semithin section from colon cancer (A} and
normal colon (B) stained with K293FabSEA/El1l. In the
25 colon cancer section both basal (arrow b), apical (arrow
a) and lateral parts of tumour cells are positively
stained. In normal colon positive staining are seen in
the apical surface of epithelial cells (arrow). Electron
microscopy shows that the immunoreaction is located at
30 the surface of microvilli in normal colon? epithelial
cells (C, arrow). Bar in A represents 30 pum and is also
valid for B.
Figure 10. Rnalysis of complex formation of antibody
SEA fusion proteins to components of plasma from colon
35 cancer patients and from healthy individuals. The percen-
tage of radioactivity eluted in the high-molecular weight



tures. B. Staining of a highly differentiated colon can- cer illustrating
strong apical staining (arrow) of the nmalignant cells whi ?3 8@% b%parts of
t he neopl astic glan- dules (b) are unreactive. C. Strong stdi g
malignant 5 cells in a breast tunmour (arrow) D. Strong staining of

mal i gnant cells in lung adeno carcinoma (arrow). Bar in A represent 50 m
and is also valid for B-D. Figure 8. A K293FabSEA/ E11 stai ning of nornal
colon. Note the apical staining of the‘@pithel ial cells 10 (arrow). The
|mmnoreact|on|sf |th I , ile the
crypts (c) %I“?’};q;ecg ‘Hﬁ%uﬁge‘g?%%%éa b?%gst. Weak
to node- rqﬂeassﬂaalftrcng caﬂeorsmncr&r @@mmmw epithelium (g) and in
surroundi ng str r ( Bask ihefs 15s W hd a FabSEA
fusi onprotei n bet l@ 15 I\?nner%% Cir%D§markera%tLC:%ll and S Dém227A

( FabczlssEAemtzeﬁ\)frmﬂém h@o%t'?‘kéﬁ‘ngm abetriptedf et htngFanan epi t hel i al
cells (g). (fYo I&?@tipn Ti%e Srﬁ@j”bt NbSihd @ k@A A Swi§) cub. ollor flak br east
negative control no pri mar tib %l illustrat:, 20 in £N re%c |on in

gl andul ar e¥rimRIF¢t c%‘?q‘ée‘{ YH1S st FonePORhF 30¢ ? r 'R %"

represent SOupER Weight B:&QdafﬂlalmﬂedSaﬂésDndatadeﬁor C and D. Figure 9.
Semthin section_fromc er d C ned with
K293FabSEA/ El | . 11dthe c t?‘% %Q%n%gc |(g‘%%g%ﬁ ‘ggggl é%ﬁ%évtb) api cal
(arrow a) LIETINEeIRl NR&rt3- ﬁfofuhbueecerifptaceppptv-tiﬁvér?gm@tlﬁﬁned I n
nor mal ol OPrcﬁrﬁStx%évfs V%@'%) 0pPb e 2iCBahd (iQBe@Eéﬁah?]S'ﬂéB@S%eaf
eplthellal arro ron_mcroscopy shows that the

i mrunor eact foemi I§293)cﬁf§ﬁnaFY39U¥h€l§éFf~9@e(ﬁﬁen‘féEBV?I L -in normal col or
epithelial <cells (C, arrow). Bar in Arepresents 30 mand is also valid
for B. Figure 10. Analysis of conplex formation of antibody SEA fusion
proteins to conponents of plasnma fromcolon 35 cancer patients and from
heal t hy individuals. The percen- tage of radioactivity eluted in the

hi gh- n'ollsecul ar weight 2 4 AUG 2004 45

Figure 14. Immunotherapeutic effect of FabSEA fusion
proteins on the growth of L§-174T tumour cells in SCID
mice supplemented with human peripheral blood mononuclear
cells (PBMC). Note the tumour weight (in mg) reduction

20 after treatment with K293FabSEA/Ell.
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area is plotted. Note the high binding of C242FabSEA to plasma from col on
cancer patients. Figure 11. Non-reduced SDS-PAGE anal ysis of the eI ut ed
fraction fromthe K293-coupled affinity colum 5 (in |ane f) 0aj or
band marked A was cut out for amino acid sequence anal ysis. The p03| tions
of the nole cular weight standard used %%’e i ndi cated. Figure 12. The
N--term nal sequences with SEQUENCE LISTING ID NOS: 3-5 of three tryptic
peptide fragnents 10 fromthe 35-45 kDa protein band (|l abelled A) isolated
fromK293-affinity purification (see figure 1). 15 Figure 14.

| mmunot herapeutic effect of FabSEA fusion proteins on the growh of
LS-174T tunmour cells in SCtD mce supplenented with human peri pheral bl ood
m)nonuclear cells (PBMC). Note the tunour_weight (in ng) reduction 20
‘after treatment with K293FabSEA/ E11. AVERBEEMBHEET 2 4 AUG 2004 46 CLAI M5
1. A binding structure which binds in, and/or to 5 the cell surface of,
tunour cells, V\/mchb ndi,ng structure is pr m_nant.l y det dbythe
heavy chain CDR st f"ubtl g‘gdgf:frﬁggueg’sg %;.n% tlﬁ%/' d(refr rarcl—l nunber
160- 165 % CDRb)e, ck3d- m&f(m%)f,, 22781021380@@[[)@3) whfick ttaraiﬂlrfg) aci d sequence
shown in SEQ.I , I ovi ded
by one or m(igrte:lad& h 151\,\@1]6% %ﬁgggﬁ&&(&%ﬁ&r ﬁlg%gs]% e%%%e ‘é%néf y by

t he ami no aéD&s smnm:é:ru% e figprl essentia ileDky) the -angigno (BHRE of t he
am no aci d $eANRICEY ¢31OWE | (bpREQ | 158 (@nsh) bi rzcﬂsmzﬁéret@ﬁw i ch

binds in, and/or to 15 the cell surf ace of , . tunDur cells, said blndlng
structure &HFATEINR BHE GeRnEORNE demsIBdR 13 1 2 detler iR ni ng
regi on {§DRk&HAHRAEAS Hﬁncﬁ.ﬂw.garﬁpettq(ﬁicﬂtﬂr tihe dric@tdeed b ored NG | b

essentially teg] m._no C'%%; 33 CDRL),..5 N‘Rﬁ’(CDRz 91-100

(oo of 1t S o i o AT ¥HY R

sequences irthe amino acids number 23-36 (CDR1), 52-58 (CDR2), 91-100
(CDR3)} of the amino acid sequence shown in SEQ ID NO: 2.

2. A binding structure which binds in, and/or to

15 the cell surface ofhltumour cells, said binding structure
comprising one or more of the complementarity determining
region (CDR) sequences of an antibody, in the light chain
comprising essentially the amino acids number 23-36
(CDR1L), 52-58 (CDR2), 91-100 (CDR3) of the amino acid

20 sgequence shown in SEQ ID NO: 2, and the CDR sequences in

- the heavy chain comprising essentially the amino acids
number 160-165 (CDR1)}, 180-195 (CDR2), 228-238 (CDR3) of
the amino acid sequence shown in SEQ ID NO: 2.

3. A binding structure according to claim 1 or 2,

25 which comprises all of said CDR sequences.

4. A binding structure according to any one of
claims 1-3, which is an antibody and/or fragments
thereof.

5. A binding structure according to claim 1 or 2,

30 which is an antibody, and/or fragments thereof, also
comprising the variable region of a light chain
comprising essentially the amino acids number 1-110 of
the amino acid sequence shown in SEQ ID NO: 2, and the
variable region of a heavy chain comprising essentially

35 the amino acids number 130-24% of the amino acid sequence
shown in SEQ ID NO: 2.
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t he heavy chain conprising essentially the am no acids nunber 160-165
(CDR1), 180-195 (CDR2), 228-238 (CDR3) of the am no aci d2§eﬂl;be%t§ shown in
SEQID NO 2. 3. Abinding structure according to claim1 or 2, 5 which
conprises all of said CDR sequences. 447A binding structure according to
any one of «clains 1-3, which is an antibody and/or fragnents thereof. 5.
A binding structure according to claim1 or 2, 30 which "is an anti body,
and/or fragments thereof, also conprising the variable region of a |ight

chain conprising easentidahlyy stﬁ%%c%@r@:oa%@o@%i@im skt Pf i4he am no

aci d sequence shown in SEQ I'D NO 2, and the variable region of a heavy
chai n conpr iwg'ilﬁﬁl S&deh A IRPHE IWBTARSTo TS RURMRGLA FRPIGR the ani no
aci d sequenetowshdwn sEp SEQNAR MQ 2. EEDSIF T : .. 2 4 AUG 2004 47 6. A

bi ndi ng structure agcor.ding to,.claimb5, in ich said antibody conprises
the anino acid sgquén%énd%%’ﬁ/ﬁtirﬁ%ﬁéel Bcﬁﬁr@.ngrtoA CgIISrfd'i‘ Mg C?%/r?uct ure
accordi ng t ehdlcdi hihdw =2 rorgyiwhiagil/omdomstgaorgiysandioy sxwodbgensous! y in,
and/or to the I |5 |1 tiH[H?H{ celds. c f t he
group conpri si n;éeé&rll n%é{{/ﬁ%d?{)fr' %thas%éilfgcl co orrecc?éa]lfs p@ﬁ%&é%t#%&lbr east
and | ung car@ienameuredompg.singnrdinagys ansbtan anetostraliyg to claim1 or 2,

10 whi ch bi nds yieaklan andhpir LRl 038R I AR dbkcdfond egal1gnd! or

prostatic carcinoma _and/or, malignant nel anong A binding
structure accor difhg® &IAEING FEUEUrRGPYF NG < rSgiy ¥ PBpFcal parts

of the tol oriteclb witdacRA0iy hatd (o9 aludt dheyaid el v Wndf ot hgosmed! bowel .
10. A bi ndi %rts’aélr uaCrLct?e accortdi n toa cl ai nt’tll9, 'C():h %@bi—ﬂr-]ds to the apical
aspect of t 1P FaddF BT H T AR RO br $5r4er of the
col oni ¢ superdlizoicala eplilel i al cells.
9. A binding structure according to claim 1 or 2,
which binds strongly to apical parts of the colonic

15 surface epithelium and the epithelium of the gsmall bowel.

10. A binding structure according to claim 9, which
binds to the apical aspect of the cell surface of micro-
villi and/or brush border of the colonic superficial
epithelial cells.

20 11. A binding structure according to claim 1 or 2,
which binds weakly to moderately to the mammary glandular
epithelium and/or its surrounding connective tissue.

12. A binding structure according to claim 1 or 2,
which binds weakly and/or heterogeneously and/or not to

25 normal tissues comprising spleen, kidney, liver, lung,
skin, pancreas, thyroid, cardiac wmuscle, and/or the CNS.

13. A binding structure according to claim 1 or 2,
which is provided by phage selection.

14. A binding structure according to claim 13,

30 wherein said phage selection comprises a combination of
an in vivo immunologically preselected repertoire of
binding structures displayed on phage particles and a
substractive selection of phage particles by use of pairs
of tissues of different phenotypes.

35 15. A binding structure according to claim 1 or 2,

wherein said sequences are of Macaca fascicularis origin.
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20 11. A binding structure according to claim1l or 2, which binds weakly
to noderately to the manmary gl andul ar epitheliumand/or its surroundi ng
connective tissue. 12. A binding structure according to claim1 or 2,

whi ch bi nds weakly and/ or heterogeneous%y and/or not to 23 mogmads tissues
conprising spleen, kidney, liver, Iung, skin, pancreas, thyroid, cardiac
muscl e, and/or the CNS. 13. A blndlng structure according to claim.1l or 2,
whi ch is provided by phage selection. 14. A binding structure according to

claim13, 30 “heié'”Asﬁhﬁdﬁﬁég§t§ﬁEEﬁEEOQcEBEH&h %oaCQQHH{@?thQZOf an in
Vi Vo |nnunolo%|call presel ected repertoire of I nd |g%15tructures

di spl ayed oWPERSE4E ﬁéﬂ@l@?S&e&ﬁﬁsahagﬁbépr&@ﬂp9e3§é@e S IdY Hagt
particles byeHse obzpawvns ahdt BssUEThOT tdi bbetrerpoplianef Wrfuerdfed Bf A

bi ndi ng strycture accordlng toclaim1l or 2, wherein said sequences are of
Macaca fascF‘EE‘F‘Bu P&18rf9i n. AVENDED SHEET 48 2 4 AUG 2004 16. A bi ndi ng
structur® accordilig Robihdinglstru2turehereprdsagd teeqlericesl ave2 an ami no
acid identi 80% h S sequences
of  human o%%lgk ﬁ% g%%sﬁg%%§0%¥kéfgg tu?é%%%%éf%ﬁh éﬁi#%ﬁ%#%&k)

whi ch has Ib%mﬁﬂﬁunogen|0|ty or non-i nmmunogeni city |n humans. 18. A

bi ndi ng structuregacgopdihagnl POs%&%h%h%eoéc%ordW%bCQch%ﬁaﬁ%?@.QﬁEHXat'Sed by
genetically linking to 10 pol'ypeptid by chem cal . conjugation to

or gani ¢ rWﬁéﬁhopﬁﬁnP@eﬁhéﬁFé§ptﬁ§ﬁ€b@WégeW%¥$Qﬁ g Idinking i%®- or
mul ti meto sapodRpebidAi radldrx@rsudyummcaqcemﬂjﬂg;éﬁcﬁi aldndr@in?e Which
i's genetlcaIEy | i nked or, ch nlcal cg# u ated to éﬁyt t oxi c

N5 OFFYx T e

pol ypepti de§ S 10 APRH| Tal PbtERUI es.
20. A bindlmg ahﬂ&ah&mdsaadmndlng to cIa|n11 or 2, which is genetically

linked or Chen‘CibtyAF%HE%g%be%t&%cture according to claim 1 or 2,
which is genetically linked or chemically conjugated to

15 cytotoxic polypeptides or to cytotoxic organic or non-
organic chemical molecules.

20. A binding structure according to claim 1 or 2,
which is genetically linked or chemically conjugated to
biclogically active molecules. '

20 21. A binding structure according to claim 1 or 2,
which is genetically linked or chemically conjugated to
immune activating molecules.

22. A binding structure according to claim 1 or 2,
which has been changed to increase or decrease the

25 avidity and/ or affinity thereof.

23. A binding structure according to claim 1 or 2,
which has been changed to increase the production yield
thereof.

24. A binding structure according to claim 1 or 2,

30 which has been changed in order to influence the
pharmacokinetic properties thereof.

25. A binding structure according to claim 1 or 2,
which has been changed in order to impart new
pharmacokinetic properties thereto.

35 26. A binding structure according to claim 1 or 2,
which is labelled, and the binding of which is specific

and inhibitable by an unlabeled form of said binding
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bi ol ogically active nolecules. 20 21. A binding structure according to
claiml or 2, which is genetically linked or chemcally conjugated to

i mmune activating nolecules. 22. A binding structure according to claiml
or 2, which has been changed to increase or decrease the 25 AUGd0BYy and/
or affinity thereof. 23. A binding structure according to claim1l or 2,
whi ch has been changed to increase thé%roduction yield thereof. 24. A

bi ndi ng structure according to claim1 or 2, 30 which has been-changed in

order to influence the .pharmacokinetic.properties thereof. 25 .A binding
structure af Spﬁgﬁﬁet 87 QPHTEYOPJC = \%ﬁ?‘gﬁ a?tgélgtr?u%ﬁg’ﬁgg dlsr‘fh&r er to

i npart new iphapkmdokiibétiogptbpebtingdd npherfetothe3s HadiAdhistdivegugtesuct ur e
according t - Al L s ol abel l ed, and the binding of which is
speci fic aﬁ&%ﬁﬁ%ﬂ%gl %pt??wggggr?ﬁ%ﬁ’él.ed form of said binding AVENDED
SHEET 2 4 AUG 2087 -48 BYNpusedrenggdcrédngy ferh&hehipndiihgddt Agcfefd® - and

which is nah Rhihibling,t BeilhneiNag setueilRer JRirpdiite < tthctddRendeayi Ng
ot her specificities. 27. A DNA sequence coding for the antibody as defin- 5
ed in clai MEOY%NLEh SBRAIZedPénde conprises the sequences shown in SEQ ID

NO 1. 28. A phavmacauphasiacenpasial edmpoRitisnngorprdsimcidsveanpri ncipl e

a binding structure_as defined.i.n an ne of clains, 1-.26. - A net hod
of in vit roaﬁ;’éé‘tvgpgfﬁ&c& {lc?ala é)llg’éﬁ ] sg%ré’r‘fglﬁreo&’?osqeiﬁé}e%l]}%aﬁ% | i gnant
di sease, whemne wfadaimsplle2iés contacted with a binding structure, as

definedygn any 93e af ELALES oF 20, AN P hIRYLRI R aiGatA d] ]

according to claim’29, wherein sai sanple”i's a ti'ssue sanpl e Whi ch has
been fr o0zen amed parogniosyisaloin huneay madd gymrds Qs eafsod ddeIsEibre 8%t i oni ng.

ple is contacted with a binding structure, as defined in
any one of claims 1-26, and an indicator.
30. A method according to claim 29, wherein said

15 sample is a tissue sample which has been frozen and/or
formalin-fixed and paraffin embedded before sectioning.

31. A method according to claim 29, which method
comprises tumour typing. _
32. A method according to claim 29, which method

20 comprises tumour screening.

33. A method according to claim 29, which method
comprises tumour diagnosis and prognosis.

34, A method according to claim 29, which method
comprises monitoring premalignant conditions.

25 35. A method for in vitro diagnosis and prognosis of
human malignant disease, wherein concentrations in beodily
fluids of a binding structure as defined in any one of
claims 1-26 is assayed. -

36. A use of a binding structure, as defined in any one

30 of claims 1-26, in the preparation of a medicament for the
diagnosis and prognosig of human malignant disease, wherein
the localization of the binding structure to tumour deposits

is determined.

37. The use according to claim 36, wherein said binding
35
structure is accumulated in tumour deposits.



20 31. A nethodaccordingto claim29, which nethod conprises tunourtyping.
32. A nethodaccordingto claim?29, which nmethod conprises tunourscreening.
33. A nethodaccordi ngto claim?29, which nethod conprises tunourdi agnosi sand
prognosis. 34. A nethod according to claim29, which netlpdAUGOHIY i ses

moni toring premalignant conditions. 25 35. A nethod for in vitro diagnosis
and prognosis of human nalignant di sease, wherein concentrations in bodily
fluids of a binding structure as definedl0in any one of clains 1-26 is
assayed. 36. A use of a binding structure, as defined in any one 30 of
clainms 1-26, in the preparation of a nmedicanent for the diagnosis and
prognosi s of Bagmanhaehsgnastoddisegseo Mherehd othelhoedl 3gasi-omgof the

bi nding structure to tunour deposits is determned. 37. The use according
to clai n"86Chwher gPANSAFEtBYAdi ng 35 structure is accunul ated in tunour
deposits. 24AYg20 5 8.¢T ' ACC i a - cl ai 36 or 38,
which is quantlfa?ﬁsegs 99fT%2bg§§l%§ §£ ?ﬁgP%g's%%u@%ﬁ}g%dagﬁd§§¥ned in
any oneoné ofachsims2b;-26pn ihetpeepaepiranioh af nednediesmhefior fotherapy of
human nat#gnant d%s ase. 40..The usg.according to claim39, wherein said

bi ndi ng hePYr 8 n3EMBRHALhENARY BYSHRFRg genetically |inked to

nmol ecul es gi ving the G88bLAEErADhECHbE-ThAAIEH, PharaBgokLi{gtic properties.
41. The use _according to claim 39, wherein said binding structure has been
changed Bjn@énggstsrfiareshds hernirbarged SEOURNCES LI9SR NB&11n> Acti ve

Bi ot ech f@nké&zgg %ngkuf8§i899¥ng the combined molecule changed

pharmacokinetic properties.
41. The use according to claim 39, wherein said

binding structure has been changed by being derivatised.



<130> 2000449 <140> <141> <160> 2 <170> Patentln Ver. 2.1 <210> 1 <211>
747 <212> DNA <213> Macaca fascicularis 1 <220> <221> CDpH xi2Zm (1) ..
(747) < ! 3 vari abl e region (scFv); PRT (aa)-sequeggg%s\é / 110) nod
Hust on % Vh (130-249) 2 4 AUG 2004 PCT/ SE01/0 051 cac gtt
ata ttg act cag tcg ccc tct gtg tct ggt tct cct gga cag 48 Hs Val Ile Leu
Thr GPERUBBEE RISTBEY Val Ser Ay Ser Pro Ay Gdn 15 10 15 tcg gtc acc ctc
tcc tgc act gga acc agc aat gac atc ggt ggc tat 96 Ser Val Thr Leu Ser Cys
Thr G"’ymThf‘c@é(F Rgre8 P e Gy Gy Tyr 20 25 30 gat tat gtc tcg tgg tat
cag a a gcc ccc aag ctc 144 Asp Tyr Val Ser Trp Tyr @ n

H s 2{2 v(ﬁ(i %91%0 a Pro Lys Leu 35 40 45 atg att tac aat gtc aat aag
cgg cggg,cgmgggggtc tct gag cgc ttc 192 Met Ile Tyr Asn Val Asn Lys Arg
Pro Ser Ay Val Ser Au Arg Phe 50 55 60 tct ggc tcc aag tct gcc aac acg
gcc temamtg acc atc tct gga ctc 240 Ser Ay Ser Lys Ser Ala Asn Thr Ala
Ser LewsIPhr Ile Ser Ay Leu 65 70 75 80 cag gat gac gat gag get gat tac tat
tgc.agt tcc tat gca cgc cgg 288 G n Asp Asp Asp Qu Ala Asp Tyr Tyr Cys
Ser Se¥é%Py? Ala Arg Arg 85 90 95 gac act tac att ttc ggt ggt ggg acc cgg

ctc acgc_gtc caa 336 Asp Thr Tyr lie Phe Gy Ay Ay Thr Arg Leu
Trr Vel Pobety e 21

<210> 1

<211> 747

<212> DNA

<213> Macaca fascicularis

<220>

<221 CDS

<222> (1)..(747)

<223> K293 variable region {(scFv}; PRT (aa)-sequence V1
{(1-110), mod Huston (111-129), Vh (130-249)

<400> 1
cac gtt ata ttg act cag tcg ccc tct gtg tet gge tct cct gga cag 48
His Val Ile Leu Thr Gln Ser Pro Ser Val Ser Gly Ser Pro Gly Gln

1 5 10 15

tcg gte acc cte teoe tac act gga acc age aat gac atc ggbt ggc tat 96
Ser Val Thr Leu Ser Cys Thr Gly Thr Ser Asn Asp Ile Gly Gly Tyr
20 25 30

gat tat gtc tcg tgg tat cag cat cac cca ggc aaa gcc ccc aag ctc 144
Asp Tyr Val Ser Trp Tyr Gln His His Pro Gly Lys Ala Pro Lys Leu
35 . 40 45

atg att tac aat gtc aat aag cgg ccc tea ggg gte tet gag cge tte 192
Met Ile Tyr Asn Val Asn Lys Arg Pro Sex Gly Val Ser Glu Arg Phe
50 55 60

tct ggeo tee aag tet gec aac acg geoc tee ctg ace ate tet gga ctc 240
Ser Gly Ser Lys Ser Ala Asn Thr Rla Ser Leu Thr Ile Ser Gly Leu '
65 70 75 80

cag gat gac gat gag gct gat tac tat tgc.agt tcc tat gcé cgc cgg 288
Gln Asp Asp Asp Glu Ala Asp Tyr Tyr Cys Ser Ser Tyr Aya Arg Arg
: 85 90 . 95

gac act tac att ttec ggt ggt ggg acc cgg ctc acc gtc cta ggt caa 336
Asp Thr Tyr Ile Phe Gly Gly Gly Thr Arg Leu Thr Val Leu Gly Gin
100 105 1t0

gce aac ggt gaa gge ggc tect ggt ggc ggg gga tecc gga gge ggce ggt 384
Ala Asn Gly Glu Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly
115 120 125



100 105 110 gcc aac ggt gaa ggc ggc tct ggt ggc ggg gga tcc gga ggc ggc ggt
384 Ala Asn Ay u Ay Ay Ser Ay Ay Ay Ay Ser Ay2@ yucEmisdy 115
120 125 2286 2 4 AUG 2004 PCT/ SEOL/ 00395 tct ga tg cag
gag tgg“g%%g?%@g gga ctg gtg aag cct tcg 432 Ser Qu Valg,’?(%t@mﬁ%939

Trp Ay Pro Gy Leu Val Lys Pro Ser 130 135 140 gag acc ctg tcc ctc acc tgc
get gtettged gcw Ectgceahges agzo c48(Egacrts PhELRAY SEF BGu THY Cys Al a Val
Ser GPF§* e G?-‘l‘é‘eSe?ll‘S@F“l ¢ Pf85G1YGBe'§jd’taltIa}fs §g® g agc tgg atc cgt
cag tcc 228 ggg aag gga ctd®gaa 528 Ay TYf°Gy Trp Ser Trp Ile Arg G n
Ser PLog Gk b tgcyctkegcc ¢ c O hf5%de09: Al 002 4 C tgd tat agt ggg
aac gggaﬁ,g 1€ s82G.4 Qg %’f%ekl@lgtt He AR ffzesgﬁ ?E%V Ser Ay Asn
Ser Args Tyr Asn Pro Seﬁ5018 185 190 ct clg'g,ag agt cga gtc gac att tca aga gac
acg tcc aag aac cag ttc 624 Leu Lys Ser Arg Val Thr Ile Ser Arg Asp Thr
Ser Lyst Azt §ad tBlieagtOboR Gc 288 teg tebgecmagoetaggagsr oty gHag a¥a® gcc gcg gac
acg - §ér WyirgGlvaflrp &=r67f ISerAnce@it\ser| e Fhy ISsrGMaleTh#ludAl a Ala Asp Thr

Al a VaI Tyr Tyr 2106215 220 tgt gcg dfa cat gat aga d@'é tgg cac gaa tac ttc

gac t C S AIa Arg His As Tr u;l'%r
Phe T %39230;‘%‘3 ) %g 8 e, ﬁgﬁ%té{ f;g & anay
Val Leu Agﬁl er “'Se 2 175 PRT <213> Macaca
tasci cul arl S <46 > 2 Hs Val Ile Leu Thr G n Ser Pro Ser Val Ser Ay Ser
Pro Ge¥c@dy adt 29dQGtkSacc att tca aga gac acg tec aag aac cag ttc 634

Leu Lys Ser Arg Val Thr Ile Ser Arg Asp Thr Ser Lys Asn Gln Phe
185 200 205

tcc ctg aag ctg acc tct gtg acc gec geg gac acg gcc gtg tat tac 672
Ser Leu Lys Leu Thr Ser Val Thr Ala Ala Asp Thr Ala Val Tyr Tyr
210 215 220

tgt gcg aga cat gat aga ggc tgg cac gaa tac ttc gac ttc tgg ggc 720
Cys Ala Arg His Asp Arg Gly Trp His Glu Tyr Phe Asp Phe Trp Gly

225 230 235 240
cag gga gtc ctg gtc acc gtt tce teca 747
Gln Gily Val Leu Val Thr Val Ser Ser
245
<210> 2
<211> 2495
«212> PRT

<213> Macaca fascicularis

<400> 2
His Val Ile Leu Thr Gln Ser Pro Ser Val Ser Gly Ser Pro Gly Gln
1 5 10 15

Ser Val Thr Leu Ser Cys Thr Gly Thr Ser Asm Asp Ile Gly Gly Tyr
20 25 30

Asp Tyr Val Ser Trp Tyr Gln His His Pro Gly Lys Ala Pro Lys Leu
35 40 45

Met Ile Tyr Rsn Val Asn Lys Arg Pro Ser Gly Val Ser Glu Arg Fhe
50 55 60

Ser Gly Ser Lys Ser Ala Asn Thr Ala Ser Leu Thr Ile Ser Gly Leu
65 70 75 80

Gln Asp Asp Asp Glu Ala Asp Tyr Tyr Cys Ser Ser Tyr Ala Arg Arg
85 20 95

Asp Thr Tyr Ile Phe Gly Gly Gly Thr Arg Leu Thr Val Leu Gly Gln
100 105 110



Ser Val Thr Leu Ser Cys Thr Gy Thr Ser Asn Asp.lle Ay dy Tyr 20 25 30
Asp Tyr Val Ser Trp Tyr GAn Hs Hs Pro Ay Lys Ala Pro lays auguyp35 40 45
Met IIeW?/Jﬂ Val Asn Lys Arg Pro Ser Gy Val Ser G u g¢fisihifesf0 55 60
Ser Gy ys Ser Ala Asn Thr Ala Ser Leu Thr Ile Ser Gy Leu 65 70 75
80 A n Asp Asp Asp Gu Aa Asp Tyr Tyr Cys Ser Ser Tyr Ala Arg Arg 85 90

S WA By Ty L 8 0, o
y

Ser Ay Ay y Ay Ser Gy Gy @Ay 115 120 125 "Ser GQu Val dn Leu
G n Ghak BiR ¥Yelt @l yid ety Mah &s pPsGi1Setfeu 530 1hdbridGed u Thr Leu Ser
Leu Thr @¢s Ala Val Ser GiysPhe Ser |le Sena®er 145 " 150 155 160 Ay Tyr
Gy Trp Ser Trp Ile Arg Gn Ser Pro Ay Lys Ay Leu Gu 165 170 175 Trp
|l e Qu ABp TdueSSerLefiyFhiSEys @ly sl S8erGlAr §ha\ferABle Prp $ar 180 185 190
Leu L¥%5 Ser Arg Val Th#t®91le Ser Arg AsplSFhr Ser Lys Asn ¥’ Phe 195 200
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